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PLEASE READ CAREFULLY!

A little preliminary study of the arrangement of this book will thereafter encble
you to turn quickly to the information for which you are looking.

In compiling this Handbook, the Bell & Gossett Company has been guided by two objectives:
I"irst, to accumulate under one cover all practical design and installation data on space and service
water heating systems. Second, to present this information i1 manner easily understood and

arranged for quick reference,

The 1Y & G [Handbook is divided into sections covering the various design procedures, Cross
indexing of every subject {sce Index in back of bool) makes it easy to obtain the information
sought.

SECTION L. Principles of Indirect Water Heating — This section includes
descriptions and applications of various types of water heaters, complete with
selection data and diagrams illustrating the best installation practices.

SECTION II. Principles of Forced Hlot Water Heating — Consists of complete
instructions for the proper designing and installation of Irorced Hot Water
Heating Systems, including Radiant Panel installations. Design procedure for
baseboard systems is not included in this Handbool but will be issued in the
very near future.

SECTTON III. Heat Loss Determination — How to caleulate building heat loss
is covered in this section, together with a complete set of Ilcat Transmission

Tables.

SECTION IV. Electrical Controls — This section presents a simplified outline
of Flectrical Conirol methods. Numerous wiring diagrams cover the problems
of control usually encountered.

SECTION V. B & G Hydro-Flo Products — The 11 & (i cguipment required
for IForced ot Water Tleating Systems and Service Water Tleating is des-
cribed here, with recommendation as to use. Includes many typical installation
diagrams.

Capacity aud dimensional data 1w not given, as 1t shoulld be recognized
that continual effort to improve product causes changes in product character-
istics. Therefore, complete current information on B & G Hydro-Flo Products
is provided in catalogs available upon request. Be sure you have a complete file,

SECTION VI Supplementary Data — Includes tables of various Linds of
information frequently required and sometimes hard to find elsewhere,
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INTRODUCTION

The need for a single autheritative source of inforination on the design and installation of Forced
Hot Water Systems for space heating and Service Water Heating Systems is the reason for this
Handbook. It is dedicated to the Boiler, Radiater and Automatic Control industries, and to our
many friends in the heating and building industries.

This Handbook presents a simplified outline of instruction, easy to understand and based on
accepted and proved engineering practices.

All specialties required for the systems described herein are provided by the B & G line of Hydro-
Flo Hot Water Heating Equipment. Full product information is given in various B & G Catalogs
which will be sent to you upon request.

- BELL & GOSSETT

C O M P AN Y
Morton Grove, Hlinecis



SECTION 1
PRINCIPLES OF INDIRECT DOMESTIC WATER HEATING

Domestic water heaters are divided into two classes:
(1) Those which heat the water by direct application of
heat, such as gas water heaters and small boilers.

{2) Those which transfer heat from water or steam in
the heating boiler to the domestic water.
This latter type is known either as an Indirect Heater
or a Submerged Heater.

The indirect method of heating water has many ad-

OPERATION OF THE

vantages, particularly with automatically fired systems.
It permits furnishing year around hot water in ample
quantities at low cost, since it eliminates the extra firing
of a separate water heater. Besides, heating boilers al-
nost always have a higher efficiency rating, so that the
same amount of fuel burned in the heating boiler pro-
duces service hot water for less. Indirect Heaters are
adaptrable to either steam, vapor or hot water heating
boilers of any size or type.

INDIRECT -

Indirect Heaters consist of an arrangement ol coiled
or straight copper tubes for transferring heat from
hoiler water or steam to the domestic water. There arc
two types of Indirect Heaters—internal submerged and
external submerged., The internal type is screwed into
or bolted on to the boiler; the external type is self-
contained- that is, the copper tubes are encased in a
steel or cast iren jacket,

When external type heaters are connected with suit-
able piping to the beiler, hot water circulates through
the heater casing, transferring its heat to the donwstic
water flowing through the copper tubing. Botler water
and domestic water are thus in separate circuits and

never mix.

Where a constant steam pressure is maintained, as in
a factory for processing work or in a hospital for
sterilizing, the Fleater can be installed exteenally ahove
the water fine and steam used as the heating mediam.
For steam pressures above 15 1bs, use special steam re-
gulating valves as illustrated on page 17.

On a4 low pressure steam hotler, domestic water can
he heated more economically with the heater connected
below the water line.

HOW YEAR AROUND HOT WATER 1S OBTAINED

Indirect Water Heaters will supply hot water in sum-
mer as well as winter, from either steam or hot water
boilers fired with any fucl.

On automatically fired steam or vaper heating boilers
it is necessary to install a suitable electrical Hot Water
Contral below the water line to aveid getting boiler tem-
peratures above the steaming point during times when
heat is not required in the radiators. This control, when
set to maintain boiler water below the steaming point,
and when a properly sized heater is installed, will deliver
abundant hot watee at all times.
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Fig. I. This illustrates the principle of the Indirect Water
Heater. Hat water from the boiler circulates through the
Heater jacket, transferving beat 1o the Dopiestic Water flowing
thrie the cofiper inbes,

For hand-fired coal burning steam or vapor boilers,
during summer operation, only a small fire s required
along one side of the boiler. Pack the rest of the grate
a few inches deep with ashes. Expeeiment with the size
of fire required to maintain the boiler water temperature
between 180° and 200°. Once a day break up the red
hat coals and push them over to the side of the boiler.
For most economical operation never allow the fire to
get into the center of the boiler, When adding fresh
conl, do not completely cover the red coals but leave
some exposed to burn the coal gases.

Garbage can be burned by drying it first on that pact
of the grate packed with ashes, then puiling it over on
the fire,

On a forced circulation hot water boiler, the tempera-
ture of the boiler water is similacly kept within certain
limits. Circulation to the radiators is prevented by a
B & G Flo-Control Valve, installed in the supply main,
which remains closed, except when the roaom thermostat
calls for heat and the Booster Pump is running.

Even gravity hot water systems can have the benefits



Section 1

OPERATION OF THE INDIRECT HEATER (continued)

of indircct water heating. In this system, a Motorized
Valve is installed in the supply main to prevent cire-
culation to radiators in summer. The Valve is electrically
controlled to open only when the room thermostat calls
for heat, thus permitting the use of an indirect heatcr
to furnish a year around supply of hot water. Or, a
gravity system can be brought completely up-to-date
from both a comfort and economy standpoint by in-
stalling a B & G Indirect Heater, B & G Booster and
B & G Flo-Control Valve. This cquipment converts it
into a forced circulation system and is usually the pre-
ferred method,

Wiring diagrams for all types of domestic water heat-
ing systems are explained in detail m Electrical Control
Section.

B&G COMPRESSION TANEK

TO
BAG RADIATORS
MOTORIZED

B&G AIRTROL {
TANK FITTING — ™ ¢

Y | R - B&G AIRTROL
B&G — -
HELICE I ~BOILER FITTING

VALVE

o
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Cj/
B G ’
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Fig. ). Grawily bot waler system with Matarized Valve 1o
permil summer operation ef Indirect Heater (Patent No.
13330300,

ECONOMY OF OPERATION

During the winter, tlte heating Soiler is in constant
use. Only a small fractian of the heat generated ts used
in heating the domestic water. When a storage tank is
used, on coal-fired boilers, hot water is accumulated
during banked firing period at night and during the day
when steam pressure in the boiler is down,

Iu sumuner a simifar cconomy is achieved. Remember
that a large boiler ts usually nurch more efficient than a
small one. Once brought up to the proper temperature
for domestic water heating, it can be maintained at that
degree on very little fuel. A few operations daily of the
automatic firing device are sufficient; or if the boiler is
hand fired, rubbish and garbage, ptus a little fuel will
keep plenty of hot water on hand.

Continuous use of the heating boiter 1s like regular
exercise to an athlete—it prevents costly deterioration
which occurs when the boiler is idle for long periods.
Internal cireulation of the boiler is also improved by the
use of an Indirect Heater, increasing efficiency and re-
ducing fuel cost.
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Fig. 3. Indirect Heater an steam boiler, showing olectrical
comtval system for anitomatic firing.
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Fig. 4. Indirect Heater on a forced circulaiion, autamatically
fired hor watcr Deating system with necessary electrical contrafs.

TANK AND TANKLESS HEATERS

Indirect Water Heaters are available for use with or
without storage tanks,

Sterage tank types cequire fewer square feer of copper
heating sueface to accomplish any given water heating
job, because hot water is stored in the rank against
peciods of peak demand. They are made in submerged,
budt-in and external models.

Fhe Tankless Heater, on the other hand, must have
a large heating surface area, o thar it can provide hot
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OPERATION OF THE INDIRECT HEATER (continued)

water instantly and in sufficient volume to handle peak
load demands. There are several factors which must be
taken into consideration when selecting a Tankless
Heater, such as Pressure Drop, Volume of Water and
Doiler Load. These factors are discussed hereafter.
Heaters of this type are gencrally used in installations
“draw™
apartments, restaurants, garages, hotels, ete. They are

where the of water is heavy or constant, as in
also cmployed where limited hoiler room space prohibits
the installation of a storage tank or where it would be
necessary to use cxpensive non-ferrous tanks, Tankless
Heaters are not recommended for territories with ex-
tremely hard water.

Tankless Heaters can be supplied for installation
within the boiler itself or for external application.

ADDITIONAL BOILER LOAD

Obviously, in heating domestic water, some tax is
placed on the capacity of the boiler.

In territories with a design temperature of 09 or colder
and where the building is used exclusively for living
purposes, if the boiler is sized in accordance with the
recommendation of the Heating, Piping and Air Condi-
tioning Contractors Association, the allowance made for
pick-up load will take care of whatever tax the heater
places on the boiler. Where a boiler is maintained at
the constant temperatare required for indirect water
heating the pick-up load is reduced sufficiently to take
care of the domestic witer heating.

In territories with design temperature above 0% or
where large volumes of hot water arc to be used, it may
be desirable to allow for water heater tax as follows:

(1) Installations using a het water storage tank:

L4 sq. fr. of 240 BT'U radiation for each HOURLY
gallon of hecater capacity when raising water from
40 10 140 degrees.
(2) Tankless Heater installations:
For buildings where domestic water demand s
intermittent, 134 sq. fr. of 240 BTU radiation for
cach gallon per hour rating of the heater, raising
water from 40° to 1409, is sufficient.

For installations designed 1o provide a constant
supply of hot water (as for restaurants, wash racks
and industeials) it is good practice to calaulate the
BTU requircments for heating the building, then
add 3V5 sq. fr. of 240 BTU radiation for each
gallon of water to be heated per hour from 40°
to 140°,

L

(3) When boiler is used only for heating domestic water
with an indircet heater, figuce 314 sq. fi. of 240
BTU radiation capacity for each HOURLY gallon
of Heater capacity for raising water from 40 to 140
degrees.

PRESSURE DROP
and its effect on heater capacities

Whenever work of any kind is done, resistance is en-
countered and power consumed. Moving any material
through ducts or channels creates friction which resists
the movement of the material. In moving water through
pipes, there must be a difference in pressure between
inlet and outlet, or there will be no flow. Thus the
pressure of water at the outlet must be lower than the
pressure at the inlet. This difference is known as the

Pressure Drop of the system,
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Fig. 5. These diagrams tlustrate 1he effect on water flow
produced under various conditions af pressure drap,

Water flowing under pressure moves more easily
through large piping than through small. The smaller
the pipe, the greater the friction and lesser amount of
water at the outlet. All water heating installations must
take into consideration this resistance—espedally in
Tankless He

lINln caters,
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OPERATION OF THE INDIRECT HEATER (continued)

[f the pressurc drop through the heater is fow in
comparison with the available city pressure, water will
{low through the heater faster than it should. The rate
of heat transfer will increase but not fast enough to heat
the farger volume of water to the required temperature,
Hence, the final temperature of the water will be lower
than the heater rating.

Conversely, if the pressure drop of the heater is high
compared to the available city pressure, the flow through

the heater will be slower and the final temperature
higher than rating, because there is less water to heat,

Where large volumes of water are required, the cross-
secttonal tubing area through the tankless heater must
be large enough so that available pressure will be suf-
ficient to carry water to the highest fixtures. Conse-
quently, i territories where water pressures are low,
heaters must be larger in arca than where high water

pressures are available,

HOW TO SELECT AN INDIRECT WATER HEATER AND STORAGE TANK

WATER DEMAND CALCULATIONS

The guantity of hot water required for a building is
a variable quantity depending an the type of structare—
industrial, institutional or dwelling unit—number of
people occupying the building—type or class of people
and [iving habits peculiar to the territory, time of day,
scason of the year. Further, the guantity of water re-
quired varies depending on whether the cost of supply-
ing hot watcr is assumed by the occupant or is provided
on a no-charge basis by the building,

Estimates of the hot water demand for a building are
bascd on the nomber of water demand units, i.e. number
and kinds of fixtures, number and kinds of labor saving
devices such as automatic dish washers and clothes
washers. A sccond and important consideration is the
probable simultancous use of these water facilities.

In any consideration, howcever, the domestic water
supply system, incloding piping, watcr heaters and stor-
age tanks must be of ample capacity to meet the peak
demand for hot water.

The Domestic Hot Water Demand Chart {on page
5) is an aid in determining the domestic water re-
quirements for a given number of Water Demand Units
for cither a storage or tankless type system in residential,
commiercial and industrial installations.

TABLE E

A Waler Demand Unil is defined as a dwelling unit
having two bedrooms, a singie bath with either
shower or tub fixture, lavatory, standard kitchen sink
and laundry tubs in the basement,

DWELLING UNITS

For each additienal bedroom add 2 Water De-
mand Unit. If the additional bedroom has a se-
parate bath, add one unit.

For Automatic Type Clothes Washers, add one
Water Demand Unif.
washers, add one Water Demand Unil.

For automatic type dish

INDUSTRIAL & COMMERCIAL BUILDINGS
Restaurant—
For each two hundred (200] people fed during

peak meal, capacity required equals fifteen {15)
Water Demand Units.

Drug Store—

For 20 feet of soda founiain, capacity required
equals twelve (12) Waler Demand Units.

Barbher Shop—

For each chair, capacity required equals three
(3) Water Demand Units.

Beauty Shop—

For each operator, capacity required equals four
{(4) Wafer Demand Unirs.

Country Club—
For each shower, capacity required equals five
(5) Waler Demand Unifs. Figure restaurant and
living quarters as noted ahove,

Office Building—

For each docdior, denlist, or other single office,
capacity cquals one (1) Water Demand Unit.

Factory Building—
For each shower, required capacity equals five
{5) Water Demand Units. Each two (2} hot water
fixtures should be figured as one (11 Water
Demand Unif. For each multiple-fixture lavatory
add one Water Demand Unif.

Hospitals, laundries, and other similar institutions
are special engineering applications. It is recom-
mended that a Bell & Gosseit Co. representative he
consulted in preparing hot water demand estimates
for these types of installations,
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HOW TO SELECT AN INDIRECT WATER HEATER (continued)

WATER DEMAND CHART
The hot water requirement for a given number of
Water Demand Units is identical whether it be provided
by a storage or instantaneous type hot water supply
systent.

1300

heater recovery capacities for storage type installations
in small residences and small apartment buildings total-
ing 25 Watcr Demand Units or less. In storage tank
systems it is possible to draw water at rates identical to
those of instantancous systems until the capacity of the

CHART 11
DCMESTIC HOT WATER DEMAND CHART
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The curves plotted on the Hot Water Demand Chact
(above) indicate the estimated water demand rate in
gallons per hour required for any specific number of
Water Demand Units,

Fucther, this water demand rate in gallons per hour
is also the required heat exchanger recovery capacity in
gallons per hour.

The upper curve labeled “Tankless Water Heater
Demand Curve” is to be used In estimating water heater
recovery capacities for instantancous or tankless type

systcms.

In eonstructing this curve, the minimum tankless
water heater recovery capacity considered adeqitate for
an ordinary single dwelling or one Water Detand Unit,
is 3 GPM or 180 GPH.

The lower curve of Chart 11, [abeled “Storage Water
Heater Demand Curve” is to be nsed in estimating water

435
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DEMAND UNITS

tank is exhausted or at smaller water How rates over a
much longer peried of time.

WATER STORAGE TANK REQUIREMENTS

Adequate water supply for a single Water Demand
Unit usually can be accomplished by a tank with a
minimum storage of 30 gallons,

In buildings where the water demand is fairly uniform,
smaller storage tank capacitics are required than for
office and industrial buildings whkere the demand is
uniform but over a much shorter period of time.

The mimimum recommended water storage for small
dwelling units, ofhee buildings and industrial plants
where the water demand occurs over a short period is
30 gallons per Water Demand Unit. Larger dwelling
units can consider storage tanks sized on the basis of
less than 30 gallons per dwelling unit, however, in any
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HOW TO SELECT AN INDIRECT WATER HEATER (continued)

specific calculation, nothing less than 15 gallons per
dwelling unit is considered advisable.

Usually it is desirable o consider a large storage tank
capacity in order that both the water heater and the
load on the boiler be as small as possible.

A good rule when estimating storage tank capacities
is that only 75% is actually available, for when the tank
is drawn down to this point, the remaining volume has
been cooled by the incoming cold water and cannot be
considered as available hot water.

STORAGE TANK SELECTIONS

The following table shows minimum recommended
storage tank capacities for a specific number of Water
Demand Units:

TABLE F

Number of

Water

Demand Units Storage Capacity

0—10 30 gals. for each water demand unit
I I —_ 25 25 LAl 1 T (2] v bal
26 — 50 20 rr " T " 1Al Al
over 50 5 - " " " " "

DURATION OF PEAK DRAW PERIODS

The Peak Draw Period need not be considered when
calculating Water Heater sizes for an instantanceus
system, as the unit is selected to meet the required re-
covery capacity whenever it may owccur.

For a storage type system, however, a much smaller
Water Heater can be selected if the tank recovery
calculations take into consideration the duration of the
peak draw period.

For small dwelling umits and apartment buildings, the
water demand rates are usually considered fairly uni-
form over a two to three hour peried. Generally, the
maximum demand for water oceurs during the morning
from 6:00 a.m. to 9:00 a.m, and again in the evening
from 5:00 p.m, to 8:00 p.m. On this basis the Water
Heater can be sized to provide for tank recovery over
a 3-hour period.

In industrial plants and similar institutions where the
maximum demand occurs over a short period of time,
say at lunch time, for a period of fifteen minutes, and in
the evening at quitting tfime for a period of fifteen to
twenty minutes, the demand rate and the hourly recovery
capacity of the Water Heater must be carefully calcu-
lated.

In the case of a storage type installation, this is no
particular problem, for even though the water demand
lasts from fiftcen to twenty minutes, a suitably sized stor-
age tank will provide the necessary water volume and

H

the Water Heater can, during the period between draws,
again bring the tank up to temperature. However, in
the case of tankless operation, care must be wused in
estimating the hourly draw, for the hourly draw is the
figure used in estimating the Heater recovery capacity.

If, in an industrial plant an estimated 300 gallons is
required for a fifteen minute period, the tankless Water
Heater must be sized on an hourly rating of 1200 GPH.

EXAMPLES

A few examples of water demand estimates and
Water lleater recovery are outlined in the following
specific problems, using the general equations below

STORAGE SYSTEM—FOR A 3 HOUR PEAK DRAW
PERIOD

Water Demand in gals/hr. — ( 3

- Heater Hourly Recovery Capacity

Tank Cupuclcilzf .75)

TANKLESS SYSTEM
Heater Hourly

Water Demand in gals/hr. )
Recovery Capacity

Example #1
Problem-—10 Diwelling Unit Apartment

[lach apartment having one bedroom, single bBath
with ordinary kitchen and laundry facilities.

Storage tank capacity 30 gallons per dwelling unit.
Three-hour peals draw period,
Permissible Tank Recovery DPeriod 3 hiours,

Ilstimate the heater recovery capacity required for
either a tankless or storage type system.
Water Healer Recovery Capacily Reguired—Storage

System

In Chart 11 the estimated hourly draw is shown
to he 300 gallons per hour.

Storage Tank Capacity 30 X 10 Dwelling Units —
300 gallons

Required Water Heater hourly recovery in gallons
per hour is therefore:

300 {Tank Capacily} X ,75)

300 gals. (Water — ( 3

Demand Ratel
== 225 GPH [Heater Hourly Recovery Capacity)

Since B & G Heaters are rated on a 3 hour basis
select a unit, therefore, that will deliver 4 rating of :

225 3 = 675 gallons/3 hrs.
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HOW TO SELECT AN INDIRECT WATER HEATER (continued)

Now if 15 gallons storage per dwelling unit was con-
sidered as adequate storage for the above example, the
required Heater Recovery Capacity would be as shown
by the following calculation:

Storage Tank Capacity 15 <X 10 150 gallons
Required waoter heater hourly recovery in gallons
is—
150 X .75
300 - - (—————) = 263 GPH {Heater Hourly
3 Recovery Capuacity)

263 < 3 = 789 gallons/3 hrs. {required Heater
Rating)
TANKLESS SYSTEM
Water Demand Rate/hr. - Heater Hourly Recovery
Capacity

450 gal./hr. from “Tankless Water Heater De-
mand’’ curve in Chart 11} -: Heater Hourly Re-
covery Capacity

Example #2
Problem-—Industrial Building
llot water facilities inchude the following fixtures:
12 shower fixtures — 6 washing fixtures
Thirty gallon sterage per Water Demand Unit
Peak water draw period; twenty minutes
Three hour tank recovery period pernussible in case
of the storage system,
Iistimate the heater recovery capacity for either o
tankless or storage type systeni,
STORAGE SYSTEM

12 shower fixtures - 12 X 5 : 60 Water Demand

Units

6 hot water fixtures = 3 X 1 == 3 Water Demand
Units

Total = 63 Water Demand
Units

Water Storage required 63 X 30 -~ 1890 gallons

In Chart 11 the water demand is shown to be 1000
gallons/hir. ITowever, conditions of the problem state
we will draw 1000 gallons in twenty minutes. By pro-
viding a storage tank of sufficient size, in this case
1890 gallons, we can draw 1000 gallons m twenty
minutes and meet the demand conditions.

Required Water Heater Recovery Capacity is:

1890 X .75

(-—————) -+ 528 GPH [Heater Hourly
Recovery Capacity}

1000 - -

528 X 3-- 1584 gallons/3 hr.{Required Heater Rating!}

TANKLESS SYSTEM

1000 gallons required in twenty minutes (V3 of an
hour)
or

Required Heater Recovery Capacity - 1000 <
3 =: 3000 gallons/hr. tRequired Heater Rating}

Table G below may be used as a quick method of

determining the size of water heater required from the
number of Water Demand Units,

TABLE G

Required Water Heater Capacities in galloens per
hour—100° Rise with Boiler Water at 180° F. for
Tankless and Storage Type Waler Heaters. In the
case of storage type Heaters, multiply the capacities
by 3 to arrive at the 3 hour rating on which Water
Heater Capacities are hased.

No. of T:nkless Storage Type Heater
Water eater
Demand | Storage in gallons Per Water Demand Unit
Units | o 15 20 25 | 30
1 180 263 25 | 237 | 225
2 | 290 | 525 50 | 475 | 45
3 | 32 | 788| 75 | 713| &7.5
"4 | 350 | 1125| 105 | 975 | 90
5 | 370 | 131.3] 125 | 1188 | 1125
6 390 | 157.5| 150 | 1425 | 135
7 410 | 183.8| 175 | 166.3 | 157.5
8 | 425 | 210 | 200 | 190 | 180
" 9 | 440 | 2363 225 | 213.8 | 202.5
10 | 450 | 2625| 250 | 237.5 | 225
15 | 510 | 363.8| 345 | 325.8 | 307.5
20 | 565 | 455 | 430 | 405 | 380
" 25 | 620 | 516.3| 485 | 453.8 | 422.5
30 670 | 557.5| 520 | 482.5 | 445
40 770 | 620 | 570 | 420 | 470
50 | 870 | 688 | 625 | 563 | 500
60 | 975 | 750 | 675 | 600 | 525
70 1075 | 817.8| 730 | 642.8 | 555
80 | 1180 | 880 | 780 | 680 | 580
90 | 1280 | 942.5| 830 | 717.5 | 605
j00 | 1380 |1005 | 880 | 755 | 630
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HOW TO INSTALL INDIRECT WATER HEATERS

Detailed diagrams for the installing of B & G Indirect
Heaters are shown on following pages. While only one
type of B & G Indirect Heater is indicated in the dia-
grams, any of the many B & G Heaters should be
Read the following
instructions carefully—they are most important to the

connected in a similar manner.

successful operation of a2 domestic water heating system.

POSITION OF HEATER

On steam boilers, install the heater as close to the
waterline as possible. Every inch below this point loses
several degrees in temperature, High position of the
heater is most important in producing summer hot water
at lowest cost.
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Fig. 6. Hiustration shows correct position of exlernal lype
Indirect Healer connected ta a steam boiler.

Hot water boilers, likewise, should have the heater
installed at the top of the boiler so as to induce active
circulation of boiler water. Either a B & G Moterized
Valve or a B & G Booster Pump with a B & G Flo-
Control Valve must be installed to prevent drculation
of boiler water to radiators when heat is not required.

If height of boiler and basement ceiling make it im-
possible to locate heater and tank as outlined, the boiler
water can be crculated with a B & G Booster Pump,
and the heater lowered to give the tank the necessary
height as previously described.

PUMPING BOILER WATER THROUGH HEATER

When selecting a B & G Booster Pump for circulating
the boiler water, its capadty should equal 4 gallons of
boiler water per minute for every gallon per minute
being heated by the water heater, A pump also permits
reducing the size of the piping connections between the
boiler and heater. Usually connections the same size as

these of the pump will be found sufficient, The pump
can be automatically operated with an electrical Hot
Water Control in center of hot water tank.

POSITION OF TANK

Install tanks as high as the basemcent ceiling will
permit. The greater the height above the heater, the
taster the crcolation and the recovery of tank temper-
ature.

HOT WATER
STORAGE TANK

!

1

P __I . MAKE THIS DISTANCE
= AS GREAT AS POSSIELE

B&G
INDIRECT
HEATER

Fig. 7. Storage tank shanld be raised as high as passible
above the Heater. This asstrcs maximum gravily circulalion
between Heater and tank.

Fig, 8. On forced bot water healing systems, install the
Heater above the boiler as indicaied.
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Fig, % Where Heater and tank must be kept low, install o
B & G Booster as indicated.



Section 1

HOW TO INSTALL INDIRECT

WATER HEATERS (continued)

BOILER TAPPINGS

All sections of an upright cast iron sectional steam
boiler should be tapped if summer hot water is desired.
This obviously does not apply to steel boilers or to
round boilers and square sectional boilers with large top
nipple port which permit free circulation from section
to section and require only a single connection below the
water line.

CONNECT 14" VERT LINC OFF LAST TIL TO
ANY OPENING [N BOILER THAT 15 ABOV¥F
a— TOP OF REATER

BLG
| INDIRECT
HEMTER

NOTE: KEEP TOP |
OFf HEADER BELO'W ! |CLOSE HIFPLE |
WATER LINE | |

Fig, 10, This is the ideal header connectian to the boider as
it assures hottest possible water to the beater,
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Fig, 12, Bailers with split sections musi be

section om bath sides,
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Where a large single connection is required and the
boiler must be tapped for i, it may be found easier
and better to make two or more tappings on the same
level and connect inte a header. The total cross sec-
ticnal arca of the tappings shonld equal the cross sec-
tional area of the opening in the heater.

Boilers with split sections must be tapped at each
section on both sides, with connections brought to a
header,
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Number of Sections in Boiler
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HOW TO INSTALL INDIRECT WATER HEATERS (continued)

BOILER CONNECTIONS

Boiler eonnections to the Heater, where a single
boiler tapping is used, should be the same size as the
Heater tappings. Where all sections are tapped and a
header employed, follow the pipe and tapping sizes
indicated in Table H on page 9.

All piping between heater, boiler and storage tank
should be as shart as possible, with a minimum of elbows.

Use valves and plugged tees at all points in piping
where sediment is apt to collect. Gate valves should be
placed in vertical pipe lines wherever possible. In hard
watcr territories, tees with brass plugs instead of elbows
should be installed, so that piping can be easily cleaned.

No job is correctly installed nnless provision is made
to drain all piping, as a safeguard against freezing
during time building is unoccupied.

Air pockets are deadly enemies of a good water heat-
ing installation. Pitch boiler connections se thar high
point vents into beiler. Domestic water connections
between heater and tank should pitch up to storage tank
or to hot water fixture outlet connection which will deaw

any air accumulation along with fixture water.

KEEP TANK CONNECTIOMS
LEVEL OR PITCH UF TO
TANK TO FREVENT

AIR POCKETS

A
PITCH UP
P

o

|2

PROVIDE BRASS PLUGS
IN TEES FOR CLEANING -
N HARD WATER TERRITORIES

KEEP BOILER CONMNEC-
TIONS LEVEL OR PITCHED
UpP TO BOILER UNLESS e
VENT IS PROVIDED FROM

HIGH POINT INTO DOILER

-
WPITCH DOWN
—_—

BX2 G
STEAM OR YAFOR INDIRECT
HEATING BOILER HEATER
B&G
THERMOCHEK

]

—=

TANK CONNECTIONS

As explained previously the storage tank should be
located entirely above the top of the water heater which
usually means that it must be instalied horizontally, If
the tank is located on the floor above the heater, a
vertical tank will give excellent eesults and can be con-
nected as illusteated in Figure 15,

HOT WATER CONNECTIONS

With a vertical tank un the same floor as the water
heater, much of the tank will be bhelow the top of the
heater which results in sluggish cicculation through the
lower part of the tank and reduces the output of the
heater, Some small residences have used vertical tanks
quite suecessfully, due to their limited demand for hot
water. These same jobs, however, when installed where
a family uses a normal amount of hot water, wre found
to lack capacity. Therefore, we suggest a high horizontal
tank unless located as shown in Figure 16 or unless a
Booster pump is used for circulating the tank water.

A vertical range boiler tank is usually without suf-
ficient openings to conncct it in the regular manncer if
installed horizontally, By using bent copper tubes
soldered or brazed into nipples it can be connected as
illustrated in Figure 20,

HOT WATER
STORAGE TANK

B&G
HIGH PRESSURE
RELIEF VALVE

KEEF TAMK CONNECTIONS

SHOAT AND DIRECT, WITH

& AS FEW ELBOWS AS
POSSIBLE

~— T

- g a

COLD
WATER

INSTALL GATE VALVES
IN VERTICAL PIPE LIMNES
WHENEYER POSSIBLE

_

ey
T

INSTALL DRAIN YALYES OR

PROVIDE BRASS PLUGS
IN TEES FOR CLEANING
IN HARD WATER TERRITCRIES

.~~~ PLUGGED TEES WHERE SED-
IMENT WILL DEPOSIT

DRAIN ALL LOW PIPING
"T7 YO PREVENT FREEZING

WHEN BUILDING 15

UNOCCUPIED

Fig. 14. Hlustration shows an installation properly equipped
with valves, plugged tees and crosses, etc., and with pipes
pitching in the right direction.
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HOW TO INSTALL INDIRECT WATER HEATERS (continued)

In piping a horizontal tank, it is good practice to
connect the cold water supply line at one ¢nd of the
tank and make all the other hot water connections, in-
cluding those to the heater, at the other end of the
tank. This eliminates the possibility of the cold water
short circuiting through to the hot water line.

In Figures 16 to 19 are illustrated conncctions com-
monly used for heater connections to storage tank,
Note that cach is marked as to preference.

In Figure 16, the first choice, the hot water connection
from heater to tank is located near the top of the tank
and is recommended especially on installations where
the hot water demand is great. This opening, being
separated from the hot water connection to the Axtures,
climinates the mixing of any cooler water from the
beater with that drawn to the fixtures,

b LG riGH PRELLURE
RILIEF VALVE

Ist CHOICE

HOT LATIL ~—

STORAGE 1
Tank |l FROM
" BOILER
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BOILER
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dnd CHO
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Srack 13 (TR

ROW.OFF

TO BOWER
Fig. 15, Diagram shotws proper use
af vertical storage lank,

from heater line.
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Fig. 16, The bot water connection

o Fig. 18. Recommended where ceiling
space is limited. The eccentric coupling af
the bot water antlet assures removal of air

Fig. 17, second choice, uses a tee on top of the tank
for both the heater and hot water connections. It is
recommended that the opening into the tank be equal to
the total cross sectional arca of the other two lines
connecting into the tee. This will [essen the possibility
of pulling water through the coil of the heater during
the peak water demand.

If the space above the tank is limited, the connection
can be made as illustrated in Figure 18, For this con-
nection be sure to use an cccentric coupling as illustrated
to remove all air from heater line.

Fig. 19, third cheice, is a center tank opening which
can be used but is not as cllicient as the Ist and 2nd
choice unless a bent tube the full size of heater opening
is used inside the tank, extending to within 1”7 of the top.
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Fig, 17, Be sure that the apening

from beater to tank is separated from into the tank is equal to the ftotal
the ontlet ta the fixtuires, prevenmting
any mixing of ceoler water.

crasy seclional arca of the other twa
lines canmecting into the tee,
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Fig. 19. Por full efficiency a bent

tube should be installed as noted in
the diagram.

Fig. 20. Range hoiler equipped with a bent copper tnbe
to permit use in a horizomtal position.
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HOW TO INSTALL INDIRECT WATER HEATERS (continued)

COLD WATER CONNECTIONS

The cold water 1s connected at the other end of the
tank using any one of the three choices listed in Figures
21, 22, 23. Either the first or second choice (Figs. 21
and 22) spread the cold water along the hottom of the
tank more than does Fig. 23, the third choice, thus
climinating much tendency for the cold water 10 be
pulled dircctly up to the hot water outlet.  Always con-
neet a B & G High Pressure Relief Valve in the cold
water line between the tank and cold water valve, This
will climinate any possible trouble should the cold water
valve be closed and a cald tank of water heated. Order
Relief Valve to be set at 25 Ibs, higher than maximum
city waler pressure.

8ac

HIGH PRESSURE
RELIEF VALVE

ﬁ\ YALVE
15t CHOICE w1~
FOR COLD WATER CONNECTION Pt | | [} o R
TO TANK COLD WATER SUPPLY

=

Fig. 21. First choice, With this connection, cold water tends

to spread ont on boltom of tank,

2nd CHOICE

HOT WATER CIRCULATING SYSTEMS

In many smaller residences, no hot water circulating
line is provided and cach time water is drawn at the
fixtures, the cold water in the piping must be wasted.
Figure 24 illustrates an installation of this type.

In large residences, apartment buildings, cte,, hot
water is circulated continuously through the piping linces
by gravity or with a B &  Booster Pump. Here two
general types of piping connections arc nsed:

(1} The overhcad system which has the supply main in
the attic, It is vsed in tall buildings and the most
common installation is shown in Figure 25,

(2) The up-fed system. Both the supply and return
mains arc in the basement as illustrated in Figore 20,

v

Fig. 24, Lip-fed domesise water system without civerlating line.
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Fig. 22, Second chaice. If celd water conncction is made at RETURR -

center of tank, the bemt tube will bolp stratify cold 1water at
the bottom of the tank,

Fig. 25. Cirrulating domestic waler system with supply main
i aflic.
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|[ j} :
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886 (k- uppiy
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RELIEF YALVE 1
Fig. 23. Third choice. With this connection, - SWING CHECK
cold water bas a tendency to be pulled directly np Fig. 26. Up-fed domestic water circulating system swith
to the bot water ontlet, supply and return mains in basement.



Section 1

HOW TO INSTALL INDIRECT

WATER HEATERS (continued)

Always connect a swing check valve in each circulation
return to prevent pulling cold water through it to mix
with the hot water. It is alse a good plan to valve cach
returtt, By valving as illustrated in Fig. 27, mud and
sediment can be flushed from the hot water return lines
by closing valve “A” and opening “I

Fig. 27 also shows a typical gravity circulation retum
connection. Best results are obtained by locating the
connection near the heater as illustrated. Connections as
shown in Fig. 28 are also satisfactory.

It is not recommended that the return be connccted as
illustrated in Fig. 29 as this connection has a tendency
to retard gravity drculation. Usually the water in the
building circulation return is hotter than that in the line
connecting the bottom of the tank to the I & G Heater,
The tendency of this hotter water is to rise into the
storage tank in a direction opposite te that of the water
heing circulated by the B & G Heater. Thus one flow
opposes the other, causing a retarding of circulation.

When using a B & G Booster Pump to circulate hot
water through the building, it is best connected as illus-
trated in Fig. 30, If the tank is low, install a jet to pull
the tank water along through the heater. This jer is
made up of a nipple and a double tapped bushing. Due
to the corrosive action of the water a browze body
Booster Pump should be used on all domestic water
systems. To automatically operate the pump, an elec-
trical Hot Water Control can be installed in the building
return above the pump. Adjusting the control to a close
differential will assure frequent operation of the pump.
If the jet is used, the electrical hot water control can be
installed in the tank and adjusted for a 10° to 15°
differential,

Piping conncction between the coil of the B & G
Heater and the rank should be the same size as the
heater connection, if the bottom of the storage tank is
level with or above the top of the heater, If the tank is
4 below the top of the heater and is circulated hy
gravity, better results will be obtained by increasing the
connections one size over the tappings in the heater. If
the bottom of the tank is 10 ft. ahove the top of the
heater, the connections between them can usually be
reduced to onc size smaller than the heater tappings.

BACKWASHING MUD AND SEDIMENT
FROM HEATER COIL

All city water contains mud and sediment which settles
in the storage tank and on the inside of heater coil. Any
sediment in the coil insulates the domestic water from
the heated boiler water, thus reducing the output of the
heater. All installation drawings are shown with back
washing valves which make it easy to periodically flush
the mnd from the coil, under city water pressure.
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Fig. 27. First choice for brilding circrlation return.
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Fig, 29. Third cloice, Not recommoended.
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HOW TO INSTALL INDIRECT WATER HEATERS (continued)

On a storage tank installation as iltustrated in Figure
30, close gate valve C and open D until the water runs
clear. Be sure that D is wide open and for best results
this valve should be the same size as the cold water
connection to the system. After backwashing the heater,
the valves should be readjusted to their original position.

HOT WATER CONTROL,  , SWING CHECK VALVE
' | GATE VALVE
A" HOT WATER CIRCULATION RETURN
Ui ; + HOT WATER 1O FIXTURES

LN H I
i ] fh

VOLTAGE | i
: L i | STORAGE Y
FUSED [Trwor! € TANK U W TR UMD T HOT
SWITCH | I 1l A\ WATTR CONTRCH CAN
_WIRE i | e saTALLID N o
| CINTER O2venG OF
Toas S J TANK
P
Tos. 17
|~ €
16 ‘ ©

¢ N
st s oM SZr 1

SAALLER BN DEAMETE R

3
H I+]
i 2
=

"
| ooustt Tare

ey SUTHING -

W TANK 5 LOW Ul
JET AS PYR DETAR

Fig. 30. B & G Booster Pump used ta circulate hat service
water through the building. Install jet if tank is low.

On a tankless installation the flushing valve is in-
stalled at the hot water outlet of the heater as illustrated
in Figure 31. The blow-off valse should be opened and
water permitted to flow through it until it runs clear.
This backwashing gate valve shbould also be the full size
of the cold water connection to the heater.,

HOT "WATER

L8
i

Pig. 31 This installation permits flushing of the heater by
opening blow-off valve,

VALVES AND DRAINS

All installations of I3 & G Heaters should have the
proper number and
blow-offts. Do not cconomize on these, as they are
necessary for proper cleaning and control.  Building

and locations of valves, deains

circulation retarn lines should have light weight check
valves with perpendicular dises. High Pressure Relief
Valves should be installed on all domestic water heating

systems,

WATER TEMPERATURE CONTROLS

It is poor policy to cconomize on electrical controls.
An improperly cquipped job will waste many times the
cost of these controls,

When installing tmunersion type controls, be sure there
is depth cnough for the control well,

WATCH FOR LEAKY FAUCETS

Leaky faucets can run up the operating cost of a hot
water installation more deceptively than any other single
cause. Check them caretully,

USE OF CIRCULATORS

A branze bodied B & G DBooster on a sluggish hot
water circulating return line will pay for itself many
times over in water saved. If a storage tank on a large
installation is too low for effective circulation, do not
raise it, but install a Booster operated by a hot water
control in the tank. Tt will cost less and, in addition,

control storage tank temperature,

Where the storage tank is low and a bronge badied
Booster Pump is wied only for circulating water between
the tank and I & G Heater (not through the building
circulating lines) it should be conncected as illustrated in
Fig. 32. An clectrical Hot Water Control is installed in
the storage tank to attomatically operate the pump
whenever the tank requires heat,

_{%"‘: — TO HOT WATER FIXTURES

R « S
ag————
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I !Hor WATER CONTRO!
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BOUER g ||
e TJ 7 vourmce || || HOT WATER
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B&G | 1| FUSED [ HOT| 1 \
INDIRECT | SWITCH (D0
HEATER | el

tank throngh the heater,

The B & G Booster Pump eeguired for circulating the
tank water through the heater should be of ample
capadty and can be sized as follows:

(1) Dctermine the number of gallons of water per
minnte that the heater you have selected will
deliver.

(2) Select from the Booster Capacity Chart in Section
IT a B & G Pump that has a delivery cqual to this
figurc at a head of not less than 4 ft.

Where a storage tank is Installed to supplcment a
tankless heater of insufficient capacity, the greater pres-
sure drop through the tankless heater must be con-
sidered. In this case, a Booster must be selected which
will deliver the required amount of water at a head
sufficient to rake care of the pressure drop through the
coil of the heater. Pressure drop data on various sizes
of B 8 G heaters are available upon reguest.

Usually, piping conncctions the full size of the pump
tapping will be found of ample capacity. Instali a gate
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HOW TO INSTALL INDIRECT WATER HEATERS (continued)

valve on the suction side of the pump so that circulation
can be throttled down if the ris¢ in water temiperatire is
not sufficient.

TANKLESS HEATER DOMESTIC
WATER CONNECTIONS

The hot and celd water lines are connected to their
respective openings in the heater. The cold water supply
line should be provided with a swing check valve and
connected as illustrated in Fig. 33.

The use of a B & G Watermixer tempering valve
is recommended on all tankless heaters for maintaining
domestic water at a uniform temperature.

TO HOT WATER
IS —»— FIXTURES

Y >
== hl H 'I—H
Mo 2000 0BG BAG H Fa ik BEG WATERMIXER
TANKLESS HEATER  HIGH PRESSURE Y] L2 —— -
RevEr vaLve || L, 1
| 2 &
| \id
| I
. . PR - 1 COLD WATER
e cgé:jr A ~— sypry
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Fig. 33. Domestic bot water connections to a B & G Tankless
Feater,

All restaurants require water at a temperature of at
least 180° F which is much too hot for lavatory use. A
B & G Watermixer can be used to temper the lavatory
water but docs not provide as economical a system to
operate as one that heats the building water to a lower
temperature and super heats only the restaurant water.

Figure 34 illustrates a typical installation using a
B & G Indircet Heater for the heating of the tank and
a tankless heater for the super heating of the restaurant

wiatcer.

CONNECTING BUILDING HOT WATER CIRCULATING
RETURNS ON TANKLESS HEATER INSTALLATIONS

Connect the circulation return from the boilding inteo
the cold water inlet of the Tankless Heater. To prevent
pulling cold water through this line and mixing it with
the hot water at the fixturees, the return should be
equipped with a vertical swing check valve. On installa-
tions with long runs or where very little gravity head is
possible for circulating returns, it may be necessary to
use a bronze body B & G Booster Pump.

HARD WATER TERRITORIES

The best heater for hard water districts is the Tank
and Heater shown on page I11. With this unit the

Fig. 34, An excellent installation for supplying rwe differcnt
temperatures of water,

boiler water is circulated through the copper coil, heat-
ing the domestic water in the wnk, Any lime will,
therefore, precipitate on the outside of the coil.

The lime is usually casily removed from the outside
of the copper coils by draining the water from the
storage tank and heating the beiler water to a temipera-
ture of 200 to 220 degrees, then spraying the coil with
cold water through an opening in the tank. This sudden
change in temperature causes a contraction of the copper
tubes and tends to crack the {ime loose.

INSULATING HEATER AND CONNECTIONS

Tt is recommended that the heater and all connections
to the botler and the storage tank be insulated, Un-
insulated equipment is like a radiator and hears the
room or space around it, thus causing frequent firing of
the boiler and a higher cost of operating the system.

AIR CHAMBER FOR ELIMINATION OF TANKLESS
HEATER WATER HAMMER NOISES

On some tankless heater installations a water hammer
noise is created by the qnick closing of fancers, It is
especialiy noticeable on buildings supplied with domestic
water at pressures above 35 pounds. There are several
anti-water hammering devices on the market that absorb
or cushion the hammer action, thus reducing or elimin-
ating the noise. An air chamber made of a picce of 3
inch pipe with a cap on one end and a 37 x 14" reducer
on the other as illustrated below has been used satis-
factorily.

HOT WATER
TO FXTURES
I~y —

{ AR CHAMBER
BAG TANLLESS HIATER |

1GH
PRESSURE

RELIEF

WALVE

-
e — _Ll'_,' ',ib

COLD WATER
SUPFLY

Fig. 35, This diagram shows the installation of an air chamber
for reducing rwater hammer noise,
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TO HOT WATER FIXTURES
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This semi-tankless pumped installation  perpits

storage of tempered water in tank.

SEMI-TANKLESS PUMPED INSTALLATIONS

Where the hot water storage tank is low or located
at a distance from the heater, a connection that uses the
tank for the starage of tempered water has been found
very efficient. A bronze body Booster Pump circulates
the hot water through the building and into the storage
tank. Before the hot water is “drawn” to the fixtures it
again passes through the heater, The piping connections
include a bypass so that part of the hot water circulates
directly inte the tank. The Booster Pump should be
automatically operated with an clectrical Hot Water
Control in the storage tank. Figure 36 illustrates a
typical installation. Any of the B & G Horizontal In-
direct Heaters, the B & G Type “WU” Heaters or
B & G Unitem Submerged Heaters can be used with
this connection. For this type of installation the storage
tank can be smaller than normally used. For example,
a storage tank of 25% less capacity than normally used
should be ample.

If using a B & G Unitem Submerged Heater, select
a tankless type.

HEATERS CONNECTED TO STEAM

Low Pressure—not exceeding 15 Ibs. pressure
Any of the B & G Heaters can be connected to low
pressure steam. The storage tank installation is il-
lustrated in Figure 37. For controlling domestic water
temperature, connect an automatic steam regulating
valve in the steam line with its operating bulb in the
storage tank. If the stean does not exceed 5 lbs. pres-

sure, the regulating valve can be omitted.

A B & G Watermixer, however, should be used to
automaticatly mix cold water with the hot water as it
leaves the tank. Withont this control device, the tem-
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perature will vary with the amount of water being
drawn.

Under certain conditions, when no water is drawn, the
water in the heater and tank may rise to the same tem-
perature as the stcam, which might scald anyone using it
The use of a B & G Watermixer will prevent this
possibility,

AUTOMATIC STEAM
REGULATING YALVE

TO HOT WATIR FOXTURES

T
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Fig. 37. Typical low pressure steam installation,

HIGH PRESSURE STEAM

The B & G type “SU” Heater, for instantaneous
operation, can be used through a wide range of steam
pressures. This heater, in 2 pass models, can also be
used i conjunction with a storage tank. The ratings in
the “S0U”

capacities for storage tank operation can be obtained

catalog are for Instantaneous operation—

upon request from the factory.

The B & G Tank Heater Unit is an excellent high
pressure heater and is installed directly into the storage
tank, or the tank and coil can be purchased as a complete
unit in tank sizes up to and including 180 gallons. Tt is
recommended that the collar of the B & G Heater Unit
be welded into the tank by the tank manufacturer.
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HOW TO INSTALL INDIRECT

WATER HEATERS (continued)

Do not use the regular low pressure B & G Indirect
Heater on a high pressure steam installation unless
pressure is reduced to below 15 Ibs. with a pressure re-
ducing valve.

Most Tankless water heater loads are intermittent and
for this reason, it 1s suggested that not greater than 10
lbs. steam pressure be used. For a constant load, such
as required for processing work in factories, higher

HOT WATER TO FIXTURES
—

AUTOMATIC
STEAM REGULATING
YALVE BEG TANK & HEATER

— i}
Ieam TSR e
NOT EXCIIDING | — — "
T3 L8S. PRESSURTD J | frt
| [l o f
Qe
l /‘
2 2 o '
CONDENSATE Ne. 4 B4 G B ‘

HIGH PRESSURE
RELIEF YALVE

TO SELF YENTING TRAP

Fig. 38. B & & Tank

bigh pressure stean.

and [leater installation, heated with

AUTOMATIC
STEAM 7

REGULATING ///
vaALvE I

T

STEAM SUPPLY

steam pressures can be used satisfactorily,

In localities supplied with water high in lime content,
it is recommended that water be passed through a good
water softener to eliminate as much as possible any
precipitation within the tankless heater,

For capaciuies of B & G low pressure heaters, sec the
I} & G Catalog.
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Fig. 39. B & G 2-pass Type "SUY Heater using bigh pressure

slcam,
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Fig, 40. B & ¢ Type “SU" Heater nsing {ow pressnre steam.

ELECTRICAL CONTROLS FOR BOILER & SERVICE WATER TEMPERATURE

There are many ways of providing clectrical control
circuits for control of service water temperature and
boiler water temperature,

Gencrally, a boiler operating control is provided in
the boiler to maintain a constant boiler water temnpera-
ture. For summer operation the control is wsually ad-
justed to a sctring of 180° F. Winter operation may
require a higher setting depending on the design of the
heating system.

Controls can be installed in the storage tank to control
the boiler-burner operation to maintain a pre-determined

temiperature in the tank.

Further, on many tankiess installations, au additional
control is sometimes placed in piping circuits to the fix-
tures to cut off the circulating pump of the heating
systemt in the cevent the domestic water temperature
drops below the control settng.

MECHANICAL WATER TEMPERATURE CONTROLS

The use of a tempering valve, such as the B & G
Watermixer, is recommended on all tankless heaters
for maintaining domestic water at a uniform temnperature.
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PRINCIPLES OF FORCED HOT WATER HEATING

Forced Circulation Hot Water Heat eliminates all the
objections applying to the old style gravity flow system,
yet retains the advantages of the heating medium
{water) most easily subject to accurate control.

In a gravity system, drculation to the radiators ts
accomplished by the difference in the weight ot water
in the supply and rettrn main. Water heated in the
hoiler increases in volume and rises, simultancously with
a downward movement of the cooler, heavier water in
the return main. Circufation is thus set up,

The forced dreulation systermn employs an electric
pump 1o provide movement of the water. By this means,
circulation is so greatly speeded up that radiators can be
almest instantly supplied with hot water whenever need-
ed, or a constant temperature can be maintained in the
systerm to compensate for outside weather conditions,

A further advantage of the forced circulation system
is that it may be equipped with modern mechanical con-
trols which permit year around use of the heating boiler
for heating the domestic water supply,

Definition of terms used
A heating system must be designed 1o replace the
hicat lost from the building through the walls and by
infiltration of air through cracks around the doors and
windows. The rate of heat loss is determined by these
factors:

1. Construction of building
2. Velocity of prevdiling winds

3. Degree of outdoor temperature

The method of correlating these factors to obtain the
correet heat loss of the building is given in detail in
Section  III, “Hear When the
hecat loss is known, the required capacity of the heating

Loss Determination.”

plant can then be caleulated.

DEFINITION OF A BTU

The BTU (British Thermal Unit) is the accepted
measurement of heat, One BTU is the amount of heat
cequired to raise the temperature of one pound of water
one degree Fahrenheit. The term MBH is wied 1o ex-
press the heat emission of 1000 BTU per hour, It is
recommended that all calculations of heat output and
heat loss be made by the BTU method, for the following

reasons:

For many years the heating industry has been ac-
customed to the use of the Equivalent Square Foot
(EDR) of radiation as a measure of heat loss of any
given building. This Equivalent Square Koot is the
surface that will emit 240 BTU per hour when main-
tained at an average temperature of 215°F.  Since
215°F, is the temperature of steam at a pressure of 1
pound per square inch, the Equivalent Square Foot of
radiation has come to be called a Square Foot of Steam
Radiation. Whenever a building was to be heated by
means of Hot Water, the rule was to increase the
number of square feet by 609, because the temperature
of the heating mediom was limited to approximately
180°,

The modern hot water heating system, equipped with
a compression tank and relief valve is no longer limited
to a boiler temperature of 180%, Because of the extreme
flexibility of water as a heat transmitting medium, it can
he circulated at any desired temperature within the
working pressure of the systeni, without the use of eritical
equipment or mechanical devices dependent upon close
adjustment.

Accordingly, the teem “Square Foot of Radiation”
has fost its tneaning as a measurcment of heat emitted
by a hot water heating system. The amount of surface
which will emit 240 BTU pec hour at an average tem-
perature of 213 (steam pressure of 1 1h.) will also emit
more or less than 240 BTU per hour as the average
temperature of the water is raised or lowered.

Since the modern Hot Water Heating System is gen-
crally calculated to cool the water 20° between the inlet
aud ontlet of the radiator, and the water enters the
radiator at approximately hoiler temperature, the aver-
age tenperature of the radiator may be taken to be 10°
less than the boiler.

As an example of the use of this method, let us assume
we have a building with a heat loss of 240,000 BTU per
hour. Radiators may then be selected according to the
following table below:

TABLE [

Emission |Average Rad.T Boiler Required No.
Per Sq. Ft. | Temperature | Temperature| Eq. Sq. Ft.
240 BTU 215° 225° 1000
225 BTU 210° 2207 1065
200 BTU 197° 210° 1200
180 BTU 1907 200° | 1330
160 BTU 175° 1857 1500
150 BTU 170° 180° 1600
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DEFINITION OF TERMS USED (continued)

HIGH AND LOW TEMPERATURE WATER

Gravity low systems commonly employ low temper-
aturc boifer water, providing a heat emission of 130—
165 BT per sq. ft. of radiation. The modern forced
circulation system is generally designed for higher boiler
temperatures and consequently higher BTU heat cmis-

s10ns.

The obvious advantage of higher temperature water is
that smaller radiation can be used. (Sec Fig. 41) The
maximum ocutdoor temperature for which the system
is designed occurs for enly a relatively short time during
the heating season, so the boiler water is brought to
maximum temperatare for correspondingly short periods.
Increasing use of automatic firing devices and the de-
velopment of more accurate controls make possible the
use of higher temperatures without sacrificding good

design.
e {
45 |° —— 60 }
sq. ft. 5q. ft.
o e = = ‘“ PN ij
200 BTU emission 150 BTU emission
with average radi- with average radi-

ater temperature

ator temperature

170 |

J
i
|
—

Fig, 41. Wustration above shaws the material reduction in
radiator size when heat emission rate is imcreased [rom 130

BTU to 200 BTU.

|
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Because of the pump, available Pressure Fleads in
forced circulation systems are much greater than in
gravity systems, Hence, higher velocities may be used
in designing the systerm, with resulting smaller pipe sizes.
(See Fig. 42) In other words, the BTU carcying capacity
of a pipe increases as the velocity increases, which means
that with forced circulation a small pipe will carry the
same heating load as a larger one in a gravity system.

MAIN AND RISER SIZES FCR
o 450 5Q. FT. INSTALLATION
50 SQ. FT. RADATOR

]
{ —h, f]/E
/ 3II 1 l/q_“\\
GRAVITY FORCED
CIRCULATION CIRCULATION

Fig. 42, Shows typical pipe sice reduction in forced circnla-

tion sysiem.

Forced hot water systems are classilied as one-pipe or
two-pipe designs. T'wo-pipe systems are further divided
into direct returr and reverse return layouts,

The development of the B & G Monoflo Fitting con-
fers so many advantages that design trends are defnitely
to the single main Moncflo SyStem.

PRESSURE DROP

“Pressure drop” is the term which expresses the fact
that power is consumed in moving liquids through pipes,
heating units, fittings, ete. Or, expressed in another way,
pressure drop is the amount of pressure lost between any
two points in a system, For example, if the city water
pressure at the inlet of a tankicss type copper coil in-
direct water heater is 40 Ibs., and at the outler, 35 Ibs,—

40 |bs. — 35 lhs. = 5 |bs. pressyre drop through the
heater.

WATER OQUTLET
PRESSURE 35#

WATER INLET
PRESSURE 408

Fig. 43, Iriction causes a drop in pressure when ligulds mave
throwgh pipes or beating tnils,

Pressure drop is caused by the friction created between
the inner walls of the conveyar and the moving liquid.
In a horizontal pipe in which there is no flow, the pres-
sure is equal at all peints. The moment flow starts,
friction is set up, which increases in direct proportion to
the velocity of the flow.

For all practical purposes, pressure drop may be
considered to vary as the squares of the veloditics.

To calculate the effect of changing veledty on pres-
sure drop, this simple rule may be followed-—

Divide the final velocity by the initial velocity and
square the resulf. Then multiply the original pressure
drop by the above result, which gives the new pres-
sure drop. The following example shows the effect
of an increased velocity—

6’ per second final velocity --

3’ per second initial velocity = 2
2 squared - 4

10 Ibs. initial pressure drop < 4 =

40 |bs. finral pressure drop,
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DEFINITION OF TERMS USED (continued)

Gallons of water may be substituted for feet per
sccond in the ahove formula.

Therefore, in designing both service water heating
systems and hot water space heating systems, pressure
drop must he taken into consideration,

In cither case, enough power must be avaifable to
overcome the cffects of pressure drop before the desired
results can be obtained. This means that the power
consumption, or pressure drop, of each component part
of a system must he known and a source of sufficient
power provided. In a forced hot water heating system
this power is provided hy the pump—in a domestic water
heating system, city water pressure is the soucce of power,

MEASUREMENT OF PRESSURE DROP

Boilers, radiators, unit heaters, convectors, blast coils,
pipe and fittings all offec resistance to the flow of water
and the amount of water that flows through cach is
proportional to the resistance offered. Since the amount
of heat delivered to the various units depends upen the
amount of water passing through the unity, it is casy to
sce that excessive friction in any one unit may prevent
it from delivering its rated capacity.

In order to reduce these various units to a common
factor, their relative resistances are expressed in “elhow
cquivalents.” A 90° elbow offcrs to the flow of water
an amount of friction equal to a pipe of the same
diameter, with a length of twenty-five times the diamuter.

Thus, a 1y elbow is equal in resistance to 1214
inches of 14" pipe, or 34" clbow cquals 1834 of 34"
pipe. The “elbow equivalent” system of resistance mea-
surement has been applied to the common picces of
equipment in a heating system as shown in the rtable
below. How to use these “cquivalents” is explained later
under the instructions for designing one and two-pipe
forced hot water systems,

The cquivalents applied to the radiator ace intended
only for the free standing cast iron radiator, which has
large waterways and low velocities. All other emission

unirs, such as convectors, baschoards, pancls, unit heaters
and blast coils must he considered separately and cheir
individual pressure drops known.

Manufacturers who publish pressure drop information
on their equipment express the data either in pounds per
square inch or in feet of water or milinches,

These figures are casily interchangeable as follows:

1 Ib. per sq. in, 2.3 feet of waler
or
1 foot of water - - .43 Ibs. per sq. in.

or 12000 milinches.

HEAD PRESSURE

“Head Pressuce™ as used in designating the capacity
of a circulating pump, is merely another way of express-
ing pressure drop. The maximum “Head” of a pump
(usually expressed in feet of water) is actually rthe
maximum pressure drop against which the pump can
induce a flow of liguid,

Head Pressure should not be confused with Static
Pressure, as they have no refationship, Static Pressure
is created hy the weight of water in the system and is
cqual to .43 lbs. per sq. in. per foot of height above the
gage. For example, if the highest radiator s 20 ft. ahove
the gage in the boiler, the Static Pressure at the gage
will be:

20 X .43 - : B.6 Ibs, per sq4. in.

At vardous clevations above the gage the Static Pres-
surc becomes correspondingly less. At 10 fr, it is 4.3 Ibs.
per sq. in., and at the top radiator, located 20 ft. above
the boiler, there is no pressure.

Static Pressure has no effect on pump capacity, If
you will consider a hot water heating system as being
an upright loop of water confined in a pipe, the Static
Pressare in one of the vertical pipes of the loop is iden-
tical with the pressuce at the same level in the opposite
vertical pipe.

The Static Pressure at the point where the pump is
installed is therefore exactly equalized by the pressurc

Table of Elbow Equivalents

1 90° Bll oo 1
VA5 BN 0.7
1 90° kong Turn EIl ... 05
1 Open ReturnBend .. 1

1 Open Gate Valve .

1 Open Globe Valve ..
1 Angle Radiator Valye .
1 B&G Flo-Control Valve .
1 Stop Cock Open

1 Radiator (Cast Iron) ... ... .. ... 3

1 Convector {See Page 35)

1 Boiler ococmmaiimmn s 3

1 Tee
25% Water to Branch ... .. 16
33% Water to Branch g
50% Water to Branch ... 4
100% Water to Branch 1.8




Sectfon H

DEFINITION OF TERMS USED (continued)

at the same tevel in the opposite side of the loop. Hence,
the capacity of the pump is limited only by the friction
inn the pipes. This friction value is called the Head Pres-

SUCC,

The chart below shows a typical B & G Booster pump
capacity curve. At the “no delivery” point on the curve,
the power of the pump is exactly equalled hy the friction
or pressure drop opposed to it. Since a drop in pressure
between two points is necessary before flow can occur,

the pump delivers no water,

° N

NO DELIVERY
OF WATER
AT THIS
POINT ; \
p N
PRESSURE \
HEAD &
IN FEET \
4
; \
2 \

20 40 80 80
DELIVERY IN GALLONS PER MINUTE

Fig. 44. Above chart shows the relationship between Head
Pressure and amonnt of water delivered by pump. As the Head
Pressure increases, the delivery decreases.

If the pressure drop is lessened by eliminaiing some
of the friction in the system, the pump begins to defiver
water. For cxample, at 6 ft. of Head Pressure on the
chart, the pump delivers 52 gallons of water per minute,
It is clear that the lower the Pressure Head (pressure
drop) the greater will be the water delivery.

Pressure drop is therefore one of the major factors
in designing a forced circulation hot water heating
system. The friction or pressure drop in the system is
directly related to the size of the piping used and iy
accordingly under the control of the designer,

THE MILINCH

The word “milinch” means 1/1000 of an inch, or
1712000 of a foot, Since in hot water heating system
design, pressures are measured in terms of “feet of
water,” 12000 milinches represents the pressure exerted
by a column of water one foot high.

To illustrate—a tank has a hole i the bottom of such
size that 10 gallons of water per minute will flow through
it when the water stands one foot high in the tank.
Under this condition, we have a pressure of 12,000

milinches (or one foot) causing a flow of 10 gallons per
minute through the hole.

The above example may be applied to a ot water
is necessary
and if it is
of a water

heating systemn. If in a circoit of pipe it
to cause a flow of 10 gallons per minute
found that a pressure equivalent o that
column one foot above the center line of the pipe is
needed, then 12,000 milinches of Head Pressure must

be supplied,

Conversely, the milinch is used o express friction
values, In the above example, the fact that 12,000
milinches of Head Pressure is required to move 10
gallons per minute through the pipe, means that the pipe
offcrs 12,000 milinches of frietion or resistance., There-
fore, before any flow can occur in a pipe, the Head Pres-

sure must be equal to the friction loss through the pipe.

WATER LINE

I —

Fig, 45. A size 1Y4" Boaster, if connected to a tank of water,
as ilustrated, will pump water to a height of 8 feet. This height
therefore, is the maximum Pressure Head against which the
Pump can cause a flow of water,

The reasen for dividing pressure measurements into
such small units is because the pressure drop through
the piping of a heating system is usually very fow. If
“feet of water” were used, then the necessary caleulations
would have to be made in fractions of a foot, always
awkward to handle mathematically. The milinch, which
in heating system design occurs in fairly large wholc
unumbers, climinates tractional values, In heating practice,
pressure drops from 100 to 500 milinches per foot are
normally used,
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DEFINITION OF TERMS USED {continued)

THE SINGLE MAIN (ONE-PIPE) B & G
MONOFLO SYSTEM

In this systeny, a single main in one or more circuits
is used to crculate water. Risers arc equipped with
B & G Monoflo Fittings at their connections to the main,
in accordance with directions given in the Monofle
System Design Tables,

Monoflo Fittings are carefully engineered devices,
which introduce just the right amount of resistance to
assurc a proper diversion of hot water into the radiator.

Tables of diversion capacities of the Menoflo Fitting
have been accurately determined and are shown on
following pages for system design use.

In application, the Moneflo System is practically un-
limited. It is equally well adapred to the small residence
or to commercial and industrial installations requiring
thousands of feet of radiation. Cemplete design instruc-
tions for this system begin on page 25.

SR

J___‘

Fig, 46. Manoflo single main (ane-pipe) hot twater system.

THE TWO-PIPE HOT WATER SYSTEM—
DIRECT AND REVERSE RETURN

There is no question but thar the reversed return
systemn is definitely superior to the direct return system.

As shown in the illustration of a direct return system,
the first radiator taken off the line is the first radiator
to return irs load and the last radiator 1s last to return,
Consequently, the circuits of water to radiators are of
uncqual Iength. This inherent lack of balance can ob-
viously cause serious difficulty in obtaining a proper dis-
tribution of heatr. It is a typical “short circuit” system.

In the reverse return system, on the contrary, the first
radiator off the line is the last to return, and all radiator
circuits are of equal length, The problem of proper
balance is therefore greatly simplificd. Tt is obvious that
the larger the system, the mere unbalanced a two-pipe
system may become.
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Fig. 47, Two-pipe direct retura system. Naote that  cach
vadiator circuit is of a different length,

Fig. 48, Twe pipe reverse return system, showing equalized

circnits,
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B& G E .

NT REQUIRED FOR A FORCED HOT WATER HEATING SYSTEM

B &G
Airirol
Beiler
Filling

= "— B& G

Airirol

Tank

B&G
Flo-Conirol Valve

Fitting

BaG
Maonoflo Fifling

B&G “f Valve

The illustration above shows the B & G Hydro-flo
I’roducts required for a forced hot water system.
With the exception of the Monoflo [Fittings, the same
cquipment 15 used on both one and two-pipe systems.
iriefly, the function of cach item 1s as follows:

B & G Booster Pump. An electrically operated centri-
fugal pump, connected into either the supply or return
It is thermostatically controlied to circulate
heated water through the system whenever heat 1s re-
quired.

matn.

B & G Flo-Control Valve. Installed in the supply main,
this valve opens when the Booster s runmng and closes
when the Booster stops. It thus prevents gravity cir-
culation which might cause an override i room tem-
perature.

MORE COMPLETE DESCRIPTIONS AND INSTALLATION DIAGRAMS ARE GIVEN

B & G Comprassion Tank

23

B&G
Claan-A-Coil
Valve

B&G
Watar
Heater

B&G
Tharmochck

B&G
Roducing Valve

B & G Booster

In summer, the Flo-Control Valve shuts ¢ T ircula-
tion to the heating units, so that the heating boil.r can
be used to heat domestic water in a & G Water

Heater,

B & G Water Heater. The Water Heater selected for
a foreed circulation hot water system can be any one of
the various types described in Section V, depending
upon the nature of the hot water requirements.

operating at heat emissions higher than 1.0-100 B1TU
must be installed as closed systems so at highor
pressures can be built up, thereby raising the bol ng
point. [For this purpose, a B & G Comp: on T nk
[t provides a cushion of alt a o« the
expansion of heated water in the system,

B & G Compression Tank. Forced hat e 1

15 installed.

IN SECTION V
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B & G EQUIPMENT REQUIRED FOR A FORCED HOT WATER HEATING SYSTEM
(continued)

B & G Relief Valve., This valve is designed to re-
lieve the system when pressures in excess of 30 lbs.
occur,

B & G Reducing Valve. Installed m the cold water fill
line, this valve automatically keeps the system properly
filled with water.

B & G Airtrol Boiler and Tank Fittings, The combined
action of these units keeps the system free of air.

B & G Monoflo Fittings. These Fittings permit the use
of a single pipe main instead of two pipes. When
used to connect the risers to the single main, they

assure a proper diversion of heated water into the
radiators or convectors,

B & G Thermochek. This valve prevents overheating
of the water in the hot water storage tank by con-
trolling the circulation of botler water through the
Water Ileater.

B & G Clean-A-Coil Valve. A unique device which
helps keep the Water Heater coils free of lime and
sediment. The ingenious design of the Valve causes
autormatic backwashingg of the leater coils every time
a faucet 15 opened.

OPERATING CYCLE OF B & G HYDRO-FLO FORCED HOT WATER SYSTEM

OUIDOOR OUTDOOR
TEMPERATURE TEMPERATURE
+50° +30°

AW

AVERAGE
WATER TEMP,

AVERAGE
WATER TEMP.

96° 130°

THIS CURVE.
REPRESENTS THE
BOILER WATER

TEMPERATURES
RECUIRED TO
SUPPLY MNECES.

SARY AMOUNT
EMISSION
OF HEAT FOR VAR REQUIRED

1OUS OUTDCOR 40 BTU

EMISSION
REQUIRED

93 BTU

TEMPERATURES
SHOWN

/

QOUTDOOR OUTDOOR
TEMPERATURE TEMPERATURE
+90° —10"

A W W

AVERAGE AVERAGE
WATER TEMP. WATER TEMP.

146° 197

215°

HIGH LIMIT OF
BOILER WATER

EMISSION
REQUIRED

200 BTU

EMISSION
REQUIRED

120 BTU

One of the principal advantages of a forced hot water
heating system is its ability to modulate the temper-
atuee of the water circulating through the heating units,
The chart above shows the requirements of the heating
units as the outside temperature rises or falls,

It is possible to accomplish this modulation with sev-
eral types of control circuits. Simple intermittent controls
provide satisfactory operation, but a more elaborate and

refined type of control can be obtained with continuous
circulation systems.

SUMMER-WINTER DOMESTIC HOT WATER HOOK-UP

Sce the Electrical Contrel Section for complete in-
structions on wiring forced hot water heating systems
and Domestic water heating systems,
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DESIGNING THE
B& G MONOFLO HOT WATER HEATING SYSTEM

{See page 46 for two-pipe system design)

The following six steps must be taken in designing a
I & G Monoflo System. Each is explained in detail
hereafter. The calculations and tables are for systems
employing cast iron radiators. For systems using con-
vectors or unit heaters see design instructions on
Page 35.

1. RADIATION REQUIRED.

2. PIPING LAYOUT,

3. AMOUNT OF WATER IN GALLONS PER MINUTE

NECESSARY TO CARRY THE HEATING LOAD.

4. SELECTION OF B & G BOOSTER.

5. SIZING THE PIPE.

6. SELECTION OF BOILER.

On page 26 is an installation sketch of a B& G
Monoflo System which will be used as an
example for the design procedure.

STEP No. 1
RADIATION REQUIRED

Every designer has his own method of determining
the amount of radiation required for any specified
installation.  Convenient, quick tables are shown n
Sectionn VI-—"Supplementary Data”. The more ac-
curate BTU method of figuring heat losses and radia-
tion {from which all condensed tables are derived)
is given in Section [II—"Heat Loss Determination”,
together with heat loss coefheients for all usual build-
ing materials.

Note Carefully

When rsing handy reference tables to figure hot
water radiation, be sure to convert the figures i ac-
cordance with the BTU emission facter of the system
you are designing.

Example:
A room requiring 60 sq. ft. of 150 BTU Radiation will
need 45 sq. ft. if the heat emission rate is 200 BTU
150 X 60 = 9000 BTV

9000 BTU
200

STEP No. 2
PIPING LAYOUT

Next make a sketch of the piping layout as illu-
strated by the example on Page 20. This should show
pipe lengths, location of the boiler and all radiators.
It is used both as an installation sketch and for figur-
ing pipe sizes,

== 45 sq. fi. of radiation

25

STEP No. 3

AMOUNT OF HOT WATER IN GALLONS
PER MINUTE NEEDED TO CARRY
THE HEATING LOAD

Radiation load must be converted into gallons per
minute, so that the correct B & G Booster can be
sclected for the system. First the square feet of
radiation required to heat the building must be con-
verted into its BTU equivalent.

The system used here as an example requires 600
sq. ft. of radiation, figured on a 200 BTU heat emis-
sion, Muldplying 600 by 200 gives us 120,000 BTU as
the total hourly heat loss of the building.

To determime the number of gallons of water per
minute required, the temperature difference between
the inlet and outlet water of the radiators must be
known. A 20° temperature drop is recommended as the
most economical for the type of system described here,
The caleulation is then as tollows:

120,000 BTU
~ - 12.5 gallons per minute

20 ¥ 60 ¥ 8

[ixplanation

20 -: Temperature drop in degrees between
radiator inlet and outiet water.

60 - Minutes in one hour.
8 = Pounds of water in one gallon at 215° F.

—or, more simply expressed, dividing the total
numiber of BTU by 9600 (20 x 60 x 8) equals the
gallons of water per minute needed to carry the radi-
ation load. For quick figaring, it is safe to divide by
10,000 instead of 9600,

For designing systems on other than a 20° tem-
perature drop sec page 37,

STEP No. 4
SELECTION OF B & G BOOSTER

In step No. 3 we have established 12.5 gallons of
water per minute as the amount required to carry a
heating load of 120,000 BTU at a 20° temperature
drop. The Capacity Chart on Page 38 will show vou
how to select the proper size Booster to handle this
quantity of water at the least initial and operating cost,

Look first at the bottom of the Chart, where Dooster
delivery in gallons of water per minute is shown. Run
a line straight upward fromn the 12.5 galion paint until
it intersects the first pump capacity curve above 214
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DESIGNING A B & G MONOFLO HOT WATER HEATING SYSTEM (continued)

9000 BTU
—————— 445 50, F1.
9000 BTU 9000 BTU
45 SQ. FT. 45 SQ. FT
No.3 - : Nod4 h f 8000 BTU
! ¥ 5 11 40 SQ.FT.

LONGEST CIRCUIT

TRUNK MAIN

" . T T F | Eoe
T : k I —
60 Q. FT. 5000 BTU ‘ 8000
25 SQ. FI. L 40 SQ. FT.
-—— i. _____ Kt I
msom 7 TE==== fowey O TEe=—es =] 10000 g1
o 35 SQ. FT. 50 5Q. FT.

Fig, 49. Example of Monaflo forced bot waler system piping layout,

Step No. 4 (continued)
feet of licad pressure. This occurs at 434 feet of head
pressure on the curve of the 1 Booster. Ilence a [”
Booster will deliver 12.5 gallons of water per minute
against a Pressure Head of 434 feet,

Sonic degree of judgment should be used m select-
ing a Booster. It may be more economical to go to a
larger size pump with a higher Iead Pressure because
of the savings made in pipe sizes. In this example, a
trial caleulation shows that the increased cost of a
1 Booster over that of a 34" is more than offset by
the reduced cost of smaller piping. Good practice,
however, indicates that Head Pressures should be such
that pipes are sized at not greater than 500 milinches
resistaice per fool.

STEP No. 5
PIPE SIZING
SIZING THE MAINS

To cause a flow of water in a hot water heating
system, the Pressure Head must be equalled by the
[riction llead. In a gravity system, Pressure IMead
is produced hy the difference in the weight of the water
in the supply and return lines. In a forced circulation
system, Pressure Head is produced by the Baooster.

Since a pump increases the Pressure Head beyond
that of a gravity system, sufficient equalizing resis-
tance, or Iriction Head, is introduced by making the

pipes much smaller than in the ordinary gravity svstem,

The example sketch shows a double circuit installa-
ation carrying 600 sq. ft. of 200 BTU radiation. The
longest circuit A-B-C carries 320 sq. {t. and the shorter
vircuit A-B-D carries 280 sq. ft.

The resistance of the piping must now be figured in
order to size it correctly. As all {ittings have a greater
resistance to the flow «f water than a straight length
of pipe, this must be takeu into account,

For quick figuring, it is safc practice to consider
the resistance of the fittings in any circuit to be 30%
of the resistance offered by the straight lengths of
pipe. The sum of the lengths of straight pipe plus 50%
is called the TOTAL EQUIVALENT LENGTH.

The method of determining the Total Ilquivalent
Iength by actual ealeulation of the resistance of vari-
ous fittings in uny given pipe cirenit is shown in
'roblem 1 on page 36, but for the average smaller
mstallation, the above rule is sulliciently accurate,

In forced hot water heating systems having more
than one circuit, the Total Equivalent T.ength of the
longest circuit only is considered. The longest circuit
15 selected because 1t ohvionsly offers the greatest
resistance. Therefore, if the pump head is sufficient
to circulate this circuit, it will be more than adequate
to circulate all other circuits,

Assume that the length of the longest circuit shown
in the sketch is 90 feet. This measurement includes
the trunk and longest supply matn.
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DESIGNING A B & G MONOFLO HOT WATER HEATING SYSTEM (continued)

Step No. 5 (continued)
Therefore:
90 ft. (straight pipe) |- 45 ft. (50% of
straight pipe for equivalent pipe length
of fittings) = 135 fi. Total Equivalent Length

Now refer to the Pipe Sizing Table on Page 39
Tuble A shows Total Equivalent Pipe Lengths for
Pressure Ieads from 2 ft. to 100 ft. Tahle B gives
the carrying capacities (in thousands of BTU) of
various sized pipes at different Friction Heads. The
Friction lleads are expressed in milinches (see page
21 for definition of milinch).

Reading to the right from 4%, {t. [Tead Pressure,
{which is the closest and next lower Head Pressure
to the required 434 1.}, the closest Equivalent Length
to our system length of 135 ft. is found to be in the
400 milinch column and is exactly 135 ft, (Table A).

Following down this column iato Table 13, the figure
closest (and next largest) to our calculated 120,000
BTU is 140,000, Reading to the left, a 114” pipe is
indicated as the size required by the Trunk Main.

The supply main of the longest circuit carries
64,000 BT1J {320 sq. ft. of radiation). Reading in the
same column of Table B, a 1” pipe is shown to he
necessary, This same size is carried all around the
cirenit!

SIZING THE RISERS

The risers of a Monoflo System should be sized
from Table C on page 40, working in the same column
{400 milinches) used in Table 1.

Note that this table 1s divided into two sectiong—
one showing the capacitics of risers with a Monoflo
[itting at doth supply and return connections-—and
one showing the capacitics of risers with a Monoflo
Fitting at one tiser only. The reason for the division
15 this:

In any hydraulic system there must be a drop in
pressure or there will be no flow. This statement
applies to a hot water heating system, and to any part
of it, including any particular length of pipe, any
radiator or the boiler. Tor example, if the pressure at
the supply ¢nd of a radiator is the same as the pressure
at the return, no water can flow through the radiator,

Thus, the force which causes the flow through a
branch is the difference in pressure at the supply and
return ends of the branch. If this pressure difference
is high, the flow will be large; if it is low, the flow
will be small,

If ane Monofio IFitting and a common tee are used
to connect a riser to the main, the pressure drop
across them is considerably lower than the pressure

27

drop across a pair of Monoflo Tees. Consequently,
the flow of water is less and the BTU carrying ca-
pacity of any given pipe size 18 smaller than when twa
Monoflo Fittings are used,

This difference in capacity is clearly shown in the
two divisions of Table C.

The decision as to whether to use one Monaflo [Fit-
ting or two is governed by the size and distance from
the miin of the connected radiator or radiators,

The characteristics of the heating system we are
working on have caused it to be pipe-sized in the 400
milinch column. Radiator No. 1 carries 7,000 BTU
and is lacated on the second floor. Referring to the
400 milinch column in the Pipe-Sizing Table for Risers
we find that 14,000 BTU will be carried by a ¥4” pipe
if two Monoflo Ifitlings are installed. This is greater
than the required 7,000 BTU, so we drop down into
the table showing pipe carrying capacities with one
Monoflo Fitting. Here a 7,000 BTU Radiator on the
second floor 1s shown to be handled by a 147 pipe.

Therefore the obvious selection is to use a 4"
pipe and one Monotlo Fitting.

Radiator No. 2 requires 10000 BTU and is on the
first floor. Referenee to the Table shows that this
number of BTU will he carried by a 47 pipe with
one Monoflo Fitting. The same pipe size applies to
radiators Nos, 3, 4 and 7.

Radiators Nos. 5 and & on the second floor are
taken off the same riser and carry a combined load of
21,000 BTU. As shown by the Tahle, this load can be
carried by a [/ pipe and one Monoflo Fitting or a 34"
pipe with two Monoflo Fittings. Comparison will show
that material cost is practically the same for either
method of installation,

The schedule of radiator riser sizes and number of
Monoflo Fittings for the longest circuit is shown in
the tahle helow,

Riser  Fit- Riser Fit-
Radiator No.  Sizes  tings Radiator No, Sizes tings
1-—2nd Floar 4" 1 S—2ndFlaor l Taken  Y—14,"
2—1stFloor " 1 Off One 2
I—7Tet Flaor 14" 1 &—2nd Flaar j Riser Yo"
4—1st Floar %" 1 7—Tst Floor V" 1

MONOFLO FITTINGS FOR RADIATORS
BELOW THE MAIN

Each radiator below the main must be equipped with
TWO Monoflo Fittings. The added resistance provided
by two Fittings is necessary because circulation to a
radiator below the main is working against the natural
tendency of heated water to rise. Table C also lists
pipe capacities for down-fed radiators.
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DESIGNING A B & G MONOFLO HOT WATER HEATING SYSTEM (continued)

STEP No. 6

SELECTING A BOILER

Selection of a properly sized boiler should be n
accordance with the standards of the Heating, Piping
and Air Conditiomng Contractors’ National Associa-
tion, “Net BTU Foad Recommendations for Heating

”

Soilers.

NOTE! [masmuch as the hot water ratings in some
manufacturers’ bulleting are based on 150 BTU per
square foot heat emission, care should be taken to
correct these ratings for the BTU emission of the
system you are desigming. [t is necessary to install a
water boiler of the samce size and number of sections
as required for steam when using a heat emission

factor of 240 BTLUL

MONOFLO SYSTEM INSTALLATION DETAILS

I

SINGLE MaIN

TWO CIRCUITS

/

PITCH up

"”;’7 g /A:/

i

. o 4

Vv

MULTIPLE CIRCUITS
Fig, 50. Typical circusts employed in Monoflo System design,

GENERAL PLAN

This should be as simple as passible, following a
paltern which will serve each radiator with a short
branch, if this can be accomplished without lengthen-
ing the main unduly or creating an unreasonable
number of breaks in its dircction or level,

LOCATION OF BOILER

The batler can be placed at any convenient location.
It can be located in the basement, ar on the ground
floor, or in a detached building. The B & G Monoflo
System permits the installation ot all or any part of

below the level of the main which

necessity of excavating for a boiler

the radiation
climinates the
room only,

TRUNK AND SUPPLY MAINS

When the main 1s to be divided into two or more cir-
cuits, no raditor connections should be taken off the
trunk main which feeds the supply mains, Tn cases
where the supply mains are smaller than the trunk
main, the reduction should be made by means of
creentric reducers, keeping the tops of the pipes level
See next page.
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MONOFLO INSTALLATION DETAILS (continued)

Note here that one of the major differences between
sizing a two-pipe and a B & G Monoflo installation is
that in the latter system, the supply mains are kept
at one size all through the circuit, instead of reducing
them as radiators are taken off the line.

LEVELS AND GRADING OF TRUNK
AND SUPPLY MAINS

Where conditions demand it, it is perfectly per-
missible to run one part of a circuit at a higher level
than the balance of it, ar one circuit at a higher level
than its companion circuit, or to run one trunk main to
circuits higher than those served by another trunlk
main. Naturally, these changes in level will add to the
friction loss of the system. In determining the Equivi-
lent Length of the longest circuit, the lengths of ver-
tical pipe must be added to the lengths of horizantal
pipe. It is also necessary that the high points he auto-
matically vented.

SUPPLY TRUNK CONNECTIONS

alie)|im=

TEE. NIPPLES & TEE & OFFSET
ECCENTRIC REDUCERS REDUCING COUPLINGS

ECCENTRIC
REDUCER ™.
4

U¥ ' CONNECTION FROM TRUNK MAIN
INTQ BRANCH CIRCUITS

S
Fig. 5. Supply trunk conncctians for B & G Monoflo System,

I the case of divided circuits, it is frequently pos-
sible to plan the mains in such a manner that the return
ends of the supply mains can be dropped directly into
a pump header cannected to the boiler. Otherwise a
return trunk main should be employed to complete the
connection to the boiler. Do not use bull head con-
nections on any returns!

If most of the radiation is above the main, B & G
Monoflo System mains can be carried level or graded.
If graded, be sure that the mains pitch-up in the
direction of water flow and are vented automatically
al the high point. Mains run level must be accurately
checked for lewel.

Where all vadiation is below the main, pipes must
be graded 1p A" in 10 ft. in the direction of water
flow, and the high points automatically vented.

PUMP CONNECTIONS

The pump should be installed in either the supply or
return main as close to the boiler as possible. It is
gaad practice to install a square head cock or gate
valve on cach single circuit and between the pump and

RETURN TRUNK CONNECTIONS

FROM SYSTEM 'y
Ao o S

BAG
BOOSTER

BLG
BOOSTER

Fig. 52, Return trunk connections for Menaflo System—twe
ar more Circuils.

the bailer.

VENTING DOWN-FEED RADIATORS

To automnatically vent air in branches to down-fed
radiators, connections should be made as in Thg. 83,
page 50,

COMPRESSION TANK

[t is recommended that the B & G Monoflo System
he mstalled as a closed system with a compression tank.

Use a regular, tested B & G Compression Tank—
range boilers or galvanized water tanks are not de-
signed for this purposc.

UNBALANCED CIRCUITS

Where one main circuit is considerably shorter than
the other, smaller iriction loss will obvicusly cause a
faster circulation in the shorter circuit, To compensate
for this, a squarc head cock or gate valve should be
wstalled as indicated in Fig. 52, so that flow of water
can be throttled down in the shorter circuit. Ther-
mometers located in the returns ahead of the square
head cocks provide an accurate check an the balance
of the system,

LIMITATIONS OF PIPE SIZE

Mechanically or from the standpoint of water tem-
perature, there is virtually no limit to the number of
radiators which can be taken off a single main eircuit.
Il & G Monoflo ittings are carried in stock in sizes
I -1 g o1 ugm - 27 2 214 and 37 in cast iron,
and 34" to 2" in copper, because under ordinary cir-
cumstances, Iarger sizes are not necessary. When pipe
sizing according to the B & G method, if the mains
figure out to be larger than 3%, they should be divided
into the number of circuits necessary to keep pipe
within the maximum size of Fittings. Except on very
small jobs, a more flexible installation can be obtained
by dividing the system ints twa or mare circuits,
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MONOFLO SYSTEM INSTALLATIONS

MONCELO TGS

S

Frg. 33, Typical single circuit 1 &6 G
Monofle System with year arowmd domestic
bar water swpply.

ZONING

A zoned system, particularly in large buildings, where
a single contral is impractical, offers 4 very satisfactory
method of obtaining more comfortable and economical
heating,

Zoning a forced hot water heating system consists of
setting up a number of individual cirenits, as determined
by exposure, number of apartments or difference in
character of occupancy.

For example, a factory buoilding might require 70°
in the office, 659 in the machine shops and only 50° in
storage rooms, Lstablishing three zones, cach separately
controlled would permit each zone to be held at the

desired temperature.

Fig. 54. Typical example of a tweo
zone B & G Monofle System.

In apartment houses, zoning each apartment enables
the occupants to enjoy the temperature they most prefer,
Likewise, zoning can be employed to compensate for the
greater heat loss on exposed walls, thus preventing over
and underheating.

Accurate control is achieved by cquipping cach zone
circuit with a Booster pump, Flo-Control Valve and
individual temperature control, or, by using one Booster
and a thermostatically controlled Motorized Valve in-
stalled in each of the various supply circuits.

Typical examples of zoning arc shown below and on

pages 32 and 33,

s & ¢
MONOFLO FITTRNGS
B G
COMPRESSION
TARK

§5G
IO CONIROL
WALVED
R
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MONOFLO SYSTEM INSTALLATIONS (continued)

= ROOM o |
THERMOSTAT

ROCI i 1 ‘ T
THEAMOSTAT -1 B ol [

BEG COMPRESSION TANA

I
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| VOLTAGH
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i . 1 L FUsiD
1 = L2 OF swickH
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1 | | -
: i T HOT '”“aT
_J-,' I CONTROR,
1 + i ‘ o FOGH LMIT)
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{ L COMTROL _
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li o 1 } BOOSTLR
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|
TRANGFORMER LCé E————— || HOT WaATER
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Fig. 56. Connections for gas-fired boiler—either Monafly or Fig, 58. Connections for raund, baud-fired boiler with forced
fwo-pipe system. circulation.
o
o f
oom ||
'u»'n- AU o

Fig, 57, Connections for roaud, awlomatically-fired boiler--
cither ﬂ'iormﬂﬂ or lrt’u—j?i{:e sysfenm,

' N |
B&G i i .
A'RTF"‘TCT’ILN'C?NK BT MO ComPel vAr -t . [
"_ﬁ_ﬁ—iﬂ“_' - 1 '
i 10 RADIATORS N N i
_ B&G AIRTROL '
BOILER FITTING e ‘
TEOMm
RADIATOSRY

Lo #onLk
RADIAIORS % .

|
l

u;otxc;- = ot BOOSTER 1
m.':l‘:%j DEA jP‘: ;' éj
DRAN— —_—
Fig. 57A. B & G Asrtrol System installation on boiler ‘with Fig. 584, B & G Airirol System installation on bailer, (side
side opening. vicie) with external type rwater Leater.
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MONOFLO SYSTEM INSTALLATIONS (continued)

1 — UNIT
j - ﬁ" “ ? “ H’}%ﬂ'\ B4 G BOOSTERS | & K?“'ji;‘f?u
. . 7
—-— BL G = Hoy —=
[ LIBRARY FLO-CONTROL iy M= il
VALVES ; POLICE
= ( e b GARAGE
L ‘—[j; CiTY 4 3 FIRE DEPT.
CLERK T 2 4
s FL 8 %
3 o
2 G

|:I[ MAYOR
Tod FL

Fig. 39, This diagram is an excellent example of zoning for occupancy. The layons is for a Munmicipal Building, with oc-
cupancy of widely varying characteristics, Zome No. 1 heats the Police Garage and Fire Department which require continweous
heat, Zone No. 2 supplics the offices of the Mayor, City Clerk and Conncil Rooms, baving usual office honr beating requiroments,
Zone No. 3 supplies the Library, which buas longer hours of occupancy thau the offices. This particular installation is coal-fired
and bas shown aw exceptionally low operating cost,

Fig, 60. This diagram shows a six zone
layout for an apartment house. Each apart-
ment is on a separale circurt, with beating

i e contrelled by a Boaster and room thermostal.
e - . 1 f The accupants of each apariment may thus
e AR ?‘JL enfoy the temperature they prefer without
Mt Covmt affecting the comfart of ather temants.
— =
_______ 10 1 [ IJ_,,_L;__

b_ ﬂ - T 11 JHUT T ]

0 g = = Fig. 6l. A three zone Monoflo System

Iayout for a large residence. One zonme

1 STORY | beats the garage, another supplies heat to
GARAGE LG oo _ the svcond flaar and part of the first floor.
0 o - a The third zone is devated to heating the

studia living roam, which is three stories
= high and requires 680 sq. ft. of radiation.

- e
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MONOFLO SYSTEM INSTALLATIONS (continued)
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MONOFLO SYSTEM INSTALLATIONS (continued)

Fig, 65, A nine story Monaflo
System installation with het water
supplicd by twe convertors con-
nected 1o a steam hoiler. Note that
mains pitch-nfe with the flow of
water Lo belp air reach the venting
boint

‘ T

Fig, 66, In this installation a detached building
is heated by forced hot wwater supplied by a B & G
Indirect Heater connected 1o a steam boiler. A
second beater supplies hat water 1o a storage tank,
When hol twater is required in the lanndry, it is
drawn from the tank and passed through a B & G
Uniters Heater in the borler, where it is super-
heated.
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Fig. 67. An excellent indtaliation where part of
the radiation is on a Jevel with or belaw the hoiler,
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MONOFLO SYSTEM INSTALLATIONS (continued)

—

STEAM

BOILER

Fig. 68. In factorics, warehouses and garages with a steam 5
bailer, but where stcam pressures are nol reguired constanily,
the abarve installation provides a very satisfactory melbod of

beating the affices with hot water,

Radiators must not be more than 7 fect above the water line

o I

s |

Fig, 69. This diagram shows the profer con-
neclions for an overbead main system.

of the boiler and the top conncction from boiler muse be at

least 6 inches below normal warer line.

PIPE SIZING CONVECTOR AND UNIT

HEATER SYSTEMS

The use of copper convectors on hot water heating
systems requires special consideration of the pressure
drap through the units. Generally speaking, the water
passages through a convector are small in comparison
with the passages of a cast iron radiator and hence
interpose a greater resistance,

This means that the amount of water required 1o
deliver the rated capacity of the unit must move
through the unit with a relatively high velocity. Other-
wise, there will be a high temperature drop hetween
the inlet and outlet of the umit, with a resuluing low
averapge temperature and a lower emission rate than
the rated capacity.

Virst, obtain from the manufacturer the pressure
drop of his heating units in milinches. Next, deter-
mine the pump and main size as explained on pages 25
and 26. To size the risers, use Conversion Chart 8
on page 43 in accordance with numhber of Monoflo
TMittings used per branch.

EXAMPLE — INSTALLATION WITH
TWO MONOFLO FITTINGS

Assume that a system 1s designed on a 207 tempera-
ture drop with a 300 milinch resistance in the main,
A 10,000 TU Convector on the second floor has a
pressure drop through it of 3360 milinches, The risers,
cquipped with twa Monoflo Fittings should be sized
as follows:

Reading upward from the 300 milinch point on the

Conversion Chart to the intersection with 3360 nulinch
loss 1 the heating unit indicates that the riser capacity
is only 75% of the value in the standard Monoflo riser
Lable,

The capacity of a 2% pipe with cast iton radiation
1s shown in the table to be 11,000 BTU. 75% of this
15 8250 BTU. Sinee the radiator requires 10,000 130T,
it s necessary 1o go toa 347 pipe,

I riser capacities are shown to be less than 259 of
the standard Monoflo pipe capacity table, it is advisable
to recaleulate the system, using a larger pump with
correspondingly higher head pressure. This will make
available a higher milinch per foot pressure in the
main, which may also result in a smaller main size,

Where both convectors and cast iron radiators are
ased, the system should be so designed that each type
is on a separate circuit, so that the pipe can be sized
m accordance with differing requirements.

UNIT HEATERS

Where unit heaters comprise either all or part af
the heating units in the system, it is recommended that
they be installed on a two-pipe circuit, rather than a
Monoflo circuit. This is because the high pressure
drop through the unit and the large quantities of water
ivolved exceed the diversion capacities of standard
size Monoflo TIlittings. A good example of correct
piping faor a system employing both cast iron radiation
and unit heaters is shown in Fig, 62, page 33.
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METHOD OF SIZING FOR ANY CIRCUIT OF A SINGLE PIPE MAIN EQUIPPED
WITH B & G MONOFLO FITTINGS AND CAST IRON RADIATORS

For sizing Conveclar Circuils see page 35.

NOTE! This section is intended for use by the heating engineer on large or unusual
installations where extreme accuracy of design is necessary,

The foree avallable to divert water from a single
pipe main equipped with B & G Monoflo Dittings 1s
produced by the special insert in the fittings and varies
in direct proportion to the flow in the main. Chart
No. 7 on page 43 shows the force available at any rate
of flow through onc¢ or two Monoflo Fittings.

The pracedure for pipe sizing the individual circuits
of a system should be as follows:
G.P.M. Needed. Determine the gallons of waler per
minite needed to deliver the required amount of heat.
Total BTU Heat Loss
9600

Pump Selection. Select a pump from chart on page
38 at the destred Pressure 1lead,

G.P.M.

Total Equivalent Length of Main. Measure thie
length of the longest mam circuit and add 504 ta give
the Total Equivalent Tength,

Main Size. IFrom Tables A and 13 on page 39, size
the mnam. This will establish the size of the Monoilo

Iittings needed.

Total Equivalent Length of Radiator Supply and
Return Riser. The piptig irom the main to the radiator
and back to the
separate circuit. Measure this length and add to it the
equivalent length of the fittings, radiator valve, cast
iron radiator, etc. (see page 38 for table of Tibow
Equivalems).

main should be considercd as a

The calculation now requires some “trial and error”
methods before the correct pipe size of the radiator
circuit can be determined. The diagram ou this page
will serve as the basis for a wpical calealation,

PROBLEM NO. 1
First consider the cireuit as being a 147 pipe supply-
ing a 10,000 BTU radiator on the third floor. The
Total Fquivalent Length therefore 1s—

41’ Straight Pipe -}~ 12 Ells =

12 > 25 X Va”
___u—,_.iﬁ_ = 83
12 inches

Referring to the table of BTU carrying capacities
on Page 39, we find that a ¥ pipe carries 11,000
BTU at a 200 milinch loss per foot. Since the Total
Iguivalent Length of the radiator circuit is 53 the
total milineh resistance is- -

537 X 200 Milinches

av 4

10,600 Milinches

Assume that the G.I. M. required for the main cir-
cuit from which this branch is taken is 20 gallons and
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that the main size is 2”7, Refer now to Chart of *'Pres-
sure Drap Carves of I & G Monollo Tittings” on page
43, Reading upward from the 20 gatlon point to the
imersection with the 27 curve in the lower Chart, the
available force is shown at the leit to be 2,000 mil-
inches, This is obviously too low to meet the milinch
resistance through the radiator cireuit.

Continuing into the upper Chart, we hud that twa
2 Monoflo Fittings provide a force of 3,800 mil-
inches, which is still helow the resistance of 10,600
milinches in the radiator circult,

The radiator eircuit, therefore, must be recalculated
as above but as a 34" pipe. As a #4” pipe the Total
Fquivalent Length of the circuit becomes 39, Refer-
ring agaiu to the BTU carrying capacity table, 11,300
BTU is shown to be carried in a 34" pipe at 50 mil-
inches per foot. Therefore, the total resistance in the
radiator circuit is—

597 3 50 Milinches = 2950 Milinches

We have shown above that a force of 3,800 mil-
wiches is made available by twe 27 Moneflo Fittings,
whicl 15 more than ample to overcome the 2,950 mil-
mch resistance in the radintor circuit.

[f this same sized radiator were on the first floor,
connected with 14" pipe and the Total Equivalent
length was 107, then —



Section I

METHOD OF SIZING FOR ANY CIRCUIT

OF A SINGLE PIPE MAIN (continued)

10" < 200 Milinches - . 2000 Milinches

2000 milinches resistance would be overcome by the
2000 milinch force made available by a single 2
Return Monollo IFtting.

PROBLEM NO. 2
Sizing the piping circuit for convector radiators
with known pressure drop

Suppose that all conditions remain as in Problem
No. 1, on page 36, but instead of a cast iron radiatoer,
we substitute a convector with a pressure drop of 1000
milinches when circulating the amount of water neces-
sary to deliver the rated capacity of the unit.

The total equivalent Tength of the circuit, therefore,
changes from—

41 feet - 12 ells to
4] feet 4 9 ells

since we have eliminated the 3 clbow equivalents of
the cast ron radiator. This makes our Total Tquiva-
lent Tength—-
9325 X W
41 feet - 20
12
55 feet X 50 milinches =: 2750 milinches. To this
2750 we must add the milinch resistance of the con-
vector or—

= 55 feet

2750 -}- 1000 - : 3750 milinches

This is the total resistance of the circuit. The
previcus calculation shows that the head made avail-
able by the 2 Monoflo Fittings (38003 is sufficiently
large to overcome the 3730 milmch resistance i the
clrcuit.
PROBLEM NO. 3

Now consider the problem of o convector circuit
having a pressure drop considerably higher than the
available head across the Monoilo [ittings.

[for example, assume a convector circuit having a
convector with a pressure drop of 2000 nulinches at
an outpuf of 20,000 BTU. Assume the circuit is con-
nected to a 114" main in which there is flowing 17.5
GPM, and that pipe sizing is being done in the 300
milinch columin. First, consider the convector circuit
as being 34”7 pipe supplying the required BTU to a
third {loor convector,

The total cquivalent length, therefore, 1s-—

N o8
41 feet ﬂ—q—i?-zf\—-/q—- = 55 feet

[From Table B, page 39, we find a 34 pipe will
carry 20,0600 BTU at a loss of 150 milinches per foot.

Therefore, the pressure drop i the circuit becomes:

55 feet X 150 milinches
-i- 2000 milinches (for convectorl = 10250 milinches

The available head with a flow of 17.5 GPM across
a pair of 124" Monoflo tees is 8250 milinches. Since
the total loss through the convector circuit is greater
than the available head, a larger riser size is required.

Therefore, recaleulate on the basis of using a set of
risers one pipe size larger.

The resistance of 1” pipe when carryig a RTU load
of 20,000 is 50 milinches per foot { Table B, 50 milinch
colmmn). The total equivalent length now becornes—

g X 25 X1

41 feet +‘—T2 — = 59 feet

Total resistance 15
59 feet X 50 - 2950 milinches -|-
2000 milinches = 4950 milinches

The total resistance of 4950 milinches is consider-
ably less than the available head of 8250 milinches.
Therefore, a 17 riser size with a pair of Monoflo tees
will amply satisfy the requirement. Since the actual
losses are considerably less than the available head
{8250—4950), this suggests a further calculation to
checle the possibility of the use of a single Monollo
Intting.

Cliecking Chart 7, Page 43 fur a single Monoflo
['itting shows that with a flow of 7.5 GPM in the
main, a head of 3600 milinches is available. Since the
loss of 4950 milinches exceeds this igure, the required
riser sizes are 17 with two Monoflo Tittings,

PIPE SIZING FOR 70° TEMPERATURE DROP

Heating systems arc sometimes calculated on a 10°
temperature drop, which deubles the amount of cir-
culated water required by a 20° drop.

Assuming a total heat loss of 100,000 BTU with a
10° temperature drop, the formula for converting
WL into gallons of waler 1s:

100,000 BTU
10 X 60 X 8

Since all Pipe Capacity Tables shown i this Hand-
book are based on a 20° temperature drop, the above
100,000 BTU heat loss must be doubled before using
the tables to ascertain the necessary pipe size. When
pipe sizing the system, not only must the total BTU
heat loss of the building be doubled, but also the BTU
heat loss of the individual main and radiator circuits.
This does not mean that the boiler and radiators are
ticreased in size beyond that required for a 207 drop,
but that the pipes will be larger to accommodate the
greater amount of water necessary.

2= 20.8 gallons per minute

IFor changing temperature drop i an installed
systemi, see page 48.
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Section I

DESIGNING A TWO-PIPE FORCED HOT WATER SYSTEM

In designing a two-pipe forced hot water system, the
same six steps as used in designing a B & G Maonafla
System {Page 25) are followed.

These are:

1. RADIATION REQUIRED.

2. PIPING LAYOUT.

3. AMOUNT OF WATER NEEDED TO CARRY
THE HEATING LOAD.

4. SELECTION OF BOOSTER.

5. PIPE SIZING.

6. SELECTION OF BOILER.

The procedure for each step, with the exceplion uf
Piping Layout (2} and Pipe Sizing (5), is identical
with that of the Monoflo System designing.

REVERSE RETURN SYSTEM PREFERABLE
TO A DIRECT RETURN SYSTEM

A reverse return systemn is preferable because each
radiator’s circuit is of approximately equal lengih,
thereby eliminating many problems of “balance” or
equal distribution of hot water through the system.
The design procedure, however, for either direct re
turn or reverse return systems is identical.

The diflerences between one-pipe and two-pipe de-
signing can be best 1lustrated by carrying through the
caleulations required by a typical two-pipe layout, The
sketch ou page 47 shows a two-pipe, reverse return
system for a two-story house. Golng through the Six
Steps—

STEP No. 1
RADIATION REQUIRED
IFrgured on the basis of a 200 BTU heat emission,
assume that this house requires 600 sq. ft. of radiation.
The radiators in the sketch are sized accordingly.

STEP No. 2
PIPING LAYOUT

The sketch 1s correctly laid out for a reverse return
systom of two circuits,

STEP No. 3

AMOUNT OF WATER IN GALLONS NEEDED
TO CARRY THE HEATING LOAD

600 (sq. ft. of radialion} X 200 (BTU heat emission

per sq. ft.) 120,000 BTU

00
@_!0_. = 12.5 gallons per minute
2600

STEP No. 4
SELECTION OF BOOSTER
Referring to the Booster Capacity Chart on pag
38, a 17 pump is shown to deliver 12,5 gallons per
minute at a 434’ Head Pressure. Therefore, this size
of pump is selected to carry the heating load.

NOTE!

Some degree of judgment should be used in select-
ing & Booster. It may be more economical to go to a
larger size pump with o higher Head Pressure because
of the savings made in pipe sizes. In this example, a
trial calculation shows that the increased cost of a
1" Booster over that of a 34” is more than offset by
the reduced cost of smaller piping. Good practice,
however, indicates that Head Pressures shouid be sucl
that pipes are sized at not greater than 500 nifinclies
resistance per fool.

STEP No. 5
PIPE SIZING

Assume that in the sketch the longest cirenit is 102
feet long. This measurement includes the length of the
main and the longest radiator branch. Adding 50% to
this figure, to compensate for friction losses of the
Oitings—

102-{ 517153 ft. - Total Equivalent Length of pipe.

The longest circuit is selected because it obviously
offers the greatest resistance. Thercfore, if the pump
hiead is sufficient to circulate this circuit, it will be
more than adequate to circulate all other circuits.

Now refer to Pipe Sizing Table on page 39. Table
A shows Total Equivalent Pipe lengths for pressure
heads from 2 ft. to 100 ft. Table B gives the carrying
capacities (in thousands of BTU) of various sized
pipes at different friction heads. The friction heads
are expressed in milinches (see page 21 for definition
of malinch).

Reading to the right from 4v4 ft. Tlead Pressurc
{which is the closest and next lower head pressure
to the required 434 ), the closest Vauivalent Tength
to our systern leagth of 1533 feis found to be m the
350 milinch colwnn and is 154 ft. ( Table A). Al pipes
meluding mains and risers are sized from this cofumn.

SIZING THE SUPPLY MAIN
Followir  dova the 330 nuhine cohunn mto Table
[, 1720000 110 e nof showr so w1 the ne-t
larec, o e, o s 130000 7TU woa o -

o t, tnis an om0 BT e =nown 10 e 11 by a
L4 pips “size 1 is there T onooused for the

w1 (A
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DESIGNING A TWO-PIPE SYSTEM (continued)
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7000 BTU ¥ B
35 Q. FT Y 45 5Q. FT. T <, 5
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v i v T 1
12000 BTU 1 I 1 ! 1
#0 5Q. FT. ard s
5000 BTU 8000 BTU
75 5Q. F1. 40 5Q. F1.
14000 BTU T T T a0 BTU 200 BTU
130 ET. 35 5Q. FT. 50 5Q. FT.

Fig, 71. Example of two-pipe reverse veinrn forced bot water system piping layout,

Step No. 5 (continued)

The load branches at B with 320 sq. ft. of radiation
o one branch and 280 sq. ft. on the other. Dipe
scction B-C supplies 320 feet of radiation or 64,000
1.

we are working {350 mihnelry shows that a 1147 pipe

Reference to Table I, in the column in which
will carry this load.

Section C-17 has a heating load of 57,000 T,
which requires a 17 pipe.

Section [2-17 has a load of 47,000 BTU, which the
Tuble shows will be carried by 177 pipe.

Section T with 38,000 BT requires a 17 pipe.

Section ['-G with 29,000 BTU requires a 34" pipe.

Section G-1T with enly 8,000 BTU will be handled
by a 3%” pipe, but since 14" pipe 1s considered the
smallest practical size for radiator nisers, it should be
used here,

SIZING THE RETURN MAIN

Section IO carries the entive heating load of
120,000 BTU and requires a 1147 pipe,

Section O-N carries 64,000 BTU and requires 114”
pipe.

Scetion N-M with a heating load of 56,000 BTU
requives a 17 pipe.

Section M-1. with 35000 PTU calls for 1 pipe.

Section 1.-K carries 26,000 TWTU and requires 34”7
mpe.

47

Section K-J with 17,000 BTU requires 34 pipe.

Section J-1 carries 7,000 BTU and nceds only 347
pipe, but since 147
practical size, it should be used here,

pipe 15 considercd the smallest

SIZING THE RISERS

The risers are sized 1 the same 350 mithneh column
and in the sime manner as the mains-—

Radiator No. 1 7,000 BTU 4" Pipe

Radiator Ne. 2 10,000 BTU 4" Pipe

Radiator Na, 3 9,000 BTU 12" Pipe

Radiatar No. 4 9,000 BTU " Pipe

Radiator Ne, 5 E K , Pipe from Main;

Radiator No. & S 21,000 BTU ‘/3” Conneclions to No. 5,
14" Connections te Mo, &

Rediator No. 7 8,000 BTU 172" Pipe

The other main circuit, carrying a total of 280 sq.
ft. of rudiation, s sized in the same manner,

STEP No. 6
SELECTION OF BOILER

Selection of a properly sized bhoiler should be in
accordance with the standards of the Heating, Piping
and Air Conditioning Contractors’ National Assocla-
tion, “WNet BTU Load Recommendations for Heating
Boilers.”

NOTIEEY Tnasmuch as the hot water ratings in somc
manufacturers’ bulletins are based on 150 BTU per
square foot heat emission, care should be taken to
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DESIGNING A TWO-PIPE SYSTEM (continued)

Step No. 6 (conlinued)
correct these ratings for the BTU emission of the
system you are designing. It is necessary to install
a water boiler of the same size and number of sections
as required for steam when using a heat emission

factar of 240 ITU.
PIPE SIZING A DIRECT RETURN S5YSTEM

Pipe sizing a Direct Return System is done in
exactly the same manner as above. In general, how-
ever, this type of nstallation is not recommended, as
errors in design have a more serious effect on the
“balance” of the system.

CONVERTING AN OLD GRAVITY HOT WATER
SYSTEM TO FORCED CIRCULATION

In modernizing an old gravity hot water heating
system, 1t 1s not necessary tn change the radiators, nor
is it ordinarily required to alter the piping except
around the boiler.

Assuming that the system was originally designed
on the old standard 150 BTU basis, count the square
fect of radiation 1n the entire building and multiply
by 150. This will give the total BTU heat loss.

Example:

900 sq. fI. X 150 BTU 135,000 BTU

To determine the size of pump needed to carry the
heating Inad, follow the same procedure as for new
forced circulation systems—

135,000
9600
Referring to the Booster Capacity Chart { page 38) 1

<= 14 gallons per minute

will be secnn that o 17 Dooster will deliver 14 gallons
per minute at o 424 foot ITead Pressure. Because of
the uncertainties of design in old systems with large
pipe sizes it is advisable to use a pump one size larger
than indicated by the chart. Therefore, the punmp
selected in this case should be 114”7,

O direct return systerns with long circuits, a return
counection {o the ends of the supply mains may be
needed to properly heat end radiators. See Tig. 84 on
page 50,

Feg, 72,
nections on a gravidy sysicm converied to forced circnlation.

Shorwing typical reduction in size of boiler con

CHANGING THE TEMPERATURE DROP IN AN INSTALLED SYSTEM
— EITHER ONE OR TWO-PIPE

[f for any reason it is desired to change the tem-
perature drop from 20° to 10° in a system already
installed, it will be necessary to materially icrease
the pump size.

As explained on page 19, the pressure drop in a
system varies as the square of the velocity, Simce
changing to a 10° temperature drop doubles the
amount {or velocity) of circulating water required
by a 20° drop, a typical comparative calculation for
600 sq. ft. of radiation with o 200 BTU Heat Emission
15 as follows:

20° drop—

600 sq. ft. > 200 BTU -~ 120,000 BTU

120,000 BTV
20 60X 8
The Booster Capacity Chart shows that this quantity

= 12.5 gallons per minute

48

will Do delivered Ly o 17 Booster at i 4347 Dressure

Head.

10° drop—In accordance with the rule given on
page 19, divide the increased gallonage by the primary
gallonage and square the result;
120,000 BTU
10 X 60 < 8

25 gallons

25 gallons

2 squared = 4
12.5 gallons 9

Now multiply the original ressure Head (4347) by
the above result (4) which gives the increased Booster
I'ressure Head necessary:

4 X 4%’ Head = 19" Head

Therefore, the pump selected must deliver 25 gallons

per minute against a [Yead Pressure of 197
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RIGHT AND WRONG CONNECTIONS
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Fig. 73. Oun installations with wup-fed radiation on same level as the boiler,
be sure to install 1 B & G Safety Loop frem compression tank to bottgm of

boder as shown ar right,

=

B& G STRAIGHT
FLO-CONTROL VALVE

x.\

B& G STRAIGHT
FLO-CONTROL YALVE

AIR
POCKET
_____ S
S —— Q
WRONG
ECCENTRIC BUSHING
WITH OPENING UP
}:1/
S| @] m—
FULL SIZE
TEE
RIGHT
Fig, 76, Right and wrong way to

rediice pipe size.

e \
o s AUTOMATIC
. & GIL_ I AIR VENT
| S S
| o R - [ﬁ
WRONG RIGHT L
- [ OVERFLOW
BAG g 0
: @ AUTGMATIC BASEMENT
AIR VEHT O
a ) SEWER
I
\ NisiY
j WRONG RIGHT
Fig. 71. The B & G Straight Flo-Control Vah'e sn’mnhl altoays Fig, 77, Never install an antomatic air
he instafled in a borizontal pesition. vent ay shown in the left band diagram,
BRANCH
CIRCUITS
4 - ‘ \P MAIN
/ Pitching Up Ta
; This Paint
/ S,

Fig. 78. Right method of taking branch cir-
cuite off « trunk prain.

Fig. 75, A B & G Flo-Counrrol Valve showdd be installed as noted —otherwise,
during mild wweather, the vadiators ehove the main will be Dbeated hy gravity
civerlation, while the radiators bolow the main will receive wo beat.

) ‘) CONNECTION ALL RIGHT

WITH AN AUTOMATIC AR VENT
AT HIGH POINT

pocKEr Figz. 79. Right and
— B wrong methods of

running heorizontal
bipes around an ab-
straction.

WRONG RIGHT
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RIGHT AND WRONG CONNECTIONS (continued)

AlR
YENT
Fig. 80. Proper method of connecting
WITH THIS COMNECTION CIRCULA- radiators above the main of vither ane ar
RIGHT TION CONTINUES THROUGH THAT .
PART OF RADIATOR NOT FILLED WITH teag-pipe sysiems,
4 AIR AS SUPPLY CONNECTION IS NOT
{\W RESTRICTED
RETURN supPLY
AlR
went A——WITH THIS CONNECTIOR
CIRCULATION THROUGH
RADIATOR CEASES WHEN AIR
COLLECTS TO THIS POINT
WRONG , ’ .
Fig. 81. When converting sicam
" . am
B ~ o or wapor systems lo forced bhat .
water where radiators are cou
f nected in this manner, a B & €
* Automatic Air Veut shonld he in-
RETURN SUPPLY stalled em cach radiator,
r_lr,j-{ HICH ur
A - ==

Ve
i
= = X
=
—
e,

Fig. 82. Comnectians to radi-
alars below the main shonld be
as direct as possible, with risers
spaced the [ull width of the ra-
diatar.

ey

PACIATOR

surny RETURN
RETURN
u;’;:o MOHCHLO MONORLO MONORO
- SPACE HOT CLONER _
THAN THE LIRGTH
OF THE RADIATOR SPACE NOT CLOSER
T THAN THL LENGTH %
l l OF THE RADIATOR T
f
VINT
B Py
]
RADIATOR RADIATOR
2
[ Gy | |
P g DRAM P N DRAN
[y ( o)

WHEN ALL RADIATION iS5 BELOW
THE MAIN USE THIS CONNECTION
10 THE RADATORS

WHEN RAMATION 15 BOTH BELOW AND
ABOVE THE MAIN. USE THIS CONNECTION
TO Trf DOWNED RADIATORS

Fig. 83. Correct connections for radiators aheve and below the main of

Manofle system,

L —
Il 1 i | B =
i = 13
SQ. HD ADDED RETURN LINE
COCKS
Ordinarily a %" pipe is of sufficienl sire.
HOT WATER
HEATING
ILER 5 |
= { =i}l B4 G BOOSTER
1
P

Fig. 84. On two-pipe, "dircet reture” sydems with a long pipe
roite, an additional returm line should be installcd a5 indicated above.

=0
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HOT WATER SYSTEM ENGINEERING IN LARGE BUILDINGS

Generally speaking, the engineering of a hot water
heating system for a large building is an amplification
and refinement of the smaller installation. Piping design,
due to the more extensive opportunity for error, must
be more carefully caleulated.

Best results will be obtained if a large job is con-
sidcred and designed as a group of sinaller installations,
or, in other words, zoned. This practice produces two
valuable results, Firest, it affords a more accurate conttrol
at a lower cost than pessible in any other type of system.
Second, the greater number of zones into which a large
installation is divided, the greater the simplicity of design.

High buildings preduce a high static head in a water
system. This may be overcome by roning the system in
4.story heights, each zone drawing hot water from a
steam convertor. Accuracy of temperatire control by
this method is obvious. Where convertors are not used,
care must be exercised to select boiler, valves and

radiators designed for higher operating pressures.

This same vertical zoning nullifies “chimney cffect”
in tall buildings. “Chimney elfect” is the rising of warm
air through the building as in a chimney, camsing a
decided low pressure area at the bottom floors. In uvn-
zoned buildings this makes satisfactory heating difficult
because heating the lower floors to the proper degree
causes overheating of the upper floors. The ease with
which forced hot water can be zoned makes this wype
of system especially well adapted to the large building,

Sun and wind likewise seriously alfeet the heating of
a building and can be compensated for by proper zoning.

The low, spread-out building offers no problem in
static pressure, but does require greater than ordinary
cicculating Head Pressures to maintain an economical
heat distribution systein.  Tlere again zones eliminate
the need for specially built equipment, thercby saving
in initial cost and providing a better controlled system.
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Fig. 85, "Chimney effect’ is caused by warm air rising from
fatver to upper floors.

Fig, &6, Hlustrates method of zoming vertically to prevemt
bigh static head.



DESIGNING A RADIANT PANEL HEATING SYSTEM

1t should be stated that the following pages are not intended to be a complete treatise on Panel
Heating. From the viewpoint of the research engineer, Panel Heating is a complex subject involving
complicated formulae pertaining to combinations of radiant and convected heat. Cerrain characteristics,
however, in the behavior of the heat given off by panels effect a degree of self balancing. Forcunately
also, the temperature of the water in the system can be adjusted over a wide range, thus providing an

ample safety factor against errors in calculation.

Taking advantage of this and other adjustment features permits safe use of relatively simple design
procedure. The following B & G Seven Step Method applies to pipe coils embedded in concrete or
plaster. Panel heating is not limited to these two applications and in subsequent data the design pro-
cedure will be furnished for coils in the air space under a floor, over a ceiling and in the walls.

The seven steps in designing a Radiant Panel System are as follows:

CALCULATION OF BUILDING HEAT AMOUNT OF WATER NEEDED TO
LOSS CARRY THE HEATING LOAD
2 DESIGN OF HEATING PANELS 5 SELECTION OF BOOSTER PUMP
LAYOUT OF DISTRIBUTION PIPING 6 SIZING THE DISTRIBUTION PIPING

FROM AND BACK TO THE BOILER

7 SELECTION OF BOILER

THREE DESIGN EXAMPLES
The design procedures herein are applied as follows:

Design Example "A” — A one story house on a concrete slab, with serpentine panels embedded in the

concretece.

Design Example "B’ — This is the same house as in Design Example "A”, except that the panels are
made up of grids.

Design Example "C" — This is a two story house with a basement, It offers a more complex design
problem, involving both grids and serpentine coils.

The heating layouts for the above houses are included in their respective sections.

HANDY CALCULATION FORM

At the back of this manual is inserted a B & G Panel Heating Calculation Form, filled in with
the results of all calculations required by Design Examples “A” and "B”. It will serve as a guide and

check for correce design procedure.,
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while eliminating the various disadvantages.

FOREWORD

There is a tendency to regard Radiant Panel Heating as something complex and hard to understand, involving
entirely new prindples and design procedures. Actually, in its basic concept it is identical with ordinary radia-
tor heating. Radiant Panel Heating takes the best features of radiatar heating and develops them to the ultimate,

The primary physical difference is that radiator systems depend upon concentrated heating surfaces at high tem-
peratures, whereas, radiant panels are large areas maintained at comparatively low temperatures, They differ
further in that radiant panels are completely concealed in the floors, ceilings or walls.

History of Panel Heating

Strangely enough, Radiant Panel Heating is net new-

it 1s actually the oldest known form of central heat
The civilization of ancient Rome included it as one of
[Public baths and private villas were
heated by hot gases from charcoal fires circulated
through ducts in the floors and walls. This crude but
effective method of radiant heating now receives the
benefits of modern techniques in transmission and con-
trol of the heating medium and of automatic firing.

its comforts,

Early in the 20th Century, Radiant Panel Heating
reappeared in Europe and in this country, using pipes
wstalied in the floor or cetling to convey the heating
medmm. Since that time, 1t has gone through a slow,
thorough testing process which establishes beyond a
question the advantages of its principles, The tech-
niques of design and installation have been tested in a
large number of installations so that today, definite
stmplified rules can be laid down,

The behavior of Radiant Heat Rays

To understand fully the relation ol Radiant Heat Rays
to human comfiort, their characteristics must be exam-
ined.

Any heated object gives off Radiant Heat Rays; the
sun, for instance, warms the earth with its emission of
these rays. Radiant Rays behave very much like light
rays, because they travel in straight lines and are ab-
sorbed and reflected to a degree depending upon the
nature of the surface they strike against,

Radiant Rays pass through the air without appreciably
raising its temperature—the outer spaces, for example,
through which the sun's rays travel before they reach
the earth, are tensely cold. These rays, however,
witrm every solid object they meet.

Radiant Rays always move from warm to cooler ab-
jects. When they strike a cooler surface, a portion of
them is absorbed and the balance reflected. The ab-
sorbed rays warm the surface, which then becomes a
radiant surface itsell mud re-radiates its own rays.

The effect of Raciant Rays is clearly demonstrated on
days when the sun is bright but the air cool. When
standing in the sunshine you are comfortably warm—-
moving into the shade causes a sensation of chilliness,
You have been cut off irom the sun’s Radiant Rays
anel immediately notice a change in your comfort
status.

Why Radiant Panel Heating?
What are the reasons Racdiant Panel Heating has so
strongly gripped the imagination of the builder? They
can be roughly divided into three appeals—aesthetic,
physiological and cconomue,

['rom an aesthetic point of view, Radiant Panel Heat-
ing has qualifications which should cause every house-
wife to rejoice. The panels which provide Radiant
Heat are completely concealed in either floor, ceiling
or walls. No radiators or grilles—nothing to hamper
furmiture arrangement or decorative plans,

THE BEHAVIOR OF RADIANT RAYS

|

L

I L —
F nt Rays move fiom warm to A tie o the T di b The | * of ¢ are re-
cooler surfaces. - e |t the coc .. s ce, flecte to . ¢ iq cooler
thereby warming it. it
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Considering the radiant heat in the body as Radiant Pressure, a controlled rate of release is required for cor}'\fori,
By opposing it with Radiant Pressure from the room surfaces, the proper rate of emission can be established,

r I |

. P '
o - I

ROOM SURFACE
v
ROOM SURFACE

RADIAMT v RADIANT R™ T T RADIE T 1 MANT P © JRE
PRESSURE PRESSURE RELEASE PRESSURE F "ASE PR Lo GHY
TOO LITILE TOO GREAT TOO GREAT TOS A JUSTRIG T DR COM T

Thermal air currents are materially reduced, so that
floor dirt 1s not picked up to be deposited on walls,
ceilings or draperies, This cleaner air obviously creates
a more sanitary condition in the home, as there iz a
lesser concentration of dust-borne disease germs.
Further, a Radiant Panel Heating System does not
affect the location of partition walls or prevent Iater
changes in the position of these walls.

The physiological advantages of
Radiant Panel Heating . . . the comfort balance
in considering the principles of Radiant Panel THeating
it is necessary to arrive at an entirely new concept of
what keeps the body from feeling cold. It must be
understood that comfort is not a matter of supplying
licat to the body, but instead, one of controlling the
rate and manner in which heat is lost from the body.

The body itself generates more heat than is necessary
for its needs, and to be comfortable, must get rid of
the excess. FExcess body heat is dissipated in three
principal ways—by Radiation, Convection and Evapor-
ation.

The Radiation loss is the amount of heat given off by
the warm body to surrounding cooler abjects. The
Convection loss 1s the heat carried away by the passage
of air over the skin and clothing. The Evaporation
loss is the heat used in converting moisture on the
surface of the body into vapor.

Comfort demands that heat shall escape from the hody
at the same rate at which it is produced and in a

certain manner, [et us, therefore, examine the usual
methods of heating, which may or may not permit
escape of body heat in a manner which produces
maximum comiort.

A persen in normal sedentary activity loses heat at the
rate of about 400 BTU per hour. Scientific investiga-
tion indicates that greatest bodily comfort is achieved
when heat losses occur in approximately the following
proportions: 190 BTU by Radiation, 120 BTU by
Convection and 90 BTU by Evaporation. Since Radia-
tion and Convection losses account for about 310 BTU,
the problewr of providing comfort is principally con-
cerned with establishing the proper balance between
the two.

The above values are relative, as the total will vary
with bodily activity, age, sex, etc., but may be con-
sidered as practical for design purposes.

As explained before, it is a fundamental principle of
radiant heat transfer that heat will flow only from a
warm surface to one of lower temperature. Therefore,
the body can lose heat by radiation to any surface at
a lower temperature and gain heat from any warm
surface regardless of air temperature. Radiation 1s
thus controlled by surface temperature only. A person
it a roorm filled with warm air, but having cold walls,
would lose heat by radiation but very little by convec-
tion.

[t is cvident that the heating of enclosed spaces can
be accomplished by two methads; first, by the conven-
tional method, in which the air is heated to a sufficient-
Iy high degree and second, by Radiant Panel Heating,
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A RADIANT HEATING SYSTEM DISTRIBUTES HEAT MORE UNIFORMLY IN EVERY ROOM

&REGSTER

N

l\/v T
ORDINARY HEATING SYSTEM
In this type of system, air is delivered at high
temperature to heat the room. Since heated air
rises, the temperature at the ceiling is much
higher than at the floor, which may be uncoiu-
[ortably cool.

rl '#_- . W | l.. rl_ E J[— ' m)R_ )
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- PIPE COILS

RADIANT HEATING SYSTEM

Radiam Rays from the pipe coils in the floor
directly strike or are reflected like light rays to
all room surfaces, warming them to the proper
degree. Note that air temperature varies but
little from floor 1o ceiling, with warmest air at
the flaor, where it should be for maximum comfon.

in which the temperature of the surfaces surrouncing
the body 1s raised.

[t is within the range of everybody’s experience that
the conventional way may lead to discomfort. Iixces-
sively high air temperatures to overcome the effects
of cold walls result in stuffiness and dryness. Oy in
other words, loss of bady heat principally by radiation
to cold room surfaces is not conducive to maximum
comfort.

Economic reasons for Radiant Panel Heating
The approved heating mednun for radiant panels is
forced hot water—hence all the well known operating
econonues of this type of system are achieved. The
automatic modulation of the heat supply fo mect all
variations in the weather prevents overheating and fnel
waste,

How Radiant Rays are used to heat the home
Regardless of the kind of heating system, radiant heat
15 always a factor. The walls, floor and ceiling must
be warmed before comfort can be achiceved—warm air
alone 1s not sufficient!

In the conventional heating system, the attempt to
warm the structure is made either by Convection heat-
ing alone or by a combination of Convection and
Radiation heating. For example, with a warm air heat-
ing system, the heated air introduced it the room is
expected to warm the walls, floor and ceiling.

This approach to correct heating has the disadvantage
of requiring that room air be maintained at a tempera-
ture frequently so high that the comfort balance is
disturbed.

Iu Radiant Panel Heating the process is reversed. In-

stead of overhieating the room air to heat the structure,
the room surfaces are warmed from behind and the air
beeames warmed by contact with them Tnstead of con-
centrated areas of high temperature heat emission,
such as registers and radiators, large arcas of mildly
heated floor, ceiling and walls supply over-all mellow
warmth with o lower, more refreshing room air tem-
perature.

By accurately controlling the terperature of the room
surfaces, as 1t is done in Rodiant Panel Heating, the
amount of body heat given off by Radiation can like-
wise be controlled to the correet proportion for maxi-
mum comfort,

The method maost used to obtain these large heating
arens 1s to install pipe coils in the floor or ceiling and
sometimes in the walls. In any case the heating effect
15 the same, as Radiant Rays, like light rays, travel and
are reflecied in all directions, without being affected by
air currents. The pipe coils can be installed in any of
the constructions normally used in building. Some
examples are shown on page 56

At what temperature should the Radiant

Panel Heated home be kept?

Generally speaking, the practice is to design the mod-
ern Radiant Panel Heating Systern so that the air tem-
perature is somewhat lower than that maintained in
the conventionally heated home. To compensate for
the increased loss of body heat by Convection, the
temperature of the room suri:ces is raised to decrease
ilie heat loss by Radiation.

I.ower air temperatures have distinet advantages in
that the air feels fresher, more invigorating and bu-
midity conditions are greatly improved.
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TYPICAL FLOOR AND CEILING PANEL INSTALLATIONS

FINISHED
FLOOR

MASTIC BOND

PiPE OR

CONCRETE TUBING
/s

SAND OR EARTH FILL
GRAVEL FILL  |r A DRY SITE IS NOT
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ATTIC FLOOR
INSULATION

WIRE LATH

PLASTER

FLOOR SLAB ON GROUND

CEILING PANEL

“THNSULATION
CEILING OR STEEL
INSULATION JOIsT
BOARD

FINISHED MASTIC BOND ATTIC FLOOR
CONCRETE
PIPES OR FILL
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¢ % i\ TUBES rﬁ*,‘ﬁm
LS \ “—
CEILING OR” WOQD INSULATION - PLASTER
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Diese O 5
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Fig. 87
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DESIGNING A RADIANT PANEL SYSTEM —EXAMPLE “A”

ONE-STORY HOUSE WITH SERPENTINE COILS

STEP No. 1
CALCULATION OF BUILDING HEAT LOSS

In the house being used as design example “A”, the
various construction materials and corresponding “U"
factors are given below. The “U" factors are taken
from the tables on Pages 87 to 96,

Design Conditions

0°T outside temperature

-L 70°T" inside temperature

[0 M. TV IT. wind velocity

Note: Garage to be heated to 55°91¢

Floor: 4 concrete slab on 67 gravel or sand
fll. Tile ar terrazza on concrete with
mastic bond between cancrete and tile,

There is little information available which indicates
the heat conductivity of the earth under a concrete
slab construction. The condition for cach locality will
vary because of the characteristics of the ground.

The ASH & VI Guide states that a “UJ"" factor of .1
is ammple in most instances for slab or basement heat
loss to the ground. It is suggested, therefore, that
3 BTU per sq. ft. per hour be used in caleulating the
reverse heat loss of a slab. A dry sand or stone il
under the cancrete will be helpful in maintaining this
value,

Where slabs arc laid directly on the ground, it 1s
desirable that the pipe coils are not closer than 3
feet from the outside edge. If it 15 nccessary to lay
the coils closer than 3 feet, msulation must be inter-
poscd between the slaly and the foundation, so that the
equivalent of at least 3 feet of concrete exists. Ifor this
condition, the following values may be used in comput-
myg edge loss to the ground,

BTU LOSS PER HOUR
PER LINEAL FOOT OF SLAB EXPOSED EDGE
BT heat loss based on waler temperalure of
approximately 130°F in 347 tubes.
TABLE K
Equivulen;:!“i_siunce B
of concrete from

DESIGN TEMPERATURE

edge to first coil | 0°—70°|—1071070° |-20°1070°
1 Foot 81 | 88 | 97
2 Feet 50 | 55 60
3 Feet 33 | 37 | 40
4 Feet 25 28 30

Ior this example, it 1s suggested that a heat resist-
ance cquivalent to 4 «f concrete be interposed at the

edge of the slab (see calculation below). This will
keep heat losses low encugh to avoid snow melting
around the outside of the building.

The heat lass through side walls below grade can be
considered as 4 BTU per sq. ft. per hour,

Outside Walls: 4" hriclk vencer, & cinder blocks,
plaster (34" on metal lath, furred.

“rt - 25 (from Page 910
Metal lath and plaster, 354 Rockwool
fill, no flooring above. (Assume outside
temperature in attic space, which is ven-
tilated.) Ceiling height 867

“UT s 079 (fromn Page 923

Ceiling:

Glass: Single thickness, storm sash, weather
stripped, windows double hnng.
“U” = 45 (iromn Page 95)
Garage -— no storm sash or weather
stripping.
“U” = L13 ({rom Page 953
Doors: Storm doors, weather stnipped. Tigure

sume as for glass.

“U” = 45 {from [Page 95)
(Garage -~ no storm doors or weather
Stripping.

“1" = 113 (from Page 953

Infiltration: 10 M.P.H. wind (sec Page 96)

IFor residence --- Double hung wood
sash windows,
13 cu. ft./hr. per foot of crack x

018 = 24
U = .24

For Garage — 21 ¢n. {t./hr. x 018 = 38
lf[]l) — l38

CALCULATION FOR TOTAL SPACE HEAT LOSS
AND TOTAL PANEL HEAT LOSS
Knowing the above “U" {factors, the heat loss for
cach room can be determined. The calenlation is as
follows :

Net area {or crack lengthl x “U” factor
x Temp. Diff. = Heat Loss in BTU/hr.

Starting with the Living Room and Iintry, the
handy form can be used to tabulate the heat Tossey
from the varions surfaces.

CALCULATION FOR INSULATION
AGAINST EDGE LOSS

In residential installations using floor pancls, it 1s
necessary to use most of the available floor area to
maintain a reasonable surface temperature. Therefore,
it is often necessary to place the first coil or pipe near
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Seetion I

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE A" (continued)

Step No. 1 (continved)
the outside wall. As a general rule. the first pipe may
be placed one half the tube spacing trom the mside
face of an outside wall.
INSULATIGN

CONCRETE

EZes T

7

%\ PIPE OR
2\~ TUBING

GRAVEL FILL

PN
N

FOQIHG ~~EARTH FILL

NOTE: If a dry site is not
assured, provide a mois-
ture barrier.

Fig. 89. Iusulation for Flour Slab,

Fig. 89 shows a scction of the floor adjacent to the
outside wall. Since the footing wall is 127 and the
first tube is 6”7 inside of the wall, there are 18" of
concrete between the tube and the outside earth. It
is desired, however, to have the equivalent of 4° of
conerete, or a total loss of 25 BTU per linear foot of
edpe, Therefore, insulation equivalent to 214" or 307
ol concrete must be introduced.

Concrete has a “k” value of approximately 12 I'TU
per hour per sq. ft. per degree IV, per inch of thick-
ness. To determine the required thickness of insula-
tion the {ollowing equation is used:

30" lInsulation equivalent required)
12 BTU (k" value of concrete)
X (Thickness of insulation)

k (Conductivity of insulation}

Weather-proofed building board insulation has a
“k' value of .33 BTU per hour per sq. ft. per degree
' per inch of thickness. Substituting this value in
above equation—

30 X
12 33
30 x .33
) T X - .B2” required thickness of

insulating board

Therefore, 1 insulating board should be used as
this is a standard thickness. IFor greatest effectiveness,
the insulation should be carried as deep as the frost
line.

\When a basement 35 heated with coils in the floor,
the edge loss is no longer a factor, because of the
distance below grade. In this case, the losses to b
constdered are the side wall loss of 4 BTU per sq. ft,,
ihe down loss of 3 BTU per sq. {t. and the normal
loss through basement walls above the grade,

Note thut in Table L there are two totals—one
giving the heat loss of all surfaces except the floor
and edge Joss and the other including the floor and
edge loss, The first total, or space loss, is used to
determmne the panel size. The second, or total pane)
loss, 15 used in calculating the amouni of water which
must be circulated.

The reason for this distinction is due to the fact
that there is a rewerse loss from pancl sections into
the basement or into the ground when the building is
erected on a concretle slab.

REVERSE LOSS OF PANEL SECTIONS
In the case ot a conventional heating system, the
heat loss to the basement is considerced as a heat loss

TABLE L
T Pc;ri_-—— Net area 1 B - ) f:ml Total
of or crack sy Temp. Heat Loss Space Loss Panel Loss
ROOM Structure length Factior Diff. BTU /hr, BTU /hr. BTU /hr.
' Glass 725 45 70 2284 2284 2284
Living | Outside Walls |  233.5 25 70 4086 4086 4086
Room Inside Walls -
And | Floor
Entry | Ceiling | 390 079 70 2157 2157 2157 |
Infiltration nz 24 70 1960 1960 1960 |
" Reverse Loss 345 3 1035 1035
" | Edge Loss 30.4 25 760 760
- R Total Sﬁ;;é Loss 10487
Total Panel Loss - 12282




Section 1

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE “A" (continued)

from the rooms above and is taken mnte consideration
in sizing the radiators. The heat loss to the attic is
similarly handled.

In panel heating systems, the heat loss to the
basement is not a loss from the rooms above but 1s a

reverse loss from the heating panels.

Inasmuch as the entire panel 1s being heated by the
pipe coil, or grid, the heat which s being supplied to
any enclosure is ouly part of the total heat supplied by
the coil. The opposite side of the col will similarly
lose heat.

If a coil is placed in a construction in such a way
that heat can be used {rom both sides, 1t becomes
necessary to calculate the amount which will be dis-
sipated from each side. [f the heat from one side is
not usable, 11 is necessary to eliminate this waste by
introducing the proper amount of insulation. It 1s ob-
vious that the amount of resistance placed between the
pancl coil and the surface frem which the heat will he

i
it

amount of heat which will fioadly

Heat desired i both directions.

lost, determines the
leave this surface.
In any case, the total amount of hieat te be supplied
by the coil is that which enters the enclosure ta be
warmed and that which 1s dissipated from the reverse
side of the coll. The sum of the two must be used
caletlating the total heat load of the cal.

Using the same procedure as followed m determin-
ing the heat loss of the living room, the heat losses

of all rooms are: Total Panel

Loss BTU/hr

Total Space
Loss BTU /hr

Living Room and Entry 10487 12282
Bedroom No. 1 7320 8714
Bath 1640 2015
Bedroom No. 2 7505 8597
Dining Room 6560 7810
Kitchen 5110 5950
Laundry and Heater Room 3680 4468
Garage 12203 14348

54505 64184

Fig.

STEP No. 2

DESIGN OF HEATING PANELS

Definition of terms used
and calculations necessary

RADIANT HEATING

Radiant heating is the transmission of heat through
space by wave morion, It is heat energy which travels
and behaves much like light, Radiant heat rays always
move from warmy to cooler surfaces. The radiant heat
output of a hot body depends upon the temperature
differential between it and the cooler objects to which
it is radiating.

CONVECTION HEATING

Convection heating is the transmission of heat by the
cicculation of a liquid or gas, such as air. The convected
heat output of a hor body depends upon the temperatuore
and movement of the gas or liquid which surrounds ir,

‘0 afj
‘? ‘
G‘QQ.‘.U".K‘

90

Pawel iuslated ta permit beat cmission in one divection only.

(2]

MEAN RADIANT TEMPERATURE
MRT is the abbreviation for Mean Radiant Tempera-
tore, or the neighted average of room surface temmpera-
The following method for determining MRT is

stmple and suflictently accurate.

tures.

Assume that one surface arca is 100 sq. ft. at a tem-
perature of 50°F and another surface area is 50 sq. ft.
at 70°F,

First, add the areas: 100 - 50 = 150

Next, multiply each area by its
the products,

temperature and add

100 {sq. ft.} x 50 (°F) = 5000
50 {sq. f1.} x 70 (°F) — 3500
Total 8500

Now divide the sum of the products by the sum of

the areas—

8500

150

56.6 MRT of the two surfaces



Seetion Il

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE A’ (continued)

Step No. 2 (continued)

In Radiant Panel design procedure, the MRT of all
room surfaces, except the surface used as the hcating
panel, is computed. For example, if the floor ts to he
the heating panel, the MRT nceded is that of the glass,

doors, walls and ceiling.

MEAN EFFECTIVE TEMPERATURE

MET is the abbreviation for the term Mean Effective
Temperature. It is the average of the MRT of the un-
heated surfaces and the room air temperature.

__ MRT - Air Temperature
2

MET

PANELS
Floors, walls, ceilings or any combination of these
surfaces can be nsed as the heating panel, but in general,
floor or ceiling panels are mere practical. The panels
give off heat by radiation and convection in approxi-

mately the following percentages:-

Surface Convected Heat Radiant Heat
Floor 45 % 55%
Ceiling 33% 67 %
Wall 40% 60 %

HEATING PANEL SURFACE TEMPERATURE
This is the temperature at which the surface of the
heating panel must be maintained in order to establish
the desired MET. The highest recommended heating
pancl surface temperatures are listed in the ASH & VE

Guide as follows:

Plastered Ceiling 115°F
Plastered Walls 120°F
Floor 90°F
Floor harder and aisles 120°F

KIND OF PIPES PERMISSABLE

Either ferrous or non-ferrous pipe or tubing can be
used for embedding in plaster or concrete.

COILS
The type of coil ts optional-—either grid or serpentine
{Sce illustration on foltowing page). It should be under-
stoad that the heating results obtained will be the same
from either type of coil, provided that the pipe size and
spacing is the same, The difference berween the two

becomes apparent when desighing for the proper flow of

water through the system,

If serpentine coils are used, more care in designing
must be exercised o puard against excessive pressure
drop through the coil. An obstruction in a serpentine
coil will prevent the entire coil from heating, whereas,
an obstruction in a grid catl will cause only a partial

stoppage for which compensation can be made.

The total space and panel heat loss of the example
louse has been determined in Step No. [ In Step No.
2 the size of the panels necessary to heat cach room is
caleulated,

Starting with the Living Room and Entry, the MRT
of all unheated surfaces is determined. As explaincd
before, this is obtained by multiplying each room area
by its inside surface temperature,

NOTE: ALL CHARTS NECESSARY TO HEATING

PANEL DESIGN ARE ON PAGES 41 AND 42,

Referring 1o Chart 2, the inside suriace tempera-
tures of the Living Room, with an outside temperature
of 0°F, are shown to be:

Surface “U"” Factor Surface Temperature
Glass .45 {fram Step 1) 49.5 (from Chart 2)
Qutside Wall 25 ™ ™ 7 58 " oo
*Inside Wall 70

Floor {not considered}

Ceiling 079 (from Step 1} 65 " 7 v

The MR'T 1s now computed by the caleulation—

The sum of surface areas in sq. ft.
x their surface temperatures

Sum of the areas

Therefore :
Glass 725 x 49.5 == 3,588
Outside Wall 233.5x58 = 13,543

Inside Wall 422 x70 = 29,540

Ceiling 390 x65 = 25,350
1118.0 72,021
72021
= 64.5 MRT
1118

The MET is next calculated by this formula.
MRT -}~ Air Temp.
2

= MET

Substituting the proper figures n the abave cqua-
tion, we have:
64.5 170
2

= 67.25 MET

* Inside walls are considered to be at Yre same temperature as the room air, hence, no “U” factor is shown.
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EXAMPLES OF RADIANT PANEL PIPE COILS

SUPPLY
—

RETURN
Grid-lype Coils

In the grid-type coil, the cross members are welded or brazed

into headers, W ilhen fﬂ[nnm’cd as shown by the plm!n "n.'])f).\ i

this page, a strong, tght weld is effected with no projections to

canse resistance to the flow uf water, Grid coils have a relatively

low pressure drap,

To avoid the possibility a[ shart circuiting. grids shoald be con-
structed so that the ratio of the header length to the lateral
Tength does not exceed 3 to ].

AETURN
* SUTrLY RETURN

REA

C
C

C
Q J ./ \

D
D)

SUPPLY

RETURN
Fri. 91

02

Header dvilled 1o

receire cross wmenl-

her. Shoulder  prevents
evoss member from
projecting rito
DLeader.

A strong, tight
! wedd s effected,

Serpentine Coils

These coffs are  conlluitons tH
fength, with welded or brazed
joints. The pressure drof !braﬂgb
a serpentine coil is much greater
than throwugh o grid and must be
taken into acconnt when calenla-
ting the water flow throungh the
system,

Serpentine Coils
in Reverse Return

T hic arrangement, in which the
first coil to receive water is the
fast to return it, is preferable to
a direct retuwrn. The voils are
of equal length, heuce properly
balanced.



Seciton I

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE ""A’’ (continued)

Step No. 2 (continved)
The BTU requirement per sq. ft. of heating panel
(s next determined by the equation—

10487 {Total space loss in BTU/hr.)
*%345 (Floor area in sq. fi.)

30.4 BTU per sq.
ft. of panel

From Chart 3, we find that to abtain 30.4 BTU per
sq. ft. of panel with an MET of 67.25, the panel tem-
perature must be 799,

Before determining the spacing of the pipes making
up the panel, it is necessary to arbitrarily select a water
temperature. Experience has shown that a tempera-
ture range of from 120° to 140° is practical.

As a rule, the highest panel temperature required
in the building is the governing factor in selecting the
water temperature. Accordingly, it is best to determine
the required panel temperature for each room before
starting the pipe spacing calculations. The various
required panel temperatures in this example are deter-
mined by the same procedure as just shown for the

Living Room.

Living Reoem and Entry — 79° Panel Temperature
Bedroom #1 — 85° v "
Bath -—-85° ” "
Bedroom #2 —90° "
Dining Room —79° " v
Kitchen — 852 " *
Laundry & Heater Room — 85° "' v
***Garage — 80~ " v

In the above tabulation, 90° in Dedroom No, 2 1s
shown to be the highest pancl temperature required.
Reference to Chart 5 shows that with a water temi-
perature of 140°, the pipes should be spaced on 9%
centers. This spacing is not too small for good prac-
tice, so the sclection of 140° water is satisfactory.,

Table M on following page 1s suggested as a handy
way to tabulate the data required for each room,

Using Chart 5 in the same manner as for Bedroom
No. 2, the panels for the balance of the rooms are
shown to require the following pipe spacings—

Living Room and Entry 187
Bedroom No, 1 14"
Bath 147
Bedroom No. 2 9
Dining Room 18"
Kitchen 14"
Laundry and Heater Room 14”
***Garage 18”

PANEL SIZES

The Living Room and Entry have a total {loor area
of 390 sq. ft. Eliminating the area of the closets at
the Intry, reduces the available area to 345 sq. ft.

Although the Living Room and Entry are considered
as one room, because there is no separating wall, the
irregular shape of the combined areas males it neces-
sary to install two panels.

Lt the Intry area, there is room to install a panel
8 long and 7'6” wide. [t has previously been es-
tablished that with 140° water, pipes on 18" centers
will supply the heat requirement of the room. Within
the width of 776, six tubes can be installed on 187
centers,

In the Living Room there is space for a panel 20/
long and 106”7 wide. In the width of 10'6”, cight
tubes can be installed on 18 centers.

Using the same method for the other rooms, panel
sizes are—

Panel Size No. of tubes

Living Room 200 x 106" 8
Entry 8 x76 6
Bedroom #1 1177 x 106" 10
Bath 5 x 510" 6
Bedroom #2 100 x9 13
Dining Room 200 x9 7
Kitchen 100 x 827 8
Laundry & Heater Room 56" w 4’8" 5
Garage 18 x7'6" 6

(see below)

SPECIAL DESIGNING REQUIRED FOR GARAGE

The garage requires special handling since the air
temperature is to be 55° and the pipe spacing chart is
based on a 70° air temperature,

When considering lower air temperatures for practi-
cal purposes it s safe to assume that the MET is equal
to the air temperature. Therefore, reference to the
BTU Lrmission Chart 3 shows that at a 55 MET and
80° panel temperature, the emission rate is 90 BTU
per sq. ft. The amount of panel area required is thus—

12203 (BTU load) B 135 sq. ft, panel
90 (BTU per sq. ft.) area required

Reference to Tube Spacing Chart 5 shows that with
140° water and 80° panel temperature, 18" spacing is
required.

** This is the area of the floor minus the area of the closets, as it is not necessary to extend the heating panel

under closet floors.

¥ See special treatment of garage.
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE A" (continued)

SERPENTINE PANEL DESIGN
For the panels, the piping will be 14” nominal pipe
size, formed into serpentine coils. Pipe is to be embed-
ded in the concrete floor with a minimum cover of 27,

At this point, it might be well to consider the ways
in which a serpentine coil can be laid out. Because of
flow conditions, pipe size and length of coil, many
problems of arrangement present themselves.

It is desirable to arrange the piping so as to avoid
pockets or air traps, such as might be caused by cross-
ing the pipes. It is also necessary to limit the pressure
drop through a coll to keep the pump within un ceo-
nomical size.

The desirable maximum pressure drop has been
found to be not in excess of 3 feet (36000 milinches).
[n some instances, it may be necessary to change the
spacing between coil passes in order to maintain the
desired piping arrangement. When the number of
tubes or spaces must be changed to fit the required
amount of coil into the available space, it is advisable
to decrease the tube spacing and ncrcase the wunount
of pipe.

Because pressure drop is a lnniting factor in the de-
sign of the serpentine coil, 1t 18 necessary to know

elbow equivalents for each return bend., One 180°
open return bend m 147 tubing has a resistance equal
to 1.04 ft. of straight tubing. Seven return bends,
therefore, introduce a resistance of 7.28 it. and the
total equivalent length becomes approximately 177 [L.
The required flow through the coil is 9720 BTU
(12282 BTU combined Living Room and Entry pancl
loss — 2562 BTU Entry panelloss = 9720 BTU.) Re-
ferring to the Pipe Sizing Chart on page 39, and read-
g to the right from 4% pipe size, the nearest and next
largest load, or 11000 BTU is shown to be carried at
a resistance of 200 milinches. However, since 9720
BTU per hour is only 120 BTU greater than the 9600
BTU carrying capacity indicated in the 150 mihncl
columnn, it 15 safe to use the 130 milinch figure. An
exact resistance can be arrived at by interpolation.

177 {total equivalent length} x 150 (milinch resistance
per fi.) 26,550 (total milinch resistance)

26550 (total milinch resistancel 2.2 ft. of
12000 (milinches per ft.} Head Pressure

Since this required Head Pressure 18 not in excess
of 3 ft, the coil 15 satisfactory

Calculated by the same method as above, the Tlead
Pressures required in the remaining coils are as

the total flow required in each coil. The total flow tollows:
required in each panel is listed in Step T on papge 60 Living Room 2.21 f1.
under heading “I’anel Loss.” Entry .25 ft.
Bedroom No. 1 1.47 ft.
CALCULATION FOR RESISTANCE Bath .20 fr.
IN SERPENTINE COILS Bedroom No. 2 1.90 ft,
The Living Room has an area available for a panel Dining Room 1.95 ft.
200 x 10'e”" = 210 sq. ft. Thrs will permit installing a Kitchen .80 ft.
pancl of & tulies on 18" centers, with a total tube Laundry .18 ft.
length of approximately 170 ft. To this must be added Garage 74 1. (see next page)
TABLE M
Part Area
of in Surface Surf. Temp.
ROOM Structure Sq. Fr. Temp. x Area
Glass 725 49.5 3588 MRT of Un-
SRR e | I R = Panel Temp.
Outside Walls 233.5 58 13543 heated Surface 79
' Living | Inside Walls 422 70 29540 64.5
Room | Floor | - : I mer
. Pipe or
T e ——— MRT -|- Air Temp.
And Ceiling 390 65 25350 —Jrz"_“—m—"- Tube Dia.
o E e = - o ‘I/ o’
Entry Infiltration 67.25 2
Reverse Loss BTU Per Sq. Ft. Pipe or
Edge Loss of Panel Tube Space
1118.0 72021 30.4 187

04
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE "A” (continued)

Step No. 2 (continued)

Note on the heating plan on Page 58 that the garage
coil 15 split mto two sections in a semi-grid arrange-
ment. This 1s necessary because the resistance in a
single coil exceeds 3 {t. of Head Pressure.

The development of the garage coil design is as
follows:

In Figure 92 below is a plan of the garage using a
single coil. Measuring the total pipe coil lengtl, it wall
be found that there 1s 120 feet of 47 pipe plus 0
return bends. Since a return bend 1s equal to one
clbow equivalent and one elbow in 127 pipe cquals
[.04 ft, of ¥2" pipe, we find that we have an cquivalent
af 0.24 ft. of pipe due to elbows. Adding this length
to the straight pipe length of 120 {t., we have [20
+ 6.24 = 126 ft. equivalent length of coil

The flow rate required in the garage is [4,348
BTU/hr, Referring to Table 13 of the Pipe Sizing
Chart on page 39, we find that at a flow rate of 14,348
BTU, we will have a friction loss of 350 milinehes per
fool in L4 pipe.

Then multiplying the cqumvalent length of 1206 ft.,
Ly 350 mthinches

126 < 350 = 44,100 milinch resistance

A4 3.67 ft. of Head required
12,000

Since this is greater than the three foot limit, it
1s necessary Lo reduce the friction loss either by in-

creasing pipe size or dividing the coils into two or
more sections. In this case, divide the coils and retain
the 14" pipe size.

Now check the resistance conditions in the coils as
tlustrated in Figure 93.

A tee diverts 509% of the water to the first coil and
509% to the second coil. Fach coil, therefore, carries
one-half of the heating load or 7174 BTU. The table
of elbow equivalents on page 38 shows that at 50%
diversion a 147 iee is equivalent to 4 clbows. One
90° elbow m WY pipe = 1.04 {t. 4 clbows x 1L.04 =
4 ft. equivalent lengti,

The flow entering the tee 15 the sum of the two coils
or 14,348 BTU. At this flow the resistance m a 147
pipe is 350 milinches per foot,

Therefore, 4 ft. equivalent lengih x 350 milinches
per foot = 1400 milinches resistance duve to the tee

The resistance can be checked through either of the
two cuils as they are of equal length and in parallel.
In the first coil, we have approximately 58 feet of
straight 147 pipe, plus 2 open return bends {one open
return bend equals one elbow) and one 90° elbaw, for
a total equivalent of 3 elbows.

3 elbows X 1.04 equivalent length per elbow

: 3.12 ft. equivalent length

58 feet straight pipe -| 3.12 elbow equivalents
- 61 ft. 1otal equivalent pipe length

DIAGRAMS BELOW SHOW HOW DIVIDING A COIL MATERIALLY REDUCES THE PRESSURE DROP

350 MILINCHES PER FT.
AT REQ'D FLOW

avaya

RETURN
MAIN
\
e A\

“END OF
COIL

BEGINNING
OF COIL-—-_\El

~SUPPLY
MAIN
14348 BT.U. FLOW

1400 MILINCHES

DUE TO TEE~ END OF
e coll
Y 2
~
) "y 14,346
BTU.
,/
. o
7174 BTU
R
RETURN
Pen el _MAIN
~ \//
4 774 BT,
b
BEGINNING RS
OF COIL ~o “ PERFT.

\\’A’% /2 b
- ™

1400 MILINCHES
DUE TC TEE
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE ""A’’ (continued)

In this coil there is a flow of 7174 BTU, wlich is
equal to a flow resistance of approximately 100 mil-
inches per foot, (See Table B in Pipe Sizing Chart
on page 39.)

’

61 ft. total equivalent length > 100 milinches
per foot 6100 milinches resistance through

the coil

To the Oow of the first coil is now added the Now
of the seccond coil, the total flow entering the return
main throngh a tee. Since the flow in each coil is
cqual, the tee resistance is at 504 {low or equal 1o
4 elbows.

4 > 1.04 - 4 ft. equivalent length

The flow at this point is the sum of the two coils
or 14348 BTU. At this flow in a ¥4" pipe, the resist-
ance s 350 milinches per foof.

4 > 350 :- 1400 milinches resistance due to the tee

Adding all the resistances determined above gives
the total pressure drop through both cails,
1400 milinch resistance through first tee

6100 7 " " coil
1400 7 " " second fee

8900 total milinch resistance

8900 milinch pressure drop in coil
12000 milinches per foot

74 ft. of Head

I'rom the above, 1t will be seen that dividing the coil
into two sections materially reduces the total pressure
drop.

STEP No. 3

LAYOUT OF DISTRIBUTION PIPING
FROM AND BACK TO BOILER

It is cvident that cach pacticular radiant panel in-
stallation presents its own problem in the arrangement
of the distribution piping. After panel sizes have been
determined and the panels drawn in to scale on the
layout, the arcangement of the distribution piping be-
comes a matter of bringing water to the various panels
with the shortest possible runs of pipe. See Fig, 94

In this basementless house there is only one elevation
at which to run pipe. Care must be exercised to avoid
crossing pipes, which would create air pockets or traps,

[1 1s possible to drop supply mains into the floor at
various Jocations in the boiler roont, since at this point,
the supply line can be run overhead. In this example,
the supply main has two branches—one running along
the frent of the building, the other along the back.

It is desirable to provide an individual return hne
from each panel, in which a balancing valve can be

wstalled, This permits an adjustment of water flow to
compensale tor possible crrors in design.

Since in this exaunple there are nine separate panels,
it 15 difficult to bring all returns directly back into the
boiler room. As it 1s not desirable to have {loor boxes
in each room, the clothes closet in Bedroom No. 2 has
been selected as a location where several returns can
be collected in one floor box. It is possible to carry
the returns overhead in the attic space to the hoiler
room if floor boxes are objectionable. A single return
is then run back to the boiler, thus eliminaling the
cougestion which would result if all nine refurns were
brought back individually (See detail of floor box and
pit at hoiler, Page 583,

STEP No. 4

AMOUNT OF WATER REQUIRED
TO CARRY THE HEATING LOAD

The formula for determining the number of gallons
of water per minute which must be circulated to carry
the heating load is as follows—

Total Heat loss of panels in BTU  Gallons per

20 x 60 x 8 " minute (GPM)

IFrom the calculation in Step No. 1, the total pancl
heat loss 15 nown 1o be 61,184 BTUL

Thercfore:
64184
10000

6.42 GPM

STEP No. 5

SELECTION OF BOOSTER PUMP

Definitions of “Pressure Drop”, ‘"Head Pressure’,
and "Milinches'" are given on pages 19, 20 and 21.

A flow of 642 GPM is requircd. Relerence to the
Iiooster Capacity Chart shows that this flow will e
produced at a 6.2 ft. Ilead by a 17 Booster. A 17
Rooster is selected rather than a 34" because as shown
hereafter, the smaller pump will not produce a suffi-
cient Head Pressure.

[n this design example, however, there are two ad-
ditional factors to consider which affect pump selection.
The pressure drop of the serpentine coils and that of
the Regulating Valve must be considered,

The Regulating Valve shall be considered to have a
pressure drop of 1 ft. at the flow rate required.

Reference to the listing of pressure drops through
the various coils shows that the greatest pressure drop
is 2.21 {t. in the Living Room. Adding this to the 1 L.
drop of the Regulating Valve totals 3.21 ft. which must



Section 1

" JNING A RADIANT PANEL SYSTEM — EXAMPLE A" (continued)

Step No. 5 (continued)
be deducted from the pump head of 6.2 ft. This feaves
a Head of 3 ft. available for piping.

It has been stated before that for an economical
balance between pump size and pipe size, the minimum
head for any piping circuit should be 2.5 ft. Therefore,
the 3 {t. Head provided by a 1” Booster is satis-
factory.

STEP No. 6
SIZING THE DISTRIBUTION PIPING

The piping layout of the example house is divided
into three circuits, labeled A, B and C on the plan.
The longest circuit 1s A, supplying the Iintry, Living
Room and Bedroom No, 1. See [ig, 95,

Measuring the circuit from the boiler to the panel
in Bedroom No. 1, from the panel to the loor box in
Bedroom No. 2 and back to the boiler, the length 1s
found to be 150 fect. Note that the length of the coil
is not included in the measurement! Adding 509% or
75 ft. to this length for the resistance of the fittings,
brings the Total Equivalent Length to 225 feet.

Again refer to the Pipe Sizing Chart on Page 39.
[t was determined m Step 5 that a 1" Booster would
deliver the required 6.42 GPM at a head pressure of
0.2 {t. However, 3.21 it. of this head is required fu
compensate for the pressure drop through the Regu-
lating Valve and the coil. Thus 3 ft. of head 1s avail-
able for the balance of the piping.

In Table A of the Iipe Sizing Chart, reading to the
right from 3 ft, of ead DPressure, the nearest larger

FIG. 94. DIAGRAM SHOWING SUPPLY MAINS
IN RED AND RETURN MAINS IN BLUE

-

67

[quivalent Length is found to be 240 ft. This appears
in the 150 milinch column,

The pipes will, therefore, be sized on the basis of
a 150 mulinch {riction head per foot ot pipe,

The total heating load in this cxample 1s 64,184
BTU. Reading downward in the 130 milinch column
in Table B to the nearest larger figure, it 15 found to be
78,000 BTU. Reading left from ihis figure shows the
required pipe size to be 1147

The trunk supply main, thercefore, from the point
where it leaves the boiler to the pomnt where it
branches, will be 114% pipe.

SIZING THE CIRCUITS

Oue branch of the supply main feeds Circuits A and

3 which carry the following load ——

Eniry — 2562BTU
Living Room — 9720
Bedrooem No, 1 — 8714 7
Laundry and Heater Roem — 4468 "
Garage — 14348 "
39812 BTU

Referring again to Pipe Sizing Table in the 150
milinch column, the next largest figure is 78,000 BTU.
Reading to left from this figure shows that a 114"
pipe will carry the load. This size of pipe is, therefore,
used up to the point where the branch divides into
Circuits A and B, Cirewit A carries the following

load - -
Eniry — 2562 BTU
Living Room — 9720 "
Bedroom No. 1 — 8714 7
20996 BTU

- _
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE A’ (continued)

The nearest Jarger figurc in the 1530 ne wh column
is 37,000 BTU, which requires a [* pipe. 1* pipe is,
therefore, installed up to the point where the Entry

panel is taken off.

The heating load then becomes - -

Living Room — 9720 BTU
Bedroom No. 1 — 8714 7
18434 BTU

Reference to Table B shows that 18434 BTU wili
be carried by a 34" pipe which is used up to the point
where the Living Room is taken off Circuit A.

The remaining pipe in this circuit supplies the panel
in Bedroom No, 1 which has a requircment of 8714
BTU. Table I shows that a X" pipe will carry this
load.

The return mains from the panels in Bedroom Nao, )
and Tiving Room are run to a flecor hox 1 Bedroom
No. 2. The return from the Futry goes direetly to the
botler pit,

Their loads are

Entry — 2562 BTU
Living Room — 9720 "
Bedroom No. 1 — 8714 ¢

Reference to Table 3 shows that the ntry load can
be carried by a 347 pipe and that Living Room and
‘edroom No. | loads will require Y47 pipe.

A total of five returns enter the floor hox in Bed-
roormi No, 2, s0 the return from this point ta the botler

EYd A/
- )
T 1
L 34
——
;oo Asa= —
~——a ) - —_— -
172" ,
T -
[ 1
i i
s ]
- 4
3/ YN
FIG. 95

RED — CIRCUIT A

must be sized accordingly. The five panels returning
it the floor box are —

Living Room — 9720 BTU
Bedroom No. 1 — 8714 "
Bath -— 2015 ~
Bedroem Na, 2 — 8597 "
Dining Room — 7810 "
36856 BTU

Table 13 shows that thus load can he carried by a

1 pipe.

At the pit i the boiler room, all returns are brought
to a header. This header and its connection to the
boiler carry the entire load of the syslem, namely,
64,184 B'TU, and should be of 114" pipe.

The supply and return mains of ecircuits I3 oand C
are sized o similar manner.

STEP No. 7
SELECTION OF BOILER

Selection of a properly sized boiler should be in
accordance with the standards of the Heating, Piping
and Air Conditioning Contractors National Associa-
tion, as published in their semi-annual bulletin, “Net
[.oad Recommendations for Heating Boilers”,

Where domestic water is to be provided see page 3
for additional boiler load,

172"

1 I 1ran

172"

G

BLACK — CIRCUIT B AND TRUNK SUPPLY AND RETURN LINES

BLUE — CIRCUIT C
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ii  INING A RADIANT PANEL SYSTEM—EXAMPLE *B”

ONE-STORY HOUSE WITH GRIDS

STEPS No. 1 and 2

HEAT LOSS CALCULATION AND PANEL DESIGN

For this example of radiant panel design, the same
house as in Ixample “A" will be used, the only dif-
ference being that the heating panels will be grids,
instead of serpentine coils, The grids are to be con-
structed using 1" headers and 14"

cross members.

Since all characteristics up to the point of designing
the panels remain the same, it is only necessary to re-
state them in the table below. Tt is only in calculating
the hydraulics of the system that the procedure changes.

thiat this pump will dehver the 6,42 GPM at a Head
Pressure of 6.2 fect.

1The reason for the sclection of a 17 Dooster is
to produce an economic balance between pump aned
Pie sizes,

There 15 an additional factor which must be con-
sidered m selecting the Dooster, namely the pressure
drop introduced by the Regulating Valve. (Sce Boiler
Detail on Page 70.) Most manufacturers furnish pres-
sure drop figures for various sizes of valves, In this
exarmnple consider the Regulating Valve to have a pres-

TABLE N

Space Panel Panel Pipe No. of

Loss Loss Temp. Space Panel Size Tubes
Living Room 8402 9720 79° 18 200 x 106" 8
Entry 2085 2562 79¢ 187 8 x7'6" é&
Bedroom No. 1 7320 8714 85° 147 117 x 1067 10
Bath 1640 2015 85° 147 5 x 5107 [
Bedroom No, 2 7505 8597 20° 97 100 x9 13
Dining Room 6560 7810 79" 187 200 w9 7
Kitchen 5110 5950 85° 147 100 x 82" 8
Laundry 3680 4468 85° 147 56" x 4’8" 5
Garage 12203 14348 80" 18" 18 x7'6" b
Total 54505 64184

STEP No. 3
LAYOUT OF DISTRIBUTION PIPING
FLayout of distribution piping is similar to the ser-
pentine panel installation in example House “A”,

STEP No. 4

AMOUNT OF WATER REQUIRED TO
CARRY THE HEATING LOAD
Since the heating load carried is exactly the same as
in example House “A”, the amount of water required

is also 6,42 GPM.

STEP No. !

SELECTION OF BOOSTER PUMP
in Step No. 4, it was established that 6.42 GPM
were needed to carry the heating load,
Refer now to the Booster Capacity Chart on page
38, Locate the 642 GPM point on the lower edge
and move straight upward to the intersection with the

curve of the 17 Booster. Reading to the left shows

69

sure drop of 1 ft, at the flow rate required.

Thus if @ [ Dooster is selected which will deliver
042 GPM at a 6.2 ft. Head and 1 {t. of this Head is
required to overcome the resistance of the Regulating
Valve, there will be 5.2 ft. of Tead Pressure avatlable
for piping and fittings, which is sufficient.

STEP No. 6

SIZING THE DISTRIBUTION PIPING
The piping layout of the example house is divided
inta three circuits, labeled A, B and C on the plan.
The longest circuit 1s A, supplying the Entry, Living
Room and Bedroom No, 1.

Measuring the circuit {rom the boiler to the panel
in Bedroom No. 1, through the panel to the floor box
in Dedroom No. 2 and back to the boiler, the length 1s
found to he 171 feet. (The length of a grid panel is
the sum of one header and one cross member.) Add-
ing 509 or 85 {t. to this length for the resistance of
the fittings brings the Total Equivaient T.ength to
236 feet.
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PANEL LAYOUT— DESIGN EXAMPLE “B’’
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Section Il

DESIGNING A RADIANT PANEL

SYSTEM—EXAMPLE ‘B’ (continued)

Refer now to the Pipe Sizing Table on page 39.
It was determined in Step No. 5 that with a [”
jooster, a [Head of 5.2 ft. will be available for piping.
Reading to the right from 5 feet of Head Pressure in
Table A, the nearest larger Lquivalent Length is
found to be 300 feet, This appears in the 200 milinch
column.

Therefore, the pipes will be sized on the basis of a
200 rmilinch friction head per foot of pipe.

The total heating load m this example 1s 64,184
LTU. Reading downward in the 200 milinch column
in Table B to the nearest larger figure, it 1s found to
be 90,000 BTU. Reading left from this figure shows
the required pipe size to be 1147

The trunk supply main, therefore, from the point
where it leaves the Dboder to the point where it
branches, must be 1147

SIZING THE CIRCUITS

One branch of the supply main feeds Circuits A and
I3 which carry the following Inad--

Entry — 2562BTU
Living Room — 9720 "
Bedroom No. 1 — 8714
Laundry and Heater Room — 4468
Garage — 14348
39812 BTU

Referring again to Table B in the 200 milinch
coluron, the next largest figure 1s 42,000 BTU. Reading
to left from this fipure shows that a |” pipe will carry
the load. This size of pipe is, therefore, used up o
the point where the branch drvides mnto Circoits A and
B, Circuit A carries the following load

Entry — 2562 BTV

Living Room — 9720 T

Bedroom No, 1 — 8714 "
20996 BTU

The nearest larger figure in the 200 milinch column
is 23,900 BTU, which requires a 24" pipe. % pipc
is, therefore, wnstalled up fo the point where the Fntry
panel is taken off.

The heating load then hecomes- -

Living Room -— %720 BTU
Bedroom No. T — 8714 "

18434 BTU

Reference to Table B shows that 18434 BTU will
be carried by a 347 pipe which is used up to the point
where the Living Room 1s taken off Circuit A.

The remaining pipe in this cirenit supplies the
panel i Bedroom No. [ which has a requirement of
8714 DTU. Table BB shows that a 14 pipe will carry
this load,

The return mains from the pancls in Bedroom No. 1
and Tiving Room are run to a floor box in Bedroom
Na. 2. The return from the Fntry goes directly ta the
Boiler pit,

Their loads are—
Entry — 2562 BTU
Living Room — 9720 T
Bedroom No. 1 — 8714 "

Reference to Table I3 shows that cach of these loads
can be carried by a 14" pipe and the returns are sized
accordingly. The individual supply pipes from circuit
main to panel headers arc similarly sized.

A total of five returns enter the floor box in Bed-
room No, 2, 50 the return from this point to the boiler
must be sized accordingly. The five panels returning
to the floor box are-—

Living Room — 9720BTU
Bedroom No. 1 — 8714 ~
Bath — 2015 "
Bedioom No. 2 — 8597 ™
Dining Room — 7810

36856 BTV

Table I3 shows that this load can be carried by a
17 pipe.

At the pitin the boler room, all returns are brought
to o header. This header and its connection 1o the
boiler carry the entire load of the system, namely,
4184 NTU, and should he of 1247 pipe.

The supply and return mains of cireuits B and C
are sized oo siailar manner.

STEP No. 7
SELECTION OF BOILER

Sclection of a properly sized boler should be in
accordance with the standards of the Ieating, Piping
and Air Conditioning Contractors National Associa-
tion, as published in their semi-annual bulletin, “Net
I.oad Recommendations for Heating Boilers”.

Where domestic water is to be provided, sce page
3 7ur additional botler loacl,
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DESIGNING A RADIANT PANEL SYSTEM —EXAMPLE "C”

A TWO-STORY HOUSE USING BOTH GRID AND SERPENTINE COILS

The buillding used here as an example has o full
basement, a first floor consisting of living-room, entry
hall, stairway to second floor, dining room, kitchen and
bathroom, The second floor consists of the stair hall,
three bedrooms, bathroom and small sewing room.

There is an aulic space above the second floor with
access by a disappearing stairway located in the stair
hall ceiling. The attic Is to be considered as unheated
space.

DESIGN CONDITIONS

Outside temperature — 09

luside temperature [3asement 65°
IFirst Floor 70°T°
Second Tloor 70°T7

Wind Velocity —— 10 mules per hour

ZONE CONTROL
The building is to be divided into two zones. Zone
No. 1 is to include basement and first floor. Zone No.
2 will handle the second floor rooms.

Each zone is to have a mixing valve, outdoor-type
control and by-pass line. The mixing valve is to reg-
ulate the temperature of the water circulating through
the systern. Operation of the valve is controlled by the
outdoor-type temperature control,

A thermostat may be installed in one room of each
zone to act as a high limit control. This thermostat is
connected into the circuit, so that when satisfied it will
cut oft the heat input to the zone,

The botler water is to be mamtained at a constant
temperature by an aquastat which controls the oil, gas
or stoker firing umt. A high limit aquastat is also to
be installed to shut off the electric current to the burner
in case the maintaining aquastat fails. A safety control
on the firing unit is also recommended to provide a
shut-off in case of fuel or ignition failure,

All of the above mentioned controls are standard
types of equipment and can be furnished by a number
of different manufacturers. Many of them are re-
quired on automatically fired boilers by lacal and state
laws.

CONSTRUCTION DETAILS

Construction materials and their corresponding 1"
factars {from tables on pages 87 t0 96) are as follows:

Basement — Source of heat to be both cetling and
floor panels.

A" concrete floor. [eat loss 3 BTU per sq. {6 (See
page 57)

12" concrete walls to grade (floor level is 4 {t, below
grade). Tleat loss 4 BTU per sq. ft. {See page

361

12 brick wall, 4 ft. above grade—no interior finish,
“r o= 36

Wood casement windows, caullked.

Glass—single glazed, "U" = 1,13
Infiltration “U” = 21 X 0i8 = .38

Ceiling height, 8 O

First Floer - - Source of heat to be floor panels.

[Floor -~ 4 Reinforced concrete on concrete joists,
24" on centers, (No “U” facter because this is
the heating panel.)

Walls- - 127 brick, gypsum lath (34") plastered—
furred. “U" = 24

Windows — Double hung wood sash, weather strip-
ped, storm sash.
Glass — “U" = 45
Inhltration — “U” = 13 X 018 = 24

Ceiling — 14” plaster on 34”7 gypsum lath. No up-
ward loss to be considered as rooms above are
heated.

Ceiling height: &

Second Floor —— Source of heat to he ceiling panels.

Floer — Maple or oak flooring on yellow pine sub-
flooring on joists. No downward loss to be con-
sidered as rooms below are heated.

Walls -— 8 brick, gypsum lath (34”) plastered—
furred, “UJ” == 30

Windows — Double hung wood sash, weather strip-
ped, storm sash.
Glass — "U” = 45
Infiltration -—“U” =: 13 X 018 == 24

Ceiling — 17 plaster on metal lath, insulated as per
later caleulation. “U” = 16 (See explanation of
ceiling loss an page 78.)

Ceiling height — & 07
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PANEL LAYOUT— DESIGN EXAMPLE “'C"’
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Section I

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE “C” (continued)

STEP No. 1
HEAT LOSS CALCULATION

The heat loss for each room 1s found by the same
method as autlined for Ixample Ilouse "A”, Some
special calculations, however, are necessary for a
structure of this type and will be taken up as the need
ATISCS.

In this exawmple, the space heat losses for each room
are as shown in the table below.

The total panel heat losses are dependent upon the
reverse losses and will be calculated in Step 2.

Total Space loss

SPACE in BTU per hour
Basement 15366
Living Room 8030
Entry Hall 5002
Kitchen 4843
Powder Room 858
Dining Room 3314
Sewing Room 3329
Bedroom No. 1 5647
Bath 1383
Bedroom No, 2 4834
Bedroom No. 3 4834

57440

STEP No. 2

HEATING PANEL DESIGN
FIRST FLOOR PANELS — GRID TYPE
Referring to Chart 2, on page 41, the inside surface
teuperatures of the Living Room, with an outside
temperature of 0°17, are shown to be:

Surface
Surface “U" Factor Temperature
Glass 45 49.5
Qutside walls .24 58.0
¥Inside walls 70.0
*Ceiling 70.0

Floor (not considered, as it is
the heating panel)

The MRT is now computed by the calenlation:

The sum of the surface areas in sq. ft.
X their surface temperatures

— MRT
the sum of the areas

Therefore : Surf.  Surf.

Sq. Ft. Temp
Glass B0 X 49.5 : - 3960
Qutside Wall 248 X 58 = 14384
Inside Wall 260 70 = 18200
Ceiling 326 X 70 — 22820
914 59364

59&5_4_: 65 MRT

214

The MIST (Mean 1iffective Temperature) is next
calculated by this formula —
_MRT -}- AIR Temperature
2

= MET

Snbstitutmg the proper hgures - -
65+ 70

= 67.5 MET

The BTU emission required per sq. it of heating
patel s next determined by the equation - -

8030 (Total space loss in BTU per hr.) _ 24.6 BTU per
sq.ft. of panel

326 (Available floor area in sq. fi.)

Since the pancels for the first story are to be in the
floor, refer next to Chart 3 on Page 41, This chart
shows that to obtain 24.6 BTU per sq. {t. of panel, with
an MET of 67.5, the paucl temperature must be 76°F.

Using the same methods, the MET, BTU emission
and panel temperature for cach room is as lollows:

8TU
MET per sq. fi. Panel Temp.
Living Room 67.5 24.6 76°
Entry Hall ifloor)** 68.4 40.0 85°
Kitchen 67.0 40.4 85°
Powder Room 69.0 30.6 g2°
Dining Room 67.3 37.6 83°

bn the tabulation above, 85° for the Entry IHall and
Kitchen panels is the highest temperature required and
15 the basis for selection of the proper witer temper-
ature,

*The surface temperature of inside walls is considered to be the swme as the nside air lemperature, The celling 15
also considered as an inside wall because the space above the Hving room is to be heated to e same degree.

**See special handling of Entry Hall on page 75
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE “C” (continued)

Step No. 2 (continued)

Referring to Chart 5, it is evident that for a panel
surface temperature of 85°, there are several pipe
spacing options. With 130° average water temperature
the pipe must be spaced on 117 centers which is satis-
factory.

The pipe spacing for each room, based an 130°
average water temperature, can now be determined
from Chart 5—

Living Room — 18" spacing

Entry Hall {flcorl — 117 Y
Kitchen —_ 11" "
Powder Room — 147 "
Dining Room — 137 "

Tor the first floor, grid-type pancls are to be used,
with headers of 1” pipe and cross members of 4%
pipe. (See page 621 These pipe sizes will permit
sufficient coverage of concrete within the 47 floor siab.

In the Living Room, there is sufficient area to instail
a panel 18 long by [2" wide after making allowance
for supply and return piping. The cross members in
a grid panel are usually run in the long dimension to
minimize the number of welds and waste lengths of

pipe.

It has been previously established that with [30°
water, pipes on [87 centers will supply the heat re-
quirement of the Living Room. Therefore, within the
width of 12/, nine pipes can be mstalled.

The balance of rooms on the first floor with the

exception of the Fatry ITall are shmilarly laid out.

Pipe Number

Room Panel Size Spacing of Pipes
Kitchen 100 X 873" 117 10
Powder Room &'6" > 3’3" 137 4
Dining Room A i 13" 8

SPECIAL DESIGNING FOR ENTRY HALL

The Entry Ilall presents an additional problem.
There is only 100 sq. ft. of floor area available and
since the direct heating load is 5002 BTU, the heating
load per sq. ft. is 50 BTU. Reierence to Chart 3
shows that 30 BTU per sq. ft. at an MET of 684
males 1t necessary to carry a 90° panel temperature.
[t lias been previously established, however, that 85°
was to be the maximum floor panel surface temper-
ature. It has also been established that the MIEET for
this room is 68.4 which will allow a maximum output
of 40 BTU per sq. ft. Therefore, 100 sq. ft. > 40
BT = 4000 BTU available,

5002 BTU required
4000 BTU available

1002 BTU to be provided by a supplementary panel

There is a caling area of 44 sq. {t. available (second
floor ceiling above the stair well) and it can be used
to provide the additional panel area.

Since 1002 BT'U total emission must be furnished
by this cethng panel, the emission per sq. {t. required
is —

1002 BIU . 257 g1y per sq. 1.
44 sq. fi.

On Chart 4 (ceiling chart) 1t 1s shown that at an
MET of 684 and an emission of 227 BTU per sq. ft,
the pancl temperature will he 80°F, Referring to
Chart 6, the pipe spacing for these conditions is in-
dicated as 197,

BASEMENT PANELS — GRID TYPE

The total space heat loss of the basement has been
determined to be 15,366 BT'U per hour. Following the
same methods of caleulation as for the first floor
rooms, the MIET i1s determined to be 65° with a heat
emission of 36 BTU per sq. ft. and panel temperature
of 74°, if the basement floor alone were to be used as
the heating panel!

The panels in the first floor, however, also act as
ceihng panels in the basement and some of this re-
verse heat loss is to be used. The balance of required
heat is to be supplied by panels in the basement floor.
3y using floor panels to supply the major portion of
fieal, a better control of temperature is achieved. In
this case, assume that 25%, or 3,841 BTU, will be
furnished by the ceiling panels and 75%, or 11,525
3T by the floor panels.

Since the several basement ceiling panels are at
different temiperatures, it is necessary to cdetermine
the average downward heat input.

Space Panel Temp, Panel Area Product
Living Room 76° 326 24776
Eniry Hall B5° 100 8500
Kitchen 85° 120 10200
Powder Room 82° 28 2296
Dining Room Ba° 88 7304

662 53076

53076 BO” average surface temperature
662  of basement ceiling panels

The MIET of the basernent 1s 65°, since when con-
sidering air temperatures lower than 70° it is safe to
assume that the MIVT is equal to the air temperature,
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.ESIGNING A RADIANT PANEL SYSTEM — EXAMPLE “C'" (continued)

Oun Chart 4, it is shown that with a surface tempera-
ture of 80° and an MET of 65°, the downward, or
reverse loss of the panels 1s 40 IVI'U per sq. ft. The
total reverse loss 1s therefore—-

662 sq. ft. total panel area 7 40 BTU per sq. ft.
= 26480 BTU

This is a much greater heat emission than is re-
quired from the ceiling panels, so msulation must be
introduced to block off the excess.

26480 BTU total input frem ceiling
3841 BTU desired input

22639 BTU te he blocked out by insulation

or,
22639 BTU
662 sq. ft. panel area

— 34.2 BTU per sq. ft. 1o be
blocked out by insulation

The desired mput from the cetling panels 1s, there-
fore

40 BTU -- 34.2 BTU -~ 5.8 BTU per sq. f1.

Tao determine the amount of insulation reguired, the
following cquations are used:

Q=UAA
Where @ — desired emission, or 5.8 BTU per sq. f1.

U = combined coefficient of insulation

A == The area normal to the path of heat
flow. In this example we are consider-
ing unit area or A - 1. Therefore,
A = 1 drops outl of the equatian.

At = Temperature difference between sur-
face of the insulated panel and the air
temperature in basement, or 130°
— 657,

Note: Itis assumed that when a panel
is insulated, the surface temperature of
the panel adjacent to the insulation is
at water temperature — in this case
130°. (See Figure 98 on next page.)

Solving for "U" —

-
AN ]
U= 5.8 (BTU)
130° — 65° {Temp. Diff.)
U= 5.8 (BTWY)
65° (Temp. Diff.)
U = .089

Therefore, an insulation must be selected which has
a combined coefficient of (089,

Next, determine the thickness of insulation required
by the following equation - -

1

Xoap L
k f;

U=

where
U = combined coeflicient, or .089
x = required thickness in inches
k == conducdlivity, or .27 (rock wool)

f; = film coefficient of inside air, or 1.65

Solving for x —

x = (11,2 -- .606) .27

x = 2.86 inches of insulation required

It is recognized that the above method provides more
insulation than necessary and that this will raise the
temperature of the pancl surface. It is conservative,
however, and will produce satisfactory results. The
exact method of calculation is practical only in re-
search work.

The remaining heat load of 11525 BTU is to he
supplicd from panels in the bascment floor. It has
been previously determined that the basement floor
temperature 1s 74° with an emission of 36 RTU per
sq. ft. Hence —

11525

== 320 sq. f. of panel reguired

In the Laundry section there is roour to mstall one
grid panel 207 long x 5 wide with tubes on 200 centers,
for a pancl area of 100 sq. ft. In the front of the
baserment there 1s sufficient space for one grid pancl
20 long x [0 wide with tubes on 20/ centers for a
panel area of 200 sq. ft. The sum of the areas of the
two panels is 300 sq. ft. —the supply and return
mains will make up the balance of 20 sq. ft.
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE 'C*’ (continued)

Step No. 2 (continued)
TOTAL HEAT LOSS OF FIRST FLOOR
AND BASEMENT PANELS

Knowing that the reverse heat loss from the first
oot panels has been limited by insulation to an aver-
age of 5.8 BTU per sq. {t., the total pancl heat Joss can
be determined by the following calculation —

Panel area < BTU per sq. ft. reverse loss -

space loss = total panel loss

Reverse foss Space loss Total panel

Room in BTU in BTU loss in BTU
Living Room 1891 8030 9921
Entry Hall (floor) 580 4000 4580
Kitchen 696 4843 5539
Powder Room 163 858 1021
Dining Room 511 3314 3825

3841 21045 24886
Basement 2241 *11525 13766

*This Is the space loss of 15366 BTU minus the re-
verse loss from the ceiling panels of 3841 BT U

SECOND FLOOR PANELS — SERPENTINE TYPE

IFor the second story, serpentine panels are to be
installed i the ceiling. First, constder Bedroom No. 1
the mside surface temper-
of 0%

Referring to Chart 2,

atures, with an outside air temperatare are

Surface “U" Factor Surface Temperalure
Glass .45 49.5° -
Qutside walls .30 56"

**Inside walls 70°

**Floor 70¢

Ceiling (not considered because it
is the heating panel)

¥ The surface temperature of the floor and inside
walls is considered to be 70°, because the spaces
below and surrounding are heated o the same degree.
The MRT 1s now found by the calcalation - -

The sum of the surface areas in sq. fi.
X surface temperatures

the sum of the areas

Glass 45 sq. f1. < 49.5 surface temp. == 2228
Outside Wall

171 sq. ft. X 56 surface temp. =: 9576
Inside Walls

216 sq. ft. X 70 surface temp. = 15120
Floor 182 sq. ft. :<{ 70 surface temp. = 12740

614 39664

39664 _ 446 MRT
614
The MIST is next caleulated ——
64.6 (MRT) 70° lair t
- air temperature) 67.3 MET

2

. 130" SURFACE

_ TEMPERATURE
313 BTU. PER SQ.FT. OF PANEL.
UPWARD INPUT (AVERAGE) -
) g / 4" REINFORCED CONCRETE
/ ,/"
v, P M e ,-'-_'-.-".“ T B
o3 g e R R PNTs)

CONCRETE J
JOIST
24"0.C

36 BTU.
3

5]
UPWARD INPUT

i
)
j
(

3BTU PER SQ.F
DOWNWARD LOS

‘_1

PER.SQ.FT.
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40 BTU PER SQ. FT. AVERAGE DOWNWARD INPUT (BEFORE INSULATING)
-242BTU PER SQ FT BLOCKED OUT BY INSULATION
58 BTU. PER SQ.FT. RESULTANT COWNWARD INPUT

Fig. 98
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE ““C” (continued)

The BTU emission per sq. it. of heating panel is
next determined —

5647 (total space loss in BTU per hr.)
182 (available ceiling area in sq. ft.)

= 31 BTU
per sq. ft.

Since the panels on the second floor are to be in
the ceiling, refer to Chart 4, IHere 1t 1s shown that
to obtain 31 BTU per sq. ft. of panel with an MET
of 67.3, the panel temperature must be 859,

1t has been pointed out previously that the highest
panel surface temperature must be determined before
deciding upon a water temperature. Therefore, the
MIET, BTU per sq. ft. and pancl temperature for the
balance of the second story rooms should next be
calculated in the same manner as for Bedroom No. 1.

Room MET BTU/sq.ft. Panel Temp.
Bedroom No. T 67.3 31 85¢
Sewing Room 67 50 97°
Bath 68.5 30 88°
Bedrooem No. 2 67.5 31 g5°
Bedroom No. 3 67 36 a7°
Entry Hall 68.4 22.7 80°

In the above tabulation, 97° for the Sewing Room
is the highest required panel temperature. Referenee
10 Chart 6 shows that with a water temperature of
130° the pipes should be spaced on 137 centers. This
spacing 1s satisfactory, so the design of all second
door ceiling panels should be hased on 1309 water,

Chart 6 shows the following spacings for the other
rooms —

Room Pipe Spacing
Bedroom No. 1 177
Sewing Room 137
Bath 16”7
Bedroom No. 2 177
Bedroom No. 3 16"
Entry Hall 19

SERPENTINE PANEL DESIGN
For the second story panels, the piping will be 347
nowminal pipe size, formed into serpentine coils. This
pipe size permts adequate covering with plaster and is
not so small as to introduce excessive resistance,

At this point, it niight be well to consider the ways
in which a serpentine coil can he laid out. Because of
flow conditions, pipe size and length of coil, many
problems of arrangement present themselves,

78

In ceiling coils, as in {loar coils, it is desirable to
arrange the piping so as to avoid pockets or air traps,
such as might be caused by crossing the pipes. It 1s
also necessary to lunit the pressure drop through a coil
to keep the pump within an cconomical size.

The desirable maxiunum pressure drop has heen
found to be not in excess of 3 {eet (36000 milinches),
In some instances, it may be necessary to change the
spacing hetween coil passes in order to maintain the
desired piping arrangement. \When the number of
tubes or spaces must be changed to fit the required
amount of coil into the available space, it 1s advisable
to decrease the tube spacing and increase the amount
of pipe.

Because pressure drop is a limiting factor m the
design of the serpentine coil, it is necessary to know
the total flow required in each coil. The total flow is
determined by the sum of the space heat loss and the
reverse heat loss to the attic,

REVERSE HEAT LOSS TO THE ATTIC
AND INSULATION REQUIRED
The reverse loss of the ceiling coils to the attic must
be controlled by introducing the proper amount of in-
sulation,

Consuder the reverse side of the panel as being at
the same temperature as the water i the coils —- 130°.
Next, assume that the ceiling loss iz within satisfactory
limits if equal to a heat transmission coefficient of .16,
Thus with 70° in the second floar rooms and 0° in the
attic (attic is fully ventilated ) the caleulation is —

70° {temperature differentiall X .16 [coefficient)
= 11.2 BTU per sq. ft. heatl loss through the ceiling

The calculation now {ollows the same form as that
for determining the insulation required to block re-
verse heat loss to the basement. Solving first for the
comhined coefficient “1"" —-

Q=UA"
u--9
Nt
= 112
130 — 0
U -- .086

Therefore, an insulation must be selected having a
combined coefficient of .086.
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE “C” (continued)

Step No. 2 (continued)

Next, determine the thickness of insulation requir-
ed —
1
U e
x 1
k fo
where

U = comhined coefficient, or .086
x == required thickness in inches
k = conductivity, or .27 {rock wool)

fo = film coefficient outside air, or 6.00
(fully ventilated attic)

Solving for “x" —-

086 — — L
X 1

27 | 6.00

x :—.(_‘ N 1_).27
.086 6.00

x = 3.08 inches of insulation required

[t is recognized that the above method provides
more insulation than necessary and that this will raise
the temperature of the panel surface. It is conserva-
tive, however, and will produce satisfactory results.
The exact method of calculation is practical only in
research work,

In this example, [L.2 BTU per sq. ft. reverse loss
through the ceiling has been considered as acceptable.
In Bedroom No. 1, the ceiling panel area is 182 sq. ft.
The reverse loss, therefore, will be 182 X [1.2 =
2038 BTU. Add to this the space loss of 5647 BTU
and the total load which must be carried by the coil
becomes 7685 BTU per hour.

The total panel loads on the balance of the second
story ceiling coils can be sinilarly determined and are
as follows:

Reverse loss Space loss Tolal panel

Room in BTU in BTU loss in BTU
Bedroom Ne. 1 2038 5647 7685
Sewing Room 745 3329 4074
Bath 510 1383 1893
Bedroom No. 2 1725 4834 6559
Bedroom No.3 1478 4834 6312
Entry Hall 492 1000 1492

lceiling)

6988 21027 28015

[n designing the ceiling coil for Bedroom No. 1, it
has been determined that the tubes must he spuced on
177 centers and that the total heating load is 7685
13 TU per hour.

CALCULATION FOR RESISTANCE
IN SERPENTINE COILS

Jedroom No. 1 has an area of 14 X 13 = 182 sq.
ft. This will permit installing a panel of 10 tubes on
177 centers, with a total tube length of approximatcely
144 ft. To this must be added elbow equivalents for
each rcturn bend. One 180° gpen return bend in 3"
tubing has a resistance equal to .8 ft. of straight tub-
ing. Ten return bends, therefore, introduce a re-
sistance of 8§ ft. and the total equivalent length be-
comes [52 ft. At a ilow of 7685 BTU thraough a 3"
tube, there is a resistance of 350 milinches per foot,
as shown in Table I3 of Pipe Sizing Table on Page 39.

152 (total equivalent length) < 350 (milinch resist-
ance per fi.) = 53200 Total milinches {total resistance
through coil)

53200 (total milinch resisrunc;e)
12000 (milinches per ft.)

4.43 ft. of
Head Pressure

Since it 1s necessary to lLiunit the pressure drop
through a single coil to 3 ft. (36000 milinches) this
coil is too long.

To reduce the resistance, the coll length can be
shortened by making two or more coils in a semi-grid
arrangement. (See diagram on Page 80.} The resist-
ance in each coil can be kept approximately equal by
making the coils the same length.

Therefore, since 10 tubes are needed, the coil can be
split info two equal sections of 5 tubes each.

Now check the resistance conditions in the coils.
{See diagram on Page 80.)

A tee diverts 50% of the water to the first coil and
50% to the second cail. Iiach coll, therefore, carries
one-half of the heating load or 3842 BTU. The tuble
of elbow ecouivalents on Page 38 shows that at 50%
diversion a 34* tee is equivalent to 4 elbows. One 90°
clhow in 34" pipe = .8 {t. 4 elbows X & = 3.2 {t.
equivalent length. The flow entering the tee is the sum
of the two coils or 7685 BTU. At this flow the resist-
ance in a 34" pipe is 350 milinches per ft. Therefore,
3.2 ft. equivalent length <X 350 milinches per foot =
1120 milinches resistance duce to the tee,
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The resistance can be checked through either of the
two coils as they are of equal length and in paralfel.
In the first coill, we have approximately 60 feet of
straight 34" pipe, plus 4 open return bends (one open
return bend equals one elbow) and one 90° elbow,
for a total equivalent of 5 elbows.

5 elbows X .8 equivalent length per elbow
=: 4 feet equivalent length

60 feet straight pipe |- 4 feet elbow equiva-
lent = 64 feet total equivalent pipe length

In this coil there is a flow of 3842 BTU, which is
cqual to a flow resistance of approximately 100 mil-
inches per foot. {See Table B in Pipe Sizing Table
on Page 39.)

64 feet total equivalent length < 100 milinches
per foot - 6400 milinches resistance through
the coil

The flow of the first coil is now added to the flow
of the second ceil, entering the return main through a
tee. Since the flow in each coil is equal, the tee resist-
ance 15 at 30% flow or cqual to 4 elbows.

4 X .8 1ft. — 3.2 ft. equivalent length

The flow at this point is the sum of the two coils or
7685 BTU. At this flow in a 34" pipe, the resistance
15 350 milinches per foot.

3.2 £ 350 = 1120 milinches resistance due to the tee

Adding all the resistances determined above gives
the total pressure drop through both coils.

1120 milinch pressure drop through first tee
6400 12} r 1% i3 coil
1120 v " " " second tee

8640 total milinch pressure drop.

8640 milinch pressure drop in coil
12000 milinches per font

= .72 ft, of Head

From the above, it will be seen that dividing the
cail into two sections materially reduces the total pres-
sure drop.

Calculated by the same method as above, the pres-
sure drop in the various sccond floor coils are as
follows:

Bedroom No. 1 — 72
Sewing Room — 50
Bath —_— .09
Bedroom No. 2 — 34
Bedroom No. 3 — 2.20
Entry Hall — .047

DIAGRAMS BELOW SHOW HOW DIVIDING A COIL MATERIALLY REDUCES THE PRESSURE DROP.

53200 MILINCHES TOTAL 8640 MILINCHES RETURN
= THRU COIL SUPPLY TOTAL THRU COIL MAIN
S#EN_Y MAIN AND TEES
I g
b 350 MILINCHES PER FT & 1120 MILINCHES
e AT REQ'D FLOW r 100 MILINCHES DUE TO TEE..
PERFT B END OF
. rue COIL
p m N N (\ \f\ ‘ N ~1
7685 = N [SENDOF
BT COILS
> ...
s ird~y
R
3 n |
% _PERFT
agaz | —
BTU
- & -
\/ b ) U . N U /
< A — oy X ]
“BEGINNING END OF r BEGINNING | o.%
OF COIL COIL i OF COIL BEGINNING  agappTu
_ RETURN~ 51
7685 B.TU FLOW P n&i :,]4_|CL)|NECE|?|E5 7665 BTU. TOTAL FLOW

Fig, 99

Fig. 100
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DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE "'C’’ (continved)

STEP No. 3
LAYOUT OF DISTRIBUTION PIPING

In this design example, the boiler is located in the
basement. For better control of temperature, the pip-
ing is to be arranged in two zones. Zone No. 1 will be
the basement and first floor. Zone No. 2 will e the
second floor,

As outlined at the beginning of this section, euch
zone is to have a Pump, Flo-Control Valve and zone
control system. The control is at the option of the
designer, but in this example the use of a threc-way
type mixing valve with outdoor-indoor coatrol is in-
dicated, for the purpose of showing the pressure drop
allowance which must be made when selecting the

pump.

The arrangement of the distribution piping obvious-
Iy hinges upon the plan of the building, The layout
shown on Page 73 is a typical example and should he
carefully stadied.

The primary rules which must be obseryved in k-
ing a distribution piping layout are —-

I. Tach panel must be properly vented.

2, Llach panel must have a halancing valve so tha
the Now rate can be controlled.

3. In both floor and ceiling installations, 1t 1s always
advisable to avoid crossing the pipes. In this ex-
ample, supplies and returns can be brought up to
the first floor at any point desired and any neces-
sary crossing of pipes can be made at the base-
ment cetling where from 127 to 187 of vertical
height is available for this purpose.

STEP No. 4

AMOUNT OF WATER NECESSARY
TO CARRY THE HEATING LOAD
In this design example there are two zones, vach
with its own pump. The respective total panel heat-
g loads are —

Zone No. 1 Zone No. 2
Living Room 9921 BTU Bedroom No. 1 7685 RBTU
**Entry Hall 4580 " Sewing Room 4074 "
(first floor) Bath 1893 "
Kitchen 5539 "  Bedroom No.2 6559
Powder Room 1021 " PBedroom No.3 6312 "
Dining Room 3825 "  **Ephry Hall 1492 7
Basement *13766 isecond floor)
38652 BTU 28015 BTU

81

The same procedure as given on Page 66, is followed
in determining the gallons of water per nunute which
must be circulated.

386
38632 _ 3.9 GPM

10000

28015

10000

= 2.8 GPM

*See page 75 for caleulation of baseament floor panel
load.

**The panel heating loads [er the Entry Hall are split
between the floor panel on the first floor and the
ceiling panel on the second f[loov. The respective
reverse losses to the bascument and altic arc also

added.

STEP No. 5
SELECTION OF BOOSTER PUMPS

On pages 19, 20 and 21 an explanation 1s given of
pressure drop, head pressure and measurement of
pressure drop by milinches. 1t might be well, at this
point, to turn back and review these explanations,

In this design example, there are two factors to
consider, The pressure drop through the Regulating
Valve must be taken into account and also the pressure
drop due to the use of serpentine coils in Zone No. 2,

Most manufacturers of Regulating Valves furnish
pressure drop fipures for various sizes of valves. In
this example, consiler the Valve to have a pressure
drop of 1 ft. at the flow rate required in cach zone,

In Zone No. 1, a flow of 3.9 GPPM is required. The
Regulating Valve in the circuil has a pressure drop of
1 {t. Thus, if a I Dooster 1s selected with a ca-
pacity of 3.9 GPM at a 6.25 ft. head and 1 ft, of this
head 1s required to overcome the resistance of the
Regulating Valve, there will be 5.25 ft. of head pres-
sure available for the pipmg and fittings, which is
sufficient,

In Zone No. 2, the pressure drop effects of both the
Regulating Valve and the serpentine coils must he con-
sidered. In this Zone a flow of 2.8 GP’'M 13 required,
Reference to the Booster Capacity Chart shows that
this flow will e produced at a 6.25 ft. head by o 17
Booster.

Reference to fhie table of pressure drops for the
various coils in Zone No. 2 (Page 80) shows that the
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greatest pressure drop is 2.2 {t. in Bedrcom No. 3

This 2.2 ft. added to the 1 ft. drop of the Regulating

Valve totals 3.2 ft. which must be deducicd from the
pump head af 6.25 it., leaving a head of 3 ft. available
for piping.

It has been stated before that for an economical
balance between pump size and pipe sizes, the mim-
mum head for any piping circuit should be 2.5 {1
Therefore, a 17 Booster is necessary.

STEP No. 6
SIZING THE DISTRIBUTION PIPING

In a two zone system, it 1s necessary to measure the
longest circuit of distribution piping in each zone to
arrive at the Equivalent Length of each zome. (See
Step No. 6, Example “A” for explanation of Equiva-
lent Length.) Note that it is possible toa have one zone
with a considerably greater Equivalent Length than
the other,

EQUIVALENT LENGTH — ZONE NO. 1

Zone No. 1 includes the two panels in the basement
floor and all of the panels in the first {loor.

In looking at the plan, it is obvious that the circuit
through the Living Room pancl is the longest. Meas-
urement of this circuit is maxle as follows: from the
beiler outlet to the point where the supply main
branches into two zones — through the supply main
of Zone No. | to the riser marked S1-2-3 through
supply main 51 to the Living Room panel. through one
header and one cross member of the panel, through
the return R1 back to the boiler through the return
heacdler to the return connection at the botler, The
actual length of this circuit is 130 ft,

To this length should bLe added 50% or 65 ft. to
compensate for the resistance of the fittings —— bring-
ing the total Tquivalent Length to 195 ft.

It was determined i Step No. 5 that a 1 Booster
will deliver the required 3.9 GPM at a head of 6.25
ft. lowever, 1 {t. of this head is used up hy the
resistance of the Regulating Valve; thus 525 ft of
head 1s availabie for the balance of the piping,

Refer now to the Pipe Sizing Table on Page 39,
In Table A, reading to the right from 5 ft. of head

pressure, the nearest larger cquivalent length s 200
ft. This appears in the 300 milinch column.

Therefore, the pipes for Zone No, I will be sized on
the basis of a 300 milinch friction hewd per foot of pipe.

EQUIVALENT LENGTH — ZONE NO. 2

Now determine the proper milinch column in which
to size the piping for Zone Na, 2. Tollowing the same
procedure as outlined for Zone No. 1, measure the
longest circuit. The longest circuit s the one to the
ceiling panel of Bedroom No. I and actually measures
120 it. Note that the length of the serpentine coil is
not included! To this length is added 509% or 60 ft.
to allow far the resistance of the fittings, making the
tatal Faquivalest Length 180 ft,

Awain refer to the Pipe Sizing Table on Page 39.
[t was determined in Step 5 that a 17 Donster would
deliver the required 2.8 GPM at a head pressure of
6.25 ft. However, 3.2 it. of this head 1s required to
compensate for the pressure drop through the Regulat-
ing Valve and the coill Thus 3 . of head is avail-
able for the halance of the piping.

In Table A of the Pipe Sizing Table, reading to
the right from 3 ft. of head pressure, the nearest
Equivalent Length is found to be 180 ft. This appears
i the 200 milinch column.

The pipes for Zone No. 2 will, therefore, be sized
on the basis of a 200 milmch friction head per foot
of pipe.

SIZING THE SUPPLY AND RETURN MAINS UP
TO THE BRANCH TO THE TWO ZONES

It has been determined that Zone Na. 1 piping is to
be sized at 300 milinches per foot while Zone No. 2 is
to be sized at 200 milinches. The questian naturally
arises as to the proper sizing of the supply piping
from the hoiler to the point of branch-ouf to the two
zomes and also the sizing of the retarn piping from the
point where the two zoues join into a commeon retnrn
to the boiler,

These pipes are to be siced on the basis of the
lower pressure drop figure, or 200 milinches per foot,

The total panel heating load {for this example is
66667 DT, Therefore, the boiler outlet cennection
must be able to carry 66667 BTU at a pressure drop
per foot of pipe not greater than 200 milinches. Re-
ferring to the 200 milinch column in Table B in the
IYipe Sizing Table, it will be seen that the cormmon
supply main must be 124* pipe. The common return
must alse be 114” pipe.



Section I

DESIGNING A RADIANT PANEL SYSTEM — EXAMPLE ‘'C'’ (continued)

Step No. 6 (continued)
PIPE SIZING ZONE NO. 1
Now size the supply main for Zone No. 1 from the
300 milinch column in Table B. Zone Na. | carries u
total load of 38652 BTU. In Table B, the next largest
figure is 53000 BTU, requiring a 1" pipe. This is over
the required capacity, but select the nearest pipe size
witich will carry more than the indicated lood!

Panels 1, 2, 3 are taken off the f{irst riser and have
a total load af 14267 BTU. As shawn in Table B
a $4° pipe will carry this load.

The balance of the zone piping can be sized in
accordance with the above method, as explained in
detail in Example "A”,

PIPE SIZING ZONE NO. 2
Zone No. 2 is now pipe sized but on the basis of
200 milinches per foot.

Zone No. 2 carries a total load of 28015 BTU.
Reference to Table B under the 200 milinch column
shows that a [ pipe will carry 42000 BTU and is the
size to be sclected.

The balance of the pipes in Zone No. 2 can now be
steed in the manner previously explained.

STEP No. 7
SIZING THE BOILER

Selection of a properly sized boiler should be in
accordance with the standards of the Tleating, Fiping
and Air Conditianing Contractors National Associa-
tion, as published in thelr semi-annual bulletin, “Net
Load Recommendations for Heating Boilers.”

Where domestie waler 15 to be provided, sce page
3 for additional boiler load.

CONTROL OPTIONS

Many panel heating systems have been installed,
and with a large degree of success, with a room ther-
mostat acting as a limit control on the pump only. In
this type of installation, the boiler water is generally
maintained by an aquastat at a temperature about [0°
higher than the maximum water temperature required
by the panels. If a domestic water heater is installed
on or in the boiler, the aquastat should be set to main-
tain boiler water temperature at approximately 180°,

When a domestic water heater is installed and the
boiler 1s maintained at a temperature greater than the
maximum panel temperature required, a by-pass line
from the return header to the supply header must be
installed. A valve must be installed in this by-pass line
to regulate the temperature of the water going to the
panels.

When the room thermastat calls for heat, the pump
starts. With-this type of control, the system is called
an intermittent circulation system. For a minimuom
mitial installation cost, this method of control can be
considered as acceptable,

[0

The intermittent circulation system, however, as
applied to panel heating, has a definite shortcoming,
The lag which occurs between the time the pump
starts and heat 1s actually delivered may cause a con-
siderable temperature drop in the space being heated.
This is especially true in mild weather when a rapid
drop in temperature oceurs.

To minimize this tendency, one of the many good
mixing valves now available can be used. When a
mixing valve is used, the pump runs continuously dur-
ing the heating season, and the flow of water through
the systemn is likewise continuous. The temperature of
the boiler water 1s maintained at the desired degrec
by an aquastat similar to that used in an intermittent
circulation system. The temperature of the circulating
water is varied in accordance with outdoor tempera-
ture,

The balanced action of the control opens and closes
the mixing valve in such a manner as to admit the
proper amount of boiler water into the water circulat-
ing through the panels. This method of control is
obviously tnuch more accurate,



SECTION 111
HEAT LOSS DETERMINATION

Definition of terms used and calculations necessary

In any buildiny there is a continual loss of heat from
all exposed surfaces and because of air changes caused
by infiltration. Therefore, the amount of heat which
must be furnished by the heating system is dependent
upon these factors, The greater the maximum difference
between inside and outside temperature, the grearer must
be the capacity of the heating plant.

At any condition determined to be a comfort condi-
tion, the heat loss must be equalicd by the heat gain to
maintain the condition. Heat loss is measured by the

BTU method.
DESIGN TEMPERATURE

In designing the system, consider the outside tem-
perature to be 15 degrees higher than the coldest re-
corded temperature during the past ten years. Thus, if
~20° is the lowest temperature, then --5° is the tempera-
ture the system should be designed to mieet. This is
called the Design Temperature. The room temperature
to be maintained can be selected from the Comfort
Temperature Table below.

COMFORT TEMPERATURES
WITH NORMAL RELATIVE HUMIDITY

Operating Rooms .. ... 86°F
Swimming Pools .......... ... BO°F
Hemes, Offices, Theakres ... 70°F
School Rooms, Hospital Wards ... 68B°F
Stores, Light mfg., Machine shops ... 65°F
Gymnasiums ... ... . .. 55°F
Foundries ... ... 55°F

INFILTRATION HEAT LOSS

Wind pressure causes a movement of air through a
building from the windward to the [eeward side. Heated
inside air is thus displaced by cold outside air, by
leakage through the cracks around the doors and win-
dows. This leakage of air must be considercd in ecal-
culating the heating load.

The Tables on Page 96 show the infiliration of air
through walls, windows and doors in accordance with
their construction. Note that the infiltration through
plastered walls is so small that it may be omitted from
caleulations for the ordinary job which is properly
sealed at floor levels, Since the strength of the wind has
a material effect on the amount of infiltration, the
average wind velocity for the locality should be deter-
mined from the Table 1 Section VI, headed “Climatic
Conditions in ULS, and Canada™.

e

The amount of crack used for computation should
not be fess than half the total crack in the ontside walls
of the room. In the room with one exposed wall, take
all the crack; with two exposed walls, take the wall
having the most crack; with three or four exposed walls,
take the wall having the most crack; but never take
less than half the total erack.

Moeasurement of crack should be as follows:

Double hung windows—
3 times the width plus 2 times the height

Wood casement windows—
2 times the width plus 2 times the height

Metal pivoted sash—
Total perimeter of the movable or ventilating
sections

To carry through a typical calculation, assume that
a 10 x 10 x 8 room has one exposed wall and two 3 x 5
double-hung wooed sash windows. The average wind
velocity is 10 miles per hour.

Measuring the two windows shows the total crack to
be 38 fect. From Table on Page 96—

Infiltration per foot of crack through average non-
weather stripped window at 10 mile wind velocity
= 21 cubic ft.

21 x 38 ft. of crack = 798 cubic feet infiltration

At a room temperature of 70%, 018 BTU will raise
one cubic foot of air one degree Fahrenheit, Therefore,
to heat 798 cubic feet of air from —5° to 70° requires:

798 x .018 x 75 (difference in temperature between
—35° and 70°) =~ 1047 BTU

COEFFICIENTS OF HEAT TRANSMISSION
“k' AND "U" FACTORS

The coefficient of heat transfer is an expression of the
ability of a material or combination of materials to
transmit heat from the hot to the cold side. The “k"
factor is given in BTU per hr. per sq. ft. per degree
difference Fahrenheit per inch of thickness for any
homogencous material. The “U” factor is a combinaton
of “k" factors expressing the ability of combined ma-
terials to pass heat and is expressed in BTU per he. per
sq. fr. per degree difference F. for the combinaton.

STRUCTURE HEAT LOSS

This is the heat loss through windows, doors and

walls., Qutside metal and thin section waod doors are



Section 11

HEAT LOSS DETERMINATION (continued)

figured as all glass; heavy wood doors according to the
table of Heat Loss Coeflidents, or “U” factors, starting
on Page 87.

If the room has two windows — 3 ft. x 5 ft., the total
glass area is 30 sq. f. In the Table on Page 95, the
coefficient of heat loss (“U” factor) for single glass Is
shown to be 1.13 per square foot per hour per degrec
difference in temperature. Heat loss through these win-

dows is thus:
30 (glass areal x 1.13 ("U" factor}
x 75 (Temperature difference) = 2542 BTU

Amount of heat lost through exposed walls is figured
next. If one wall is cxposed, the area is 10 x 8 -
80 sg. fr..-—from which is deducted the 30 sq. fr. of
glass previously figured, leaving 50 sq. ft. of net exposed

wall arca.

If the wall is 47 brick vencer, 8 hollow tile backing,
plastered 34”7 on metal lath furced, the heat loss per
sq. ft. per hoor is .25 (from Table on Page 91), or

50 (net wall area) x .25 ["'U" factor)
x 75 {(Temperature difference} -~ 937 BTU

EXPOSED FLOOR AND CEILING HEAT LOSS

The next step is to determine heat losses through
exposed Hoors and ccilings or through partitions sepat-
ating rooms maintained at different temperatares, The
latter should be considered as exposed walls, with the
diffcrence that the temperature in an unheated room is
not the same as the outside temperature. The tempera-
ture of unheated rooms is estimated as 35° above ont-
side temperature. Where floors are directly on the
ground, the ground is fipured at 40° above outside tem-
perature, Heat loss coefficients for ceiling, floor, roof
and partition construction are found on Pages 87 to 96.

Let us assame that the room we have been figuring
is under a flat type of roof. If the construction is wood
having a deck 1 inch thick with roofing paper and
insulation board and with metal lath and plaster ceiling,
the heat loss coefficient is given in the tables on Page 94
as .16. Hence:

10 x 10 ceiling area - 100 sq. 1.

100 (ceiling areal x .16 (“U" facter)
x 75 [Temperature differencel —= 1200 BTU

Now add up the BTU requirements from preceding
calculations. These are:

1047 (Heat Loss by Infiltration)

2542 (Heat Loss through Windows)
937 {Heat Loss through Walls)

1200 [Heat Loss through Ceiling)

5726 BTU required to heat room to 70° with outside
femperature —5°.

If there had been an unheated attic above this room,
the roof structure and ceiling of the top floor must be
taken into consideration and a combined coeflicient of
transmission determined. Assuming that the roof is of
a pitched type and there are no dormers, windows or
vertical wall spaces, the formula for calculating the
combined coctlicicur for the top floor ceiling is as follows:

A xB
A B —"U" (combined coefficient)
C

where:
A — Coefficient of transmission of the roof
B = Coefficient of transmission of the ceiling

C = Number of square feet of roof drea in attic
divided hy the number of square feet of
ceiling area in top floor

EXAMPLE OF COMBINED COEFFICIENT FOR
A ROOF WITHOUT DORMERS

A= 46

B = .69

Roof area: 12 x 10 == 120 Sq. FL.
Ceiling area: 10 x 10 := 100 Sq. Ft.

B 120 (roof areal

= = 1.2
100 {ceiling area)
46 x 69
46 | .69 = 306 combined coefficient
1.2

Therefore the heat loss is—
100 (ceiling areal x .306 (comb. coefficient}
x 75 (temp. differentiall == 2325 BTU

If the unheated attic contains windows and vertical
wall spaces, these muost be taken into consideration in
caleulating the roof arca and also its coefficient A, In
this case, an approximate value of A may be obtained
as the summation of the coeflicient of cach individual
section such as the roof, vertical walls or windows, times
its percentage of total arca. This coefficient may be used
with reasonable accuracy in the above formula,

EXAMPLE OF COMBINED COEFFICIENT FOR
ROOF WITH DORMER

Assume a ceiling coustruction the same as in the
previous example (Coefl. = .69). The roof construction
will also be the same as before (Coefl. = .46). There
will, however, be a dormer 5077 wide, with a window
30 x 2’6" (no storm sash). The vertical walls of the
dormer are of wood coonstruction, shingle covered and
with a combined coefficient of .38.
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HEAT LOSS DETERMINATION (continued)

The total areas of the glass, vertical walls and roof Ceiling area - - 100 sq. ft.
arc as follows: 209
: — —— = 2,09
% of Coeff, x
Material | Net Area | Coeff. | Total Area :AiofAreq A7 x .69
Glass 7.55q.Ft.| 1.13 036 041 .47 + .69 = .403 combined coefficient
Walls |36.5 Sq. Ft. .38 A75 .067 2.09
Roof 165 5q. Ft. 46 785 36 Therefore, the heat loss is—
Total 209 Sq. Ft. .468 100 sq. ft. {ceiling area) x .403 (comb. coeff.)
Combined x 75 (temp. differential) = 3000 BTU
Coefficient A" If, however, there are roof wventilators, so that the
Using the same formula as in the previous example. attic air is virtually at oulside temperature, then the
A= .47 roof shounld be neglected and only the coefficient for the
B = .69 top floor cedling construction nsed.

Roof area = 209 sq. ft. lincluding glass and
vertical walls)

CEILING HEAT LOSS
1200 BT.U

WaALL HEAT LOSS
/ " 937BTU
RS
NO H

Heat lusses of exr.rmPle YOO, s

calvidated on preceding page,

“GLASS HEAT LOSS
2542 BTu

INFILTRATION
HEAT LOSS
1047 BTU

COMBINED

HEAT LO3S

3GCOB T4
-

Pitched roofs and roofs with dar-
mers requive the calculation of a
combined roeﬁrarifnr af heat loss,

provide « moisture harrier. b

\\
N
N 3
HEAT LOSS TO GROUND WE INSOLATION INSULATION EDGE LOSS
pe . . N7, PIPE OR PER LINEAL
The heat foss figures shown in HEAT 1033 -7 / TUBING CONCRETE [LPERHR.
et ; - 4B8TU PLR / / A

this :Ih.r'slmrmn are ace eptable for XN Py ) T T -

all ordinary design parposes, W ; S LR N

i & 2 53 L R

o 5 SAND OR SN TR DOWNWARD S 7

NOTE: If @ dry site is not assured, P35 GRAVEL e x/‘LOSS-Bl}T.Uﬁ//;% RN

G {  PERSQFT >

7 /)\J»
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HEAT TRANSMISSION TABLES

Tables on pages 87 to 96 are reprinted by permission.
Copyright, American Socicty of Heating and Ventilating Engineers.
From Heating Ventilating Atr Conditioning Gusde 1948, Chaplter 6.

TanLE 1. CoNDUCTANCES () FOR SURFACES AND AIR SPACES

All conductance values expressed in Blu per (hour) (square fool) (Fahkrenheil
degn( femperalure difference).

Sectlon A, Surface Conductances for Stlll Aire

PaETiGH DiiseTiaN SURFACE EMISSIVITY
OF SURFACE OoF HEAT FLow
¢ = 0.83 ‘ e = .03
Horizontal. Upward 1.95 1.16
Horizontal Downward 1.21 0.44
Vertical 1.52% 0.74

Sectlon B. Conductance of Vertlcal Spaces at Varlous Mean Temperaturesh

Mean CONDUCTANCES OF AIR SPACES FOR VARIOUS WIDTHS IN INCHES
TemP
Faim DG 0.128 0.250 0.364 0.403 0.713 1.00 1.500
20 2.300 1.370 1180 1.100 1.040 1.030 1.022
30 2.385 1.425 1.234 1.148 1.080 1.070 1.065
40 2.470 1,480 1.268 1.193 1.1256 1.112 1.105
50 2.560 1.535 1.340 1.242 1.168 1.152 1.149
GO 2.650 1.600 1.390 1.205 1.210 1.195 1.188
70 2.730 I.648 1.440 1.340 1.250 1.240 1.228
] 2,819 1.702 1.492 1.300 1.206 1.2580 1.270
90 2.008 1.7567 1.647 1.433 1.340 1.320 1.310
100 2.000 1.813 1.600 1.486 1.380 1.362 1.350
110 3.078 1.570 1.650 1.534 1.425 1.402 1.392
120 3.167 1.928 1.700 1.580 1.467 1.445 1.435
130 3.25 1.980 1.750 1.630 1.510 1.485 1.475
140 3.340 2.035 1.800 1.680 1.550 1.530 1.619
150 3.425 2.090 1.852 1.728 1.502 1.509 1.550
Section €. Conductances and Reslstances of Alr Spacea
Faced on Qne Surface with Reflective Insulatlone
TEMP RESISTANCE?
DiFr CONDUCTANCE* I
LOCATION AND Dmrécr:or. Fanr DEG &) ra
POSITION OF Heat
AlR SPACE Frow No. of Alr Spaces Nao. of Air Spaces
Winter | Summer T
1 2 3 1 2 a
Rafter Space
8in.)
Honzonuﬂ Diawn 43 0.10 0.07 1060 | 14,29
Horizontal Up kN 027 0.17 370 5,54
Harizontal Down 25 0.09 0.06 111 | 16.67
Horizonta) Up 25 0.24 | 0.16 117 6.25
30 deg slope Down 45 a.13 .10 667 | 10,00
20 deg slope Up 43 0.23 a.17 4.00 5.88
30 deg slope Down 25 Q.13 0.09 T4 1111
30 deg alope Up 25 0.23 0.14 4.33 T.1d
Stud Spa
(3% in )
Vertica}! 40 0.34 2y
Vertical 40 0.23 .13 4.35 T.L
Verticats 15 0.32 .13
Vertical 20 0,18 0.11 5.50 H.04
Vertical? 30 0.46 2.17

sRadiatlon and Convection {from Surizces in Various Positions, by G. B. Wilkes and C. M. F. Peterson
(LS.HUWV.E. TRansacTiONSs, Vol, 44, 1938, p. 513).

*A.S.H.V.E. Rescarch Report No. 825—Thermal Resistance of Air Spaces, by F. B. Rowiey and A. B,
Algren (A.S.H.V.E. TRansacTIONS, Vol. 35, 1929, p. 165).

“Thermal Test Coeflicients of Aluminum Insulation for Bulldings, by G. B. Wilkes. F. G. Hechler and
E. R, Queer (A.S.H.V.E. TransacTIONS, Vol. 46, 1940).

4Temperature difference i3 based on lotal gpace between plaster base and sheathing. flooring or roofing.

*These alr a!}. ce conductance and resistance wvaluea are based on one reflective surface (aluminum)
having an emissivily of 0.05 facing each space and are based on total apace between plaster base and sheath-
{ng. flooring or roofing. The rafter and stud spaces are divided into equal spaces.

/Stud space i3 lined on plaster hase side with loose paper with aluminum on surface facing alr space.
The resistance of the small air space between the plaster base and paper was 0.43

¢Radiation and Convection Across Alr Spaces ln Frame Construction, by G. B. Wilkes and C. M. F.
Peterson (A.S.H.V.E. TRaNSACTIONS, Vol. 43, 1037, p. 351).

*The recommended aunacc conductance for calculating heat Josses for still air for non-reflective surfaces
is 1.65 Btu. For a 15 mph wind velocity, the recommended value is 6.0 Btu. These coefficienta were
derived from Fig. 3 which was based on tests conducted at the Unlversity of Minnesota, and apply to
vertical surfaces,
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Section HI

and are based on still air {no wind) condilions on both sides,

HEAT TRANSMISSION TABLES

CoEFFICIENTS OF TRaANsMIsSION (U) oF Fraume ConstructioN CEILINGS AND FLOGRS

Taprr L1,
Coefiicients are expressed in Biu per (hour) (square fool) (Fahrenheit degree difference in temperalure belween the air on the o sides)
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HEAT TRANSMISSION TABLES
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HEAT TRANSMISSION TABLES

TapLe 16, CorrFICIENTS OF TransMIssion (U) or Prrciep Roors

Coefficients arg expressed in Bty per (hour) (square foot) (Fahrenheil degree diffcrence in lemperature
between the air on the two sidex), and are based on an outside wind velociiy of 15 mph.

Section HI

TYPE OF CEILING WOOD SHINGLES ASPHALT SHINGLES OR SLATE OR TILE®
{AprLIED DIRECTLY TO Roor RarrERs) {05 1 x 4 Woop Staiese ROLL ROOFING (0% Sowunp (Ox Sowp Woon
Seacep 2 IN. APant) Woop SnesTHING) SuEaTHING)*
e IxgvLaTion BETWEEN DAFTERS [xsuLaTION Berwees RaFTEns IxsutaTion BeTwees RAFTERS
Teafing -
-
Blanket or Bat Blanket or Bat Dlanket or Dat f
i {Thicknesn Below) N (Thickness Below) N (Thickness Below) =
Coiling None one one
1ln. 21n, 31In. IIn. 21In 31In. 1o, 2 In. 31n.
A B Ca D= E F Ge Ha I J Ka L
No Ceiling Applled 10 RaFers. ..o oo sssmienss 0A48S 0.13 0.10 0.081 0.527 015 0.11 0.084 0.55/ 0.14 0.11 0.085 1
Motal Lath and Plastesd 031 0.1 0.10 0.081 0.33 0.15 0.1 0.053 0.34 0.15 0.10 0.083 2
Gypsum Board (ﬁaln.) Dacorated. 0.30 0.14 0.10 0.050 0.32 0.15 0.10 0.052 0.33 0.15 .10 0.053 3
ood Lath and Plastor ... 0.20 .14 0.10 0.050 031 0.14 0.10 0.081 0.32 0.15 (.10 0.082 4
Gypsum Lath (34 in.) Plastored . 0.29 0.14 0.10 0079 031 0.04 0.1 0.081 0.32 0.15 G.i0 0.082 5
Plywood (3¢ in.) Plain or Decoraled.................. 0.29 0.14 0.099 0.079 030 0.14 0.10 0.081 031 0.15 0.10 0.081 ]
Insulating Board ()¢ in.) Plain or Dacorated. | 0.22 0.12 0.060 0.072 0.23 0.12 0.091 0.074 0.24 0.13 0.062 0.074 7
Insulating Board Lath (14 in.) Plasterode ... ... | 0.22 0.12 0.058 0.072 0.22 0.2 0.050 0.073 0.23 0.12 0.09] 0.074 ]
Insulating Board Lath (1 in.) Plasterede. .. B 0 | 0.10 0.078 0.064 0.17 0.10 0.079 0.065 017 0.16 0.050 0.006 9
«Coefficients corrected for {raming on basis of 15 per cent area, 2 in. x'4 in. (nominal}, 16 in. on centers.
tlhigures in Columns 1, J, K and L may be used with sufficient accuracy for rigid asbestos shingles on wood sheathing. Layer of alater's feit negiected.
*Sheathing and wood strips assumed M4 in. thick.
dPlaster assumed ¥ in. thick.
¢Plaster assumed 34 in. thick.
/No air space included in 1-A, I-E or 1-1; all other coeflicients based on one alr space.
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HEAT TRANSMISSION TABLES
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HEAT TRANSMISSION TABLES

21Tl Y U] BAOPULM
pa1oayd [ELsnpug 10] uaal® 1EY1 jo q1XHE-300 1NOQE FUOI[NW 18 PUT 'PiYI-IU0 INOQE § YIOMIWEL] [3378 JI|m
10RIUOD 1B IFeNRa| 'UO[1R|[EIsU] J00d HUNUIsaIdal "AIRID U qilpy  HqIS)Eu 8 SuONW ¥ pu® yi0m
-3UWIEL) {3918 01 PIYORIIE B EmOPULM JI3M E1DTIUCD 18 STEXEI| "LO[IB||RISU] U] IR HQRUOSEIL YIIALY

“aonoeid siviaan
juasardal 03 palapsSucd Yoen -ul-#¥{ 'uonE|TSul pu® AIMioEnued jo 30naetd 183q Y1 U] IEUreIqo S}
Jouad ‘upty  -dunuado jo 3u¥3p Aue um 138 £¥1S PUT 1N0 10 U} ULMS SI0IB[[IUIA  "SUOIIIS KARIY |0 PR

-aonamd
23EIIAR 1U$31dIL 01 PALIPHEUOI ORI UI-5{ "UOHI B MISUI PUR drMIdeInuen jo 3onaesd 1830 1 1] HQruI¥Iq0 §
FovLd UM qydEa 100H] JO ING 12WITDI uO1IS KAD3Y PA[[EI-08 S¥ B3R UOTIOIR PUR UF[SIP HUIES JO1

20noed s¥maar ..:u....hau._ 01 P21apISUod JIEd Wi-Y¥ ‘uonej[Tsul pue AUNPENUEW jo anoead
1 710 §1 JITID ul-¥{ CFWIE 3PS U0 POJUR|E] JUE PUE MO 10 Ul SUImS SIOTE|IIU3 A S[O0YE
& yans s5uipjing _ﬂcuE_.__.EH._Euu _.= PIs) "3iempiey put UL 1B U] STUIWIUYIL SR 11 PUR “IHARIY 8]
13quatl FUWRLY SPISIN0 183 1030xa p210ald [ZLISNPU] §€ $UOTIIE JUIES JO $PRW PAID3(01d A[[EINIDNYUYY

“1n0 Surdums 11ed 1amo] ‘2A0qE LIYFNE 10 11U 38
pa1oald £|jmruozuoy &101B[NIUap  SEUIP{INQ [BUISHPUL UT pasn A|(e1suasB mopula patoard [eusnpu(s

*Sulpiing uj ade[d uj paIEA EMOpULYY)
-adurear ueyl 1a100d Yonw ‘aoplia pRIY A(ood B Juasaidal adumina]d pae yored ui-i va

Suryred amel) (o £2UIDMES 1udd 13d (g B SUImNSST JORONNFUD) LIuose o1 [[am sv £[dde nq
TO[IONIISUOI SWEI] POOM 0] ATV PIPNOUT San[a XU LY L] ay [ '2FENBI| 23y RI5[2 P|[¥I-08 puk sFeyedf
SWRI) IPN|2Ul PUE IN3wUl Yyses jo 100) 130 Fujuado mopuim 3yl 10) §|EI0] 3141 I8 UALH san|eAa Y| p

"$U01IPU0D UOSESS FUNTIY 19pun Emopim 00 A[a1rwixoidde o SIUIWDINSRIUL
&0 SDURLRID ul-"¥ PUE XORID "ul-B §8 PAUIWIIIIP SEA MOPUM POOM SUNY-3[qROP 98TI3AE 21 JO 3y 3y jo

*F153] PaN[EI-UOU puE paj[ed 34l Aq PIUILLINIp
33TIFAT 31 BE LIWE] PIY|BD 10} 8N |4 ABEYLI| I LIJ LIUOSELI 311 J8COLUI 03 H|YPEIAPE PLapIsuO) §1
QiM% S21EI0LIAP PUE £[303)1ad SUOP 10U & JUIY|¥O 1BYI UOFEA [RUONIPPE aY] 10, Hu|ed £q paruaadd
3Q JOULED pUE ]98] [T ¥OLIG Y1 U} E1PU 13U B[|Em AIUOSEI U] XEYEI| JWEL] Y1 JO IWOS  SmOPULM
O] PAUIULIZIIP §8 1w uxd uses 10 300) 1ad 1€ JIENES| JWRI| I0] UIAIT BaN|EA 20 | q

"8230U100) 1210BYD U] p3is)] siadud ayy uj pairodal
BIEP 1521 UC PIFTQ 24T PUB 'SUWIO0L U1 3INes3.d jo dn Fuip|ing 10) mo|{e2 01 §3N[EA 1591 UL 653 1UaD 1ad ()7 212
‘SM0pULA [E15W mO[[0Y PUE BUNY-~3[GROP Joj 25041 JO UONdL0Te 2Y1 1L "2(q¥] SIY] U] UIALS SaN|BA 3 e

CIC | 1o | 98T | SFI | SR | 02 [~ sopulsm patoard £[[ediuaa '[RId[y M0|j0H
. ’ T
o6 o= L) 58 ¥ g T-3{ pardafod ‘monda AT HN:
14 ag 0z 81 (o1} € |~ e FEMOPULAY
w1 'parasfor 'motjade (lemesTo Lawep i
821 | 001 | 9L | €% | &6 | B |~ 3oem 0eB{juemam jwmuopsiy H3es
L] 00 | ZF | B8 | 8I| 9 | 7T pun men e mpsy 1S
GSL | 280 | 911 | S8 | 28 | 03 | == weo wrk pwsiod mmpangry | UOHIIS
661 | SIL | 98 | 29 | 98 | €I |~ weo w3 passfod ooy | PO
Gle | B0% | FFE | QLT |SOL| Q9 |7 PR Ir B prioad [maenpa
91 09 oF °h 161 | 9 | TTTTT T o paddinsnqivay, | SMOPULAY
011 | LeT | ¥OD | ¥& VAP 1O | 77777 hisitio it i chapmtah BRIy
wer | ezt | 96 | oz |ep|og |0 paeo “pardinsnqisan-aey | TUNH-2[yn0(T
26 12 e ¥ et 9 |7 prddinangieas ‘o1
6Fz | 661 | ¥¢1 | 111 | 690 | L2 uwws.wu..‘swwmvw b e
-RY1e3A-000 "20pTLE PANY & 0§ |%0],
g0 ey | 98 | ¥ €T | ¥ |70 PdsamEa o | s sopun)
llllll 9 smoput/
s0r [ 08 | 69 | 62 | 12| L [ iy wit | uves pon
| ~I1TIM-U00 Canpila afuiaa 40) [R0], MCﬂ—I.W—D:OQ
og ez 1 11 [¢] 4 = dONONNISIN ST} POOs Ul 3UINl) pInosy
q c ¥ e z 1 T paNed-~[[Te AIOSTW UL $UIE) punory
ce 1z s fa g e PIRITY 100—[|B8 KIVOSTM U1 $UGRL} PUNOIY
of _ 5T _ 0 <l or | s
SRy HOGAI AL 40 J4L]L
HAO[ w2d STy 'ALID0TH Y aXT gy

RO L] ¢ 3047 fo w004 24 123 gD Ut passIIEET
SMOINTAY HONOYH]T, NOILVALTAN] g 414V J,

*1seld wnsd 43 81800 3241

pue gie] peom 1aded Suip(ing ‘Suiyirays ‘saj3urys fepad 10 paiuied SUipis [343f  UOHINNEUOD |[BAYS
“Y2uq uo miseid umsd4¥ paredasd 83€0d om) pPUE ‘3R] ‘Sulnga
*Fopq wo 1ise(d umsdLd paredard §1200 0m s
100d drysuBuRIoA—ITIIOW W[ pUT Jouq snolod jO PIIaNsuo)q
“$210U300] 121deYD Ul pais|] s1aded agy uy p2110dal BIED 1831 U0 PISEq AIT PUT SWOOL Of
amssatd o fn ZUp[Ing 10) MO[[E 01 SIN[EA 1§27 UBT) §89] 1UI 13d (F 34T QI |3 Ul UIAIY sanjea 3y L«

950 €20 | 8'0 | €TI0 | k00 £0'0 |"a191sE|d pUE YIE] YIrm *|[BA SR
Lo g0 | 9270 120 | 000 | £0°0 ["7pPIaisEld
Q1o 00 00 ] 200 100 00 " opamiseld p TqllEM Yo Cul g1
Iz 91 cl L ¥ o[ ureld
¥20 | 910 10 | 200 | ¥O0 | @00 |"opdIASE M. .
&2 61 gl 8 4 g [TTrrruied ) UellEAy HRMY U A48
e g9z 0z ot ot e
TIVA) 40 TAAL

HOOH ¥Ed STTIY ‘ALIDOTRA NI

inoy 134 300f 240nDs 434 j33f 23qna uy prsIISET
eSTIVA\ HONOWH], KOILVHLITIAN] [ STEV]



SECTION 1V
ELECTRICAL CONTROLS

If electrical controls have seemed mysterious and
complex, remember this: they are only electric switches!
No different, in effect, than the switch with which you
turn an electric light off and on. They perform the same
function of making and hreaking an electric circuit, but
instead of being operated manually, they are operated
automatically by changes in temperature or pressure.

DEFINITION OF ELECTRICAL TERMS

Before going further, let’s consider some common
clectrical terms and what they mean. An eleetric cur-
rent is measured in terms of Volts and Amperes. The
amount of resistance to the passage of electric current

must also be considered.

A Volt is the vnit of electrical motive force—an Ohm
the unit of resistance—and an Ampere the unit of
current. Bxpressed mathematically, one Volt is the
amount of electrical force required to send one Ampere
of corrent through one Ohm of resistance,

The operation of a B & G Booster Pump, as shown
below, illustrates the relationship between the Volt, the
Ohm and the Ampere.

WATER FLOW /[’{
(AMPERAGE] //“,‘.‘
(il

GATE VALVE ﬁfﬁl o
[RESISTANCE @ BOOSTER
R [VOLTAGE)
OHMS!

Fig. 102, See text Jor explanation of relationship between
Volts, Obms and Amperes,

If you will consider the pump as supplying the motive
force or Voltage, then the valve and the pipe represents
the resistance or Ohms and the water pumped through
the pipe represents the Amperes. As the valve is closed
down, the resistance increases and the amount of water
delivered decreases. Similacly in an electrical cirenit with
a constant Voltage, the greater the resistance, the smaller
is the number of Ampueres,

There 15 one other important clectrical term—the
Watt. A Wart is the unit of electrical energy and is
the product of ampercs and volts. Thar s, onc ampere
of current Howing under a pressure of one volt gives one
Watt of energy. 746 Watts is equal to one electrical
horse power. (This assumes that the power consuming
equipment is 100% efficient. The actunl Wattage con-
sumed depends therefore on the efficiency or power
factor of the equipment.)

ALTERNATING CURRENT

DIRECT CURRENT

Fig. 103, Wlustrating characteristics of dirced and olternating
crrrend,

A Kilowatr is 1000 Waits and a Kilowatt Hour equals
the consumption of 1000 Watts per hour.

Electrical current is produced by power companices in
either one of two forms—Alternating Current or Direct
Current, As the names imply, Alternating Current flows
first in one direction, then the other. In most localities,
the current changes direction 60 times a second, there-
fore, it is called GO cycle current.

Direct Current, of course, flows in onc direction only
through the wires. Either kind of current is uvsually
supplied in 110 volts for house lighting and appliances.

SERIES WIRING

RN

PARALLEL WIRING

L

|
{ |
" e o
‘,/ \i e \
N A ko

Fip, 14, Mlustrating series and parvallel wiring,

==L



Section IV

ELECTRICAL CONTROLS (continued)

In wiring a number of power consuming units en a
stngle circuit, as a string of electric Jights, the wiring can
As shown in the il-

lustration, “parallel” wiring permits control of individual
1

be either in “parallel” or “series.”
units whereas with “serics” wiring all units are either off
or on at the same time,

TWO MAJOR CLASSIFICATIONS

There are two major classifications in clectrical con-
trols. First, those which are actuated by changes in roem
temperature, These are ealled Thermostats.

Second, those which are actnated by changes iu the
temperature or pressure of the heating medinm itself.
These are the Limit Controls,

They are installed in hot water boilers to maintain a
certain temperature by controlling the operation of the
burner. They are likewise used in steam boilers to con-
trol steam pressure, or in the furnace bonnet of warm
air systems to control fan operation,

Limit Controls are ecither direct or reverse acting.
Direct acting controls close the ciccuit when boiler tem-
perature drops, thercby starting up the hurner. Reverse
acting controls open the dreuit on a temperature drop.
Applications of each will be discussed in connection with
some installation diagrams to be shown.

A further classification divides both Thermostats and
Limit Controls into Low and Line Voltage groups.

BOOM THIRMOSTAT ROOM THERMOSTAT

SATHIILD CALLING FOR HEAT
[}
cmeurt O » CROST QLOSID
——
v i o
I Ly

Fig. 105, Diagram iHlustrates how the closing of thermostat
contacts permits flow of curremt to the antomatic firing device,

LOW VOLTAGE CONTROLS

Low voltage controls are usnally designed to operate
on not over 25 volts. They can be installed with low
voltage cable and thus effect o saving in the initial in-

stallation.

LINE VOLTAGE CONTROLS

Line volrage controls are operated directly from the
honse lighting or single phase power lines and musr,
theeefore, be capable of carrying either 110 or 220 volts,

If Line voltage is three phase, a magnetic switch with

UK

a built-in holding coil must be used. The Line voltage
control is then wired to the holding coil circuit which
opecates the magnetic switch. It is recommended that a
theee pele magnetic switch be used with all three phase
circuits.

Line voltage controls ate also rated for a definite motor
load. This means that the motor they are controlling
imust not exceed the herse power for which the control

s rated.

THERMOSTAT

ACTUATED BY

CHANGES IN
ROCM TEMPERATURE

LIMIT CONTROL
OPERATED BY
CHANGES IN
TEMPERATURE

OF THE HEATING

MEDIUM

o =
I

Fig, 106, Diagram ilusirates the tweo diflerent types of con-
trols wsed to operate aw awtamatically fired beating system.

THREE KINDS OF LOW VOLTAGE THERMOSTATS

Low Voltage Thermostats are available in three dif-
ferent types—

1. SNAP ACTION CONTROL

In this type, there are two electrical terminals which

snap together with positive action each time the control
closes its circuit.

o — —

D SERIES 10
THERMOSTAT

EQUIPIENT

OPLRATLD

Fig. 107

2. SERIES 10

As illustrated, in fAgure 107, a Scries 10 thermostat
consists of two separate electrical contacts on one side
of a movable blade.

3, SERIES 20

Series 20 has a contact on each side of a center mov-
able blade, as illustrated in Fig. 108,



Section TV

ELECTRICAL CONTROLS (continued)

SERIES 20
THERMOSTAT

EOUIPMENT

CPERATED

Fig. 108

RELAYS

A third kind of electrical control, which is not actu-
ated by temperature changes, is the Relay, A Relay is
a device for tying together the operation of low and
line voltage cquipment.

For example, a Thermostat operating on low voltage
may be required to control a motor operating on line
voltage. The wiring from the Thermostat is led into the
Relay; thus any thermostat demands for heat actuate
the relay mechanism which opens or closes the line
voltage drcuit operating the motor,

Fig. 109 is a diagrammatic sketch of a relay vsed in
conjunction with low voltage thermostatic control of a
circulating pump operating on line voltage.

The wires from the thermostat are led into the relay
and connected to the relay coil and the secondary cir-
cuit of the transformer which reduces the 110 volt house
circuit to the 20 volts required by the thermostat,

When heat is required, the thermostat closes its circuit
and enerpizes the refay coil, pulling in the relay arma-
ture and completing the 110 volt circuit which operates
the motor.

When the thermostat is satisfied, its contacts open,
breaking the circuit and de-energizing the relay coil.
The relay armature then snaps back and breaks the 110
volt circuit, causing the pump to stop.

When line voltage Thermostats are used, a Relay is
unnecessary, unless motor load exceeds thermostat ca-

pacity.

HOW TO INSTALL THERMOSTATS

The thermostat should be installed in a place where
it will record, as closely as possible, the average tem-
perature of the home or space to be controlled. Avoid
locations where temperature change is extremely slow,
as for example, central halls with poor air crculation.
The best locaton usually is an inside wall where it will

110 VOLT
ROOM w0 CYCLE
THERMOSTAT CURRENT
FUSED
SWNTCH
HCT
WIRE

RELAY

| —.

Ba G
BOOSTER

Fig, 109

be in the free circulation of air and unaffected by cold
drafts or warmn air coming from radiators or warm air
grilles. In a home this is usually the living or dining
room. It should not be located on a porton of a wall
where it will be affected by hot or cold pipes or air
ducts, nor should it be exposed to the direct rays of the
sun from a window or door. Heat from clectric lights
should also be avoided.

CONTROLS FOR CONTINUOUS CIRCULATION SYSTEMS

This type of system has three basic differences
1. The water in the system circulates continuously,
2. The Boiler is o a by-pass, with drculation through it
controlled by a special valve.
3. Temperature regulation is achicved by coordinated

action of an entdoor and indoor control,

NOTE!

The clectrical circuits described and illustrated on the
following pages are some of the most commeon and
practical connections. There are many variations of
these circuits which space will oot permit including here.

Since the controls of one manufacturer do not match
exactly those of another, in so far as terminal con-
nections are concerned, the following descriptions apply
only to the wiring and operation of the circuits. For
further wiring details, contact the manufacturer of the
electrical controls you are using.

For best results and ease in wiring the system, where-
ever possible aveid mixing the controls of one manu-
facturer with those of another!
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WIRING DIAGRAMS

COMPARATIVE CHART ON PAGE 107 MAKES CONTROL SELECTION EASY

The diagrams on the following pages show the loca-
tion of the controls and are labeled with key letters
(“TA”, “RC”, etc.) which indicate the type of control
suggested for the service required. By referring to the
Comparative Chart on page 107, the model number of

various manufacturers’ controls can be quickly deter-
mined.

The wiring dreuits shown are for current models
of primary burner and stoker controls. For dreuits of
obsolete or special controls, consult control manufacturer.

The Bell & Gossett Co. recommends that in all automatically fired hot water heating systems a safety high
limit line voltage water control be installed in series with the firing device, in addition to the limit contrel nor-

mally called for in the wiring diagrams.

” TD or TE

o

o LINE YOLTAGE CONDUIT
- LOW VOLTAGE CABLE

WE i WE

HAND-FIRED

HOT WATER
HEATING

BOILER

fag

PFig. 110

Booster only on a hand-fired hoiler with a
line voltage thermostat

I—When heat is required, the line voltage room thermostar
actuates the Booster pump,

2—A low temperature reverse action hot water immersion
control set at 110° is wired in series with the room thermostat
to hold the Booster pump off until reverse action control is
satisfied. It climinates the circulation of cold water if the fire
is extinguished.

3—A bhigh tempcerature reverse action hot water conirol set
at 210° is wired in parallel with the room thermostat. If ano
oversize fire raises the boiler temperarure beyond 210°, this
control operates the pump independent of all other controls,
For safe operation of the system this control should be on all
coal fired installations.

4—An auromatic mechanical draft and damper regulator on
the builer is adjusted 1o maintain boiler water temperature
sufficient for weather conditions.

- LINE VOLTAGE CONDUIT
- - LOW YOLTAGE CABLE

I 1 Wi
L H j[ il
DRAFT AND ==

DAMPER CONTROL

HAND-FIRED
HOT WATER
HEATING
BOILER

Fig, 111

Booster only on a hand-fired boiler using an
electric draft and damper motor

1—When heat is required, the low veltage room thermostat
actuates a double pole relay. One pole closes the circuit to the
Booster pump and the other pole positions the draft and
damper motor.

2—A hot water control in the boiler water as a high limit
control is wired in series with the electrical connections from
the relay to the draft and damper motor so that the draft and
damper motor will close when this control is satisfied.

3—A high temperature reverse action hot water immersion

100

control set =t 210° is wired in llel with the relay con-
nections to the Booster pump. If an oversize fire raises the
boiler temperature beyond 210°, this control operates the pump
independent of all other controls. For the safe operation of the
system this control should be on all coal fired installations.

LINE YOLTAGE CONDUITL] 1
- -LOW VOLTAGE CABLE

=ty b

ﬁi I
WD “
o
STOKER.FIRED |

e L
il
e ()] LS
poier WE 'l l
I ’
Fig. 112 ||
! |
J;

Booster only on a stoker fired hoiler

I—When heat is required, the low voltage room thermostat
actuares a double pole relay. One pole closes the circuit to the
Booster pump and the other pole closes the circuit to the stoker
control panel thermostat terminal so that it is actuated when-
ever the room thermostat calls for heat.

2-—-A high temperature reverse action hot water immersion
control set at 210° is wired in parallel with the relay con-
nection 10 the Booster pump. If an oversize fire raises the
boiler temperature beyond 210°, this control operates the
Booster pump independent of all other controls to dissipate
excess heat into the radiation. For safe operation of the system
this control should be on all coal fired installations.

3—A limit control installed in the boiler water is connected
to the stoker pancl as recommended by the Stoker Control
Manufecturers.

4--A Flo-control valve will give better temperature control,
but is not essential for operating the system unless part of the
racliation is below the main,

_LINE VOLTAGE CONDUIT Ifrl e
. LOW VOLTAGE CABLE

= :“1,_
( we ﬂjlﬁ

HOT WATER
HEATING
BOILER

Fig. 113

B & G Hydro-Flo system with water heater on a
stoker-fired boiler — low voltage thermostat

1--When heat is required, the low voltage room thermostat
actuates a single pole relay, which closes the electrical circuit
to the Booster pump.
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WIRING DIAGRAMS (continued)

2—A high temperature reverse action hot water immersion
control set at 2106° is wired in parallel with the relay con-
nections to the Booster pump. If an oversize fire raises the
boiler temperature beyond 210°, this control operates the pump
independent of all other controls to dissipate excessive heat inw
the radiation. TFor safe operation of the system this control
should be on all coal fired installations.

3—A hot water control installed in the boiler is connected
to the stoker panel to maintain a constant boiler water tem-
perature,

- LINE VOLTAGE CONDUIT
~LOW VOLTAGE CABLE

—) f:s"—g
S
L

HOT WATER
HEATING
BOILER

2 Zone B & G Hydro-Flo system with water
heater on a stoker-fired boiler using low
voltage thermostats

1—FEach zone is provided with a low voltage room thermostat
and wired to a single pole relay which actuates the Booster
pump for its zone,

2—A high temperature reverse action hot water immersion
control set at 210° is wired to actuate a double pole relay. One
pole of the relay is wired in parallel with the connections to
the Booster pump of one zone and the other pole wited in
parallel with the connections to the Booster pump of the other
zone, so that if over-firing raises the boiler temperature beyond
210°, the reverse action control operates both pumps inde-
pendent of the thermostats to dissipate this excess heat into the
radiation, A reverse action control is important for safe opera-
tion of the systern and should be on all coal fired installations,

3—A hot water control installed in the boiler is connected
to the stoker panel w maintain a constant boiler water tem-
perature,

LINE VOLTAGE CONDUIT
- LOW VOLTAGE CABLE

Th i TC ﬂ [l] Vi or 1€
-

& "RE” Relay for cach 2
1onty.

STOKER-FIRED G
HOT WATER
HEATING
BOILER wo

2 Zone B & G Hydro-Flo system with water
heater on a stoker-fired boiler using
motorized valves

Fig. 115

[—EFach zone is provided with a low voltage rcom thermostat

of a type that matches the requirements of the valve motor and
wired to the thermostat wrminals of ity respective B & G
motorized valve.

2—The motorized valve transformers are installed an ourlet
boxes convenient to the valves and each is wired to the trans-
tormer terminals marked “T” on the valve.

3—The auxiliary switch marked “S" on the terminal block is
wired from each of the valves o the low voltage holding coil
terminals of a single pole relay that actuates the circnlating
pump. When either valve is in an open position, this relay
will operate the pump and continue 10 operate it until both
valves are closed.

4—A high temperature reverse action hot water immersion
control set at 210° 1s wired to actuare a double pole relay. One
pole of the relay is wired in parallel with the connections to
onc of the zone thermostias and the other pole wired in parallel
with the conncceuons to the other zone thermostat. If an over-
size fire raises the boiler twmperature bevond 210°, the reverse
action control opens hoth valves and operates the Booster pump
independent of the room thermostats to dissipate this excess
heat into the radiation, For safe operation of the system, a
reverse action control should be used on all coal fired instal-
lations.

LINE YOLTAGE CONDUIT
- -LOW VOLTAGE CABLE

HOT WATER
HEATING
BOLER

Fig. 110

B & G Hydro-Flo system with water heater
using unit heaters with stoker-fired boiler

I—When heat is required, the low voltage room thermostat
actuates the single pole relay. This relay closes the electrical
circuit to the Booster pump.

2—A high temperature reverse action immersion control set
at 210° is wired in parallel with the relay electrical connection
1o the Booster pump. If over-firiug raises the boiler temperature
beyond 210°, this control operates the pump independent of the
room thermostat to dissipate this excess heat into the radiation,
For safe aperation of the system this control should be used on
all coal fired installations.

3—A reverse action hot warter contrel is installed in the
return connectinns of each vnit heater and wired to operate the
unit heater motor. The adjnstment of this control should be to
a minimum differential and to operate the fan at temperatures
which do not blow ¢old air into the room.

4—A hot water control installed in the boiler is conmected
to the stoker pancl to maintain a constant boiler water tem-
perature.
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WIRING DIAGRAMS (continued)

Fm

- LINF VOLTAGE CONDUIT | g
,,,,, LOW VOLTAGE CABLE J[HJJ
]

=5 =

| 3 RA
:d }p,ﬂi WE
L

STOKER-FIRED
HOT WATER
HEATING BOILER

Fig. 117

B & G Hydro-Flo system with tankless heater
on a stoker-fired boiler

1—When heat is required, the low voltage room therniostat
actuates a single pole relay o close the clecerical cirquit to the
Booster pump.

2—A high temperature reverse action hot water immersion
control set at 210° is wired in parallel with the relay con-
nections to the Booster pump. If over-firing raises the hoiler
temperature beyond 210°, this control operates the pump in-
dependent of all other controls to dissipate this excess heat
into the radiation. For safe operation of the system this control
should be used on all coal fired installations.

3—A low temperature reverse action hot water immicrsion
control set at 120° and at its minimum differential is instutled
in the hot water outlet of the heater. It is wired in series with
the electrical connections from the single pole relay 1o the
Booster pump. Good results have also been abtained with this
contral by locating it in the hoiler water and setting it at 150°.
The purpose of this control is to give preference to the heating
of the domestic warter and to shut down the pump in the event
the tankless heater water drops below a predetermined tempera-
ture. Usually the domestic water demand is only of a short
duration and the brief shut down of the heating system is not
noticeable,

4—A hot water control installed in the boiler is connected o
the stoker panel o maintain a constant boller water temperature.
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Fig. 118

2 Zone B & G Hydro-Flo system with
tankless heater on a stoker-fired boiler

1—Each zone is provided with a low voltage room thermostat
and wired to a single pole relay which actuates the Booster
pump for that zone.

2-—A high temperature reverse action hot water immersion
control set at 210° is wired to actuate a double pole relay. One
pole of the relay is wired in parallel with the single pole relay
connections to the Booster pump of one zone and the ather pole
wired in parallel with the single pole relay connections te the
Booster pump of the other zone. If over-Gring raises the boiler

i02

temperature beyond 210°, the reverse action control operates
both pumps independent of the thermostats to dissipate this
excess boiler water temperature into the radiation. A reverse
action control is impartant for safe operation of the system and
should be on all coal fired installations.

3.—A reverse action hot water immersion control installed in
the hot water outlet of the heater is adjusted to close the circuit
at 120° and is set at its minimum differential and wired 1o
break the ground circuit wire to both of the circulating punips.
Good results have also been obtained with this control in the
boiler water, set at 150°. The purpose of this control is to give
preference to the heating of the domestic water and shut down
the pumps in the event the heater water drops below a predeter-
mincd temperature, Usually the domestic water demand is only
of a short duration aud the bricf shur down of the heating
system not noticeable.

4—A hot warer control installed in the boiler is connected o
the stoker panel to maintain a constant boiler water temperature,
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Booster only on a gas-fired boiler with

a low voltage thermostat

I- “When heat s required, the low voltage room thermostat
acruates 2 single pole relay which closes the electrical circuit
to the Booster pump and the primary connections of the gas
valve transformer.

2—The ithermostat terminals on the gas valve are shonted
together. With this circuit the gas valve must be of a type
that aatamatically closes with an interruption of the electric
current.

3—A high limit control is provided in the hoiler for the gas
burner. b may be either of the mechanical type or an electrieal
control wired into the gas valve circuit.
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Fig. 120
NOTE: For installations of more
than 2 rones, cernect additional

equipment 1 tame manner.

2 Zone B & G Hydro-Flo system on
gas-fired boiler
I—Each zone is provided with a low voltage room thermostat
wired to a double pele relay having one pole wired to operate
its zone Booster pump and the other pole wired to the thermo-
stat terminals of the gas valve. The gas valve transformer is
wired in the conventional manner to the gas valve,
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WIRING DIAGRAMS (continued)

2—4A high limit control is provided in the boiler for the gas
burner. It may be either of the mechanical type or an electrical
control wired into the gas valve circuit.
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FOR INSTALLATIONS OF MORE THAN
TWO ZONES, CONNECT ADDITIONAL
EQUIPMENT IN THE SAME MANNER

2 Zone B & G Hydro-Flo system with motorized
valves on gas-fired boiler

1-—Each zone is provided with a low voliage roon thermaostar
of a type that matches the requirements of the valve motor and
is wired to the thermostat terminals of its respective B & G
motorized valve,

2—The motorized valve rransformers are inscatled on outlet
hoxes convenient to the valve and each wired to the ransformer
terminals marked T on the valve,

4—The auxiliary switch marked 8" on the terminal block
iv wired from each of the valves o the low voltage holding
coil terminals of a single pole relay which actuates the cir-
culating punip and the gas valve through the primary con-
nections of the transformer. With either valve in an open
position, this relay operates the Booster pump unril both valves
are closed.

4-—A high limit control is provided in the boiler for the pas
burner. It may be cither of the muechanical tvpe or an electrical
control wired into the gas valve circaic.
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Unit heaters connected to a gas-fired boiler

1—When heat is required, the low voltage rooms theemostat
actuates the single pole relay which closes the electrical circuit
to the Booster pump and to the primary of the gas valve trans-
{ormer.

2—The thermostar terminals on the gas walve are shunted

wigether, With this circait the gas valve nwst be of a wpe
thar antomancally closes with an interruption of 1he elecrric
aarrent.
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3—A reverse action hot water control is installed in the return
connections of each unit heater and wired to operute the unit
heater motor. The adjustment of this control should be to a
minimum differential and w operawe the fan at temperatures
which do not blow cold air into the roeom.

4— A high Limic control is provided in the boiler for the
¢ras burner. It may be cither of the mechanical type or an
clectrical control wired inta the gas valve cirao
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Booster only on an cil-fired boiler using
a low voltage thermostat

1—When hear 15 ceqnired, the low voliage room thermaostat
actuates a single pole relay which doses the elecirical circait
to the Beoster pump and o the oil burner conrrols.

2—A high Limit immersion control is wired in series with the
electrical line w the line voltage terminal on the oil burner
control panct,

3—If (he oil burner panel has separate thermostat terminals,
these should be shunted together.

Fig. 123

Fig. 124
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B & G Hydro-Flo system with water heater on a
low temperature oil-fired boiler using a
low voltage thermostat

I—When heat is reguired, the low voltage room thermostac
actuates a single pele relay which closes the electrical circuit
to the Booster pump.

2—A hot water control installed in the boiler is wired tw
maintain a constant boiler water temperature sufficient to heat
the domestic water with the indirect heater. An additonal
safety high limit control can be wired in series with the hot
line > the oil burner control panel. This control is set 20°
higher than the first mentioned hot water control. The second
control will only operate in the event that the first one fails.
3-—If the oil hurner panel has separate hermostar terminals,
these shounld be shunted topether,
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WIRING DIAGRAMS (continued)
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B & G Hydro-Flo system with water heater on a
high temperature oil-fired boiler using a
low voltage thermostat

1—\hen heat is required, the low voltage room thermostat
actuates a double pole relay which closes the electrical circuit
to the Booster pump through one pole of the relay and closes
the electrical circuit to the thermostat terminals on the oil
burner panel through the other pole of this relay.

2—A high limit immersion control is wired in series with
the electrical line to the line voltage terminal on the oil burner
control panel. This high limit control should be adjusted to a
maximum setiing that will provide sufficient batler water tem-
perature to heat the building.

3—Another hot water immersion control jnstalled in the
boiler should be wired in parallel with the thermostat terminals
of the oil bumer control panel. This hot water control should
be adjusted o maintain a boiler water temperature of 160° or
high enough to heat the domestic water by means of the indirect
heatee, This control will turn the burner on and off to mainiain
this low limit temperature within the boiler. “Whenever the
room thermostat calls for heat, the boiler water temperature will
be buile up bevond the setting of dhis control 10 a remperature
sufficient ta heat the building or to the sctting of the hot water
contral listed under paragraph 2.
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NOTE: For installations of more
than 2 zones, connect additional
equipment in same manner

2 Zone B & G Hydro-Flo system with water
heater on a low temperature oil-fired boiler
using low voltage thermostats

1-—Each zone is provided with a low voltage thermostat,
wired to a singic pole reluy which operates its respective
HBooster pump.

2—A hot water control installed o the boiler is wired in
series with the electrical line to the oil burner control. This
hot water control is adjusted to maintain a constant hoiler water
temperature.

3—If the oil burner panel has separate thermostar terminals,
thes¢ shoald be shunted together.

LINE VOLTAGE CONDUIT ||| 1A L: 7
LOwW VOLT}\GE CABLE

OIL-FIRED

HOT WATER
HEATING
] BOILER
Fig. 127

MNOTE: For installations of mere than 2 zones, cennect
additional equipment in same manner.

L

2 Zone B & G Hydro-Flo system with waler
heater on a high temperature oil-fired boiler
using low voltage thermostats

I—Each zone is provided with a low voltage thermostac that
actuates a4 douhle pole relay having one pole wired w operate its
respective pump and the other pole wired to the thermostat
terminals of the oil burner control panel.

2—A high limit imnaersion control is wired in series with the
clectrical Tine to the line voltage terminal on the oil burner
contral panel. This hot water control should he adjusted to a
maximum serting that will provide suflicient botler water tem
perature to heat the building.

3—Another hor waer control installed 1o the boiler s
wired across the thermostat terminals of the oil hurner control
panel. This control should be adjusted to maintain a boiler
water termperature of 160° or high enough to heat the domestic
water by means of the indirect heater. This control will also
turn the burner on and off to maintain the Tow limit tempera-
ture within the boiler. When either of the room thermostats call
for heat, the boiler water temperacture will be built up beyond
the setting of this control to a temperature sufficient to heat the
building or 1o the setting of the hot water control listed under
paragraph 2.
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FOR INSTALLATIONS OF MORE THAN

7 ZONES., CONNECT ADDITIONAL
EQUIPMENT IN THE SAME MANNER.

1

Fig. 124

2 Zone B & G Hydro-Fio system with water
heater using moterized valves on a low
temperature oil-fired boiler

1—Each zone is provided with « low voltage room thermostat
of a type that matches requirements of the valve motor and is
wired to the thermostar terminals of ifs respective B & G
motorized valve.
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WIRING DIAGRAMS (continued)

2—The motorized valve transformers are installed on outlet
boxes convenient to the valve and each is wired to the trans-
former terminals marked “T” on the valve.

3—The auxiliary switch marked “S” on the terminal block
is wired from each of the valves to the low volrage holding
coil terminals of a single pole relay that actuates the Booster
pump. When either valve is in an open position, this relay
will operate the Booster pump and continue to operate it until
hoth valves are closed.

4—A high limit immersion control is wired in series with the
clectrical line to the line voltage terminal on the oil buroer
control panel. This hot water control should be adjusted to a
maximum seeting that will provide sufficient boiler water tem-
perature to heat the building.

5—If the oil burner pancl has separate thermoscit terminals,
these should be shunted together.
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FOR INSTALLATIONS CF MORE THAN
2 ZONES, CONNECT ADDITIONAL
EQUIPMENT IN THE SAME MANNER

2 Zone B & G Hydro-flo system with water
heater using motorized valves on a
high temperature oil-fired boiler

1—Each zone is provided with a low voltage room thermostat
of a type that matches requircments of the valve motor and is
wired to the thermostat terminals of its respective B & G
motorized valve,

2—The motorized valve transformers are installed on outber
boxes convenient to the valve and each wired to the trans-
former terminals marked T on the valve,

3—The auxiliary switch marked “S” on the twerminal block is
wired from each of the valves to the low volrage holding cojl
terminals of a double pole relay. One pole of this relay is
wired to actuate the Booster pump and the other pole is wired
o the thermaostat terminals of the oil burner control panel.

4—A high limit immersion control is wired in series with the
electrical line to the line voliage terminal on the oil burner
control panel. This hot water control should be adjusted
to a maximum sciting that will provide sufficient boiler water
temperature to heat the building,

5—Another hot water control installed in the boiler is wired
across with the thermostat terminals of the oil burner control
panel. This control should be adjusted to mainrain a boiler
water temperature of 160° or high enough to heat the domestic
water by means of the indirect heater. This control will also
turn the burner oo and off w mainin the low limic tempera-
ture within the boiler. When cither of the room thermostats
call for heat, the boiler water temperaure will be built up
beyond the secting of this contrel o a temperature sufficient o
heat the building or o the scrning of the hot water control
listed under paragraph 2.
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B & G Hydro-Flo system using unit heaters
with an oil-fired boiler

1--When heat is required, the low voltape roony thermostat
actuiles a single pole relay that operaws (he Booster pump.

?—A reverse action hot water control is instalied in the
retnrn connections of each unit heater and wired to operate the
unit heater motor, The adjustment ot 1his control should bhe
to a minimum differential and o operaie the fan at temperatures
which do not blow cold air into the room.

3—A hot water control installed o the hoiler is wired in
series with the electrical line o tlie odl buroer contral. This
hot water contral is adjusted to maintin a constant boiler
wiater femperature.

A IF the il burner pancl bas separae thermostac tecminals,
these should be shuneed ogether.
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B & G Hydro-Fio system with tankless heater
on an oil-fired low temperature system

I—When heat is required, the low voltage room thermostat
actuates a single pole relay that closes the electrical circuit to
the Booster pump.

2—A low temperature reverse action hot water conirol sei
ar 120° and at its minimum differential is installed in the hort
water outlet of the heater. It is wired in series with the
clectrical connections from the single pole relay to the Booster
pump. Good results have also been obtuined with this control
by locating it in the boiler water and sctring 1 ac 150°, The
purpose of this control is to give preference to the heating
of the domestic water and shut down the pump in the event
the heater water drops below a predetermined temperature,
Usually the domestic water demand is only of a short duration
and the brief shut down of the heating systern not noticeable,

3—A hot water control installed in the hoiler is wired in
series with the electrical line to the oil burner control and is
adjusted to maintain a constant boiler warer temperature.

4—1If the oil burner panel bas separate thermostar terminals,
these should be shunted together.
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WIRING DIAGRAMS (continued)
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B & G Hydro-Flo system with tankless heater
on an oil-fired high temperature system

[—When heat is required, the low voltage room thermostat
acwoates a double pole relay. One pole is wired to operate the
Booster pump and the other pole is wired ta the thermostu
terminals on the oil burner control pancl,

2—A high limit conirol in the hoiler is wired in series with
the electrical Line 1o the line voltage terminal on the oil burner
contrel panel. This bot water control should be adjusted 1o a
maximum seeting that will provide a boiler water temperature
ligh cnough to heat the huilding,

3—Anoather hot water control installed in the boiler is wired
across the thermostat werminads of che oil burner control pancl
This control sheuld be adjusted to maintain a boiler water
temperature of 160° or high enough to hear the domestic water
with the indirect heater and will turn the burner on and off 1o
maintain this low limit temperature within the boiler. When-
ever the room thermosiat calls for heat, the boiler water tem-
perature will be built up bevond the sciing of this cantral 1o
a emperature sufficient 1o heat the building or w the setting
of the hot water conteol listed under paragraph 2.

4—A low temperature reverse action hot water control set
at 120° and ar its minimum differential is installed in the hot
water outler of the heater. 1t is wired in series with the
electrical convection from the double pole relay o the Booster
pump mentioned in paragraph 1. Good results have adso been
obtained with this control by locating it in the boiler warer
and sewing it at 150°. The purpose of this control is to give
preference to the heating of the domestic water and shut down
the pump in the event the heater water deops below a pre-
determined temperature. Usually the domestic water demand is
only of a short duration and the hricf shut down of the heating
system not noticeible,
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2 Zone B & G Hydro-Flo system with tankless
heater on an oil-fired high temperature boiler

1—Euch zone is provided with a low voltage reom thermostat
and is wired o a double pole reluy, One pole of the relay

actuates its respective Booster pump and the other pole is wired
to the thermostat termioals of the oil burner panel,

2—A reverse action hot water control anstalled in the hot
water outlet of the heater is adjusted to close the circuit at
120° and is set at its minimum differential and wired to break
the ground circuit wire to both of the Booster pumps. Good
results have also been obtained with this control in the boiler
water set at 150°. The purpose of this control is to give
preference to the heating of the domestic water and shut down
the pumps in the event the heater water drops below a pre-
determined temperature. Usually the domestic water demand
is only of a short duration and the brief shut down of the
heating system not noticeable,

3—A high Limit immersion contral is wired in scrics with the
electrical line to the line veltage terminal on the ¢il burner
control panel. This hot water control should he adjusted so
that it will provide sufficient boiler water temperature to heat
the building.

4—Another hot water control installed in the boiler is wired
across the thermostat terminals of the oil burner control panel,
This hot water control should be adjusted to maintain a boiler
water temperature of 160° or high enough o heat the domestic
warer with the indirect heater. This control will turmn the
burner on and off 10 maintain the low limit temperature within
the boiler, When either of the room thermostars call for heat,
thie hoiter water wemperatnre will be built up beyond the setting
of this contral 1o a temperature suflicient to heat the building
or to the seiting of the hor water control listed under para-
graph 3.
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of controh and equipment on the boiler.

Indirect or tankless heater on a steam heating
boiler, fired with an oil burner or
stoker using room thermostat

1-—The elecrical controls are wired in the conventinnal
manner specified for a steam heating system.

2—A hot water control installed below the water line of the
heating boiler 1s wired in parallel with the room thermostat.
This control will maintain a constant beiler water temperature
below the steaming temperature of the boiler. Whenever the
room thermostat calls for heat the oil burner will be operated
in the conventional manner until ecither the thermostat is
satshied or the steam pressure within the system has been
built up to the setting of the limit control.



Section IV

COMPARATIVE CONTROL CHART

NOTE: The chart helow is as complele as space will permil, Before mixing controls of one manufacturer with those of
another, he sure to check carefully their current carrying capacities and operation with your circuit as these factors

differ in many instances.

KEY
LETTER

CLASSIFICA-
TION

DETROIT
LUBRICATOR

MERCOID

MINNEAPOLIS -
HONEYWELL

PENN ELECTRIC
SWITCH

PERFEX

WHITE
RODGERS

\J

\/

\/

\/

\}

Thermostats — For Heating Systems — Close Circuit

\/

on Temperature Drop

\/

\

LAVITRN QL WODEL TYFE MODEL TiFL WODLL Tt MODEL TIrE MODEL TYPE
) TIOA | SeriEs 10 12202
TA Low VOLTAGE 411PH 2-WiRE H 2-WinE Ta1 W IRE 19202) | 2Wire
Low VoLTAGE— Y RIES e . .| 1350A 120#3 =
™ o aticH poWiRE Ti1A | Semies 10 |870A01C-AA | z-wore [ 1300 2wire | 129931 | 2win
ANTICIPATING
*SPDT
Low YOLTAGE— T21A SERICs 20 13542 :
TC DousLE CIRCUIT NONE 3-WIiRE
™ LINE VOLTAGE CA401 RA 2-WIRE Ta4An 2-WIRE B72A01C 2-WiRE 100D 2-WIRE 18041 2-WIRE
TE L'n::{g'gt?s- asas 2-W 111 B5% 2-WIHE T.lj.‘:zz;‘ 2-WIinL B74A01 Wi 200D 2-WIRK 17648 2-WIRE
Hot Waler Control — Immersion Type — Bi-Metal Opearater
Low YOLTAGE— 65 2-W e 115w 2-wire | L144A | Semits 10 440ATO2 | 2-Win: | @s0D2 2-Wink
WA DIRECT ACTING
Low VOLTAGE— CABS5R 2-WIRE 115wW-3 2-WIRE L1448 SERIES V0 A40ATO1 Z-Wire | €30D3 2-Wire
wB REVEASE ACTING
Low VoLTAGE— NONE *SPDT *SPDT
wcC DouBLE CIRCUIT L2444 | i 5gqies 20 a50K1 ta-wine
i LINE VOLTAGE— CAGBS 2.WIRE 437 2.Wine | Ladaa 2-Wing A40ATO2 2-Wini: | 8soD2 2-WiRE
DIRECT ACTING
WD
ot LINE VOLTAGE— CAGESR 2-WIRE 437-3 2-Wine | Laadl 2-Wine 440ATO1 2-WirE | 650D3 2.WIRE
WE REVERSE ACTING
[T 1] .
LINE VOLTAGE— NOMNL oa { vaPDT g «SPDT
e DouaLE CircuIT 43a7-153 ' 9-WIRE 4s80EN A-WiRe
Hot Water Conlrol — Immersion Type — Volatile Filled Operator
p— - [ ]
WG |G yoLTes 290 e PRALIHL | 2wme | Tarsa | 2w Tvee aso | zwwe [ G000 1 2wine  [111858] | 2w
LINE VOLTAGE— " MH-1 ReEverse | DAS6-3 OR . . | 8coD ¥ 1108 Pd} R .
WH REVERSE ACTING f280 iy " DA37-3 } 2-Wire | T4188 2.WIRE TYrE 431 2-WIRE GOODE} 2-WirE V1080 | EWIRE
| LINE VOLTAGE— NONE DA36-153 oR { *SPDT T415M} { *SPDT 113142 *SPDT
w DousLE CIRCUIT DA37-153 a-wine | Te18A 3.WiRE 113145] | 3-Wire
Relays — With Low Voltaae Holding Circuit — For 115 Volts 60 Cycle Current
LOAD CIRCUIT 5 CONTROL ’ CONTROL CONTROL CORTROL CONTROL L CONTROL
SWITCHING ACTION HapeL clRCuIT MODEL CIRCUIT MODTL ciRcuT Ll CIRCUIT MODEL CIRCUIT HOGEE clRCWIT
SINGLE POLE R18A SERIES 10 793 2-WIRE | 3000D 4 2-WIiRE ao0e-1 2-WIRE
RA SiNGLE THHOW CAZAY 2-WIRE v2-3A108 Z-WiRE SERiEs 10 2-WiREg
NORMALLY OpLN R182ZA ga:mn 20 | ver1BEOILY | 2-Wine | sO10DE {B:mn 10
2-WIRK
DousLE PaLF cARen R132A | SemiEs 10
R SINGLE THHOW o 2-WIRE V3-103A100 | 2-WiRE SERIES 10 79!DEO1LU} z.wine | ma1007 { 2-WIRE
NORMALLY QPEH el R1B2B SERIES 20 783 . " SERIES 10
L 2-WIRE
SERIES 10
RC gg‘fn",_'lp.lf’H":aw NONE v3-153a108 | 2-wire | R182C { SERIES 20 | 791HEO2LU | Z-WIRE
2-WIRE
SERIES 10
RD BounLe $S::w} NONI R1B2C {Srmu 20 | 7O1BEO2LU | Z-Winl. 808-1 | 2-WikE
' 2-WIiRE
|

* SPDT—Single Pole Double Throw.
8¢ WG conuols can be subsrituted for WD,

*8% WH controls can be substirured for WE,
#*08 WI conrols can be mbstiruted for WE.
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SECTION V

sac Hydiroc-Fic

PRODUCTS

INDIRECT HEATER

Where to use
Any steamn, vaper or hot water heating boiler can be
cquipped with this type of Indirect Heater. With the
proper clectrical controls, the Heater will furnish an
ample supply of hot water winter and summer, at a
saving over other methods where a separate water heat-
ing unit is required.
This Heater is well adapted to installation on cither
It should be used with
a storage tank of suitable capacity.

steel or cast iron sectional beilers.

For best results, storage tank should be horizontal
and as close to the ceiling as possible. On steam boilers,
install with top of heater clase to the water line, On hot
water heating systems, keep top of heater level with or
above top of boiler. If tank is low or small, hcater

size should be increased for faster recovery.

For year around hot water supply on all automatically
fired installations, select heater size on 180° boiler water
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(Il o

T

HOT WATIR 1O

- FIXTURES. {E\

|

HOT WaliR
STORAGE Tar

THERMOCHEK

STEAM, ¥YAFOR
OR YACUUM
HEATING BOLER

=

TO CLEAN B & G HEATEH

1._.Ll. (1

Siu,
el
Heater .
Double Coil Heater

——

[torizoutal Tube Heater

Fig. 136,
Imdivect Heater i) w thermostatically operated B &
installed in the gavage retwrn line,

Crarages can bo satisfactorily beated with o I & G
G Beoster is
This avercomes the poor
beating nsually enconntered in attempting to beat the garage by

eravity circulation.

Nal vrnik
)
rL ThuL

i Fig. 137, An excellvmt comrol of twater
' temperature is obtained by installing a BE&E G
fudirect Heater and B & G Motorized Valve

i

Fig. 135, BE G Indirect Heater iustatled below water line
Only one tapping for the wipply line 1o

steel steam boiler.
heater is required for this type of bailer,

as indicated im this diagram., The Motorized

af Vialve shuts off circufation of boiler water

thrangh the Heater whenever storage tamk
rwater reaches the desired degree,

SEE B & G CATALOG FOR S!ZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

INDIRECT HEATER I[INSTALLATIONS {continued)

THERMOMITIR

ROCM THIRMOATAT
Lot
SETTIR  CONTROL
% g
SIS S, 5
LG

THERMOMS TER NORECT

HOT WATER

T WATER FXTURLS -

SICRAGE TANK

10 HOT TO FIXTURES

WATLR LNE WATIR HiATIR
1 ~— STeaw
- - SUPPLY
HOT WATHE —_— '
conTRoL ! ‘
I J COLD
. T & WATER
| | & IF %
1 LATON »
The Rue G HIX W o HIGH PRESSURL
T Dﬁ%" VALYE RELIEF YALYE
1 _J : § |
lk'l i e | L
EPM mow.onr vant »
AUTOMATIC STEAM. VAROR [ L
AT O iR ' CONDENSATE
[ HEATING POLLR RETURN STEAM
- S TRAP

Fig. 138, Al sections of a sectional cast iron bofler must be

tappod when installing an Indirect Heater,

FROM
BOILER

iy

B &G INDIRECT HEATER

Fig, 141, B & G Indirect Heaters may be used

teith low pressure stear.

10 HOT WATER FIXTURES
—

s R oo .
B FASS WlTh
SWING CHICK AND GATE VALVES
i

HOT WATER CIRCULATION RETURN
e WITH SWING CHECK
AND GATE VALVES

HOT WATER
STORAGE TANK

HOT WATER

—— WUME M ATID HOT WAT(R
1O RES AU AT HOT WaTiE 10

LAY ATORRS

| m—

Fig. 139. An excellent installation where twa differcet water
temperatures are required, The Indireci Heater supplies fot
water to the storage tank for use at the lower temperature.
Hat water for the bigher lemiperature is also drawn [ronms the
storage tank but §5 passed through the Tankless Heater where
it 35 super heated, This application is frequently used in res-
tarrants, bospitals, botels and faclories.

Fig., 140, Where it is impassible to raise the storage tank to
the praper beight for gewd gravay cirendation, the use of u
B & G Boaster, installed as indicated, will supply a remedy.
The Booster provides forced circalation between Heater and
tank, with i1s aperation controlfcd by o Hor Water Control
in the tank.

SEE B & G CATALOG FOR

1509

CONTROL

WALVE

To LINE
SOILER  VOLTAGE -~
& oS colp
FUSED L';"f WIR WATER
SWITCH LL«‘ -

Fig. 142, Semi-tankless pumped insiallation. Tempered water
stored in fank is drvaww through the Indirect Heater before
gaing to the fixtures,
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S — 'r
( HOT WATER CONTROL

FROM

BOILER

— | =] HOT WATER

| STORAGE TANK
BLG | | ruseo
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H BOOSTER

BOILER i S e S 4

SIZES AND CAPACITIES



Section V

B & G HYDRO-FLO PRODUCTS (continued)

TANKLESS HEATERS

Where to use

{Do nol use in hard waler lerrilories without a
waler softener}

The B & G Tankless Heater is designed 1o meet the
need for a heater of unusual capacity which can be in-
stalled in bascments lacking space for storage tanks—
or where service water conditions would make it neces-
sary to use expensive copper or other non-ferrous tanks.
It likewise saves the cost of a storage tank, pipe, fittings
and stand. The usc of a B & G Warternmixer is recom-

In hard

water territorics, a water-softener will prevent liming,

mended on all tankless heater installations,

This heater also solves the problem of keeping the
basement clear for use as a recreation room as it fits
snugly to the boiler,

Where pressure is higher than 40 Ibs,, it is advisable
to install a reducing valve in the cold water supply 10
the heater,

TANK — =

B&G
COMPRESSION
SQUARE HEAD
COCKS
/‘ x\\
/ ‘\\} y B&G
x SIMPLEX
RELIEF

Nas. 200 and 10 Heater

BOILER LOAD

For residenual use, where hot water is drawn in com-
paratively smafl quantities, little load is placed on the
boiler. Remember, however, that when the water “draw”
is more or less constant, as in restaurants, a heavy load
is placed on the boiler, Care must be taken that the

beiler has sufficient capacity to handle this load. See

page 3.

BAG AIRTROL
}=TANK FITTING

B&G AIRTROL

BOILER FITTING

B&G TANKLESS

] HEATER
- %4 BLG
¥ HIGH PRESSURE
| RELIEF VALVE
I % 5
- U [ s -
B3-BB OR12 . - TO HOT WATER
B8G ol s FIXTURES
F. REDUCING VALVE }
:; b . CcoLp I : S
'| = CWATER | BLG )
| ) WATERMIXER COLD WATER
B B\f‘G | "i 5 [
BOOSTER ) {L e
/"‘:/T I
w0
DRAIN =) .

Fig. 143

B & G No. 20 ar 30 Tanbless Heater installed on a bot water boiler,

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

' ' I -
BOLTED TYPE HEAD

An excelient heater far hard water territory

The B & G Tank and Fleater offers many advantages,
as it both heats and stores the water in the same unit,
It can be operated by passing cither steam or hot water
through the coil and is an excellent heater for hard
water territories. Large capacity in compact space makes
this heater particularly suitable for boiler rooms with
fow head room.

SCREW TYPE BRONZE HEAD

This unit is used for similar purposes as the heater
shown above but is equipped with a screw type head.

TO HOT WATER FIxTURES
-
1l
fl
el ||
wor wata 1|
CONTROL "|
e ST | L weomns J
|
— e e e
|M BAG TANK & HEATER IL ‘{}
l pvi=— i
]l
I

Fre, M4, Curvect imstallation of a B & G Tank and Heater
on a gas-fired boiler,

Fig. 145, Excellent contral af bel water temperatuyre is ob-
tained with this installation. The Hat Water Cowtyol in the
tank stavts the Booster whenever water temporature Julls below
the desived degree. The Flo-Control Valve prevents gravily
circuilation when the Boaster Iy wal vauning.

C
FILL I

Fig. Ii6. B & G
Tawk Heater installed
o a bot watvr boiler

‘| | cauipped for foreed
circulation and year around domestic bol water supply.

TO FXTUREY,

A

Fig, 147, Instaliation of a BE G Tank Heater below the waier
line o a steel steam boifer. Neote the Thermochek for con-
trolling starage tank temperature,

&

Fig. 148. B & G 1ank MHeater beated with tive steam, The

tteam reguluting valve prevents overheating of the water in the
storage tank,

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

U ... ____\L_RS
Where to use

Unitem Heaters are for use in cither steam or hot
water steel boilers of any size or make. When installed
in steam boilers they are placed below the water line;
hence it is not necessary to have steam pressure on the
Gailer in order to ebtain a continuous supply of doemnestic

ﬂ: HOT WATER

HOT WATER STORAGE TANK

COLD WATER FILL

BLOW.OFF YALVE

Fig. 149, This standard stovage tank insiallation asiires plesty

of bot water in the tank to take cave of peak demanmd periods,

J——3 HOT WATER
ff i

r,n
v/

Offset Unitem.

hot water. These hearers have an excellent record for
cconomy in forced circulation hot water heating systems,
with thousands now in operation in apartments, schools
and industrial plants. This heater can be installed for
cither tank or tankless operation. A different style head
is required for each type.

BUILDING
RETURNS

J= -

HOT WATER 1O FIXTURES

HOT WATER
|_1 STORAGE
g TARK

854G HIGH
UNITEM b oheen ‘l PRESSURE
TANKLESS boeead | RELIEF
HEATER g ‘” HOT WATER VALVE
. BPY contrOoL

=1

1 x VARG cow
STEAM OR VAPOR WATER

HEATING SOILER e P-4

...ﬂj.J.,‘j.
14 G BOOSTER O—onn

Fig. 152, Semi-tankless, pumped installation. The

| S

Boaster remuarkably increases waler heating efficien-
oy, pernits low tanks and delivers instant hot water
to all fixtures.

"
S — |

B & G UNITEM HEATERS l

™ BLOW.OFF 4

YALYE ‘U

Fig. 150. A multiple BE& G Unitern Heater
starage lank installation—aoith ealers con-
nected in paraliel,

— ¢

RETURN
-

BAG
HOT WATER HIGH-PRESSURE
1O FIXTURES RELIEF VALVE

()
S | s
o/ )
B& G UNITEM HEATER

v\

4% s "y

Fig. 151.

£ }4 COLD WATER %:‘

HOT WATER TO FIXTURES

B LG UNITEM HEATERS

Fig. 153, Multiple BE G Uniters Heater tankless
) nstallation—awith Tealers connmected in series,
| =

BUILDING
RETURN

Tankiess installation—particularly suitable where

lack of space probibits u storage tank or where there is a beavy

and constant “draw’.

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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SNection V

B & G HYDRO-FLO PRODUCTS {continued)

TYPE ““SU” HEATER
INSTANTANEOUS

Where to use
The heaters described herein are of the *steam to
water” type. The ratings are all based on steam in the
shell and the heated water flowing through the tubes,

These B & G Type “SU” Instantancous Water
Heaters are ideal for industrial plants or wherever large
volumes of hot water are required continuously for
service water supply or process work. No storage tank
is required, thereby saving space. The abundance of
heat transfer surface in these units heats water instantly
as it is needed.

The B & G Type “SU" Water Heater can be easily
connected to any stcam boiler or system. Additional
boiler capacity for the Water Heater depends on the
other steam loads imposed on the hoeiler, If the capacity
of the boiler is required continuonsly for other demands,
additional capacity mast be provided for the water
heater,

TYPE “WU" HEATER
INSTANTANEOUS

Where to use

The “WU” Instantaneoas Water Heater (water to
water heat transfer) is equipped with a B & G Booster
which pumps boiler water through the shell, thereby
greaily increasing the capacity of the Heater. Large
volumes of hot water are preduced by an amazingly
small onit.

Because of pumped circulation, the connecting pipes
and fittings are radically reduced in size. Hence,
material cost is trimmed to the bone and cutting and
threading can be done on the job. No storage tank

needed

another sabstantial saving,

Controls service water temperature

The Booster also provides a means of closely control-
ling service water temperature. A hot water control,

R

Fig. 135, Instaltation on Lot water boiler, When the "WOUY
[Yeater is installed an a hot waler boiler, the B & G Booster
shonld discharge inta boiler,

SEE B & G CATALOG FOR “WU" CAPACITIES,

- 3
WET MATL i T
A

COLD wWATER

Fig, 154, Iustallation of "SU Hearer, shawing the coutrol
cauipment nsed to keefr service water al oa predetcrmined
tem peratore.,

installed in the hot service water supply line, starts the
Beoster whenever service water temperature goes below
the desired degree. The Booster pumps boiler water
through the shell of the Heater nntif service mater is
agdin at the correct temperature, and is then stopped
by the centrol.

The combined cost of the *WUI' Heater, Booster,
pipe, fittings and labor is actually less than for a
gravity-circulated heater installation big enough to do
the same job.

Fig. 150, lustallation ou stvam boier. Diagram shows bow
L & G Booster is installed 1o circntate boiler water throngh

the "W tnstantaueons Water [Teater. Nofe that heifcr teater

w5 discharged imto the beater.

“SU™ CAPACITIES SENT ON REQUEST.



Section V

B & G HYDRO-FLO PRODUCTS (continuved)

TYPE “CWU"” RADIATION HEATER

Where to use
The B & G Hydro-I'{e Radiation Hearer now makes
possible the advantages of Forced Hot Water heating
in new additiens to a building even though the present
heating plant employs a steam boiler,

Besides assuring better heating, a Forced Hot Water
svstem can generally be installed at less cxpense, as
the supply and return mains are usually casier to run
than those for steam,

installation ¢nd operation

The B & G Radiatien Heater is a “shell and tbe”
heat exchanger and is installed below the water line of
a steam boiler. Hot botler water is pumped by a B & G
Booster through the shell, theeeby heating the water
for the heating system, which is prmped throngh the
tubes of the Heater. Pumped circulation of boiler

water gives the Heater much greater capacity.
B £ paaty

Pumping the water through botlr the heater and the
heating system not only affords excellent temperature
control, but also permits the use of much smaller pipe
and fittings. This reduces both material and labor costs.
In fact, the installarion of a “CWU” Radiation Heater,
including Boosters, pipe, Attings and labor is, in most
instances, the most economicdl method of enlarging
stcam heating systems.

Temperature control in the system s very simple
and accurate, A room thermostat starts both pumps
when heat i1s needed. If the steam boiler is automari-
cally fired, a water temperature control installed in the
boiler will start and stop the burner to maintain a mini-

mum required boiler water temperature,

| 1]
-

i
o L) r

r _— T -
. . | Y
l | | | ) FOR BOILLR
L S SO ] % PRSI T | WATER

f |
Fig. 157. B & G Radiation Heater installed on sectional cast
iron bhoiler. Nole that direction of boiler water flow is from
bottem of boifer thrangh shell of heater. If boiler bas sub-
merged upper mipple construction, ne header connmection as
shown is needed: one connection lo boiler is sufficient,

muF

" \
= RS T

Fig. 158, B & G Radiation Heater installed an stecl boiler.
Note that direction of boiler water flow is from bottom of
builer through shell of heater, If it is necessary o cul an open-
g in boiler, it is advisable to check with lacal boiler codes or
Latos, especially of builer is other than a low pressure beating
hoiler.

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

TYPE "'CSU’’ CONVERTOR

Where to use
In general, any device which transmits heat from one
medium to another may be called a convertor. Thus, a
boiler which transmits the heat of combustion to water
or steam, or a radiator which transmits the heat of steam

or water to air, may be called a convertor.

Specifically, the term convertor is restricted to the
device used to transmit heat from steam te water, or
from water to water, where the heated water is used as

the heating medium for a heating systen.

Although there are many patterns and designs in
convertors, all convertors are built on the same general
principle. This is to direct the flow of fluids so that the
heating fluid is separated from the fluid to be heated by
a material which has a high coefficient of hieat transfer.
Thus, there is no mixture of the fluids, only the transfer
of heat from hot to cold fluid.

In practice, the convertor is usually made of a shell
or tank, which usoally contains the heating medium.

B&G COMPRESSION TANK

COMBINATION PRESSURE p@aG AIRTROL [
GAUGE AND THERMOMETER TANK FITTING —_
- .

Immersed in the tank or shell are copper tubes through
which the cool medium circulates, absorbing the heat of

the heating medium which surrounds the tubes,

The convertor is frequently used in buildings where
steam 1s required for processing work but where the
advantages of o hot water heating system are desirable.
Steam from the boiler is passed through the convertor,
where it heats the water in the copper tubing, The water
is then pumped 1o the units of the heating system as
needed.

The effect of pressure drop in Converlors
It is wise to be generous in sizing a convertor, just as
inn the selection of a boiler. Generous size provides a
margin of safety, and as a rule, the Targe mnit does not
absorb as much of the available pump power.

Heat wranster is affected by the velocity of the heat-
ing and absorbing materials; the greater the velocity,
the greater the transfer. But as the velocity increases,
the friction increases approximately as the square of
the velocity, Thus if the veloeity is doubled, the resist-
ance is increased four tmes, but the hear transfer is in-

creased by enly one half.

It is apparent then, that a convertor can be made to
increase its capacity by increasing the velodity of cither
one or both of the fluids passing through it. But in so
doing, while reducing the first cost by installing a
smaller unit, the operating cost is increased all out of
proportion. The saving in first cost will he outweighed
many times by the increase in power cost.

BE&G STRAIGHT FLO c | == B8
CONTROL VALVE RELIEF
SUPPLY MAIN /7 VAWVE

s L~ STEAM CONTROL
VALVE
{nvoT FURNISHED WiTH
THE HEATER)

i k}“""““'STEAM

B8 06 BOOSTER
FOR RADIATION

CONDENSATION
RETURN

VENT IN ACCORDANCE
L IWITH TYPE OF STEAM
SYSTEM INSTALLED.
Fig, 139, Typical tnstallation of B & G Type “"CSU" Convertar comnecled 1o a steam boiler. Water beated in

the Canvertor &5 pumped through the heating system with a B & €& Booster,
SIZES AND CAPACITIES SENT ON REQUEST
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

AIR-TANKLESS WATER HEATER

(FATENT MQ. 22503471
Where 1o use

The B & G Air Tankless Heater is a combination
tunkless heater and air tank. It is designed to meet the
need for a heater which can be installed tn basements
lacking space for storage tanks or where service water
conditions would make it necessary to use expensive
copper or other non-ferrous tanks. It likewise saves
the cost of a storage tank, pipe, fittings, stand and
standard expansion tank.

Fig. 160, Typical in-
stallation of B & G Air
Tanbless Water Heater,

CLEAN-A-COIL VALVE

Where to use
The B & G Clean-A-Coil Valve offers
genuine help in keeping hearer coils
| frec of sediment and lime. Erery time
a faucet is apencd, the Clean-A-Coil
: Valve AUTOMATICALLY and thor-
onghly backwashes the beater!

I When all faucets are closed, the

l water circalates in the usual manner—

. from the heater to the tank and back

to the heater again. When any fancet

is opened, the operation of the Clean-A-Coil Valve

causes the water to reverse its usual direction of flow.

Cold water enters through the Valve, flows through

the heater in the direction opposite to the normal flow
and thence into the tank,

This back-wash flew is much more turbulent than
the heating cycle flow and its scrubbing action effective-
ly cleans out sediment.

Ideal for side arm gas water heaters
Where the temperature differential between incom-
ing cold water and the hot water in the heater is great
enough, the entering cold water contracts the heater
tubes sufficiently to crack off lime. Since large tempera-
ture differentials generally occur where direct flame is
applicd to heater coils, the Clean-A-Coil Valve is par-

ticularly effective on side arm gas water heaters.

[ 7 77 MATIC . «t

BLG FLO CONTROL
s VALVE

S 1 —
i ﬂ ! I
WATER £ .

—_

- = VT DTy
CLEAN-A-COIL ' 1 =—{
VALVE ~ ~ _—

CLOSED

TP COMD WaTR

Herw the water is circulating in | direction

heater 1o tank and back 1o heater. The puto

s at the bottom of the fitting, leaviag the heater

ank ports cpen.

10 FIXTURLS
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Opening any {aucet cautes the incoming cold water I
10 It the piston w0 that it bl he tank connectio ’LG
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Fig. 161, Diagrams show bow Clean-A-Coil Valve reverses

the flow of water when a faucetl i opened.
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

HEATER UNIT
TANK HEATER—WITH OR WITHOUT COLLAR

Where to use
The heating unit of the Tank and Heater may be
purchased separately, either with or without the collar,
for inscrting in already installed tanks,

THERMOCHEK

Where to use

The B & G Thermochek offers protection to indirect
water heater installations employing a storage tank. It
may be used on any type of automatic or hand-fired
stearn or hot water boiler and with all types of Indircct
Heaters, except those built inte the boiler,

1. Reduces tank corrosion. Research by manufacturers
of hot water storage tanks shows clearly that water
heated above 160° has a rapid deteriorating effect on
galvanized tanks. They are cmphatic in recommend-
ing the use of a dependable temperature control to

lengthen tank [ife.

Fip, 163, The Thermochel is insialled in the retnrn line from
beater to boiler. It remains apen, permiiting circudation of
boiler water throngh the heater facker, until storage tamk ten-
Perature reaches the desired degree. I them auntomatically
coses, shutting off the flow of boiler water, nntil hot twater
dentands lower ibe stovage tank lemperature.

2, Minimizes liming of heater coils and service water piping. In miost localitics, water heated beyond 140° causes

rapid formation of lime and sediment. The Thermochck prevents this overheating by accurately controlling the

temperature of the water in the storage tank. Operation is completely automatic.

WATERMIXER

Where to use

The B & G Watermixer can be installed with any
type of direct or indirect domestic water heater to main-
tain the outlet water at a uniformi temperature,

The ordinary tempering valve is seriously affected by
variations in pressure drop through the heater, as the
correct adjustment is dependent upon a constant pres-
sure. Since the pressure drop varies in accordance with
the rate of “draw,” it is obviously impossible for the

1

Fig. 164, Typical installation of B & G Watermixer,

conventional tempering valve to maintain a uniform water temperature at the outlet. In a small tankless heater,

for example, the drop in pressure may be as much as 8 to 10 Ibs.

The B & G Watermixer completely climinates this difficulty by its new and exclusive design, A bi-metal coil,
snbmerged in the mixed water, is employed 1o open and close a balanced valve. This valve is so constructed that

differences in pressure drop do not affect its opceration.

v WITH
CLOSE
NIPPL

QS |

Fig. 162, Method af connecting
B & G Amtomatic Air Vent,

AUTOMATIC AIR VENT

An improved valve for amtomatically and positively
removing air from the piping of any type of hot water
heating system. When installing, use « close Vg’ nipple.
At slight additional chatge, a copper overflow connector
can be furnished, For overflow pipe from the connector
use 14" O, copper tubing.

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

BOOSTER PUMP

Where to use

For modern forced circulation systems. The B & G
Booster is the heart of a modern forced hot water heat-
ing systern, In combination with a B & G Flo-Control
Valve and BB & G Indirect Heater, both heat and
domestic hot water are furnished for the usual cost of

heat alone,

For improving gravity hot water heating systems. The
B & G Booster ends slow, uncertain heating in old style
gravity hot water systems by greatly speeding up slug-
gish circulation. By increasing circulation over the prime
heating parts of the boiler, beat is picked up rapidly,
thereby reducing loss through the chimney.

For circulating hot er cold service water. In large
service water installations, a B & G Booster assures in-
stant water at every faucet. Where a heater installation

is undersized, a B & G Booster will inerease its capacity

by as much as 23%. A distant or low storage tank,
where gravity circulation is difiealt or impossible, can be
effectively and economically circulated by this pumnp

unit.

S5EE PAGE 38 FOR BOOSTER CAPACITY CHART

e

FLOw 10 FT mswowreﬂs [J—
P — _[_ fq_:
e | ‘{ ‘l‘ . J} :mtv‘fb
o scumz“‘ bod -
c”ééEsl? hos
B —i7

"HOI WATER HEATING BOILIR

Fig. 166, Showing a B & G Baoster nsed 1o
improve circulation in an old  gravity system.

-

— e

Fig, 165, The B & G Horizontal Booster is adaptable ta in-
siaflation tn a choice of many diffevent positions (see above)
—a greal convenience in meeling every sitnation which may
be enconuntered, The fact that the B & G Booster can be in-
stalled in awm wupright pipe has many advamtages. It can be
Placed bigh enough above the floar to avoid the hazard of a
flaoded basememt. Sedimems and sindge cannot accumnlate
when Circulators are installed in this manner and no pocket
of water is left to freeze when the system is drainmed., All
horizantal type Boosters are flanged.

Lateer boiler temperatures may be carried, thus
redncing fuel consumplion,

BeG
FLO-CONTROL VALY
AR st

B4 G
INDIRLCT
MEAH»(

H o]l
L)\LLR
FITTING

Fig. 167. Foreed circnlation system with radiators on same
fevel as boiler and mains below floer. Note equalizing con-

uvction to compression tank,

SEE B & G CATALOG FOR DIMENSIONS AND COMPLETE DESCRIPTION



Section V

ZND FLOOR
ZONE

B & G HYDRO-FLO PRODUCTS (continued)

BOOSTER INSTALLATIONS {continued)

STEAM OR YAPOR
R”

BAG
MOTOAIZED
VALVE

~ A/<
=3 HEATING 80
s 2
A e
7 i | warnw
CONTROL

1

BAG AIRTROL

BOLER FITTING - g
Quagr.reAD
Fig. 171. Booster circulating the water between a
THO ZONES B & G Indirect Heater and a wverlical storage tamk.
Forced circalation assures ample hot water, not possible

=
= l: ii BLC BOOSTER : i
il " otherwise becarse af 1he fow position of tank.

& I

pe i ez Fap
9 _J” .

Fig. 168, Booster used in confjunction with Matorized Valves
The Moatorized Valves are

to provide a two zone control,
apened and closed by the room thermostats, The Booster starts

simudtancously when either valve opens,

BAG IND
HEATI
J/‘-_—‘_: — = FOT WAITE 1O RXTUREY
—4 i K:;tl:‘:1(nlu|_p,
- [ 6
/ 886 THERMOCHEK ]
[
|
1 S
\ |
| " L~
N
e "
POCATER
[ e SR T
HoED Fig. 172, Three zone hot water installation twith
= B & G Boosters supplying forced circulation.

Fig. 169. B & G Booster nused to circulute bot

L '*-\ - . ) _

water fo fixtures.
Wi
e WATER Lk x
o G W
-+
STEAM
HEANNG
BOLER
4
A
\
i
Frg. 170, B8 & G Booster wved 1o civerlate bailer

water thrawgl o Tow hearer.

SEE B & G CATALOG FOR DIMENSIONS AND COMPLETE DESCRIPTION
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

‘“PD BOOSTER PUMPS

These DBooster-type pumps are designed to fll the
need for an intermediate range of heads and capacities
between the standard B & G Booster and B & (G Uni-
versal Pump. They are as large as is practical for a
pipe-mounted circulator and have application in large
apartments, industrial and commercial buildings, hos-

pitals, schools and garden apartments,

“PD Pumps have all the features of desipn and con-
struction which have made the B & G Booster the
largest selling pump in ity feld, See page 45 for ca-
pacities.

UNIVERSAL

Where to use
THE B & G UNIVERSAL PUMP is designed pri-

marily for large warm water heating systems in apart-
ment buildings, office buildings, factories, schools, etc,
The installation can be operated as one large single zone
or divided into several zones by coutrolling the circula-
tion of the pumped water through each ciccuit with a
B & G Motorized Valve, operated by a zone thermostart;
the pump being cither operated continuously or until af?
valves are in the closed position. See page 45 for

PUMPS

Capacity Chart.

Cast Iren
Monoflo Fitting

Copper
Monoflo Fitting

MONO.'LO FITTINGS
Where to use

The obvious advantages of cost, neatness of installa-
tion and the elimination of invelved designing in the
one-pipe Monoflo System  have justified its rapid
growth in popularity,

The Menoflo Fitting is entirely different from other
devices claiming to perform the same functions, For

these reasons:
1. It is scientifically designed to induce flow into the
radiators without penalizing the pump with excessive

resistance,

b

. It is not dependent upon variations i main sizes to
obtain proper resistances.

3. It permits radiators below the main to be operated

as successfully as those above the main,

4. It mantains a uniform distribution of hot water to

radiators, regardless of position.

Comparison with otber fitdngs of this type will show
Moneoflo Fittings to he units of exceptionally precise
manufacture. They are made by a machine designed
especially for the purpose which taps the threads so
accurately that installation is always casy.

e ———
- ! it
L

Fig. 173, Por most installations
where radiators are above the
main, only one Monoflo Filting
need be used for each radiator.

ki

Fig. 174. Where structural char-
acteristics of the installation might
cause a guestion as to proper cir-
culation, use both a Supply and
Retnrn Monaflo Fitting.

[ -
] R
I . I
o M=
Lk Wt
IL
|
L

Fig. 175. Radigters below the
main require the wse of hath a
Supply and Return Monoflo Fitting,
Just turn the Fitting orver for
down-feed aperatian,

SEE B & G CATALOG FOR SIZES AND DIMENSIONS

120



Scetion V

B & G HYDRO-FLO PRODUCTS (continued)

' FLO-CONTROL VALVES

Where to use
Flo-Control Valves are used in foreed circulation hot
water heating systems to prevent the circuladon of hot
boiler water when heat is not needed in the radiators.
J They thus permit the year around operation of an Indirect
Water Heater as well as providing a method of maintain-

ing a uniform room temperature during heating season,

See Page 31 for Installation Diagrams

> otern Val RELIEF AND REDUCING VALVES Straight Petern Valve

o )T I s e 120 ds Sices 17-HAT- 1A serewed 2 endds

" 2T W Nos. 175-250-499-1000 Safety Relief Valves 27~ 204" - 37 - 4" flanged 1 end
mser v ond Designed and Built to ASME Code Requirements =aéretieg, L cnd
Tested by National Board and labelled with ASME symbol.

, Not “pop” type valves! Diaphragm operation transmits more power during open-
ing and clesing of valve. These valves establish a new standard in low differential
! between opening and closing pressures. This is important if hoiler is at high tempera-
ture, as dropping the beiler pressure considevably below that at which the boiler

water will flash into steam can create an annoying hammering condition.

Metal-to-metal scats are ground and polished—no guides to stick or jam.

Under normal operating conditions, thermal ex-

“"r- Nos. 250 and pansion within the system lifts the valve just far o LOW PRESSURE
1

il RELIEF VALVE

& 499 enough to discharge water at a low rate of flow. A

No. 175 Under emergency conditions, the valve is opened
wide to its full rated capacity.

Capacities from 173,000 to 1,000,000 BTU /Ly i
—maximum setting 30 1bs. J

Simplex Relief Valve
| Body is of heavy cast iron construction and valve

scat of rust proof bronze. Any pressure in excess

of 30 lbs. lifts the extremely large, phosphorus 1
bronze diaphragm to relieve the system. The large

area of the diaphragm assurcs ample lifting power g I © Pressure Relief
No. ' 300 and positive action. No guides to set up friction ¥ T m hot water boiler.,

Simplex or hecome corraded.

No. 3 Dual Unit Valve -
The B & G No. 3 Dual Unitis a low-priced combination relief l
and reducing valve—yet is built to the high standards of all

B & G Products and offers many ontstanding superiorities. The N aLe
body and all parts exposed to water are made of corrosion-proof ‘-'J‘i .
metals—with built-in strainer and extra large relief diaphragna. ‘ ' | T’ e
The Reducing Valve is factory-set at 12 lbs, but can be eastly ‘l
‘ adjusted to mcet varying build- ‘\
- . . |
i X ing l-u*lghts. N(f 'ch:lttcrlng—tlhe i
. ‘ l special  composition valve disk o SR o
\ . . _ =
seats on stainless steel and is { g | o ! ﬁ 5
- 3 . - H —! !
practically noeiscless in operation. | |
-
! r’
' No. 8 Dual Unit Valve ‘ :
|
{ ] Same valve as No. 3 Dual - —-L
Dual Unit Unit, bt with iren body. Fig, 177. Dual Unit Valve installed on bot water boiler,

SEE B & G CATALOG FOR SIZES
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175 o o D-:

Neos. A3 and A8

Mes. 4 5-9-10 High

Pressur f Valve
'
I
MNo. 400
b
Mo. 12
i

Mos. BI and B2

Seetion 1

B & G HYDRO-FLO PRODUCTS (continued)

RELIEF AND REDUCING VALVES [(continued)

Nos. D-175 and D-250
. Dual Unit Valves

Designed and Built to ASME Code Requirements

Combination relief and reducing valves with the
relief valve tested by the National Board and label-
led with the ASME symbol. Capacitics 175,000
and 250,000 BTU/hr—reducing valve factory-set
at 12 lbs.

No. A3 (brass body) and No. A8 (iron body)
Relief Valve

The same Reltef Valve used in the B & G Dural Unit.
Size o™ only. Maximum setring 30 lhs,

. 4-5-9-10 High Pressure Relief Valve
ned to give protection against excess pressure in
st fc water systems. Diaphragm operated, with all
"1 parts made of brass, Nos. 4-5, brass body;
Nos. 9-10, iron body.

No. 500 Self-Filling Valve

This unit combines the function of a Relief Valve,
Reduang Valve, Strainer and Ly-Pass Valve, including
an Emergency Relief Valve to protect boiler against
water hammer in the domestic watee system. All parts

exposed to water are of corrosion-resistant bronze.

The relief valve opens at 30 lhs. pressure, The
factory setting of the Reducing Valve is 12 1bs. and can
be adjusted for varying building heights. By-Pass Valve
Is 4 and permits rapid filling of the system—an ex-
clusive feature. Relief Valve setting non-adjustable.

No. 510 Self-Filling Valve

Exact duplicate of No, 500—without Emer-
geney Relicf.

No. 12 Reducing Valve
All working parts are Dbrass, with built-in
strainer. Factory-adjusted at 12 lbs., suitable
for 1, 2 and 3-story buildings. Easy adjust-

mgt,

HIGH
PRESSURE
REDUCING
YALVE

*\ HIGH PRESSURE
RELIEF VALVE

Fig, 178. Valve installation {o
damestic twaler service.

DR AL

Fig. 179, No. 500 Valve iustall-
ed on bot water boiler,

LOW PRESSURE
REDUCING
YALVE

Fig, 180, Method of installing
Low Pressure Reducing Valve on
hat water hoiler.

1 !

Nos. 6 and 7

High Pressure Reducing Valve

Nos. B3 and B8 Reducing Valve
No. B3 has brass body—available ouly

with male and female connection.

Protects plumbing fixtures against ex-
cessive line pressures. Factory-adjusted

for 150 [bs. initial pressure, 45 Ibs. de-

livery pressure. Other pressures must be

No. B8 has iron body—available only with
male and female connection.

SEE B & G CATALOG FOR SIZES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

COMPRESSION TANK

Where to use

[he use of a compression tank on ¢losed hot water
heating systems Is now untversally recognized as essen-
tial, Expansion of heated water is taken up by the tank,
providing a cushion of compressed air against sudden
pressures and water hammer sbocks which might fnjure
the boiler,

On high temperaure installations, a closed system
with a compression tank is absolutely imperative, in
order that snfficient pressure can be developed to pre-
vent boiling of the water in the system. B & G Com-
pression Taunks can be installed either in the basement

or any convenient place in the system,

B & G Compression Tanks are not to be confused

BAG
AR TANK
AMD RELIEF

VALVE

BXG
AR TANK
AND RELIEF YALVE

R 2]
BOOSTER

[R—

Fig, 183, System with mam below floor and radiation on

same fevel as boiler,

AIR CHARGER AND TANK DRAINER

live minutes’ time and a simple twist of a valve
handle twice cach year will assure the owner of an “air
charged” tank. No more water-logged tanks—complcte
simple operating tnstructions come packed with cach
valve. Size 14 with 3" tapping for veno tube,

with ordinary range boilers, but are built for the specilie
purpose of assuring safety to the system. They are
cavefully manufactured of copper-bearing stecl, welded
to absolute air-tightness and mase pass exacting tests
before leaving the factory,

BEG
SPECIAL
AIR TANK

)

FLO-COMTROL SRR
VALVE

AUTOMATIC
AIR VENT
WITH OVERFLOW
10 DRAIN

B& G {-—t]&

946G -
AIR TANK Z

AND RELIEEL 7
VALVE ( Y BAG
] AlR-
i CHARGER
)| ELTURN

>
\ B85 G FLO.CONTROL

B G

| JH_"C-SILH
B
|

Fig., 184, Overbead system Jor high buildings.

' ‘ \ ' 1

1

Fig. 185, Methed of 1ustalling « B & G Air Charger and
Yank Drainer,

SEE B & G CATALOG FOR SIZES AND CAPACITIES
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Section V

B & G HYDRO-FLO PRODUCTS (continued)

AIRTROL SYSTEM
Where to use

The B & G Airtrol System successfully eltminates the
accumulation of air in the radiators of hot water heart-
ing systems—an annoying problem wever before satis-
factorily solved!

When water is heated it releases uir in ncarly direct
proportion to the temperacure of the water. lo other
words, the hotter the warer, the less air it can hold in
solution, Conversely, as the water cools it re-absorhs
air until the original content is restored.

Ir is this physical relationship between air and water

A GL TANK | a—— 10 RADIATORY
TTING 1O CONIROL
. B& G AIRTROL
; BOILER FITTING
: i3 ,

Fig, 186, Installation an boiler with external type water bealer.

BLG COMPRESSION TANK
R = B
B&G - }
ARTROL TANK — % .';'c‘r'r.t:,‘..'.-?'f'.k-.-,
FITTING f’ T
BAG I b‘ B o Favuions
ASME | | |
RELIEF & &g+, B&G AIRIRCL
vaLve T —————y  *  BOIER ANWNG
N
’ vy B
f‘i B
(=
i l, NIPPLE §
T LONG FOR
reom soain ALL SIZES
FADIATORS
2
ot ’l T '__WI

_ L )
Fig, 187, Installation on boiler with side operning, Sece table
below far correct sizes of reducing tee.

SIZES OF SIZES OF REDUCING TEE
AIRTROL BOILER

FITTINGS | A -8 | <
ABF—-1" et 2!
_ABF—-113" 2" 2"
ABF—-11" _”7] a2 SAME AS BOILER
_ABF-2" ’ 4" 13t OUTLET TAPPING
ABF—212' & | a3 |
ABF—-3" . =L S
ABF—-47 | 8" J 6

which in the past has caused air binding in the system
and sometimes waterlogging of the expansion tank.

B & G Airtrol System now provides a genuine
remedy—amazingly simple and effective. It consists
of two basic parts—the Boiler Fitting and the Tank
Fitting. Their combined function is to trap air in the
compression tank and prevent its return to the boiler,
piping and heat distributing unirs,

¥ RO 1
RADIATORS ~ !

(1
G
|

BaCT * 5 |
BOOSTE T

|

COLD WATER 4
fiLL —= ‘

BOWER

{]
DRAIN - T

Fig. 188, Installation on boiler with built-in water beator,

110 RAMATION

1O ARTROL
TANK PIING

L ! AIRTROL
L=—1 - BOILER FITTING

Feg, 189, Airtrol Bail-
er Iitting installation
fn cast fron boiler
showing correct depth
of tube,

SECIIONAL BORER " BELOW TOP

)
‘.‘
5 .
4 ‘ | ‘
- NOT LESS THAN
CAST IRON .
. lrﬂ-i m OF NIPPLE POR1
] it ~

~ MNP SO SCRGENG {1 § MR
] TO RADIATOAS
1O ARIROL
. . L, TANK FITTING | _B4G ARIRO\
Fig. 190, Airtrol Boiler —_— BOILER FITTING

Citting installation in
stecl ar round cust trom
bosler, showing correct
depth of tube.

NOT LESS THAM 3
BELOW TOP OF
INSIDE OF BOILER

Bt J

& ;‘ STEEL OR ROUND <
10P OF ) CAST RON BOWLER ]
N e e



Section V

B & G HYDRO-FLO PRODUCTS (continued)

.
AIRTROL SYSTEM (continued)
, B84 FLO CONTROL VaLYE .
( /
‘e AIRTROL Lot
{P—J"W aacts AR TANK Bl
BAG B ‘ “ v
AIRTROL 1 R ——— 1) E .
BOILER | 1
FITTING A EDUCIG
O T 0 IN - IC
= - O LT« N¢ e %
T ——- . ) . WATER —3—
| 1| Total L thof ital tic 1 from SUPPLY AIRTROL
[ i to Jdr A % A TANK
Ladla | - — = FITTING ?
‘ Lm0 TFLe d -20 Ft. am not GLOBE (TY DRAIN
me TH. n n o Et VALYE  prnucnG PLUG FROM AIRTROL
MR R | < VALVE LOILER FITTING
f:q fui : I v 1/ ) ) .
—_— — = Fig. 192. Installation af B & G Reducing Valve for antomatic
fill.
”
— %! )
r .mﬁ!u plic anTROL ‘._,ﬁ:{‘; J g}"lq
. et
e e - \u 7 : i
r ﬂ.k& .’LJ’” Es'a P
[} FATeR |/Tl
b o ﬁ‘l
[ - P
N 'E RE LAY i‘x@
" -T] # BAG BOOSTER
For hot waler systems only ! ]
| L.
Where to use ‘ ) 7 Boman
| Ay
B & G Motorized Valves are ideal for zoned hot [ 17
water heating systems, as they offer a positive control § "
: £ sy ’ Y P Fig. 193, Two zone forced hot waler system with supply of

of boiler water flow at very small operating cost, For
example, a six zone forced circulation system would re-
quire six Valves and one Booster pump. Since these
Valves open in a few scconds and as they use no cur-
rent when opened or closed, their cconomy of operation
is apparent,

They are also used in gravity hot water systems to

shut off the flow of boiler warer when heat 1s not

needed in the radiators, An indicect water heater can
thus be used to supply domestic hot water the year

around.
Very heavy consteuction is used in all moving parts,

yet the valve A straight-
through instead of globe construction climinates air-

is exceptionally compact.

binding.
This be installed
horizontal pipes and in any position except upside down,

Valve can i either vertical or

Transtormer is furnished scparately at no extra cost for
mounting on any convenient outfct box. This Valve has

auxiliary low veoltage contact for cnergizing relay. [Da

\ll

MOT waTR
HEATRG BORE

Deat cantrallcd by B & G Motarized Valpes.

]

SOUARE HIAD
coCxs

Fig. 194, Four zome forced b

zunes contrelled by B & G Motorized Valees.

of walcr bedaling system with
The Booster

not use this valve to control the flow of steam.

starts simuwldianeously with the opening of any Motorized Valve.

SEE B & G CATALOG FOR SIZES AND DIMENSIONS
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Svclron VI

SUPPLEMENTARY DATA

TABLE P

HEAT LOSS FACTORS

No. I.

{a)
(%)
{c)
(d)
(¢)
No. 2.
(a)
(L)
(c)

(d)
(c)
{f)

No. 3.

()
()

(c)
(d)

(¢)
{r
(g)

{7)

{1}

EXPOSED WALLS

Frame, Not Insulated

Clapboards or wood siding, studs, lath and
plaster or plaster board (no sheathing)......
Same as (la) with composition siding over
wood siding ...
Wood siding,
and plaster or plaster board S
Same as (Ic) with composition siding over
wood siding ...

Same as (Ic) \ubwtltutmg as])h alt or asbestos
shingles for wood siding...

paper, sheathing, stads, lath

Frame, Insulated

Wood siding, paper, sheathing, studs,
rigid insulation, plaster or plaster board
Wood siding, 25/32” rigid insulation, studs,
lath and plaster or plaster board o
Wood siding, paper, sheathing, 12" flexible
msulation in contact with sheathing, studs,
lath and plaster or plaster board

Same as (2¢) with air space on both sides
of insulation ... B

Same as (2c} sul)atmnmg REF Y rock wool
or equivalent for 12" fexible insulation
Same as (2¢) substituting 2 rock woul or
equivalent for 15" flexible insulation..

Brick, Not Insulated

& Hrick, plaster or plaster board ane side.....

R Brick, furred, lath and plaster or plastcr
board one side ...

12" Brick, plaster or p] wter.hoard oue side
12 Brick, furred, lath and plaster or plaster
hoard one side,

4 Brick, 8 hollow tl]t pld‘:tt.r or plaster
board one side ..

4" DBrick, 8" h(rllou 1ilc or cimivr hlock,
furred lath and plaster or plaster hoard

4" Brick, paper, sheathing, studs, Luh and
plaster or plaster board .. .

4" Brick, 47 light w u"ht dggrngate hloe 1\
furred, fath and plaster or plaster hoard

. Brick, Insulated
& Brick, furred, 12" rigid insulation, plaster

or plasttr hoard one Suh. o
127 Brick, furred, 47 ngiul nsalatan,
plaster or plaster board one side :
4" Brick, 8 hollow tile, 127 rigid imsulaion,
plaster or plaster board one side

4 Brick, 4 light weight ageregate block,
14" rigid isulation, plaster or plastcr board
one side .. .

4" Brick, p'ap(r 5hxathmg, s[u(h rltml m-
sulation, pha[el or plaster board

47 Brick, 25/32" rigid insulation, studs, lauh
and plaster or plaster board

4" Brick, paper, sheathing, 354" rock wool
or L(IlllleCl]l, studs, lath 'md plaster or
plaster hoard .. e

Same as {4(}) suhxmutmn 2
354" blanket insulation .. ..

I/lt

s

l;k‘lnf-'\"(l‘t for

Rt'prirh'c'd {r ¥ ber BISSION.

£.35

028

- 0.25

0.21

SRR

U

S 016

0.20

0.21

(.08

10
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No. S
(a)

(b)

EXPQSED WALLS

Hollow Tile

&7 Tile, stueco exterior, turred, lath and
plaster ar plaster board ... €.20
Same as (Sa) substituting rigid insula- o
tion 68 Jath seecee s samssussananm: 0,20

No. 6. Hollow Concrete Block, Gravel Apgregate
(a) 8" Block, plain, above grade... 0.56
(by Same as (6a) plaster or plabtm board ote
side .. 0.51
{¢c) Same as (Ou) turrul Lit[l and p]{lbtl.l' Or
plaster hoard .. : . 0.32
{(d) Same as (6¢) blib\tllutlng }3" rirricl insula-
tion for lath .. 023
(¢) Sume as (na) basement wall below gla(lL 0.06
() 127 Block, plain, above grade... S 0.49
{7) Swne as (6f) basement wall helow grade . 0.06
No. 7. Hollow Concrete Block, Cinder Aggregate
(a3 8" Block, plain ... e 0,42
() Same as {(7¢) ]JLhter or pldstcr board one
side - 0.39
(¢} Same as (7a) iurrul lath and I)]thLl’ or
plaster hoard ; €.27
(d) Same as (7¢)° subatnlulrng 'é" rigid insula-
tion for Ul e . 020
No. 8. Hollow Concrete Block, Light Weight
Agpregate
(¢) 87 Block, no interior fmishe. . 0.37
(b1 Same as (da) plaster or plaster bhoard onc
side S L weesmassecssee . 0.35
(e) Same ns (Sa) Touored, lith and plaster or
plaster hoard . , 5 0,26
(d) Same as ((‘lr) Hlll)‘\lltllllllg V” lll\‘Ll]d.'[In"'
board for lath .. 0o
() Same as (8¢) plus 17 iu.su]at]ng blanket . (.13
No. 9. Poured Concrete
Cady 87 Wail, above grade ..o . 0.69
(hYy 87 AWl below grade . 0.06
() 127 Wall, above grade ; .50
fdy 127 W), below grade. 0.06
No. 10. Limestone or Sandstone
Ca) &7 Stone, furred, Tath and plaster or plaster
hoard . 037
{P) Sameas ([Da) bu!hutulmtr 1”’ rigil imsali-
tion for lath 0.25
(c} 12 Stone, furred, fath and lJ].L\[l ror ])l Lo
boird 0.33
(d) Sameas (10c) substiluting 157 rigid jn-uli-
tion for lath . . S 0.23
() 127 Stone below ;.,mdt 0.06
{f1 16" Stane below grade . - 0.06
No. 11. Glass Block
(e} 335" Black, corrugated suriace. ... 040



Section VI

SUPPLEMENTARY DATA

No. 12.

faj
(&)
{c)
{d)
{e)
(/)
{g)

No. 13.

(a)
(4
(e}
(d)
{c}
if)
(i)

No. 14
{ﬂ:ﬁ

({)

(d)

TABLE P

HEAT LOSS FACTORS

PARTITIONS

Frame

With lath and plaster or plaster board one
side only .

Same as (I/‘a) Hlllh[llll{ll]n’ '_, nmd mmh
tion for lath _
Same as (12a) with
exposed side ...
With lath and plathr or plawttr Board otk
sides ...

Same as (1 (1) ~ubst11ulmso ,',z rr-nl insula-
tion for lath . . -
Same as (12d) \\1t 35/5” mck wool or
cqulvalcnt ‘

"mm( as (1’(1} with 2” rock wool or cqm

CEILINGS

Attic Space Above
Lath and plaster or plaster hoard, no iloor

above .

Lath and plaalcr or pld.ster board ttht floor

above .. .

Same as (]w) bub:.tmlml!_: 51" rigid nsula-

tion for lath . :
Same as (Iab) suhstltulmg }_" nrml Tnsuta-

tion for lath oo

Same as (Ii’a) w ith v

top of Joists .

Same as (13(:) or (]3!:) with 3‘/" rock
wool or equivalent .. .

Same as (13f) (\cht with 2 rack wool or

equvalent Lo —_

[4',?,;

rigid insulution on

rigid insulation on

Part of Single Roof -—— No Attic Space
Lath and plaster or plaster board, rafter,
sheathing, shingles .
Same as {[/a) su[)amutmu
tion for lath .
Same as (Hay with 34.' rock wool or
ulm\alenl :
Same as (]Ia) with 2 reck wool or crui-
valent ..
. Part of Built-up Roof — No Attic Space
Lathh and plaster or plaster hoard, rafter,
sheathing, built-up rooling .
Same as ({oua) substituting
tion for lath . ..
Same as ([da) with R
equivalent .
Same as {13a) with 27 rock wnol or equi-
valent .

. Part of Metal Roof — No Attu Space
Lathh and plaster or plaster board, joists,
sheathing, metal roof .

Same as (o) sul)wtltutmh 14 n'rld m~;uia-
tion for lath

Same as (/oa) with 3*”' rnck \mol ar
equivalent e
Same as {[éa) with 27 rock wool or equi-
valent ...

.

gl msula-

i
75

rigic wnsula-

e

rock wool or

. 031

0.18
0.13
S 0l7
10

004

0.0H5

016

0.18

S 008

VN

L 0.29

0.21

008

0.10

049

0.23
0.03

0.13

020
018

008

(.10

FLOORS

No. 17. Wood, Over Exposed or Unheated Space
(a) Double floor on joists over enclosed, un-

heated space ... SRR b Vi
{(0) Same as (I7a) over <xpowd 5pacc 0.35
(c) Same as (I7a) with 12 rigid mbulation ol
bottom of joists . . apmmeeoesae - (110
(d} Same as (17h) with /” rigid insulation on
hottom of joists o 018
(¢) Samweas { 7a) with 2 rock wool or equiva-
lent between joists . e .00
{(f) Sameas (17b) with 2 rock wool or eqmva«
lent between joists . ~ 13
(g) Sameas ([7u) with 3"” rack wool or tqm—
valent between joists ... . . D04
(hy Same as (170) with 3347 rock wool or equi—
valent between joists .. 0.08
No. 18. Concrete
(a) A" thick Moor on ground ... . .. 006
(6)y 47 thick Hoor on 37 cinder il ... .. . . 006
{c) Same as (180) with hardwood floor on pine
sub-floor ... SR O XY
{4} Iioor on ground, below gnde e 0.04
WINDOWS
No. 19. Windows
() Single (no storm sash) .. e b3
(by With starm sash or double gland e 0,45
(r} Double glazed with 14" air space........... (.60
EXTERIOR DOORS
No, 20, With or Without Glass
Samie as Windows
INFILTRATION
{Based on volume of room in cubic feet)
No. 21. Windows and Doors Without Weather-
stripping or Stoerm Sash
{ai Rooms with wirklows or exterior doors on
oune side only . 0017
(b) Rooms with witdows or exterior doors on
two sides . s - 0027
(¢) Roons with windows or L‘(ll rinr {l()()l"\ o
three sides . . s 0J036
{(d} Entrance Halls . 0036
(¢) Sun Rooms with many windows on three
sitles : - 0054
No. 22. Windows and Doors Weatherstripped or
with Storm Sash
(a) Rooms with windows or exterior doors on
one side only = 001
(&) KRooms with w indows or exterior doors on
two sides - 0017
() Rooms with windows or - exterior doors on
three sides .. . 0.027
{d) Entrance Halls . - - 0.027
{¢) Sun Rooms with many windows on three
sides . - (h036

Reprinted by permission. Capyright V4% by Flic tnsteinte of Bailer and Radiatar Manalacturers



Section Vi

SUPPLEMENTARY DATA

TABLE R BTU/Hr REQUIREMENTS FOR AREAS AND VOLUME
70° F Indoor Minus Ouldoor Temperature Difference

WINDOW AND INFILTRATION

.g DOOR AREAS Room Volume, Cu. Ft. WALL, CEILING AND FLOOR AREAS, SQ. FT.

g q. Ft. , L

‘;f- FACTORS FACTORS FACTORS

] L i _

Z 045|060 113 | 0.0110.017 |0.027 |0.036| 0.054 | .0.04 | 0,06 |0.08 |0.10 |0.13 015 |06 {017 |08 [019 [o20
100 | 32 | 24| 13 | 130| 84 529|397 265 | 357 | 238 [17.9 | 143 (109 | 95 | 89 | 84 | 7.9 | 7.5 | 7.1
200 || 64 | 481 25| 260 | 168 | 106 | 794 | 520 | 714 | 470 {357 |286 (210 |1wo {178 |168 |159 [15G {14.3
300 || 95 | 71| 38 | 390 | 252 | 150 | 119 704 | 107 ! 718 536 |420 (320 |285 |267 |25.2 (238 |226 |21.4
a00 |[127 | o5 | s | s19! 336 212 | 150 | 106 | 143 1 9s2 [71.4 [S70 [430 [3®1 {357 |33 [317 |30 [286
500 159 [119 | 63 | 640 | 420 | 265 | 198 | 132 1 170 | 119 |803 714 [540 |47.0 (496 |420 |307 376 |357
600 |[190 143 | 7.6 | 779 | 504 | 317 | 238 | 150 | 214 | 143 | 107 |857 |659 |57.1 |53.6 504 |47.6 |451 [429
700 ||222 (167 | 88 ) 900! 588 | 370 | 278 | 185 | 250 | 167 | 125 | 100 709 |07 |62.5 |588 |556 526 [50.0
800 |[25.4 [19.0 | 1001 | 1030 | 672 | 423 | 317 | 212 | 286 | 190 | 143 | 114 [87.9 [76.1 |71.4 [67.2 |635 |60.1 |57.1
900 ||286 |21.4 | 11.4 | 1169 | 756 | 476 | 352 | 238 | 321 | 214 | 161 | 129 |989 |87 {80.3 |75.6 |71.4 [67.7 |64.3

1000 |[31.7 [23.8 | 126 | 1299 | 840 | 529 | 397 | 2653 357 | 238 | 179 | 143 [130 (952 [59.3 |84.0 79:4 752 |714

1100 |134.9 |20.2 | 13.9 | 1429 | 924 | 582 | 437 | 291 393 | 262 | 196 | 157 121 | 105 [982 |924 |87.3 |827 |78.6
1200 ||38.1 [28.6 | 151 | 1558 | 1008 | 635 | 476 | 317 429 286 ) 214 | 171 [ 132 | 114 | 167 | 101 |95.2 |90.2 |857
1300 (|41.3 |31.0 | 164 | 1688 | 1092 | 688 | 516 | J# 464 | 310 | 232 | 186 | 143 [ 124 | Mlle | 109 | 103 |97.7 |9238
1400 (444 1333 | 17.7 | 1818 {1176 | 741 | 556 | 370 Sy | 333 | 250 | 200 (154 133 {125 | 118 | 111 | 105 | 100
1500 (|47.6 [ 357 | 189 | 1948 | 1260 | 794 | 595 | 397 336 | 337 | 208 | 214 | 165 | 143 | 134 | 126 | 119 | 113 | 107

1600 [|50.8 |38.1 | 20.2 | 2078 | 1345 | 846 | 635 | 423 571 JBL | 286 | 229 (170 | 152 | 143 | 134 | 127 | 120 | 114
1700 [|53.9 |40.5 | 21.5 | 2208 | 1429 | 899 | 675 | 450 607 | 405 | 304 | 243 [IR7 [ 162 | 152 [ 143 | 135 | 128 | 121
1800 ||57.1 [42.9 | 227 | 2338 [1513 | 952 | 714 | 476 643 | 420 1 321 | 257 TIOR8 171 (1ol | 151 ] 143 | 135 | 120
1900 |[60.3 [45.2 | 24.0 | 2468 | 1597 | 1005 | 754 | 503 679 | 452 | 339 | 271 (209 | 1E1 | 170 ) loD (1531 | 143 | 136
2000 [|63.5 |47.6 | 252 | 2597 | 1681 | 1058 | 794 | 529 714 | 476 | 357 | 2B6 | 220 | 190 | 179 | 68 | 159 | 150 | 143

2100 |[66.7 |50.0 | 26,5 | 2727 | 1765 | 1111 | 833 | 550 750 | 500 | 375 | Joo | 231 | 200 | 187 | 176 | 167 | 138 | 150
Z200 (698 | 524§ 27.8 | 2857 | 1849 | 1164 | R73| 582 780 | 524 1 393 | 314 [ 242 [ 210 | 196 | 185 | 175 | 165 | 157
2300 ||73.0 | 54.8 ] 29.0 | 2987 | 1933 | 1217 | 913 | 608 821 | 548 | 411 | 329 | 253 | 219 | 205 § 193 | I83 [ 173 | 1ed
2900 |(|76.2 |57.1 | 30.3 | 3117 | 2017 |1270 | 9521 635 857 | 571 | 429 | 343 | 204 | 229 | 214 | 202 | 190 {180 | 171
25003 (794 |59.5 | 316 | 3247 | 2101 | 1323 | 992 | 661 893 | 595 | 446 | 357 1275 | 238 (223 | 210 | 198 | 183 |[179

2600 ([82.5 |61.9 | 328 § 3377 | 2185 {1376 | 1032 | 688 929 | 619 | 464 | 371 | 286 | 248 | 232 | 218 | 206 | 195 |1Ro
2700 [|85.7 |64.3 | 34.1 | 3500 | 22069 | 1429 [1071 | 714 964 | 643 | 482 | 386 [ 297 | 257 | 241 | 227 | 214 | 203 |19}
2800 ||88.9 |66.7 | 353 | 3636 | 2353 | 1481 [1111 | 741 1000 | 667 | 500 | 400 [308 | 267 | 250 | 235 | 222 |21l | 200
2900 ([92.0 |69.0 | 36.6 | 3766 [2437 {1534 [1151 | 767 | 1036 | 690 | 518 | 414 |319 | 276 | 259 | 244 | 230 | 218 (207
3000 |95.2 |71.4 | 37.9 | 3896 | 2521 | 1587 [1190 | 794 | 1071 714 | 536 | 429 1330 | 286 | 268 | 252 | 238 | 226 |214

3100 | 984 |738 [30.1 | 4026 2005 |1640 [1230 | 820 J 1107 | 738 | 554 | 443 | 341 | 205 | 277 | 260 | 246 | 233 |221
3200 | 161 |76.2 | 404 | 4156 | 2680 | 1693 | 1270 | 847 J 1143 | 762 | 571 | 457 {352 | 305 | 286 | 269 | 254 | 241 |229
3300 || 105 178.6 | 410 | 4286 | 2773 | 1746 |1310 | 873 R 1179 | 786 | 589 | 471 1363 | 314 1205 | 277 | 262 | 248 | 236
3400 || 108 |81.0 | 429 | 4416 | 2857 | 1799 | 1340 | 899 | 1214 | 810 | 607 | 486 (374 | 324 | 304 | 286 | 270 | 256 |243
3500 | 111 | B33 | 44.2 § 4545 | 2941 | 1852 1389 | 926 F 1250 | 833 | 625 | 500 [385 |333 | 312 | 204 |27 263 | 250

3600 | 114 |85.7 | 454 | 4675 [3025 | 1905 | 1429 | 052 [ 1286 | 857 | 643 | 514 | 396 | 343 | 321 12303 | 286 | 271 (257
3700 | 117 |88.1 | 46.7 | 4805 | 3109 [ 1958 | 1468 | 970 | 1321 | 881 | 661 | 529 | 407 |352 [330 | 311 | 204 | 278 |264
3800 || 121 [ 905 | 4R.0 § 4935 {3193 | 2011 [1509 | 1005 | 1357 | 905 | 679 | 543 [ 418 362 [ 339 3 09 ) 302 | 286 |271
3500 || 124 | 929 | 492 | 5065 | 3277 (2063 [ 1548 [ 1032 F 1393 | 920 | 606 | 557 | 429 371 i 348 | 328 |3i0 | 203 |270
4000 || 127 |952 | 50.5 | 5195 [3361 | 2116 [1587 | 1058 J 1429 | 952 714 | 571 |440 | 381 | 357 | 336 {317 | 301 |286

4100 || 130 |97.6 | 51.7 | 5325 | 3445 | 2169 | 1627 | 1085 § 1464 | 976 | 732 | 586 |451 | 390 | 3o6 | 345 |[325 | 308 |203
4200 || 133 | 100 [ 53.0 | 5455 | 3529 |2222 |1667 | 1111 § 1500 (1000 | 750 | 606 |461 400 | 375 | 353 |333 |316 |300
4300 || 136 | 102 | 542 F 5584 36)3 2275 [1706 [ 1138 1536 | 1024 | 768 | 614 (472 1409 | 384 | 361 | 341 {323 |307
4400 || 140 | 105 | 555 F 5714 [ 3097 12328 | 1746 | 1164 ¥ 1571 | 1048 | 786 | 629 1483 | 419 1303 | 370 | 349 | 331 | 314
4500 || 143 | 107 | 56.7 | 5844 | 3781 [2381 [I1786 | 1190 § 1607 [1071 | 804 | 643 [494 [429 [402 | 378 | 357 |338 | 321
4600 || 146 | 110 | ST 5974 [ 3806 2434 | 1825 [ 1217 | 1643 [ 1095 | 821 | 657 [565 |438 |411 | 387 |[365 | 346 |320

4700 || 149 | 112 | 503 § 6104 | 3950 | 2487 | 1865 [ 1243 | 1679 [ 1119 | 839 | 671 |[516 | 448 [420 | 395 | 373 1353 |336
4800 (| 152 | 114 | 60.6 | 0234 | 4034 2540 [1905 [ 1270 | 1714 | 1143 | 857 | 686 [527 | 457 [420 [ 403 | 381 | 361 | 343
4900 || 150 | 117 | 61.8 | 6364 [ 4118 | 2593 [ 1944 | 1296 | 1750 | 1167 | 875 | 700 |538 [467 | 437 | 412 | 389 | 368 |350
5000 || 159 | 119 | 630 | G494 [4202 2645 [ 1084 [ 1323 | 1786 | 1190 | R93 | 714 | 54G | 476 | 446 | 420 | 397 | 376 | 357

TO USE THIS TABLE [inter at top under factor determined from Table 17
Read down to nearcst value m sq. {t. or cu. ft.
Read to left to determine the BTU/Hr required.

Repeimted by permission, Capyright 1949 by The Institicte of Boiler and Radiator Manufactiurors
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Section V1

SUPPLEMENTARY DATA

TABLE R BTU/Hr REQUIREMENTS FOR AREAS AND VOLUME
70° F Indoor Minus Outdoor Temperature Difference

5 WALL, CEILING AND FLOOR AREAS, 8Q. FT.

g

E FACTORS

g 0.21 '0,22 0.23|o.24 0.25 |0.26 |0.27 o.zs|o.zg’o.3o|o.3x 0.3210.33 0.35 | 0.37 |0.39 |0.42 |0.46 | 0.49 |0.51 |0.56 |0.69
100 || 68| 65| 62| 59| 57| 55 51| 49| 48| 46| 45| 43| 41| 39| 37| 34| 31{ 29| 28] 26/ 2.1

102 99| 95| 92| 89| 87| 82| 77| 73| 68| 62| 58| 5.6 5.1 4.1
300 ||204)19.5|18.6(17.9|17.1|16.5 153|148 |143|13.8 [13.4 | 130122116 (109|102 | 93| B7 | 84| 7.7 6.2
400 [|27.21259 2481238 (2282192 204 (19.7(19.0[ 184 11791173 1163|154 [14.7 |13.6 [124 {117 [11.2 [10.2 ]| 8.3
500 |[34.0/324(31.0129.7 [28.5]27.5|26425.5|24.6[23.8[23.0|22.3|21.6|20.4]19.3[18.3 [17.0 |155)14.6 (14,0 {128 |10.4

200 ||13.6(129|124(119([11.4|109

...._.
=St
— 00 LN T

600 |[40.8|38.9 37,2357 (3421329 |31.7130.6|29.6|28.6(27.6 |26.8|26.0|24,5(23.1 |22.0 |20.4 (186 (17,5 {168 |15.3 |12.4
700 |[47.6(45.4 1434|410 139.9|38.5 [37.0(35.7 [34.5 333|323 [31.2130.3|28.6(27.0 {25.6 {238 (21,7 |20.4 [19.6 |17.9 {145
BOO |[54.4|51.9 [49.6 . 47.6 {457 | 43.0 |42.3(40.8 394 |38.1[306.9 |35.7 |34.6 (326 (3091293 |27.2 |24.8|23.3 22,4 [20.4 |16.6
900 |{61.2|58.4 |55.8|53.5(31.4]49.4 |47.6(459 443 /428|415 (40.2(|39.0(36.7 [34.7 |33.0 |30.6 1279 |26.2 |25.2 |123.0 |18.6
1000 || 68.0 | 64.9 {62.1 59,5 [57.1 |54.9 [52.9[51.0 |49.3 |47.6|46.1 |44.6 |43.3|40.838.0 |36.6 |34.0 |31.1{29.1 |28.0 [26.0 [20.7

1100 |[{74.8|71.4|068.3 654 |62.8|60.4 |582156.1|54.21524{50.7 |49.1|47.6|44.9 4251403 [37.4 ]34.2|32.1 [30.8 |28.1 |22.8
1200 ||81.6(77.9(74.5|71.4 |68.5|65.9 {63.5]61.2|59.1 [57.1|55.3 53.6[52.0|49.0 |46.3 [44.0 |40.8 [37.3 135.0 |33.6 [30.6 [24.8
1300 ||88.4 (84.4 [80.7(77.3 [74.2|71.4 |68.9| 663 |64.0 | 61.9]59.9 |58.0 | 56.3|53.1|50.2 |47.6 [44.2 |40.4 |37.9 |36.4 [33.2 |26.9
1400 ||95.2190.9 [86.9 |83.3179.9176.9 {74.1|71.4|69.0 [66.7 |64.5 [62.5|60.6|57.1 |54.0 |51.3 |47.6 143.5 [ 40.8 |39.2 [35.7 [29.0
1500 1021973 |93.189.2 (857 |824 1794|765 |73.9 |71.4169.1 167.0 |65.0{61.2 |57.9 |54.9 [51.0 [46.6 |43.7 [42.0 |38.3 131.0

1600 109} 104 |99.3 [95.2|191.4 |87.9 [84.7 |81.6 |78.8 |76.2|73.7 |71.4|69.3|65.3 |61.8 |58.6 |54.4 |49.7 |46.6 [44.8 [40.8 {33.1
1700 116 110.| 106 | 101 |97.1{93.3 [89.G|86.7 |83.7 |80.9/78.3 (759 (73.6|09.4 |65.6 |62.3 |57.8 |52.8 |49.5 |47.6 [43.4 |35.2
1800 1224 117 ) 112| 107 | 103 |98.8 |95.2 |91.8 | 88.7 [85.7 | 82,9 |80.4 |77.9|73.5{69.5 (65.9 |61.2 |55.9 [52.5 |50.4 459 |37.3
1900 I29) 123 | 118 113 | 109 | 104 | 100 [ 96.9|93.6 [90.5[87.6 |84.8 |82.3 [77.5|73.3 |69.6 |64.6 159.0 | 55.4 {53.2 [48.5 |39.3
2000 130 [ 130 [ 124 119 ) TE4 | 110 [ 106 [ 102 |98.5 [95.2| 92,1 [80.3 |86.6 |81.6 |77.2 173.3 |68.0 |62.1 |58.3 |56.0 [51.0 |41.4

2100 1431136 1 1301 125 11201 115 | 111 | 107 | 103 | 100 | 96.8 |93.7 |90.9 [R5.7 {811 |76,9 |71.4 {65.2 [6]1.2 |58.8 [53.6 [43.5
2200 150 143 137 131 [ 1267 121 [ 116] 1121 108 | 105| 101 [98.2 1952 89.8 |84.9 |80.6 |74.8 |68.3 [64.1 |61.6 {587 |45.5
2300 1561 149 | 1430137 | 131} 126 [ 122] 117 | 113 | 110 106 | 103 199.6 [93.8 |BB.8 [84.2 |78.2371.4167.0 |6d.4 [61.2147.6
2400 103 156 149 [ 143 | 137 | 132 | 127 | [22| 118 | 114 | 111 | 107 | 104 | 97.9 (92.6 [87.9 {B1.6 {74.5 |69.9 |67.2 |63.8 {497
2500 170 [ 162 [ 155 | 149 § 143 | 137 [ 132 127 | 123 | 119 115 [ 112 108} 102 {9a.5 [91.6 |85.0 {77.6 [72.9 | 70,0 [66.3 |51.8

2600 1770 169 [ 16l | 155 ) 149 [ 143 { 138 133 | 128 | 124 120 | 116] 113 | 106 | [00 [95.2 |88.4 |180.7 [75.8 |72.8 |68.9 |53.8
2700 184 | 175 168 1 161 | 154 | 148 | 143 | 138 | 133 | 129 124 121|117 | 110} [04 |98,9 (918 {83.8 178.7 |75.6 |71.4 |55.0
2800 1901 182 | 174 | 107 | 160 | 154 | 148 | 143 | 1381 133 129 [ 1250 121 114¢ 108 | 103 [95.2 {86.9 |81.6 |78.4 |74.0 |58.0
2900 197 | 188 | 180} 173 [ 166 | 159 | 153! 148 | 143 138 134 1129 126 118 112 | 106 |98.6 {90.0 [R4.5 [81.2 |76.5 |60.0
3000 204 1 1951 186 179 | 171 165 [ 159 | 153 | 148 143| 138 | 134 130 122 | 116 | 110 | 102 {93.2 |87.4 |84.0 [79.1 |62.1

3100 2110 2011 193 | 185 | 177 | 170 | 164 | 158 | 153 | 148 143 | 138 1347 127 ] 120 ) [14 | 105 |96.3 190.3 |86.8 [81.6 [64.2
3200 218 208 | 199 190 | 183 | 176 | 169 | 163 | 158 | 152| 147 | 143 | 130] 131 ] 124 1 117 { 109 {99.4 {93.2 |89.6 |84.2 |66.2
3300 2241214 ) 2051 196 1 189 | 181 | 175 168 [ 163 | 157 | 152 | 147 | 143 135 127 1121 1 112 | 102 |96.2 192.4 |86.7 |68.3
3400 231 221 211 | 202 { 194 | 187 | 180 ) 173 | 167 | 162 | 157 [ 152 | 1471 139 | 131 | 125 [ 116 | 106 {99.1 195.2 {89.3 (70.4
3500 238( 227|217 208 1 200 | 192 [ 185 179 | 172 | 167 | 161 | 156 | 152 143 | 135 | 128 [ 119 | 109 { 102 |98.0 |191.8 |72.5

3600 245 234|223 | 214 | 206 | 198 | 190 | 184 | 177 | 171 | 166 | 161 | 156 147 | 139 | 132|122 | 112 | 105 | 101 |94.4 |74.5
3700 2521240230220 ) 211 | 203 | 196 | 189 | 182 | 176| 170 | 165| 160 | 151 | 143 ) 136 [ 126 | F15 | 108 | 104 |96.9 |76.6
3800 258 | 247 | 236 | 226 | 217 | 209 | 201 | 194 | 187 | 181 | 175 | 170 | 165| 155| 147 | 139 | 129 | [I8 | 111 | 106 {99.5 |78.7
3900 265| 253 | 242 232|223 | 214 | 206 | 199 | 192 186 180 | 174 | 169 | 159 | 151 | 143§ 133 | 121 | 114 { 109 | 102 [80.7
4000 272 260 ) 248 238 | 229 | 220 (212 204 | 197 | 190 | 184 | 179 | 173 | 163 | 154 { 147 [ 136 | 124 | 117 | 112|105 |82.8

4100 |[279| 266 | 255 | 244 | 234 | 225 | 217| 209 | 202 | 195 | 189 | 183 | 177 167| 158 | 150 [ 139 | 127 { 119 | 115 | 107 [84.9
4200 || 286 | 273 | 261 | 230 | 240 | 231 | 222| 214 | 207 | 200 | 194 | 187 | 182 | 1701 | 162 | 154 { 143 | 130 { 122 | 118 | 110 [26.9
4300 || 292| 279 | 267 | 256 | 246 | 236 | 228 | 219 | 212 | 205 | 198 | 192 186 175 | 166 | 138 | 140 | 134 { 125 | 120 | 112 |89.0
4400 || 299 | 286 | 273 | 262 | 251 | 242 | 233 | 224 | 217 | 200| 203 | 196 | 190| 180 | 170 | 161 | 150 | 137 | 128 | 123 | 115 |91.1
4500 || 306 | 202|279 | 268 | 257 | 247 | 238 | 230 | 222 | 214 | 207 | 201 | 195 | 184 | 174 | 165 | 153 | 140 | 131 | 126 | 117 [93.2

4600 || 313 | 200 | 286 | 274 | 263 | 233 | 243| 235 | 227 219|212 | 205 | 199 | 188 | 178 | 168 | 156 | 143 | 134 | 120 | 120 |95.2
4700 || 320| 305 | 202| 280 | 269 | 258 | 249 | 240 | 232 | 224| 217 | 210 | 203 | 102|181 | 172 [ 160 | 146 | 137 | 132 | 122 |97.3
4800 || 326| 312 | 208 | 286 | 274 | 264 | 254 | 245 | 236 | 229| 221 | 214| 208 | 196 | 185 | 176 | 163 | 149 | 140 | 134 | 125 [99.4
4900 || 333 | 318|304 | 292 { 280 | 269 | 259 | 250 | 241 | 233| 226 | 219 | 212| 200 | 189 | 179 | 107 | 152 | 143 | 137 { 128 | 101
5000 || 340 325 | 311| 208 | 286 | 275 | 265 | 255 | 246 | 238| 230 | 223 | 216| 204 | 193 | 183 | 170 [ 155 | 146 | 140 | 130 | 104

TO USE THIS TABLE Enter at top under factor determined {from Tuble 17
Read down to nearest value in sq. ft. or cu. ft.
Read to left to determine the BTU/Hr required.

"

Reprinted by permission. Copyright 1949 by The Institute of Boiler and Radiatar Manafacturers
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SUPPLEMENTARY DATA

TABLE S EQUIVALENT BTU/Hr HEAT LOSS
For Various Indoor Minus Outdoor Temperature Difference
70F 50F| S5F| 60F | 65F (75F |80F |85F |90F 70F | 50F| 55F| 60F| 65F| 75F| 80F| 85F| 90F
1000 710 7| 860 930 | 1070 | L140 | 1210 | 1200 7000 | 5000| 5500 | 6000 | 6500 7500| 8000 8500| 9000
1100 790 860 G40 | 1020 | T180 | 1260 | 1340 | 1410 7100 | 5070 5580 6090 6600 7610| B120| 8620 9130
1200 360 W40 [ 1030 [ 1110 ] 1290 | 1370 | 1460 | 1540 7200 | 5140 5660 | 6170 66901 7710| B230| 8740] 9260
1300 Q30 | 1020 | 1110 | 1210 | 1390 | 1490 | 1580 | 1670 7300 || 5210 5740 | 6260 | 6780 7820| 8340 8860 9390
1400 1000 | 1100 | 1200 | 1300 | 1500 | 1600 [ 1700 | 1800 7400 || 5200 35810 6340| 6870 7930| 8460 8990| 9510
1500 1070 | 1180 | 1290 | 1390 | 1610 | 1710 | 1820 | 1930 7500 || 5360 5890 | 6430 0960 | B8040 85701 9100| 9640
1600 || 1140 | 1260 | 1370 | 1490 | 1710 | 1830 | 1940 | 2060 7600 || 5430 59701 6510 7000 | RB140| B6OO| 9230| 9770
1700 1210 | 1340 | 1460 | 1580 | 1820 | 1940 | 2060 | 2190 7700 || 5500 6050 6600 | 7150| 8250( 8800| 9350 9900
1800 1290 | 1410 | 1540 | 1670 | 1930 | 2060 | 2190 | 2310 7800 || 5570 6130 6690| 7240| 8360 8920| 9470 | 10030
1900 || 1360 | 1490 | 1630 | 1760 | 2040 | 2170 | 2310 | 2440 7900 || 5640( 6210 | 6770| 7340 8460( 0030 9590 | 10160
2000 || 1430 | 1570 | 1720 | 1860 | 2140 | 2260 | 2430 | 2570 BOOO || 5710 06290 | 6860 | 7430| 8570 9140 9710 10290
2100 ([ 1500 | 1650 | 1800 | 1950 | 2250 | 2400 | 2550 | 2700 8100 ([ 5700 6360 ( 6940 7520 | 8680( 9260 | 9840 | 10410
2200 || 1570 | 1730 | 1890 | 2040 | 2360 | 2510 | 2670 | 2830 8200 || 5860| 6440 7030 7610] 8790 9370 9960 | 10540
2300 1640 | 1810 | 1970 | 2140 | 2460 | 2630 | 2790 | 2960 8300 || 5930 6520 7110 7710] 8890 09490 10080 | 10670
2400 1700 | 1820 | 2060 | 2230 | 2570 | 2740 | 2910 | 3090 8400 || 6000 | 6600 | 7200| 7800| 9000 9600 10200 | 10800
2500 [ 1790 | 1960 | 2140 | 2320 | 2680 | 2860 | 3040 | 3210 8500 || 6070 6680 7290 7890| 9110 ©720| 10320 | 10930
2600 | 1860 | 2040 | 2230 | 2410 | 2790 | 2970 | 3160 | 3340 8600 | 6140 | 6760 | 73700 7990| 9210| 9830 | 10440 | 11060
2700 || 1930 | 2120 | 2310 | 2510 | 2890 | 3090 | 3280 | 3470 8700 || 6210 6840 [ 7460( BOS0| 9320 9940 10560 | 11190
2800 | 2000 | 2200 | 2400 | 2600 | 3000 | 3200 | 3400 | 3600 8800 | 6290( 6910| 7540 8170| 943010060 | 10690 | 11310
2900 || 2070 | 2280 | 2490 | 2690 | 3110 | 3310 | 3520 | 3730 8900 || 6360| 6990 | 7630| 8260| 954010170 | 10810 | 11440
3000 || 2140 | 2360 | 2570 | 2790 | 3210 | 3430 | 3640 | 3860 9000 || 0430| 7070 | 7710| 8360 964010290 10930 | 11570
3100 || 2210 | 2440 | 2660 | 2800 | 3320 | 3540 | 3760 | 3990 9100 || 6500 7150} 7800| 8450| 975010400 11050 11700
3200 || 2290 | 2510 | 2740 | 2970 | 3430 | 3660 | 3800 [ 4110 9200 || 6570 7230 7890 BS540| 9850| 10520 11170 | FI83D
3300 || 2350 | 2590 | 2830 | 3060 | 3540 | 3770 | 4010 | 4240 9300 || 6640( 7310 7970 8640 9960 | 10630 11290 [ 11960
3400 || 2430 | 2670 | 2910 | 3160 | 3640 | 3890 | 4130 | 4370 9400 || 6710| 7390 | 8060| 873010070 10740 | 11420 | 12090
3500 || 2500 | 2750 | 3000 | 3250 | 3750 | 4000 | 4250 | 4500 9500 || 6790 7460 | 8140| 8820 10180 FORGO| 11540 | 12210
3600 || 2570 | 2830 | 3000 | 3340 | 3860 | 4110 | 4370 | 4630 9600 || 6860 7540 | 8230 | BYI10| 10290 | 10970 11660 | 12340
3700 || 2040 | 2010 | 3170 | 3440 | 3960 | 4230 | 4400 | 4760 9700 || 6930 7620 | 8310( 9010 10390 11090 | 11780 | 12470
3860 || 2710 | 2990 | 3260 | 3530 | 4070 | 4340 | 4610 | 4890 9800 || 7000 | 7700 | 8400 9100 | 10500 | 112061 11900 | 12600
3500 || 2790 | 3060 | 3340 | 3620 | 4180 | 4460 | 4740 | 5010 9900 || 7070| 7780 | 8490 GIO0| 10610 11320 12020 | 12730
4000 | 2860 | 3140 | 3430 | 3710 | 4290 | 4570 | 4800 | 5140 10000 || 7140 7860 | 8570 0200 10710| 11430 12140 | 12860
4100 || 2930 | 3220 | 3510 | 3810 | 4390 | 4690 | 4980 | 5270 10100 210| 7940 | 8660 | 9380 10820 | 11540 | 12260 | 12990
4200 || 3000 | 3300 | 3600 | 3900 | 4500 | 4800 | 5100 | 5400 10200 || 7290] 8010 | 8740 9470 10930 | 11660 | 12390 | 13110
4300 || 3070 | 3380 | 360G | 3990 [ 4610 [ 4910 | 5220 [ 5530 10300 || 7360 8090 | 8830( 936011640 | 11770( 12510 | 13240
4400 || 3140 | 3460 | 3770 | 4000 | 4710 | 5030 | 5340 | 5660 10400 || 7430 | 8170 | 8910| 9660 [ 11140 11890 12630 | 13370
4500 || 3210 | 3540 | 3860 | 4180 | 4820 | 5140 | 5460 | 5700 10500 7500 8250 0000{ 9750 11250] 12000 12750 | 13500
4600 || 3290 | 3610 | 3940 | 4270 | 4930 | 5260 | 5590 | 5910 10600 || 7570 8330 | 9090| 9840111360/ 12120) 12870| 13630
4700 || 3360 | 3690 | 4030 | 4360 | 5040 | 5370 | 5710 | 6040 10700 || 7640 | 8410 9170 | 9940 11460 12230 | 12990 | 13760
4800 || 3430 | 3770 | 4110 | 9460 | 5140 | 5490 | 5830 | 6170 10800 |[ 7710 B490 | 9260 ( 10030 [ 11570 12340 13110 {13890
4900 || 3500 | 3850 | 4200 | 4550 | 5250 | 5600 | 5950 | 6300 10900 || 7790 8560 | 9340 | 10120 [ 11680 12460 | 13240 | 14010
5000 || 3570 | 3930 | 4290 | 4640 | 5360 | 5720 | 6070 | 6430 11000 || 7860 8640 9430 | 10210 11790 12570 | 13360 | 14140
5100 || 3640 | 4010 | 4370 | 4740 | 5460 | 5830 | 6190 | 6560 11100 || 7930 8720 | 9510 | 10310| 11890 ] 12690 | 13480 | 14270
5200 || 3710 | 4000 | 4460 | 4830 | 5570 | 5040 | 6310 | 6690 11200 || 8000 | 8800 | 9600 | 10400 | 12000 | 12800 | 13600 | 14400
5300 || 3790 | 4160 | 4540 | 4920 | 5680 | 6060 | 6440 | 6810 11300 || 8070| 8880 | 9690 | 10490 | 12110 12920 | 13720 | 14530
5400 || 3360 | 4240 | 4630 | 5010 | 5790 | G170 | 6560 | 6940 11400 || 8140 | 8960 [ 977010590 | 12210 13030 | 13840 | 14660
5560 || 3930 | 4320 | 4710 | S110 | 5890 | 6290 | 6680 | 7070 11500 || 8210 9040 | 9860 | 10680112320 13140 13960 | 14790
5600 | 4000 | 4400 [ 4800 | 5200 | 6000 | 6400 | 6800 | 7200 11600 || 8290 9110 9940 | {0770 | 12430 | 13260 | 14090 | 14910
5700 | 4070 | 4480 | 4800 | 5290 | 6110 | 6520 | 6920 | 7340 11700 || 83601 9190 [ IC030 | 10860 | 12540 | 13370 | 14210 | 15040
S800 || 4140 | 4560 | 4970 | 5390 [ 6210 | 6630 | 7040 | 7460 11800 || 8430] 9270 [10110| 10960 | 12640 | 13490 | 14330 | 15170
5900 | 4210 | 4640 | 5000 | 5480 | 6320 | 6740 | 7160 | 7590 11900 || 85001 9350 | 10200) 11000{ 12750 13600 14450 | 15300
6000 || 4290 | 4710 | 5140 | 5570 [ 6430 | 6860 | 7200 | 7710 12000 || 8570 9430 (10290 | 11140 { 12860 | 13720 | 14570 ( 15430
6100 || 4360 | 4700 | 5230 | 5670 | 6540 | 6070 | 7410 | 7840 12100 || 8640 9510 {10370 | 11240 12960 | 13840 | 14690 | 15560
6200 || 4430 | 4870 | 5310 | 5760 | 6640 | 7000 | 7530 | 7970 12200 || 8710| 9590 [ 10400 | 11330 | 13070 | 13940 | 14810 | 15600
6300 || 4500 | 4950 | 5400 | 5850 | 6750 | 7200 | 7650 | 8100 12300 || 8790 | 9670 | 10540 [ 11420 | 13180 | 14060 | 14940 | 15810
G400 || 4570 | 5030 | 5490 | 5940 | 6860 | 7320 | 7770 | 8230 12400 || 8860 | 9740 [ 10630 | 11510 13200 14170 | 15060 | 15940
6500 ‘ 4640 | 5110 | 5570 | 6040 | 6960 | 7430 | 7R90 | 8360 12500 | 8930 9820 [ 10710 | 11610{ 13390 14290 | 15180 | 16070
6600 | 4710 | 5190 | 5060 | 6130 | 7070 | 7540 | 8010 | 8490 12600 i 0000 | 9900 [ 10800 | 11700 [ 13500 | 14400 | 15300 | 16200
6700 || 4790 | 5260 | 5740 | 6220 | 7180 | 7660 | 8140 | 8610 12700 (| 9070 | 9980 [ 10890 | 11790 | 136201 14520 15420 | 16320
6600 l\ 4860 | 5340 | 5830 | 6310 | 7290 | 7770 | 8260 | 8740 12800 ! 9140 | 16060 [ 10970 | 118901 137101 14630 15540 | 16460
6900 | 4930 | 5420 | 5910 | 6410 | 7390 | 7890 | 8380 | 8870 12900 11 9210 [ 10140 [ 11060 | 11980 | 13820 | 14740 15660 | 16590

TO USE THIS TABLE

Iuter under column headed 70° 7,
Read down to BTU/Hr determmed from Table R.

Read across to the column which represents the mdoor minus outdoor

temperature difference for which the system is designed.

Reprinted by permission. Copyright 'Y by Hhe botinete of Bader and Radiatos Manufacturers
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SUPPLEMENTARY DATA

CHART FOR SIZING STEAM PIPING CONNECTIONS TO WATER HEATERS
AND CONVERTORS (based on 8000 feet per minute steam velocity)

FeE THOUSANDS OF BTU'S FOR VARIOUS STEAM PRESSURES (LB&. PER SQUARE INCH ATMOSPHERIC)
8ITE - . - x
0 Las. 2 Las, B Las. 8 Las. 10 Las, i5 Les. 1 25 LoBs. 50 Las, 75 Lms. 100 Las. | 125 Las.
™ 236.4 41.5 48. 54.5 59. 69.2 89.5 1238. 183.5 226, 267.
% 63.8 72.5 84. 5.5 103. 121, 157. 241, aza. 396, aza
1 104.5 19 137. 156 5 169. 198, 257. 296, 827 648. 777
14 181. 206. 238. 270 202. 3az2, 445, 683, g10. 1120. 1340,
1% 246. 2B0. 3za. aes. 3986, 465. 605, 930. 123y, 1820. 1620.
2 408. 460 535. 605, é54. 768. 005, 1530 2040. 2510. 1000
2 580. 650, 764. 86s. 934, 1095, 1410, 2180. 2010, 3590. 300
a ag4. 1020. 1180. 1340. 1440. 1690. 2200. 3380. 4L00. 5580, 6640
A% 1190. 1360. 1578, 1785 1925. 2260. 2030. asi10. 6020. 7400. 8875,
4 1540, 1755, 203s. 290s. 2480. 2020, 4780, 5820, 7750. 8540, 11450
5 za1s. 2750. 3190, 3620. 3900. 4530. 5940, 2125, 12180. 15000. 17900.
6 4600, 3980. 4600. 52285 5640. 6625. 8580. 13200, 1 7600. 21600. 25950.
8 8180. 7040, a150. 9250 10000. 11700. 15200. 23400. | 31150, 38250. 46000
To use above chart— or above the M.B.H. value estimated above. Reading
(1) Multiply gallons of water required by the temperature to the left from this figure will give you the size of
rise of the water passing throngh the heater. Multiply piping connection to the regulating valve,
the result by 83 to determine the BTU required per  {3) The steam regulating valve should be sized according to
fiour.  Then divide by 1000 the recommendations of the valve manufacturer, If the
THUS — supply line is reduced in size at the valve, it should be
G.P.H. X TEMPERATURE RISE X 8.3 HTU increased again just beyond the valve.
BTY | MeH (THERRKDE oF aTu) Sizing Condensate Connection from Heator
f000 _ The approximate number of pounds of condensate per hour
(2 Toacate the column in the above chart which corresponds  can be considered the same as the number of gallons of water
ta thue steam pressure in the casing of the heater, Read  heated from 40°-140° per hour. Use a trap of sufficient
down in this column until you reach the figure cqual o capacity and size the connections the full size of its opening.
DIAMETER IN INCHES
Length o o )
in Feat :
12" 18" 24" 30" 36" 42° 48" 54 6ar 66" 72" 78" 84" ag" g6" 102" 108"
1 a 13 24 a7 53 72 a4 120 144 180 210 250 280 330 378 425 475
2 12 28 48 74 108 144 188 240 290 380 420 400  SBC 660 750 850 950
3 18 39 72 11t 189 218  2B2  Jbo 439 La0 630 750 870 990 1125 1275 1428
4 24 62 96 148 212 288 378 460 SH0 72 840 1000 1160 1320 1500 1700 1900
5 36 65 120 (85 285 960 470  GOO 725 900 1050 1240 1480 1650 16875 2125 2374
B 3s 78 144 222 318 432 564 720 870 1080 1260 100 1740 1980 2260 2850 2850
7 4z 81 168 289 371 504 658 840  101L 1260 1470 1740 2030 2310 2628 2975 3325
8 48 104 192 296 424 576 752  8L0 1160 1440 1680 2000 2320 2840 3000 3400 3800
2 B4 t17 216 333 477 €48  Ba6 1080 130 1GRO 1890 2250 2610 2970 3378 36285 4275
10 60 130 240 370 b30 720 840 1200 1440 1800 2100 2500 2800 3300 3750 4250 4750
11 66 143 264 407 583 792 1034 1320 L9 1980 2310 2750 3190 3630 4125 4675 5225
12 72 158 288 444 6368 864 1128 1440 1740 2160 2520 3000 3480 3960 4500 5100 5700
1a 78 169 312 481 688 936 1222 14560 188y 2340 2730 3250 3770 4290 4875 5525 6178
14 B4 182 336 518 742 1008 1316 1680 2030 2520 2940 H400 4060 4620 5250 5850 6650
15 90 185 360 555 794 1080 1410 1800 2175 2700 3150 3750 4350 4850 5625 6375 7125
18 96 208 384 592 848 11L2 (504 1920 2320 2000 3360 4000 4640 S280 6000 GBOO 7600
B S S S _ S - R
To find the capacity in gallons of rectangular tanks, reduce all dimonsions to inches, thon multiply the length
by the width by the height and divide the product by 231.
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Charts—
Booster capacities ... ... .o 38
Friction heads in black iron pipes................. 44
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Flo-Contral Valves....... ... ooy, 49, 121
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Self-filling valves . ........ ... ... i 121, 122
StatiC PreSSUTE . v\ttt r e e 20
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Pressure drop tables . ... ... ... .. 133
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Submerpged Heaters. ... ... . i 112

—T—
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Tables—
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