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]Who is Dr*" r*?
I 

"a 
ou*" Dunham stands for progress in the science of heat-

ing, for quality in products, for integrity in manufacture and
in service, and for conservative business principles which are
as clean-cut as they are resourceful. 

I on over forty
years the Company, through a national organization of re-
search and specialized engineering, has been engaged solely in
the problem of making steam an easily managed and econom-
ical servant in every conceivable type of buildin8. 

i ,r^o,ro.r_
ou'r these four decades the products and inventions bearing
the name Dunham have won and held the high esteem of
archi lecls, consulLing engineers and owners. 

ir  Lhe towering
skyscrapers of Rockefeller Center (Radio City), New Yorli,
as in buildings 'which pierce the skyline of cities from coast to
coast; in U. S. Defense Program Projects; in Housing Proj-
ects like Parkchester, the world's largest housing project,
in famous hotels and apartment buildings; in churches,
schools and hospitals; in homes from the stately mansion to
the modest bungalow-Dunham heating is giving satisfying
heat-comfort. r

ln the United States and Canada, in the United
Iiingdom and Europe, the heating requirements of varying
climates are being met by Dunham equipment and Dunham
service. ,r-'

I Hn prestige of a good name, in any field of en-
deavor, is a priceless boon. It is hard to achieve; it is quick
to depart if not justly deserved. Dunham prestige is inter-
preted to the owner in heating service. That is what he buys.
He invests his money in certain equipment not that he may
possess it but that he may possess that which it makes possible.

L--) ou^rr. satisfaction is the yardstick for every installation.

Copyr ish t  C.  A .  Dunham Co- ,  Ch icaco,  1946



THE DUNHAM DIFFERENTIAL
VACUUM HEATING SYSTEM

,T'HE DUNHAM DIFFERENTIAL VACUUM HEATING SYSTEM
is a simple two-pipe system using steam at variable sub-atmospheric pressures

to balance the heat loss from a building under changing weather conditions.
In addition to the standard radiators, pipe, fittings, etc., used with a two-pipe

system, it comprises Dunham Differential Traps and Valves, Dunham Dif-
ferential Vacuum Pumps with Differential Controller and Dunham Control
Equipment.

The related problems sohted by the Dunham Diferential System are:

1. The maintenance of positive, continuous steam circulation, with

complete venting of air and removal of condensate and with no short-

circuiting of steam from supply to return piping.

2. The proportional distribution of steam to each unit of radiation

under all rates of supply.

3, The control of the rate of heat output from system in accord with

the variabie rate of heat requirement caused by outside temperatures,

wind, sun, cloudiness and moisture and modified by the heat stored

in building (thermal capacity) and rate of heat transfer through the

buildins itself.

The Dunham Differential Vacuum Heating System coordinates all

essential functions of citculation, distribution and control to provide

heating satisfiction economically. Pages which follow contain a brief

description of the component parts of the System. Complete technical

data will be found in Bulletin 63I, a copy of which will be sentupon

request.



THE DUNHAM DIFFERENTIAL

Convectors or Radiators
Radiation and piping may be any of the types and
sizes in common use with other steam heating system.

Control Panel
The Control Panel is the centralized operating sta-
tion at which all control adjustments and settinqs are
made and from which remote readings o[ room te--
peratures. control valve openings and percentage of
heatroutput as measured by the Heat Balancer may
oe ootarned.

Temperature Control Equipment
The Temperature Control Equipment appraises the
heat demand of the building r-rt i l ;zing the resistance
th€rmometer principle oI operation. The Resistance
I hermomelers comprise coils of metal conductors

whose electrical resistance varies with variations in
their temperature connected in a Wheatstone Bridee
circuit. Such temperature sensitive element" hav. no
moving parts, nothing to wear out, clog, or to re-
quire-or get out of-adjustment. AII moving parts
are contained in the Panel and in the Control Valve.

The basic control of the Difierential Temperature
Control E-quipment balances the heat supply (meas-
ured by the Heat Balancer) with the heat- dernand
(measured by the Selector). Compensating or l imit-
ing features are provided by the room Resistance
I hermometer units. Since this room thermometer is
not depended upon to perform the function of the
conventional room thermostat, it is not as l imited in
its application. lt can be used to regrsrer room tern-
peratures from any location regardless of the type
of occupancy of the room.

Control Valve
The Control Valve regulates the admission of a con-
tinuous flow of steam into the heating main, and the
Differential System equipment distributes this steam
proportionately to all radiators. When the reouire-
ments for heat are great, the quantity of steam ad-
mitted is su6cient to 6ll the system with pressure up
to two pound gage with corresponding steam tem-
perature to approximatly 2 I 8. F, When the heat re_
quirements are less, the smaller quantit ies of steam
admitted are -expanded into largei volumes at pres-
sures below that of the atmosphele and, due to the
r-elatively constant differential in pressures between
the steam and return l ines, the t"diators are fi l led
with steam. The expansion of the steam at sub-
atmospheric pressure.is accompanied by a lowering
oI trre temperature, -thereby resulting in a reduction
in the heat given off by the radiators.

Partial Filling
When the admission of steam into the system has

been reduced to the point at which the maximum
operating vacuum is reached, then any additional
reduction in the supply of steam results in the radia-
tors being partially 6lled. As partial f i l l ing pro-
gresses with the reduction in the steam supply, each
radiator receives less steam, in proportion io its ca-
pacity, up to the point at which the demand for heat
ceases and the Control Valve closes off completelv.

Packless Radiator Inlet Valve
Radiator Inlet Valves with externally adjustable or
internally f ixed orif ices at each radiator inlet eive
ba lanced s team d is t r ibu t ion  th roughout  the  bu i ld ing .
The resistance to flow at the orif ice of these reeulal-
ing devices results in the small pressure grJient
essential to balance distribution under partial fr l l ing
conditions.

Thermostatic Radiator Trap
Radiator Traps allow air and water to leave radia-
tors and prevent steam from entering the returns
under the entire rangc oI sub-atmospheric pressures
employed. The thermostatic disc is at all t imes ex-
posed to and controlled by the conditions of pres-
sure and temperature within the radiator, whether
trap is open or closed.

Drip Trap
The trap is installed at drip points to which laree
vo lumes o [  condensate  f low,  i t  i s  a  combina t ion  o ia
thermostatic trap and a float trap. It keeps steam
mains and risers free from water and air, and return
rnains free from steam, thus making circulation rapid
and noiseless. lt has high water handline and air
venting capacity for heating-up periods.

Vacuum Pump
The Differential Vacuum Pump exhausts air and
vapor from the return piping, keeping the pressures
therein below that in rhe supply. as required to
maintain the pressure diflerence necessary to cause a
positive circulation of steam throughout the system.
The Differential Vacuum Pump also operaies to
handle the condensate from the System. This water
gravitates to the accumulator tank from wbich it is
l ifted and returned to the boiler by the pump.

Dift erential Controller
The Pump is controlled by the Differential Control-
Ier which is connected to the supply and return
piping and is actuated by the pressure difierential.

lh9 
Co"tr"l l .t starts the purnp when the pressure

difterence between the supply and return tends to
fall or disappear, and stops it when this pressure
difierential is restored.

Uar,ou.t"n
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In order to appraise the full value of DilTerential Heating, using sub-atmospheric steam,
it is necessary to understand the functions performed by each of the operative iterns o{
heating equipment comprising the System. The simplicity and effectiveness of the Dun-
ham Difierential Vacuum Heating System is attained through their coordinated action. The
functions of the warious units, indicated on opposite page, are as follows:

aleoluT Sfrfaln

AUTOMATIC
SELECTOR

ROOM

.'i.'* HJi't9E "----""*

D U N H A M  O R I F L E X

. - . * \

D U N H A M
DIFFERENTIAL

DIFFERENTIAL CONTROLLER

DUNHAM
DIFFERENTIAL

THERMOSTATIC

DIJNHAM OIFFERENTIAL VACUUM PUMP

STEAM

5TEAM CONTROL
CONTROL PANEL

HEAT AALANCER

Nri hgR .o{rior v^LvE ('!
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Dunham Differential Control Equipment
The Control Panel

The Control Panel is the central coltrol station where ad-
justments and all contrcl settilgs are made, and at which read-
ings of system operating conditions may be taken. It contains
the primary control elements which are connected into Wheat-
stone Bridge circuits, terminating in the upper terminal strip
to which are connected the cables from the resistance ther-
momete! units and the C,ontrol Valve.

The Galvarelay is mounted behind a removable plate in the
bottom of the Control Panel. It is separately housed and com-
pletely interchangeable. It consists of a Galvanometer and a
Relay. The Galvanometer is the heart of the Wheatstone
Bridge and is an electrical "balance" or "weighing device' .
The Relay functions to automatically open and close the
Control Valve.

lvhen the Master Switch of the Control Panel is at a "con-
trol" station, a "feeler" bar of the Galvarelav is operated bv a

solenoid and a synchronous motor, and determinesat frequent
intervals whether the Galvaaelay indicator is at its central
point or whether it is deflected toward one side o! the other, ll
it is deflected to the right, then the heat supplv is belou the
demand, one lelay contact is made and the Control Valve is
opened a small amount to increase the supply. If the indicator
is deflected to the left, then the heat supply is dror? the demand.
the other relay contact is made and the Control Valve is closed
a small amount to decrease the supply. Ifthe i[dicator is at its
central point, the supply equals the demand, no relay contact
is made, the Control Valve does not move but remains at
whatever position it ma]' have taken previously. This check-
ing for balance is continual and insures that the CoDtrol Valve
is always at the proper position to maittain balance between
heat supply and heat demand.

Page 4
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Dunham Differential Control Equipment

Model RSTT-Fullv Automatic

Consisting of a Panel, a Control Valve, one or more Resistance Thermometer Units, a

Selector and a Heat Balancer, for indicating and controlling steam supply in proportion

to the demand as measured by weather conditions and limited by room temperatures.

(Recommended for all heating systems using direct radiators or convectors.)
CoNTI IOI ,  I 'ANEI -

HE\T B.lI-A\CNR

Fig. 1962

Dunham Model RSTT Control

The Nlodel RSTT insures continuous heat supply in exact
accordance to outside weather conditions. This supply is
checked in c_vcles of three different measurements of the
demand.

The "Normal Heat" measurenrent is the basic control and
provides a check of the heat supply as measured by the Heat
Balancer in comparison with the demand as measured by the
Selector. In this phase of the control, the relay can either open
or close the Control Valve depending on whethe! a greater or
less supply of heat is lequired.

The Selector is a rvindorv mounted Resistance Thermome-
ter Unit, the temperatures surrounding which are affected b]
outside temperature, vind velocity and other weather con-
ditions. It provides a measure of heat demand.

The Heat Balancer, rvhich is a control mdiator, measures
the actual heat supply. There are tNo Resistance Thermome-
ter coils, one belo$ the heatins element measures the a\'er-
age temperature of the incoming air shile the second-above
the heating element*measures the average temperature of
the air after it has been heated. The difference between these
two temperatures is a measure of the heat suppl,v.

The Control Panel includes a measuring or rveighing device

( r  )N' l -Ro(,
\ . \ t_\ ' t :

for determining the balance between the heat demand (Selec-
tor) and heat supply (Heat Balancer). This device is the
Galvanometer which governs through a relay the opening and
closingofthe Control Valve which is made in small increments.
When the heat supply is less than the demand, the Valve is
slightly opened to increase the supply. When the supply is
greater than the demand, the reverse occurs. As stated above
this is the basic control feature.

The Panel also functions to check the actual room tempera-
tures and determines i[ they are rvithin definite established
limits.

The "Maximum Temperature" measulement provides a
check of the heat supply as determined by the Valve opening
with the demand as measured by the room Resistance Ther
mometer Unit(s). This phase oi the operation is a maximunr
limiting control and the relay can close the Valve only if temp-
emtures are high; it cannot open it.

The "tr{inimum Temperature" measurement also provides
a check of the beat supply as determined by the Valve opening
with the demand as measured by the room Resistance Ther-
mometer Unit(s). This phase of the operation is a minimunr
limiting control and the rela) can open the Valve only ii
tempelatures are low; it cannot close it. This phase of the
control is particularly ellective during the heating-up period.

RI]SISTANCI]'t l I I.){ N( )t\t I.l-I.;tt
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DUNHAM RTM CONTROI VATVE
The Control Valve is operated, in response to valia-
tions in heat demands, by adjustable amounts which
are small. No noises ale set up by changes of rate in
steah flory. The Control Valve is operated to change
flow rates only as required, and by a small fraction
each minute. Thus the changes in flow rate are suf-
ficiently slow to permit the compensating effect (upon
loom temperature and demand) of the changed rate to
be secured with minimum valve change.

The Valve is operated by a low voltage reversing
motor controlled flom the Panel. Adiustable limit
switches open the circuit when the motoi has tlaveled
to its limit in either direction.

All Valves have cast iron bodies with flanged con-
nections drilled and faced for standard comDanion
f,anges. The inner valves and seats are of steam
bronze. The inner valve construction is such as to
keep the valve removed from its seat during opera-
tion and thus reduces wire drawing to a minimum.
The use of a bello\,rs contection eliminates all Dack-
ing around the stem and insures against air le;kage
when operating under a vacuum. Fig. 3214 Roughilg in Dinensions RTM Vslv€

DUNhAM GAGE TYPE
G A T E  V A L V E S 560 WITH SYPHON

ANO COCK ABOUT
10 FT. FROI,I THE
CONTROL VALVE

D U N H A M  T Y P E  R T M
C O N T R O L  V A L  V E

S T E A M  H E A T  I N C

ELEVAT ION

s O N T R O L
V A L V E
l,40To R

'I_,

E C C E I { T R  I C  F L A N G E

Z'' '  TAPP ING FOR
STEAM PRESSURE
RELEASE SWITCH

WHEN USEO

E C C E N T R  I  C  F L A N G E

PLAI Iv lE l l

Capacities and DimensionS-RTM Control Valve

EDR

Dimensions,n Inche

B c D E F G H

t%
2%
3

5
6
a

l 0

t3l  )4
202 

-

3O2%
453
804
t20,
lE06
3204
500t0

1,300
2.000
1,000
45W
6,000

t2,000
t4,000
32.OOO
50,000

I N
t %

3
3

5

7%
6%

i\,'t
t 3
t4si
t 9
t9t/4

4X

l%
5 %
6%
7%
E14

10,.1"
12'/t

t 9 %
t9tt(r
20%
20%
2 l
22%
23e B
25%
26t14

23%
24U

26X
2a%
30ttr

351.4
39

5

7
712
9

t 0
t l
t3tz
t 6

l 2
t2r(6
t z %
t 3 v
t3it;
t46l
t 4 %
t 6 %
t5tt,i"

3%
4t.(6
4X
5
5\\6
6N

a%
7t!,t6

8%
EX
8%
6X
a14
8%
6X
ax
8%

B Y-P ASS

Fic .  1677A

Page 6 C .  A .  D U N H A M  C O M  P A N Y cHtcAgo



WWWffiWa

DUNHAM "ORIFLEX'' V,A,LVES
Tvpe 175 "Oriflex" is a self-contained adjustable orifice valve

lor  proporr ioning the steam supply to each radiator .  IL has a
unique 'handle mowement which el iminates graduated open
ing or closing. It need only be turned "on" or "ofi". The adjust-
able oriGce within the valve, not the position of the handle, con-
trols the maximun steam flow.

With "Oriflex" there is no need to disconnect the valve when
making an adjustment. Merely remove the handle, insert the
key on the adjustment stem, adjust the orifice (calibrated guide
surrounds stem) to the exact settins needed for perfect balance.

Like all Dunham Packless Radiator Valwes, Oriflex is reallv''oac[.less 
. lt is made pacl.less bv means or the bellows 

"o"s i rucr ion consjst jng ot  a ser ies of 'corrugated phosphor-bronze
diaphraems which permit  the l ree up and down movement ot
the spindle and valve disc- This construction obvia.tes the use of
sprinls, p"cki'g or stuffng boxes of any kind, and entirely pre-
vents the leakase of steam, air or water.

Th€ tl rize valve can be supplied with r0. 60 or 120 sq. ft. maximum capacities.

56 Figs.352l and 3529 below fo' D and E dim€nsioDs

PACKLESS RADIATOR VALVES SERIES TT4O
Wheel Handle

Suitable for all types of low pressure steam heating systems. The bellows construction, the non-
rising stem, low bonnet, heat-resistant, composition handle requiring less than one turn to open the
valve fullv, recommend this valve for services in which long-wearing quality, absolute tightness and

attractiwe design are desired.

Bodies and bonnets are brass castings, rough frnish. The valves are furnished with heavilv con-
structed brass union nuts and nipples. The expansion member is the built-up type of bellows, fabri-

cated from tinned phosphor bronze giving nuinum resiliency and wear. The expansion member not

only prevents leakage of steam, air and water, but also prev€nts stea.m, water and dirt from clogging
and corroding the spindle nut and screw.

Type 175 "Orioex"

When orderim sD€citv 3ize or
n"a'"t". 

""ir 
V"l"i S-e

Fis. 3635-Ansl. Pattem,
Type l14O

Fig. 3521-Straight-rhru Pattern
Typ€ 1146

Fis. 3529-Risht Hand Coher Pattern (Left Hand
Pattern Simila.)

F ig .  1815

No.
EDR

DimemioN in Inched

B c D E

%
%

t %

NWLR '1 A
NWLR %"
NWLR I '  A
NWLR IJ, i '  A

10
120
1 6 0
240

1 ) l

2 tA
2t\r

3
2 %
J
t %

l ,
t y 'e

l ,

2 %
2 %
2 %
1

%
%

I
t t A

t r A
t %
t %
2\4

Fis. 3520

TABLE FOR 1140 SERIES

B c D E B c D E

1A
1 4 0
142
141
146

RH
LH
ST

1 %
1 %

iu 3 1 % z % % t %
I t40
1 1 4 2
1 1 4 3
I t46

RH
LH
ST

3 \
1 %
1 %
1 %

3 t l t % ) % t \ 2 6

140
142
143
t46

RH
LH
ST

1 %
2
2
2

2 % t % 3 % t % t t l
t40
t42
t43
146

RH
LH
ST

4 %
4 %
4 %
4 %

] % 1 % 3 % | 12. 25A

1 4 0
142
t43
146

RH
LH
ST

2ttr
2 %
2 %

3 t h 1 x I t %

C .  A .  D U N H A M  C O M P A N Y rdge /cHtcAeo
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740 SERIES DUNHAM RADIATORVALVE
(SPRING PACKED)

Designed for Low Pressure Stearn Heating Service

Bodies are brass castings, rough 6nish, The valves are
equipped with heavily constructed brass union nuts and
nipples. Al l  pipe threads and tapings are careful ly ma-
chined and checked to standard gages. Non-rising stem,
requires less than one turn of handle to open the valve
ful ly. Dial shows direct ion and amount of opening.
Heavy bronze spring keeps a constant piessure on a
special graphited asbestos composit ion r ing to maintain
a tight seal around the valve stem.

Fig ,3394A

Size
Ins.

rvp"
Net

w g t .
Lb.

Dimensions, I nches
Code Size

Ins.
rvp"

Net
w c t .
Lb.

Dimensions, Inches
Code

B c D B c D E

1l
740
742
743
746

AP
RH
LH
ST

1 %
t %
t %
t %

2 % t % 3% t 3 4 Riwha
Lewha
Stwha

t %
740
742
743
746

AP
RH
LH
ST

3 %
3 %
3 %

3 % t % 3 % t % 21/t6 Riwho
Lewho
Stwho

%
740
742
743
746

RH
LH
ST

tr,/ta
2 %
2 %
2 %

2tlh t % 1 % % t % Riwhe
Lewhe
Stwhe

1 %
740
742
743
746

AP
RH
LH
ST

4 %
4%
43.1
43;

31yt6 1 % 1 % t % 2,1t Riwhu
Lewhu
Stwhu

740
742
743
746

AP
RH
LH
ST

2%
)12^_
7 1 3 . -

21 / t6

3/s lTra 3 % t % Riwhi
Lewhi
Stwhi

2
740
742
743
746

AP
RH
LH
ST

6%
7
7
7

4% 2 % 4% 1 % 2rr ro Riwhy
Lewhy
Stwhy

Also available in lever handle, 700 Series.

Fis. 3521
Straisht-thru Pattern

Typ. 246
Eic.3Zl7

Fig. 3529
Riabt Hanal Corner Pattern (Left Hand Patrern Sihilar)

F ig .3537
Resllatins Plate, Ttpe 192

DUNHAM REGULATING PLATES
For Two Pipe System dpplication

Showins Regulating Plate in place in Valvet

The Dunham Regulating Plates are installed in all radiator inlet valves in ac-
cordance with radiator capacities or the heat requirements of the space to be
heated by the radiator. They perform the triple function of establishing a steam
condition in the steam piping, of governing the steam fow into each radiator in
proportion to its heat output requirement, and thus give controlled steam distrib-
ution under partial filling operation. The Regulating Plates are easily inserted in
the union connections of the radiator inlet valves. As a general rule, they should
not be installed unti l after the heating system has been cleaned.

Page 8
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D L s l C N  D e s r s n  o f  r h e  D u n h a m  T r a p  p r o v i d e s  f o r  d  . 6 ( i F n r
d i f i e , " n r i a r , o n  b e r s e " n  s r c r m  d n d  a i F d n d  e a r e r .  f b  n m p l "  , u e p e d

l e l  r h o r o u s h  d r a r n r n c
i r y  a n d , , / I  m i n i m r m  w e a ,  o n  * o ' k i n s  p a r r s  T h p s e  f c a t u r e s  e n s u ' e

T h e  s , a n d r d  I ' a p  o p e r a l e s  e f f i c i e n t l )  o n  p r " s s u ' . s  u p  r o  l 5  l b ' .
g a g "  a n d  i .  u s e d  o r  

"  
l  r v p c s  o f  l o w p r . s l u r e  s r e a m  h e a r i n g  " j s t e m . .

CONSTRUCTIoN Tbe trap consists of a cast b'onze body with
rhe walw.searaDd acast bronze cow€r containilq the €xDa$ion theh-

DUNHAM THERMOSTATIC TRAPS
For Operatins Pressures Up to 15 Lb, PSI Gage

ostar. The disc is made from mond metal sheet. The coftugation6 are shaped to r.duce
h i n g "  a i  r i o n  a ,  r h "  ' , m  o f  r h -  d i 3 c  a n d  r o  d F t ' , b u t e  d i s c  m o r i o n  u n , f o h l y .  T h "  6 l l i n g
n a 2 z l e . n d  t h e  v c l v e  a s s i m b l v  c r c  a r r a c h e d  r o  ' h . i r  r F s D e . r i v .  h a l v e s  f o  t h .  d L c  b v
threaded nuts makins tieht;crewed joints whch 're f,irthe. r.inlo.c.d, locked an;
sealcd by sweating wnh solder.

A  
" , i m p e d  

, r n s .  r h i . h  p r . v " n r s  d i 5 c  v i b r a r i o n ,  i s  i n 3 - ' r e d  . n d  r h e  r w o  h a l v e s  o r  r h F
d i ' -  a , e  i o , a " d  b v  r  s p e " i a l  $ " l d i n s  p ' o c " s s .  T h e  d i s c  E  t h e n  f i l l e d  n n d  s e . l e d  u n d r r

T h "  v a l v "  i 5  f l a r  a n d  i s  a r  I  a c h c d  r o  r h c  d i s .  b y  a  b " l l  s w i v e l  j o i n r  r o  e n s u r c  i B  r . a r i n g

" d u a r e l \  
a n d  r ' e h r l v  w i r h o u r  c a u s i n s  l o c a l i z . d  s t r € s e q  o n  r h e  d F ( .  T h e  v a l v "  o D e n i n E

i s  " x ( e d r i . n a l l ] - r " ' ; e  a n d  t h c  p a r s a $ ;  o l  M t " r  o r  d i r t  o u r  o r  ' h c  ' € p  i s  n o (  o b t u c t € A
b y  d  R U i d E  a q  h o n "  ' s  n " . r s a r y  w ' r h  r h e  D u n h a m  d e s r 8 n ,

The walve oeat is .ais.d slishdy and .ounded to hinimize the d€positins of in-

The rrap ; non-adj8table, permanent adjustme.t ror conect ope.ation is buih
;nro the element, The thermostatic elements for taF of the ..me siz are inte.-
. h " n p e a b h  w i t h o u r  a d i u , . m e n , .  s D a ' e  t h e r m o s t a t , c  r l r m . n t s .  w h e n  D l a c e d  i h  t h .
r ' " D ; o v c r  

" n d  
r h " . o v . ,  p , o p e '  y  s e . u r e d  r o  t h c  b o d y .  a r c  a u t o m a r i G l l y . o r . c t l y

D l d i c d  " n d  
d i s t a h c e d  l r o m  r h e  v r l v e  s e a t s .  T h e  t h f l m G t a t r  e l e m e h t s  m a y  b e  r e a d i l y

;"-.'"d for examination without breakinq the inlet ard outlet conn€ctions. Th€
. o \ e o  m a !  b e , e m o l p d  ' r o m  r h c  r r d p  b o d y  w h i c  h o t  w i t h o u l  d a n s " r  o {  t h e  r h . r m o -
s r a r ' "  " l " m " n t q  b : i n e  d i "  o , r c d  s o  a s  t o  a f i e c (  t h e  o p e r a t b n  o r  t h e  t r a p .

--l

L
z
m
F

Fia. 8O5-l-Ansle Patrern
N o s .  l C ,  2 E  a n d  3 C  T r a p s

NOTE: All trapshave union nut and nipple
at inlet and .ieht hand female pipe tapped

SpecifyType Numb:. orCatalos Numbc.
and size on order. When not othcrwis: stip-
u l a t e d  o n  o r d c i .  r h e s r a D d a . d  A n g l e P a t t e r n
Trap of size called Ior will be furnished.

Fir, a05-2 Straiqht Ansle Pattern-  
Nos .  rc  . ;d  2E T ;aps

Fig. ao5-4 Fig. 405-3

Risht H.nd Corner Patt€rn (Left Ha.d Patt€rn- 
similar No. lC Trap only)

Fis. 1434 V€rtical SW Patt€rD
No.  rC TraF Ob ly

U p  t o  1 5  L b  P s l  C a g e

E.D.R,

DimeDsions in Inches

B c D E

t c

TL2A 1.1
TL2S '
TL2R %
TL2L J'
TL2V '

SW
RH
LH
VS

)1" 200

| \.4
t l l
134
t %
t %

J %
3 h
11.4
3 \

r r i .  
r r .  3 : | :
l i :  I  i rr

Dimebsion3 see Fiq. lE

t

) 4

2 E TL4A%
TL4Stl sw % ' 400

1 %
3\r
3..tr "a iN I1YI"

3 C TLTAI 700 2 31.G t % 3 t G

"Ratings are bas:d on ], lb. condcnsation pcr sq ft of equivalcnt direct radiation p€r hour and a l% Ib. presure

TYPE TH SERIES_THERMOSTATIC STEA,M TRAPS
25 Lbs. to 100 Lbs. Workine Pressure

1
I

T h e " c  t , a D 6  a ' e  o f  r h e  t h e , m o s t a t n  f l u i d  e x o a n s i o n  t v b e .  o D . r c r i n s  i n  r e s D o n "  t o  ' h "

n - s , " ' e  . a u , e d  b y  p a . r i " l  v a p o r i ? a  r i o n  o r  r h e  l i q ! ' d  - , , l i i ;  r h ;  r  h e r m ; s r a r \  ; " T b " r .  T h -
r r a p . o n ' i s  '  o t  r $ o  p , i n " i p " l  p " ' r s ,  r  b o d v  s i , h  r n c w " b l e  v a l v e  5 . a r  a n d  a  " o v c r  

( o n
tainins the thermostatic dis.. The trap is non'adjustable: permanent adjNtment ro. co.-
r c c r  o p c r a ' i o n  i "  b u i l t  i n r o  r h c  r b r r n  a ' r a r i r  d ' s ,

The heaw bodies and covers a3 w€]I as the union nux and DiDDles are bra$. The thcF
mostatic disl is lab.icat"d r.on monel metal sheet usi.q a speciai welding process, and is
designed to reduce the mowement at the rim and to dLtribute the disc motion unilormly,' l h e  

v a l w e  a n d  s e a r  a . r  o l  s p e c r a l  h e a l  t F a t e d  s t a r n h s . . . " l .  T h "  s p h e  r " l  v " l v -  i .
s w i v " l e d  t o  i n s u ' e  i r s  s " a r i n e  ' i c h r l y  $ i r h o u r  r a u s i n c  ) o , d l . / . d  s r r 5 s  '  o n  r h "  r h F r n o -

The walve opening is eaceptionally la.ge and tbe passage of water or dirt is not abstucted

CAPACITY POUNDS CONDENSATE PER HOUR

Workins Pre$ure (Lbs. pe. sq. in. sage)

" n d  
' h a r  o I  s "  u r a t e d  " t e a m  o {  r . m e  p r _ s " u r e  a

Fig .35 laA
Sectional Typ€ THI-A

Fis. 3427A (TH Series)

C .  A .  D U N H A M  C O M P A N Y C H I C A G O Page 9
tga6



SfUltlFlFM
tHE^rrnii-siPv'cE

DUNHAM FLOAT aNd THERMOSTATIC TRAP
Rated capacities are in .ccordance vith the standards as adoFred by
the Steam Heatins EquipbeDt Manuf&tucr! A.Boci.tion to provide

for the continuous elimiratton of air.
Ir i! compri!.d of a cov€r, m*banirm s.$mblv a"d b"dv. Th"r-osratic disc

an<l valve conrrols flow throuch a cord DallaF berwen traD bodv aDd dits
chs'8" tappins for relea* of oi;. The float i. cu;rou. materi.l.'Float val!. atrd
s"ar !'e moDel metal. Thermosrar clement. .r. int.rchlng.abl€. Trap body

30 Scries-Operating Pressures Up to 15 Lbs. Cage
r .sd i l y  rehov .d  w i rhout  d is ru rb ins  p ip ins  ronnccr ions  ro  Iu l l y  . rFose wor l , '  t
pari. ror insp.crion. All.rrap3.ar€ tapp.d 'o rhar sase slas_s set m,y b. appli.d
but trap. ar. lhrppd

th.n 2 lb.. .aplciry is

Fig. 16568-Trap. 30-2 and 3o-4

Fis. rGraB-Traps 3l-2A and 3l-4

DUNHAM CLOSED FLOAT TRAP

Fig, !162D-T.aps 30-5, 30-7 add 30-a

Fig, 1725A-T.aF 31-5, 3l-7 and 3l-8

31 Series

Pr...urcr Up to

It n d6im.d !o rcld.c *a-
tc. only iiom lo prarurc
'tdm i$t'lhtion!. h m'y
bc u!.d fo. dripping ri$ in
*am main, Dd orlq ap-
pli€lionr wh.c no .ir is to
b. h.ndl.d. Th.y d. rin'
ilu in &'kD to rh. Floar

c.pt th. lh.rnoraric f.a-

EDR B c D E F c I {

30-24
30-4
30-5
10-7
,G6

FT E%
FT 28I
FT 4at%
FT 96lU
F'f 2002

800
2,000
4,800
9.600

20.000

, %
t %
I N
2

6 %
9%

l7.N
60

7X
a'l

l 2
l 5 %
t 9 ' I t

\4
%

6'
7 ' t
9 t

12ta
l 5  3 i

1y
4 %
516
714
9\^

.t4

t:f"
2U

2
2%
3 %
4 %
6 %

tt.j6

t 3 l

EDR
'%isht, DIMENSIONS IN INCHES

B c D E F

31-24
31-4
31,5
31"7
3 l - 8

FC A%
FC 28I
F C  4 8 1 %
FC 961
FC 2002

600
2,000
4,800
9,600

20.000

%

i4
2 -

6%
AN

t 5
3 l
40

6 N
7 %

5 %
5 N

, " r%
1 2

5
7
9

t 2 )
I 5

z
%

4
%

4 %
4 %
14.'r'l i:A

3 t i
2%

2X
2%
3 % 154

1 %
1.,<

%

DUNHAM STRAINER*For Operating Pressures Up to 125 Lbs. Gage
It is iroD castins with removable cover and €ieve. siev. fomed oI Derforaled brass

sheet  w i th .04 t "  d iame- te r  ho les ,  2 . ] l  ps i .  S iewe i .  inser ted  f rom bor lom rnd  he ld  in  pusr -
tion by recesses in body castins and cover. All sizes have right-hand female pipe tappinss.

F ig ,3331

c E
width

2 t 1 - % '
2 r - i ,
2 l t - t '
2 1 1 - 1 % '
2 | - t t '
211,2 '

ssrt
ss%
ssl
sstz
ssl
ss2

t %
3
3
5

t 0
l 0

%

, %
I N
t 4
2 -

4y,

z7
65/,

2 %
3'Z
3 %
414
5tt
5

2 %
2 %

3U
4 X
4 U

Page l0
t048

C ,  A .  D U N H A M  C O M I , A N Y CHICAGO



wwwffiw
DUNHAM INVERTED BUCKET TRAPS

Type OBS-For Oparating Pressures Up to l5O Lbs.
Type OB-For Operating Pre-lsures Up to 25O Lba.

CONSTRUCTION-The Type OB Series vents

air  and drains water f rom steam' l ines '  heat  ex-

changers and processing equipment oPerat ing at

their  respect ive pressure ranses.  These t raps are
particularly adapted to clearing high presrure

distribution lines of condensate and to draining
uni t  heater ! ,  b last  coi le and other h igh prersure

appl icat ions such as garment presses,  i roning
mach;nes, cofiee urns, cookine Lettles, vulcan-
izers and drv kilns.

Body and of high tort remi-rtcel
casting: and are provided with a pluggod opcn-
ins at th. low€lt point of thc body. Trap co"-
Dections are standard right hand pipc tapping.

The valve and reat, which are rcnewablc and
interchangeable, ar€ con.tructcd of espccirlly
hardened, corrogion resi.tins .tcel. BucLct ie
formed from rhcet copper. Cover cap !cr6w. arc

lntesral rtrainer and mamral by.pa* arc cach
optional featur€i of thir trap.

r-A-_"]

F i s . 3 4 5 4
rype ubr  r raD arso

Available with Integral
S t ra iner  and/or  Bypass

250

;ru)
5410
5175
4090
4580
4220
3450
3690
3500
1 1 l O
t l  l 0
2900

2420
2 t 2 5
t950
1700
I t40
560
340

250

5 0 r 0
4000
4580
4400
4050

3400
1290
3125
2975
2600
2600
2400
2 1 7 5
r 900
1720
1460
I000
5 t 8
3 1 0

Md. Workinc Pr66. Lbs. Der
Dif,.

250
225
200
t75
t 5 0
t25
r00
90
80
70
60
50
40
30
20

t 0
5
2
I

Md. Wo.kiE Pre... Lb,. ber
sq. 1,. for sdr sizc FurDisli.d

5300
4600
4600
4400
4tto
1900
3600
3300
2950
2550
2150
2060
t475
E20
520

OB TRAP_SIZE

B c D E C c D E F I  ] K

Dirf.
Max. Workins Pres.. Lb6. per
Sq. In. forSear Size Furnisbed

Mu. Worhinq Pree. Lb.. De.
Sd- In. for S;t Size Furnillied

250 t25 EO 60 30 t 5 250 175 t25 a0 60 30 l 5

250
225
200
l ? 5
150
125
t 0 0
90
60
70
60
50
40
30
20
t 5
t 0
5
2
I

2125
2040
1950
1850
t745
1625
1470
| 400
t340
1270
I t90
I  I00
| 000
695
770
695
600
400
170
t00

3450
3475
3300
3100
2900
2675
2440
2325
2210
2too
t975
1840
1675
t 5 t o
1325
| 200
to25
7to
380
220

,500
3 t00
2300
1150
880

3640
t425
3 t80
2900
2760
2640
2500
2350
2 1 7 5
20to
t600

1450
1260
650
420
245

2ZOO
2020
1940
I E50
1750
t650
|  540
|  4 1 0
1255
to70
960
820
550
270
t45

3725
3400
3290
3 t z 5
2975
2800
2600
2400
2175
t900
tTzo
| 460
| 000
5 t a
l t 0

2 2 t O
2 t00
1975
| 840
1675
| 5 t 0
1325
| 200
to25
7to
3E0
220

3500
3tlo
3 0
2900
2675
2420
2125
t950
| 700
I  t40
560
340

1550
3300
to50
2750
2400
2t 80
| 690
1340
600
450

2350
2 t 7 5
20to
taoo

t450
t260
650
420
245

2175
| 900
t720
I460
t000
5 t E
l t 0

2t80
t690
1340
600
450

F i s . 3 4 2 3
Type OB Trap

Type OB Traps can be fuhished
with inteeral 3tr.inar also wirh
manlal by-pass if so .rdered.

5 TRAP-SIZE %" OBS TRAP-SIZE

DIMENSION TABLE
B c D B c D E

Max. WorkiE Pr6s. Lbr. Der
Ditt,

Ma'. Workins Pr.6s. Lb!. Nr
Sq. lr. for Sdt Sizc Fuhi.L.d

i(:: I i;,:[:;. l 
-fb::" A I'B I c I50 60 60 to 15 r 50 125 00 60 l0 l 5

99 t !_1 ,  t .  l " - - i  6 , .  r . "  ' ; ! 800
760
690
660
640
6 r o
,80
540
' 0
470
420
380
340
300
160
90

t 5 0
125
t00
90
60
70
60
50
40
30
20
l 5
t 0
5
2
I

E00
850
770
730
700
670
630
590
550
5 l o
450
4 t 0
360
3 t 0
t60
90

t040
950
9 r 0
880
E40
790
730
680
620
550
500
450
390
170
t00

t060
950
E'O

3 t 0

EEO
780
60
420
245

oBs% |  t t  6_1 4% J  
7% 4% '33

770
730
690
650
600
550
490
440
400
340
170
r00

| 090
| 040
990
920
650
770
6EO
6 r o
550
470
270
145

oB % | 
t/t) t3rt 

| 
6% 

| 
t0%_ 

_ 
7y1 

93
660
630
770
700
620
560
500
4ZO
270
145

t230
90

I090
I000
681)
E00
7 t 0
600
300
220

9. ,  I  t ,  I  , ' "  I  j r l  , , '  __8: , :  33
9 B r  |  |  j o  

I  s 6  |  r 3 , ,  I  r o _  _  4 0
650
770
690
6 r 0
510
,EO
220

t 0
| 000
920
820
720
420
24t

lMadual By-Pass increase B bv 2' app.oa.
I 5
t 0
5
2
I

C ,  A .  D U N H A M  C O M P A N Y  .  . .  C H I C A E O Page I I
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DUNHAM RETURN TRAP-For Operating Pressures Up to 15 Lbs. Gage- 

Made in I siz.s, Thc opetatins piinciple of all these is sihitar. On lifting serv-
ice they hay be used for pressurc diFer€nces up to the €quiv.lent of tt lbs.

6

CIUCE

TYPICAL BOILER CONNECTIONS FOR
Nos. aA-gA (Fig. rsas)

I

!TAk€ S, IETM To RETURN TR^P
i F a o M  r o p  o F  V E R T r c ^ t  p r P E .

i O U N H A M

lREcLrLAloR

Fig. 1585

TYPICAL BOILER CONNECTIONS FOR
No.  loA (F ig .9638)

Capaciries EDR at 6 in. betu€en BvL and bottom of trap FRl5-1500 fr.r
FR30-3.000 f t.; FR50-5.000 It.

I I I

Fis. a63A

IRAP SET IEVEL

US€ ALL 80  IT 'R SIE^M
r A p p t N G s  F U t L  s  r z €

B O  I T E R  W A I E R  I  I N €

0 L l N l l l M
csEC(
DIMPER

2'EIEEOER

CONN'CI RETI)RNS NEAR
Ti IOOLE OF NETURN NE

slr lNc cNEcK vt lvEs
w r r f  E R l s s  D l s c

0Rru/  ! ! lCHrLY

I  S izc  o l  P ip .  M in imum He 'gh t  C '
S ize  o f  Tr .D l_  I  Bo lom or  Tr rp  ro

I  
-A-  

|  
-8 "  

lBo t tom o f  Rdurd  M. in

t M r ' l t w l w

:  I A I ( E  S I E A M  T O  R E T U R N  T R I F
I  F R O  T O P  O F  V E R I I C I I  P I P E

F ig .9638

U S E  A I L  B O  I L E R  S T E A M
T l p p r i r G s  F U L L  s r z €

DA'TP€R

3r 3r€toER

C O N N ' C T  R E T U R N S  N A T R

Page l2
t s46
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&aw#eM
Eg HEATING SERVICE

PIPE SIZING TABLES
(FOR VACUUM RETURN LINE AND DIFFERENTIAL SYSTEMS)

See Tables on page 14 for Vapor and Return Trap Systems

Direct Cast Iron Radiation

+The ecu iva len t  l€ns th  i s  tho  d ie toc .  a lons  p ip ine  f rom the  .Dunham Conr 'o l  Va lve  ro  the  fa r rhes t  rad ia to r  D lus  a l lowance.  fo r
elbows anal valves (8ee table Allow6Dces for Resistance to Flow ) and Dlus 25 fe€L allo*ance lor last radiator ;nnection.

Do not reduce any 3team hain bclow 2 inches ir size at its end.
-'For Vacuum- R.turn Lino Systems _)ength" 13 th. distance from boiler, pr€ssure r€ducins valve or c€ntral station serice main to

t.b. farthest radiator.

Pipc Siz

220.OOO
134,000

Thd length is the dislance alonF pipins from Puep to the farthest radiator plus allowances for elbows aDd valve (see table Allov-
ances for Resistan.e Lo FIow ). 

_ -

Radiator Connections

Horizontal Runout to
Riser or Spiincpiece

Iirst Floor Radiator,
Trap No.

Horizontal Runoul to
Riser or Firul Fl@r

L- 25
26 80
3l-100

10r-140
141-170

4

\,
V

4
V'4

%
!
1 %
r x
I

D I
DI
D I
D I
DI

4
4
4
t6

If horizontal connectiods, sp.insDieces and runouts are over 8 feeL lons. usc Dipes one si?e larser than siven abov€.
Gnde horizonral conneclions, both stean and return, lvirh a lall ol not less lhan X inch per foot.

Illowances for Resistance to Flow in Feet of

2

?N
3%
t

E
l0

t 2
l4

200
380
680

990
1.400
2,480

4,000
8,300

14,500

23,000
29,500
42.100

400 ft.

f t .
ft.

- Detetmine the leDcth of run of @ch ri.er eractly the same .s for Steam Mains, that is from the sourco of steam supply to tho
far thcc t  rad ia lo r  supp l ied  bv  th€  r i ser .  Spr insp jeces  arc  the  '  oMect ions  l rom sr€am mains  to  r i sers .  Sp. insp ieces  to  up ie id  r i sers
are  raken o f l  the  Lop o f  s t€6m maihs  a t  43  desrees  and musr  be  6 t  l€asr  one p ipp  s izp  la tsc r  rhan bo l ro ;  o f - ih6  r i ser .
.  Spr i rsp iece \  to  downleed r i s . rs  may be  tak ;n  o t r  Lhe bor rom o f  o f  rhe  s tea ;  ma in  d r  o -0  decre€s  and shou ld  be  same s izc  as  rop  o f

the  r i cer ,  s r rd inc  downwdrd  w i th  th6  d i rec t ion  o f  s team f low so  tha l  thF  main  w ' l l  bF  dra ined ; f  condensate ,  I f  sDr i rmieces  ro  oown-
feeal. risers are taketr off the top of steam maiD at 45 desre€s, then the nain must be provided with drips and tmp; to drain it of

, Sprinspiece3 to upfe.d risers or horizontal ofisets in risers, when over I feet long, should be made two pipe sizes larger than the
t h € y . o n n € . r ,

Sprjhspieces from retum risers to reLurr haiDs should be same size as bottoh of the return risers.

Steam Mains

1,130
2,loo
3,800

5.500
7,150

13,800

22,200
46,000
80,700

127,OOO
164,000
234,000

800
r,170
2,660

3,850
5,i100
9,650

15,500
32,000
56,500

650
1,200
2,1,60

3,140
4,400
7,800

12,600
26,200
46,000

72,500

570
1,050
1,900

2,? 50
3,900

11,000
23,000
40,300

63,500
82,000
r7.000

450
440

1 , 5 2 0

2,200
3,100
5,500

8,900
18,400
32,200

51,000
65,600

350
650

I , t 8 0

1,700
2,400
4,300

Return Mains

Vertical Risers

% I I N r16 2 2% 3 % 4 % I r%
200 tt.
400 ft.
600 lt.

1,000 ft.
2.000 f t .

66

3a
29
2l)

133
95

59

2,90
2 l o

129
92

450
325
260
200
143

920
655
525
410
290

1 , 5 1 0
1,080

865
670
475

2,660
1,900
1,520
1,180

830

3,850
2,750
2,200
1,700
l  2 1 0

5,400
3,900
3,100
2.400
r.100

1.000
800
640
500
350

2,000
1,600
1,200
1,000

700

4,500
3,400
2.50lJ
2,100

In  s iz ing  p ipes ,  th€  length  o f  the  p ipe  must  be  ascer ta ined.  and the  t r i c r iona l  res is lan€e o f  6 t t inss  and va lves  cons idcred ,  l t  i s  cus tom-
ary  ro  tFducc  the  res is lance to  equ iva len t  l "nc th  o l  s t ra igh t  p ipe ,  as  in  the  above Lab l " .  wh i "h  ;usr  be  added Lo  Lhe a . rua l  measured

Alwavs  neasure  the  en l i re  lengrh  o f  p ipe  r rom the  sour (e  o f  s team supp ly  to  the  ta r thes l  rad ia to r  o r  heat ins  un i t .  add ins  Lo  the
measured d i . tahcc  the  a l lowance in  fee t  fo r  each e lbow and va lve  as  s iven  in  aborp  rab le ,  Use the  p ipe  capac i t ies  s iven  in  rhe
collnn under that le.sth which is nearest the est'mated lensth. For ixample, suppose the lonsest hai; io farihest radiator includ-
ing the riser measures 170 feet, aDd the aUowarce for elbow; in that line to the aarthest radiator is 65 fe€t, the total equivalent
lencth is 2t5 feet. This main must then be sized on the J0oJooL tensth coluhns.

In  s iT ins  r i ser  de temine the  d is tabc6 f rom source  o I  the  s .Fam supp lv  inc lud ins  a l lowances .  to  the  ba te  o f  ea(h  r i ser :  add he iphr
o f  r i ser  p lus  an  a l lowance o t  2 i  ree t  cover inq  rhe  'es is lsn .e  in . lud i ;s 'e lbows.  ia l \e  and en t rance in ro  rad ia ror  fo r  rhe  fa r lh ;s r
16d ia to r .  S izc  earh  r i ser .  us ins  p ipc  €pac i t les  g iven fo r  nearesr  e r ;a te r  lene th  samc ds  to r  ma in ! .

C .  A .  D U N H A M  C O M P A N Y C H I C A G O Page l3



Pipe Sizing
For-Return Heating Syst€rns UEins Return Trap or

Condensation Purnp
1 h .  p i p .  s i z e 3  l o r  t h i s  3 y . r e m  . r .  b . ! . d  u p o n  a n  i n i r i a l  o p . r a t i n s  p ' c . r u ' .  o t
I  t o  2  p o u n d s  g a u s p ,  a l r h o u s h  p r . . . u r . .  u p  r o  l 5  p o u n d s  m a y  b e  u 3 . d  i t  d e s i r . d .
No shaller Dioinc should b. uled thad shown in ihc follos'm rabl.s. and car.
rhould be til.e" r" a*.aain rh. l.nrth of aU rum w,th allo;anc.! cdd.d. in
d.t.rDinins si2€3.

Stearn Mains

IiP" Cap!.iry in squ.r. Fet of Dircct Casr l.on Radiation

I  l t %  t r t  |  2 l z % l  i  i %  |  4  |  5

400 ft.

400 fr.

400

100

t,400

r,000

2,700

t,700

5,5N

3.400

9.000

5.500

16,000

10.000

21.OOO

t4.000

32,OOO

20.000

5 7 . 0 0 0

35,000

Stearn Main Dr ips

P i e e s i a  l r , 1  l r , ,  z  2 t 1  |  ,  r ?  ]  4  |  t

c**,,,.," I 
- l  

I  I 
- 

I i  l-
Sc. Fr. ... 1 1,,100 2,700 | t.500 1 9.000 | 16.000 l ?r.000 l l2.00O 1 57.000

'L€nsth equals dislance .lons piping from &urce of ltcam supply to rop of
.a (h  rFer  p lus  a l lowan.c  to r . lbow. .  v ! l v . !  (pas .64)  and p lus  2 ,  f . r '  a l lo*anc .

" A. B and C ref.r to tvDical conn.ction. shown in Fir.. SlrB ahd
809c. ; r .6 t .  t r  hor izonr . r  conn; r ion . . .o , inqo i . (€ .  and ,unou is  a . .  ov . ,6
fcet loie,-"* plpo one size l.rr€r thEn riv;n a6;ve. Crade horizonral.onnc.-
tio.6, both steam and .etur.. wirh a f6u of nor le$ rhan z in€h per foor.

Pipe Sizes for Homes and Small Buildings
For Vapor Heating Systerns

The follorins pip€ sizins tablcs lhould be lollowed:
Stea rn Mains

*Th€ lensth €quals the distan.. alons pipins froh boil.r to lop of €ach ris.r

plu! allowance for €lbows (.c. pise 64) ibd plu! 2t f*t allowanc€ for last. dr

toD. rldiator connectio..

Spridgpied, that is. connetion. from.t€am h.id to ri&E supplying

lccond €oor and up mu3t aleay. be mad. on. .iz. larser thatr the rier. R.turD

.prinspi€.r maLe samc siz. !6 return ri&r,

Fis. 949. M.thod of looping Stcrqr mrin around bcam, dor, opcning
or oth€! ob!lructlon

Return Mains

capacitics in Squ.'. F.€t of Dn.cr CaBr Ir6n Radiation
for E5ch L.Dqth

Il-ength €qual! d'.rane alons pipins from .ou'.e oI st..m rupply to iop of
r a t t h . s t  r i * r  o ,  r a d i r t o r  o n  m l i n  D l u .  l l l o w . n c 4  f o r . l b o w s ,  w a l w . s  a n d  p l u t
25 feet alloe.!.c for radiator connetioD.

Return Mains

Riser Sizes

80 t60 250 400 50t

rL .ns th ,  200 [ t . . 2 ' 5 t t 175 )20 )20

20 .o 80 t25 240 250

Rieer Sizes

Method of Looping for Obstructions

Nrpprr a Cap

Fig.948. M.thod of crcuins b..h without drippins to boil..
o. u.hg ..p.r.t. ..tuh

Radiator Connections

Ar Leasr I

P i p e  S i z c s  .  . l  , ' .  I n . h  I  r  l h ( h  2 l " . h  |  2  i  l n . h

c*..r"* s.-F*l rooo i looo 4000- 
- 

6000

Pege l4
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DUNHAM VACUUM PUMPS

Type VR pumps are furnished as single or duplex units with a
separate accumulator tank to take care of low letuflls. Each auto-
matic pump has its ovrn control panel wired through to motor and
rrill emciently maintain desired range in vacuum on ieturn Unes
and deliver water of coldensation direct to low plessule boiler.
Selector switch on panel permits pump to operate on full vacuum
and float control, float control only for night operation or continu-
ous operation as desired.

Type VRD pumps meet the requirements for a duplex pump all
mounted on one base. Either or both purnps can be operated as
desired, and the unit is completely wired ready Jor operation as re-
ceived. Should return lines be at low level, a sepalate accumulator
tank can be furnished ahead of the pump to provide float conttol,
in which case the installation is referred to as Type VRDA.

Both Type VR and Type VRD pumps are made in nine sizes, to be applied
in accordance with EDR load, and no allowance is necessary for piping.

Standard units are tested and rated in accordance with the ,,Code Ior
Vacuirm l.Ieating Pumps" of the A.S.H.V.E. aud the Heating Manufacturers
Section ol the Hydraulic Institute. They are built for 20 pounds discharge at
the pump, also lor 50, 40 or eveu higher pressure according to requirements

All of these standard pumps are capable of prodlcing 20 inches of vacuum
hence can easily handle the requirements o{ any job up to rated capacity.
The need of special units for greater air and water capacity a.re not necessary
where Dunham Vacuum Pumps are installed, although such special units
can be built on order. Typ€ VRD-DVD, I Size3

Standard Water and Air Capacities
water in gpm at 160' F. from 5.5tr Vacuum to Required Discharge Pressurc. Air in cfm at t60'F. and 5.5r' Vacuum.

TyDe vR, with Accuhulator Tank ard Strainrg Sizes

Jrze ot rump ancl t ut( Sq. Ft. 2500 t000 | 0000 | 5000 20000 25000 30000 40000

Water 3 . 8 7 . 5 t 5 . 0 3 0 . 0 45.0 60.0

Air and Water. .
Water | . 3 5 . 0 t 0 . 0 t 2 . 5 |  5 . 0 20.0

Air 1 . 3 4 . O 5 . 4 6 . 8 8 . 3 9 . 7 t 2 . 6

The bronze f i t ted. enclosed imDeller. centr i fueal DumD
is mounted in straight l ine assembly with air siparatin!
tank and heavy duty motor on the bed plate. The pump
is of special design capable of avoiding stelm-binding undei
high water temperatures and cannot become air-bound. The
pump impeller of bronze is statically balalrced, keyed and
locked to a shaft of tloll-corrosive metal. The shaft rotates
on two heavy ball beadng assemblies enclosed in a single
housing which is dust proof and has sufrcient lubricant so
as to require attention but once o! twice yearly. The pack-
ing used in.stufrng box is lubricated metal foil and asb;stos
rormeo rn rrngs.

The motor is connected to the Type VR pump by a Hardy
disc flexible coupling, and operates at a speed of 1750 rpm.
The VRD and DVD pumps and motors are directly con-
nected, using no coupling.

Directly above the centrilugal pump is hounted the
multi-stage Exhauster and discharge valve. The design
and arrangement of the mult iple nozzles and del ivery
tubes of the Exhauster provide emcient operation over
a wide range in temperatures and create a powerful suc-
tion whenever the centrifugal pump is in operatiol inde-
pendeltly of water being discharged to the boiler.

Discharge valve is of the balanced type, single seat
construction, with an auxiliary stainless steel valve and
seat for minimum flow. The discharge valve is actuated

by a seamless copper float through the float head mecha-
nism mounted on the tank.

Fully enclosed electlic control panel afrords full pro-
tection to the rnotor and to the operating engineer since
the disconnect switch handle is outside of cabinet. The
push button {or resett ing the thelmal relays that pro-
vide protection to the motor against overload and phase
failure. also the selector switch. are on the front of the
cabinet. Electr ic panel is wired through to motor, leady
for operation rthen cotnected to source of power.

Reference to pages 22-25 illustrating typical installations
of VR Pump, discloses how th€ need to place the vacuum
pump in a pit is avoided. For every automatically oper-
ated pump a separate accumulator tank with f,oat switch
and saddles is furnished, aud the installatiot! of this re-
ceiving tank at a level low enough for return mains to
gravitate into it is aU that is necessary to obtain proper
float operation oJ the pump and keep coldelsate out of
retur$ hains and ilt the boiler. It is the Accumulator
Tank-not the VR Pump-that is instal led in a pit  i f
tounq to be necessatv.

Al l  necessary acceasories are included, such as pres-
sure and vacuum gauges. tested check valves for suctiotr,
discharge and vent l ines of pump. strainer for suction
l ine. air check release for receiving or accumulator tank,
and complete installation and operating instrrlctions.

C ,  A .  D U N H A M  C O M P A N Y .  .  .  C H I C A G O Page 15
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VR 9INGLE VACUUM RETURN IINE PUMP-PIPING CONNECTIONS AND DIMENSIONS

A SINGLE AUTOMATIC VA.CU-
UM PUMP FURNISHED WITH
SEPARATE ACCUMULATOR

TANK

r / ! '  to  ! rcuur  r rcu t  r roR

3 -  t .  r0 ! r0^ r ro f i  soL ts  r r iEmrnc
af .  r lov r  coNcRar€  Founo l t  ro i .

-  J / . '  3 . tNG c f fa r  v r tva  r ln r  u r$
; -  o r3c  o ' t i r rc  lo r r io  sE[  l r r r .

vr i i r  qJsr  or  rEsrro ror  r rGrn*ta.

I
tl

| !-s \+-64-{51r' J
i,'r-:_:{

Tft3P
0a.r0r . l - - t t . r .  -

' / . .  l l  l l ' . '

( o p r r o r c r ! )

Fts.1522A

No. H. P.
Dimcn.ion. in Inch.3 Shippins

B c D E F c H J K M N R 5

VR2 2,500 % 59 t 6 % 57% t 4 % 52% 1 0 % 8% 211 l 8% 3 % 2 l 2434 20 40 2 % 840

VR5 5,000 59 l 6 t l 57% t 4 % 52% t0% E% 2l rt4i 8% 3% 2 l 24% 20 40 2 % 965

VRI  O t0,000 t % 613Z t 6 % 6034 t5 55% to% 8Vs 24% 8% 3 % 24 26% 2t 11 47% 2l4a t095

VRI5 t5,000 t % 6 t % t 6 % 60lj 55% t0% B1/n 24% 8% 3 X 24 26% 2 t % 47% zr/16 t095

vR20 20,000 2 6 t % t 6 % 60% t 5 55% t0% 87/t6 24% e% 24 2654 2 1 % 47 )l 2% I  t78

VRz' 25,000 3 6 t % t 6 % 60% 55% t 0 % EVta 24% | 2r4 24 7 7 22% 5i r1 2o/a | 238

VR3O 30.000 3 6 t % t 6 % 60% 55% t 0 % 81/t6 24% t2r l 24 27 22% 53% 1286

VR4O 40,000 5 6 t % t6% 603 l 5 5531 t 0 % 81/ra24% t 2 % 6 24 2e% 23% 60 2% t370

VR6' 65,000 5 6% 2 t % 66% t93l 62 t 5 )  n lOtli 2 5 % t 2 % 6 26 29% 23% 601t 2%6
The above data for standard 20Jb. Diecharge Pressurc Pumpr. Use tabulated data for D V pumps of aimilar capacity.

Page l6
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VR ,DUPLEX VACUUM RETURN IINE PUMP-PIPING CONNECTIONS AND DIMENSIONS

T W O  A U T O M A T  I  C
V A C U U M  P U  M P S ,
FURNISHED IN DU-
PLICATE IN EVERY
DETAIL  AND COM-
PLETE WITH (ONE)
A C C U  M  U  L A T  O R

TANK.

,--- :1it
t  -  l '  r6uxDrr r0 i  !0 r rs  r r ra ror rG/  , '
. t .  raovr  corc . ( r t .ouror r ro i .  t l L-.\J-@llr

rF-c+l

t

t- - - T

r l l l
1 | l

L

AtTEnNAT0R coir io! ,  v : l I
wrTH TWo l---i
F I o A T  |  -  |  l l

Fig. 1523A

No.
Dinension. in Inch€.

Tappins Sizce Inchet

(Lb..)
(v)T U x

vR2 t 7 t 4 4% | % t 8 30 3'-O'x5'-O' % % t % 2,500 | 590

VR5 t2 t 4 4% | % t 8 30 3'-O'x5'-0" % t % % 5.000 t840

VRIO t 6 l 8 5 % t 5 % 22 3'-6"x5'-O' 2 t0,000 2070

vRr 5 t 6 l 8 5 % t 5 % 22 3'-6'x5'-O' t % t % 2 t % t5,000 2070

vR20 l 6 24 5 \ t5)n 28 3'-6'x5'-6' t % t % 2 % t % 20,000 2220

VR25 t 6 24 514 t 5 b 28 3'-6"x5'-6" t x t % 2\/6 t % 25,000 2140

vR30 t 6 36 511 | 5rt 40 3'-0"x6''8" t % t t l 3 t t i 30,000 2440

VR4O t 6 36 5 h t5 t4 40 3'-6'x6'-8" | l/t l \ t t 4 3 l 1 4 40,000 2600

vR65 24 36 6 % 231 N 44 36 4'-0"x6'-8" 2 2 t \ 4 2 65,000 2700

C .  A .  D U N H A M  C O M P A N Y C H I C A G O Page l7
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rYPE VRD VACUUM RETURN IINE PUMP-PIPING CONNECTIONS AND DIMENSIONS
DUPLEX ASSEMBLY COMPLETE ON ONE
BASE recomm€nded fo r  use  where  re tu rn
lin€s ale at a high enoush lev€l to p€uit
condensat ion  to  g rav i ta t€  in to  in le t  connec.

;".;z--f

.1. srrrc cxtcr vrw€ *rrn eeess
otsc otE||tNG Tot Fo sT€lx rl||i.

o
I

. ---L
!-i roiJxo^rroN roLYs /

Errrxo|lr6 al'l6ovE/
COr|CRITE touri Olt lorl

-l--;

sYsr€r

z €qu^ulr

,_T-r l
t l

t :  L

vavE ru9t 0€ tEslEo ror

Ert€r0 ro
c€llDrc /

rt altCttrc CONOUTT rS tO O€ APpnOL
ErJRrEo r€iurrJarE rr HERE. 12-

L,

G.08tr8 B!A8.IM
UIII AT8

Fis. 195aA

EDR

Pump Dim€n.iotu ir lnches ^ vRD I Aeprcrr u m p  ' a p P n g  l s h i p p i n *
l w . i g h r

vRD2X-VRDA2

VRD5-VRDA5

VRDIO-VRDAlO

VRDI5-VRDAI'

VRD20-VRDA2O

VRD25-VRDA25

VRD3O-VRDA3O

VRD4O-VRDA40

VRD65-VRDA65

7 %

7 %

7 %

8%

8%

e %

e %
e%

e %

2 t %

2 t %

2 t %

2 t %

2 t %

23%

23%

23%

23%

3%

3 %

3%

3%

4

4

4

6

6

814,

8%

8%

8%

e%

t 2 %

t2%

t 2 %

t21l

22

22

22

24

28

28

28

28

24%

24%

24sA

24%

2 5 %

25%

2814

28%

t9%

t 9 %

t9%

1 e %

t 9 %

2 l

2 l

23%

23%

t ) i

I t/t

2

2

2 %

21r1,

3

3

4

%

%

I

t %

t %

t %

t l l

tr t
2

I

I

I

I

I

I

I

t h

t %

t255

1255

| 185

| 420

1765

t790

1930

2085

9r t  25% 54%

9% 25% 54%

9% 25% 54%

t0% 27% 58%

l0% 27% 58t/t

t3  29% 68

t3  29% 68

tj 12% 68

t3  32 \  68

Pump. .  Use.  tabu la ted  da ta  fo r  DVD or  DVDA pumps o f  s im i la r  capac i ry .

D  E  F  I C I H

l {  I  77r  !  I  f53{  176 t33+17t  |  9%

1 , 1 7 7 )  2 ) t l l ! 1 7 6  1 3 3 4  7 t  )  9 t Z

t l 2177  t  2 l  t 53+176  |  t 33  417  |  |  9%

t n l 7 9 1 2  t 7  7 8  t 5  7 J ) t o %

2  l 7 e t 2 l t 7  l 7 B  t 5  l T s l t o b
I  8 7 r 2  t 8 r 2  8 6 L t 6 r : l 8 t  l t 2

3  8 7 r :  t 8 r ,  8 6  |  t 6 r  r  l 8 t  I  t 2

5  l 8 7 t / i l  t 8 , r l 8 6 l 1 6 1 ,  8 r  l 1 2
5  1 8 7 J ,  t 8 r r l 8 6  1 6 r r l 8 t  t 2

Page l8
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TYPE VR,DA VACUUi'I RETURN IINE PUMP_PIPING CONNECTIONS AND DIMENSIONS
DUPLEX ASSEMBLY OF VACUUM PUMPS ON
ONE BASE WI] ] I  SEPARATE ACCUMULATOR
TANK to connect to return lines at low level.

"^.. *"/-r
rlErs lxolilrN€! rif
rurxrstEo trft rxt AJrt

-lj swrrc ortcx vrwt wrtx eness
o3c oPEfirxG lof iosr€Ar rAtN
v tv€ rausl l€ r€srEo roR rt6xT|Ess

!-iFouxoAror Bol-is /
Errerro{rc .l laova' 2f
conciElt torJr/o^llox ' F, 

u'€":gnm*

a.'
]_--rl
h l t l

' D I L

sYstEra

EOlJALr l l r

x€AlE5t R€tUiN

- . : : ; l : : ,  l Y P  3 3
I t-! ,a

cxicr. l: / e!tr! 4Ql!! conTRoL
INCTUDING AUTO STARTTR
$!-@u!.sj-s]!l.LE:-

W.i*hi
Dim.Mionr in Inch.3

DiP ' lu x

vRDA2t/4 71 I t2 l 4 4ri | % t 8 30 3'-0"x5''0' l \ 4 t280

VRDA5 % I l 2 t 4 4 % I  ty i i 8 30 3'-0'x5'-O'| \/4 % r280

VRDAIO t % t % I t 6 t 8 5 t l t 5 % 22 3'-6"x5'-O"2 t % | 420

VRDAI5 t % t % t 6 t 8 5 % t 5 h 22 32 3''6'x5'-O" 2 t % | 420

VRDA20 t % t % t 6 24 5)t lr1rl 28 3'-6"x5'-6' 2 % t % 1520

VRDA25 t % t % t 6 24 5 % t 5 % 28 1'-6"x5'-6' 2% t % 1860

VRDA30 I t l t % t 6 16 5rlt | 514 40 32 3'-6'x6'-a' 3 I r/4, |  9 1 0

VRDA4O l \ 4 t t z t % t 6 36 5 % | 51r1 40 1'-6'x6'4' 3 I tli 20t0

VRDA65 2 2 24 61.4 231a 44 36 4'-O'x6'-8' 2 2285

C .  A .  D U N H A M  C O M P A N Y CHICAGO Pege 19
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CONDENSATION PUMP AND RECEIVER-TYPE CH, MODET B

CONSTRUCTION
The Type CH Model B Condensation Pump is a complete, compact assembly
for automatical ly returning water of condensation to boi lels for gravity systems
or steam process equipment.

The bronze-f i t ted Centr i fugal Pump has a non-corrosive shaft.  The case is of a
volute design. The Impeller is of the enclosed type, hydraulically and statically
balanced for high emciency and long life, Ball bearings of liberal size are used to
insure maximurn length of service with minimum of attention.

The Pump is driven by an elect l ic motor direct connected through a f lexible
coupling. When direct current, or 60 cycle alternating current is used, the units
operate at 1750 r.p.m.,25 or 50 cycle alternating current at 1450 r.p.m.

The Pump and moto! are assembled on a r igid cast iron base. The welded.
copper bearing steel receiver tank is equipped rr i th f loat switch and push button
starting switch with overload protection. The receiver tank is supported by malle-
able iron saddles bolted to the cast iron base. The Duplex pump is {urnished with
alternator as standard equipment.

Duplex
Unit

S N C q I  ( r F o t g  L  r N E

oer r  rL  No.  I
c0Nl3c1r0ns  rN0 0r lENSroNs N0Rr?oNr [  {c ] r )  c0N0€r ts r r !0N p ! r  P

MOTOR HORSEPOWER. CAPACITIES AND SHIPPINC WEICHT

C.talos Numbe.! end Motor HoBepower

lorgi"s EDR

GPM

will

GPM Approiitute Floor

l0  Lb . H . P t5 Lb H , P 20 Lb. Sins le

c H  2 r 0  B
c H  4 t 0  B
c H  6 t 0  B
c H  8 t 0  a
c H l 0 t 0  B
c H t S  t 0  B
cH20t0 B
c H 2 5 l 0  B
cH10t0 B
cH40t0 B
c H t 0 l 0  B

%

%

%
%
%

I

c H  2 t 5  B
c H  4 t t  B
c H  6 l t  B
C H  6 1 5  B
c H l 0 r  t  B
c H l 5  t 5  B
cH20t5 B
c H 2 5 l 5  B
cHlot5 B
CH4OI5 B
CH5OI5 B

ta
t^

I tv,
%
%
%

I
I |4
t l i

cH 220 B
cH 420 B
cH 620 B
cH a20 B
CHIO2O B
cHl520 B
cH2020 B
cH2520 B
cH3020 B
C H4O2O B
cH5020 B

%
%
%

I
I

t %
t h
2

2
2
2
3
3
4
4

2
2
2
3
3

2000
4000
6000
6000

10000
t5000
20000
25000
30000
40000
50000

2000
4000
6000
8000

t0000
r5000
20000
2500o
t0000
40000
t0000

2
t
4
5
7r4

t 0
t 2 %
t 5
20
2 5

I
2
3

5
7%

l 0
12t/1
l 5
20
2 '

1
6

l 2
t 5
22t l
30
1 7 %
45
60
75

3

9
l 2
t 5
22%
30
37 rt
45
60
7 5

l 6

t 6

6

t 8
t 8
I E

24
36
36
J6
36
4a
4A

t 6
l a
l a

36
16
36
t6
4a
4A

t 5 %
t 5 %
1 5 %
20%
20%
3 1 t l
3t  t l
3 t t 4
3 t ,
4t  t l
4t tl

t r %
t 5 %
t 5 %
20%
20%
3 t t a
1 1 %
1 1 t l
3 t h
4t) l

27 Xx27
27 XrZT
27 '1x27
29%xJ3
29t7rt3
29%a5
29%x45
29%x45
29%r45
29t7xr7
29%r57

29.t4,27
29%x27
29Yar27
29%x33
29Yar33
29ta,45
291/aa45
293/!,45
29%.45
29%,57
293,{xjl

ta.
ta.
74.
4J
43.
43
43

43
43
4)

4r3o%
,6f,30tl
t6nort
4116%
1x36%
4*4814
4x48,
4x4E)4
4x4a)i
4x6ohtt.. l

1 t5 I  53O
tt5 |  530
32' | 53O
345 1 560
345 1 5EO
350 590
360 600
370 600
360 600
190 620
400 690

375 640
t75 640't1a 1 640
390 | 660
390 | 660
420 | 690
420 | 690
44O | 72O
450 | 720
460 | 760
460 | 780

r0 Lb. H.  P. 40 Lb. H . P 50 Lb. H . P

cH 210 B
cH 430 B
cH 630 B
cH 630 B
cHl030 B
c H l 5 3 0  B
cH2030 B
cH2530 B
cHl030 B
cH40t0 B
cH5030 a

1 ) i
t t a
\ ,1r1
t t 4
t ) a
2
2
2
J
3

cH 240 B
cH 440 B
cH 640 B
cH 840 B
cH 1040 B
cHlt40 B
cH2040 B
cH2540 B
cHl040 B
cH4040 B
cHt040 B

I t/6
2
2
2
2
2
t
t
)
3
5

cH 250 B
cH 450 B
CH 650 B
cH 850 B
cHt050 B
cHt550 B
cH20t0 B
cH2550 B
cH3050 B
cH4050 B
cH5050 B

3
3
J
J
I
J
)
5
5
,
5
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tHE DUNHAM CONDENSATION PUMP AND RECEIVER-TYPE CH MODEL B-(Conr.)
DUPTEX UNIT

tw

SINGTE UNIT
A ,

M- M

f-'s
i  ss .  e f t  cu* . -ao  ! l

F t g .  ! l { {

B c D E G H J K L M N o a R s T
cH2roB cH4r0B cH6l0B
cH2l5B CH4r58 CH6r58
cH220B CH420B CH620B

27 27tl 24ls 26 l % 24% t 4 tth 9N 1 7 % I J ' 4% n% 4% 2X 24%
28 )8% 26 1tt4 24t t t i t h erl n% t ) , 4% 2ttA 4% 2%

cH2l0B-cH430B CH6I0B
cH240B CH440B CH640B
cH250B,CH450B CH650B

27 29% 25% 29sA 1 1 % 27.< 1 \ t h | % t9xA l 5 7 t 7 % t7h 5% 2% 9% 27
2E 43t/i 25% 29sA 1)% 27% t t , lt/6 r t t93 t5 7 tEst n% 5\ 2% 9 '

cHEloB-cH|0r0B
cHSr5B-CHr0l58

3) 27t4 241 26 | % trir 24\4 l \ 6 tL4 9X t7% t)% 4% 26tA l 4 4% 2% 7 24%
J4 3E% 24rir 26 i % 24% I lir ttir 9 \ 17% t J x 4% z7% t4 4% 2\ 7

cHSmB CHI020B
cHEtoB,cHl0l0B
cH8{08 CHr040B
CHE50B CHI050B

)) 29% 25% 293 t1% 27'.A t t i ' t9% l 5 7 21s 17, 5' 2k 9X 27rl

14 4t1l 25% 2a% t7x 27\ t ta Ilit I  t ) l ta% 15 24tl 171; 51A 2% 9t1

cHt5t0B cH20l0B-cH25r0B cH30t0B 45 27\ 241,,[ 26 | ' )4% I  l i ; t\.i 9% t7% tJ% l8% 14 4si 2tltr 7 24%
cHr5r58 CH20r58 CH25r58 CHlor58 )8\ 2416 26 11"1 24% tt i 9% t7% tJ% 4% 39% 4sl 2\ 7
cHl520B CH2020B CH2520B CHI020B
cHr530B CH20I0B CH2530B CHloioB
cHl 5408 CH2040B-CH25408-CH30408
cHr550B CH20508,CH25508 CH3050B

45 29% 25s/ 2qtl t )% 27N tra 1t.; Ilt te% t5 )5% t 7 \ 5% 2:.1 9% 27)i
43tl 25% 29% tJ% 271 ; t % tx.i 1 1 % 19% l 5 )6% 1 7 X 5% 2% 9%

cH40r0B cH50r0B
57 17\ 26 I t14 Lri 24r1 r t i tt ir e)1 t 7 % 11, 4% 50N 4% 2\ 7 24%
5E 38% 24r 26 1 t % 24X t h 9tl t7' l )11 4% 5trA 4% z\ 7

cH40|58 {H50r5B
57 2q% 25X 2e% t)% 2714 lls I h t 8x l 5 4% 50 14rt 5\ 2t/4 7 27%
58 4114 2tta 2e% t l j l 21X t , tlla l l \ t 8 % t5 4% 51tA t4u 5% 2t1 7

cH4o20B CH5020B
cH40l0B-cH50l0B
CH4U40B CH5040B
cH.{0508 cH5050B

57 29% 25% 29" 1)% 27'A 1 X l t i I t1/a ta% l 5 47% tTtA 5% 2% 27L

58 4J\,1 25% 29% 1J% 17% t % tt l 1 t % 19% l 5 4E% t7% 5"A 211 9%
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t s46



hu-ilrrdM

CONDENSATION PUTYIP AND RECEIVER-TYPE CHH, MODEL B

CONSTRUCTION

The Type CHH, Model B, Condensation Pump is a complete, compact assembly
for automatically returning wate! of condensation to boilels fo! gravity systems
or steam process equipment.

The bronze-fitted Centrifugal Puop has a non-corrosive shaft. The case is of
volute design. The fmpeller is of the enclosed type, hydraulically anal statically
balanced fo! high efrciency and long life. Ball bearings of liberal size are us€d
to insure maximum length of service with minimum of attention.

The Pump is d!ive!! by an electric hotor direct connected through a fexible
coupling. When direct current, or 60 cycle alteruating curient is used, the units
operate at 3450 r.p.m.,25 ot 50 cycle alternating current at 2850 !.p.m.

The Pump and motor are assembled on a l igid cast iron base. The welded copper
bearing steel receiver tank is equipped with f loat switch and push button start ing
sB'itch with overload protecdon. The receiver: tank is supported by malleable iron
saddles bolted to the cast iron base. The Duplex pump is furtished with alternator
as standard €quipment.

Fia. 1?34-When two or rtrore boilers are coMected in battery it is
diftcult to Leep their water lines corstatrt <lue to uneven pressur.s
caused by variations in 6rins. With the Harrford Connection in use,
as shordn the water cannot le.ve either boiter low.r than the bottom of
the short nipple. It docs away with he use of checL valees betdeen
boilers, beinc a check valre itr itseu.

MOTOR HORSEPOWER. CAPACITIES AND SHIPPING WEIGHT

C"r"l." N"-1,.." A"d M"t.' H.r..."*.. e\"p

EDR

GPM

wi
GPM Approlimate Floor

20 Lb. H.P, .10 Lb. H.P
ii;-

cHHt520 B
cHH2020 B
cHH2520 B
cHH3020 B
cHH.r020 B
cHH5020 B

%
I

I
t ta
2

CHH 2]O B
CHH 430 B
CHH 630 B
CHH €'O B
cHH t030 B
CHHI"O B
cHH20l0 B
CHH253O B
CHH3O'O B
cHH40l0 B
cHH5030 B

%
%
%

I

I
t %
l t A
t r t
2
3

2
2
2
I
3
4

2
2
2
3
3

4
4
4
4

2000
4000
6000
E000

| 0000
I5000
20000
25000
,0000
40000
50000

2000
4000
6000
8000

10000
I5000
20000
25000
30000
40000
50000

I
2
3

5
7 %

l 0
1 2 %
l 5
20
25

I
2
3
4
5
7%

l 0
t 2 %
1 5 -
20
25

3

t 2
I 5
22%
30
37X
45
60
75

3

9
t 2
l 5
22%
30
37%
45
60
75

l 6
I 6
l 6
l 6

l 6
l 6

l 6
I 6
t 6

t 6
t 6
I 6
t 6
t 6
t 6
t 6
t 6
t 6
t 6
t 6

l 8
l 6
l a
24

16
16
36
36
48
4E

t 8
t 8
l a
24
24
36
36
36
36
48
4E

t 5 %
1 5 %
l5l4
20%
20%\ x
1 t x
t t N
3 t N
4t t ,
4t 14

t 5 %
t 5 %
t53l
20%
20%
3 t N
3 t %
3 t %
3t 14
4 t %
4t t6

27%fl7
2711a27
27 Yx27
27r4f,t3
27 tlz3t
27%*45
27Nx45
27 x45
27r,45
29%r57
29%x57

29%t27
29%x27
2e%x27
29%x33
29%233
29%x45
29t4r45
29s,1x45
29rza45
29tZ*57
29sr,57

,E%x3O%
t8%*3Otl

325
325
325
32'

350
160
370
370
390
400

370
370
370
360
380
400
400
420
420
450
450

540
540
540
570
570
580
600
600
600
700
720

580
580
580
590
590
640
700
730
7to
760

40 Lb- H.P 50 Lb. H.P. 70 Lb. H.P.

CHH 240 B
CHH 440 B
CHH 640 B
CHH 6,10 B
CHHlo,m B
cHHt540 B
cHH2040 B
cHH2540 B
CHH'O4O B
cHH4040 B
cHH5040 B

I

i
I
I
t %

t%
2
1

CHH 250 B
CHH 450 B
CHH 650 B
CHH 650 B
cHHt050 B
cHHt550 B
cHH2050 B
cHH2550 B
CHH?O5O B
cHH4oto B
cHH5050 B

t y
t x
t %
1 N
I
2
2
I
1
1
5

CHH 270 B
CHH 470 B
CHH 670 B
CHH A7O B
CHHIOTO B
cHHt570 B
cHH2070 B
CHH2'70 B
CHH'O7O B
cHH4070 B

2
2
2
2
2
3
3
5
5
5

4J
11
43

Page 22
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CONDENSATION PUMP AND RECEIVER-IYPE CHH, MODEL B-(Conr.)

DUPLEX U}I I T

s | ilGtE

M ---.1
, . r 7 j

I 6s. rotrs ,usi .-.ro !*

t'--J rrl

l

t i  g .  924 4

DIMENSIONS

lr

B c D E F G H J K L M N o a R s T

cHH2t0B-{HH4l0B-{HH630B
CHH2{0B--CHH440B {HH640ts
CHH250B {HH450B -CHH650B

27 2714 2+1.i 26 | % 24X ttA t \ 9t/1 1 7 %131,4 4xla 2A% 4% 2\ 24ri

2a 38X 24\i 26 | % 24rA tr i tLir 9tli t7% t3N 4xl 2 tx 4% 2\

5insl. 27 29% 2tt/1 29% t)\ l 27X 1 % tx.h | % tE% l 5 4U zAN t 4 k 2t l 27\

28 43% 25h 29% 13% 27% trt lYn | % tst6 l 5 4% 2 t % t4)j 5% 2%

33 2t% 24t i 26 | % 24 t\ r 9jA t7% t) \ 4% 2n% 4% 2% 24ii

t4 38% 2 4 r s26 | % 24% DA t % 9% tl% 1 3 % 4% 27>4 4% 2\

0708
Singl. 3J 2931 25% 2944 t 1 \ 27% t t 7 txa I x t8x t 5 4% 26% t4r4 5% 21L 27tll

34 43ta 25jl 29sA Bti 2114 tj.i llt \x tE% l 5 4% 27% 141,4 2%

CHHI5208 {t{H20208 {HH25208 {HII3020B
cHH r 5I0B-{HH20I0B-CHH2530B-{HH30I0B
CHHI5{08--{HH2040B {ItH25,t0B
cHHl5508

45 27X 24t i 26 | % 24% trit lLio 9rA 1 7 % 1)\ 4% 3E% 4% 2\ 24%

18% 24t k 26 | % 24% tri t \4 9'/t t 7 % t 1 \ 4% 19% 4% 2j.l

cHH30,t0B
CHH2050B-CHH25'B -CHHI050B

cttH | 5708,{HH20708-CHH2570B-CHH3070B

Si.gl. 45 29% 25% 29% 1)ri 271 t \ r l ; t l t A tB% I 5 4% 38N t4tA 5% 2\ 27ri

4311 25' 29xl 1t t ' 21 t \1 llli I N t E 4 t 5 4% 39X t4t4 5% 2)1

cHH40208
57 27% 24\A 26 1 t % )1ir 2414 l r ; 9tl 17% t1t4 4% 50% t4 4% 2\

58 38'4 24t i 26 | % 24X t Lio t \ 9\ t 1 % l3\ 5 t % 211

Sinslc 57 29% 25% 29% 1)' t 27h l \ ll/s 1 t % t8x l 5 50. ! t4h 5% 2\ 27h

5E 4Jh 25t1 293/6t3r1 27X t ) i rz.i t l tEx l 5 4% 5t1A vrt 5%

CHH270B {HH470B -CHH670B

GniSloB {tatt0l0B
cHH6408-{HH tOr0B
CHHS5OB_CHH IO5OB

CHH870B -€UHI

cHH5020B
cHH40l0B {IlH50l0B
cHH4040B--CHH5040B
cHH4050B-{HH50508
cHH4070B
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CONDENSATION PUMP AND RECEIYER TYPE CH. MODEL A
70 ond 100 Lbs. Dischorge Pressure

This Pump is a complete, compact assembly for automatic-
ally returning water oI condensation to boilers for gravity
systems or stearn process equipment.

The bronze fitted Turbine PumD has a non-collosive
shaft,  The impeller is properly balanced and of high
effrciency. Ball bearings of liberal size are used to insure
maximum length of service with the minimum of attention.

The Pump is driven by an electric motor direct con-
nected through a f lexible coupling. When di lect current,

; v.ENT

This Pump is a complete, compact assembly for automatic-
ally returning water of conde[sation to boilers for gravity
systems or steam process equipment.

The bronze-f i t ted Centr i fugal Pump has a non-corrosive
shaft.  The case is of a volute design. The Impeller is of
the enclosed type, hydraulically and dynamically balanced
for high effrciency and long l i fe. Bal l  bearings of l iberal
size are used to insure maximum length of service with
minidum of attention,

The Pump is driven by an electr ic motor direct con-
nected through a fexible coupling. When direct current,
or 60 cycle alternating current is used, the units operate
at 1750 rpm.

The pump, moto! and leceiver tank are all assembled
on a l igid channel iron base. The welded, copper beari lg

Single
Uni t

CONDENSATION PUMP AND RECEIYER TYPE CH, MODET A
For 1000 sq. tt, Cqpqcily qnd Low DischorEe Pressures

FLOAT SWITCH WITH
OVERLOAD PROTEC' ION
B MANUAL "sTop"  BUTToN

RECEIVER
TANK

t lDrscHARGE

Fis. 17644 Fig .  l76a
Front aral rear views with seneral dimensions of the Type Cg llOA Fump

or 60 cycle alternating current is used, the units operat€
at 1750 rpm, 25 or 50 cycle alternating current at 1450 rpm.

The purnp, motor and receiver tank with saddles are all
assembled on a rigid, extended, cast ilon base. The welded
copper bearing steel receiver tank is equipped with f loat
switch and with thermal units providing ovelload protec-
t ion for motor i f  3-phase current. Al l  wir ing is completed
so that unit  is ready for operation when received. The
Duplex pump is furuished with alternator as standard
equipment.

steel receiver tank is equipped with f loat switch and is
also provided with thelmal units affording overload pro-
tect ion of motor.

These pumps are not avai lable in duplex units on one
base with common receiver tank.

Motor Horse Power-Capaciti* and Shipping Weight

Pump Catalog Numbers and
Motor Hoise Power

T a p D i n g EDR

CPM

wil l

GPM Shippinst 
"Weicht

70 Lb. H.P. t00 Lb. H.P-

cH270A
CH47OA
cH670A
cH870A
cHl070A

t1

t u
2

cH2l00A
cH4r00A
cH6r00A
cHat00A
c H l 0 t 0 0 A

%
I
l \ 4
2
2

2
z
2
3
3

2,000
4,000
6.000
4,000

t0.000

!
2
1
4
5

j

t 2
t 5

6
t a
t a
l a
24

t 5 %
1 5 %
t 5 %
20%
20s,1

31t47

650
650
650
660
660

I  100
I  100
I  100
I  1 2 0
I  1 2 0

S A L L

=-,=zr

EDR

cHt l0A

cHt l5A

cHl20A

%

1,1

l 0

t ,

20

1000

1000

1000

I N

I

t h

250

270

245

Available on D. C. or 50 and 60 cv.l. A. C. only.
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DUNHAM CONDENSATION PUMP WITH MAKE-UP WATER YALVE

There are tnany installations, particularly on small high
plessure boilers, where the maintaining of water line in
the boile! trithin narrow limits is important.

This can best be accomplished by having the Pulnp con-
trolled by a Boiler Water Level Controller installed at the
boiler water line. When the boiler needs water, the pump
supplies it from the receiver. It is, therefoae, necessary
that the receiver be equipped with a reliable foat con-
trolled water make-qp valve, assuring a supply of water at
all times within the receiver. This make-up water valve
is connected to hot water tank or to city water as a source
of supply.

This arrangement can be applied to atty Dunham Typ€
CH or Type CHH Condensation Pump and Receiver, by
omitting the regular cont.ol by float $ritch and equipping
the leceiver with make-up rrater valve. Installation is
made as illustrated.

Wiring to motor (or moto.s in case of a duplex purnp)
is made in accordance vrith wiring diagram, r'ith the
Boiler Water Level Controller switch as a pilot circuit
connected to an automatic starter (or startels) which
carries the main power circuit to the motor, At extra cos:
an automatic starter for each motor will be furnished and
mounted on receiver and wired to motor for the ccn,
venience in making installation.

The prefix "AW" to any Condensation Pump selected
identifies it as of this construction.

In ordering specify the AWCH or AWCHH assembly
of the size, type and discharge pressure desired equipped
with make-up'uaater valve, and give the characteristics of
electric curlent. If other items are to be furnished, but at
extra cost, such as the automatic starter for motor, the
Boiler Wate! Level Controller, and an alarm bell and
transformer, they should be m€ntioned.

RETURN
MAIN

VEL

UP
WATER VALVE

CONDENSATION PUMP
F is .  S  298

Should the installatiotr include a battery of two or mor€ boile.s in
se.vice at the same tim€. it *ill be ihportant that sohe hethod b€ used
that will guarantee that the boile. dehatrditrg wate. be the one to

The piping layout shown as Fig. 1734 on Page 28 will not do. Ior two
bo i le rs  a  s imp le  so lu t ion  is  to  i t rs ta l l  a  dup lex  pump th . !  connect  the
pump on one sid€ to one boil€r only and the pump on the oth.r side to

the other boiter only, Then wir€ the boiler water level coltroller on a
boiler to the control of its respective pump,
For two or more boilers being served by one pump it will be necessary
that a hore exp€trsive instatlation be dade, such as ilstalling €Iectric-
ally conholled valves in the return line to each boiler, so again when a
boiler needs water and its cotrttuller starts the pump this particular
boiler will be the one to receive water. Full details can be furnished

C .  A .  D U N H A M  C O M P A N Y C H I C A G O rage zl
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DUNHAM CENTRIFUGAT PUMPS
TYPES BC, !C AND tD

Single impeller, side suction, centriiugal pumps for mod-
erate capacities atld heads up to 125 feet are applicable be-
cause of their conpactress, simplicity oI construction, and
ease of maintenance.

These Dunham enclosed impeller centrifugal pumps
have emciencies higher than normal for such 6izes. The de-
sisns contemplate the effrcient handling of l iquids even
aielevated temDeratures and f i l l  the demand for emcient
and well constiucted pumps within the range of their
desisned caoacitv and head.

Th'e impeller df the pump receives the l iquid at a low
velocity ind imparts to i t  a high velocity due to the
centl i fugal force created in the l iquid i tself .  This velocity
is then converted into pressure in the casing and suff i-
cient velocity is retained to cause f,ow through the dis-
charge pipe i f  the total head against which the pump
discharges is less than the head developed by the pump.

The head which a centr i fugal pump wil l  work against
is determined hy the impeller diameter and its R.P.M.
Since direct connected centrilugal pumps are driven by mo-
tors of a fixed speed it is important that the total head against
which pump is to be operated be fully determined'

CONSTRUCTION
CASING, The pump case is of the volute type of best

quali ty gray cast iron of ample strength for the working
pressure. The case is bolted to the bearing head to which
it  is held in proper al ignment by male and fernale shoulder
rings and by cap 6crews, Suction and discharge connections
are fanged, and dischalg€ is direct ly over center l ine of
shaft 60 that pump cannot become air bound.

PUMP HEAD. This carries the two heavy duty ball
bearings and the ful l  blonze bushing in perfect al ign-
ment providing proDer support for the shaft and f ixingment providing proper support for the shaft and f ixing
the poi i t ion of the impeller within the case. Drip pocketthe posit ion
beneath the packing box is tapped for drain connection.

IMPELLER. The impeller is of the euclosed type,
of close gray iron, or of bronze for a bronze fitted pump,
and is both dynamically and hydraulically balanced to
insure ouiet oDeration. The design Droduces efficient Der-insure quiet operation. design produces efficient

BED PLATE, Pump and motor are rigidly fastened
to the cast iron bed plate oI ample strength to maintain align-
ment and permit easy installation.

TESTING. Prior to shipment all pumps are given a
running test to prove their ability to develop the desired
head and capacity and to check the ability of the motor to
operate at proper speed without ovelload.

GUARANTEE. The C. A. Dunham Company guar-
antee their pumps to be free of any mechanical defect
or fault ,  and wil l  within one year of shipment replace
free of charge any part returned to them and found to
be defective due to material or workmanship. This guaran-
tee does not apply where pumps have been used to handle
corrosive substances or have failed thlough abuse, nor does
it include any damages, charges for labor and freight or
other expense in making the change, The best grade of
heavy duty electric motors ar€ furnished as ordered with
these pumps and a guarantee is iurnished by the manufac-
turer of the motor.

In \rritillg for a recommendation for application of a
pump give all information possible, even futnishing a
sketch illustrating €levations, pipe sizes atld lengths,
fittings, suction head or suction lift, plessures to be ob-
tained, together vrith information of liquid to be pumped
and its temperatule, If pump is to be used for cooling
to\per, give the refrigeration load, the proposed design
o{ condenser, and number and type of spray heads if
these are to be used. I f  pump is to be used to circulate
watet through hot water generator, give size and make of
generator and othe! pertine[t inforllration. Frictiolr head
must be accurately calculated as frequently this is highet
than might be expected, and often some chalge in pipe
sizes or in distribution through coils of condenser can be
suggested that will reduce materially the Iliction head and
permit a reduced size of motor. I f  pump circulates l iquid
under a hydrostatic head, state its pressure.

(Continued on page 33)

B U S H L N C

Fig. 1382A -Sectional View Type LD Centrifugal Purnp

insure quret operatlon. l-he desrgn pfoouces ethclent per-
formance with l iquid at high temperatures. The impeller
is oressed on the shaft and held r igidly by key and re-is pressed on the shaft rigidly by key and
tainins nut or screw.

PAeKING BOX. The packing box is deep and equipped
with lantern ring and watel seal. It is packed $tith high
quali ty rnetal l ic packing and provided with gland which
with minimum pressure wil l  keep the packing t ight and
Drevent undue leakase.'  

SHAFT, The shait is of ample size to transmit the
necessary power and revolve truly around its center in
operation. It is machined all over and then grou[d to a
high degree of accuracy.

COUPLING. Flexible coupling between pump and mo-
tS$, }$qg.tl3*q Ui'ss- qSqe56nishq{ all qtler atrd SroQetlv
ed<kd @ awtft w icyi aM tri @fcno iJe r@lAr
boltr or flats ncanr rafety to the opetator; and the ease
by which proper alignment can be obtained by lining up
faces o{ the coupling is a further advantage.
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F i s , 3 4 Z g

This style of base used with BC, LC and LD Pumps employing motors through 5 h. p,
NOTE: Staddard cotnpanion fanges for pump suction and discharge are lurnished witlt pump.

This style of base used u,ith LD Pump ernploying larger rnotors than 5 h. p.
NOTE: Standard companion flanges for pump suction and discharge are furnished with pump.

o l5or iaRcE t /2 (  FogxoAt to t  Bo! r5

Pump
Tvp.

Pipe Size Inches DIMENSIONS IN INCHES

Discharge Suction c D E F G J K L M P a

BC

% I t s 6 ! i 7 % | 5 4 e% lYra lYra rYt6

t % 2 % 3 % 6% 24% ui4 9t/4 26 IYn lYra 1316

t % t % 634 7% t 4 241,1 | % e% 26 l l  r o I r/n l 3  (o

LC

LD

\ % 4rt 5 % 731 e% tTrA 27 )6 t t l l |>4 2934 1346 t % I

t % t % 43,{, 5 % 7 % e% t 7 % 27% t 3 % I tA 293A l%6 t % I

t l h 2 4Yra 5% 8 934 l7  34 27 t4 t 3 % 1 1 % 2934 l%6 t % I

2 2 b 1 \5 5 % 8% e% IE 'A 27 \,1 t 3 % t t rA l 3 l o t % I

2 % 3 5 % e% 934 t 8 % 2714 t J % | % 2934 l%6 | 1,1 I

.oui roL.s .oi r/.

H ,P,
DIMENSIONS IN INCHEs

c D E G H J K L M a R

I N
7 ' 4xa 7% 9X 1 7 t 8 % a% 9% 3 t % t61 l 5 % 7 2%

l 0 - 1 5 4x4 4 % 7% 9tt t 7 % 22 9 t 3 39% 22 7t l t o % 2%

1 % t %
7\l 4sa 4 % 7 % 9% l 7 tar6 E% e% 3 t % t 6x 7 % 2tl

to-15 4zh 4 % 7 % 9% t 7 % 22 9 l.t 19r.4 22 7\A to% 2%

D' 2
7h 4 % E e% t 7 % l a a% 9% 3 t % t 6 , 7 % 2%

t 0  l 5 4trt 4 % 6 9% t7r4 22 9 t ) 1e% 22 7 % t o% 2%

2 2t/1
7% 4 % 8% 9% l 8 t 8 k 8 % 3 t % t6N 5 % 7 % 2%

t0-  15 ) t 5 4 % 8% 9ra ta% 22 9 l 1 39% 22 7' t o% z%

2% 3
711 4 % 9% 9% tax tar4 t a % 9% ) t % t61t 2b

t o  l 5 3 9% 9% t E % 22 l 9 I J 22 7
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Dll^l[F" *!
PERFORMANCE TABLE ON DUNHAM BC. LC AND LD

ENCTOSED IMPEIIER PUMPS

(J

5
l0

20
25

30
40

60
7f)

15 Feet

6 . 5

3() Feet | 35 feet

Size and Type of Pump %'BC 1', BC l1i BC
1' LC
1' LD

1%' LC
1%'LD

t1/.4' LC
lII' LD

2 ' , LC
2' LD 2'1" LD

S i r e  o f  D i s c h a r g e .  .  - . . . . . . . .
S i z e o f  S u c t i o n . . . . . . . . . . . . .
Weicht  wi thout  Motor. .  - . . .

%'

r05
r%"
110

1%"
1%',
r20

r%'
r%'
160

r%'
2',

2"
2rh"
170

2%',
3',
180

Brake l{orse Power shown are for cl€ar cold wet€r, For pumping brine multiply B.H.P. by 1.2.
Where there is question &s to conect head, we advise the a.ddition oI 10% leeFay in the selectioo of motor.

Pipe sizes should b€ increased from connections a.t pump, psrticul&rly of discharge pipe.
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PERFORMANCE TABLE
ENCTOSED

ON DUNHAM BC.
IMPEttER PUMPS

LC AND tD

5
10
1 5
20
25

10

20

;
40
50
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YHE^Tr{6-SERvrcE

PERFORMANCE TABLE
ENCLOSED

ON DUNHAM BC AND tD
IMPELLER PUMPS

(J
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muil#*ht
l r tHE^rrNi i  SiRv'cE

1OO Feet

PERFORMANCE TABLE ON DUNHAM BC AND LD

115 Feet 12O Feet 125 Feet

10

20

30
40
50
60
70

80
90
00
l0

g

ENCLOSED IMPELLER PUMPS
1O5 Feet |  11O Feet

5
10

20
25

30
40
50

Size ard Typ€ of Pump %, BC 1' BC 1x' Bc I"  LD 11/4' LD 1%' LD 2 'LD 2%'LD

Size of Discharge. . . . . . . . . . . .
S i r e  o f  S u c t i o n .  . . . .  - . . . . . . . .
We ish t  v r i t bou t  Mo to i . . . . . . .

%'
1',
105

' l '

t%'
1 1 0

1%',
r20

t"
1%',

r%"
1r,4'
t60

112'
2',

2',
2%',
r70

3"
180

Brake Horse Power shosn sxe for clear cold w&t€r. For Pumping Brine multiply B H.P. by 1.2'

Wh€re there is quesrion as ro exacr head. we advise the addition oI I0% pow€r Ieeway in the selectioD of motor.

Pipe siz€s should be jncreosed trom connections at pump, particularly of di€charg€ pjpe.

Page 32
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(Continued lroh pase 27)

In using a motor-driven centrifugal pump for boosting
the circulation in hot wate! heating systems, the most
positive method is to circulate all oI the water through
the pump. This, howevei, may entail an expenditure of power
that is appleciable.

In one-stofy buildings, such as in greenhouses where
distribution takes place from one large main, the rate of
circulation can be iDcreased without a lalge powe! load
by circulating a small amount of the water through a
small pump and dischargirg this iltto the cente! of the
large main as illustrated in Fig, 1361.

For instance, if the distributing main is 4" or 6" pipe,
experieDce has proved a 3/a" or l" discharge pump driven
by a 1/2 H. P. motor leill accomplish the purpose. On E"
and 10" main the 1%" discharge pump with 1 H. P. motor
will suf6ce.

Lo* of hearr in fect due ," ,'.,,"#:1Tl;j,Yr":T,:i:"liiiu,"""r. rron pipe. Murtipry rlc fric.
tion lo$ in fcet by 0.433 to give equivalent Io$ of pre$ure in poun&. Vclocity in feet per recond.

Information to be Supplied with Order
c. Pressure i! leceiE *(steady) (vari6 flom rb.

sq. in. minimum to lb. sq. in. harihuh).
Tenperature. of liquid punped.

* ( Motor-dirst connected):
a. Phas.
b. Cycl= -.
c, Voltae.

'(Turbin. dri;en):
a hiiial stead pressu.
b. Decree of superhea'

8 .
9 .

2,
3.

5.
6.
7.

Capacity GPM.

S*ci6i{ravny ot liquid.
Liquid *(lifted) (flo* unde. 3tatic head) to pump suction:

; From +(open) (closed) receiver.
b. lf closed, the pre$ure
c. Distdce wter l*el .to center pump suction tap-

prng-r.
Suc t ion  p ipe  s ize  and leneth .
Discharge pipe size and lensth.
PuEp discharEes ilto *(open) (closed) receiver:

a, Height from coter pump suction to surface of water

b. Dbtance froE pump to r*eiv6.

F ig .  l3a l

% t n  h % tnch l % l n h l % l n  h 2 In.h ztA l^ctl

2
3
4
5

t 0
t 5
20

10

40

50
70

tq)
t20
125
I50
175

200
225
250
270
275
100

t . 05
2 . l o
1 . t 6
1 . 2 1
5.26

10.52

t . 5 0
5.1A

l l . 3 [
t9 2l
29.U

105.f i

| . 2 4
1 .60
2 . 4 1
l . 0 l

6 . U
9.01

t2.01

I 4 0
2 9 1
5.00
7.54

27.1A
57 00
97.0(

1 . t 2
1 . 4 0
t 8 6

6 . 1 1
7 4 4
9.30

. t 5

1'  02
l.t. Et

0.90
1 . t 2
2 t 2

8.10
18.90
1 0 . t 0
45.54
5{.00

8t.0!
109.00

0. E(
I  .0 i

2 . U
? 9 1
4 . 7
5. t l
6.41

7 . 5 1
6.5f
9.6t

t0.71
t 5 . 0 1

0.40
0 6 0

2 .  t 6
1.65
7.90

|L9l)
15.90

22 J0
2E 50
35.20
1r.20
8 l . m

0.6:
o.7\

2.71
3 . t :
4 . 5 t
1.71

5 . 5 1
6.Jt
7 . W
7.8i
.0:

| L 8 (
t5.74

0 - 1 9
0.2t

t . 0 2
2.2:
3.71
5 . 6 (
7.8(

r0 3(
t ) . ) t
t 6 . 6 (
20 2(
)7.6t

12.7t
71.U

0 5 1

L0i
t .5:
2 . U
2.5:
3.0r

4.0t
4.6(
5 . l l
7 . t 5

7 6 6
10.21
12.25
t2.75
15.3C

0 0 9

0,1(
0 . 6 l
| . 2 9
| . 9 t
2 . 7 2

3.6a

5.6t
7 .  r c

13.X

t4.9t
25.6t
16.0(
16 9C
54.0C

0.?)

0.6i
0.9t
t . l l
t . 6 3
t .96

2 . 8
2.62
2.95
3 . 3 t
a.6c

1.91
6 5 4
7 . 4
E . t 6
9.80

| . t )

t t .o7

0.05

a . t 2
0.25
o 4 t
0.66
0.92

L U
t . 5 7
1 . 9 7
2.18
4.42

5.07
6.60

t2.m
1 3 . 0 t
1E.72
B.7A

)o.n

0 . 4 5
0.66
0 , 9 l
| . t 3
1 . 3 6

1 . 5 9
| . 4 2
2.02
2.27
] , I E

3 . 4 1
4 . y
5.15
5.66
6. E0
7 921

I
9.081

10.,12
.26

t2.45
t2.70
t) .62

0 0 5
0 . | l
0 . t E
0.27
0.38

0 . 5 l
0.65
0.  E0
0.98
1 . 8 ?

2 . l 1
3 . 5 2
4.97
5.40
7 . 7 2
9.75

t2.60
16 00
19.70
22.70
2t.64
2 7 . 1 4

| . 0 2
t . t 7
| . 2 8
| . 7 9

| . 9 2
2.55
t . M
t .  t 9
l ,84
1.15

5 . l l
5.12
6.40
6.90
7.03
7.66

0. t6
0.20
0.24
a.45

0 5 2
0.88
| . 2 2
| . 3 t
LE2
2 . &

) . t 2
4.72
4. E0
5_fr
5 . 7 1
6 . 7 0

I , t 4

| . 6 1
t .95
2 . 4
2.45
2. E6

3.27
).67
4.06
4.42
1.f r
{_m

0 . 1 5

0 1 7
o 2 9
0 { l
0.46
o,6t
0.El

| . 0 6
| . 1 1
L60
r .661
| .911, .u]

LI, l
t . 1 2
t .  { E
t . 7 l
2 0 0

2 2 8
2.57
2_W
t.ot
, .06
t .40

0 . t 0
0 . t a
0.20
o . E
o.a4

0.4,
0.53
0.56
0 .  E l
0. E2
0.92

_ By.uling pipc .izs in wbich th. w.locity is low th. fricrion h€ad is low * iodicatcd in thb table. Thi. .mphsia3 rhc advi..bility of indca-"s

Er.mpl.: Th. di.tabc. from the w.ier ld€l up to thc pump.ucrion is 6we le.t. The dischalr. el*arion, which i. the di.ranc. Ilom th. bl
to the hilrh.st point iD rhc di*harge rinc. ir 6rt;n r..t.;"ki;s th. ;-r.i .r.*iri,ii i.i1,"ii;ill"iii" iri;;';ea;[]i ri; i;;;;:;i;.':'" i:t""
rion rhr.rabl.. Asuming tfiat a ..ntrirdgtl . pump is 'o be u3.d witb a huDdr.d fe.t of 2%'dncha.g. pip€. Therc is a fiicrion o18.6 fet eer

Thp actualworlins head or rhc;u;p _ar '-his;ap(iry is thc rotal.levation head of 20fe.r plur rhe fii.rion h..d, 8.6 Ie.r. or a total of 28.6 {Fr,

Friction of Water in 90o Elbows and the Equivalent Nurnber of Feet Straight Pipe

siz. of Elbov. i.chd. . . .. ... . ,4 % t  I I N tr l 2 2% t 5 6 6 I O t2 l 4 t5 20

5 6 E E E t l I 5 t6 t6 24 10 40 v 55 55 1A

C .  A .  D U N H A M  C O M P A N Y . . .  C H I C A G O
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p*t^f*!f#M
TYPE Y UNIT HEATERS
(Non-Ferous Coil)

The Dunham Type V Moilel G for opera-
tion lrith st€am pressures of 2 lbs. or more
and Model GM Unit Heaters {or opelation
vith 6team pressures of 30 lbs. or moie have
been designed to give better heat distribu-
tion by supplying a suffrcient volume of air
at reasonably low outlet temperatures to re-
duce stratification to a minimum,

The casing assembly is finished in a
rich gray, is neat and attlactive in appear-
ance. It is constructed of steel and de-
signed for maximum rigidity and freedom
from vibration.

Rear View

The louvres are assembled (in a form) to permit indi-

vidual adjustment as desired to direct the flow of the

heated air. The fan shroud is a one piece tunnel which
directs the air flo$t against the heating element and re-
duces noise and resistance. The motor, with fan mounted
directly on its shaft, is attached to a heavy steel sub-

base through a resilient mounting. This constructiol
insulates motor hum and vibration and prevents these
noises from carrying through the building by way of the
piping,

THE PROPELLER FAN consists of four or six blades
riveted to a steel spide! bolted to a cast hub' Alter ass€mbly
the complete fans are accurately balanced.

HEATING ELEMENT. The heating element consists
entirely of non-ferrous matelials. rl" ro]d'nd coppet tubes
are silver soldered to bronze headers with fins mechani-
cally attached to the tubes by an expanding procesd where-
by the tubes are expanded to the fins to provide tight
contact between fin and tube. No gaskets or bolt6 o{ any
kind are used in this assembly.

Supply and return tappings are located at opposite cot-
ners to equalize steam travel thlough the element.

Front View

These elements withstand hydrostatic plessures of 400
Ibs. pe! square inch and are suitable for working pres-

sures up to 150 lbs. pe! square inch.
HANGING. The Heaters are provided with eye-bolts

at the top of the casing to which hangars may be attached.
These eye-bolts arc i4" in diameter thleaded 16 threads
per inch, and $here desiled can be replaced by rods for
hanging.

MOTORS. All hotors are totally enclosed unit heater
type with lesilient mounting er.cept explosion proof which
have solid mounting. All bearings are waste packed sleeve
bearing or grease packed ball bearing. Switches are not
included in standard equipment.

All Dunham Unit Heaters are tested and rated in ac-
cordance with the code adopted by the American Society
ol Heating aDd Ventilating Engineers. They are guaran-

teed to develop their listed capacities and ratings when
circulating air with free inlet and discharge and under
the conditions of steam pressure and entering air tem-
peratureE specified.

'For 6paciri6.t otb.. !t am pr6.d tbd .hl.ribg air !.mp.rarur.., .pPlv
Drob.r 6;*Eion faclor lor "blo*+bru" unit!. All motoru arc codtant lp*d
;Dlv. Ralino aDDlv onlv to frc. iDl.t and di.c[!,F.

EDR de;rc;;6ihLnt dirccr ndiarioh. (Btu divid.d bv 240 )
COND. d.not6 ltdn condemed in lbs. rr hou'.
FT d.hot.! 6nrl t.mF.atur. of thc dilch.rg.d air. For d€t hining 6n.l t.m'

-nturc o{ th. .ir at other tban rtr.d ondiliom, u& th. followina rormula:- 
Brux(4@+r)

FT--+t.
ctmX564

vh.rc Btu i. the 6"al corr€t€d value. t i3 the e.teri.g air temrE..turc. ard cfm
is .tand.rd an cap.citv at 70e.

cfm at 70" deDor.. .ubic t.er ol air rr minure meu.Fd ar 70". withenteriE
an at.60". For d.terhinihs.fm at dn.l t.mp.rrturc (FT). u& th" folt"*io;

.rn @ Fr =crm @ ,0" flllle)
\ 5 3 0 l

Outlet v.locity &f..! to v.locity in feet p.r minut of thc leatcd air lcaving

CAPACITY TABLE, TYPE V MODEL C

UDit No.

EDR
60 Cr{l" .nd D-c.

H-P. 
-T-R-P.r,t.

*R.rins With 2 Lb. Steam lnd 600 Ent.riDs Air

wst:
Btu pcr Hr. FTO F. COND.

vt00G
vt 50G
v225G
vr00G
V4{D,G
v525G
v675C
v900G
vt 200G
vt 500G

| 150
I l5o
I tzo
t l 1 2
t l t 2
t / 6
t16
v3
v2
tt4

r600
1600
I t40
I l,lO
I l,lo
I l,1O
I I40
I l.to
I  t40
I  t40

24.ON
36,000
54,000
72,000
96,000

t26,000
162,0@
2t 6,000
288,000
360000

402
572
689

1229
1609
t904
26
?641
5417
6912

l t 5
I  I E
I  t 6

4
5

t2l
6

1 1 2
109
toE

25.O
37.5
56.3
75.O

too.o
13t.3
l6a_8
225.O
,00.0
175.O

474
1267
l t99
t506
l 5  t o
1354
t4t0
1637
t642
t 7 7 l

49.5
5 t . 5
50_0
52.O
56.O
59.0
60.0
67.5
7 l . o
74.O

70
75
90

t45
t75
l8t
2 lo
280
3to
390

Page 34
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P  T I E A T I N C  S E R V I C E

CAPACITY TABLE. TYPE V MODEL CM
*Ratins with 30 Lbs. Sream. 60" Ente.ing Ai

VIOOGM
VI5OGM
v225CM
V'OOGM
v400cM
V525GM
v67tcM
v900cM
vr200GM
vl500cM

w;t.

I  t 6 . r
I  l9_0
l l 6 . t
I  14.8
I  t6.0
122.'
|  7.3
t 1 2 . 7
|  10.6
r09.4

26A
J9.O
57.4
7 1 . J

l 0 t . t
| 16.1
174_8
2)2.)
3 t o _ 3
)87.0

65
70

t ) 5
l6 l
1 7 ,
l 9 t
263
30,
370

19,5
5  t . l
50_0
52.O
t6.o
59.0
60.0
67, '
7  t . o
7 4 0

*Fo. capa.itie at oth.r st€am p.essu.$ and enterins air temp€ratures, apply
p.op€. .onversid factor. All moto.s 3pe€d ohly. Rating6 apply

only to f.ee inler and discharge.

EDR denotes equivalenr dircct radiation. (Btu diwided by 240.)

FI denotes 6nal t€mp€rarure of the discha.ged an. For d€termihins 6nal ten-
perarure of th€ air at orher rhah rated coldition!. us. rhe followini formula:

Btu X(.{60+O
FI:_+r,

cfm X564
where Btu b the 6nal cor.ect€d walu€, t is the entering ai. rempe.ature, and cfm
b 3tandard air caDacite at 70'.
cfm @ 70o de!o;€ dbic feer of ai. per minute neasdred at 70o. with entering

. Oudet velo.iry r€f€.r ro velocity in feet pe. ninute or the heated air leawing

COND. denotes pounds of steam condensed per hour.

TABLE A_*CONVERSION FACTORS FOR TYPE V MODEL GM UNIT HEATERS

Steam Pre$ur-Lbs. per Sq. In. Case

lo 4Q 50 60 70 00 90 t00 t 2 i l t 0 200

3 5
4Q
45
50
5 5

65
70
7 '
a0
It
90

r00

1 . 1 5 4
1 . 1 2 0
1.090
1.060
r.030
1.000
0.971
0.940
0 . 9 1 1
0.6E4
0.457
0.82E
o.775

| . 2 2
L  t 6 5
t . t 5 J
t , t 2 3
t .091
|.462
| .o32
t .002
o.972
o.944
0.9t6
0.884
0.611

_270
.237
.207

1 . 1 7 6
t . t 4 3
t .  2
t .082
1 . 0 5 1
| .022
).994't.963
).936
).882

t . 3 t 2
t . 2 a l
t .250
t . 2 t a
t . l 6 t
t . t 5 2
t . 1 2 1
t .o94
t .065
t .oJ5
t .006
).976
).920

354
.324
.291
.259
.228
. 1 9 ,
.167
.13)
. l 0 l
.o71
.445
. 0 t 5

).960

| .397
| .362
| .330
t .29a
| .265
| . 2 3 1
| .202
| , t 7 1
L  l 4 l
t . t
t .0&2
| .052
).996

t_430
| .397
1 . 1 6 3
t . l
| .294
| .265
1_2J5
| .205
t . 1 7 2
| . t 4 5
t . t  t l
t .085
| .o29

.465

.4J

.395
t64

.3)7

.295
_267
.234
.201

. t 4 6
t 1 7

_0ta

.516

.50,

.466

.4Jt

.402

.l6a

.336

. l t 0

.275

.244

. 2 1 5

. l 8 l

. 1 2 6

| . r99
| _162
t.530
| .497
t .464
t .430
t.399
t .364
t .332
l .3a)
t .273
1.243
t . t a l

1.702
t .664
|  _6i1
t_600
t. t68
| . r34
t .500
| .467
| .435
| .402
t . ) 7 2
t . l 4 l
1.280

aTo obtain Btu capacity at conditioru other than th6s in capaciry rabt€, mulriply ba3ic .atins (10 lb. sreom. 60' €nte.. an) by proper tactor fiom above rable

Dimensions "M" varies slightly with motors of
various characteristics.

When duct work is to be attached to units. an ex-
tended steel strip will be added at the back, drilled
and tapped for f" stove bolts on 6" centers on all
sides.

When so ordered, louvres may be omitted and a
collar for duct connections substituted,

Fig-  r5954 F ia .  1595A

t 4
t %
t \4
t %
I t/6
2
2
2),1
2 \
2ta

z%
2%

6

2
t%
t

J u p p r y  I  K e r u r h

vt00c -v loocM
vrtoc -vr  50GM
v225C -vz2tcM
v300c vroocM
v400G -v400cM
v525G -V52tGM
v675G -V675GM
v900G -v900cM
vr200c vt200GM
v I 500c-v I 500c M

t4
6%
6 %
7'4
73<
9\<
9 4
9 %

5'4
6%
9%
7 4

9 %
9\4
914

10N

13%
1 ) %
t tt4
t E *
t 8 %
24%
2 4 %
29r:

2 %
2tz.
1t/tr

11
2 %
2 N
2

t4

6%
64

tox
to%
tox
t t x
| %
t 4 %
1 4 %
14s,4

3)a
3 %
3 4
1%
314
3 \
3\.1
)La
3 %
311

3 t
3 %
4ta
4

5 %
5 %
6%
6N
6 %

l 3
I J
16t t
1614
20,
2 l
26V
26%
)2
)4%

tox
to%
t ) %
t J %
1 3 4
t4s/i
t 4 %
tEt/a
t 8 %
1 8 V

t4'4
t4.1
l6\4
t a
t n
2t t4
2J%
2al^
28,1
)7NZ

t \
t %
t %
t t a
t 4
2
2
2 %
2 %
2 ' a

.q'
8_r.-T
I

I
I
I

I
I
I

I
tL".

D i m e n s i o n s  i n  I n c h e s  5 e €  F i g .  r 5 q t A .
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CONVERSION TABLE
CONVERSIONIFACTORS FOR DETERMININGITHEYCAPACITY OF BLOW-THRU TYPE UNIT HEATERS

FOR VARIOUS STEAM PRESSURES AND ENTERINC AIR TEMPERATURES
(Based on 2lbs. Gage Ste"- Pressure and Entering Air Temperature of 60" F.)

DUNHAM TYPE V. EXCEPT TYPE V, MODEL GM (See below)

NOTE' T" obtain the Btu capacity for conditions other than thos€ in the Capacity Tables, multiply the basic rating (two pounds
steam, 60" entering air) by the proper constant from the above table

*CONVERSION FACTORS FOR TYPE V MODEL GM UNIT HEATERS

*To obtain Btu capacity at conditioas other than thos€ in capacity table, multiply basic rating (30 lb. steam, 60' entering air) by
orooer factor from above table.- - 

For capacity at 2 lb. steam, 60' entering air. divide basie rating by 1.346.

Entering

STEAM PRESSURE-LBS. PER SQ, IN. CAGE

0 2 5 t 0 t 5 20 30 40 50 60 70 75 80 90 r00 r50 200

- t0" |  . 538
| . 4 4 6

|  . 585
|  . 495

| .640
1 . 5 5 A

| . 7 3 4
| . 6 3 9

| . 7 9 9
| .708

L861
1 . 7 6 9

| .966
|  . 8 7 t

2 .058
| .959

2 . 1 3 4
2.O35

2 . 1 9 (
2 .O94

2.256
2 . t 5 7

2.283
2  . 1 8 3

2 . 3 1 2
2 . 2 l l

2 .361
2.258

2 .409
2.307

2 . 5 t A
2 .409

2.603
2.496

2 .685
2.580

. 7  5 1

.648

t0"
20'

| . 3 6 9
| . 2 7 3

| .405
| . 3 2 0

t . 4 5 6
| .374

|  . 545
L46C

t . 6 t 4
|  .525

1 . 6 7 5
t . 5 8 4

| . 7 7 5
| .684

| .862
|  . 7 7 1

| .936
r  .845

| .997
| .902

2.057
t . 9 6 1

2 .085
| .990

2 .  2
2 . 0 t 5

2 . t 5 9
2 .063

z .204
2 .  t 0 8

2.305
2.205

2.395
2.296

2 . 4 7 2
2 . 3 7 2

.542

.437

30"
40'

t . t 9 l
! .  0 |  . t 5 5

| .289
| . 2 0 6

| . 3 7 5
| . 2 9 0

t . 4 4 1L 498
|  . 4 t 6

1 . 5 9 7
| .509

| .683
| .596

| . 7 5 5
| .666

|  . 8 t l
1 . 7 2 5

1 . 8 7 2
1 . 7 8 2

|  .896
| .808

| .925
r  .836

|  .968
| .880

2 .0 t5
| .927

2 .  4
2 .022

2 . 1 9 8
2 . 1 0 52  . 1 8 2

. 341

.245

45"
50"

1 . 0 7 2
|  .034

| . t t 7
| .078

1  . 1 6 8
|  . t 2 7

|  .252
|  . 2 t l

| . 3 1 6
| . 2 7 5

t . 3 7 1
|  ,333

l . 4 6 9
| .429

| . 5 5 2
| . 5 t l

| .623
| .582

L 681
| .640

1 . 7 3 9
| .696| . 7 2 1

1 . 7 9 0
|  .748

|  .835
| . 7 9 2

t . B 7 9
t . 8 3 6

1 . 9 7 7
| .932

2.060
2 . 0 1 5

2  . t 3 4
2 .090

.200

. 1 5 4

55"
60"

.994

.956
L038
| .000

| .089
| .050

|  . t 7 l
t . t 3 t

1 . 2 3 4
1 . 1 9 4

| . 2 9 0
1 . 2 5 1

| . 3 8 7
| . 3 4 6

t . 4 7 4
| .430

t . 5 4 4
| .498

t . 5 9 6
|  .555

| . 6 5 2
1 . 6 r 0

|  .679
| .635

| . 7 0 3
L 66C

| . 7 4 8
| .705

| . 7 9 2
| . 7 4 9

I  ,688
| .842

| .971
| .925

2 .044
2.000

.  106

.062

65.
70'

. 9 t 8

.881
.961
.926

r  . 0
.97  4

| .093
| .056

|  . 1 5 6
| . | 7

|  . 2 1 3
| . 1 7 4

| . 3 0 7
1 . 2 6 6

| .390
| .349

t . 4 5 7
t . 4 1 6

| . 5 1 2
| .472

t . 5 7 1
1 . 5 2 7

|  .594
|  . 552

| .624
| . 5 7 7

| . 6 6 2
| . 6 2 1

| .708
| .661

| .800
1 . 7 5 7

|  . 881
|  . 837

| .958
1 . 9 1 2

0 r 8
974

75"
80"

.846

.809
.888
.853

.937

.901
L 0 t 8
.982

| .079
| .o43

|  .136
| .097

|  .227
| . t 9 0

|  .308
| . 2 7 0

| . 3 7 7
| .338

1 . 4 3 2
| .393

L488
|  . 447

| . 5 t 2
1 . 4 7 2

| .538
| .497

t . 5 7 9
| . 5 4 1

| . 6 2 1
t  .58 l

1 . 7 1 6
1 . 6 7 5

| . 7 9 5r .869
| .82(

|  .93J
| .889

85'
90" .739

. 8 1  7

.782
.866
.829

.945

.908
1 . 006
.97A

t  .061
| .024

|  . 1 5 3
L 5

| . 2 3 2
|  .194

| .298
| .262

| . 3 5 4
| . 3 1 4

| . 4 0 7
| . 3 6 8

|  .433
| . 3 9 2

|  . 456
L 4 t 8

|  .500
| . 4 6 1

| . 5 4 1
| . 5 0 2

| . 6 3 4
| .592

| . 7 1 2
| . 6 7 2

785
743

| .846
|  . 804

100 '
|  10"

. 67  |

.602
. 7 t 3
.644

.76C

.692
.838
.769

.897

.829
.952
.881

| .042
.970

t . l t 9
| . 0 4 7

| . t 8 i
| . t t 2

| .219
t . t 6 5

| . 2 9 3
t . 2 1 9

| . 3 1 6
| . 2 4 2

| .342
t . 2 6 7

| . 3 8 3
| . 3 0 7

| . 4 2 4
| .349

1 . 5 1 3
| . 4 3 8

| .592
1 . 5 1 4

664
586

1 . 7 2 2
| .645

t20"
130"

.537

.47 4
.578
. 5 1 3

.625

.561
.701
.636

.760

.694
. E l .901

.833
. 975
.908

| .040
.972

| .o93
| .o23

|  . t 4 5
1 . 0 7 5

t . t 7 0
|  .097

|  .192
| . t 2 2

| . 2 3 5
t . t 6 3

1 . 2 7 4
| . 2 0 3

| . 3 6 2
| . 2 8 9

| .439
| . 3 6 5

| . 5 0 7
|  . 434

t . 5 6 6
t . 4 9 1

t 40'
| 50'

.409

.347 .390
.496
.436

. 572

.508
.629
.565

.680
.701

.841 .904
.838

.954

.88 i
| .006

.939
| .029

.962
L053

.984
| .@2
| . 0 2 4

|  . t 3 2
L 063

| . 2 t 8
t . t 4 8

| .293
| .223

1 . 3 6 1
| .288

| . 4 t 8
| . 3 4 6

t 7  5 "
200'

.203
.0643

.242
t 0 t 8

.286
1216

.357

. 2 1 5
. 413
.268

.462

.3 t6
.545
.397

.617

.468
.678 .726

.622
.798
.643

.824

.665
.859
.706

.897

.7 4C
.980
.820

|  . 051
.890

t . l t 8
.954

| . 1 7 1
1 .008

Entering STEAM PRESSURE-LBS. PER SO, IN. CACE

30 40 50 60 70 80 90 t00 1 5 0 200

40
|  . 1 5 4
I  t 20

| . 2 2
L  l 8 5

| . 2 7 0
| . 2 3 7

| . 3 1 2
|  .281

|  . 358
| . 3 2 4

|  . J97
| .362

| .430
| . 3 9 7

|  .465
|  . 43

|  . 536
r  .505

|  .599
1 . 5 6 2

| . 7 0 2
L 668

45
50

l. 090
I . 060

|  . 1 5 3' | . 1 2 3 | . 2 0 7
| . 1 7 6

| . 2 5 0
| . 2 t 8

1 . 2 9 1
| .259

| . 3 3 0
| . 2 9 8

| . 3 6 f
| . 3 t I

| . 3 9 5
t . 3 6 4

I . 468
| . 4 3 5

|  .530
| .497

| . 6 3 3
L600

55
60

L030
1 . 000

t  .091
1 .062

|  . 1 4 3
1 . | 2

, t 8 5
. t 5 2

| . 2 2 8
|  . t 9 3

| . 2 6 5
| . 2 3 1

t . 2 9 8
| .265

| . 3 3 3
| . 2 9 5

t . 4 0 2
|  .368

|  .464
1 . 4 3 0

| .568
|  . 534

70
0 . 9 7  t
0.940

| .032
L002

L082
L05|

|  . 1 2 3
| .094

| . 1 6 7
|  . 1 3 3

1 . 2 0 2
t . t 7 l

|  .235
| .205

| . 2 6 7
1 . 2 3 4

| . 3 3 6
L 3 t 0

| .399
|  . 364

| .500
| .467

75
80

0 . 9 t  I
0 .884

0.972
0 .944

| .022
0 .994

L065
L015

r . t 0 3
|  .074

|  . t 4 l
t . t l l

| . t 7 2
I. t45

1 . 2 0 4
1 . 1 7 5

| . 2 7 5
| . 2 4 4

| . 1 3 2
| . 3 0 f

| . 4 3 5
1 . 4 0 2

85
90

I00

0 . 8 5 7
0.828
0 . 7 7 5

0 . 9 1  6
0 .888
0 . 8 3 1

0 .963
0 .938
0.882

1 . 006
o.976
0 .920

| .045
|  . 0 1 5
0.960

| .o82
t . 0 5 2
0.998

| .  3
| .085
| .029

|  . l 4 6
| . | 7
| .058

|  . 2 1 5
| . t 8 3
|  .126

| . 2 7 3
| . 2 4 3
| . t 8 3

| . 3 7 2
|  .341
| .280
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TYPE C "DOWNFLO" UNIT HEATERS-(Non-Fenous Coil)
The Dunham Type C Model B "Dovrnno" Unit Heater for opelation

on steam pressuies f rom 2 lbs.  gage to l5O lbs.  gage discharges i ts  a i r
stream vertically downward. Type C Model BM for operation with
steam pressures of  30 lhs.  or  mo!e.  The out let  tempelatures are re la-
tively low.

Adjustment of  a i r  volume ard temperature is  provided by means of
adjustable dampers.  Adjustment is  readi ly  made and reta ined in p lace.
Var iat ion in the re lat ive ai r  volumes c i rculated I rom war ious s ides is
possib le wi th the heater 's  construct ion.

tF " Dunhd TyDe C
Mode l  B  ' rDown-

flo" Unit Heater (Ditruser

h.adcr i3 armnBed for erther top or side conne.tions. On€ plu! of prop.! siE i"

CASTNG ASSEMBLY-Th" stre"nli.ed casids ie coGrructed of steel with
rcunded corne6. Th€ rasins 6ides are.tectric welda to the top as3urins nsidity
and fredom from wibratioD. The motor and fan ass.mhlv mav be remov.d for
iNpetion or seFice without removing the heater from its hanger or dGcon-
nectiry lthe heating pipe.,

MOTORS-The Moror. (u*d on the Downflo'heatercr are ball bearinq.
sr.ee p"cled. wirh re3ilienl mountins. All motor3 are codtanL speed and op€rate
ar ll40 r.D.m. wher€ u.ed wirh 60 cv.le or DC curenr. Wnin' diaelam3 ar.
lurnbhed wirh each unir tor 

""..";i..." 
i" makinc drkidl co;netions.

Svitches are nor inrluded in standard equipmenr.
STEAM TRAvEL-Tbe he.t"r i. 

"o".!ructed 
to eoualize the dLlance of

steam thvel. and the stean flow inro €ach of the tub€.

MOTOR MoUNTING The moto., with fan mount€d dnectly on shaft, i3
. t ra (hcd  to .p ider  members  tha t  s r ip  the  sprc ia l  res i l ien !  moun! ins ,  wh ich ,  in
tu rn .  i s  mounr€d on  rhc  con ic " l  a i .  qu ide .  The en i i rc  motor  mount iDq wr th  an
e! id .  i '  ' €movab le .  The 'ea i l iehr  ho ; t ine  insu la res  rhe  moror  hum o i ib rar ion
f rom ihe  rma inder  o I  rhe  ss*mblv  so  rha '  i ib ra r iom arc  ' .o la t€d  ar  the i r .ource
.nd are not carried t\roush rhe building by way of the piping.

HEATINc, ELEMENT The headns elemenr wirhsr.nds hyd,osl.ric pree
rur.. of 400 bs. Der souar. inch and b .uitabl. for workim Dr€s.ur€ uD to 150
lbs. pG' square i'ich. Ii consisrr e"tirelv 

"f """Ier"u3 
-.;;ls, usinc rr'round

coDD.r tub€ silver sold€rcd to bronz€ headeh. The fins are h..hnnicallv ar-
ta.hed to d,e rub.s bv sn €xDandinq Drocess shercbv 'he rub€ are e'Danda{ to
provid. righr.on!.ct'betu*" 6" a-"d tube. No saster or bolk of ani klnd arc
used ih this .!*mbly, For conv.nienc. iq making piping connectiom thc aupply

TYPE OF DIFFUSERS
All ' iz€s of units are available in
one of rhree ryDes of adjustabl.
difiu3e6 as illusuated h Fi€.

with 6xed con.s can be suDDli€d on
special order in eith€. 3 c;ne or 4

Fig. 3239-FouFWay
Louver AsseEbly

(Ad jus tab le ) .

CAPACITY TABLE TYPE C-MODEL B
Fis. 3300 Type C

Fia. 3295-Ttpe C Model B and
BM Urit Heater

j^a 4>

@>N
!  - )  F is .323? Doub le louve.

Assembly /Adjustable)
Fiq. 323a

aFor capaciry at other steam pressures and ert€rins air
temperatu.es, apply proper conveision factor. All motors
ar€ lonstant spe€d oDly. Ratinss apply to free inlet ald

EDR denotes equivale.t direct radiation. (Btu divided
b v  2 4 0 . )

c fm a t  70o denotes  cub ic  fee t  o f  a i r  p€r  minu te  meas-
ured  a t  70" ,  w i th  eDter ins  a i r  a t  60q.

cfm at FT denotes total cfm delivered by th€ uDit.
FT denotes frnal temp€rature of the discharsed air, For

d€ termin ing  6na l  iFmperarure  o f  the  a i r  aL  o ther  lhan
ra ted  .ond i t ions ,  usc  the  to l low ine  fo rmula :

(460+O

.fnX575
_ _ l

Btu
where Btu is th. final corr€cted value, it is the ent€rins air
t€mperarure, ard cfm is the deliv€red air quanrity (cfm

COND.  d .no tes  Dound.  o f  s t .am .ondensed Der  hour .
Our l " r  ve loc  y_rer " rs  to  v€ loc i ty  in  fee l  p ; r  m inu te  o f

the h€ated air l€vine the unit,

'Rating-2 Lb- Steam,60" Enr€ring An Heish!

E_D-R HP RPM
BTU per

700 FT. FT. 'F. Min.

ct25B \  t /12
c6408 t/6
c8t0B t /4
cl040B |  /2
c1530!r  3/4
c20008 |

l l 4 0
I  140
|  1 4 0
I  I40
I  t40
l l 4 0

78.000
t5t ,600
t94,400
249,600
367.200
480.000

1284
267 |
1254
4142
6509
8041

1195
266E
3535
4534
7Q25
4727

6
3
5
5
2
5

8 1 . 0
160 0
202 5
260.0
342.5
500.0

I  146
1124
t620
tJ5A
z t o J
2t95

l 5
l 9
27
20
40
4t

t 0
t 4
2 l
t 5
70
14

l 8
3 l
54
34
70

22
1E

55
60

6 5 .  O
6 7 0
69. O
72.0
7 7 . O
79.A

200
100
3 1 5
4{)0
525
575

CAPACITY TABLE-TYPE C MODEL BM
lRating with r0 Lbs. Steam, 60o Ertcrilg An

HP RPM EDR
BTU PEr

Hr.
CFM at

70'
CFM at

FT. FT. OF. Min. Min.

cl25BM
c640BM
ca t0BM
cl040BM
cr530BM
c2000BM

t / t 2
t / 6

1 / 2
3/4
I

t40
t 4 0
t40
t 4 0
t 4 0
r40

330
680
459

I t03
1622
2t20

79,200
t63,2@
206.160
264,720
ta9,2a0
J03,800

2701
3242
4212
6597
8 1 0 4

1464
2934
3579
4594
7 t50
8836

I 1 4 . O
1 1 5 . 7
1 t 7 . 9
1 t 8 . 0

t  1 7 . 9

a 2 . 5
1 7 0  0
2 1 4 . 8
2 7 5 . 4
405.5
510.O

t2Q3
tJ45
r64 |
1375
2140
2222

t 6
20
2A
2 1

I I

2 1
l 5
30
34

l 6
J I
54
J4
70
75

22
38
25
55
60

6 5 . 0
6 7 . O
69_0
7 2 . O
7 7 0
79 _O

t75
290
105
t85
5 1 0
555
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CONVERSION TABLE

CONVERSION FACTORS FOR DETERMINING THE CAPACITY OF DRAW-THRU TYPE UNIT I ]EATERS
FOR VARIOUS STEAM PRESSURES AND ENTERING AIR TEMPERATURES

(Based on 2lbs. Gauge Steam Pressure and Enterine Air Temperature of 60'F.)

DUNHAM TYPES R, C. AND TEMPERATORS, EXCEPT TYPE C, MoDEL BM (See below)

NOTE: To obtain the Btu capacity for conditions other than those in the Capacity Tables, multiply the basic rating (two pounds
steam.60o enter ing ai r ;  by the proper consranr f rom Lhe above table.

*CONVERSION FACTORS FOR TYPE C MODEL BM UNIT HEATERS

*To obtain Btu capacity at conditions other than those in capacity table, -ultiplyi.g basic rating (301b. steam,60" entering air) by
oroper factor from above table.' - 

For capacity at 2 lb. steam, 60' entering air, divide basic rating by 1.281

EDtering
Heater

STEAM PRESSURE-LBS. PER SQ. IN. GAGE

0 2 5 l 0 15 20 30 40 50 60 70 80 90 r00 t25 t 5 0 1 7 5 200

t0" |  .483
| .405

|  .520
1.442

| . 5 6 5
r  .485

|  .637
|  . 5 5 8

L 688
t . 6 t 0

| . 7 2 8
| .649

| .80,
| . 7 2 5

L864
| . 7 8 7

| .927
| .850

1 . 9 7 3
| .897

2  . 0 l E
| .943

2 .O43
| .97A

2 .064
| .988

2 . 1 0 2
2 .028

2 . t 5 l
2  .071

z . 2 1 3
2 . t 3 7

2 . 2 7 1
2.20C

2 . 3 3 (
2 .259

.389

. 3 l l

l 0 '
20'

1 .329
1 . 2 5 3

| . 3 6 3
| . 2 9 0

L 4 t C
|  . 334

L480
1 .403

|  .533
t . 4 5 8

| . 5 7 2
| .498

|  .648
1 . 5 7 2

| . 7 t 0
| .637

| . 7 7 3
1  . 70c

| .820
|  .7  48

|  .869
| . 7 9 5

L895
| .822

|  . 9 t 4
|  .841

| . 9 5 1
I  .B7B

| .994
t  . 9 1 9

2 .061
t . 9 8 5

2 .125
2 .05t)

2  . 1 8 3
2  . 1 0 8

.237

. t63

30"
40'

| . 1 7 8
I  . 1 0 5

|  .215
t . t 4 l

| .260
t . t 8 7

.328

.253
| .382
|  . 3 1 0

|  .421
| .35C

| .497
1 .4231 . 4 9 1

t . 6 2 8
| . 5 5 4

| . 6 7 3
|  .60 t

t . 7 2 2
| .651

1 . 7 5 C
I 68C

| . 7 7 C
| .698

L804
1 . 7 3 2

| .845
1 . 7 7 4

L 9 l  I
1 . 840

t . 9 7 8
t .906

2.037
| .967

.090

. 0  t 8

45"
50'

| .07c
| .032

L t05
I 069

1 . t 5 0
t . l t 4

.219

. 1 8 2
| . 2 7 4
| . 2 3 9

|  .313
1 . 2 7 8

| .3a7
| .352

|  . 455
| .424

1 . 5 2 C
t . 4 8 3

|  .565
1 .531

|  .617
1 . 5 8 2

| . 6 4 5
| .609

| .663
| .629

|  .697
I  . 661

|  . 735
| .700

I 805
1 . 7 7 t )

|  . 87C
| .835

| .931
| .895

| . 9 8 1
| .947

60.
.997
.962

L035
| . 000

| .080
| .045

I  . I 4 B
| . t t 2

| .204
|  . 1 6 8

.243

.208
. 3 1 8
.28t

L385
| . 3 5 4

t . 4 5 0
1 . 4 1 6

L500
| .463

|  .548
| . 5 t 2 t . 5 4 C

1 . 5 9 5
1 .560

| .625
|  .590

|  .665
L630

| . 7 3 4
t  .700

| . 8 0 1
| .768

L86C
1 .824

1 . 9 t 3
| .880

65"
70"

.926

.892
.965
.934

l  0 t 0
.97  5

078
042

113
099

1 . 1 7 2
t . l 3 8

1 . 2 4 7
1 . 2 1 2

t . 3 t 8
| .282

1 . 3 8 2
| . 3 4 7

1 . 4 3 4
1 . 3 9 4

t . 4 7 8
|  .443

|  .505
|  .471

1  .525
|  . 491

| . 5 5 7
| . 5 2 3

1  .595
L 56C

| .663
| .629

1 . 7 3 3
L 698

1 . 7 9 0
| . 7 5 7

.845

. 8 1 0

80"
.858
.a22

.895

.861
.94C
.906

008
973

063
028

| . t 0 4
L070

|  . 1 7 9
1 . 1 4 5

| . 2 4 9
1 . 2 t 5

|  . 1 1 2
| . 2 7 8

1 . 3 6 A
| . 3 2 5

|  . 4 t c
1 . 3 7 ?

|  . 438
| .402

1 . 4 5 8
1 . 4 2 2

| . 4 9 4
|  .457

|  .527
| .492

| . 5 9 3
r .560

|  .662
|  . $a

1 . 7 2 3
| .690

| . 7 7 5
1 . 7 4 2

85'
90"

.788 .825
.792

. 872

.838
.93E
.903

.993

.960
| .035
| .002

t . l l 2
l 078

I . t 8 l
|  . 1 4 8

| . 2 4 5
|  . 2 t l

| .293
| .260

1 . 1 4 3
| . 3 t 0

|  .369
| . 3 3 3

L389
| . 3 5 4

|  . 421
| 387

| . 4 6 0
1  .425

|  .528
| .493

1 . 5 9 9
1 . 5 6 4

|  .656
| .622

| . 7 0 9
|  .67  5

t00"
] | 0 '

.688

.621
. 7  2 8
.662

. 7 7 1

.706
.838
. 7  7 2

.895

.828
.936
.870

t . 0 t 0
.945

L08t
1 . 0 t 7

|  . 1 4 5
| .08c

1  . t 94
t . r 3 0

| .243
t . t 7 8

1 . 2 6 8
| . 2 0 3

|  . 288
|  . 223

1 . 3 2 1
| . 2 5 3

| . 3 5 9
| .292

1 . 4 2 8
L360

| .497
| .43{)

| . 5 5 5
| .488

| . 609
| . 5 4 2

120"
r 30" .493

.598

.531
.641 .708

.643
. 763
.700

.807

.742
.882
.82C

.952

.89C
L 0 t  5

.952
| .065
| .000

l .  ,
L05C

L  l 3 B
| . 0 7 2

t . t 5 8
l 094

t . t 8 9
| . t 2 3

1 . 2 2 7
| . 1 6 2

| . 2 9 7
| . 2 J 2

| .364
r .300

1 .423
| . 3 5 9

1 . 4 7 7
L 4 r 0

t40'
t50 '

.41A

.368
.469
.407

. 5 1 3

.452
. 580
. 5 t 8

.635 .6E0
.624

.758

.698
.828
.767

.890

.828
.939
.878

.987

.925
l . 0 t l

.954
| .032

.97C
l  061
| .00c

| . 1 0 0
I 038

I  t69
I. l05

|  .217
t . 1 7 5

| . 2 9 5
|  . 232

| . 3 4 8
| . 2 8 7

1 7  5 "
200'

.2 t8

.070 .  IOB
.302 .368

.223
.422
.276

.468

.322
.541
.403 .474

. 676

.528
.725
.578

.772

.625
.798
.650

. 8 1
698

885
738

.955

.808
1 .022

.873
| .082

.912
| . t 3 2

.982

Entering STEAM PRESSURE LBS. PER SQ. IN. GAGE

l0 40 50 60 70 80 90 t00 125 t 5 0 200

35
40
45

r , t 3 9
|  . i 2
l 082

t . t 9 l
L  l 6 5
|  . 1 3 6

1 . 2 4
| . 2 1 3
I . I B E

t . 2 7 8
| .250
| . 2 2 2

|  . j t 6
| . 2 9 0
| . 2 8 3

1 . 3 5 3
| . 3 2 5
| . 2 9 9

I 380
| . 3 5 3
| . 3 2 5

|  . 4 1 0
| .382
1 . 3 5 4

1  .463
|  . 437
1 . 4 r 0

|  . 5 1  5
| .487
| .459

| .620
1 . 5 7 2
1 . 5 4 6

55
60

| .058
| 029
| .000

1 . t 0 9
|  .081
| .053

|  . 1 5 8
|  . 1 3 2
t . t 0 5

t . t 9 5
t . t i t
1 .142

|  .255
| .209
t . r 8 0

| . 2 7 1
| . 2 4 5
| . 2 1 8

| . 2 9 7
1 . 2 6 8
1 . 2 4 1

|  .327
|  .300
|  271

1 . 3 8 2
1 . 3 5 3
| . 3 2 7

1 . 4 3 2
|  .405
|  .380

1 . 5 1 9
1 . 4 9 4
| .468

65
70
75

0.973
0 .947
0 .920

| .029
L 001
0.975

| .080
| .050
1 . 0 2 3

L 6
L 088
I 06t

|  . 1 5 2
t . t 2 8
|  . I 0 0

t  . 1 9 0
|  . 1 6 4
t  . 1 3 7

|  . 2 1 5
t . t 9 0
|  .163

| . 2 4 5
| . 2 t 8
t . l 9 i

1 . 2 9 8
1 . 2 7 0
| . 2 4 3

l . ) 5 2
| . 3 2 4
|  .297

| .440
1 . 4 1 1
| . 3 8 5

BO
t )

0.894
0 . 8 7 0

0 .946
0 .923

0 .997
0.972

1 .034
t . 0 t 0

|  . 07  4
| .049

L 0
| .083

|  . 1 3 7
l .  0 . t39

I
I

1 . 2 t 8
|  . 1 9 2

t  .271
1 . 2 4 8

| .360
1 . 3 3 2

90
100

0 . 8 4 1
0 .788

0.896
0.844

0 .945
0 .894

0 .986
0 .912

| .021
0 . 9 7 1

|  . 057
| .005

L082
|  .032

| . t t 2
L 060

1 . 1 6 5
|  . 1 1 3

1 . 2 2 1
1 . t 6 8

r  .308
| . 2 5 5
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Fis. 3,t23-Fl@r Type with elongated
b o z z l e s r  w i t h o u t  d a m F e r ,

Fig. 3iu4-Floo. Type with
Mixibg Damper.

Cciling TypG, Fig. 1446A

DUNHAM UNIT HEATERS
TYPE T

( N O N . F E R R O U S  C O I L )

Dunham Type R Unit lleaters are essentially industrial type units, pri-
marily designed for heating large spaces, These units are available in various
types of mounting for floor, wall, ceiling, inverted, suspended and platform
installations. They can be obtained with various appurterances to satisfy
practically every requirement such as mixing darnpers, by-pass dampers and
filter sections for heating and ventilating or for heating only.

Al1 units have belt driven centrilugal type fans using constant speed 1750
rpm motors. These blower fans are double width, double inlet type with for-
ward Pitched blades.

All essential parts of the Type R units are easily accessible. The complete
heating element and complete fan and shaft assembly can be removed through
either end of the heater casing. If necessary, the entire heater casing can be
dismantled.

Self aligning, dust proof ball bearings support the fan shaft at each end
to assure trouble free operation. These bearings are assembled in heavy cast
iron end bells to dampen vibration,

The Type R heating element is a replaceable tube type made up of seamless
drawn copper tubes, wound with copper fin in the form of a helix and metal-
lically attached. These tubes are securely fastened into one piece semi-steel
cast headers by means of brass clamping nuts. This construction makes it
possible to remove and replace any one or number of tubes in the event of
damage. Elements with non-freeze type of tubes are also available, on special
order.

These elements withstand hydrostatic pressures up to 300 lbs. per sq. inch
and are suitable for operation on steam pressures up to 150 lbs. per sq. inch,

Type R units are manufactured in various sizes as listed in the following
capacity tables.

CA?ACITY TABTES
Tvpe R (Non-Fcrrous Coil) for Operation with Steam Pr€ssures from 0 Lbs. to | 50 Lbs. Gagc.

Wal l  Type,  F ig .  1445A

lnvertcd Wall Type, Fig. r442A

Rat€d Capacny-
Standard Conditions

2 Lb. st.am, 60' Ent. An
RPM HP

supp]y

Btu EDR

R 16.18
R IE66
R 1884
R I8E4
R1066
R1084
R1084

2
3
4

z
J
)

3
3

3

2 t6,000
260,000
150,000
430.000
5t5,000
665,000
800,000

900
I 1 6 7
l45E
t792
2229
2 7 7 1
3733

3,800
5,7@
7,150
7,450
9,100

rr,l00
|  4,100

1 t 7 . 1
t 0 E . 6
t 0 8 , 4

6 . 0
t  19.2
109 5
1 t 7 . 0

900
900
850
950

625
700

t %
tr l
2
2
2
3
5

2 % '
1 '
3 '

Type R (Non-Fcrrous Coil) for Operation with Steam Pressures lrom 30 Lbs. to 150 Lbs. Gage.

RPM HP
Btu EDR '"f.

Rt848
Rt 066
Rt884
R t884
R3066
R3084
R3084

2
1

2
3
3

211

2 \

2t6.000
280.000
tr0,000
410.000
535,000
665.000
800,000

900
1167
1454
1792
2229
277 |
1313

4,050
6,000
7,450
4 , 1 5 0
9,450

r3.600
|  5 , 1 0 0

| 1 . 2
r 05. 9
106. a
| 2 . 5
l  1 6 . l
t 0 8 . 3
l t 2  E

900
9{)O
8t0
950

62'
700

I
1 %
2
2
2
7
5

2t l
2tlt
2%
2tl
J "

J '

'Cfm at 6nal t.mperaturc-{re. d€tivery, no erte.nal .6irtance. Fo. capa.ity oper.tins agaiNt a epeciGc ertc..al
,es ie tanc . ,  wr i t .  to  C.  A .  Dunham co. ,4c0  E.  Oh io  S t . ,  Ch icago l l .  I l l .
NonJre.ze tub.! reduce Btu capacity approximately l0%.
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PARTS LIST

r-UNIT MOTOR
2-MOTOR BRACKET
3-MOTOR BRACKET MOUNTING ANGLES
4-FAN PULLEY
5-MOTOR PULLEY
6-V BELT

8-SELF ALTGNING BALL BEARTNG
g-FAN HOUSING

I(FFAN
TI-SHAFT
I2-BY-PA55 DAMPER (OPTIONAL)

r3-DAMPER LINKAGE (MOTOR OPERATED)

T
re+'I

Fig. 347l-Typical Construction Details Type

16-DAMPER LINKAGE (MANUAL OPERATED)
I7_MIXING DAMPER (OPTIONAL)
r9-DAMPER BEARING
2O-DAMPER CRANK
2l-DAMPER LTNKTNG BAR
zz-DAMPER MOTOR BAR
23-DAMPER MOTOR ARM
2,I-SUPPLY TAPPING
zs-RETURN TAPPING
2?-BY-PASS DUCT (OPTIONAL)
z8-CLAMPINC UNIT
29-FERRULE
3(FRADIATOR HEADER
3I-RADIATOR TUBE
32-RADIATOR FINS
33-RADTATOR ASSEMBLY

"R" Unit Heaters.

F I G . I

Fig. 3464-Height Dimensions 18 Series.
Heaters with Standard Discharge

F I G . 5

Floor Mounted Type "R" Unit
Nozzles and Extensions.

DETAIL
HEATING ELEMENT JOINT

ENO VIEW

so+'
6t+ 75"

Page 40
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Holes for duct collectiotr at
fr.h air idct .lrilLd dd tappeil
for 5/lg'rrA lcrcv3.

If filter 3*tior i5 requested add
29" to ttre oveEll beiaht of !nit.

F

FRONT VIEW

Fig. 3470-No. 1848 Type "R" Unit Heater. Floor Mounting.

END VIEW

Mixing Damper.

Hol* for .luct coNectio! .t
lre6h air inlet alril!€d ard tapped
Ioe s/rd'xra 3crcw8.

If 6lta 3€.tid is equ4t€d .dd
ZAY2" to ahe ovelall heiaht ol unit.

i-'e*'-- r

rFil
l r i i  \ l  i l"f* '
t i r i  ! i i t  I
lrr :il l

FILTER SECTION
Q!Il9!3!)

Fig. 3472-No.

E N O  V I E W

REAR VIE\V

1866 Type "R" Unit Heater. Wall Mounting.

C.  A .  DUNHAM COMPANY CHICAGO Page 4 l
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i866 Type "R" Unit Heater. Inverted Wall Mounting.

r*. -tr
[t,ill il{
l j i r  \ \ i l  , i , i  

LL

[J]
Fig. 3469-No.

Fig, 3465-Height Dimensions 30 Series. Floor Mounted Type "R" Unit
Heaters with Standard Discharge Nozzles and Extensions.

T
25"

t27 '

Page 42
r946
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",i".i"..^[3i."i3],i?t""5."J1",L16'lil6,*
srfl:ri$p?i.^t"93f 

.33t;^i35 ff '*nti!.

OAMPER rNLET NO I

F R O N T  V I E W

Fig. 346E-No. 3066 Type ,.R', Unit Heater. Ceiling Mounting, Mixing Damper.

REAR VIEW

80fToM VtEW

I9t_!.8!

Fig. 3467-No. 3084

REAR VIEW

EOTTOM VIEW

Type "R" Unit Heater. fnverted Suspended Mounting.

C.  A .  DUNHAM COMPANY. . .  CH ICAEO Page 43
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foi r/2" HANGai 30tTs

fior{T EtEvatror{

Fig. 3466-Dunham-Type "R" Unit Heaters. Ceiling Mounting-Belt Drive
with By-Pass Damper and By-Pass Duct.

I
I
L

r -i- r*l s

Dimensions in lnches
Un i t
No .

Un i t
No .

No. of

t843
t366
t884
3066
3084

43
66
E4ri
66
84t4

t8%
t 8 %
lStA
JO
30

41t I
$lz
411 .2
63
6 i

6
316
3ri
)16
I ',i

| 2 3
t 2 %
t 2 %
t 7
1 7

t 1
t 2
t 2 %
I B
t 6 %

t 2
| %
e %

117,1
9r.4

e%
e%
ei6

t0ttr
t 0 %

2%
2%
2 %
2\^
2r4

2
3
4
2
3

12
t2
t2
12
t2

25

2i
2 i

22
2 l
20
30
26

3 %
3 %
3 %
4%
4%

2%
2%
2%
3
3

t848
t866
| 884
3066
3084

t %
t %
t %
t %

49%
67%
86%
67 54
E6%

163,6
t6t4
t6)'e
27%
27 34

46
b4
82%
$tl
82

t o %
tosl
t 0 %
t 7
l 7

totA
toh
t o %
l6rz
I

28%
28%
28%
46%
46rZ

2
1
4
2
3

t 3

t 9
t 9

Dimensions in Inches

4434
62.,4
80%
62Ve
80%

9
9
9

t )

t )

6
6

t 0
IO

1t4
1 ^
3t,s
5
i

3
J
J
4
4

Page 44
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ib,la4g r TYPE R Utflr HEATEi
alt ofi 4 RolTl oF TUBES

E L& STEAI AI{O 30' EIIT. AIR
FOiUARO PITCHED FAII 6LADE9

C .  A .  D U N H A M  C O M P A N Y . . .  C H I C A S O Page 45
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NO.|86O r TYPE R UI{IT I{EATER
OF TUBE9

60' ENT. AIR
e,5 oR 4 ROWS

2 LB. gTEAII AI{D
FORWARD PITOHED

F R E E  A  I  R

Page 46 C .  A ,  D U N H A M  C O M P A N Y . . .  C H I C A S O



PERFORMAilOE OURVE
NO.I884 TYPE R UNIT HEATER

2r3 OR 4 ROWS OF TUBES
zLA STEAI A]ID CO' ET{T. AIR
FORWARO PITCHED FAII BLADES

FREE A  IR  .OEL  IVERY

C .  A .  D U N H A M  C O M P A N Y . . .  C H I C A G O Page 47
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PERFORTANCE

l{o.3084 TYPE R
e,3 0R 4 ROWg

2 LB. gTEAX A1{O
FORWARD PITCHED

UilIT HEATER
OF TUBEg

60' ENT. AIR
FA'{ BLAOES

C .  A .  D U N H A M  C O M P A N Y . , .  C H I C A G O Page 49
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,DUNHAM CONVECTORS
With Non-Ferrous Heating Elernent

D u n h a n  C o n w - r " i s . r e  d e s i g n e d  n , r  u * . n  s t . a n , , , ,  v n r " , r .  a n d  q r a v r r r  , , r  l , , r , c d  h . r  w e r o  I . a r , n e
s r r r r m s  T h e y  a i .  m a n u f r c t u i e d  i n . a l r n d  r \ p . s  a n ( l  s i ^ \  s l n $ n  i n  t h .  r . , , " " r , " " r i n c  i l l u s r r a r i " . s  a n d

(  a s i n q s  a (  c o n s r r u . r d  ( ' I  N o .  I n  q r s c  s t c c l  w n h  r r n x , w a b l c  { r o . b  b a v , n q  ' " u n d c d  c o , , , . , , , , , ,  r , , " . - , , , s
a l l p . a r a n c e .  T h c  D U r l " t  ! r i l l e  c o n s i s r $ . f  h a r i z o D t a l  o r r . D i n s s  p u n . h . d  i r  r b c  f a s i n g  I r a n r .  D i n t r n  c a "
r , o  f u r n i s h e d  w b c n  3 , , , , d c r e d .

l h c  h e a t i n g  c l . , m . n t  i s  c o n s t r u . r L . l  . l  n " n . o o o s i v "  h r r d i d l s ,  c o p p c r  o i  r l n n ' i n u n  t i n s  o r  s c a h l . s s
d r c k n ,  r a u n d  c o p r , c r  t u b . s  b r a z e d  k  l ) . , n / c  b e a d Q s  T L "  r r l , " s  a r c . i p a n ( 1 " , 1  , I r . r  a s s e m h l r  r .  a s s u . .
i n r i m a t e  c o n t a . r  l " . r - c e n  l i n  a n d  r u b c  l < x  r e r d a n . h r  h e d r  t . n s f . r -  H . a v ]  s k n ,  p l a t . s  p r o r . c r  t h c  l i n .
l r t , n  d a m a g c  T l "  c l c n r c D t s  a r .  t c s t . d  i i r  .  h y d r o s r a r i .  I , c s $ , r c  ( , I . r 0 0  l f , s  r ) " r  i . t  i ! .  a n d  a ' c  s u i r a l ) l c  f o r
. t ) ( r a r i o n  o h  l t 0  1 1 , .  s t c a n r  o i  v a h : r  * , , r k i n s  p r e s s u r . .  I l i r h c .  e n d  o i  k r r  a . , l  h o t t o m  t a p r r t d  h c a d c r s
( l r ' r . P . s  )  . a n  ] , c  s u D D t n a l .

I ] D R  c a p a c i t i c s  o f  s r o c k  s i z e s  w i r h  I  l 1 ' .  s r c a m , 6 5 ' . n r c r i n g  a i '  u e  s h " * n , o  r l , r  r a l , l , ,  
" " , n n " r  

i n n  , n

r h G  $ h e € t .  T h e s .  a n ,  C M C  l C o n v e c r o '  M a D u t a . t u r c r s  ( , . r r i i ; c d r  r a t i n s s .

C A P A C I T T E S  O F  D U N H A M  C O N V E ( : T O R S  W I T H  S T E A M  A T  1 L B .  A N D  6 5 ' E N T E R I N C  A I R

Order i .g  H. igh t  H 20"

.t.*l i rr-,, n,,,,,.'"J
o(rcr ing Heisbr " l  l  

! !  
24

 , r u r l  F I o a r  N ' l o u D t c d
(  r l ) i n e t  T y p c s  2 0

I  l r .  N . " ,  -
21 ) 1

i2

R e c r s s . d  \ ! a l l  M o u r t c d
T y p e s  T l l , . s  t 6 '

.  
" r d l ^ q  C a l ! ' r ' ' r  l . . n c t h ,

N u m b " '  
i  

l ' , '  l , ' .

T r n o 4  1 8  ]  1 2  oTtn04 | l r  i  12 0
l_200., 2| lt t' r2. r0 l  2t  t6 5'1280.t 2lJ t9 t'1280.t 2lJ t9 t
T1201 )2 22 a

R c c " s s , : d  \ i  a l l  M " r n t " n
2n 28 

-l'ypts 
T! p.\

i  ",.r,,g C.r' i ." '  r.""*,r,.
Ntn l , . . .  lDchcs

| I  I  1 4  U  l ' I | l | ,  r 0
t !  r ,  t6  t  T , lu i )a  lA
t8  0  20  0  

' l  ran)6  t6
2 t  5  2 )  I  1 6 1 0 5  6 t
: t t  0 2/  0 '11203 l2
t0 t  l ]  t  _a10Ns .10
170 . t0 0 i  T.1803 +rJ
,12 0 46 0 T5603 t{)
46 5 50 ' T64011 6.1
22 0 2l  0 1 ' .10010 . r0
2 7 5 t 2 8 t  _ f . { J o t o  . t a
l l  t  J . l  0  T t d ) t o  1 6
16 0 t9 0 l6. t0t0 6.1

t 2

16 '  z lJ '

1 9 5  | t "

i 0  5 6 t

t /  5

7 l  0

7 2  5
8 4 0

8 0 t

l0a 0

'I-400.1 .r0 28 0'f4804 4a I l:l t' r t604 t6 37 .5
1'6404 61 41 t  l
I -20n6 2u iq \
I 240L 2.r 2j I
T2806 2^ 2/  n
f ) 2 0 6  l 2  3 1  5  I

, 7 2 4  l r t

t 5 . t  |  6  r . 0
6 a . 0  I  7 4  5
a t . 0  8 7  t

(  a D a c i r i . s  w ' r h  I  I o r  W a r c r  S y s t e . r s  d " p " n d  u p o n  a  n u n r h c r  . f  . o n d i t ; o n s  S . .  D . r a  S h . . i  F i l c  N a .  6 A - Z - l

f o r  (  a p a c i r y  i n f o r n , a t i 0 n .

T y p c  l  H c a r i n g  E l e m e  ' r i
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DUNHAM ADJUSTAETE REGULATING FITTINGS
The Dunham 4djustable Regulat ing Fi t t ins is  a device which makes i t  possib le to accurately apport ion the !upply of  steam

to every radiator .  lhese l i t t inss are made .nt i re ly of  brass,  accurately machined and in 3 l ' ,  s j ,ze only.
These_f i t t ings s impl i fy  the problem of  apply ing or iGce reeulat ion to a concealed radlator  which' is  compl icated due to the

steam supPly beiDg located in the bot tom of  the element.  For sat is factory operat ioD the or iGce or  port  th;ouch which Bteam
enters must be higher than the radiator  tube,  so water cannot accumulate aLove tLe port  

""d "" ' " .  
Doise.  When appl ied to

Dunham Convectors,  rhe part3 are proper ly located as shown by Fig.  1470B.

For Use With Dunham Convectors

Typical Inrtallationr

For other maLes of  concealed radiatore than Dunham, the
Adjustable Reeulat ine Fi t t ing can be appl ied by use of  the
Type 196 Adapter in conDect ion wi th one of  the standard
f t t ings as shom by Fle.  1674.

When order ing Type 196 Adapter Fi t t ings give:  (  |  )  Make
of Radiat ion,  (2)  Size of  radiator  supply tappinc,  (3)
Amount of  radiat ion in square feet  and (4)  Distance f rom
face of  in let  to bot tom of  ladiator  tuhe.

Fis. 1935-DimensionB
for Vertical Type Fittins

For Use With Direct  Cast  l ron Radiators

Sect ion  rh rough Ad jus tab le  Regu la t -
ing  F i l t ins  a rd  Concea led  Rad iar ion

A. Port throueh which steam
eht.rs radiator is hisher than
radiator tube. Wat€r ca.not
accuhulate above port and

B.  Ad jus tab l€  screw can be
remov€d from filtine for clean-

C. Screw is easily adjusted
for radiator of any size aDd
stack heisht. Remove cap and
adjust with scr€wdrivei,

D. Cround joint cap makes
jo in t  ab€o lu te ly  t i ch t .

Fic. r47oB

Dunham Adapter Fitting, Tvp" 196

c
(
2
n
!- C

' 7

Dim€nsion "lt" in lnches

Tvp€ 1g7-Adjustahle ReEr-
u la r ing  F i t l ing  w i th  Female

Fig. r6o7A-Dihensions Type 197

Type 29a-

Fig, lg3ut-Type l7a

Fis.

D U N H A M  C O M P A N Y C H I C A G O

Fig. 1674. Sectional view
of Adapter Filtine installed
q i th  Ad iu3 tab le  ReEula t ine
F i t t ins ;n  a  concea iad  rad i :
atior havins an ofis€t tap-
p ins  ?Ya"  be low lowest  ra -

Page 5 l
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Eqch convecior cotolog number is o combinolion of two dimension symbols. The
Length Symbol includes the firsl three digits, viz: 180, 200, 24O, elc. The Width
Symbof includes the remoining digit or digiis, vizr 4, 6,8, 10. The tobles ore keyed
lo lhese symbols, moking it eosy fo determine ony pertinent dimension required
for instollotion fifting. Cobinet heighls ore os shown for the poriiculor style of
enclosure being considered.

20' 24', 32',
CABINET HEIGHT..FCT.. .FCST20' 24' 32',
CABINET HEIGHT. . WCF.. WCST l 6 ' 20' 2g',
FRONT HEIGHT. . . FCFR. .MPR 2 1 V 2 " 25Va' 33y2'
I . INER HEIGHT.. . . .FCFR..MPR 20' 24 '

T Y P E S
F C F  .  .  .  W C F

w c S T . . .  F C S T

WIDTH
SYMgO 1 6 8 lo

cw 4' 10Y2"

IwM 33/+" 53/t" 7 3/t" 10]%"

FW 2', 2', 4', 2', 4',

tw 4', 6', 4', Ar/" n 6Y2'

crw 2', 3', 4', 5V4"

DUNHAM HEATING ELEMENTS
All toppings ore on cenfer-line of element width. Heoting elemenfs ore held in
proper pitch olignment by brockets welded to eoch end of the enclosure. Pitch

LENGTII
sMY80t

ovtiALt
LENGIH crt FCTT FFL

t 8 0 ' t 7 % " I  s% ' 1 7 % " | 67Ao 17 3 /c "

200 |  9 l /q ' 17]^', 193/c'
' l8%s"

193/t"

201 23t/t" 2 1 V s ' 233/a' 22  t ' 233/t '
280 27 3/t ' 25Vs' 27 3/+' 26%e"27 3/t"

320 3 1 ' / + ' 29'r's',3't 3/t', 3Q%e' 313/t'
400 39t/c 37 Vs' 393/t' 38%e" 393/c
,f80 17 3/t' 4sys' 4 7  % ' 46%t ' 473/c'
560 553/q' 53Vs'5s%" 5474t" 551/e"

640 633/ t ' 6 l V s " 633/q' 6274t" 63 t /a '

MINIMUM HEIGHT FIOOR TO TAPPING
AT I.OW END

BOTTOM TAPPING 5V2' rO FACE
END TAPPING 672' TO CENTER
STREET Ett 431r" TQ CENTER

Top qnd Bottom Toppcd with One Strcel fll

8',
Widltr

1 0 "

TENGTH
SYMBOI.

1 8 0
"cr." CAB|NEI

18' ,
200 20" 20'
210 21', 21'
280 2g', 28',
320 32', s2' 32',
400 10' 10' 10' 10'
480 18', 18" 1g', 1B',
560 56', 56" . 56', 56',
640 64', 61', 61', 61'

T Y P E S ,  F C F R ,  M P R

IENGTH
sYl{Bor 1 8 0)dn a t l ^ 284 320

U, t,ar&"l 8 ' 20' 21',28' J Z 1 0 ' 18', 56' 64',

ft lii'3,72 l 23' 27 ' 3 t " 3 5 ' 13',5 l 59"67'

WIDTH
SYMSOL 4 6 8 l 0
"cw" 1 6 8', lOVz'
"cTw" 2', 4', s%'

is voriobfe lrom fi,5" 1s s7"'.

Top ond Eottorn Toppingr

Top ond Bottom Topped with Two Streci Ells

WIDIH SYMBOI. o 8 l 0
WIDTH OF

ELEMENT 3r/t ' 5 % ' 7%" t 0 % '

Page 52
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TYPE M UNIT HEATER,S
(NON-FERROUS COIL)

The Dunham Type M unit is a compact cabinet type heating unit, qliet in operation
and soundly constfucted. The heating elemelrt is constructed of non-ferrous materials
consisting of coppe! fills on copper tubes, silver soldered to bronze headers. Casiugs
are made of steel and have removable frout for access to wotking palts.

APPLICATIONS-Vestibules and lobbies o{ large buildings, general of6ces, dis-
play rootns, tetail stores, churches, restaurants, hospital'wards, basement rooms,
waiting rooms, etc.

The Type M unit provides from three to five times the ordinary fadiato. capacity
in the sa'nie space. It can be moultted on the x'all-upright or inverted-fat against
the ceiling or on the floor, Available in two sizes equivalett to 250 and 350 EDR.

MOTORS-AIf motors three speed, 1140 r.p.m., resilie[t mounted, for operation on
single phase,60 cycle, 115 volt current.

Btu-Total heat in discharged air above room temperature, Cond.-Steam con-
densed in pounds per hour. F.T.-Temperature of air discharged in degrees F. EDR-
Equivalent Direct Radiat ion (ASH&VE definit ion one square foot is 240 Btu at
2 ibs. steam and 60" entering air).  CFM-Cubic feet of air pe! minute handled by
the fan expressed in CFM measured at 70' F. under standard conditions.

Floor mounted units are furnished with legs. AII wall mounted oi ceiling mounted
units are furnished with a hanger frame for fastening to stud walls,

POSITION-Dunham Type M Unit Heaters can be instal led in any posit ion,
discharging their ai! directly upwards, directly downwards, or hoiizontally. Units
must be oldeled fo! the position in which they are to be set, so that proper mounting

can be provided.
Afte! the frame has been idstalled, the unit can then be attached to the frame by

means of bolts thru the back panel, engaging holes provided for that purpose.

The recess in the back ol the heater complet-ely hides the hangei frame, so that
after instal lat ion, no means of hanging are visible.

PIPING-The illustrations indicate the simplicity of piping. The supply end
should.always be provided with a valve, and the return end tith a trap on vicuum
return llne or vapor systems.

On two pipe gravity systehs, an air vetlt should be provided on the leturn con-
nection. Location of supply and return connections as showo cannot be reversed.

All Dunham Unit Heaters are tested and rated in accordance with the Standard
Code for test ing attd rat ing Unit Heaters adopted by the ASHVE and IUHA in 1930.

When the u!!it is to be rnounted behind a wall, handling its air through grilles in
the. face_oJ the wall ,  the standard upright or inverted ival l  mounting: is 'used, as
desrred.. lhe necessary duct work or elbows, must be bui l t  on the job. When the
unit. is instal led in a posit ion where i t  is eiposed on al l  sides, a sfecial panel is
provlcled lor the rear, matching the removable front panel.

No.
DimeNions in Inches

B c D E F G

250
350

31
4or.4r 27%

1 2 %
t4116

t b
t \ l

to>4
t3%

9
toa.i ,?;1

Fis ,  1727-Typ.  M (Sdr t ' - . . " .1
ENGINEERING DATA

E D R

With Steam at 2 lb. Ga. and An it 60'F.
Shippins

HP RPM Btu. F. T. C F M

250
Hiqh |  / 1 2 I  t 4 0'870

a57O

300
250
1 8 5

72.OOO
60,000
44,100

7 4 . 5
62. I
4 5 . 9

t30.7
t 3 4 . 9
1 4 4 . 5

914
739
500

240 tb. t % l \

350
Hiqh t / 4 |  140

870
570

423
350
254

!01,500
84,000
62.000

1 0 5 . 0
E 7 . 0
6 4 . 1

1 3 1 . 6
r 3 E .  O

1270
290 lb. t t l 1 %

Fis, 1728-Floor Mourting

taFr s tog f R O N T  O F  U N I I
F is .  1720

Fig. 1729-Invert.d Wall Mou.tihs

Fig. 1?3o-Ceiling Mouniibs

Rlckl  s tof

DiheD.ioN in Inch.g

H J L M N

250
350

%
%

3 %
4 % 24%

2"16
2 %

t %
z%

t o
12.4

t9rr
2t  1 l

DihehsioDs in In.h€.

R s T U w
250
150

5t\4
5 y

t %
2 r

1011
12,1"

t 6
2o1,4r

l 6 %
t 9

2 7 t 4
,4it!

e%
l l

t 2 %
t4-1
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DUNHAM TYPE OT5 HEATING ELEMENT

The Type OTS e lement  i s  an  e l tended sur tace  heat ing  e lebent  nade
enrirely of steel. Its con3truction and desicn is entirely different than
used io tl'e ordinary radiator. Tbe unit iB loDa and larrow. suitable for
many installatioD! where standard type radiator5 are not desirable. I(
i s  l i ch r  in  w. ish t  and has  uDusua l  h€at ing  capac i ty ,

Esch e lement  i s  made up  o f  |  %"  we lded s tee l  p ipe ,  w h  No.  22  gage
heavy  6ns ,  mechan icaUy a t rached,  e l ih ina t ing  the  use  o i  a  so lder  bond
wi th ;u t  sacr i f i ce  o f  he . ;  t ra is te r .  F ig .  34oo sh ;ws sec t ion  o t  f in  and P ipe
assembly ,  The 6n  des ign  is  un ique in  tha t  each f in .  when pressed on  rhe
p ipe ,  in t i r locks  w i th  the  preced ing  6n .  The resu l t  i s  an  exceed ing ly  t igh t
and De 'danent  hechan ica l  io in t ,  Th is  cons t ruc t ion  assures  Crearer .on-
rac t  a rea  be tween f in  and lube than is  obra ined w i th  comho ' ly  used
methods .  A  grea ter  hear ing  capac i ty  th roughout  the  l i fe  o f  the  e lement
i r  assured.  The comple te  un i t  i s  pa in red  v i th  heat - res is t ing  z inc  chro-
maie  b lack  enamel .

The s inc le  p ipe  fea ture  o I  the  OTS e le tuent  perE i ts  h igb ,  sa fe  work-
ine  Dressures ,  l t  can  w i ths tand sudden shock  w i thout  in ju rv

b iS  e tements  a re  hanufac tu ted  in  s tandard  le t rE tbs  f rom la"  to  ?2"
as  s iven  in  Tab le  A .  Lonser  lengths  up  to  12 '  can  be  supp l ied  on  order
bv veldins two staodard lensths toEether, standard units are threaded
a i  each en i  q i th  s ta idard  D iae  th re ids  un less  orheNise  ordered.  Un i ts
fo r  we ld ins  to  p ip iDg sy€rehs  c .n  be  supp l ied  w i th  chamtered ends  on
spec ia l  o rder .  No end 6 t ( ings  are  fu rn ished,

CAPACITIES
CaDacitieB are given in Table A.

Thes; caDacities aie based on stand-
,rd condiiions 6I r lb. steam with 65"
entering air. For capacities at other
than srardard conditions, apply proper
conversiod fector fron Tables B or C.
CaD.citie3 d€ bascd on actual t.!t3
ve ; i6ed by  re l iab le  and au ther t i c  ou t -

covERs
Covers for OTS elehents are avail-

able fo! aU lengths ol units. The cover
is constructed oI No. 18 gage betal
and extends ih€ entire fir length of the
!nit, sce Fig. 3402. The coveF reduce
the rated capacity of the unit by ap-

HANGERS
Hangers for  wal l  and suspended types of  e lement mount-

i n s s ,  a r e  i l l u l t r a t e d  i n  F i e . 3 4 0 4  a n d  3 4 0 5 .

! lllr.-i'lr*:l':c%e"

]t
iltilililt
fiilt[TilT9
Iill]|ff

Fis. 3405 (Suspaded Typo)
TABLE B_CONVERSION FACTORS FOR STEAM

I
1

Fla. i,4('o
Shovins inr€rlockiDs of fins.

Fis. 3403

l
I

DUNHAM AIR CONDITIONING UNIT

'De.luct 3Ea from above capacities if cov€r is used,
To det€rmi.e capacity at colditions other than giv.n iE above

lab ies ,  mu l t ip ly  capa( i ty  a t  I  lb ,  s r .dm.  65o en t . rhC a i r  by  p roper
. .nvers id .  ra . to r  taken t rom tab le  B  or  C.

r*Averase waisbt without cover, app.ox, 7% lbs. per foot of lensth

summer, with nlterinc,
ventilation and circula.
tior of air tbe year
'round. These combin€d
sewic€s are r€ndered
with a hinihum re.
ou i redent  o f  sDace ard
; hieh functio;al .rfric'
iency which elaraDtees
senuitu satilfaction and
senurn. ecoromy. ror
details of con3truction,
etc., of the modernizcd
1946 model, write th.
cohpany st Chicago.

r ia .  3404 (Wal l  TTpe)

Ent..ins Air Tcmp.ratur6-Dcsre F.

8 0  1 7 5  l 7 0 t 6 5 t  6 0 t 5 5  t 5 0

2
5

l 5

50
60r (x)

. 6 5

. 6 9

.97
| . 2 0
t . t 9
1 . 7 5
2 . O 7
2 . 2 5
2 . 4 5

.90

.9t
1 . 0 2
1 . 2 6
t . 4 5
t . 6 l
2 . t 4
2 . ? 2
2 . 5 2

.95
_9E

l . 0 6
t . l l
t . 5 0
|  .87
2 . 2 0

2 . 5 9

L00
t . o t
t . t 2
t . 1 6
1 . 5 6' t .92
2 . 2 7
2 . 4 5
2.66

t . 0 5
l.08
l .  t E
1 . 4 2
1 . 6 2
2 . @
z . 3 t

2 . 7 5

t .  t 0
t .  t {
t . 2 3
|  . , lE
|  .68
2 . 6
2,40
2 . 5 9
2.80

t .  t 5
t .  t 9
1 . 2 6
|  .5/ t
1 , 7 4
2 . 1 2
2 . 4 7
2.66
2 . 4 7

TABLE C-CONVERSION FACTORS FOR HOT WATER

W.t* | Ent ri4 Air T.mp.htur€ -D.s.€ F.

turo,Dce.F.l 80 | 7t 70 60 55

r 5 0  |  . 1 2
t60 Ll9
r80 .55
200 |  .72
zt5 |  .E5
2to |  1.00
250 |  t  .2 l
: roo I  t .78

.4t

.90
t . 0 5
t . 2 6
t . E 4

. 1 9

.63

. a l

.95
t . t 0
t . t 2
l . 9 l

.41

. 5 1

. E 5
|  .00
L  l 5
| , 3 7
|  . 9 7

. 4 7

. 5 5

. 7 2

.90
|  .0t
t . 2 l
l . 4 t
2.Ot

. 5 1

.59

.95
t .  l 0
|  . 2 6
l ,19
2 . 0

.55

.6t

. E t
t . 0 0
l , t 5
1 . 3 2
| . 5 1
2 , t 6
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DUNHAM PRESSURE REDUCING VAIVES

TYPE 340 _SINGLE SEATED VALVE
This weight loaded type

valve is single seated aud
is part icularly recommended
for "dead end" service. such
as where the valve in the
low pressure l ine may be
closed off without shutt ing
off the high plessure steam
supply. Their construction
embodies refinements which
make them very responsive
add accurate. They are
adaptable to reduction of
steam of alr pressures allo
render excel l  ent selvice
where the pressures or the
demand may fluctuate o!
the selvice is intermittent.

APPLICATION, This valve may be used fo! the re-
duction and regulation of steam or air service, It is avail-
able in small sizes and corresponding small capacities.

It is suitable for "deail end" application where equip-
ment has cycle and other special control. It serves to
regulate steam pressure on fixtures singly or in groupsregulate steam pressure on fixtures singly or in groups
as well as for heating loads within _8'1
its capacity limits.

CONSTRUCTION. The body,
diaphragm casing and yoke are
close grained cast iron steel tnix-
ture. Standardization of construc-
t ion permits interchange in dia-
phragms to meet reduced pressure
requirements covering a wide vari-
ety of operating condit ions. Seats
and valves are oi special hard
steam metal al loy which resists the
erosive alrd cutting action of steam
service. The valves are ground in
under steam pressure and tested
steam t ight under the pressure and
temperature of the operating cor-
dition. The stuffrng nut, gland ard
valve stem are of bronze. The dia.
phragm is special rubber composition

Fig. 3460
Sectional View, Type 340

reinforced with special weave heavy weight fablic. The
weight lever is hinged to the yoke by a link and pivoted to
the valve stem yoke. The pins are finished to properly frt the
holes. The stufnng box is extra deep and provided with
a bronze gland. The construction provides a valve which
is accurate, !esponsive, rel iable and which operates satis-
factori ly with minimum attention

OPERATION, The delivery pressure governs the oper.
ation of the valve by its actiol upoo the valve diaphragm
through the balance pipe which is connected into the
main or fixture using the low pressure steam. Normally
the weight on the lever holds the valve open but as the
pressule builds up in the diaphragm chamber the valve
is moved toward i ts closed posit iol t .  The posit ion and
amount of weights on the lever determine the pressure
which wiU be maintained in the low pressule main. In
operation the valve adjusts i tself  to a working posit ion
which Dermits the fow of sumcient steam to maintain the
desired low pressure.

I

OIAMETER OF
D I A P H R A G M
VARIES FROM

6 "  T o  1 3 '
O E P E N D I N G
UPON INITIAL
AND REDUOEO
P R E S S U R E S .

-T
B

I
I
l

I
- , ]=l

Fig, 1576 A
Type 340 Straight Pattern

Type 340

Size
lnches

Catalog
No. Connection

Shipping
Weight

Lb.
Code

Dimensions in Inches

B c Da

%
I
1 %
t %
2
2%
3

f\ss%
RSSI
RSSI%
RSSI %
RSF2
RSF2lA
RSFS

Screwed
Screwed
Screwed
Screwed
Flanged
Flanged
Flanged

105
105
107
l t 0

8
t56
t 6 l

Appeach
Appeal

Appendix

5
5
5
5 %
5 %
9

t 0 %

2 %
2%
2%
3
3
5
5 %

t 6 %
t 6 %
\ 6 %
1 7 %
t 7 %
20tA
20%

6

7\A
*Outside diameter of flange.

SIZING PRESSURE REDUCING VALVES

a-
m

l.

5The ploper size of reducing valve must be selected
to insure proper service. I f  a valve is too lafge, i t  may
be difncult to hold the desired pressure on the controlled
main or fixture. Ijnder some conditions the pressures
wil l  tend to bui ld up on the reduced side. Under other
couditions the valve will work so close to its seat that it
wi l l  have short l i fe or be noisy in operation, I f  the valve
is too small the steam flow through it will be insufHcient
to enable the reduced pressure to be as high as desired.
The accompanying charts ale provided to aid in selecting

the proper size of valve. At times the supply pipe may
necessarily be larger than the valve. The supply pipe to
the valve should be one $'hich will carry the proper weight
of steam with velocit ies in i t  from 6000 to 8000 ft .  oer
minute.

To use the charts: First determine the rat io of the
reduced pressure to the supply or ini t ial  pressure. I f  the
ratio is less than 0.58 use the chart in Fig. 1699. I f  the
ratio is greater than 0.58 use the chart in Fig. 1700.

C .  A .  D U N H A M  C O M P A N Y . . .  C H I C A G O Page 57
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DUNHAM PRESSURE REDUCING VALVES

Double Seqted Valoe

Th is  reduc ing  va l ve
au toma t i ca l l y  l owe rs
steam or air flom a higher
initial plessure to a low-
er del ivery pressure. The
lower del ively p!essule
may be from 80 poulds
dowu.

This l ine of reducing
valves offels a coustruc-
t i on  embody ing  re f i ne -
ments of detai l  which en-
able them to dependably
provide steady reduced
pressures with greater
than usual accuracy for
this type oI valve. They
are adaptable to service
which is intermittent or
in which the demand fluc-
tuates and perform as
excel lently id such serv-
ice as they do where
s t e a d y  c o u d i t i o n s  a r e
maintained. Being a dou-
ble seated valve i t  is not

suitable for "dead end" service,

CONSTRUCTION. The body, diaphragm casing and
yoke are close grained cast iron steel mixture. Standard-
ization of constluction permits interchange in diaphragms
to meet reduced pressule requirements covering a wide
variety of opelating conditions. Seats and valves are of
a special hard steam metal alloy which resists the erosive
and cutt ing action of steam setv-

l--A -______q

- lT

ice. The valves are ground in
under steab pressure and tested
steam tight under the pressure
and temperature of the operating
condition. The stuffrug box nut
and gland and valve stem are of
bronze. The diaphragm is special
rubbe! composition leiuforced with
special weave heavy weight fabric.

The weight leve! is hinged to
the yoke by a link and pivoted to
the valve stem yoke. The valve
steln is guided at the valve stem
yoke. This construction el imi-
nates side thrust on the stufrng
DOX.

The el imination of side thrust
on the stuf6ng box enables it to
remain steam tight with a mini-
mum tightening of the stulEug box
nut. This, together with the extrtogether with the extra depth of stuffrng box,

rtness over lonR periods of t ime with minihuminsures t ightness over long periods of
fr ict ion and increased accuracy of operation.

The stufang boxes are provided with an €xtra long
bronze gland, which fulther decreases stuffing box wear
and friction.

The weight mechanism pivots are closely fitted to their
holes. Theoretical ly these ref inements of construction do
not improve operatiou uuder pulsating f low, the supposi-
tion being that because the action of gravity is always
downward the force exerted on the stem by the weight
mechanism is constantly in the same direct ion. As a
matter of fact, under fluctuating plessure and flow condi-
tion6. the momentum of the Darts enters into the effect
and i{ith ordinary construction short time intervals lnay
obtain during which the {orce of the weight i6 not ex-
erted on the stem. These ref inements in construction ma-
terial ly reduce the tendency of the valves to vibrate under
pulsating flow.

Yokes are supported from the valve bonnet by spl i t
clamping r ing connection and screw. The body of the
screw engages an annular fing on the bonnet to serve as
a posit ive lock against vert ical movernent, The yoke may
be tuued at any angle $'ith the pipe line so the valve may
be f i t ted to close places.

Ord€rs should sive catalog number or type nunber and size a3 well as both
rhe iDitial and reduced Dr$sur$ under which eech valve tu tolunction toeeth€r
with rh" amo..t 

"f 
."diitior the valw€ is to supplv or pounds of steam pe;hour.

DIAMETER OF
DIAPHRAGM VARIES
FROM 6/  TO 13,
DEPENDING UPON
REDUCED PRESSURES.

Fis. 1724
Straight Pattern Type 300

Typ€ 3oo

Size
Inches

Catalog
No.

RDFI%
RDF2
RDF2%
RDFS
RDF4
RDF5
RDF6
RDF8
RDFIO

Coonection
Dimensions in Inches

4%
,r rt6
5
5 %
6 %
7 %
BX6

lOVtr
12%6

1 %
2
2tt
3
4
5
t'
8

l 0

Flanged
Flanged
Flanged
Flanged
Flanged
Flanged
Flanged
Flanged
Flanged

7 %
8 %
9

1 0 %
1 2
t 3
t 4 %
t 9
1 9 %

5

7
71/l
9

t 0
t l
t 3 %
l 6

115
t39
t47
159
216
2J2
275
389
505

Antipathy
Antipode

t 9 %
l9t%6
203.{
20%
2t 54
22%
2354
25\6
261y'r6

Fig. 989A
Sect. View, Type 300
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SIZINS PRESSURE REDUCING VALYE5
TYPES 34O AND 3OO

The proper size of pressure reducing valve must be der some conditions the pressures will tend to build up on
selecteaf to insure proper service. lf a valve is too large, the reduced side. Or in holding the desired reduced ptes-
it may not be able to hold the reduced pressDre on the sure. the inner valve may have to work so close to its seat
controlled main o! fixture down to the desired level. Un- that operation may be noisy and wear excessive.

Sizing Chart for use where the Final Pressure is Less
Than SEqa of the Initial Pressure (Absolute)-
See other side for pressures greater than 53
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5oo I

:

=

<

roo i
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8 ,
7 <
b F

J t l
4 < l
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F l

. r z l

J V :

a/,

-

5

N o r E :  S c a L €  n 8 '  R E A o s  r N  L s s .  p E R  M r n .
O F  S A T U R A T E O  S T E A M .  I F  S T E A M  I S  S U P E R -
H E A T € O  I N C R E A S E  T H €  R A T €  O F  F I O W  I I A
F O R  E A C H  I O O F  o T  s u p e a I C A T  A N D  S E L E C T
v a L v E  F o R  T H t S  E Q U T V A L € t { T  R A T E  0 F  F ! O r l
O F  S A T U R A T E O  S T g A M .

HOW TO USE THE CHARi-First determine the ratio of the reduced pressure (absolute) to the supply or initial
pressure. If the ratio is less than .58, use this chart. r From the point on "A" which corresponds to t}le initial steam
pressure (absolute) draw a straight line to the point on "8" which corresponds to the quantity of steam required per
minute.. The point where the continuation of this lilte intersects "C" indicates the size of pressure reducing valve
reouteo.

C .  A .  D U N H A M  C O M P A N Y : . .  C H I C A G O
t946
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DHn *!
SIZING PRESSURE REDUCING YALYES

TYPES 34O AND 3OO

If.a pressure reducing valve- which is too sm.all for th.e pipe may -necessarily be larger than the valve. The supply
service is selected, the steam flow through it will be.insuf- pipe to the valve should 

-be 
one which will ca;t-[h;

ficient - to_enable the reduced_ pressure to be as high_ as proper weight of steam with velocities in it from 6d0o to
desired. The accompanying charts are provided to aid in 8000 ft. per minute.
selecting the proper size of valve. At times the supply

Sizing Chart for use where the Final Pressure is Greater
Than 58do of the Initial Pressure (Absolute),

See other side for pressures less than 5E%. t( 'r

.  5000
a

; 3 0 0 0

r 2000 J

(!

z

:-- l

=

F

o

300 | 000

500

o 200
=

3 r00
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z
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* 3 0
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; 20
F
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| l - ;

r ' 2

t

l0 r.,

5 G

t

20 ;
l 5 J

I

J

z l l
r r.ll

-&-----=-------i--?3.

N o r E :  S c A t e  n C '  R E A o s  t x  L a s .  p € R  M r N .  o F
S A T U R A T E O  s T E A u .  I F  s T E A M  I s  S U P E n H E A T E D
f N c R E ^ s €  r H E  R A T E  o r  t t o w  l $  F o R  E ^ c x  l O o F
O F  S U P E R H E A T  A N D  6 E L E C I  T I I E  V A L V E  F O R  Y H  I S
E Q U I V A L E N T  R A T E  O F  F L O W  O F  S A ' T U R A T E O  S T E A M .

3 =

26

=
I

Fis. I TOOA

t - r /+

3/4
HOW TO USE THE CHART-First detetmine the ratio of the reduced pressure (absolute) to the supply or initial
plessure. If the ratio is gleater than .58, use this chart. From the point ori "A" which correiponds to thi hnal stearn
pressure (absolute) draw a straight line to tbe point on "D" which aorresponds to the pres6urtdrop throuqh the valve.
From the point of intersection of this line with "8" dralr' another line to the point on "C" which corres;onds to the
quantity oI steam required pe. minute. The point where the. cortinuation of this line crosses "E' indicites the size
of pressure reducing valve required.
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DUNHAM AIR

The Dunham Air Eliminator is made in two sizes oI capac-
ities given below. They are used to vent ai! from the retum
piping o{ gravity steam heating systems operating on from
6 ounces to a maximum of l0 ounces steam pressure. They
ale always operl to atmosphere except when boiler pressure is

EtIM INATOR

such that the water of condensation will not return to the
boiler by gravity. The water then accumulates in the Air
Eliminator stand pipe raising the foat in the Eliminator
closing the vent valve, thus pleventing water from escaping.

t 2 " \ I

t\
l \
IN
2"Ourler

-L---flU I
---,=v l1
\  /  lqt
) f  l l
s tl
=-+-rr-
Dimensions Type 221

Fig. 1802 l

The Type 220 Air Eliminator includes lhe Dunham An Chcck Type 222
ro be Dl.ced in the %' vent tapping.

Sp€ify C.talog .umbe. or Type nunb.r dn orier.

Fi€r. 9618

Dunham Air Check
Type 222

The Dunham Air Check is used to
v.Dt thc Accumulator Tanl< on Dif'
fer.ntial ln8tallations and is also aD-
Dlied to thc Tvoc 220 Dunhah Air
EUmiEtor .  l t ' ; . l . "ses  a i r  a t  th .
.liehtest pressure but prevents its
re'entrance into the systeh.
Pir Thread. . . . . . . . . . . . - . . . . . . E""
c a i .  N o . .  . .  . .  . .  . . . . . . .  . .  . .  . .  . A c %

Fig greA *N--'
SectioD and DimensioDs
Dunhah Air Check

Fis. g3aA-Method of ilstallins th€ Type 22r Air Elimin:tor

F i g . 9 3 7 C

M . r h o d  o l  i n s t a l l i n c  E l i m i h a t o r  T y p e  2 2 0 8  o n  i n s i a l l a t i o h s  u r n i  l o i l {
w i t h  t w o  o r  m o r . . u P P i Y  r . P P r n A .

Fis. a6OD
Method of instauing th€ Eliminator Type 2208 on installatioDs u3ing

l,oiler with one supply tapping

Type 221 Air EliminatorFig. lTaa-Sectional vie{
Type 22O Air Eliminator

F ig .  lS02 D ibens ions  Type 220

No. Yeight Sq- Ft-
EDR Side

220
221

AE2O
AE6O

2 1 %
33

2000
6000

%
2 2

C .  A .  D U N H A M  C O M P A N Y  .

NOTE-Type

.  .  cHtcAco

221 Air Eliminqfor hqs been disconlinued
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DUNHAM VACUUM RETURN IINE
, HEATING SYSTEM

(See also pages 15 to 19)
This is a two-pipe steam heating system employing atmos-
pheric pressure or higher in steam supply pi! ' iug and radiat ion
and a part ial  vacuum in the return piping to insure posit ive
circulat ion. I t  provides control oI the heat output only within
a narrow range of ^atmosp_heric_ steam pressures and tempera-
tures which is insufhcient for adequate temperature regulat ion.
It is recommended for installations in which temperatuire regu-
lat ion is not a primary consideration.

In i ts physical parts, a Dunham Vacuum Return Line System
consists principal ly of a boi ler or othet source of steam which
may be either a central station, or exhaust steain, a system of
steam supply piping dripped through Dunham Float and
Thermostatic Traps (page 10), Dunham Radiator Valves (pages
7 and 8) with regulating plates, on cast irod exposed radiators
and Dunham Adjustable Regulating Fittings (page 51) on con-
cealeal radiatols, Dunham Radiator Traps (page 9) and a system
of return piping to the Vacuum Return ]-ine Heating Pump
(page 62) from which air is vented and condensate returned to
the boile! or receiver. For pipe sizing tables se€ pages 13 and 14.

DUNHAM RETURN HEATING SYSTEM
This is a two-pipe steam systcm operating at pressures up to
15 lb. ard utilizing a Dunham Return Trap ot Dunham Con-
densation Pump to provide positive retuln of condensate to
boi ler.

This system is adaptable for apartment buildings, small
hotels, and medium-sized corrhercial or industrial buildings,
schools a!!d churches. It afiords provision for retaining self-
induced vacuums unde! conditions of a declining fi!e, prolong
the periods in which heat is supplied and thus tend to minimize
the defect oI "On" and "Off" Heatins.

The Dunham Return Heating Systeir consists principal ly of
a steam boiler, a system of properly dripped steam supply
piping. Dunham Radiato! Valves (pages 7 aud 8) with Regulating
Fittings (page 51) ou concealed radiators, Dunham Radiator
Traps (page 9), a system of return piping leading to a Dunham
Air Eliminator (page 6l) and a Durham Return Trap (page 12)
or Condensation Pump (page2o) from which the air is vented and
condeusate is returned to the boiler. For pipe sizing tables see
pages 13 and 14.

DUNHAM VAPOR HEATING SYSTEM
This is economical in operation because of the low pressure
used, usually less than 8 ounces. In extremely mild weather
or aJ any time on a declining fire, a self-induced vacuufil of as
much as ten to twenty inches is established, Tho piping aud
contlol equipment are so arranged that, even under this self-
induced vacuum, cilculation may be maintained for some time
after reducing or cutting off the heat supply. When required,
pressures above €ight ounces can be carried.

In i ts physical part the vapor system consists of a boi ler
which may be coal, oil, or gas-filed and temperatule control
equipmeut a system of properly dripped steam piping to the
tadiators, with legulatilrg plates of cast-iron radiators or
Dunham Adjustable Regulating Fittings (page 51) on collcealed
radiatois, and Dunham Radiator Traps (page 9), a system of
leturn piping to the boiler in which are installed a Dunham
Return Trap (page 12) and Dunham Air Eliminator (page 61)
with Dunham Air Check (page 61), For pipe sizing tables see
pages 13 and 14.

Fig .  l t85

Typ ica l  bo i le r  conn.cL io .s  fo i  Dunham Ret t rn  Traps
Nos A.A anr l  oA

t!i!9!,!9ile-r,connections forlud,ah Return Trap No. l0A

size of l-l Mininu- l l:i:hl
r,"p ' ..o.. L.ts.. I .":..-"I R:llTnt,"t _

N o .  r o A  I  z '  l '  
-  

) , ) '  
-

Fig. 8898
T v D i c a l  b o i l c  o o m  n r a n * e n e n t  f o ,  a  D u n h a m  V a ,  u u m  R e l u r n  L i n e

H . a i i " s S v s t e - - r t h  r c d i a t l o n i n  b a s : d p n t  s n d  A c c u m u l a r o r T s n l t  3 {
i " t o  p i r :  S i " a -  * p p l y  i s  f r o d  a  l o e  p r c * u r e  b o i l e r '  w h e , e  t h e  s u p p l v  i s
lrom hirh Dressurc boiler or cenrtal station srrwice. a prersuF redu.rnq
v a l v .  i J ' e o u i r e d  i n  t h e  s t e a m  m a i n  ! o  t h e  s l s t e m .

Minim"- Height
Bottoi of Trap to

Bdttom of Return Main

111',
1 y '

% '
1 \ '

l 4 '
t 3 '

Fig. 9638

Fig. 1584
Typical ifttallation oI Dunhad VaporSystem with Low Lihit Cohtrol.

Page 52
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ENGINEERING DATA

. A heating system should be capable of delivering a quan-
tity of heat suf6cient to replace that transmitted through the
structure to the atmosphere and the surroundinga under a
stated extreme temperature difference, with allowances for
exposure to winds. air leakage and heat losses in pipine and
ducts. When the service iJ to be interrupt€d ai 

'nig-nt 
or

periodically for one or more days. extra capacity mirst be
provi-ded for the heat that will be absorbed 6y ttie building
and furrishings until nofmal room temperatuie and rate o{
heat transmission ale leached.

The science of heatins is the art of suDDlvine heat to a
building at the rate at w-hich heat is beine eii,en1ff bv that
building. Any building regardless of siiei shape, oi con-
struction. unless the temperature within it is the same as
outdoors. gives off heat just as a stove or a radiator in pro-
portion to its size gives ofr heat to the room wherein it
stands, The amount of heat so lost from the buildine varies
with the outdoor temperaturer the velocity of the ei;ds, the
shape and size of the building, the character of its construc-
tion as well as the materials of its structure. and its Dosition
with relation to other buildings or naturally protected or
exposed spots.

The rule for heat required in Btu per hou! is:
H = t  ( W x U , , + c x U c )  L x E

' l =Tota l  heat  in  B tu .
t-Temperature diference between base temDe.eture and room rEm

pera tur . ,
W=N€t eiposed wall in squar€ feer. (Gross exposed watl less glas3

U=Co-eficient of heat transmission, see table "D."
G Glass  area  in  square  fee t  inc lud ins  en t i re  w indow open ins .  F igure

outs ide  door5  as  g lass ,  see  Tab le  "J , "  page 440,
L-Ai!Cleakace through building walls including vrindows. see Table

E:Exposure  and Wind a l lowance,  see Tab le  "8 . "

In  add i t ion  to  the  hear  losses  th rough rh€  er re r io r  wat ls  and w in-
dows they  a lso  occur  th rough any  par r i t ion ,  noor ,  roo f  o r  ce i l ihg  vhere
rhere is a difference in rempe(ature berween rhe room .nd other 3ial..
Cohpute  Btu  per  hour  us inq  Ru le  2 ,  Th is  loss  is  added to  the  o thc .
heat  losses  .omputed in  Ru le  r .

DeslgninE Heafing Syslens
There arc several important factors to consider when designing a

s team neat rng  sys teh :
r ,  The rad ia t ion  musr  be  ample  to  heat  rhe  bu i ld ina  ro  lhe  spec i6ed

tempera ture
2 .  The bo i le r .must  be  o f  p roper  6 ia  lo r  - th_ is  load w i th  a  t igh t  ch ih -

rey  o f  p roper  s ize .  so  as  to  ob ta in  requ i red  dra f t .
3 .  The p 'p ing .  ha ins ,  r i sers  and spr ing  p ieces  musr  be  o I  p roper  s izc ,

ano proper ry  p ranneo.
4 .  The heanng .pp l iances  must  be  p .oper ly  se lecred  and ins ta l led

for the service they are to perfo(ft.

CALCULATINC RADIATION-The first srep in the desistr ol a heat-
ing system is to calculate the amount of radiatior reouir.d, The most
e ia  merhod fo r  do ins  th is  i s  thar  wh ich  is  p roper l t  c . l led  rhe  Bru
method 10  d is t insu ish  i r  f .om the  ru le  o I  thunb nerhods .  The Btu
hethod, as recohnended, is based upon the rate of heat transfer or
heat  movemen(  (h roush mater ia ls  o I  the  severa l  k inds  used in  bu i ld in r
cons t ruc t ion .  These coef f i c ien ts ,  knowh as  "U"  Iac(ors ,  have been care-
fully deterhined for host of the building materials and are defined as
the  amount  o I  heat  t ransh i t ted  per  square  foor  o f  sur face ,  per  hour ,
p€r  deeree d i f fe rence in  temoera ture  (Fehrenhe i r r ,  s ta red  in  Br i r i sh
therral units (Btu). With this factoi Lnow!. there are two more or
less variables: the first is the tehperature range for which hear hlst
be provided; the second the abount of air leakage or "infilrration" to
be allowed for itr the s$ucture.

The ins ide  or  room tedperarures  usua l ly  spec i6ed are  shown in
Tab le  "A .  These are  the  tc rcpera tures  a t  the  brea th ins  l ine  5  f r ,
above rhe  f loor  and no t  less  than 3  { t .  f ron  the  ou ts ide  wa l ls .

The tenp€.a ture  o f  an  u lheated  a t t i c  w i l l  vary  w i th  the  cha.ac te !  o f
the roof construction and whethei it containi windows. ventilators or
vertical wall surface which would tend to reduce its temDerature. Un-
der  average cohd i r ions  i r  may be  assumed as  35  decrees  F .  above t te
base ou ts ide  tempera ture ,  I t  may be  derermined hore  accura te ly  by
equat inS rhe  hear  loss  th .ough the  roo f  w i th  the  heat  ga in  to  a t t i c

A temperature ol 35 deg.ees F. may be assumed in utrheated cellars,
vestibules and rooms kept closed.

THE OUTSIDE TEMPERATURE wi l l  vare  w i th  the  loca t ion  o f  the
bu i ld ins ,  rhe  a l r i tude ,  la t i rude and loca l  p re ;a i l ins  w inds .  The lowesr
temperatlre on record i! any locality is lrequently huch lower than
cooronly exists, or than is maintained for more than a few hours at a
time. The minimun and avera'ee outside tehperatures and also p..-
vailing vind direction and vel;city nav be ;btained trob Weaiher

THE BASE TEMPERATURE Eust  no t  be  co t r fused w i th  the  lowest
tehperature otr record, It is obtain€d by takirA an average of tie low-
est temperature known in the locality and th€ lowest mean tebp.ratur€
fo. the motrths of the heatirg season. The bas€ tenperature is usually
l0 to 20 dearees above th€ record hinimum temperatute. The base
t.mperature to be used itr the calculation of .adiation should never be
selected bore thatr 20 deArees above the loweet temperature otr record.

THE WIND EXPOSURE is  dep€ndent  upon preva i l ins  * ind  d i rec-
tion in each locality. The coldest erpoBuie vari$ with the locatiotr.
In many localiti* North and West are the coldest erposures but thi3
is by no heans univer3al. Depeiding upon thc loc.tion, prerailing
witrds core Irom each cardinal point of thc compals. Thtu indicate3
how ihportant it is to Lnow not only the av..aac and lowcst t.bpc.a.
tures of a place but atso the prevailirg pird di!.ctiotr! in wirter (D€c.,
Jan., Feb.). Every heatins plan should th.rcfor. show the "points of
th€ compass" which should b€ coDsidered whetr locatins radiators end
designing the steam pipirs. For northern .lihates, wbere wind direc"
tion is hostly north and west duritrg @st !.v.!. seathe!, we r.com-
mend that the fouovins auowance percentagcs be added to straight
heat losses through the materials. Itr othe! climates and whe..vei
wind directions are difierent, chanses must be Fade to suit local

Table "A" Inside Ternperatures Urually Specifred

L iunq.  Room. . . .  . . .  . .66-72"  F .
Toil.k. - 6ao F

Kitche.6. . . . . . . . . . . . . 66'F.
Dinins and Lunch

Rmms 65-700 F.
P r a v . @ m s . . . . .  . . .  . . .  . 6 0 5 5 0  F .

Pr ivn t .  R6nr . . .  . . .  - .70-72 '  F -
Privare R@mr (Np

. . . . . .  .  . 6 5 - 6 8 "  F .

N o r t h . . . . . . . . . . . . . . . . . . . . . . . . 1 5  p e r c e n t  . . . . . . . . .  - . . . . . .  I . 3 5  F a c t o r
N o . r h € t . . . . . . . . . . . . . . . . . . . . 2 t  D e . c e n t .  - .  .  .  . .  .  .  - .  . . . . . . 1 . 2 5  F a c r o '
East - . . . - . . . . . . . . . . . . . . . . . . I 5 percert . . . . . . . . . . . . . . - . . I . I 5 Factor
S o u r h e a s r . .  .  . . . . . . . . . . . . .  - . . .  7 . 5  p d . . h t . . . . . . .  - . . . . . . . . .  r . 0 7  F a c t o r
S o u t h . . . . . .  - . . . . . . . . . . . . . . . . .  0 .  . . . . . . . . . . . . . . . .  -  1 . 0 0  F a c t o r
S o u r h w e s r . . . . .  - . . . . . . . .  . . .  .  l 2 - 5  D e r c e n t  . . . . . . . . . . . . . . . .  L l 2  F a c r o r
W 6 t .  .  .  . . . . . . . . . . . . . . . . .  . . 2 t  p € . c . n t . . . .  . . .  . . . . . . . 1 . 2 5  F a c r o r
N o . t h w € s t  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . l 0  p e r c e n t  . . . . . . .  . . . . . l . l 0 F a c t o .

E

Table "B"-Exporure Factor "E' (See cxample 1 Page 67)

( R u l E  l )

A i r  L e a k a q e .  I n  a l l  b u i l d i n g s  r h . r e  i s  a i r  l . a k . g e  t h r o u s h  r h e . w a l l s .  r h .  w i n -

and eeldom has any r.llrion ro th€ wolum. of any room bur rarher upon th.
. o n s r r u c t i o n  a n d  c h n r a c ' . r  o f  t h r  w a l 1 6 ,  r h e  . i z c  n n d  t v D .  o f  w i n d o * s .  r h r  s i z .
of doo,3. and oth.r op.nihsr. and rh€ tiehtncs. of windo$ rnd dooB dnd ihar
o r c d u < . d  b y  l a n . ,  i I  u ! r d .  I n  t 6 l l  b u i l d i n g .  r h .  a ' r  p r . $ u r e  e i l l  f o r c e  ' h .  a i r
in ar lhe low.r l.v.ls and our ar the uDDer. No d.6nn. rul. @n be riv.tr for
d . t e r m i n i n g  r h .  l . a k . r . ,  a n d  t h c  a l l o ; i n c .  m a d .  f o r  t h i r  t r e r r  t @ ; u " t  b .
largely a natter of judsm.lt and €xp€rience. Th.Iolloeins table siv€ factoE
vhich have b€.n u!.d dtemively.

Table "C" Air Leakase Factot @ "Infiltration" 
i 'L" Throuch
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ENGINEERINC DATA (Cont'd)

Gloss

1 5 . 1
51.4
43.6
53.9
37.6
34.7
36.4
36.9
39.3
35.4
2 5 . 1
53.O
40.2
51.6
58_6
45.2
50.9
33.0
29.6
38.0
6 r . 5
40.)
48.0
41.9
40.8
45.9
37.6
47.4
43.3
40.0
60.7
54.1
45.3

0
+ t 0
+ t 0
+ t 5

0
0

- 1 0
0

+20
0

+ 5
+35
+ 5
+ r 0

5
- t 5

0

0
+ 5

0
0

- F  t 5
0

+ t 0
0
0

+20

+20

s
NW
NW

N

SW
sw

s
SW
SW
NWs
NW
NE
SW
NW

NW
N
N

N W
N

NW
NWs
NI9s
NW
SE
N
N

SE

. RUIE 2. II : U (T, - T")

A=TehDerature difieretrce.
Iry=Wall, CeiliDc, Roof or Floor A.ea itr square feet.
U=Co-Efrcient of heat transmission, see table "D."
HEAT TRANSMISSION, FACTOR "U" Heat flow is lrom a hieh€r
to a lowei teDperature at a definite rate, dep€trdirg upotr de ditr.rence
in  (empera ture  and rhe  charsc ter  end th ickness  o f  the  mater ia l  t l ro  gh
which  i t  Dasses .  The va lues  s iven  in  tab le  "D '  a re  to r  average con-
s t ruc t ion ,  and are  rhe  number  o l  B lu  t raos tu i t ted  per  decree  d iEerence
in tenperatue per hou. per sq. ft. ol surface.

Table "D"-Factor "U" for Masonry Walls

Ternperature Records Cornpiled From
Weather Bureau Records

D u l u t h ,  M i n h . . . . . . . . . .
E l P a s o , T e x d . . . . . . . . .
I n d i a n a p o l i 6 ,  I n d . , . . . . . .
L i r t l€  Rock ,  Ark . . .  .  . .  .  .
h6 Ansele6, Calif... . . .
L o u b v i l l e ,  K y . .  .  . . . . .  .  .
M e m p h i s ,  T e n n . . . . . . . . .
M i l w a u k € e ,  V b . . . . . . . . .
M inneapo l is ,  M inn . . . . . .
N€w Hawen,  C6nn. .  .  .  . .
N e w O r t e a n s .  L a . . . . . . . .
N e w Y o . L , N . Y .  _ . . . . .
OLlahoda Citw. Okla. ..
P h i l a d e l p h i a , P a . . . . . . . .
P i t k b u r g h ,  P a . . . . . . . . . .
P o r t l a n d ,  O r e . . . . . . . . . . .
Prov idence,  R.  I - . . : .  .  . .
R i c h m o n d ,  v a . . .  . . . .  .  .
S t . L o u i s , M o . . .  . . . .  . .
Salt Lake City, Utah
S a n A n t o n i o , T e & s . . . . .
san F.enciEco, calif.. . ..
S e a t t l e ,  W a s h . . . . . . . . . . .

A. Brick, plain, no int€rior finish.
B. Brick, plastered one side on bricL.
C. Brick furring, lath and plaster otre side.
D. Codcrete plastered otre side on concrete.
E. Cotrcrete Iurred, 2"inch terra cotta or wood, and plaster one side.

G. Limestore furred, 2-inch terra cotta or\rood, and plaster one side.
H. Hollow terra cotta tile, stucco o. plaste! outside, plaster inside.
I. 4" brick. hoilow tile, plaster inside.

Frome Wolls
Clapboard, 

'40 inch; on wood shingles, paper, sheathing,
g l  i n c h ;  s t u d d i n g ,  l a t h  a n d  p l a s t e r . . . . . . . . . . . . . . . . . .  O . 2 5

Clapboard, %o iuch; sheathing, I inch; studding, lath
and  p las te r  ( no  pape r )  .  .  .  .  .  .  .  .  .  . . . . . . . . 0 .30

Clapboard, %6 inch; paper, studding, lath and plaster
( n o  s h e a t h i n g ) . . . . .  . . . . . . . . . . . .  0 . 3 2

Stucco, sheathing, studding, lath and plaster.. . . . . . .  , .  0.30
Brick veneer, paper, sheathing, studding, lath and plaster 0.?

Pqrlifions
Ordinary stud partition, lath and plaste!, on side... ... 0.60
Ordinaly stud. partition, lath and plaster, both 6ides. . o.34
Houow terra cotta tile, 2 inches thick, plaste! both

s ides  o l t  t i l e . . . . . . . .  .  ,  .  .  .  .  .  .  .  .  .  .  0 .47
Hollow terra cotta tile, 4 inches thick, plaste! both

sides on til€. . . . . . . . . . . . . . . . . . . . . . . . 0.40
Channel irons, wire lath and plaster, both sides... . . . . .  0.34
Chaurel irons, metal lath and plaster, both sides, asbes-

t o 6  f i I I i n g . . . . . . . .  . . . , . . . . . . . , . .  0 . 2 1

Floors
Earth Below. Assume Ground Temperature to be 50"F.

E a r t h  o r  g r o u n d  f l o o r  s u r f a c e . . . . . . .  , . , . . , . , . . . . . . . . .  o . 2 3
Conclete, cement, or tile on ground. . . . . . . . . . . . . . , . . , 0.31
Single wood or plank flooring vtith Bleepers on ground 0.13

Cold Room Below
Single, :/a inch wood foor on joist, no plaster below... 0.30
Single, :/4 inch wood floor on joist, lath and plaster be-

I o w . . . . . . . .  . . . . .  0 . 2 O
Double wood f loor on joist,  lath and plaster below.. -.  0.15
Hollow tile, cinder concrete fill, wood sleepers, wood

foo r i ng ,  me ta l  l a th  and  p las te r  be low . . . . . . . . . , . . . . .  0 .15
Reiltforced concrete, cinder concrete fill, wood sleepers

and  f l oo r  me ta l  l a th  and  p las te !  be low . . . . . . . . . . . . . .  0 .15

Ceilings
Cold Room Above

Joist,  no plaster, single sl inch wood f loor above... . . .  0.40

Joist,  lath and plaster cei l ing, no f looring above... . . .  0.50

Joist, lath and plaster ceiling, single wood foor above.. 0.26

Joist,  single wood cei l ing, single wood f loor above... .  0.30

Joist, steel ceiling, single wood floor above. . . . . . . . . . . . 0.35
Hollow tile, reinforced conclete no plaste! or floor. . . . 0.40
Hollow tile, or reinlorced concrete plaster ceiling, wood

sleepers and floor above . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.1E

Roofs
Shea th ing ,  s tudd ing  and  wood  sh ing les . . . . .  . . . . . . . . . .  0 .32
I inch boards and tar paper. . . . . . . . . . , , . . . . . . . . . . . . . . 0.44
1 inch T. & G. wood sheathing, tar paper, tar and gravel

roofing . . . . . . . - . . . . . . . . . . . . . . . . 0.30
2 inch wood sheathing, tar paper, tar anil gravel rooFng 0.25
Tin roofing on T. & G. tight wood eheathing. . . . . . . . . . 0'30
ReinJolced concrete, tar, pitch and felt layers, aEphalt

finish. . . . . . . . . . . . . . . . . . . . . . . . . . 0.38
Reinfolced concrete, tar felt asphalt and glavel roofing,

air space suspended metal lath and plaster ceiling.... 0.22
Slate roof ou tight T. & G. wood sheathing. . . . . . . . . . . 0.40

Proporlioning Radiotion
The radiation should be proportioned and distributed in

units !o as to obtain a balanced system which rill heat the
room! substantially alike with resultant economy.

In stair wells the stratification of ai! makes it advisable to
increaso the amount of radiatiolr at the lower level and to

1.00
.60

Sirgle glazed skylight. . 1.16
Double glazed skylight 0.62

WiDJ

I  1 . 8
7.2
4.6

\ . 7
1 7 . 7
t 7 . o
14.5
7.4

t l . l
. l

1 0 . 5
l l . 0
9.9

9.3
9.6

t  t . 7
.5

9.3
9.6

t3.3
t 2 . o

.0
t 3 . 7
6.5

7.4
l t . 8

4.2
' b . i

B c D E F c H

8
l z
l 6
20

28
12
16

0.r8
0.29
o_25
0.22
0_19
0 .  t 7
0 . 1 5
0 . 1 4

0.36
0.28
0.24
0.21
0 . 1 8
0 . 1 6
0 . 1 4
0 . t ,

0.24
0.24
o.2l
0 . l 9
0 . l 6
0 . 1 5
o . 1 3
0 . 1 2

0.60
0.46
0.19
0.33
o.29
0.27
0.25
0.23

0.53
0.40
0.J4
o.29
o.26
0.24
o.22
0.20

0.61
0 . 5 r
o.43
0.18
o.15
o.)1
0.26
o_26

0.43
0.36
o.t2
0.29
o.27
o.24
o_2J

o.) t  0.24
0.26 |  0.23
0.2J |  0. t8
0.20 

|  
0.  r3

: . . . : 1 . . : : .
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decrease the amount at the higher level, Since cold air seeks
the lowest level, it is considered good practice to add. IOE,
for each step down Ior lower level rooms, To illustrate: in a
living room two steps lower than the remainder of tie first
floor, the radiation should be increased 20%.

Allowances lor heat supplied by persons, lights. machin-
ety and industrial equipment should be made after careful
co[sideration of all local conditions. Where audiences are
involved the heating system should have sumcient caDacitv
to bring the building up to temperature before the audience
arrives. In no case should the actual h€ating installation be
reduced below that lequired to haintain ai least 4OoF. in
the building,

Oulput of Rqdiotors
To obtain the amount of radiation in equivalent square feet

divide the total heat requirements .,H," given in Btrf by the
heat emission value of th€ tj4re or kind of radiation to be
used. A value of 240 Btu is considered standard lor Con-
cealed Radiators and Direct Tubular Type Radiators lo-
cated in rooms heat€d to 70oF. steam at 215.3oF.

-Table 
'E' gives the heat emission values of several tJDes

of radiation at difierent altitudes. In the last column ihe
efrect oI the altitude is reduced to a percentage taking the
value of any type of radiation at sei level ai tOO%.-tt"
table is based on a 6E to ?O degree room temp€rature, and
the use of steam at lote heating pressure, with the radiation
along outside walls, near floors, or under windows.

Table "E '

Approximate Btu Heat Value p.r Square Foot of EDR ar S.verar Attirude.
70 DegreB Rooh T.hp.raturc.

DATA (Conl'd )

Efiect of Poinling o Rodilor
Paint influences the heat output of a radiator.
1. Heat transhission depends upon the character of the

last coat applied. Results are innuenced, primarily by the
character oI the paint. All finely ground 

_materiais 
give a

fairly urrif-orm high value while 
-thi 

coarser paints g-ive a
teiauvely low value,

2. Tests indicate that if radiators are siven a coat of flake
metal paint. their ability to emit heat will be about lOTo less
than iI the surface coat is of pigment paint. The pigment
paint gave slightly better results than the bare iron surface.

High Cei l ing
The heat losses determined by RULE 1 must be increased

to make allowance for high ceilings, or intermittent or in-
terrupted heating, and for any unusual condition which may
caus€ additional heat losses uot already included in thi
equation,

-In making allowance for high ceiling add zEo ol the cal-
culated heat losses for each loot in height ov€r 12 feet uo to
24 iesti lor ceilings 25 feet high and oier add,25qo.

Inlermitlenl Heq+ing
The alloqtalce to be ltlade on account of intermittedt or

interrupted heating depends upon the length of time from
the end of one heating to the beginning of the next.

The following lactors for intermiftent heating are com-
monry usco i
For bui lding.heated during the day only and not

o u r r n g  n l g n t ,  a o c .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . . . . . . . . 1 5 7 0
For building not heated daily but intermittently. .25 to SOqo

Eromple on Cqlculaling Rcdiolion
Assume a room 20x30 fe€t with a ls-Ioot cei l ins. the 30

foot side is exposed facing west, and is a l2-inch brick wall.
furred, lathed and plasteredi base outside temperature is
zero; inside temperature desired 70 degrees: gliss surface
amounts to 110 square feet. The net exposed wall surface is
340 square feet. The "U" factor for this wall is 0.24 for the
glass 1.00, The temperature difielence is 70 degrees.

There is a cold attic above room. the ceiline is lath and
plaster, no flooring above, assume ittic tempe;ature 35 de-
grees. Temperature dif ference 70-35:35. 

-, .U',  
factor for

ceiling is 0.50. Ceiling 600 square feet.
I {  -  T  (W x  Uw +  c  x  Us )  L  x  E .  .  .  .  .  .  _  .  .  .  . .  . .  .  .  .  _  _ .  .  _  .  .  .  (Ru le  r )= 70 (340 X 0.24 + 110 x 1,00) t .5 x 1.25 :25147 Btu
High Ce i l tns -3  feer  above t2  add 3  Zqo =  l5O9 Btu
C o l d  C e t l i n E , . . . . . . , . , , . . . . . 3 5 ( 6 0 0  \  O , 5 O )  -  r O 5 O O B r u

T o t a l  h e a r  1 o s s e s . . . . . . . . . . , , , , . , , , . . . . . , , . ,  ' . i Z t - l o  S *
R a . l i a t i o n  r e q u i e . l . . . . . . . . . . . 3 7 1 5 6 + 2 4 0  =  1 5 5  s q .  f t .

The above method alrd the coemcients it employs have
been_ applied for a number of years with very sitiifactory
result for tbe types of construciion noted. Fo; other meth--
ods and coemcients, the reader is referred to the A.S.H. &
V.E. Guide.

Tab le . .G"

_ Co-e f f i c ien t  o l  Heat  Emiss ion  "Ur "  (Ru le  3 )  fo r  d i recr  rad ia to r3  in
lJ tu  per  sq ,  I t .  per  desree  tenpera ture  d i f ie rcnce.

For orhe. .adiato. h.isht. and .@m u& Rul. l, a.d tabl.' 'C 
to obtain the Btu h..t valu€.

Table "F"-Boiling Point of Water at Various Altitudes

RULE 3. H = U. (T, - T.)

To find the approximate total Btu transmitted per sq. Jt. Der
hour (H).mulr iply the (U,) values in Table,,G;, by the tem-
pefarure (uner€nce,

U = coemcient of heat emission in Btu per square foot
per hour, per degree difrerence between rad:iator and room
temperature.

T, = Temp€rature of steam in the radiator,
T. = Room temperature.

Heisht of Radiator in In.h..

2Z 26 32 l 6

1 . 6 5
t .90
2_00

t.9t
r .E0
1 . 7 0
r.60

r.90
t .75
1.65
t . 5 5

1 . 8 5
| . 7 0
r.60
t . t 0

1.60
r.65
| . 5 5
t .45
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THE DEGREE DAY METHOD OF

It is oftentimes of value to be able to compaie the cost
of heating a building fo! one heating season with anoth€r
season,by comparing the fuel used during the tJllo period.s.
I-o make this comparison more accurate, the difrerence in
outside ternperatule must be taken into consideratio[ Com-
parison between different buildings may be made by reduc-
ing the luel consumption to a unit basis in terms of Iuel or
steam per sq. {t. of radiatioD, or per cubic foot of heated
building space, taking into account the hours of occupancy
as \,tell as the difference in outside temperatures.

A unit commonly used for taking into account t ime and
lemperature dif ferences is the Degree-day based on the dif-
perference between 650 F, and the outside temperature.

The generally accepted definition for the Degree-day is:
"A unit, based upon temperature difrerence and time, used
in specifying the nominal heating load in winter. For any
one day there exisls as many Degree-days as there are
degrees Fahr, difference in temperature betqreen the ftean
temperature lor the day and 650 F."*

An extended study by tlle American Gas Association, and
later substantiated by the National Distr ict Heating Associ-
ation. determined thar the heat required by a building de-
pends upon the difierence between existing outdoor and an
indoor temperature ol 650 F. thus establishing a consump-
tion rate on 24 hout basis. The Association's study ol
actual conditions established, tllat with a mean daily out-
side tempelature of 650 F. {or a 24 hour period, the average
inside daytime ternpelature would be about 70o F, and that
the only time the room temperature would be below this
temperatule \Pould be at night,

The temperature limit of a heating season was fixed at
650 F. mean daily temperature; that is, whenever the aver-
age outside temperature for 24 hours falls below 650 F.,
heating of the building is necessary

The amount of heat required by a building varies with
the outside ternperature $rhen other variables are eliminated.
650 F. as used for determining lhe Degree-day becomes in
effect the mean 24 hour inside-temperaiure. S-tudies by the
N.D,H.A. have established that some buildings (such as
hotels, hospitals, etc.) having continuous 24 hour occupancy
require Degree-day base temperatures exceeding 65" F.

The U. S. Weather Bureau maintains records which show
the boundaries of each heating seasonr mean daily tempera-
tures, etc., and from this data the total number of Degree-
days for any period of time may be determined- For in-
stance, if the mean temperature was 32o F. on February
sth (or any date that desired), then there were (650 - 32o)
X 1 day = 33 Degree-days on that date. By totaling the
daily Degree-days the heat requirement may be obtained fo!
any given period or heating season.
x See A.S.H.V.E. Guide.

NOTE: A careful operating engineer will keep daily
records thus establishing a luel consumption rate for his
particular building and 

-will 
compare eich week o! each

month's consumption as these periods are completed to de-
termine if most economical operation is being obtained. To
make this comparison a recold of the number of Degree-
days for each month and the quantity of fuel burned or
steam used must b€ kept. Ff,otn this data, the quantity of
fuel or steam consumed per Degree-day may be obtained
for each month, r 'hich affolds a direct comparison of oper-
ation.

ExaDp,e ,  Compar ing  iwo honrhs  opera t ion  i r  the  same bur ld ing .
The 6 .s r  hohrh  s  mean rempera ture  wa;  2s .  F  and rhe  coa l  consumt
t ion  was 25 .000 lb .  The second honths  mean re tuperarure  was 30o F
and the  coa l  consumpt ion  was 24 ,000 lb .  The compar ison is  ca lcu la ted

F i rs t  Month :  (6s ' -2s" )  X3r  days-1040 Degree Days .
25 .000 tb ,

- -20 .16  lb .  coa l  Der  D.  D.
1240 D.  D.

COMPARING HEATING RESUTTS

S e c o l d  M o n t h :  ( 6 5 ' - 3 0 ' ) X 3 l  d a y s = 1 0 8 5  D e e r e e  D a y s .
24 ,0001b.

-= : : :1 .1  lb .  coa l  pe !  D,  D.
1085 D.  D,

It is apparent that oleration during the second month was .ot so
economical as tbe first honth. The difierence in economy 6ay be cal"
cu la ted  as  fo l lows:

\22. t-2i_r6) LOo 
_ a 6.r-

20.16

The operating engineer must now determine the teason
for the increase in consumption fo! the second month. Was
it due to overheating and open windows or faulty combus-
tion, etc., and take steps to correct the cause,

Comp. r ison  be twcen d i l |e reD!  bu i ld inss  er (her  in  the  sane loca l i t y
or  in  t ; ca l i ( ies  w i th  the  same des isn  6ase tempera turc  i s  s ih i la r l y
Eade rxceDt  tha t  the  d i f ie rence in  lo .d  (so .  fL  o f  rad ia t ion)  must  be
raken in to  cons idera( ion  by  a  compar ison o f  ra tes  per  loo0 sq .  f f .  o f
rad ia r ion  per  DeBree Day.  Thus  ass lmi rg  2400 sq ,  f t .  o l  EDR fo r  the
above €ramDl€ .  the  second month  wou ld  have a  ra te  o i :

/24000\  1000
l - l  .  -  9 . 2  l b .  ( o a l  p e r  M  s q .  I r .  D e r  D .  D .
\ 1085 ,/ 2400

Cohparison betw.en difrerent buildirgs in difierent localities with
dirte.erf desigtr base tempratures requiies coriection to place the raies
on a comparative basis. Assume BldC. No. I has a design bas€ t€m_
pera ture  o f  0 "  F  and B ldc .  No.  2 ,  -10"  F .  Both  ar€  heated  to  70 '  F ,
The design basis degree days is 65 D. D, for 3ldg. No, r and 75 D. D
Io !  B lds .  No.  2 .
E tample-  B ldE-  No,  I  uses  46 .1  lb .  s ream per  M sq .  f i ,  EDR per  D,  D,

B ldE.  No.  2  uses  40 .0  lb .  s ream per  M sq .  f t .  EDR pet  D.  D.
To cohpare  No.2  w i th  No,  1 :

/ 7 5 \
( 4 0 . 0 ) ( -  l - 4 6 . 1  ! b .  s l e a m  p e r  M  s q .  t r .  E D R  p e r  D  D .

\ 6 5  /
In  th is  casa,  the  cor rec ted  ra te  fo r  B ldg .  No.2  becomes
equa l  to  tha t  fo r  B ldg .  No.  1 .

Norrncl Degree Dqys for Cilies in the Uniled Sioles

Stat€ City Degree-Days
26t8

A r k .  . . . . . . . . . . . L i t t l e  R o c k .  .  .  . .  .  .  . .  .  .  . .  . .  .  .  .  3 0 0 5
Cal. . . . . . . . . . . . San Francisco. . . 3143

Los  Ange les . . .  1390
Co lo .  .  .  .  . .  . .  . .  .Denve r  . . .  .  .  . .  .  .  5863
Conn. . . . . . . . . . . New llaven. . . . . . . . . . . . . . . . . . 5879
D .  C .  . . . . . . . . . . W a s h i n g t o n  4 5 9 8
G a .  .  . . .  .  . .  .  .  . . . A t l a n t a .  . . .  . . .  . .  3 o o z
I l l ,  .  .  .  .  .  . .  .  .  . . . C h i c a g o  . . . . . . . . . . . . . . . . . .  . .  6 n 7
Ind. . . . . . . . . . . . Indianapolis . . 5487
I o w a  . . . . . . . . . . D e s  M o i n e s .  .  .  .  .  . .  .  .  .  .  . .  .  .  .  .  .  6 3 9 1
Ky, .  .  .  .  .  .  .  .  .  .  .  .  Louisvi l le. . .  .  .  4791
L a .  . . . . . . . . . . . . N e w  O l l e a n s  1 2 0 8
Md. . . . . . . . . . . . Baltimore . . . . . . . . . 4522
M a s s , . .  .  . . . . . . . B o s t o n  . . . . . . . . .  5 9 4 3
M i c h . . . . . . . . . . . D e t r o i t . . . . . . . .  . .  . . . . . . . . . .  6 5 8 0
Minn.. . . . . . - . . . Duluth . . . . . . . . . . . . . . . . . . . . . . 9766

Minneapolis 7989
M o . . . . . . . . . . . . . K a n s a s C i t y . . . . .  4 9 8 4

S t .  L o u i s  . . . . . . .  4 6 1 0
N e b . . . .  . . . . . . . .  O m a h a  . . . . . . . . . . .  . . . . . .  . . . .  .  6 1 0 2
N .  J . . . . . . . . . . . . A d a n t i c  C i t y .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  5 0 4 9
N ,  Y . .  .  .  . .  .  .  . .  . A l b a r y  . . . . . . . .  6 6 5 8

B u f i a l o . . . . . . . . .  6 9 3 5
N e w  Y o r k . . . . . . . . .  5 3 0 6

Ohio. . . . . . . . . . . Cincinnati . . . . . . . . 5013
u leve lan ( l . .  o l / r

Okla. . . . . . . . . . . Oklahoma City . . . . . . . . . . . . . . 3698
Ore .  . . . . .  .  .  .  .  .  .  Po r t l and .  .  .  .  .  4379
Pa, . . . . . . . . . . . . Philadelphia 4749

Pittsburgh. . . . . . . 5466
S .  C . . . . . . . . . . . . C h a r l e s t o n . . . . .  1 8 7 0
T e n n .  .  .  .  .  .  .  .  .  .  .  M e m p h i s  . . . . . . .  .  . .  . . . . . .  . . .  .  3 0 7 8
Texas . . . . .  .  .  .  .  .  Hous ton  .  .  .  .  .  .  1360
U t a h . . . . . . . . . . . S a l t  L a k e  C i t y . .  5 6 3 7
V a .  .  .  .  .  .  .  .  .  .  .  .  .  R i c h m o n d  . . . . . . . . . . . . . . . . . . .  3 9 4 4
Wash .  .  .  .  .  .  .  .  .  .  Sea t t l e  .  .  .  .  .  .  .  .  -  -  .  .  .  .  . .  . . . .  4864

S D o k a n e . . . . . . . .  6 3 0 5
W i s . . . . . . . . . . . .  M i l w a u k e e . .  7 0 a 6
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HEATING POWER OF BRASS AND IRON PIPE
(Lving horizontal in water storase tank)

To hring out reliable working information the lnstitute
of Thermal Research of the American Radiator Company
prepared a comparative chart which is reproduced here.
It is plotted from nunerous tests made with brass and iron
pipings, lying in horizontal polition in a tank of water.
To allow for bad wate! and the consequent fouling and
pittins of pipes, only half of the acutal condensing power
is shown on the chat.

Example 1.  l t  is  required to condense 500 pounds of
steam pe!  hour in a p ipe-coi l  ;mmersed in the water of  a
storase tank. How many square feet of pipe should the

Temperature of  steam in p ipe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .220"
ln i t ia l  temperature of  water. . . . . . . . . . . . , . . . . . . . . . . . , . . . . . . . . . . . . . . . . .  40 '
T e r m i n a l  t e m p e r a t u ! e  o f  w a t e r , , , . . . . . . . . . . , . . . . . . , , . , , . , . . . . . . , . . | 6 0 "
Mean temperature of  water. . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . , . . . . . . , I  00 '
Temperatu!e di f ierence steam and water. . . . . . . . . , , . . , . . . . . . . .  |  20 '

Obselve that  the l ine for  IRON pipe intersects the ver-
t ical  l ine of  120 degrees temperature diFerence at  the hor-
izontal  l ine repiesent ins 22.4 pounds.  The intersect ion of
the l ine for  BRASS pipe shows 34.5 pounds.

The quantity of pipe required in square feet is deter-
mined by div id ine the 500 pounds of  steam which must be
condeDsed per hour by the quant i ty  of  steam one square
foot of pipe will condense. Thus:
For i ron pipe. . . .500 -22.4:22.2 sq.  f t .  would be required.
For brass pipe. .500-34.5:14.5 sq.  f t .  would be required.

Example 2. Suppose a tank containins 300 U. S. gallons
of cold water at 60 degrees F. is to be heated by low prets-
sure steam (at  5 pounds pressure) to a temperature of  140
degrees,  in 2 hours:  how many sq.  f t .  of  brass pipe wi l l  be
required,  and how much steam wi l l  be condeDsed per hour?
300 U. S.  gal lons weight  100 X 8.33. . . . . . . . . . . . . . . .2500 pounda
Total  temperature r ise desired. . . . . . . . . . . . . . , , . . . . . . . , . . . .80 degrece
Temperature r ise per hour. . . . . . . . , , , . . . . . . . . . . . . . . . . . . . . . . .40 degrees
Heat required per hour:2500 x 40. . . . . . . . . . . . . . . .  |  00,000 Btu.
Temperature of  steam at  5 pounds'  p." . . . r "

(approx.) . . . . . . . . . . . . . . .  . . . .227 degtees
Mean temperatu!e of  water . . . . . . . . . . . , . . . . , , , , . . . . . . . . . . . ,  1 0 0 degrees
Mean temperature di f ierence between steam

a n d  w a t e r . . . . . . . . . . . . . . . .  . . . 1 2 7  d e g r e e s
rVhere the line for BRASS pipe intersects the vertical for

127 degrees,  read tLe t ransmission per sq.  f t , ,  36,500 Btu. ,

HEAT LOSSES
The fo l lowing Tablea l -2 '3-4 are repr inted f rom Chapter

Table r. Heat Losses from Horizontal Bate Steel PiDes.
Expre..cd in Bru prr hour per linea. f@t per desre FahrdheiL difier€nce in
t.mp.ratur. b€iv.en the pipe and .urounding stil l an at 70' F.

and the condensing power,  38 pounds of  steam per sq.  f t .
per hour. The total sq. ft. of BRASS pipe required will
then be 100,000-36,500:2.74 sq.  f t .  The conden€at ion
p e r  h o u r  w o u l d  b e  2 . 7 4 X 3 8 : 1 0 4 . 1  p o u n d s .

(c) Temperature difierence in fahr. degrees b€tween steam in
coil and st€o or av€rase temperature of sater in tank.

Fis.3417

For use wi th Low Pressure Steam up to l0 lbs.  gage. A
Iactor  of  safety ot  504o is inc luded to a l low for  bad water
and conlequent fouling and pittins of pipee. Chart plotted
with coi l  ly ing hor izontal  in tank.

FROM PIPING
43. A.S.H.V.E. Guide r943.

Tabl€ 2. Heat Loss Irom Ho,idnt.l Ba,e Brirht CooD.r PiDe
Erpr€sred in Btu per hour pcr I'n.ar foot perd.gree Fdh'cnhrir b.tween the
p i p ;  a n d  ! u r . o u n J i n g  s t i l l  ; i r  a r  7 0 ' F .

I srEAM
| 

(standard Pip€ Sie Pie.)

| ,ulil rrr:nlrL, F.
|  (5 Lb.)  l (50Lb.)  (00Lb)

HOT WATER
(Typc K Copper Tubc)

r 2 0 F  
I  

r r 0 F  r 8 0 F  
|  

2 r 0 F

TEMPERATURE DI

I STEAM
| (Standard Pip€ Sie Pip.)

| ,uli l  rrr:nl t lL, F-
|  (5 Lb.)  l (50Lb.)  (00Lb)

FFERE\rc8

t 0 F 8 0 F l l 0  F 1 4 0  F t 5 7 . 1 F 227.7 F 267.9 F

%

t %
t %
t %
2
2 b
3
3 %

4tt
5
6
6

o. t80
0.236
o.290
O.3,lO
0.r90
Q.490
0.580
0.660
0.760
o.940

r.b)ii
t .  t 5 0
t .460

o.210
0.275
o.3ta
0_r00
0.463
Q.525
0.675
o.788
O,6EE
1.000

t..ibb
1 . 3 7 5
1.725

0 . 2 t 8
o.291
o.354
o.4ta
o.47t
0.600
o.709
0.E46
o.946
| _o45
'i.25\

t . 4 t0
t.E20

o.229
0.307
o.373
o.443
o.507
0.628
0.750
0.871
1.000
t . t 0 7

' 'i.tz:ti '

t .500
r.E90

0.299
o.157
0.440
0 . 5 1 0
0.598
o_7t9
0.E40
0.967
t . t  t 4
l . z l 0
t .1)5
| .465
t_665
2.r00

0.33E
0_404
0.492
o.57 |
0.67 |
0_8t3
0.951
t .  to7
t .2t5
1.361
| ,495
| .670
t_690
2.373

o.t55
0 . 4 1 8
o.52t
0,59E
0 . 7 1 0
0.651
t.00E
t . 1 6 5
t .307
t .456
t .4aa
1.755
1.942
2.5t0

Note Fd d*a m pipins ituulntion, refer to current i*ue 6f th. A-S.H.V.E

R 3e33P3g C ggC

HOT WATER

r 2 0 F  
I  

r 5 o F  
I  

r E o F  
l 2 r 0 F  I

TEMPERATURE DI

I STEAM
t-----------.-
|  227.1 F | 297.7 F | 337.9 F
| (5 Lb.) l(5oLb.) (rooLb.)

FFERENCE

t 0 F 8 0 F l t 0 F 140 F r 5 7 _ t  F 227 _7 F 267.9 F

%

t %

2%
3
3 N

5

8
t 0
t 2

0.455
o.555
0.664
o.447
0.958
L l60
t .400
t .680
t .900
2 . 1  l E
2.54O
3.036
].EEO
4.760
5.590

o.495
o.605
0.741
0.919
l - 0 4 l
1.241

t .825
2.064
2.302
2.4o4
3.294
4.215
5 . 1 4 0
6.O70

0.546
0.666
0.8t9
1 . 0 t 4
1 . t 4 8
1 . 4 t 2
1.68'
2 . 0 t 0
2.221
2.534
t.oa4
3.626
4.614
5.6E0
6.670

0.584
o . 7 1 5
o.477
t_086
1.230
1 . 5 t 2
1.796
2 _ 1 5 3
2.433
2 . 7  t 7
3.101
3.4E6
4.960
6.090
7.145

0.612
o.744
0.919
t . l l 8
t .266
t .578
t .883
2_260
2.5r2
2.650
3.470
4.074
5.2t0
6.4t0
7.504

0.706
0.866
1.065
1.324
1.492
t.E40
2.t90
2.630
2.974
3.120
4.050
4.765
6 , 1 0 0
7.49A
6.800

o.760
o_933
t . t 4 7
t .425
1.631
1.967
2.163
2.840
3 . 2 1 5
1.590
4.345
5.t60
6.6t0
8 .  t r 5
9.510

Note-For dara o piping insulation, refer to curr.hi ii.u. nf th. A S H V F.
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HEAT TOSSES FROM PlPlNe (Continuedl

Tabh 3- H€at LGs from B.ight Coppe. Pip€ Given One Thin Coat of CI€ar Table 4. Heat Lo*

E:p.Esed iD Btu per hou, o.. r'""'.i!X""i';* a",-e Fahrenheit betuen the m.:fjijL*:dil*iii$.,pip€ ahd suFoundinq stil l air at 70' F-

HOT WATER STEAM
(Type K Copper Tube) I (Standard Piee Siz. Piee)

tzor lrsor lreor zror 114'tL\ ?i lJ{r i l rk?[
DIFFERENCE

t 0 F 8 0 F l t 0  F 140 F 157.t  F 227.7 F 267.9 F

. %
114
t 1 4
2
2t l
3jt4
4
4rl
5

a

0.265
o.356
o.437
o.537
Q.612
o.762
0.937
t.o25
t_250
t.400
'r.irbi
1.916
2.500

o.242
o.t73
o.461
0.r54
0.645
0_ata
0.991
1 . 1 3 5
l 3 l  a
L480
'r '.ttb'
2.052
2.610

o.307
o.414
0.507
0 . 6 1 4
0 . 7 1 4
0.E92
1.085
t.270
1.442
1.556

i.gts'
2.272
2.854

0.401
o.477
0.598
0.700
0.8?0
t.00t
l . t 7 a
t_400
t.560
1 . 7 5 0
t _ 9 t 0
2. l to
2.450
t . t20

0.461
0.57 |
0.681
0 , 6 1 2
0.966
1 . 1 6 4
l . l 6 l
1.625
t .845
2.O40
2_240
2 . 4 1 5
2 . 8 1 0
3.425

0.476
0.578
0 . 7 t 0
0.640

1.201
1,420
1.700
1.905
2.t30
2.350
2.6t0
2.990
1.730

d i , i . ; r l *  
* , .  -  p ip ing  iNUra lon .  re rer  to  cunenr  ' .3ue  o I  the  A.s .H.v .E .

E9UATION

It is frequently desired to Lnow what number of pipes of
a given size are equal in carrying capacity to one pipe of a
larger eize. At the same velocity of fow the volume deliv-
ered by two pipes of difrerent sizes is proportional to the
squares of  their  d iameters;  thus,  one 4- inch pipe wi l l  de-
liver the game volurne as four 2-inch pipes. With the same
head, however, the welocity is less in the smaller pipe, and

OF PIPES

the volume del ivered var ies about as the square root  of  the

fr f th power ( ie. ,  as the 2.5 power) .  The fo l lowinc tahle
has been calculated on thie basis. The figure opposite the

intersection of any two sizes ie the number of the amaller-
s ized pipes required to equal  one of  the larger.  Thus,  one

4- inch pipe is  equal  to 5.7 2- inch pipes.

70.9
6d.2

t08

D0
t t 4
t a l

I
2.4
, . 7

9.9
t 5 . 6
22.9

1 2
4)
,5.9

2 t l
243
274

) t 6

73t
8 7 1

t . 7
2.A

5 . 7
7.6

t2_5
t5.6
t 9

22.9
27.2
3 2

17.2
41
49.1

55.9
70.9
88.2

l0a
1 3 0
154

243
3 5 7

670
a 7 l

2 . 1
2 . 8
3.6

, . 7
7 . 1

I

2.1

1.2
4-3
, .7

7.2
E.9

10.9

8.1

l l . 7

13 .5
|  5 .6
1 7 . 8

3 . 1
3.6

5.7

7.9

9.2
t0.6
1 2 . 1

29.2
]E

32
47
62.7

20.1
25.7
32

39.1
47
55_9

48.2
| ] 0
t 8 t

241
3 t 6

)2

50.5

61.7
74.2
88.2

tJ0
20t
286

343

I
1 . 3
t . 7

2.2
2.4
3.4

4 . 1
4.4
5 . 7

7_6
4.7

9_9
t 2 . ,
|  5.6

l 9
22.9
27.2

43
63.2
88.2

I  l a
154

1 . 9
2_3
2_a

4.3

8.9

t 2
t5.6

1 . 3
1 . 7
2 _ l

2.5
1
1.6

5 . 7
8.1
.6

15.6
20.3

| . ?
2.2
2.4

3 . 4
4 . 1
4.6

?.6
1 t , 2
15,6

20.9
27.2

1 . 1
t .8

4.7
5 _ 7
6.7

t0.6
l r .6
2 t . a

I
t . 2

t . 5
1 . 7
2 . 1

2.A
3 . 2

3.6

5 . 7

7 . 1
4.3

15.6
l 9
12

2,3
2.A
1.2

1.8
4.3
5

5 . 7
7.2
4.9

t0.9
D . l
t 5 . 6

24.6
36.2
50.5

6 7 6
aa.2

t . 7
2 . 1
2 . 5

t .0
3.6

4.9
5_7
6.5

2 t . 1
24.6
2A. l

l t . 8
1 7 , 5
2  t . 6

26.6
) 2
la

60
88.2

1 2 3

t65
215

9.3
I  l _ 6

t4.2
l 7 . l
20.3

I

1 . 2
t . 5
1 . 7

2.E

7.64 1
t5.9

Table 4. Heat LGs fiom Horizontal Tarnish€d Copper Pipe_
E  p ' e * e d  i n  B l u  p e r  h o u r  p e r  l i n s r  l o o t  p e r  d e s r e e  F a h r e n h e i r  b e r w r e n  r h .
p'p. and sufioundins sriu ;ir at 70" F.

HOT WATER
(Type K Copper Tube)

r 2 0 F  
l r 5 0 F  l r 8 0 F  

2 t 0 F

STEAM
(standa.d Pipe Siz. Pip.)

, r r iV l r r r . ,F |31r .sF
(5 Lb.)  (50Lb.)  l ( r0oLb.

TEMPERATURE DIFFERENCE

5 0 F 6 0 F l | 0  F t 4 0  F t 5 7 . t  F 227.7 F 267 _9 F

1 %
t %
t t z
2
2r4
I
3 %
4
4%
5

8

o.250
0.340
o.440
0.500
0.580
o.730
0.880
1.040
L  l 8 0
1.460
'r.i;it)
t .E40
2.400

0.247
0.16r
0.475
Q,559
o.656
0.425
1.000
t . t 7 5
t .350
1.500' 'a.bli '
2.125
2.645

0.r00
0.409
0_509
0.6t8
0_7 t0
0.690
t .091
| . 2 1 2
1.454
1.635

1.9E0
2.270
2.910

o.321
0.429
0.536
o.622
0.750
0.957
t . 1 4 3
t .343
1.535
t , 7  t 5

i.;oi\'
2.430
3 . 1 t 0

0.433
o.533
0.616
o.764
0_904
L  l 0 l
t .305
t .560
t .750
t .941
2 . t 3 1
2_347
2.740
3.310

0.500
o.543
o.746
0.878
L05'
1.273
1.490
t_800
2,O20
2.240
2.465
2.770
3.21O
4.050

o.530
0.654
0.E03
0.914
t . t  2 0
1.364
r.605
1.940
2.t70
2.410
2.650
2.990
3.440
4.170

Not.:-For d.ta on pi ping i nsulatioD, .efe. to cu.rent issue of th. A.S.H-V.E.
GUIDE.

2
I
4

5
6
7

8

l 0

20
22
24

2 i
2E
l0

)6
42

5 . 7
I  t .6
3 2

55.9
88.2

t30

t 8 t
243
l l i )

4 0 1

609

I
2 . 1

3.6
5 . 1
4.3

1 1 . 7
1 5 . 6
20.3

3Z
39.1

55_9
65.7

76.4
6E.2

l 0 t

I  t 5
146
l 8 l

221
266
316

'13)
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CAPACITIES OF COPPER TUBING_STEAM HEATING SYSTEMS

Capacities of copper tubing when used on Steam Heat-
;ns Sy3tem may be taken to equal those of standard steel
pipe of same nominal sizes. Vhile it is true that iDtehal
areas of copper tubiDs are generally less than those of
steel pipe of same nominal sizes, the smoother inside sur-
face and the freedom from fouling due to absence of rust
and corrosion compeDlate for the slightly smaller areas.

Some autholitie6 advise that satilfactolv results mav be
obtained when using copper tubing by incieasing the cpa-
cities siven for steel pipe by the following percentage for
relative nominal diametere and when used with solder or
compression type fittings.

l ' ,  1 Y 4 " ,  I  t / 2 "  s i z e s  i n c r e a s e  5 %  r o  l O %
2 " , 3 " , 1 t 7 r " , 4 "  . i z . . l  i n c t e a s e  1 5 %
21/2" size i'iqea.e 24%

The above data taken lrom Copper Tube Hand Book
isaued by the Copper & Brass Research Ass'n. The rela-
tive areas of standald steel pipe and copper tubins ar.
given in following table when considering Type M hard

COMPARATIVE INTERNAL DIAMETERS AND AREAS
STEEL PIPE AND COPPER TUBE

I n t e . n a l  A r e .  S q .  I N

x
%

%

t %
I N

it6
2tl
3
3rt

5
6
6

t 0
t 2

.270

.)64

.491

.622

.200

.325

.450

.569

.690

. E I  I
1.055
1.291
1 . 5 2 7
2.009
2.495
2.941
3.459
3.935
4.907
5,661
7.745
9.701

r  r . 6 1 7

.057

.  t04

. t 9 l

.304
' ' ' ' ' . t t i  '

.661

2.0)6
3.356
4.740
7.3a3
9.887

12.730
r9.966
28.890
50.o27
74.423

I l t .09E

.0l l

.061
| . 5 9
.254
.374
. 5 1 6
.474

1.109
t.6,  I
3 . 1 7 0
4_890
6.960
9.397

t 2 _ l 6 l
t 8 . 9 r  I
27.163
47.600
77_9t3

t05.992

.424
t.048
l . lE0
1 . 6 1 0
2.067
2.464
3.067
1.546
4.026
5.045
6.065
7.981

r0.ol8
12.000

NOTE:  In rerna l  d iamereB and areas  lo r  Tvp€ K and L  tub ins  w i l l  be  s l ' shr ly
Ie$ thah tL".e f.. M h,hi""

NOTFS:  Co l "m" .  ma ' l .ed  S s ive  d . l ' v . r ies  th roush shor !  l in€ , .uch  a .
b ranchq l t - l t .  o t  .ho f t . r .  Co lumnr  mar lkd  L  g iwe de l iwer ics  th roush l rnes
.pproxinately 100-ft. lons.

M{imum presbure drop of 20 pound. p"t 100 ft. run i6 r.comm€nded to
rcduce noie to a p.actical mininun.

A lo-pound drop in 100 lt. for rclidenc. id.tauatioN ir r.comm€nded.

STEEL PIPE AND COPPER TUBE SIZES FOR RELATIVE
CAPACITIES FOR HoT AND COLD WATER SERVICE

COPPER TUBE WATER CAPACITY DATA
The following tables are taken from "Copper Tube Hand Book" isrued by the Copper & Brass Research Aasociation.

.Where steel pipe sizes have been determined the copper tube size suitabl; for sameiequirements may be selected from
table fo l lowing:

The following table gives sizes of short branches to 6x- For the approximate capacity of copper tubes for water
ture connections for various initial water pres5ules: mains with ; 

"*..."" 
made for fittings are given in table

stzEs oF coppER TUBE wATER suppI-y FoR sHoRT BRAN.HE5 
fo l lowinc '

TO PLUMBING FIXTURES

FIXTURE
PRESSURES

Hish

T o  B a t h . . .  . . . . . .  . . .  . . . .  .  - .  . . .
L a w . t o i e s .  .  . . .  . . . . . . .  .  _ . .  .  .
T a n k  C l o s . t s . . . . . . . . . . . . . . . .
v a l v €  C l c e b .  .  .  . .  . . . .  .  . . . . .
P a n b y S i n k e . . . . . . . . . . . . . . . .

% t "
%

% t^.

%
I
%

%

1l
t %

K n c h € n s i n k s . . . . . . . .  _ . . . . . .
s l o p s i . L s . . . . . . _ . . . . . . . . . . .
S h o w € B .  . . .  . . .
u r i ,a t !  (F tu .h  Tank)  . .  _ . . . .
U . i & L  ( F l u s h  V a l v e ) . . . . . . . .
D r i n k i n q  F o u n t a i N . . . . . .  _ . . .

,4
%
%
%

v
%
Yt

%

%
%
%
%
%

Vhen determining the size of maine to supply the var-
;ou! fixtures the total rate will be less than the rate on
table above times the nuhber of fixtures as not all frxtures
would be in use at same time. The followine rules arc
recommended to determine maiD s ize3-est imaie tota l  re-
quilements for all 6xtu!e3 and divide by the walue in-
dicated for various types of building..

, . f?r , rs jdenrs,  apartments,  schools,  of f ice bui ld ingr,

For Cluba and Hotels, divide by 3.
For gymnasiums, hospitals, public comfort starion.,

didde by 2.
For public baths, Iaunderies and factories allow full

amount sLown lor  each 6xture.

The Rate of Flow of water to various plumbing f*turer
is given in folowinc table:

U, S. C- P. M. USED BY VARIOUS FIXTURES

RATE OF FLOW
(galloN pc. minute)

FIXTURES

6 , t 0
5-8
1-5

30-40

5-8
8- t0
6- t0
5 - 1 0

APPROXIMATE CAPACITY OF COPPER TUBE IN U. S. CALLONS
PER MINUTE

%' t '

Lb' P.S.l
s S L s L s L S

5
t 0
20
t0
40
50

3

l 0

0.7
t . 0
2.O
2_5
2 . 7
1.0

l 0
1 4

l a
20

2
)
5

7

t 0
l t

30
3 6

)
5
7
9

I J

l 4
25
1 5

5 5
65

5
7

l l

1 7
20

) 5
50
7A
90

r00
I  t 0

t l
t 7

l0
) 5

t % ' 2 ' J '

s L s L s L 5 L s L

5
l 0
20
ao
40
50

70
t00
1 5 0
180
220
240

20
30
45
60
70
80

t00
1 5 0
215
275
l l 0
350

3 5
50
75
95

I  t 5
t30

200
325
500
600
700
800

75
l l 0
1 6 5
200
250
260

400
600
900

| 100
t r00
1500

t 5 0
225
100
350
450
500

700
t000
1500
t800
22rn
2500

200
300
500
600
700
600

Y l".l'

llt i".!'
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Bp-?kngl*
TABLE GIVINC FULL AREA IN SQUARE FEET OF TWO-PANE WINDOWS, INCLUDINC THE SASH, ALLOWING

4 INCHES TO THE WIDTH AND 6 INCHES TO THE HEICHT. FRAME AND SASH OF WOOD.

Erample: A window containi.s two lights each measu.ing 26'x28'would have $ are. iicluding ra.l. of 12.9 squa.€ fet, which should be Bed ar expo*d gla$
area in the calculation of the radiation.

TABLE OF CRACK LENCTH IN FEET FOR TWO.PANE WINDOWS INCLUDING THE SASH, ALLOVINC ,{ INCHES
TO WIDTH AND 6 INCHES TO HEICHT-FRAME AND SASH OF WOOD.

E*ahple: A window contaiDi.c rwo Lchrs 26.,x28 would have 5 iotal c.ack lensth of 17.8 fe€t which shoulal be used to det€r-
min .  the  a i r  iD6 l t ra t ion  by  the  

'Cra .k  
Method. '

SQUARI FEET GROSS WALL SURFACE,
fl.OOR IC,REA OR CEILING

Hcight of Glas i" Ea"h Pane in lnch€

16, l a ' 20. 22' 24' 26' 2$', 10' 3z', 34' 36" 1B', 40' 42', 44'

Height of Window Openins in Fet and Inch"s

1r6" 3 ' - lo ' 4'-2', 4',-6" 4',-lo' 5 ' -2 ' 5,-6 ' 5 ' - t0" 6.2" 6"6' 6'- lo ' 7'-6' 7'-to,

16.
1 8 ,
A'

24',
26'
24"
10'
32',
34',
36 '
38'
40.
42',

1,.E,
t,- to,
2'-Q'

2',4'
2' 6',
2'-a'
2 L l O .
3,-o,
3',-2'
3 ' -4"
1'-6',
3',4'
3 ' - t o '
4',-O"

5.3
5.8
6.3
6.9

7.9
4.2
9.0
9.5

t0.o
t0.6
I  l . l
|  1 . 6
t 2 . l
12.7

5.E

7.0
7.6
4.2
a_E
9_3
9.9

|  0.5
I  t . l
I  t . 7
12.3
t 2 . a
13,4
t4.o

7_O
7.7
a. l
8.9
9.6

to.2
t0.9
r  t . 5
12.1
12.4
13.4
l 4 . l
14.7
15.3

7.O
7.6
6. t
9.0
9.7

r o 5
I  l . l
|  1 . 8
12.5
t3.2
t1.9
t4.6
t5.3
t6.0
t6.7

7.5
a.3
9.0
9.7

to_5
I  l . t
t2.o
t2_8
t t .5
t4.3
t 5 . 0
r 5 . E
t6.5
17.3
la.0

6 . 1
4.9
9.7

t0.5
|  1.3
l 2 . l
12.9
13.7
14.5
15.3
l 6 . l
16.9
17.7
lE.5
t9.3

E.6
9.5

10.3
1 1 . 2
I 2 . t
12.9
|  3.8
r4.6

t6.4
t7.2
t 8 . l
t9.0
t9_a
20.7

9.2
t0 . r
l  l . 0
I 1 . 9
t2.a
|  3.8
t4.7
t5.6
t6.5
t 7 . 4
t8_3
19.3
20.2
2t _l
22.0

9.7
r0.7
I  t . 7
12.6
t1.6
t4.6
15.6
16.5
17.5
r E . 5
19.5
20.4
21.4
22.4
23.4

t0_l
I  I _ l
t2_3
t 3 . 4
t4.4
t5.4
t6.5

tE.5
t9.5
10.6
z 1.6
22.6
t3.6
24.7

10.8
I  t . 9
l l . 0
t 4 . r
15.2
16.1
17.3
18.4
t9.5
20.6
21.7
22.A
21.4
24.9
26.O

I  t . 4

13.7
l4.E
15.9
17.1
t8.2
t9.4
20.5
2 t . 6
22.4
24.O
2 5 . 1
26.2
27.4

l t . 9
l 3 . l
t4.1
t 5 . 5
t6.7
t7.9
| 9 . t
20.1
2t .5
22_7
21.9
2t . l
26.3
27.5
24.6

12.5
t t .7
|  5.0
t6.2
t7.5
ta.a
20.0
2 t . 2
22.5
8_A
2r.o
26.2
27.5
2A.A
t0.0

I f .0
t4. t
r  5.6
l 7 . l
t6. ,
t9.6
20.9
22.2
23.t
24.4
26.1
27.4
za.7
30,0
11.3

Width
of Cla6s in Each Pane in Inches

t6 t 8 ' 20' 22', 24', 26', 2A' 30" J4 ' 4 0 ' 4Z'

1',-6" l L t0 ' 4',-2" 4'-to' 5 ' -6 ' 5 ' - l o , 6,.2, 6'-to" 7',-2" 7,.6, 7 ' - t o ,

l8 '
20"
2 2 '
24'
26'
2E'
30,
12'
14"
16'
3A'

t ' -a'
l , -  t 0 '
2',.Q"

2' -4"
2'.'6'
2'-B'
2 ' - lo '
3, '0,

3 ' -4"
1,,6'
J ' ,4 '
1 ' - to '
4,-0,

I  l . l
l l . 8
12.3
l2.a
t1.1
l r_8
t4.1
1 4 . 8
1' .3
l 5 . E
16.3
16.8
17.)
1 7 . 8
t8. l

12.O
12.5
t ? . 0
t ) . 5
t 4 . 0
14.5
1 5 . 0

16.0
t6.5
t7.o
t 7 . 5
r6.0
|  8 . t
19.0

t2.6
t  l . l
t 3 . 6
1 4 . I
14.6
l 5 . l
t 5 . 6
t 6 . t
t6.6
|  7 . 1
t7.6
t 8 _ l
t E . 6
t 9 .  I
t9.6

l ) . t
8.8
14.3
t4.6
t5.3
|  5.8
t6.t
r6_6
t 7 . 1
t 7 . 8
r 6 . l
ta_a
19.3
l9.E
20.3

4.0
4.5
1 5 . 0
t 5 . 5
t6_0
t6.t
t 7 . 0
t 7 . 5
ta.0
t 8 . 5
t9,0
t9.5
10.0
to.5
z l . 0

t  5 . l
t , . 6
1 6 .  I
16.6
t 7 . l
17.6
l a . l
18.6
t 9 . l
19.6
20.1
20.6
2 t . l
21.6

l5.1
1 5 . 8
t6.3
l6.a
17.3
t7.6
la. l
t6.8
t9. t
t9.8
20.1
20.6
2 t . 3
2 t . 8
22.3

16.0
t6.5
t 7 . o
t7 _t
tE.0
ta.5
t9_0
t9.5
20_o
20.,
2 t . o
2 t . 5
22.o
22.5
23.o

t6-6
t 7 . l
17.6
t6-  |
la.6
t9.  I
t9.6
20.1
20.6
z t . l
21.6
22. l
22.6
2 J . 1
23.6

1 7 . 3
1 7 . 8
l6. t
la.a
t9.3
t9.6
20.3
20.4
2 t . t
2 t . a
22.1
22.9
21.3
2).4
24.J

la.0
t8_5
l9.o
19.5
20_0
20.5
2 t . o
2t_5
22.0
22.5
2t .o
23.5
24_O
24.5
25.A

ta.6
t9.  I
t9.6
20.1
20_6
2 t . l
2 t . 6
22. l
22.6
21.1
21.6
2 4 . l
24.6
2 5 . l
25.6

t9.3
19.8
20.3
20.8
21.3
2 l . E
22.3
22.4
23.1
B.a
24.3
24.4
25.3
25.4
26.3

20.o
20.5
2 t . o
2t _5
22.O
22.5
23.O
21.5
24.O
24.5
25.O

26.O
26.5
27.O

20.6
2 t . l
21.6
22.1
22.6
2t . l
23.6
24. l
24.6
25.1
25.6
26.1
26n
2 7 . 1
27.6

CUBICAL CONTENTS OF ROOMS

Havi.g Ceilinss of the Following H.isht3

I  f t . 6 U t r . 9Y r t . l0  f r . l o h I r l l f t . l2 t t .

5 x  8

6 x  l 0

6 x  l 0
E x  1 2
8 *  1 4

l 0 r  l 2

l 0 r  I 8
1 2 x  1 4
l 2 x  r E

1 4 x 2 0
1 6 x 2 0
1 6 x 2 4
l A x 2 2
l 8 : 3 0
2 0 x 2 4
2 0 x 3 0

320
400
144
480
444
560
640
768
896
720
464

t008
9(fr

| | 2 0
t2E0
t440
t344
t72E
t792
2240
2564
1072
I r 6 8
4320
3440
4800

340
425
404
5 t 0
476
595
680
8 t 6
952
76'
9 l E

r 0 7 l
1020
I  t 9 0
tt60
t 5 3 0
l42A
r636
1904
21AO
2720
1264
3366
4590
4080
5 t00

360
450
432
540
504
610
720
E64

1008
E t 0
972

1 1 1 4
1060
1260
r440
1620
t r t 2
t944
2016
2520
26E0
J456
)564
4660
4120
5400

360
475
456
570
532

760
9 1 2

1064
855

tQz6
1197
I 140
1330
r 5 2 0
l T t o
1596
20r2
2 t 2 A
2660
,040
J64a
1762
5 | ] 0
4560
5700

400
500
480
600
560
700
800
960

I 1 2 0
900

l0E0
t260
1200
1400
t600
r 600
t680
2t60
2240
2800
3200
1840
3960
5400
4400
6000

420
525
504
630
588
735
840

r 008
t l 7 6
945

| ) 4
1323
1260
1470
1680
r E90
1764
2264

2940
3160
4032
4t5a
5670
5040
6300

444
550
524
660

770
8E0

1056
1232
990

I  t 8 8
11A6
1320
1540
l7(n
t9E0
I E4E
2376
2464
3060
3520
4224

5940
52E0
6600

480
6{X)
576
7m
672
440
960

1 1 5 2
t344
1060
t296
1 5 1 2
1,r40
t6a0
t92!
216{)
2016
2592
2688
1160
lE40
4608
4752
64E0
5760
7200

Ldcth of Freo&d_nwal 
ror 

lingth of Room

5'. 6 ' 8' t 0 , t 2 ' t4 ' t6' t8, 20, 24'

a'
E \ l

9 )/4'
t 0 ,
tor4'
I  t '
I I \/6'
t2 '
l J '

15,
t 6 ,
t 7 '
18,
t9 '
n'
2 v
22'

24'
25'

40
4t
45
48
50
53
5 5
5E
60
65
70
75
60
a5
90
95

100
105
| | 0
I  t 5
120
t25

48
5 1
54
5 7

63

69
72
78
64
90

t02
t08
I  l 4
t20
126
1 3 2
l l a
144
t 5 0

68
72
?6
80
E4
88
92

104
l t 2
120
124
t36
144
152
t60
l6a
176
tE4
192
200

60
85
90
95

t00
r 0 t

0
5

t20
t30
t40
t 5 0
t60
t 7 0
r60
1 9 0
200
2lQ
220
230
24Q
250

t02
108
1 1 4
120
126
l ) 2
1 3 8

156
166
tE0
192
204
2t6
2Za
240
252
264
276
2EE
t00

l t 2
I  t 9
126
t 3 t
I 4 0
147
tr4
r 6 l
t68
l a l
t96
zto
224
234
252
266
2ao
294
106
322
116
350

t 2 8
| ] 6
t44
t r 2
t60
t6a
t76
t 8 4
t92
206
224
240
256
272
288
304
120
116

168
344
400

t44
t53
162
1 7 1
lE0
la9
198
207
216
234
252.
270
286
306
i24
342
360
174
t96
4 t 4
432
4ro

160
r 7 0
la0
190
200
2 t o
220
230
240
260
2AO
300
320
340
t60
380
400
420
440
460
480
500

192
204
216
224
240
252
264
276
288
3 1 2
336
160
344
40E
432
456
480
504
5Za
552
576
600

E % '

9 tl'
1 0 ,
tot l ,
l l ,
1 t  % '
l 2 '
t 1 '

l 5 '
l6'
17 '
I E '

20,
2 v
22'
23'

| 9,(i
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Piping

The lunction of the supply piping of a two-pipe steam
heating system is to deliver the steam to the radiation. The
function of the return piping is to conduct the air as well as
the water oI condensation from each radiator. Steam is Dre-
vented from entering returns by the Traps. The flow in a
two-pipe system should always be positive and in one direc-
tion, except in the steam spring pieces and runouts to radi-
ators. This eliminates noise caused by water hammer lrhich
is often prevalent in piping where steam and condensate
flow in opposite directions. A very important point to waich
in design and installation is that no connection be shown or
made betweeu any steam carrying pipe and a return pipe
unless a trap is properly iuterposed. All piping must be well
graded in proper directiolr and entirely free from sags or
pockets. All pipes cut on a job must be carefully reamed to
remove cutting burr entirely belore they are installed.

Design

RADIATOR CONNECTIONS-Typical methods of mak-
ing radiator connections are shown on page 9.

RUNOUTS AND SPRiNGPIECES-The term "runout"
meaus the horizontal connection from liser to radiator. The
term "springpiece" means the horizontal connection from
main to riser. Steam supply springpieces and runouts lrsu-
ally grade back to main and riser respectively, pitching in a
diiectiolt opposite to the steam flow. They must be given a
good grade, not less than ,4" per ioot, and be entirely free
from sags or pockets. To reduce the steam velocity in them
they are always made one size larger, and sometimes two
sizes larger than the dser or radiator counection which they
supply, The proper installation of runouts and springpieces
is essedtial for good circulation.

STEAM MEMORANDA

Steam: Since a pound of  steam at  atmospher ic preseure
(14.7 pounds per square inch) occupies a space of  more
than 26 cubic feet ,  aDd a pound of  water occupies only
about 28 cubic inches,  i t  fo l lowg that  i f  a vessel ,  such as a
steam boi ler  contain ing water and steam, is  c losed so that
the steam is conf ined and each pound is not  a l lowed to
expand to th is 26 cubic feet ,  a pressure above that  of  the
atmosphere wi l l  be produced. The water wi l l  now boi l  at
a L isher temperature corresponding to the higher pressure.

On the other hand, if a vessel coDtainins steam at at-
mospher ic pressure is  c losed,  and the 6re checked, the
temperature of  the steam wi l l  be lowered,  and each pound

Properlies of Sdlurdled Sleom

wil l  tend to occupy less than 26 cubic feet .  This i t  cannot
do because, owing to the elast ic  qual i ty  of  steam, i t  com-
pletely fills the available space at a lesser density, and a
part ia l  vacuum is the lesul t .  This part ia l  vacuum permits
the wate!  to boi l  at  a lower temperature than 212 degrees.

For every pressure oI  the steam there is  a def in i te tem-
pelature at  which the water wi l l  boi l .  (See Table below.)

Stean, Volume of: lf water at 39.2 decrees Fahrenheit
is  evaporated into steam at  atmospher ic pressure,  the vol-
ume of  steam wi l l  be 1,646 t imes a3 gleat  as the volume
of water f rom which i t  was evapolated.

Flow of Sleom in Pipes
(Also Sec Friction of Water Chart Page 77)

P : Loss in pre$ure in lb-
d = Actual imide diam€t€r of pipe in inchs
L = L.ncth of pipe in fet ilcludins allowance for elbows and valver Gee

lable. oale 8l ) . 
--;hf

D  =  w e i r h r  o f  f c u .  f t .  s r e a m  W  -  8 7 . 0  W
w .  rb.  o- i  sr .am pe,  M' . .  (  r  _,  " ) r

/  1 6  \ w ? L  \  b . /
;;;;;. Mi;.-' 

3.6 \w,L 

' 
( ,.rf),

P = oooor ,2 (  ' '  
.  lo ,  

" . r . " "u 
r . , - . ' .

Mul r ip ly  co lumn.  I  XZ X1><4 :  lb  s team p€r  min .  tha t  w i l l  fow
throush . rtriight pipe for a siv.n @ndition.

Erampl . .  I  oz .  a rop ,2  in .  p ipc ,  l . . l  l b  p .e .u ' .  and l0O t r .  lobg  =
2 . 1 7 5 X  t . ? t 0  X 0 . 2 0 1  ̂  I  =  1 . 6 2 1 9  l b p e r d i n . t h . n  1 . 6 2 1 9 X 6 0 - 2 0 p . r
cert : 77.85 lb of .t.am p€r hr.

Prcceding rable does not alloe for ehtrained water in loe-pr.srurc rtam.
cond€n.ation ih cover.d pipe and roushnes in commerci.l pipe, rh.refore
r.ducc.alculated @pa.irjB !ppro:imarely z0 per cent.

F om A. S. H. & V. E. Guid..

Boiling

Cu.  F t . B tu Btu

29
28
2 l
26
25
24
23
22
2 l
20
l 9
l a
l 7

t 5

l 3
t 2
l l
t 0
9
8
7

5

3
2
I

0

2

E
t 0
I 5

t0
75

100
125

.452

1.435
| ,926
2 . 4 t 7
2.908
).399
3.890
4342
4.611
5.364
5.855
6.346
6.41?
7.329
7.82
8 . ? l
E.80
9.29
9.74

t0.2E
10.77
| | .26
|  1 . 7 5
12.24
12.73
13.22
11.7 |
14.20

14.70
15.70
16.70
18.70
20.70
22.70
24.70
29.70
39.7Q
64.70
49.70

|  14.70
139.70

76.62
99.91

114.22
124.77
|  33.22
t40.31
t46.45
1 5 r . 8 7
156.75
t 6 l . l 9
t65.24
t69.00
t 7 2 . 5 1
t75.AO
t74.91
t 8 1 . 0 2
t84.61
t47.21
t49.75
t 9 2 . 1 9
r94.50
t .73
t98.87
200.96
202.92
204.45
206.70
203.50
210.25

212.0
215.3
214.5
224.4
229.4
2t4.A
239.4
249.4
266.4
297.7
320.1
317.9
152.9

706.
351.5
2J6.4
179.5
t45.0
t 2 t . 9
105.4

8 , . 1
75.2
68.7
61.1
,4.7
54.7
, 1 . 3
4A.10
45_61
41,27
4 1 . 1 2
3 9 . t 6
37.41
3 5 . 8 1
34_35
12.99
1 t . 7 7
10.62
29.56
28.58
27.67

26.79
25.20
23.74
21_40
19.45
t7.45

t t .a7
10.57
6.68
4.91
1.491
).225

67.90
42.t5
92_67

l 0 l  -  l 0
t 0 8 _ 1 8
|  1 4 . 3 1
| 9 . 7 3
t24_61
t29.0 '
t a 1 . t o
D6.86
r40. lE
t43.67
t46.79
t 4 9 , 7 1
t 5 2 . 5 0
t 5 5 . t l
t57.66
t60.  r0
t62.42
t64.65
t66.81
r68.90
t70.47
t 7 2 . a l
t74.67
t76.4E
t74.24

180.00
t$.3
rE6.6
t92.5
t98.0
rc3.O
tol .7
zta.2
235.6
267.2
290.3
roE.6
,24.4

t048.6
t035_6
t027.7
1021.7
t 0 t 7 . 0
t 0 t 2 _ 9
1009.4
1006.1
r 00t . t
l 0 0 t . 0
99E.6

994.3
992.4
990.6
986.8
947.1
945.6
9E4.0
942.6
9Al.2

974.5
977.2
976.O
974.4
971.7
972.5
971.4

970.4
964.2
966.2
962.4
958.8
95r.5
952.5
945.5
933.6
9 l  t . 2
494_2
680.0
867.8

1093.2
I  103_6
r 109.E
I  I  t 4 . 4
l  l r 0  |
l l 2 t . t
t B . a
l r 26.0
l r 2 8 . r

30.0
I  t t r . 7
I  t11.1
I  t r4_7
I  t 1 6 . l
I  t3 i .4

38. t
I  t t9_6
1140.7
|  14t .7
1142.7
| 141.6
1144.,
|  145.1
1146.2

| 4 7 . 6
1 t 4 8 . 4
I  t49_l
| 149.7

!  t50.4
I  t 5 1 . 6
| | 5 2 . 6
I  t54.9
| | 5 6 . 8
| | 1 6 . 6
t t60_2
1163.7
l l69_2
l t7a.4
I  ta4_4
I t68.E
1192.2

Interpolat€d from Marks and D6vis Temperatur€ Tabl€s. For more
cohpl€t€ tablcs see the curr€rt is3ue of A.S.H.V.E. CUIDE.

col. I C o l . 2 C o l . 3 C o l . 4

37.0

f !
100

\/4
\/; 100

L

I
2
3

5

7
8

l 0
l 2
l 4
l 6
20

2E
32
40
46
a0

160
120
480

2 . 1 7 '
).076
3.767
4.350
4.863
5.124
5.755
6.152
6.878
7.534
a . l l a
8.700
9.727

10.655
r 1.509
12.304
13.756
t5.069
19.454
27.512
,6.908
47.652

I
t t l

tk
214
3
1X
4
5

a
t 0
t 2
l 4

o.536
t . 1 7 8
I .A2E
3 . 7 t 0
6. t09

I  L la,
16.705
2).631
43.7t9
7 | .762

t49.142
272.592
437.503
566.693
8r6.872

0.0
o.1
1 . 1
2.3
5. t

l0. l
15.3
20.3
10.1
40.1
50.3
60.3
75.1

r00. ,
t25.1
150.1
175,3
200.3

0. t93
0 . t 9 t
0.201
o.207
o.223
o.244
o.270
0.290
o.326
0.358
0.t6E
0 . 4 1 5
o.452
0.507
o.t57
0.601
o.645
0.665

20

60
80

r00
t20
r40
r60
t80
200
25A
300
350
400
450
500
600
700
600
900

1000
r500

2.240
1.580
| .290
t . t 2 0
t .000
o.912
0_841
0.793
o.741
0 . 7 1 0
0.632
0.57E
0.5r8
0.500
o.477
0.417
0.407
o.174
0.354
o.331
0 . 1 t 6
0.254
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STEAM CONSUMPTTON OF PROCESS EQU|PMENT

Tte following data on steam consumption of laundry,
kitchen and hospital equipment was gelected from data
compiled by the National Dtutrict Heating Aseociation and
publ ished in their  "Proceedings of  1942.

Sources of  data on steam requirements of  orher process
l team equipment were var ied.  They are l is ted in rhe "Pro-
c e e d i n e s , "  N . D . H . A . ' 4 2 .

KITCHEN EqUIPMENT

Full Jacket Cast Iron Kettle
at Valious Steam Pressures

Half Jacket, Cast Iron Kettle
at Various Steam Pressures

Candy Kettles
Per sq.  f t .  of  JacLet. . . . . . . . . . . .
Per eq.  f t .  of  Jacket . . . . . . . . . . . .

Dirh Warmers
s i ,  5w *9"  *5 ,4 . ,  H tc .
Sur face .25 .02  sa .  t t .  H te .
Element,  Ins ide iemp. 

-

t 4 9 " F .

Size 9'0" x 28"
Compa*ment Cookers

Steam Tables

s r z e  '  x l Y  x )  t e e p r
Htg. Surface 0.99 Sq. Ft. 2 3l

Same Table at 5 lbs. Press. 5 32
size 9'0" x22" x8", 3.33 se.

ft .  Copper Flement.. . . . . . . . .  8 70
Size 6'9" x 2a".. , , . . . , . . . . . . . . . . . .

HOSPITAI. EQUIPMENT

?t:".'Ji"" *FY"":'"l"
Cap. D€pth of Pounds -

Bottles Water Gause Mar. ln Usc
Sterilizers (Non-Pressure Type)

For Bot t les or  Pasteur-

Stalt with water at
70 ". Then Main- 36
tained atBoil ing for 54
Period of 20 Min...  72

For Instruments and Utensils

8 "x  9 "x l 8 "
9"x20"2t0"

10 "x \2 "x22 "
12"xl6"x24"
IO"z l2 "236 "
l 6 "x l 5 "x20 "
20"x20"x24"

Sterilizers (Pressure Type)

12"x20 "  40
t4 "x22 "  40
16"x24" 40
16"236" 40
20"x28" 40
20"x36" 40
20"24E" 40
20"x60" 40
l0"x2O" 35-60
24"x48" 35-60

Fo! Instruments.
Ster i l iz ing Pe od,  12"x20" 40
2 0  M i n u t e s  a t  | 4 " x 2 2 "  4 0
240 ' -250 'F . . . . . . . . . . . . .  t6 "x24"  40

Ster i l izers (Pressure Type) (Autoclave)

Sterilizing Period,
30 Minutes at
240"  -250 '

Vater Ster i l izers

For Surgical Supplies.
Sterilizing, Period, 30
Minute€ at Tempera-
ture of  240"-250'  F.

CaD.. Gats.

Stalt W;th Vater at 6
70" and Maintain at  l0
T e m p e r a t u r e  o f  l 5
2 4 0 ' - 2 5 0 "  f o r  l 5  2 5
Minutes. . . . . . . . . . . . . . . . . . .  50

Uni t  Requirements for  Wate!
Ster i l izer :2.5 lb.  s team per

Lime Vat (Cap. 800 Cal .  per
Vat)  Per Set  of  3 Vats. . , . , . . . . . . .

Paddle Vat (Cap. 1000 cal . ) . . . .
Revolv ing Drums.. . .
I ron Plate on Press.  9"  Coi l

P l a t e  h  2 ' 6 " x 2 ' 6 "  a t  1 5 0 ' . . . . . .

4 0  3 6  3 6
4 0  5 t  5 l
40 69 69

48 48
60 60
72 72

- 
t;;. i;!;

E
f?
I t
l  r o
t : :
L t )
t 7
t t 5

30

3V2"  40  27  27
3t /2"  40  30  30

10"  40  92  92
t0"  40  144 t44

120
t 8 0
3 0 0
600

l 5. i  r0
l t 4

l ,
1,3
l t 5
lz )

6 2
137
1 7 4
7  ' A

3 8
43

24
3 6

6
t 6
24

Start with Wa-

Then Boil

for 20 Min-

60
t 0 0

t )

22 22
28 2E
3 A  3 8
54 54
60 60
7a 78
98 98

124 124
9.5  9 .5

50.0  50 .0
t 4
20.5

Three Compartment.
Bain Marie

S i z e 9 ' 0 " x 1 8 "
Cotree and Hot Water Uh6
T;"t "" s c"-fa"\

1.66 Sq. Ft .  Brass Element
at  Var ious Pressures. . . . . . . . . . .

3.32 Sq. Ft .  Brass Element
at  Var ious Pressures. . . . . . .

40 24  24
40 32  12
40 40  40

35-60 42  4246
85

120
43

1 4 4
1 5 0
200

2 4

4 l

l 0
40

t39

| 5 t/2,,x2 4,'
|  7 t /2"x26"
2 t t l " z30 "

24 "x36 "

40 76
40 120
4 0  r 8 0
40 300
40 600

35-60 . . . . . .

35-60 ......
35-60  . . . . . .

APPROXIMATE UNTT STEAM CONSUMPTION
OF KITCHEN APPIIANCES Gal. Sterilized

Mat t !ess  D iB in fec tor

42
3 t E

40.0
I E.0
t 8 . 0
3 .4

3  5 .0
69.0
60.0

Clan,  Lobster ,  and Potato Sreamers (per compt.) . .
Egg Boi lers (3 compts.  )  . . . . . . . . . . . .
Oyster  Pots. . . . , . . . . . . , ,
B a i n  M a r i e  ( p e r  s q .  f t . ) . . . . . . . . . . . .
Food Warming Ovens (per 20 cu.  f t . ) . . . . . . . . . . . . . . . . . . . .
Si lver  Burnisher and Washer. . . . . . . . . . . . .
Dish Washer (per t ray)  . . . . . . . . . . . . . . .

.Not " :  Above 6su- res  . r .p resenr  aye laC.  operar ins  cond i t ions
a l te r  warm-up FEr iod  and do  no t  inc lude hor  water .

Pr€ssures  w i l l  v6ry  f rom 7  to  20  Ib .  gauge.

size 30"x42"x84".. .
s i ze  60 "x66 "x t08 " .

Blanket Warmer

size t8"x24"x72"... 35-60 ...... 4

TANNERY EQUIPMENT
Operatins Pounds St6m
Pressure
Pounds
Cause Max. In Ur.

6 9 7
448
) t l

1 0 0
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I  Sponging Machine
I  Ref in ishing Rol l
I  Semi-decat ins uni t
I Manifold
I  Wett ing-out  tank for  cold

i t?ter  shr inking
I  Dr ier
Total  Load.. . . . . . . . . . . . .  90- |  00 . . . . . .
I  Under Press. . . . . . . . . .  65
I  S r e a m  l r o n  ( S r a n d a r d ) . . . . . . . . . .

Hosiery Dyeine

24 Hosiery Drying Forms-
Total  per Table of  24 Forms..  40

MIe. of Men's Clothinc

| 6 Pressee (With Central
Elec.  vac.)

3 Shouldet Presses
2 Collar Pleses
4 Edge Presses
5 Body Presses
2 Back Presses

l6 Operated bv Five Men.. . .

I  Under Plesses,  Cenrral
Electr ic  Vacuum.. . . . . . . . . . . . . . . . . . .
120 Lineal  Ft . ,  2" ,  lnsulated

M a i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Avs.  UDit  U€e per Press. . . . . . . .
Avs. Unit Use per Under

P r e $ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EQUIPMENT (Gonl inued)

LAUNDRY EQUIPMENT

Tumbler (Drying Machine)
s i z e  4 0 " x 9 4 " . . . . . . . . . . . . . . . . . . . . . . . .
S i z e  3 0 " x 3 6 " . . . . . . . . . . . . . . . . . . . . . . . .

Mangle (Flat  Work l roner)
s i z e  L o 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Size 6 ro11. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Large Shir t  Body Press. . . . . . . . . . . .
Cu6 and Neck Band Presr. . . . . . . .
Standard Press. . . . . . .
Feather c leaning and ster i l iz ing

(Cap. |  5 p i l lows per hour) . .
I  Mangle,  Amer.  Laundry

I  Sleewer
I  Sock Dr ier
I  Dry Tumhler

T o t a l C r o u p U s e . , , , . . . . . . . . . . . . . . . . , , .  9 0
Line Loss Onty. . . . . . . .  90

W a s h e r s , 3 ' 0 " D i a h e t e r . . . . . . . .  6 0
Washers,  6 '0"  Diameter. . . . . . . .  |  70
50 Cal .  Starch Kett1e. . . . . . . . . . .  60

CLEANING AND PRESSING EQUIPMENT
Op€ratins PouDds St€am

F; ; ; ; ;  PCr  HOUr
Cauge Max.  ln  Use

I  B  . . . . . .  25

Clorhes P.esses
U. S.  Hofr-Man lElee t r  i t

V a c u u m ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
U.  S.  Hoff -Man (Elecrr ic

v a c u u m ) . . . . . . . . , . . . . . . . . . . . . . . . . . . . .

r 7 ,  L a r g e  P r e s s .  ( S t e 3 h  V a c u u m )
Large Press.  (Elec.  Vacuum)

STEAM CONSUMPTION OF PROCESS

CLOTHING MANUFACTURING EQUIPMENT

Cioth Sponging
Operating PouDds Sr€am
P r e € s u r e  - -  

' '  
-

Pounds
Cauge Max.  In  Use

80,  |  00  360
80,  |  00  225

80-  |  00  480
E 0 -  1 0 0  4 t  5
8 0 -  t 0 0  r 9 0
8 0 -  I 0 0  t 5
8 0 - t 0 0  1 0 5

8 0 ,  |  0 0  t 7 5
| , 0 0 0

20

60

3 0
6 5 3 0

8 . 4
|  2 . 2
5

t03

6 5

|  2 . 9

Pr€s€ure  o f
Equipment

Poubds
Gauge

IDd iv idua l  use  per  S team-Elec t r i c
I r on . . . . . . . . . . . . . . . . . . . . . . . . .  3  5

Individual use per Press... . . . . . . . . . . .  42
IDdividual use per Sleever.. . . . . . . . .  45

6 5  2 0
Opera t ins  Pounds Steam

COAL DATA

FUEL DATA (Coal)
In th. tables which follow hawe been .eproduced f.on Kent's Mecha.ical Ensineere Handbook Pow€r" Elewenth Edition

Cla$ification of Coal

B.T.U.  per B.T .U.  pe i

I
I I
l l I

V I
V I I
V I I I

15  to  l0

J2  to  50
32 to  50

l0  to  l3
5  r o  1 2

4,600 ro 15,400
5,400 to 15,500
5,400 ro 16,050
5.700 to 16,200*

3,800 to 15,100
2.400 ro 14,600
9,600 to 13,250

14,600 to 15,400
15,200 to 15,500
| 5.100 to 16,000
15,500 ro 16,050*
14,350 to 14,400
I  I ,300 to 14,400
l l , l00 to 11,400
7.400 to I1.6t0

Bih,-i".". l,i"t ..^4"

Rl:::l::::: r:':i::*"
s; L-hi;,,;i;;;. rL;;;

* E a s t e n . a n n e l .  T h e  U l a h  c . n n e l c o a l  h a s  a  m u c h  r o w e r  h e a r i n s  w a r u e

PROPORTIONS OF SOFT AND HARD COAL TO BE USED
FOR HAND FIRING

BroLen .
E a c . . . . . . . . .
si;.
C h € 6 t n u t .  . . . .
P e a . . . . - . . - . . .
No. I Buckwheet
N o . 2  B u c k w h e a t  ( R i c e )  . . . .
N o . 3  B u c k w h e a t  ( B a r l . y ) .  . .

j1. i.
2 t  i ,31.i'

2r.t'

:ti,'
MIXTURES OF HARD AND SOFI COAL for hand-6.ed boile.s as shown
in  rh is  r rb l "  c re  s iven  in  T" .h .  Pap" r  220.  U s  Bureau o f  MinFs.  The co l t ins
qua l i t i€  o f  rhe  s ; l  (oa l  p revenr  J ra I r  and eB ' "  tosscs  o  hc  6n .  anrhra . r re :
wh i le  rh .h ishe '  hxed ca ;bonot  rheanthra . ik  inc 'easB rhehear ingvr lu "o f
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ANALYSES OF REPRESENTATIVE COALS

2 J 6

Ki.d
Bi- Bi-

Sub

2.08
7.27

74.32
t6.31

t . 2 8
t2.E2
71.69
12.21

0.65
18.80
75.92
4.61

o.97
29.O9
60 85
9.09

7_t5
14.O)
52.57
5.4 '

8.68
4 r . r l

9.E6
) 4 . 1 7
43.65
t0.30

1.40 L l 0 t .  t 0 4.20 1 1 . 3 023 tO

ANALYSES AND ASH FUSION TEMPERATURES OF VARIOUS COALS

'SB Schi-bnuminou.; B-Bitudino!.. tv*hed oal, .:n€ $ n :t pre.diry r.Del..

45.5
5l-54

49.5-59.5
fr.5-t2.t

49.5
54

49.5
,4.5-55.5
44-44.t

46.'
55.5

43.O-54.5
45-47.5

52

47 _5
46.5
50.0
50.0
48.t

4749.5
50.5
50.t
5 2

49.5-5J. '

46.5
44.5

47.O
55.0
55.5
54

57.5
56.5

iD Dom6ri.: R.M. -Run{I'Min.: thc 6surc. r.prernt the .€p*tivc

AVERAGE LOSS OF BOILER EFFICIENCY DUE TO ASH IN COAL

P. r@nr .se  o f  A6h.  .  - . .  .  - l o 20 10 40 to

t 2
t 0
5

2t
zo
t 6

45
40
32

to

98

100
100

WEIGHT OF BITUMINOUS AND SEMI-BITUMINOUS COAL

D.
R,M.
R.M,

D-
60-t0-r0

R , M ,

60-25-15
95- 5- O
95- 5- O

90- 5- 5
90, 5- 5
70-t5-t5
6030-lo
40-20-20
40-20-20
tt,4r-20
90- 5- 5
70-20-10
60-2t- t0
20-30-50
to-t5-75
0- l0-90
o- 0- t00

90- 0- 5
75-15-tO
60-30-10
20-10-70
5-10-05
4- 2-94
3- 5-92
o- 5-95

ULTIMATE ANALYSIS OF COAL DRIED AT 22IO F.

RESULTS CALCULq.TED TO AN ASH- AND MOISTURE.FREE BASIS

ULTIMATE ANALYSIS

APPROXIMATE HEATINC VALUES OF COALS

0
,

t o
I t
20
2A
12

40
41
45
47

t4,560
t4,940
t 5 , 2 t 0
tt.400
15,f f i
t t .a{0
t5,ffi
l5,1160
t 5 . t 2 0
t4.?&
t4.220
t3.E60
13.320
t2.420

COAL IN AS RECEIVED CONDITION

Bed
%

suPu

2
3

5
6
7
a

t 0
l l
t 2
t 3

t 5
t 6
t 7
t 6
t 9
20t
2 l

SB

SB
SB
SB

B
B
B
B

SB
SB

B
5A
stl

B
ts
ts
B

SB
Sts

B l r l . . .  . .  .

B . . . . . _ . . .

B . : . .  . . . .  _

N o . 6 . . . . .

t . 7
t . 0
t . 5
1 . 6
1 . 2

9.6
t , t
t . 3
t . 6
LE
2.2
t . 5
t . 5
5.6
t . 9
2.4

t . 1
L J

tz.5

75.4
72_l
65.9
72.8
72.J
45.O

55.4
57.O
70.5
7 1 . 1

71.4
70.2
50.4
54.6
54.0
54.2
7Z.A
74.1
38.1

15.9
l 9 . l
24.2
15.7
2t .2
37.6
t) .4
)2.3
31.5
zo.7
20.9
35.6

t 7 . 7
3).4
12.5
34.2
t t .a
t6.7
t6.7
1t .o

7_O
7.4
8.4
9.9
5.3

tz.2
t2.6
I  l . o
4.2
7.2
6.0
E.9
1 . 1

t 0 . 6
to.6
t0.a
9_4

9.2
7_9

16.2

o.E
o_9
1 . 9
2.0
1 . 2
z-4
).6
1 . 5
1 , 6
l . o
0.6
2.2
o_8

2.0
l . a
t . 4
o.E
t . 9
t_4

t4,280
t4,26
t4, t20
t) ,770
r4,670
| | ,820

.260
t t , t9a
t3,690
t4,240
t4,4E0
t] ,2E0
t 4 , t  t 0
t3,640
|  2,130
tJ,zoo
13,260
t4,0E0
t1,940
t4.200
to.  t90

2550 I 29tO
2E4O | 2930
2450 | 2520
ztBO | 2440
2r2O | 2650
2O2O |  2 l
t960 | 2070
2460 | 2600
2460 | 2r7O
,n4q | 2;eo
2 t60 | 2loo
2090 i  22t0
2610 I 2800
2390 2610
2l f  0 2260
2160 2520
2100 2270
2160 | 27)O
2t9O | 2470
2500 | 2610
t9l0 | t990

2580
2580
27 tO
2190
2290
2700
2700
2530
2440
2110
2A50
2A30
2460
2640
2430
2E40
2560
2720
2170M i t t u r .  f r o m  7  h i n € . . . . . . . .
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ANAL\SEls  AND HEATING VALUtS Of  GA5 LOKI

COAL COKE

B.T,U. B.T.U.
dx;oon surehu, 1 -eq ,

t . 9 2

2 . 7 1

7 . 1 7

2.46

6.54

4.29
4 . 4 1

14.55
t5.67

6.2t

32_82
33.46

29.1)
29.94

32.36
34.5,5

l  r . l 8
)  |  .97

t8.8t
60.00

63_47
65.6i

45.92

60.I  I
6t .62

1 . 1 2
L l 4

0.50
0 . 5 1

r.00
t .0a

o.41
o.44

4,026
4,101

J.990
4..1E0

o,95)
| ,799

1,8E5

B

B

B

B

l l i

: : "
12,43

1 1 . 4 6
12.53

I r . r o
1 9 . 9 1
b . ) t

t 0 . 0 ,
l l  ) 2

o.97
L06

L S g

1 . 4 0
1 . 7 8

0.92
r . 0 t

79.0J 0.84 |  n.552
86.41 0.e2 

|  
[ ,6] r

. . . . . . . . . . . t . . . .
8r.0r 

I 
0.52 

| 
r2.8E'

57.24 |  0.68 8.417
72.81 

|  
o.87 10,706

7 6 . 5 6  |  0 . 1 6  l l . 2 r 0
a7.43 0. .1t  12.802

' C o n d i t i o n - A  I  o a r s  . r r e r  q u e n c h ,  B - n o m  r e r o , ' s .

B.T.U.  Der  Lb-

I
2
J

1_6
2.3
0.8

2_l

l _ l

40.0
8 t _ |
E0.5

t4.3
l4_a
17.6

t1 .770
I I ,890
11,720

14.314
t4.260
14,370

COKE DATA
ANALYSES OF CLAIRTON BY-PRODUCT COKE

WOOD FUEL DATA
HEATING VALUE OF VOODS

(Ba.ed on U. S. Dept. of Ag.icultu.. Bull. No. 7tr)

rJ.500 ts.T.u.

q i rch ,  ye l low. . .  .

4t00
5000
5 1 0 0
4900
4200
4t00
5700
5000
4700
5800
5600
f 100
3too
5 1 0 0
4600

0.400
.397
.147
.426
_444

.399

.4t4

.442
_ 4 t 2
. 4 t 2
_680
.414
.344
.435

A cord of Wood is a pile4'x4'xa': l2E cu. ft- comprisinsappro*imat€ly 56%
Solid wood abd 44t; Int€rstitial spac€6.

NATURAL GAS DATA
ANALYSES OF NATURAL GAS COLLECTED IN 3I CITIES IN THE U. S.

ANALYSES OF WET- AND DRY.QUENCHED COKE

Dry-Qu€hched

c;"1

t4, t00
36.47
54.97

. .:.'.1
o.7,

13,O39
t . 7  |

91.29

]T
o.75

| |,463

79.51

6 . l 0
12.90

0.75

t1,oaa | 13,021
r . 1 6  |  r . t 5

er .48  
le r .0 l

. . . . . . 1  o . 5 o
0 . 6 8  . _ . . . .

5J95
,3)9
5225
5774
6000
5 7 t O
5391
5590
5969
5564
555a
9 1 7 4
5a64
4650
5870

o.143
.292
.282
.  t 9 5
.224
.266
.100
.302
.277
.250
.294
.r26
.311
.302
. 1 7 6

t800
3900
4000
2700
2500
3 t 0 0
4600
1900
3200
1900
4300
2100
2200
4000
2100

4624
1940
3804
2631
3024
3591
40rt
4080
374'
3179
3972
7097
4226
4078
2370

(T€ch. Paper 158, U. S. Bur€au of Mine)

cnH2a+2
cH4 c2H6 co2 N2

B.T.U. p,
! volue I Calculat.d
:r Cu. Ft. I Specifc
Pr63ure) gi.liY

00 c.

Fayet t . ,  A labama. . . . . . .
A l m a , A r k a n e s . . . . . . . .
Ln t le  Rock ,  Arka* . . . .
Lo. Ansele!, Cllifohia..
O lney ,  l l l i no is . .  .  . .  .  .  . .  .
Pale.ti.e. IUinois. . -.. . .
C . n e v a ,  I n d i . n a . . . . . . . .
C o f i e w i l l . . K a D s s - . . - .
P i t b b u r s h , K a | E . . . . . .
A .h land,  Kentucky . . . . .
Ldinrton. taentucLv. -..
Kan.; citv, Mi*d'i
E l m i r a ,  N e w  Y o . k . . . . . .
Bo l i var ,  New York . . . .  .  .
Bu i IE lo ,  New York .  - . .  .  .
Pav i l ion ,  New YorL . . .  .  .
W. l l . v i l l € ,  New York . . . .
A 6 h t a b u l . .  O b i o . . . . . . . .
L i m a .  o h i o .  .  .  .  . . . .  . . .  .
P i q u a ,  o h i o . . _ . . . . . . . . .
S . n d u k y , O b i o . . . . . . . .
U t i c a ,  O h i o  . . . . . . . . . . .
Guthr i€ ,  Ok lahoma. . . .  -
S r p u l p a .  O L l a h o m a . . . . .
Altoona. Penn.vlwania
Oil City, P.nftylvania. . .
St. Ma.vs, Pcnn€ylvania.
sha.on, P€nEvlwania. . .
Charl€.ton, Wet Virsinia
Cln.ksburq- !qe5t Vnqini
Fa ' rmont , -wes t  V i rs i ; ia  , ,  . .  ,  .

97.6
99.2
96.7
91.5
97.1
95.6
9a.a
96.0
93.O
79.O
99.0
90.8
99.0
97.4

94.7
98.0
94.7
96_)
90-9
96_0
91_9
9 1 . 9
9A_a
99_0
97.?
99.2
99.3
99.3
99.3
99.0

97.6
99.2

. 7
77.5
37.5
95.6
75.4
98.0
90.5
75.O
76.4
84.1
E4.0
59_E
E 6 . l
9 l _ 9
7 8 . 1
a2.2
43.5
74.3
8t .5
74.4
73.5
9 ) . l
90.0

aa.0
32.3
76.4

82.0

0.0
o.0
0.0

t6.0
59_6
0.0

23.4
0_0
2_5

24.O
22.6
6_7

t5-0
17.6
| . 5
6.4

19.9
16.5
r 2 . 8
12.6
12.5
t 9 . l
ta.4
5 . 7
9.0

13.4
|  1 . 2
67.0
22_5
)2.7
t7 _o

o.3
0_20
1.00
6.50
0.0
o.5
0.0
1 . 2
0.4

.0

.a

.0

.0

.0
_0
,0
.2
.2
.1
.0

.2

. 0

.0

.0

.0

.0

. l

2 . t o
0.6
2.3
0.0
1 . 7 *
3.9
1 . 2
0.6

LO
1 . 0
E.4
l _ 0
2.2
0.4
t . 1
2.O
t _ 1
) , 7
E.9
La
5.6
a . l
0.4
0.6
3.3
0.4
. 7
. l
. 7

o39
057
0r0
t23
591
0 t a
BA
044
0 1 0
1245
t234
lo25
|  1 7 4
t t36
| 5 2
[05
t212
I  t82
| 2 7
r068
| 2 2
| 5 2
| 2 5
r098
|26
| ]06
I t46
t 5 9 l
t236
B l 8
I  t69

981 O.57
1000 .56
974 .57

to62 ./0
1505 .86
96r I .5E

l t 7  |  |  . 6 8q8E |  .57
955 | .a'O

I r78 | .60
I t67 .67
965 .63

l l  . 6 1
t264 .7 '
t090 .6t
to45 .59
1t)7 .65
l f l S  . 6 5
1066 .6]
l0 l0 .66
106l  .6)
1090 .68
1064 .68
1039 .59
1065 .60
1235 .74
1084 .61
1505 .49
r f69 .67
1247 .72
I t25 .64

*Contained also | 2dZ hyd.ogen sulphi<l€ HlS.
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GAS FUEL DATA
CONTENT OF MIXTURES OF BLAST.FURNACE AND

COKE.OVEN CAS PERCENTAGES BY VOLUME
HEAT

ANALYSES AND CALORIFIC VALUES OF MOISTURDFREE PEAT

B.T.U.

M i n .

M i n .

Min.

Y:
i,i .'

16.37
6 t . t 7
11.42
67.40
29.64
59.95
54.11
57.O4
42.54
60.77
3 t . 0 0
6.74
26.25
67.10
5 | .64
5 | .60
21.69
62.77

6.08
I  t .56
34.5t
10.67
t 2 . t l
31.93
30.69
34.61
t8.0,
32.22
14.24
24.67
t0.46
24.99
24.43
2a.at
5.91

27.? |

7.25
50.05

1.53
57.61
a . t 2

t 5 . t a
E.l5

39.41
7.Ol

54.76
4.59

6J.29
3 . 9 1

19.29
t9.29
70.t0
9.52

t .706
| 0,00 |
|,202

t0,665
J,614
9,779
4,6,
9,306
5.U5

t0.026
4,046

t0,2E0
t,515

10,t07
6.249
6,219
2.600
9,t91

FUEL OIt DATA
ANALYSES AND CALORIFIC VALUE OF VARIOUS FUEL OILS

5
t 0
1 5
20

10
1 5
40
4'
50
5 5
60
65
70
7 '
EO
E5
90
95

95
90
65
a0
75
70
65
60
55
50
45
40
3 5
l0
25
20
t 5
t o
,

oil
Ch.mical AMlylir

m 9p."i6.
B-T.U- B,T.U.

Bcaunont, Ts.
c o l i n r ! .  c a l . . . _ . . . _ . . . _ . . . . . . . . . .
B . L . a . 6 . l d . C s l . . . . . . . . .  . . .  . . . .
P c n n a ,  c r u d e . . - . . . . . . . . . . . . . . . . . .
P . n n a .  l i * t - . . . - . . . . . . .  - . . . . . . . . .
w o t  V r :  c r u d c . . .
o h i o . c r u d . . . . . . . . . . . . . . . . . . . . . . .
M . i c . n ,  c ( d e - . . . . - . . . . .  - . .  - . .  - .
B ! L u .  R u s i a ,  h . . v y . . . . . . . . . . . . . .

64.60
46.37
45.0
E4.9
82.0
Erl.l
at.4
82.8
E6.6

0.90
t . 3 0
2.O
1 . 7
4.6
4 , 1
4.7
2 . 1 9

t .63
0.60
0.8

o.92
0.95' 
d.bo 

'
0.a3
0.84
0.60
0.91
0.94

t4z
162

7 7

t a l t9,060
18,720
16,600
t9,zt0
17,930
16,400
t9,560
14,493
t9,440

t9. ta2
lE.9,16

' ' r i , i i i) '
t9,609
19,736
20,65
t 9 , 2 t 5
l9,ot7

t , 4
3.2
t_6 0.6

2.at t20
t . 3
o.43

L l t

RECOMMENDED SUPPLY CRILLE HEIGHTS IN INCHFS FOR
CON\TENTIONAL GRILLE CONSTRUCTION. BASED ON 350
FEET PER MIN. AIR VELOCITY THROUCH FREE AREA

Air, Dry-Bulb

WIDTH OF CONDITIONED ROOM IN FEET

l2 f t .  1 16 f t .  20 I r . 30 ft.

GRILLE HEIGHT IN INCHFI

t00  F .
t2 .  F .

t60  F .
t6 "  F .

1
1

a
6

t o
E
6

6

t 2
l 0
8
6
E

t 6
t 2
t 0
t 0
t 0

t6
l 6
t2
12
t2

8'  0 ' a '  6 ' 9 '  O' 9 '  6 ' l0 '  0 ' l0 '  0 '

YENTILATION

FINAL TEMPERATURES AND CONDENSATION RATES

RECULAR SECTION \IENTS-STANDARD SPACING, 5.INCH
CENTERS OF SECTIONS, STEAM 227", 5 POUNDS GAUCE

Fon V.nto H..!.... Sihil.!d.r! i. publi.h.d by rhc Mrnuhcrcr..rol
Cot Iron Sudr.. rnd Pim Coil H.rt.E-

Ai;

V.locity Through H€ater in F.et p€r Minurc-
M€a3ur.d rt 70'

6( 0 l oDO 1200 t600 aDo

Lb.
F , T c_ F . T c. F . T c. c .

I

-20
t 0
o

20
10

34
43
5E

i.ee
t .65
t .46
t .39

-t5

5 1
@

' . ' '
2-24
t .99
t.92

,.ia
2.21
2 . t 7

45
54

42
5 l

2

20
- t 0

0
20
10

6)
69
75
67
93

.60

. 5 2

.44

.29
_21

49
56
62
76
a3

z . t 2
t .99
t .8(
t_7c

5 l
5E
72
79 t.E9

1 7 2.92
2.77
2.62
z.t6
2.21

t l

46

69

t

-20
- t 0

0
20
10

9 l

t 0 t
O

| | 5

.42

.36

.lo

. t 5

.09

60
E6
97

t0,

1.92
t .a4
| _65
t .5a

69

a l
92
96

2.28
2 . t €
2.06
t .65

59
6
72
85
9 l

5E
65
79
E5

20
t 0
0

20
lo

4
t t 7
t2 l
tro
t t4

.29

.22

. 1 6

.06

.00

96
r 0 l
t06
I  t 5
t20

t .6(
r.7€
t.7c
t.52
1.44

90
95

t00
O

| | 5

2.12
2.02
1.92
t .73
t .63

7A
E4
90

t o l
t06

2.51
2.41
z_31
2.0€
t .95

70

EZ
94
99

5

20
- t o

0
20
30

t12
t15
l l 8
144
r4E

t . t 7
t . t l
t .06
.9 '
. 9 1

4
| | 6
t22
t?o
t t4

1.72
r.64
1 . 5 6
t . 4  |
t .33

t07
| l l

5
124
t28

t .9t
t .86
1 , 7 1
t .60
r . 5 l

94

104
I  t 4
l r 6

z . l 4
t.93
t .0c

a5
9 l
96

t07
| 2

AIR CHANCES FOR VENTILATION FOR VARIOUS
EsTABLISHMENTS

C-uuI Lql.nd Srrt. L!$ for.DDliqtion! in dificmr lcrlirie..
Fo. Capeitia of F.d, Hat.E lnd ath.r.ai r ondirionins cquipm.nr.on-

q tdo30€r ldCna lnenDgdat . .

I to 5 Mitr.
2 to 5 Min.

X to 5 Min.
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WATER MEMOR.ANDA

, ,  D o l b l i n e  t h e , d i a m e t . r  o l  9  p ' p e  i n  e _ a s s  i r s . c a p a c i l y  4  t i m e 3 .  F  i c t i o n  o l

l o  h n d  t h e  p ' . s u r e  i n  p o u n d s  p r r  s q u r r c  i r ( h  o f  a  c o l u m n  o f  s a t e r .  m u l -
r i p l y  t h e  h e i 8 h t  o f  r h c  c o l u m n  i n  f e e t  b y  . 4 3 4 .  A p p r o x i m a ' r l y ,  w c  s a y  r h a r
e v e r y  t o o r  e l e w a t i o n  i 3  e q u . l  t o  p o u n d  p r e s e u r .  p e ,  s q u a r e  i n c h :  r h i 6  a l l o w .

Weight of One Cubic Foot of Pure Water

A r  1 2  d € s r e . s  F a h r .  ( f r e e z i n q  p o i n t ) . . . . .  . . . . .  . .  . .  . . . 6 2 . 4 l E  l b s .
A t  l a . l  d e s r . e s  F a h r .  ( m a x i m u m  d p n s i t v ) . . . . , . . . . . . . 6 2 . 4 2 5  l b s .
A t  6 2  d e s r F e s  F a h r .  r s r a n d a i d  r e m p e r a r u r € ) . . . . . . . . . . 6 2 . 1 5 5  l b s .
A t  212 deg.  FEhr .  rbo i l ing  po in t ,  under  I  a tmosph. re )  .  ,  tS .7o  lbs .
tmo?t ia t  ea t lon-271.27  4  cub ic  in .  o f  mt6r  a t  62  oFahr .  .  10 .  lbs .
U .  S .  e a u o n = 2 3 1  c u b i c  i r .  o f  w a t e r  a t  6 2 o F . . . . . . . . .  E . l 3 5 6 l b s .
Water €xpands in bulk from 40 desrees to

2  2  d - g ' € e s . . .  - O n . t w € n t y . t h i r d ,
A .ub ic  inch  o f  water  evapora l .d  und€r  o rd inary  a tmosphcr ic

pressure  !s  conwer ted  iD to  I  cub ic  foo t  o f  s team (  appror ima te ly  )  ,

Pressure for Ditrerent Heads of Water at 62 Degrees Fahr.
I foor head = 0.41102 lb per.q. in. I in.h head = 0.5774 oune! p€r 3q. in.

Friction of Water in Pipes

See Table on paae 77.

NUMBER OF GALLONS IN ROUND TANKS
Diameter. lnches

Head of Water at 62 Degrees Fahr. Corresponding to
Difierent Pressures

r@nd pe' .e. in. = 2.1095 f..t h.ad. I ounce pe. sq. in. = 1.7)2 ot wat t
O u n c e s  F € '  S q u a r €  I h c h  t o  I n c h e s  o f  w a r c l

2 1 5 6 7 a
t . 7 3 3.46 5_20 6.91 8.66 10.19 1 2 . 1 2 !3.85

l 0 t l t 2 t 3 1 4 t 5 t6

15.59 t7.12 r9.05 20.74 22.52 24.25 25.94 27.71

Friction of Water in 90' Elbows and the Ecuivalent
Nurnber of Fect Straisht Pipe

rnchc .  o r  water  to  Ouhces  P. r  Square  Inch

I _ t 0 t .96 1.06 5.99 7 _47 12.24 r 4.81 17 _62

2 f t .
2t/2 t\

) r 2 l t .

7 t r

1 2  I r .

16 f t .
la  f t .
20 ft.

1 ) ,
20.
25-
)1.
40.

, t
t9.

73.
79.
92.

| 06,
| | 9 .
t32_
t t 7 .
t85.
2 t  t .
234.
264_

23.
) t .

59.
7 t .
82.

r06.
I  t a .
129.
l 4 l  .

180_
212_
2 1 1 .
282_
329.
376.
427_
470.

1 7 .
5 5 .'11.
9 2 .

I  1 0 .
129.
1 4 7 .
165.
I  a l .
202.
2ZO.
257.
294.
.10.
367.
410.
5 t 4 .
587_
6 6  t ,
714.

5 ) _

t  04.
l ) 2 _
159.
r 8 t .
2 \ 1 _
21A.
264_
291.
3 t / .
J70.
42,.

,29.
634.
740.
046.
952.

tot7.

72.
108.
144.
la0.
216.
212.

.2aa.
324.
t60.

432.
50r.
576.
648.
72Q.
854.

r 008.
1 1 5 2 .
1296.
r440.

t88_
2 ) ) _
2A2.
)29.

421.
470.
, 1 7 .
564
654.
752.
446.

26,
l J l 6 .
t io4.
t692.
t880.

2)A.
293.
) r7 .
4  t 7 .

516.
, 9 7 .
65  / .
7 1 4 .
8 l ' l
952 .

r 0 7 1 .
I  t90.
t424.
r666.
1904.
2142.
2)AO.

|  47.
220.
294.
367.
4 4 t .
5 1 4 .
587.
6 6 1 _
714_
806.
8 8 1 .

r028.
t t 7 t .
1322.
1469.
1762.
20t6_
2)ro.
2644.
2937 _

174.
267.
155.

534.
622.
7 t 1 .
400.
889.
977.

t056.
1214.
1422_

1 7 7 7 .
2 t t t _
248A.
2644.
1 t 9 9 .
J554.

2 1 t .
I 1 7 .
423.
529.

740.
446,
952

|  5 7 .
126).
1369.
r580.
1792.
2001.
2 l t r .
2537.
2960.
33a3.
t806.
4229.

O n F i h . I  d c p t h  F  s i v . n  r o  f a . i l i r a r .  h e u r i n s  i n r c r m c d i s l e  d e p r h .

,  t s ^ o r  t a D h r  h s w ' n g  a  o r a m e t € r  o r h e ,  r h a .  t h o 3 e  s i v e - n  i n  r h c  h b l c ,  m u l t i p l y  r h r s q u a r o l  r h e d ' a m e r e '  i n  i n , h e b y  r h c  l c n B r b  i n  l . e r  a n d  m u l i p t y  r h i s  p r o d u c t
a p a . ' r y  r n  u .  s .  g a i l o n s .  w h " n  b o t h  d i . m r r . r  a n d  l e h s r h  a , e  s i v c n  i n  i n ( h . !  r h e  c a p a c i t y  i n  U .  S .  c " l l o n .  r q u a l s  0  0 0 t 4  x  d :  L .

Number of U. S. Gallonc in Rectangular Tanks-For one foot in depth

2 ( t_ 8 f r . l 0  f t . l0 rr. I  I  t t . l l  I r .

2 i i .  . .

3  f t .  . . . . . . . .  . . .

30 3 7 45
56
67

52
65
79
92

60
75
90
l 0 t
120

84
l 0 l
I  l 8
135
t 5 l

7 )

1 1 2
t 3 1
1 5 0
t68
ta7

a2
t0J
t23

I65
l 8 t
206
226

90
1 1 2
lJt

r60
202
224
211
269

97
122

170
194
219
243
267
292
3 1 6

1 0 5
t 3 l
t r 7
la l
209
2J6
262
288
J t 4
J40
i67

| 2
t40
t6a
t 9 5
224
2 t 2
2El
309
337

391
421

120
l t 0
1 8 0
209
2)9
269

129
)t9
t69

1 2 7
1 5 9
l 9 l
2 2 )
2i4
236
t l 8
) io
l a l
4 1 3

4 7 7
509
540

t 3 t
168
20)
2)6
269
341
337
)70
404
4 ] 8
4 7 1
50t
540
572
606

t42
t 7 8
2 1 1
249
244
320
3 5 5
J 9 l
426
462
497
533
569

640
675

1 5 0
l a 7
224
262
299
317
)74
4 l  I

486
t24
, 6 1
598
636
67)
7 t l
748

l r 7
t96
236
275
J t 4
153
39)
4J2
4 7 1
5 t l
550
t69
62a
668
707

7at
a2)

t 6 5
206
247
2E8
329
J70
4 l  I
4 tJ

5 i t
5 / 6
617
656

7 4 1
7E2
423
864
905

1 7 2

258
301
144
387
4)O
47J
5 t 6
5 t 9
602

66E
7 3 1
774
8 t 7
860
901

989

t80
224
269
3 1 4
)19

519
581
62E
673
7 r 8
761
808
8 t 3
898
94J
947

lo32
t o 7 7

E
a

0 f r . 6
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Bp-ltF"s*gI

PIPING
Dirnensions of Standard Weight Wrought lron and Steel Pipe

(National Tub. work.)

Pip. Iron % inch to t in.h inclusiv. i. butt-weld.d, and p.ov.d to 300 lb.. pcr .q. in. Pipc I % inch and larger i. l.pw.ld.d. and prov.d to 500 lbr. p.r 3q. inch

Friction oI Water in Piper. f.org of Head in Fe€t Due to Friction, per 1O0 Feet of New, Smooth ttrtrought lron Pipe.
Velocity Headsf and Frict ion Headrff  for Flow of Water;n Pipea

I Velocity heads slven in feet. ii F.iction h€ad for 100 ft. of straight new wrotsht-tro. pipe.

squale Feet of Actur surface per Linear Foot of Pipe ,".*.:,,:B1l: "rjl :l:,1"S;1.i,1'::,. 
,,.,'"1.,i,:l ,iljli;j;. 

""X."*. u r t a c e  b v  i . 2 t .

u. s. Y,rish'

.405
.540
.67'
.840

t .050
t . 3 t 5
t.660
t .900
2.375
2.475
1.500
4.000
4.t00
5.561
6.62'
4.625

10.75
12.75
1 4
t 5
t 6
l 6
zo
22
24

.270

.364

.491

.622

.az4
1.048
t.360
r . 6  t 0
2.067
2.464
3.067
3.148
4.026
5.O45
6.065
7.961

lo.0r8
t2.000
t3.2 '
t4.25
tr .2,
t 7 . 2 5
19.25
2t.2 '
23.25

.058

.06E

.09 |

. 1 0 9

. t  t l

. t14

. 1 4 0
, 1 4 5
. 1 5 4
.zo4
.2t7
.226
.237
.259
.280
.122
.16
.175
.175

.375

.375

.375

.175

.E4E
t . t 4 4
t . 5 5 2
1.957
2.549
3.292
4.t t5
5.05E
6.4J4
7.751
9.535

I  l .  t 4 6
t2.(AA
t5.449
t9_054
25.O76
3t.476
37.6v)
4t.626
44.76
47.9t)9
54. t9t
60.476
66.759
73.O42

1.272
1.696
1.55z,
2.639
3.299
4 . 1 3 1
5.215
5.969
7.461
9.O32

t0.996
t2.566
t4. t37
t7.475
20.6tJ
27.O%
31.772
40.055
4t.942
47.t24
50.2(fi
56.5rt9
62.At2
69. t15
75.394

1 4 . r  5  |
10.500
2.121
6.112
4.635
3.645
2.76
2_372
I.E4E
t.548
| .215
1.o7,
o.949

.757

.6J0
-479
.361
. l l a
.264
.264
.250
.221
. r 9 E
. t80
.164

9.434
7.O75
5.654
4.547
3.6t4
2 . 4
2.101
2.0t0
t.606
1.329
t.091
0.955

.849

.67

. 5 7 7

.441

.355

.300

.271

.255
_219
. 2 t 2
. l 9 l
. 1 7 4
. 1 5 9

097
. t04
.  t 9 t
.104
.533
.E6l

t.496
2.036
1.356
4.740

9.887
t2.7to
| 9.966
28.690
50.o27
78.E23

I l l . 0 9 8
t37.467
159.48t
t62.655
239.706
291.O40
354.657
424.55A

Sq. Ft.
.0004
.0007
.00l3
.0021
.0037
.0060
.0104
.0r 41
.o211
.ot3z
.05 r l
.0647
.0644
.I  ]EE
.2006
.1474
.5474
.7454
.9577

l .  r075
t.26a5
1.6229
2.O2t l
2.4629
2.9441

.124

.229

.554

.666
I.358
2.164
2.4)5
4.,130
6.492
9.621

t2.56
r5.q),t
24.301
34.472
56.426

.763
t27.677
trt.9t6
t76.7 t5
20t.062
254.470
3t4. t59
3AO.tt4
452.3.n

&. Ft .
.0009
.00t6
.oo25
.0036
.0060
.0094
.0t50
.0197
.0308
.0451
.0660
.0875
.t  t04
. t66€
.2194
.4057
.61Qt
.8867

r.0690
| .2272
t.396t
| .767 |
2 . l a t 7
2.6 94
l . r 4 t 6

2100.0
DEt.280
754.122
473.440
270.O16
t67.246
96.257
70.727
42.944
30.137
t9.504
t4_567
| . t t 2
7.205
4.984
2.676
1.427
1.271
1.044
0.900

.793

. 6 t 6

.495

.406

. f )9

.0029

.0054

.0099

. 0 1 5 4

.0277

.0447

.0777

.t058

. t74t

.2443

.t435

.5136

.(at)
l.or8
t .500
2.599
4_095
5.E75
7.t61
4.24,
9.449

t 2 . t 4 l
r t . | l 9
14.424
22.055

.24

.42

-84
l .  t 2
| . 6 7
2.24
2.6
3.61
5.74
7.54
9.00

r0.66
t4.50
t8_76
2E.t6
.l{,.06
49.00
54_00
5a.oo
62.00
70.00
78.00
85.00
93.00

.024

.045

.0El

. t 3 2

.211
37t
.648
.662

| .4r1
2.O70
3.t97
4.291
5 . r t 2
4.652

12.50)
2 t . 6 4
11.1t4
4A.912
59.708
69.060
79.O97

t0t .203
t26.026
t5J.57'
t83.842

2 7  . 1 9
l E  2 9
18 I  .10

i1 |?3
rt t4 |  .r l
r ;  . 54
t t t  . 5 ,
I  l r t  .56
E .49
6 .9t
8 | .00
6  1 . 0 5
E  l . 1 6
8 I  t .Z6
6 |  r .46
6  l t . 6 a
8 I | -Ea
6 2.09
0  2 . 1 0
I 

I 
2.24

: . . . : . . . . : : :
: . : : . . 1 . . . . . :

U S

214. Pipc

Head

2
3
4
5

t o
I 5
20
25
to
15

45
50
70
EO
90

t00
125
1 5 0

0.02
0.07
0 .  t 6
o.26
o.43
t .72

t . 5 0
5.10

I  l . l0
19.20
29.00

t05.00

o.oz
0.05
0_09
0 . t 4
0.56
1.26
2.25

1.40
290
5.00
1.50

27.tO
57.@
97.00

o.o2
o.03
0.05
o.22
o.5a
o.a6
t.39
t.92
2.65
1.42

b.dt
0_ t2
0.25
o.4t
0.66
o.92
| . 2 3
t . 5 7
| . 9 7
2.34
4.42
5.6t
6.96
8,52

r 3 . 0 1
1A.72

o.0l
0.02
0.0,
0.04
0.05
0.06
0.06
0 .  t 6
0.20
o.26
o.32
0.50
o.72

b: i6 '
0_20
o.24
o.45
0.58
0.71
0.67
| . t 1
t .a2

'b.,nt
t . 5z
2.t2
8.40

t6.90
10.t0
45.50
64.00
45.00
109.00

0.01
0.02
o.o7
o.24
0.28
o.45
0.65
0.88
l . l 5
1 . 4 7
1.79
t.50
4.55
5.75

0_09
0.t6
0.81
1.29
t_96
2.71
3.66
4.64
5.60
7 . 1 0

13.20
r6.63
20.87
25.42
,6.90
53.96

0.40
0.60
2 . t 6
4.65
7.90

I t.90
16.90
22.tO
26.50
35.20
43.20
6 | .00
102.95
t27.80

0.01
0_04
o . t 2
0 . t 6
o.t2
o. t5
o.47
o.62
0.78
0.96
r.66
2.40
3.09
3.45

0 . r E
0.28
| _o2

3.70
5.60
7.ao

t0.30
t3. ta
t6.60
20.20
37.&
48.24
59.64
72.42

0_01
o.o2
0.04
0,06
0 . r o
0 .  t 5
0.20
o.26
o.31
0.40
o.79
1.04
l . r r
1.62
2.16
1.64

0.01
0_02
0-01
0.0.1
0.06
0.04
0 . 1  |
0 . r 4
o . t 7
o.33
o.43
0.54
0.66
t . 0 l
| .49

b.dt
o.t  I
o.  ta
o.27
0.36
o.5l
o.6t
0.60
0-9E
t.63
2.33
2.90
3_52
5.40
7 . 7 2

0.ol
0.02
o.o2
o.ol
o.o5
0.06
0.06
o. l0
0 . 1 6
o.2t

I

z.zi
' .
6.E

I  t . l
tJ . t
1 5 . 8
1 6 .
20.1
22.6
24.9
2 7 . 1
29.4
31.6
3t .9
16.1
34.4
40.6
42.9
4 t . 2
47.4

52.
,4.2
56.4

Lsth-

Pip"

I
-
27
26
29
to
1 1
12
)t
34
15
16
17
t6
)9
40

42
4J

45

48
49
50

' r  I  t , { l t , ,  l 2  2 4  ,  4  1 1 6 % I t1/4 t rr2 2 2% 1 4 5 8

. 2 7 5  . ) 4 6  - 4 ) 4  . 4 9 4  - 6 2 2  . 7 5 )  9 l o  l . l 7 t l l . 4 5 t l l .275 .346 .4J4 .622 .753 . 9 t 6 1 . 1 7 '| .4r5| .739 2.257

2
1

5

7
a

t 0

t 2
l l

1 5
l 6
t 7
I E
l 9
20
2 l
22

25

. t  |  . 7  . o  r .  r . 2  t . 5  t . 8  2 . 4  |  2 . 9  |  ) . '

. 8  1  f .  f . t l  f . 5  I  f  . 9 t  2 . r  2 . 7  1 J . 5 t  4 4 t  1 . 1
r l l  f . 4  f . 7  l 2 .  |  2 . r l  i .  I  t . 6  I  4 . 7  1 5 . 8  1  7 .
r . 4  l  f . 7  L  2 . 2  I  2 . 4  1  3 . r  |  3 . 8  |  4 . 6 1  5 . 8 1  7 . t l 7 7
t . 6 t  2 . 1  |  2 . 6 t  2 . 9 t  r 7 t  4 5  |  5 . 5  |  7 .  |  8 . 7 t r 0 t
r c  2 . 4  1  J .  l  J . 4  l 4 . 4  l  5 . '  |  6 . 4  |  8 . 2  |  t 0 . 2  |  t 2 . l
2 . 2  Z A I  ) . 5  |  3 . 9  1  5 .  l 6  l 7 ? l q 4 l l | 6 l D . c
2 . 5  J . r l l . c l  4 . 4  1  5 . 6 1  6 . 8  1 8 . 2  l 1 0 . 6  l l l . r  l r t . 7
2 . ?  t . 5 l  4 . t  |  4 . 9  1  6 . 2  1  7 . r  l  q . r  l  . 6  l  1 4 . 6 l  r 7 . 4
, .  l ' . 6 1  4 . 8 1  5 . 4  1 6 . 8  1 E 3 1 r 0  l r 2 . 9 l 1 6 .  l 1 9 . l
t ) l  4 . t  , . 2 1  , . e l  7 . r l  e .  l [ .  l r 4 . r  1 r 7 . 4  1 2 0 . 9
J . 6 t  4 . t  t _ 6 t  6 . 4 t  8 . t  | 9 . 8 t  . 9 t t 5  1 t t 6 . 9 t 2 2 . 6
l . 6  l 4 . 6  6 . r  l  6 . 9  1 8 . 7  1 r 0 t l 1 2 E l r 6 . t l 2 0 J l 2 4 . J
4 r | 5 . 2  6 . 5  1  7 . a l a r l | l . i l r , . 7  1 r 7 . 6 i 2 r . 8 1 2 6 . 1
4 . 4  1  5 . r  6 . a t  7 . 9 t t o .  l t 2 .  t 1 4 . 6 t r 8 . 8 1 2 t . 2  1 2 7 . E
4 7 1  5 . 9  7 . 4  8 . 4  l 1 0 . 6 J 1 2 E l l t 5 l 2 0 .  2 4 . 7  1 2 c . 5
5 .  |  6 . 2  7 . A  0 . c  I  t . 2  l ' . t  |  1 6 . 1 1 2 t . 2  2 6 . 2  \ . 1
r . 2  l  6 . 6  8 . r  9 . 4  t  | . 8  1  r 4 . r  t  t 7  4  t  2 2 . '  2 7 . 6  J r . l
t  t  I  o . 9  6 . 7  9 . 9  |  t 2 . ,  1  t r .  I  1 8 . i  |  2 , . 1  2 c . l  J 4 . 8
t . 8  l  7 . J  c . f  l 0 . 4  l B .  t r . 8  1 1 9 . 2 1 2 4 . 7  1 0 . 5  1 6 . 5
6 .  |  7 . 6  9 . 6  f 0 . 9 l t r . 7  1 6 . 5  l 2 O . 2 l 2 r . a  t 2 .  ) A . )
6 . 1  |  6 .  1 0 .  f  l . J l 1 4 J  l 7 . t l 2 t . t l 2 7 .  \ r . 5  4 0 .
6 . 6  I  8 . ]  1 0 . 4  f l . 9 l l 4 . 9  r 0 .  1 2 2 .  1 2 8 . 2  t 4 . 9  4 1 . 7
6 9 1  8 6  t 0 9  t 2 t l t t 6  t 8 . 8  1 2 2 - 9 1 2 9 . J  J 6 . J  4 J . 5

7 . 1
7.4
7.7
8.
8.1
E.5
8.8
9 . 1

9.6

10.2
10,5
10.7
l l .
1 1 . )

.5
I 1 . 8
12.1
t 2 . 4
12.7
12.9
t3_2
13.5
| ]_a

9.

t0.
10.4
t0.7
I l . t
I 1 . 4
|  1 . 7
t 2 . l
t2.5
12.8
1 J . 2
t 3 . 5
1 3 . 8
|  4.2
14.5
14.9
|  5.2
l5_6
t5.9
l6. l

t 7 .
17.3

I  t . l
1 1 . 7
t2.2
12_6
D .
t3.5
l t .9
t4.3
t4.7
t5.2
|  5.6
l 6 . l
16.5
t6.9
t7_4
t7.a
ta.2
t6.7
t 9 _  |
19.5
20.
20.4
20.6
z t . 1
2 1 . 7

l2.6
t 3 . 1
l l .8
t4.)
l4.a
t5_t
t t _ a
t6.t
t6.6
l7. t
t7_8
t6. l
la.a
t9_3
l9.E
20.1
20_8
2 t . 3
2 t . a
22,2
22.7
23.2
2).7
24.2
24.7

16.2
l6.E
t7.4
16.
18.7
t9_t
t9_9
20.5
21.2
21.4
22_4
2J.
21.7
24.3
24.9

26.1
26.8
27.4
24.
24.6
29.2
29.9
30.5
J t . l

r9.5
20.3
2 1 .
2 1 . 8
22.1
21.3
24.1
24.a
25.6
26.1
27.
27.4
2A_'
29.)
l0. l
30.6
3  t . 6
32.3
3 1 . 1
13.4
14.6
) , .3
36,1
36.8
J7.6

21.0
24.7

26.6
27. '
2A.4
29.1
10.2
t  l . l
32_
31.
31.9
34.5

36.6
37.6
34.'
19.4
40.3
41.2
42.2
43.
43.9
44.E
45.8

30.5
t l . 7
12.9
t4. l
3r .1
t6.4
37.6
]E.E
40.
4 l . l
42.1
43.5
44.6
4r.a

44.2

50.6

52.9
54.
55.2
56.4
57.6
58.7

17.A
39.)

42.2
4J.6
4 5 . t
46.5
48-
49.'
50.9
52.4
53.4
,5.2
56.7
54.2
,9.6
6 l . l
62.1

65_5
67.
68.4
69.8
7  t . 2
72.7

4'.2

44.7
50.4
5 2 . 1
53.9
,5.6
57.4
,9.1
60.6
62.6
64.1

6?.A
69.5
7  t . J
71.
74.0

74.2
E0.
8 1 . 7
43.5
E t _ l
87.

56.6
6 t .
63.2
65.5
67.7
70.
12.2
74.4
76.7
79_
E l . l
a) .5
85.8
64.
90.2
92.5
94.E
97.
99_1

l0l  _6
101.8
t06.
108.4
I 1 0 . 5

2.E

For sr€at€i lensths of pipe, use multiples froh this table,
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PIPE FITTINGS AND CONNECTIONS

' | ---]-
ffi F Cr.p d G\r Reoucee

f 
-_----f----

Fig. 935

Lenglh of Threod on Pipe Thof is Sqrewed
Fittings to Moke o Tight Joint

DineNioft in Inch€6

Dimcnsions given do not aUow for variation

in tappins or threadins (hom Crnne).

BRANCH CONNECTIONS

Mitrimum

Fig. 896

Heisht of Connections Otr Pipe Mains
The above dimen.ion. arc.ubj€ct ro slighr v.riation. (fron C.an.).

Slondord Conponion Flonges ond Eolls

(For Working Pressure up to 125 Lbs.)

Bolr hole .re in multipl.s of four so rhar flans€ may be made ro face in
a n y  q d a , r e r  a n d  b o l r  h o l e !  s r , a d d l e  r h e  c e n r e r  l i n e .

Bolt hols ar€ d.ill.d % inch la.ger than nominal diam€ter of bolb.

Wb€n ord.ri's .peify size and diam€t.r of .obpanion flange. Exanpl€, a
twcihch companion flanse would be de.dibed 2'x6'.

. .The abow. . rab le  p 'epa 'ed  by  F .  Du Bo is  lnc6 ls .  \4 .  E . ,  ind i .a tes

sible with close nipple between t€e on main aDd'branch nipple_.

Fig. 936

%

t %
1 %
2
214
J',x

5
6
I

l 0
t 2
t 4

3 %
4\1,
4 %
5

7
7%
6%
9

t 0
l l
t 1 %
l 6

2 l
23)t

2%
Ita
)tz
31/.
4 %
, h

7
714
614
916

l %
t41l
l 7
t E %
2 t x

4

a
a
8
E
I

t 2
t 2
t 2
l 6

%
%
%
x
%
%

%
%

%
%
Y.

t %
t %
t y
t %
2
2 %
2%
2t/t
2tt
2 %
3
t %
114
114

4 %

B ' : iR E

2
2
2
2N
214
2 4
2t4
3
t
j

1
J
3 %
3 t l
3rt
3y
1t4

4
4

5
5
5
5

6

a
6
6

I
t %
t x
I
t %
t t 4
2
I
tr l
t14
2
2%

t %
I N
2
2%

t %
t \ l
2
2 %
t t i
t t l
2
2 y
t %
t t l
z
2 %
2
2 k
1

3 %
3t1h
4
) %
4t
4JA
4 %

4'/A
4Lt4r
5%

5
5r i
s t t i

5 n i

6'.7
7
734
6 %
816

2 %
2 %

2',i
2-<
3s!2
114
2 a
3x.i
34
3t ta
3 \16
3t ln
3 t i

1 4
4N
3'"4

) %
4N
4
t f i
4%
4 %
4 %

4'A

51.6

6X

3t4  4 t i

)r.lr 4,ta
4tl 4\34
4ti.6 'tA
, tA I ' i \

4 r r  |  5 \
4r.(6 5 rt'
5 6s.iE
6 6B.i

4'.6 5Ll6
4s.t4 5x*
tr6 6,la
6' 1s/,

4 ' ia  511
5% 6X
5tx/i 6n i
61..6 7'.t
5 t  t  6 \42
5t, | 6',a
6\6 | 7r.6
6t1i6 | 7!ra
5% | 61\5
6  |  7 ' .

i;'j' | ;,,
7",, I  et"
s% ] e;
8% to14

5

511

5t\4
6%
6i1
t i<
8 %

7.ii
8 i ;

7
7 y
8 %
9 \

Ej 16
8'tli

r 0 1 %
l01 l i6
l l 1 %
12t1i

I
t ) 1

I
t r i
t r i
2

t t 1
t l z
2
2 \
I

t12
2
2 \

t t l
tYz
2
2 1 1
I tli

l ,
2
2tlt
I t1,

l \
2
2 tA
2
2t6
3

2
2
2
2tt
ztA
2ta
2%
J
1
3
3
3
3 t 4
1 \
1'.1
1r t
t t 4
4

5
i
,
5

a
8
a
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OFFSET CONNECTIONS ROLLING OFFSETS

It is often necessary to calculate the lensth of a piece of

pipe betweer two 45-degree f,ttings where there is both a

drop and a spread. ln the 3ketch below "A" reprelents

the drop, "8" the spread, "X" the center to center dis-

tance.  Using the formula:  X- 1.414 v-?B'  which means

that  the center  to center  d istarce equals 1.414 t imer the

square root  of  the sum of  the drop seuared plus the lpread

E:<amPIe

Drop  A  :  12 "
Sp readB :  8 "

x : r.a ra Vl_!?)jt_(!I
:  t . 4 1 4  \ /  2 0 8
:  l . 4 l 4  x  1 4 . 4 2 "
-  t n  ? a u

For rolling ollsets usine other than 45o ella, the num-
bers given in the "Table for  Ofrset  Calculat ions,"  page 250,
may be subst i tuted for  1.4 l4 ae fo l lowa:

For vol l inc odsets using sys" e l ls . . . .X -  t0.207 VA"+B'
For rolling offsets using I | % o elb....X : 5.126 \/4"+B'
For ro l l ;ng oFsets using 22t /2"  e l l " . . . .X -  r .Ut t  , rT ' |P '
For ro l l ing of lsets using 30o e11s. . . . . . . .X -  2 VA"+Ba
For ro l l ing ofrsets usins 60o eI Is. . . . . . . .X -  I .155 VAi+B:

Elbows of  22t /2" ,  45a aDd 60" are ueual lv  carr ied in
stock.  Others may be obtained on specia l  order,

OFFSET CALCULATIONS
By Warren E. Hill

Example

sets:  t0, , ,  22t /2"  angte
LengthL:  S X Factor

(from table belo{)
L :  1 0 "  x  2 . 6 1 3 1

: 26.131" approz. 26t/6"

The Right Tdangle is the basis of the 3olurion of all oF-
sets. The angle from which a ntting deriwed its trame is the
anele shown as 2211 aegtees i  F ig.  1212 as A and B.

Note that the three sides of the trianele are lettered and
that  each 3ide may be referred to as part  of  the ofrset .
"S" stands for the short side or "SET" of the offset," "L"
for the long side oT "LENGTH" of center to center dis-
tance of the 6ttings, and "R" for the "RUN"' side.

ln calculating the usual of€et, s;de "S" is known and
side "L" is  lequired,  thus the f igures in the top l ine of  the
fol lowing table are most f requent ly used.

TABLE-45 DEGREE OFFSETS

.r
A B c B c

t r l t :4 t % % I N PA 2X %

% I JA r l l r  2 % 2 2 t $ I I

I t b 1 % % 2 2 h 3 % t x
tra t % 2% 1 2 % 2% 1 % t5a

t % t % 2tl 3 % 1^ z% 4

2 2 2 3rs 4t, ttX6

214 2 3316 4% 3\h 5 ttsa

1 2 x i 5 % 2'

3% 2 % l ' , r  5 % 2% 651 2%

3 4ii 6\ 51/$ 7 N 2 %

416 3 4 % 6 % 5x.16 7 % 2\ta

5 1 X 31ft 4 y 6 % 1t4

3 % 5 % J1.it 6% a%

7 3t4 634 E% 3 4 7 % t o% 1 %

I l t l 6 ^ 9% 4X 7 t ^ t o % 4%

i. eoual to the distanc€ B 4 .

F i g . 1 2 l l

Fig. 1212

side

Mul-
Elrs
BY

1 1 \ a 22%"
Ells
BY

300
EUs
By

EUs
By

Ells
By

L
S
R
S
L
R

5
L
s
R
R
L

5

5
R
R
L

to.2a7
.0980

t 0 .  t t 3
_0945

t.0048
.9952

, . t2ra
_ t 9 5 1

5.027J
.r969

1 . 0 1 9 6
.9809

2.6t)1
.3427

2_4142
.4t42

1.0824
.9219

2_00
.50

1 . 7 3 2
.r77)

| . t  5 4 7
.866

t .41421
.707

t . 4 1 4 2 1
.707 |

1 . t 5 4 7
.E66
.5771

1 . 7 3 2
2.00
.500
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ItHE^rrriii SERVrc€

WEICHTS OF BRASS, RED BRASS AND COPPER PIPE

o. P. s.)

Standard Pipe Sizee-Regu.lar

0 . 1 l 4
0.044
0.077
0.069
o.062

,l

I
t t l

2 \

J
) y

4N
5

6

a

l 0

kkML
TYP"

.032

.o12

.049

.031

.03,

.065

.o72

.083

.200

. 3 t i

.4)O

.545

.666

. 1 8 5

. l l  I

.402

.527

.652

.001
_00t
.00t
.006
.006

.007

. 8 1  I
t . 0 t 5
1.291
| . 5 2 1
2.OO9

2.495
2.941
3.459
1.915
4.907

r4

%

2 %
1
3 N
4
5

6

0.00t
.001
.0035
.oo),
.004

J .06
2 . 1 7
| . 5 6
r.04
o.769

0.546
0.t72
0 . l r l
o.236
0.t6t

o.o52
0.040
o.ot2
0.026
o.o2z

2.O)
2.64
3.5E

a.9l

4.07
2.29
| .63
r .  t 0
0_405

o.57t
0.19t
o.)29
o.249
0 . 1 7 2

0 . 1 2 0
0.092
0.041
0.073
0.061

0.0t4
0.042
0.013
o_027
o.o2j

I -KM
_t-

.004

.004
,00,1t
.0041
.00t

.005

.005
_00t
.005
.005

.006

.200

.32t

.4t0

.569

0_001
. 0 0 r
.004
.004
.004t

.0045

.0045
_0045
.005
.00t

.085

. 1 3 4

.269

.344

.,fl 8

0.001
.001
.002t
.0025

.74 i

.995
t . 2 4 t
t .48 t
| .959

2.4 i i
2.907
3_345
1.617
4.40 t

5 . 7 4 1

.003

.oo)5

.0015

.004

.0045

.0045

.004i

.00i

.00t

.00t

.006

.839
1 . 0 4
1 _ 1 6
2.06

.328

.6al

.940

5.68t

2.92
4.00
, _ t 2
6 . 5 1
9.67

l a . 4 1

THERMAL EXPANSION OF PIPE lN INCHES PER 100 FT.a (Fot sultathcakd *ean and olhd Jlui.h ftJ.l to t.np.rctu. cotrmn)

1 . 3 1 ,
1.660
1.900
2_375
2.E75

1.500
4.000
4.500
5.000
5.563

6.625
7.625
8.625
9.625

10.750

0.261
o.175
o_494
0.62'
o.822

| .062
1.168
r.600
2.062
2.500

3.062
1.500
4.000
4.500
5.061

0.0620
0.0E25
0.0905
o . t 0 7 5
0 . 1 t 4 0

0 . t 2 6 ,
0.1460
0.t500
0.t  t65
0.  t875

8. l r  |  8.56 6.75
1 0 . 8 5  |  l  l . l 7  [ _ 4 t
12.29 | 12.66 t2_94
1 1 1 4  |  1 4  1 5  1 4 1 6
15.40 I  t5.85 16.21

t8 .44  t8 .99  L  19 .41
21.92 24.6? |  25.17
10.05 30.9, | 31.63
1694 3A 03 | 3A a',l16.94 14.01 | t8.81
41.91 4r_20 | 46.22

3_95
2.22
1 . 5 9
1 . 0 7
0.747

0 559
0.180
0.3t9
o.242
0. t67

0 . 1 t 7
0.090
0.079
0.071
0.061

0.05t
0.041
o.oJz
0.026
o.o22

SIZES AND WEICHTS OF COPPER TTJBES

For  und. rs round s" rv ices  and senera l  p lumbine  Durposes  w i lh  sev . recdnd i t ions-Type K,  hard  or  so f t .  For  s "n€ 'a l  p lumbins  purpos€s-
Iype L .  hd- ,d  o r  sor , .  lo r  s "ner ; l  p lumt j ing  5nd"h : " r i ;e  pu ,pos€" .  w i rh  .wea!  6Lr ing . ' ;n ly .  and w i rh  normJ l  *a r ; r  cond i i ions-Tvpe l t t .  hard .

_2ro
. ) 7 t
_t00
.62'
.750

.675
t . t 2 5
t_375
| .621
2 . t 2 t

2.625
1 . 1 2 t
3_62'
4 . t 2 t
5 . 1 2 ;

_068
, 1 2 6
. l 9 a
_244
. )62

_6t1
-882

t . 7 5

2.44
J .J )
4 .29
5.14
7 . 6 1

.o i2

.o) t

.o42

.049

.056

.065

.o72

.083

.095
_ 109

. 1 2 2

E l o n e a t i o n  i n  l n . h e s  p . '
1 0 0  F t .  l r o m  2 0  F  u p

E l o n * a r i o n  ' n  I n c h e s  p e r
1 0 0  F t .  r r o m  - 2 0  F  u p

of  Hg. D.9rc6

6 . 1  l 0
6.152

6.8t0
7.121
7 _1JA
7.616
7.a93
8 . 1 5 1
8.400
a_676
8.9r2
9.201

9.7J6
9.992

lo_272
r 0 . 5 1 2
l0.al4
1 1 . 1 7 5

.160
| | .625
I  t . 9 l l
r  2.180
t2.471
12.747

0
0 - t 4 t
o.293
o.4)o
0.593
0.72'
0.696
r . 0 5 5
1.209
1.368
1.528
t.691
t .a52
2.020
2.143
2.150
2.159
2.690
2.462
3.029
t , 2 t l
3.175
3.166
t.?40
1.929
4. t00

0
o_t27
4.255
0.190
0 . 5 1 8
0.649
o.7E7
0.926
l . 0
1.200
1.345
1.495
t.6J4
r.780
1.931
2.065
2.233
2.39'
2.543
2_700
2.459
1.004
3.142
3.145
3 . 5 1 1
3.643

20

26
40

EO
t00
120
140
150
t60
200
220
244
260
280
300
320
340
360
180
400
420

480

29.19
2E.69
27.99
26.44
24,O4
20.27
14.6)
6.41

10.3
20.7
34.t

to).1
l ]8_3
180.9
232.4
293.7
166.1
4 r t . 3
550.3

Page 82
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500
520
540
560
580
600
6ZA
640
660
680
700
720
740
760
780
800
EZO
440
86C
880
900
920

960
980

t000

3.447
4,020
4 . 1 9 0
4.36'
4.541
4.725
4.896
5.082
5.260
5.442
5.629
5.808
6.006
6.200
6.389
6.r47
6.779
6.970
7.t76
7.375
7.579
7.795
7.949
8.200
8.406
4.6t7

4,296
4.487
4.670
4.860
5.051
5.247
5.4)7
5.627
, .831
6.020
6.229
6.425
6.635
6.831
7.046
7.zt l
7.464
7.662
7.888
8.098
6 . 1 l l
4.545
4.715
a.975
9.t96
9_421

4.477
4.677
4.866
5.057
5.264
5.4t5
5.669
5.810
6.067
6.260
6.481
6.673
6.899
7-100
7 -114
7.508
7.757
7.952
8 . 1 9 5
E-400
8.639
8.867
9.049
9.300
9.547
9.776

0
0.152
0,306
0.465
0.620
0.7E0
0.919
l . l  t 0
1.265
1 . 4 2 7
1.597
t . 7 7 8
t .936
2 . 1 1 O
2.279
2.465
2_630
2_400
2_988
3 . 1 7 5
3..150
3.521
3.720
3.900
4.096
4.280

0 664.1
0.204 | 795.1
0.442 ll 945.t
0.655 l t  I  r  r t . l

1 .570 l l  204t .3
1.794 ll 2146.)
2 004 | 2705
2.255 1 1080

i?93 I
2,960
l . l  a9
3.422
3.66)
3.900
4.145
4.tE0
4.624
4.870
t . | l 8
5.J 'A
t_612
5.E55

0.655 l l  I  r  r t . l
0 .86E I  t r08.J
1 . 1 0 0  l r 2 t , 3
r . l l8  L r768.1

aFrc6 Pipins Handbooh. by Waiker and Crocke!- This tabie give the eapansioD from 20F. to th€ tempe.ature in questio!. To obtain thc amount 6t
.rpansion betw.; any t*o a€;p".ature" tak€ the difier€Dce betw,en rh. 6gu;.s in the table for tho For exampl., ir a steei pipe ii installcd
A t  a  t e m F e r a t u r .  o t  6  F . a n d i s t o o p e r a t e a t J 0 0 F . t h e . x p a n s i o n w o u l d b e 2 . s t 9 - 0 . 5 9 ) : 1 . 9 2 6 i ^ -
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wwwffiw
, TEMPERATURE CONVERSION TABTES
Note-The numbcrs in black face refer to the temperature in either decrees Centigrade or Fahrenheit wLich it is de-

sired to convert into the other scale.
(Approximate)

O to 4OO

c
- 1 7 . 8  0
- t7 .2  I
-16 .7  2
- t 6 . t  3
-15 .5  4
- t  5 . 0  5
- t  4 .4  6
- 1 3 . 9  7
--13.3 a
- t  2 .8  9
- 1 2 . 2  1 0
- l  t . 6  t l
- t  I . t  1 2
- t 0 . 6  1 3
- t 0 . 0  1 4
-  9 .4  15
-  8 .9  16
-  8 .1  r7
-  7 . 8  l a
-  7 .2  19
- 6.7 20
-  6 . 1  2 l
-  5 .5  22
-  5 .0  23
- 4.4 24
-  3 .9  25
-  3 .3  26
-  2 .8  27
-  2 .2  2A
-  1 . 7  2 9
-  l . l  3 0
-  . 6  3 1

. 6
l . l
t . 7
2 .2
2 .8
3 . 3
3 .9
4 . 4
4 .9

6 . 1

7 .2
7 .4
8 .3
8 .9
9 .4
0 .0
0 .6
t . l
1 . 7
2 . 2
2 . 8
) . 3

4 .4
5 . 0

6 . 7
6 . 1
7 .2
7 .8
8 .2
E.9

32
33
34
35
36

3a
39
40
4 l
42
43
44
45
46
47
4A
49
50
51
52
53
54

5a
59
60
62
6 l
63
64

66

F
89.6
9 t . 4
91.2
95.0
96.8
9  8 .6
00.4
02.2
0  4 . 0
0  5 .8
07.6
09.4
|  1 . 2
|  3 .0
|  4 .8
|  6 .6
t 8 . 4
20.2
22.0
21.4

2 7 . 4
29.2
3  t . 0
3 2 . 8
34.6
36.4
38.2
4  0 .0
43.6
4  t . 8
45.4
47.2
49.0
5  0 .8

TEMPERATURE CONYERSION FORMULA
To 6nd Fahlenheit tempelatule when Centigrade rem-

perature is  known-(Cent igrade Reading X 1.8)  + 32 :
Fahrenhei t .

To find Centigrade temperatule when Fahrenheit tem-
peratule is  kDown-(Fahrenhei t  Readins -  32) :  Cent i -

t . 8
srade temperature. See Temperature Conversion Tables.

INSU LATION

Insulat ion holdr  the heat  in a bui ld ing and keeps out
the cold. In properly insulated buildings, there should be
at leaat 25/o leser fuel con€umption than in buildings
which are not insulated. It is customary to 6sure that the
insulated building requires from ten to twenty per cent
less radiation and boiler capacity, as well as relatively
emaller pipe eizes, than would be required for the rame
building if not inuslated. T}re reduction is, of course, de-
pendent upon the completene$ of inrulation used, and,
therefore, should be estimated on that Lasb.

Especially is it a saving proposition to insulate the ceil-
iDs on the top floo!, as these in most buildings are only
lath and plaster without even flooring on the top of the
ioists. The heat lost through lath and plaster is very high
and consequently heat travels very fas! throush such ceil-
ing material into the attic space. Therefore, stopping this
cxceesive heat tlansmission will mean a correeponding
leduction in fuel consumotion.

BOILERS AND ENSINES
Strrda.d .dopted by American Scicty of Mehanicll Ensib€.r. d.fin . th.

boil.r hoEepow€r s rhc equivalent evaporation of 34.5 lb of w.t.. hom and
.t 212 degree6 per hour. Thi! i. the sam. as 33,479 Btu per hour.

The bcsr d..igned boileru, well 3.t. wirh sood dr.ft, and .kiUfrl fi.ing, will
evaporatc from 7 to r0 poutrd. of water p.. pound of fi.lt-cta$ coal.

On I squarc foot of grare can be buh.d on an av.rage from l0 ro 12 poud.
of hard coal, or 18 to 20 poun& of lofr co.l pe. hou., with natural draft. With
fored draft nearlv doubl€ th* amounB can b. burn€d.

Compoubd .nsi!€. will d€velop a hoEepower otr 15 pou.d. of.tcam,

-Single co.deNing cngi.. will dev.lop a horscpower on 22 !o 28 poudd.

Automatic non-condcNiog ergin€ will develop a horsepow.r on 26 ro
32 pounds of sr6m.

Slid€-valv. throttl€*overdns eryine {il l devclop a hor..powd on 62X

Horsepower of r Steam Engine
a-Arca of thc pigton in gquer€ inch...
p-Mean veldity pr6.u.e of ote.D o. piston pe. lquorc in.h.
v Velocity of pi.ton p.r mibut€,

T h . n H P  -
3r,000

Thc m..n pr...u!e in th€ cylind€r when .uttins ofi .t

To 6nd th" diameter of a cylindc' of an cngin. of a rcquir.d dominll ho6.-

5500
_ m u l t i p t i . d b y H P : a

To 6nd the weight of thc dm of the fly-whel for an eDgiDe:

Nominal H P muhipli€d bv 2'000 
= wr. in cwt!.

Sq. of v.lcity of circumfei.fte in ft. pcr.eond

33.8

37.4

4 t . 0
42.8
44.6
46.4
48.2
5  0 .0
5  t . 8

55.4
57.2
5  9 .0
60.E
62.6
64.4
66.2
66.0
69.8
7 1 . 6
73.4
7  5 .2
77.0
78.8
80.6
82.4
84.2
66.0
87.8

c
0 19.4 67

20.0  68
20.4 69
2 l . l  7 0
2 t . 7  7 1
22.2  72
22.4  73
23.3  74
23.9  7  5
24.4 76
25.0  77
25.6  78
26.t 79
26.6  aO
27.2  8 l
27 .E 82
28.3 a3
28.9 84
29.4 a5
29.9 a6
30.4 87
3 l . 0  8 a
11.6  a9
32.2  90
12.6  91
33.3  92
31.8  93
34.4  94
35.0  95
35.5  96
36.1  97
36.6 9a

F
99 210.2

l o 0  2 1 2 . 0
1 0 0  2 1 2
110 230
120 244
130 266
140 284
150 302
160 320
170 318
r80 156
190 374
2.OO 392
2 l o  4 l 0
212 4 l )
220 428
230 446
240 464
250 482
260 500
2 7 0  5 l 8
2AO 536
290 554
300 572
310 590
320 608
330 626
3.ro 644
350 662
360 680
370 698
3ao 716
390 734
400 752

F
|  5 2 . 6
t 5 4 . 4

t 5 8 . 0
|  59 .8
|  6 t . 6
161.4
165.2
t 6 7 . 0
t 6 8 . 8
|  70 .6
t 7 2 . 4
1 7  4 . 2
1 7  6 . 0
177.8
179.6
t 6  t . 4
| 43.2
|  8 5 . 0
t 8 6 . 8
t88 .6
t 9 0 . 4
t 9 2 . 2
1 9  4 . 0
|  9 5 . 8
197.6
199.4
201 .2
201.0
204.8
206.6
208.4

c

3 7 . 8
37.4
43.3
48.9
54.4
60

7 l
76 .7
82.2
8 7
91.3
9  8 .9
00
04
t 0
t )
2 l
1 7

3 2
3 E
43
49
5 4
60
65

7 7
82
88
93
99

204
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T '  H E A T I N G  S E R V I C E

SPEC|F|C HEAT OF SOL|DS, ltQUtDS AND GASES

Cp/Ci

Brass ,  Ye l low. .  . .  .  . .  .
t s roEc (80Cd.  20S, r . . .  .  .  . .  .

c o n l . .  . .  . .  . .  . .  . .  . .
c o k . . . . .  . .  .  .  . .  . .  . .

Firc ctay B.ick. . ..

G o l d . .  . .  . .  . .

I r o D ,  C a . t . .  . . .  . .  . .  . .
l . o n . W r o u g h r - . . . . . .
k a d . . .  . .  . .  . -  . . .  . .  . .

G n € i $ .  .  .  .  . .  . .  . .  . .  .

s
S
s
5
5
s
H
I

H
H
H
5
I

s

S
H
S
s

H
H
S
S
H
H
S

s
s
s
s
s
S
H
s
I
s
s
s

Vat . r  Vapor . . . .  . .

NoiEs: Wh.n one t.mpe.arure i. giv{ th. tru.3p..ific hearL giv.n, otb€rwG€ th. valu. i6 th. h.an specinc heat b€twe.D th. given limit!.
AurHoRrflEs: S-Smithsonian Phy6idl Tablq, l9rl; I lnt.rnational Criricat Tabl.s; H-Heatins, V.ntilatio! and An Conditionins, by L. A. Ha.ding nDd

A. C. Willard; M-Ensi..crs Handbook, by Lion.l s M.tks.

s
s
s
s
5
H
S
s
s
5
s

, . . - . , '
64-212
77-1832

50-t22
50-t 22

ir' '
-40
32
3Z-6XO
6a-212
59-2t2
32

: : . .
5E-212

61-2tO
54-212
59-2t 2
32-Zt2

tr' '

24;;a;i
77-tAt2
77
6E
32

0.0899
0.oaEl
0.0862
o . t 2 7
0 . 2 t 2
0. t95
0 . 1 9 5
o.1t4
o.27E
0.201
o.270
0.0926
o.258

0 . 1 6 1
0 . 1  l 7
0.0112
o.259
0.467
0.4J4
0.104t
0.127
0.1 tE9
o . 1 1 5 2
0.029?
0.1032
o.2159
0.2
0.0 ' l9

0. t96
0. t92
o.2t6
o.2l
o.22
0.0516
0 . t  I 7 5
0.220
o.263
0.0548
0.127
0.09t1

TABLE 2. SPECIFIC HEqT OF LIQUIDS

32
59-64
59-t22

360
68
70-136

59

0.544
0.601
0.576
0.04 |
0.03325
0.5t  I

0.960
0.903
t.000

s
s
S
H
s
s
s
5
s

TABLE ]. SPECIFIC HEAT OF GASES AND VAPORS

o.169.
o.419
0. t668

i:t*
i.+6i
0.t729
0 . t 5 5
o.322

32-192 0.2375
ao-192 0.5356
52-4t7 0.2t69
79-3aA 0-2426
6E-t900 0.3t45

;o.iti t.ai
)2-J92 0.2438
,5-404 1 0.2t75
212 )  0.421
356 |  0.51

t .405
t . 2 7 7
1.3003'.:?1
i . ; t ;
t . 4 l
t .3977
t.305
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CIRCUMFERENCES AND AREAS OF CIRCLES

0.0003
0.00r4
0.0011
0.0054
0.0085
o.ot23
o.ot67
0.02t8
o.o276
0.0t41
o.o4t2
0.0491
0.o576
0.066E
0.o767
0.0871
0.0986
0.1 t04
o.1211
0 . 1 ) 6 4
0.1504
0.1650
0.1840
0.1964
o.2131
0.2)04
0.2{86
0.267)
o.2467
0.1068
0.3276
0.3491
0.3713
o.)942
0.4175
0.44t6
0.4668
o.4923
0 . 5 1 E 5
o.5454
0.6010
0.6600
0 . 7 2 1 5
0.7454
0.E520
0.9218
0.99)7
t .069
1 . 1 4 6
t.227
t . J  l o
1.196
1.4E5
1 . 5 7 6
1.670
1.767
t.E67
r.969
2.074
2.t42
2.291
2.405
2.508
2.640
2.761
2.885
3.O12
3.142
1.274
1.409
3.547
1.647
3.432
3.976
4.125

%

t %
t r l
t %
2
2 %
2 h
2 %
)
3rt
' N
3 %

4 n
4 N
4 %
5
5 V
516
5 %

6 %
6 h
6 %
7

7 t/6
7 %
8
6ra
8 %
E %

9tl
9\/4
9 %

t 0
tot/4
l l
t t x
t 2
t2 t l
t 3
t 3 N
t 4
t 4 x
t 5
t 5 x

t 6 N
t 7
t 7 %
l a
t E %
l 9
1 9 %
20
201/t
2 l
2 t %
22
2 2 h
21
2 1 h
24
24 tl
2 '
25 >4
26
26t '
27
2 7 %

0.049
0 , 1 9 6
0.442
0.785
1.227
t.767
2.405
3.142
3.976
4.909
5-939
7.069
8.296
9.621

I I .04
t 2 . 5 7
t 4 . t 9
t5.90
17.72
| 9.64
2 t . 6 5
2).76
25.97
28.27
30.68
, . l a
35.79
3A.49
41.24
4,1. l8
4 7 . 1 7
50.27
53.46
56.75
60. t l
6) .62
67.20
70.88
74.66
7A.54
86.59
95.03

r03.9
l  t t . l
122.7
132.7
143.1
153.9
l 6 t . l
176.7
t88.7
201.1
2 t 3 . &
226.9
244.5
254,5
26E.8
243.5
294.6
314.2
)to. l
145.4
361.1
180.1
397.6
4t5.5
433,7
452.4
471.4
490.9
5t0.7
5to.9
5 5 t . 6

593.9

0.785
1 , 5 7 1
2.356
3.142
3.927
4 . 7  t 2
5.49E
6.283
7.069
7.454
8.6t9
9.425

to.2l
r0.99
l t . 7 E
12.57
13.15
I 4 . I 4
14.92
t 5 . 7 1
t6.49
17.24
t8.06
tE.85
t9.64
20.42
2 t . 2 1
21.99
22.74
23.56
24.35
2 5 . 1 3
25.92
26.10
27-49
24.27
29.06
29,45
10.61
31.42
32.99
34.56
t 6 . t 3
17.70
39.27
40.44
42.41
4).94
45.55
47.t2
46.69
50.27
51.84
5t.41
54.94
,6.55
54.12
59.69
61.26
6?.4)

6r .97
67.54
69.1Z
70.69
72.26
73,43
75.40
76.97
74.54
E 0 . t l
0t .68
43.25
E4.62
E6.19

o.0652
0.1309
0. t964
0.26tE
o.)273
o.3927
o.4542
o.5236
0.5691
o.5546
o 7200
0.7054
0.E5lo
0.9t60
0.9E ta
t -047
t .  l
. t 7 8
.243
.309
.174
.440
.505
. 5 7 1
.637
,702
.768
.413
.E99
.9ff

2.029
2,094
2.t60
2.225
2.291
2,356
2-422
2.444
2.553
2.614
2.750
2.880
, . 0 t 1
1 . t 4 2
t .27t
1.401
3.5)5
).665
1.796
3.927
4.056
4.169
4.321
4.451
4.542
4.712
4-445

t . t 0 5
5.236

5.494
5.629
5.760
5.691
6.O21
6.t53
6.243
6.415
6.545
6.676
6.E07
6.918
7.469
7.199

6 1 5 . 6
6)1.9
660.52
69i.5
706.0
754.4
404.3
455.3
907.9
962.1

1 0 t 8 . 0
t075.o
t t 3 4 . o
I  195.0
t256,0
t320.0
r385,0
t412.O
r 5 2 1 . 0
t590.0
t662,O
t7t5.o
t E l 0 . 0
tE66.0
t961,O
2043.0
2 t 2 4 . O
2206.0
2290.0
2J76.4
2461.O
2552.O
2642.O
2734-O
2427.O
2922.O
10r9.0
3 1 t 7 . O
3 2 t 7 . 0
3318.0
3421.O
3526.0
1612.O
37?9,O
lE4E.0
3959.0
4072.0
4t65,0
4 1 0 t . 0
4418.0
4536.9
4657,O
4774.O
4902.0
5027.O
5t53.O
52At.O
5 4 | l . 0
5542.0
5675.0
5609.0
5945.0
6062.0
6221.0
6362.O
6504.0
6648.O
6793.O
6940.0
7088.0
7214.0
7390.0
7543.0
7696.0
7854.0

4.276
4,410
4.587

4.909
5.241
5.545
5.940
6.105
6.68 |
7.069
7-467
7.476
4.296
4.727
9.164
9.621

t0.08
10.56
|  1.04
I 1 , 5 4
t2.05
t 2 , 5 1
11,09
t3,64
t 4 . 1 9
14.75
t5.32
t5.90
16.50
t 7 . ! 0
t7.72
r8.35
tE.99
t9.63
20.29
20.97
21.6 '
22.34
23.04
23.76
24.44
25.22
25.97
26.73
27.49
2A-27
29,07
29-A7
10,64
31.50
32.34
3 3 . 1 4
14,O4
34.91
35.74
36.6?
37.57
3E.48
39.41
40.34
4t -24
42.24
43.20
4 { . l E
45. t7

4 7 - t 7
4 8 . l 9
49.22
50.27
5t.32
52-38
53.46
54.54

47.97
49.54
9 l . t l
92.63
94,25
97.39

t00,5
103.7
t05.4
t09.9
I | ] . l
|6 .2
I  t9.4
122.5
| 25.6
t26.4
| ]  1 . 9
135.1
138,2
t 4 t . {
144.5
147.7
150.4
151.9
157.1
160.2
16J.4
166.5
169.6
t72.4
t75.9
t 7 9 . 1
t82.2
tE5.4
tE8.5
t 9 1 . 6
t94.8
197.9
201.1
204.2
207.t
2 t 0 , 5
213.6
216.8
219.9
223.1
226.2
229.3
232.5
235.6
Ba.a
24t.9
245.O
24A.2
251.3
254.5
257.6
260,4
263.9
267.O
270,2
27J.)
276.5
279.6
242.7
245.9
249.O
292.2
295-3
294.4
30t.6
t04.7
307.9
3 l  1 . 0
114.2

7.330
7.462
7.592
7.725
7.454
8. 6
6.378
4.649
6.90 |
9.t63
9,425
9.686
9.94E

t0.21
t0.47
to.7t
t0.99
I  t .25
| , 5 2
l l . 7 a
12.O4
| 2.30
12.57
t2,81
I t.o9
t t .15
|  3.61
I ] .EE
t4-t4
t4.40
t4-66
t4.92
t 5 . t 6
15.45
t 5 - 7  |
15.97
16,23
16.49
16.76
17.02
17.24
|  7.54
17.60
18.06
18.3t
tE.59
18.85
t 9 . t l
19.37
19.63
| 9.90
20.16
20.42
20.64
20.94
21.21
21.47
2t.73
2 t . 9 9
22.25
22.51
22.74
23.04
23.30
21.56
23.42
24.O9
24.35
24.61
24.47
2 5 . 1 3
25.39
21.66
25.92
26.18

2a
28%
29
2 9 %
30
3 l
3 2
33
34
3 5
36
3 7
l6
3 9
40
4 l
42
4 )

4 7
48
49
50
5 l

53
54
5 5
56
5 7

59
60
6 l
62
61

65

67
66

70
7 1
72
71

75
76
77
7a
79
60
8 l
62
83
64
8 5
E6
a7
EE
69
90
9 I
92
9t
94
95
96
97
96

100
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'J

9 ? i

( n i

" I

I

A aide.  muhipl ied by
cum3crrr 'ng crrc le.

.  A s ide muh;pt ied by
crrcumscr ib ing c i rc le.

.  A r ide mul t ip l ied by

>

Miecellaneous
I sramm. p.r .quarc

t uil'Jl',iill'.il'*. 
"i;;;; 

' 1 422 tb per rquarc inch

I krr}l'j[ii:';;; ;au;;; 
': :t42232 rb pe.qua'.iD.h

r.0t5 L":?':T;::'.;;;:;;; ' = 1422r rb p€r.quar. ihch

o.otor* lul*"'.?"io.hjli ou., 
= 'o t rb p.r.qua,. inch

c e n r i h e r . .  .  .  .  .  .  .  .  ,  .  .  .  ,  .  .  .  1  t b .  p e r  l q u a r .  i n . h

General Data

! : . ! *  . . . . . . . . . . =  r . e 6 E  B t u
i i . - _ . . : ^ : :  . - 0 2 1 2  c a t o r i c

f.,:"*;:'p' ;l ' ' : : ' :. :. :. : : :. -'".,il#' $ f;.":;r,1"''
"ifi:',ffJ.i'."-',:F:;i ...... . 1.. "'",."--i:ir"r:rl:"i','f,"::.":;i.:f;'*":: .'l'i ."":::tiil.ll*:rl"l-
[i"',:i,rj,:'*r,,, irl., ."s,; 

j i ' , tio "'%;iJil'" iiiil' ""

ruiib"u';; za:i; ;";;:, r; . : , :1. l!'  , . ' ? . j - ,  i  :  . ,  :  . :  93  lb
i,'.",:i$:'"d'lf;J,i??:i,f"-tu = r'076 i;'""
o "lf""':?,:f, 1lti::::;:;^i-.:i :.-;-91:,t},."tv-tLnd.j"":{,.".',x** j: jl.-Ti:r:r*,ili::1k*$i"l**"o,*uo-**.l"

ffiuxxsm
or.^r'trb "bt"",.t

rj!l!:.r *. f'':3ii, :lBi:i::1.".. =i 
"?912 

s"n"" aa.s.)
I 

..zuz pounc! or e!,.r rr 62
r ir .-  . . . . . . . . . . . . . . . . .  =J |  *f , .r" ' , f f , f i . l ! ,  r .".
l i t - "  .  . . . . . . . . . . , ' r  , " t ' : u - " ), , . q . . . . . .  . . . . . . . . . . . . =  |  

" . I " . l l i . g , t . ' )l irl lf iff.; .:: ..: .:. . .= 'r.r*" ou'ed.Noiduo.*
x , b a r . m m .  . . ,  . . . .  _ . . .  .  =  |  l ^ - _ r

li#,:!-) ,,d.o,.lil:-y::uriu":
iili;;;;;." I ... . . r ton or.r24o pound€

I r  

r b .  e . , . c .  r h c t . . . . . . . . . . . . . . .  =

I

1,:::1"'
i  

6 2  d . s r 6  F . . . . .  . .  .  .  .  . . . . . . .  : 1

I In.h of M...u,,
1  a t  6 2  d . s r s  F . . .  . . .  . . .  = ,

RUIES REIATIYE TO THE CIRCLE
To Find Circumfetence

o.#|1","  
d ianeter  by 3.1416, ot  d iv ide diamctcr  by

To Find Diamercr

.  
Mul l in ly 

: ; rcumference hy 0.3t83.  or  d iv;de c i rcum_r e r e n c e  b y  J .  |  4  t 6 .

To Find Rdiur

,  
M u l r i p l y  c i r c u m l e r e n c e  b y  0 . t 5 9 t 5 .  o r  d i v i d e  c i r c u m _r e r e n c e  b y  6 . 2 0 3  t 8 .

To Find Side of an rnecribe Square

,  Y". l l t l l  
d iame ter  by 0.707 | ,  or  murt ip ly c i rcumrerenceoy u.zz) t ,  or  d iv idc c i rcumference bv 4:4420.

To FiDd Sidc of an Equal Square

,  Y. l , l ip tv d iamerer by 0.8862, or  d iv ide diamerer bvt . tz64,  ot  mutt ip ly_ c i rcumfere"*  uy o.zezi , -  
" ,  

' i i ; i , "

c i rcumrerenc.  bv r .545.

Squarc

1.1442 equale diameter of  i te c i r_

4.443 equals c i rcumference oI  i t r

1.128 equaL diameter of  an cqual

--A,s ide 
rnul t in l ied by 3.547 equala c i rcumference of  an

. !s"" . .  q""5. ,  mutr ipt ied by t .223 equats c i rc le incheror an equat c i rct€.

To Find thc Area of a Circle

-_ Y: ] I l l f  
c i rcumferencc by one-qua,rer  of  the diamctcr .o!  murtrp ly rhe lsuare of  d iameter by 0.7954, 

" ,  
^" t , - i " t "the .qua.re 

,of , .c i rcumfercncc bv o.zble,  
" ,  

L"r , ip iv. . i i ' .sguate ot  t /2 d iameter bv j .  l4  |  6.

To Find the Surface of a Sphere or Gtobc

.L 
Ml l l ip ly  the,diameter by- the c i rcumference,  or  mutt io lv

:l:.",i':;".S,"rit;.rer Iy 3. | 4 | 6, or murtipry + u-"".iil

l0 iDcho of l.rcury .t 62
r^ ^.. ocgrc6 fahr.

o.arc. rahr,
miUim.trq oftneicury . t

-- Jz d.gr.e Fah..
- - llj !! pcr rquarc lnct,
oz.rr) tb pd .quar. foot

. . .e1  lb  o r  7 .86  ou .  p . r .a ,  i t r .
,. rrz rr,_or.war.r.t 62 d.gc!

r3.56 i"ii'j';r *"r.. 
"r 

62 d-
gr..! F.}r.
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Bil^?*tr.sm
STANDARD SYMBOIS --+.-ere}'['-.'-

I  X  - I
1t-------:---trf

-rg. g* -4r-
--:----+5+--------.i-

[]--I ll *"..r
3c-36'-so +

T-I:g

.Jr---------.ls High Pree.ure Steam

For,?P'PEs oR MocE

Fiss. 8878-a8aA

a
t

*IEEEt.-.
I

WerDr ipo 'Wer  Rd n
Old  Dr ip  P ipe  * *

Plucced Tee -PLU6 
_rEE+rT.

E"centnc R.duc.r

- swing check valwe

Diaphragm Valwe

Back Pr$ure Valwe

:z 'A.L.V

-------1@r---
_. q+--
-----€r---
---rO-------
---____+or-
-----it}----- .*FVC6

--+I--
,;:---{'g-

--!---

- -r4ANcHoe-.---7t--

---J--- ,
-____________-&=-

n,cd ^, Low ffi-l- - *^wl
Q9 00

^ H . a , l

_.. ----r.)+_ ---
T--5-B i.v

_.._..-..11
\l

F.'mBotbn --+,- rh..-*,,t e
.f€!---{c+-!€:- +

I

HEATING TERMS
Btu: (British Thermal Unit, Heat Unit): The quantity

of heat required to raise I pound of water I degree Fahr-
enhei t .

Caling Coal: Term which is usually applied to coal
which Iuses together when burning, as opposted to lree-
burning coal .

Calorie: The Continental heat unit, or calor;e, is the
quantity of heat required to laise the temperature oI I kilo-
gram of water I deeree Centierade, and as I kilogram ia

.  equal  to 2.205 pounds and I  degree Cent icrade is  equal  to
1.8 degrees Fahrenhei t ,  i t  is  obvious that  one calor ie
measures the same quant i ty  of  heat  as does 3.969 B.  t .  u.
This is  shown by mul t ip ly ine 1.8 by 2.205.  l t  is  usual
when translating frorn the English and American ltandard
to the Continental or Metric standard of heat measure to
cal l  I  calor ie equal  to 3.9J B.  t .  !

Caloric Power of anv combustible lubstance i! the num-
be! of  B.  t .  u.  per pound, which is  the measure of  heat
stored in the fuel.

Caloric Power Avaitahle: That portion of the calorific
power which is absorbed by the water in the boiler, and
transferred to the pipinc and radiation for heating pur-

Calorimeter: A double-walled vessel is immersed in a
tank of wate!. Within the inner wesgel is placed a car-
tridge or shell. A small quantity of fuel is powdered and
put in the cart r idge,  together wi th a suf ic ient  amount of
oxygen needed for complete combustion. The combustible
is isnited by dropping therein a copper wirc heated red-
hot, or set off by an electric spark. As combustion takes
place the cart r idge is  revolved €o that  tLe su ounding
water comes in contact with the heated surfaces. A ther-
mometer proiected into the water recordg the initial tem-
perature, and 6nally, thc maximum temperature to which

N.w Radiaror #, F-

c e n r R ! i q G A L
c a N  r r a n S €  r D o r r e o  r

UnioN (Sc.ewed)

Harp Pir ( 6il :-- 
ExPanlion Joinl

Hlrpfip. Coil

GLOSSARY OF

Actual Etaporation: By this rerm is meant the total
ouant i tv  of  water  1;1 pounds) evaporated f rom the temPer-

" t " . .  
. i  th.  feed watei  to steam at  212 decrees Fahrenhei t .

(See paracraph on Equivalent  Evaporat ion.)

Atmorpheric Pre,rsure: Thc pressure exerted bv the at-
-"""h"r .  *"v be establ ished bi  the s imple exper iment of
taki"g 

"  
e l "ss tube wi th an area of  I  square inch and

u"" ' "* l -u l . tv  30 inches hieh,  wi th one end c loged:f i l l ine

""m. 
wi th - . rcurv 

""d 
invert ins the tube in mercurv '  i t

wi l l  be found at  the sealevel  that  the mercurv wi l l  s tand
in the column 29.9 inches high,  or  pract ical ly  30 inches.
As I  cubic foot  of  mercury weighs 850 pounds'  I  cubic
inch would weigh 0.49 po-unds:  and a€ the mercury in the
tube under the pressure of  the atmosphere stands l0 incheg
hiph.  and the area is  I  square inch,  there would be 30

"" i i "  
;nch."  of  mercury in the tube.  which would weigh

30 x 0.49 or  14.7 pounde. As th is column of  mercurv '
weiehine 14.7,  is  ent i re ly rustained by the preesure of  t l re
atmosphere,  i t  may be stated that  the normal  pres3ure at

"""- l "vel  
i "  14.7 pounds per square inch.  This pressure

varies with the altitude and under difrerent conditione of

Boiler Heating Surface-Dircct: That surface which re-
ceives the radiant Leat ot the firc, or that surface on which
the 6re shines.

The transmission of heat through dilect surface b Prac-
tically constant for like temperature differences.

Boiler HeatinE Surface--Inditect Flue: That rutface in
a boi ler  on whi"h th.  f i re does not  shine,  but  throueh
which the constantly cooline eases pass to the smokeltack.

Th" 
""il. 

of indirect, or flue surface, is extrcmely war!
able, because the escapins sales are conBtantly cooling;
the rate of transmission becones less and less as tLe gales
approach the smoke outlet.

6-ll1jP, FEs 3OFr. Lo 67s+

FoE6P'Pes oE LEss
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Bll^h{,F#*!

ft ,i'"11it""'"i,".:",:t1;"fl ",**:;"'::*x;tJ."jll
rurc each.pound of warer has u."" *r la. 

-Tr,"-^"_i"_,11,

i:i.,"1i,,i:"fit"ull:l;.".,r.,r,.,,";i 
-,"r"... 

" i..T.".rt!
.  ^Byrhis 

meam, rhe. therrDal  values of  the d;Ferent  vai ie_ues or  coal  are establ i .hed-

.Cl inker:  Term used ro desig

;lt1 jf *,'. ".ii. i, 
".", a' i" : :';?:t d :i.1" i: :i"fi ",liij

CO: Symbol  lor  carhon monoxide.

CO2: Symbol for carbon dioxide o! carbonic acid gas.

*,,-c,"::T:to,l, 
or Heat Ernission: ThjB Jerrn is uauauy ap_ij'.','*i:"'l'.,"i'"'":T:.".'ii:1,:'J::""",f:,1I" - T,}:.j-*:i:l

:l i: l"ji:.:,""_ 
or water ;n th" i"a;ar"r .;J-;i;-";;_

-,-l-"-:t:t:1-:n r:"*srdrion: rs.the quantity of heat, ex-
l^'::":9 r" teyms of Bru which wiu p"":, tr,."i,c-h l";LJ,.
i f f : , : : " : " , ' " " .  

in  one hour for  I  oegree tempe,ature

, .Comburt ion Chamhcr:  That  port ion.of  6re_pot or  f i re_
tT T't""T,,.r. 

rurface of fuer_Led and the crowning sur_

Combu.t ior ! .  Rate of :  The rate of  comburt ion is  a termusual ly  appl ied to the quant i ty  of  coar ournea per lquare
1^: l__"t .  s ' : , , .  per hour.  .The rerm may arso bc used to
i:"J.r."*" 

,n. quanrity of fuel burned iy tr,. [";i.,-p.i

condenration: Thc act of redu<
water by cool inc.  

- - -  - - '  " '  r leqtrns vaPor or  steam to

_-g:ld.l.*9. 
power (of Radiation): The condensing

Power oi  radiar ion is  rhe quant i ry of  r team ( in poundcivrhich a radiator  wi  condenge p. ,  
"q"u, .  

f " ; t  p; ;  l ; - " ;

. .  _CoDdrcr iot | :  Conducl ion- i !  the t ransrer of  heat  betwecnrrdo bod,e!  or  part r  oI  a body which touch. ."h 
"rh; ; .  

l ; . j
:c lna, t  

condlct ion rakes ptacc r . t* . ""  th"  ; ; , t ; ' ; i  
" "","*'i"?i"",?ii";"1'":l;:i:i":l*t.,r",:"*'.,i"ci- ti. ;.1

.  
Co.nvet ion:  Convecr ion,  or  carry ing oI  hcat ,  means the

li".'*:t,:; ii"tf :" ;;i,:li: ill H,. J.:i1 -""" uv - """" .i
The conduct ion,  proper lv ao cal l,ra8nant,m*s 

"r n"ia ;" "",y "r"* i".'r,""t",1::,"j:':"r5:"."
11,,1,"1"]ill',,"";f,ili'::li'L:*,1,.:."".i,r:,;:,*tl:l,i|:
r |urd that  unirormiry of  rempcrature can be mainrained in

:i", i"j:,,Till":. 
heat transfelred between the nuid masg

Ef6ciency (Boiter). (Bared on (p"'"";;;;;'"i;';,;:;"#;"":i"":i:lt"""ull':r,,;"11:

__Equivalent  Evapo.rat ion is  the roral  quant i ly  of  watc!  ( inpounds) evaporar:d. f r "m a t . -p.r . rur"  
" r"z iZ 

i " - ,L l_

il""r,,1oli*** 
Fahrenheir. (S.e A.r""r' e".p-",.iiiii,

_,,9y:": .1I"",  The act of resorvins, or_ the.lrare of beins
ilx?yil; i1i,"","111';rhe converlion or b"ir;nc watei 

-L.i

,. 
Evaporariye powcr (of a Boiter) is the quantiry of watcr

Si' :;.Ti."],.:t*h I pound or ";"r b".";d i' L;J r"ii.'

, .  
Evaporat ive.  Powcr (of  Fuct) :  Th,e quant i ty  of  water( 'n poin&) which I  pound of  fueline. rheorerical .".p"*ti""';-',t:";J::il;*"i ::l:;

;::ilf." 
by I pound 

"r r".r r",";"i i"'oi,'.r"., .",i1

_ 
FrceBurning Coal: T-erm apptied to coat which doesnotr . tuse roaether when b,rrn in; ;  otherwige a 

" ; ;_. . i , . "s

'.^I_:"lt"g 
su*ac6 (H.. s.): The heating surface of a

::'i1."ff ii:"i?:"J,il,I..,':.:.'-"'"".pu'"t;"ctl,-h..-
_,,1::: I'_"."+--n: when the jempcratur€-on opposirclroer or any.surrace are uncqual, thr

::i ji::,i1,f",""*iiiJffiLTl".ii::x:i:l,",:iiJ,+i::,,1

"..i:.Tl'-1, I:-r:,.,ure: rhe ignition. rempcrarure of a
: l : " l l l : :  

*  rhat  terhperatu,e ro which i t  must  bc ra ised intne presehce ot  oxygen to causc th.

in:i:l.lt,-:;:*::;i"';,:::;il,i,f"",::i,?::"."1;?:;
drrectFexperiment. with the partciular 

"i,i"tv 
* r"li'""-a-.,,

i : " i ; . : ; : f " "  
i t  is  aPproximaterv conl idcr ;d eoo ; ; . . "

^--hr :" ._ 
H." i  i ! . thar quant i ty  of  heat  necessary to evap_orare I  pounct  ot  warer iDto . team at  sarne iemperature.

Radiation of Heat: Radiarion of

rj".fJi:::i:ii:::,.r::.:;11,,::*1:,,:"*",*'i:i1".;
_. 

Tle hcat  rays procced in . r ra iaht  t ines,  and the inrenl i ryor  thc rsys radiated f rom 
""y " ; .  "a! r|'c lqua'c or rhcir di.rancc r,"- iti ' l"l l i l l" 

'""""'r"
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