
TECHNICAL MANUAL
TES-676B

Domestic® Pump  
Product Application  
and Sizing Manual



2

PAGE NO.

Introduction

Advantages of Heating with Steam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

Product Application and Sizing Methods

Condensate Return to the Steam Boiler in a Steam System . . . . . . . . . . . . . . . . . . . . . . . .4

Condensate Transfer Units. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

Condensate Feed into the Boiler  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

Pumps for Condensate Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

Condensate Transfer Units Selection and Sizing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

High Temperature Condensate Piping  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

How to Size and Select a Boiler Feed Water System  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Vacuum Return Condensate Units and Boiler Feed Units . . . . . . . . . . . . . . . . . . . . . . . . . 30

System Piping for Condensate, Boiler Feed and Vacuum Units . . . . . . . . . . . . . . . . . . . . 37

Domestic Pump Unit Selection Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Engineering Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

	 Definitions	of	Heating	Terms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Tables and Charts Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Steam Selection and Sizing Tools  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

TABLE OF CONTENTS



3

INTRODUCTION

4. RECOMMENDED STEAM APPLICATIONS

The following applications for the use of steam are recommended 
to	provide	trouble-free	and	efficient	heating	systems.

(a)    Where there is more than one job to do, such as providing 
comfort heating as well as steam for processes in:

   Industrial Plants  Restaurants 
 Hospitals  Dry Cleaning Plants 
 Institutions  Laundries

(b)  Where outdoor air is heated for ventilation (especially in cold    
 climates...as in:

   Factories  Buildings with Central 
 School Classrooms      Air Conditioning or 
 Auditoriums      Ventilating Gymnasiums 

(c) Where there is a surplus of steam from processes which can be 
used for air cooling or water chilling.

(d) Where the heating medium must travel a great distance from 
the boiler to the heating units,  
as found in:

  High Multi-Story   Scattered Buildings 
     Buildings      Supplied from a Central Station 
 Long, Rambling   
     Buildings

(e) Where intermittent changes in heat loads are required...as in:

   Schools  Office	Buildings 
 Churches

(f) Where central heat control or individual room control of 
temperature is important as found in:

   Schools  Office	Buildings 
 Hospitals  Hotels and Motels

(g) Where there is a chance of freezing, in cold climates or where 
sub-freezing air is handled.

(h) Where there may be additions or alterations of space or 
change of occupancy in a building.

(i) Where extra heat is needed as in buildings with large or 
frequently used doors as in:

   Department Stores  Shipping Departments 
 Garages      or Warehouses 
 Airplane Hangars

ADVANTAGES OF HEATING WITH STEAM
The widespread use of steam for heating points to a long 
recognized fact that steam, as a heating medium, has 
numerous characteristics which can be advantageously 
employed. Some of the most important advantages are  
as follows:

1. STEAM'S ABILITY TO GIVE OFF HEAT

Properties of saturated steam are shown in Steam Tables 
and give much information regarding the temperature 
and the heat (energy) contained in one pound of steam for 
any pressure. For example, to change one pound of water 
from 212°F into steam at the same temperature of 212°F at 
Atmospheric Pressure (14.7 PSIA) requires a heat content of 
1150.4 BTU which is made up of 180.1 BTU Sensible Heat 
(the heat required to raise the one pound of water from 32°F, 
freezing, to 212°F) and 970.3 BTU of Latent Heat. The Latent 
Heat is the heat added to change the one pound of water 
from 212°F into steam at 212°F. This stored up Latent Heat is 
required to transform the water into steam and it reappears 
as heat when the process is reversed to condense the steam 
into water.

Because of this basic fact, the high Latent Heat of vaporization 
of a pound of steam permits a large quantity of heat to be 
transmitted	efficiently	from	 
the boiler to the heating unit with little change  
in temperature.

2. STEAM PROMOTES ITS OWN CIRCULATION 
THROUGH PIPING

For	example,	steam	will	flow	naturally	from	a	higher	pressure	
(as generated in the boiler) to a lower pressure (existing in the 
steam	mains).	Circulation	or	flow	is	caused	by	the	lowering	
of the steam pressure along the steam supply mains and 
the heating units due to pipe friction and to the condensing 
process of steam as it gives up heat to the space being heated.

3. STEAM HEATS MORE READILY

Steam circulates through a heating system faster than other 
fluid	mediums.	This	can	be	important	where	fast	pick-up	of	
the space temperature is desired. It will also cool down more 
rapidly when circulation is stopped. This is an important 
consideration in Spring and Fall when comfort conditions can 
be adversely affected by long heating-up or slow cooling-
down periods.
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CONDENSATE RETURN TO THE STEAM 
BOILER IN A STEAM SYSTEM
The purpose of this manual is to provide a solid base for 
the selection of equipment to return the condensate from a 
steam system and return it to the steam boiler. Many older 
small steam systems used a gravity return to the boiler. These 
systems are not employed in modern systems and will not be 
covered in this manual. 

The selection of condensate handling equipment should be 
given careful consideration to maintain a properly balanced 
efficient	steam	system.	Several	factors	should	be	considered	
in the system to determine the proper selection.  
These factors include: 

1. The System Size 

2. Temperature of the Return Condensate 

3. Operating Pressure of the Boiler 

4.	 The	Amount	of	Make	-up	Water	Required	to	 
Replace	Steam	Lost	Through	Leaks	

5. Vent Valves 

6. Flash Steam and Steam Consumed in Industrial 
Processes

7. The Change in Load Rate During Various Time Periods 

In many applications condensate return temperatures may 
exceed the saturation temperature at atmospheric pressure. 
The selection of return equipment should give consideration 
to	operating	efficiencies	and	flash	steam	should	be	avoided.	

The condensate return rate can be easily calculated from the 
conversion Table 4, page 42. Most steam heating systems 
are rated in square feet of direct radiation, usually expressed 
as Sq. Ft. E.D.R. In simple terms, this is the square feet of 
heating surface or radiator surface. For example, a cast iron 
radiator 12" deep x 3' high, consisting of 8 sections will have 
approximately 48 square feet of radiation. All irregularities 
of the surface should be included in the calculation. By 
definition,	each	square	foot	of radiation	will	give	off	240	BTU	
when	filled	with	a	heating	medium	at	215°F	and	surrounded	
by 70° F ambient air temperature. For purposes of calculating 
the return rate, each 1, 000 sq. ft. E.D.R. will condense and 
return 0.5 GPM of condensate. 

In applications other than steam heating, the steam 
consumption is normally expressed in pounds per hour of 
steam. The return rate can be calculated using the formula 
each 1,000 Ibs /hr. will condense into 2 GPM of condensate.

CONDENSATE TRANSFER UNITS 
There are two phases of condensate handling from a steam 
system.	The	first	is	returning	condensate	to	the	boiler	room,	
and second, the feeding of the condensate into the boiler.

Returning Condensate to the Boiler Room
As the steam is distributed through the system and gives up 
its	latent	heat,	the	steam	will	change	back	into	condensate	
(water). The condensate is drained through the traps and 
flows	into	a	condensate	return	pipe.	When	the	elevation	of	
the	return	pipe	permits	gravity	flow	to	the	boiler	room	or	
boiler feed unit, condensate transfer equipment may not 
be	required.	In	most	applications,	gravity	flow	cannot	be	
provided and condensate transfer units must be provided to 
return the condensate to the boiler room.

CONDENSATE FEED INTO THE BOILER
The second phase of condensate handling to be considered is 
the feed or return into the steam boiler. 

The condensate feed into the boiler deserves careful 
consideration to maintain a proper water level in the steam 
boiler during various load rates and operating cycles.

In any steam system, there is a time lag between when steam 
leaves the boiler until it returns in the form of condensate. 
The greatest time lag exists during a cold start-up. In a cold 
system, the steam mains, radiators, and return piping are 
completely drained. When the system is put into operation, 
the steam mains and radiators require a volume of steam 
to	fill	the	system.	The	volume	of	steam	must	come	from	the	
boiler during this period and causes a drop of water level in 
the boiler. Additional time is required for the condensate to 
flow	through	the	return	lines	back	to	the	boiler	room	either	by	
gravity	or	to	be	pumped	back	from	condensate	transfer	units.	
The opposite condition occurs when the system is shut down; 
all the steam in the mains and radiators is returned in the 
form of condensate and must be stored for the next system 
start-up.

During	normal	operation	fluctuating	load	rates	will	cause	
surges of steam output and condensate return to occur in the 
system.

The steam boiler system should be designed to have a storage 
area to store an ample supply of water for the variations in 
flow	rate.	There	are	two	types	of	condensate	feed	systems	
commonly used. 

1.	 Condensate	units	controlled	by	a	float	switch	on	the	
pump receiver.

2. Boiler feed units having the pumps controlled by a 
level switch on the boiler. 
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The advantages and functions of the two types of systems are 
as follows: 

CONDENSATE UNITS USED TO FEED INTO A 
STEAM BOILER 
One approach to returning condensate to a steam boiler is to 
use a condensate unit. With this arrangement, condensate 
is fed into the boiler in response to the water level in the 
pump receiver. The receiver is sized the same as a condensate 
transfer unit to provide one minute storage capacity based on 
the	boiler	steaming	rate.	A	float	switch	on	the	pump	receiver	
controls the pump. With this type of system, the system 
surges occur in the boiler due to change in boiler load. The 
boiler is equipped with an automatic water feeder to add city 
make-up	into	the	boiler	on	low	level	to	replace	condensate	
lost in the system. 

The condensate unit feed system has proven successful 
in small steam space heating applications. On larger 
installations, the boiler does not have an adequate storage 
area to handle the system surges. When the condensate unit 
feed system is applied to a system where the boiler does not 
have	an	adequate	storage	area,	the	make-up	water	valve	on	
the	boiler	will	add	additional	make-up	water	during	start-up	
or heavy system steam demand. When the condensate is later 
returned,	the	boiler	will	flood	and	shut	off	on	high	water.	This	
may	cause	a	constant	adding	of	make-up	water	and	boiler	
flooding	condition.	

The practical system size limit for a condensate feed system 
is approximately 8,000 sq. ft. E.D.R. or 60 boiler horsepower 
system size. The maximum system size will vary with different 
types of boilers having various storage capacities between the 
high	and	low	operating	levels.	The	boiler	storage	or	working	
capacity can be obtained from the boiler manufacturer. Quite 
frequently when older boilers having a large storage area 
are replaced with modern boilers generally having a smaller 
storage capacity, the existing condensate feed system causes 
problems as previously stated. The condensate feed system 
also is not practical in feeding multiple boilers, or where a 
large	percentage	of	make-up	water	is	required.

Boiler Feed Units 
The boiler feed unit is preferable over a condensate unit 
for all systems. The boiler feed unit consists of a storage 
receiver sized to store an adequate volume of water to handle 
the system surges or system time lag and pumps wired to 
operate in response to a level control switch on the boiler. 
The normal boiler level control switch maintains a boiler 
water level within one inch differential. When a boiler feed 
unit	is	used,	the	make-up	water	is	added	into	the	pump	
receiver on low water level and pumped into the boiler as 
required. When a boiler feed unit is used to feed the boiler in 
response to the boiler water level, the system surges occur in 
the pump receiver. The boiler feed receiver should be sized 
large	enough	to	prevent	an	overflow	of	return	condensate.	
The	normal	receiver	sizing	is	to	provide	five	minutes	storage	
area for systems up to 30,000 sq. ft. E.D.R. or equal to 
approximately 200 boiler horsepower. Larger systems should 
provide a minimum of ten minutes storage volume. Large 
single story buildings requiring over 100,000 sq. ft. E.D.R. 
and campus complexes should provide a minimum of 15 
minutes storage volume. Oversizing the boiler feed unit 
receiver does not affect the system operation, it only adds 
slightly to the initial system cost. Undersizing of boiler feed 
receivers	can	cause	an	overflow	of	returned	condensate	which	
must	be	replaced	with	raw	make-up	water.	This	wastes	heat,	
make-up	water	and	chemical	treatment.

Condensate Unit Feeding Boiler
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When the elevation of all return lines permit gravity return 
to the boiler feed unit, only a boiler feed unit is required to 
return condensate. In many installations, some of the return 
lines may not permit gravity return and condensate transfer 
units	may	be	required	to	pump	the	returns	back	to	the	boiler	
feed unit. 

Boiler Feed Unit Feeding Boiler

PUMPS FOR HANDLING HOT CONDENSATE 
IN STEAM SYSTEMS
Pump selection should be given careful consideration to 
provide pumps capable of handling high temperature 
condensate without cavitation. The pumps should provide 
maximum	system	efficiency,	retain	their	original	capacity	and	
require a minimum amount of maintenance. 

Centrifugal pumps and turbine pumps are commonly used 
for condensate handling. Centrifugal pumps are preferred 
for most applications as they provide generous running 
clearances and retain near their original capacity after years of 
service. 

The conditions commonly found in a steam system requires  
a high pressure, low capacity pump as compared to a hot 
water heating application. To meet these conditions,  
3500 RPM Centrifugal pumps are usually the logical  
choice. The following comparison shows the advantages of 
3500 RPM Centrifugal pumps.

Boiler Feed Unit 
Feeding the Boiler with Condensate Transfer Unit 
Transferring Condensate from Low Return Lines  

Back to Boiler Feed Unit

CM or CBM
Boiler Feed 
Unit
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3500 or 1750 RPM Centrifugal Pumps

Characteristically, small capacity 3500 rpm pumps (less than 150 
gpm and pressures greater than 20 psi) have several advantages 
over 1750 rpm pumps. This is true of any manufacturer's centrifugal 
pump, particularly when operated intermittently as are condensate, 
vacuum and low pressure boiler feed pumps. 

1. The	motor	is	much	less	likely	to	overload	when	the	pump	is	
operated	at	less	than	the	specified	pressure,	which	is	usually	the	
case. 3500 rpm pumps characteristically have steeper head-
capacity	and	flatter	horsepower	curves,	both	highly	desirable	for	
this service. See typical curves below.

2. 3500	rpm	pumps	have	a	higher	hydraulic	efficiency,	so	
operating expenses are lower. 

3. The inertial loads imposed on the motor shaft by the 1750 
impeller are 16 times greater than for a 3500 rpm impeller:

An impeller approximates a disc and the formula for the inertia 
of a disc about its axis is l = Wr 2 or 1/2 the weight times the 

radius squared, divided by the acceleration due to gravity. 
Since a 1750 impeller must be twice the diameter of a 3500 
impeller to develop the required pressure, the disc area and 
weight	are	four	times	that	of	the	3500	rpm	impeller,	making	
the inertia 16 times that of the 3500 rpm impeller.

4. 3500 rpm motors are just as quiet , reliable and long lived as 
1750 rpm motors. 3500 rpm is not very fast today in view of the 
15,000 rpm or faster speeds of jet engine rotating assemblies. 

2g
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The above illustration shows a standard Centrifugal pump 
designed for condensate handling. Standard pumps for this 
service are designed with large suction areas in the pump 
casing and impeller to reduce cavitation. The Domestic Type 
PF Pump shown can pump condensate at 195°F or hotter 
depending on the pump combination selected. In some 
condensate handling requirements, this arrangement may 
not handle the temperature requirements.

Centrifugal pumps specially designed for 2 ft. NPSH (Net 
Positive Suction Head) requirements are available to handle 
boiling condensate with only 2 feet of elevation between 
the pump suction and the receiver water level. The Domestic 
Type	B	Pump	shown	uses	an	axial	flow	impeller	in	the	suction	
of	the	centrifugal	pump.	The	axial	flow	impeller	provides	a	
5 to 10 PSI suction pressure into the centrifugal impeller to 
prevent cavitation. 

Cavitation	-	Cavitation	is	the	high	temperature	water	flashing	
into steam as it enters the impeller suction. As the steam 
vapors mixed with water enter the centrifugal impeller, they 
collapse rapidly and cause a noise in the pump which sounds 
like	marbles	were	being	pumped	through	the	impeller.

All pump suctions create a negative pressure as they draw the 
water into the impeller. The amount of negative pressure is 
a function of the pump design and is determined by testing. 
The pump required NPSH is usually measured in feet of 
water	required. To	prevent	cavitation	or	flashing	the	pump	
suction must be supplied with the required NPSH which 
may be obtained from the elevation of the water above the 
pump suction (Static Head) or from the temperature of the 
water	below	the	flash	temperature.	The	following	chart	shows	
the NPSH available from the temperature and elevation to 
calculate the total available NPSH. When the available NPSH 
is greater than the required NPSH of the pump, the problem 
of cavitation is eliminated. Pumps requiring 2 ft. NPSH will 
pump boiling water with only two feet of elevation to the 
water line above the pump suction. The 2 ft. NPSH pumps will 
also handle water temperatures within 3°F of boiling with 
no elevation or static head as some static head exist even 
on heightless receivers. They are usually recommended for 
pumping within 2°F or 210°F condensate at sea level. 

2 Ft. NPSH Centrifugal Pump

Standard Centrifugal Pump
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Temp. 
°F

Static Suction Head in Feet

0 1 2 3 4 5 6 7 8 9 10

NPSH

212° 0 1 2 3 4 5 6 7 8 9 10

211° 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5

210° 1.4 2.4 3.4 4.4 5.4 6.4 7.4 8.4 9.4 10.4 11.4

208° 2.6 3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6

207° 3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6 13.6

206° 4.0 5.0 6.0 7.0 8.0 9.0 10 11.0 12.0 13.0 14.0

205° 4.7 5.7 6.7 7.7 8.7 9.7 10.7 11.7 12.7 13.7 14.7

204° 5.1 6.1 7.1 8.1 9.1 10.1 11.1 12.1 13.1 14.1 15.1

200° 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5

190° 12.5 13.5 14.5 15.5 16.5 17.5 18.5 19.5 20.5 21.5 22.5

155° 24.3 25.3 26.3 27.3 28.3 29.3 30.3 31.3 32.3 33.3 34.3

116° 30.5 31.5 32.5 33.5 34.5 35.5 36.5 37.5 38.5 39.5 40.5

100° 31.7 32.7 33.7 34.7 35.7 36.7 37.7 38.7 39.7 40.7 41.7

70° 33.1 34.1 35.1 36.1 37.1 38.1 39.1 40.1 41.1 42.1 43.1

  Net Positive Suction Head Available (NPSHA) Table For Water at Sea Level* and Atmospheric Vented Supply Tank

*Boiling point decreases 1°F for every 500 feet of elevation above sea level. 
(@ 500' above sea level, boiling point is 211°F)

Net Positive Suction Head Available (NPSHA)
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CONDENSATE TRANSFER UNITS SELECTION AND SIZING

The condensate transfer unit should be selected as shown in 
the following steps: 

1. Determine the Condensate Return Rate

2. Calculate Discharge Pressure

3. Determine the Condensate Return Temperature

4. Select the Basic Unit

5. Select the Accessory Equipment Desired

STEP 1 
DETERMINE THE CONDENSATE RETURN RATE

Conversion tables are provided to calculate the condensate 
return rate on page 42, Table  4. The condensate return rate 
can be calculated from Sq. Ft. E.D.R., Lbs. /Hr. of steam, BTU 
heat load or boiler horsepower required.

STEP 2 
CALCULATE THE DISCHARGE PRESSURE

The required discharge pressure includes static head lift 
required	plus	friction	loss	in	the	piping,	fittings	and	valves,	
any pressure to be overcome in the vessel to which the unit 
discharges. It is normal practice to add an additional 5 PSI on 
any installation requiring up to 50 PSI and 10 PSI extra on 
installations requiring over 50 PSI. 

Static Head: This is the elevation difference between the 
pump discharge and the highest point in piping. For example, 
a condensate unit installed in the basement area must pump 
into an elevated boiler feed receiver in the boiler room. The 
elevation difference in the two locations is 23 feet. The static 
head required would be 23 feet. 

Friction	Loss	:Tables	7	&	9	on	page	45	in	the	back	of	this	
manual	show	the	friction	loss	in	feet	for	pipe	fittings.	
Example: 25 GPM are to be discharged in a 1½" pipe 500' 
long. The piping includes eight (8) 90° elbows, two (2) gate 
valves,	a	swing	type	check	valve,	and	a	plug	cock.	Each	90° 
elbow has a friction loss equal to 7.4 ft. of pipe. Each gate 
valve	has	a	loss	equal	to	1.	2	ft.	of	pipe.	A	swing	check	valve	
has	a	loss	equal	to	15	ft.	of	pipe	and	a	plug	cock	has	a	loss	
equal to 42 ft. of pipe. 

The total equivalent length of pipe is as follows: 500' + (8 x 
7.4) + (2 x 1.2) + 15 + 42 = 618.6' equivalent length. The 
friction loss of 1½" pipe at 25 GPM is 4.4 ft. per 100' or .044 
per ft. 618.6 x .044 = 27.22 ft. loss. 

If the condensate transfer unit discharges into a vented 
boiler feed unit, no extra pressure is required to overcome 
the vessel pressure. If the unit discharges into a pressurized 
deaerator, the maximum deaerator pressure plus the pressure 

drop across the spray nozzle (on some types) must be added. 
Assuming that the unit is discharging into a vented boiler 
feed receiver, the total discharge pressure required is as 
follows:

23  ft. static head
27. 22  ft. friction loss 

Total 50.22  ft.

To convert ft. head into PSIG, divide by 2.31 or 50.22 divided 
by 2.31 = 21. 74 PSI required. Add the safety margin of 5 PSI. 
The pump should be selected for a discharge pressure of  
27 PSI.

STEP 3 
DETERMINE THE CONDENSATE RETURN 
TEMPERATURE

This	is	probably	the	most	difficult	value	to	determine.	If	the	
unit being selected is an existing installation, it is best to 
observe the actual installation and measure the condensate 
temperature. Most steam heating applications use 
thermostatic traps which drain condensate at approximately 
160°F to 180°F temperature. The normal condensate 
temperature	from	a	steam	space	heating	can	be	figured	using	
140°F to 160°F.

When steam is used for heating water as in a Domestic 
water heater or shell and tube heat exchanger, the return 
condensate return temperature can be calculated by 
subtracting the BTU load requirement from the BTU value of 
the steam consumed. If the unit is for an existing application, 
the condensate temperature may be determined by installing 
a pressure gauge ahead of the discharge trap. The condensate 
temperature will be equal to the saturation temperature at 
the corresponding pressure.

The properties of saturated steam in Table 1, page 40 in the 
back	of	this	manual	shows	the	corresponding	temperatures	in	
relation to the pressure.

Additional cooling will occur in the return piping. Chart 3, 
page	44	is	provided	in	the	back	of	this	manual	showing	heat	
loss from bare steel pipe which may be used to calculate the 
BTU removed in the return piping. 
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STEP 4 
SELECTING THE BASIC UNIT

Select the unit based on the load rate, discharge pressure, and 
return temperature. For most applications where the return 
temperature is 195°F or less, the Domestic Type CC Unit may 
be applied.

The standard sizing for condensate units is to select the pump 
for a rate equal to 2 or 3 times the system condensing rate. 
The 2 or 3 times rate allows for intermittent operation of 
the pump and allows for extra capacity during a cold system 
startup. The pumps on the type CC are preselected for 2 times 
the system condensing rate.

Receivers for condensate units should be sized as small as 
practical	to	return	condensate	as	quick	as	possible	to	the	
boiler room or boiler feed unit. Standard sizing of receivers 
for condensate units provide one minute net storage capacity 
based on the system return rate.

Example: A 30,000 sq. ft. E.D.R. system returns condensate 
at the rate of 15 GPM. The receiver should have a net storage 
capacity	of	15 gallons.	The	net	storage	capacity	is	defined	as	
the	capacity	between	where	the	float	switch	starts	the	pump	
on high water level and where it stops the pump on low water 
level. The total receiver capacity will be larger than the net. The 
following tables from the Domestic Type CC sales brochure 
show the units preselected based on sq. ft. E.D.R. having 
the pump sized 2 times the system condensing rate and 
the receiver selected to provide approximately one minute 
storage capacity.

When the condensate return temperature may exceed 
195°F, a unit having low NPSH (Net Positive Suction Head) 
requirements should be selected. The Domestic Type CB Unit 
uses a pump designed for handling high temperature water. 
This	is	accomplished	using	an	axial	flow	impeller	in	the	 
pump suction.

Type CC Condensate Pump  
Duplex Float Switch Operated

Type CB Unit  with 2' NPSH Pump  
to Handle High Temperature Condensate
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2

SERIES CC™ CONDENSATE UNITS
PUMP DISCHARGE MOTOR HORSEPOWER DISCHARGE RECEIVER INLET

SYSTEM CAPACITY PRESSURE 3500 1750 SIZE MODEL CAPACITY SIZE
CAPACITY† GPM (L/M) PSIG (kPa) RPM RPM IN. (mm) NUMBER GAL. (L) IN. (mm)

15* (103) 1/3 1/3 61.5CC
20* (138) 1/3 1/2 62CC 6 (23)1,000 thru 6,000 25* (172) 1/2 3/4 62.5CC SimplexSq. Ft. EDR 30* (207) 1/2 11/2 63CC_________

6 (23) 40 (276) 13/4 **4 3/4 (19) 64CC 14†† (53) 2 (51)250 thru 1,500 50 (345) 11/2 **4 65CC Duplexlb./hr. 60 (414) 23/4 **4 66CC(113-680 kg/hr) 75 (518) 33/4 **4 67.5CC
90 (621) 33/4 **4 69CC 23 (87)

15* (103) 1/3 1/3 91.5CC
20* (138) 1/3 1/2 92CC 9 (34)1,000 thru 9,000 25* (172) 1/2 3/4 92.5CC SimplexSq. Ft. EDR 30* (207) 3/4 11/2 93CC_________

9 (34) 40 (276) 13/4 **4 3/4 (19) 94CC 14†† (53) 2 (51)250 thru 2,250 50 (345) 11/2 **4 95CC Duplexlb./hr. 60 (414) 23/4 **4 96CC(113-1,021 kg/hr) 75 (518) 33/4 **4 97.5CC
90 (621) 33/4 **4 99CC 23 (87)

15* (103) 1/3 1/3 121.5CC
20* (138) 1/3 1/2 122CC

12,000 25* (172) 1/2 3/4 122.5CC
Sq. Ft. EDR 30* (207) 3/4 11/2 123CC 14†† (53)
_________ 12 (45) 40 (276) 13/4 **4 3/4 (19) 124CC 2 (51)

3,000 lb./hr. 50 (345) 11/2 **4 125CC
(1,361 kg/hr) 60 (414) 23/4 **4 126CC

75 (518) 33/4 **4 127.5CC
90 (621) 53/4 **4 129CC 23 (87)

15* (103) 1/3 1/2 151.5CC
20* (138) 1/3 3/4 152CC

15,000 25* (172) 1/2 13/4 152.5CC
Sq. Ft. EDR 30* (207) 3/4 11/2 153CC 14†† (53)
_________ 15 (57) 40 (276) 13/4 **4 3/4 (19) 154CC 2 (51)

3,750 lb./hr. 50 (345) 11/2 **4 155CC
(1,701 kg/hr) 60 (414) 23/4 **4 156CC

75 (518) 33/4 **4 157.5CC
90 (621) 53/4 **4 159CC 23 (87)

15* (103) 1/3 1/2 221.5CC
20* (138) 1/2 3/4 222CC

22,000 25* (172) 3/4 13/4 222.5CC
Sq. Ft. EDR 30* (207) 3/4 11/2 223CC
_________ 22 (83) 40 (276) 11/2 **4 11/2 (38) 224CC 23 (87) 2 (51)

5,500 lb./hr. 50 (345) 23/4 **4 225CC
(2,495 kg/hr) 60 (414) 33/4 **4 226CC

75 (518) 33/4 **4 227.5CC
90 (621) 53/4 **4 229CC
15 (103) 1/2 3/4 301.5CC
20 (138) 3/4 3/4 302CC

30,000 25 (172) 3/4 11/2 302.5CC
Sq. Ft. EDR 30 (207) 13/4 11/2 303CC
_________ 30 (114) 40 (276) 11/2 **4 11/2 (38) 304CC 36 (136) 3 (76)

7,500 lb./hr. 50 (345) 23/4 **4 305CC
(3,402 kg/hr) 60 (414) 33/4 **4 306CC

75 (518) 53/4 **4 307.5CC
90 (621) 53/4 **4 309CC
15 (103) 1/2 3/4 371.5CC
20 (138) 3/4 13/4 372CC

37,000 25 (172) 3/4 11/2 372.5CC
Sq. Ft. EDR 30 (207) 11/2 11/2 373CC
_________ 37 (140) 40 (276) 23/4 **4 11/2 (38) 374CC 36 (136) 3 (76)

9,250 lb./hr. 50 (345) 33/4 **4 375CC
(4,196 kg/hr) 60 (414) 33/4 **4 376CC

75 (518) 53/4 **4 377.5CC
90 (621) 53/4 **4 379CC
15 (103) 3/4 3/4 451.5CC
20 (138) 13/4 13/4 452CC

45,000 25 (172) 13/4 11/2 452.5CC
Sq. Ft. EDR 30 (207) 11/2 23/4 453CC
_________ 45 (170) 40 (276) 23/4 **4 11/2 (38) 454CC 36 (136) 3 (76)

11,250 lb./hr. 50 (345) 33/4 **4 455CC
(5,103 kg/hr) 60 (414) 33/4 **4 456CC

75 (518) 53/4 **4 457.5CC
90 (621) 53/4 **4 459CC

† Sq. Ft. EDR____________ =
4

Lb./hr. Condensate
* Maximum Condensate Temperature: 209°F (98°C) 3500 RPM ONLY.
** 3500 RPM is standard. 1750 RPM is not available.
†† 3500 RPM units to 50 psi discharge pressure use “B” design receiver as standard.

3500 RPM units 60 psi or more use “A” design receiver. 1750 RPM units use “A” design receiver.



13 3

SERIES CC™ CONDENSATE UNITS
PUMP DISCHARGE MOTOR HORSEPOWER DISCHARGE RECEIVER INLET

SYSTEM CAPACITY PRESSURE 3500 1750 SIZE MODEL CAPACITY SIZE
CAPACITY† GPM (L/M) PSIG (kPa) RPM RPM IN. (mm) NUMBER GAL. (L) IN. (mm)

15 (103) 1 1 601.5CC
20 (138) 11/2 11/2 602CC

60,000 25 (172) 11/2 11/2 602.5CC
Sq. Ft. EDR 30 (207) 2 2 603CC
_________ 60 (227) 40 (276) 3 ** 2 (51) 604CC 52 (197) 3 (76)

15,000 lb./hr. 50 (345) 3 ** 605CC
(6,804 kg/hr) 60 (414) 5 ** 606CC

75 (518) 5 ** 607.5CC
90 (621) 71/2 ** 609CC
15 (103) 11/2 11/2 751.5CC
20 (138) 11/2 11/2 752CC

75,000 25 (172) 2 2 752.5CC
Sq. Ft. EDR 75 (284) 30 (207) 3 ** 2 (51) 754CC 75 (284) 4 (102)

18,750 lb./hr. 50 (345) 5 ** 755CC
(8,505 kg/hr) 60 (414) 5 ** 756CC

75 (518) 71/2 ** 757.5CC
90 (621) 71/2 ** 759CC
15 (103)  11/2 11/2 901.5CC
20 (138) 2 2 902CC90,000 25 (172) 2 2 902.5CCSq. Ft. EDR 30 (207) 3 3 903CC_________ 90 (341) 40 (276) 5 ** 2 (51) 904CC 75 (284) 4 (102)

24,250 lb./hr. 50 (345) 5 ** 905CC(11,000 kg/hr) 60 (414) 71/2 ** 906CC
75 (518) 71/2 ** 907.5CC
15 (103) 11/2 2 1121.5CC
20 (138) 2 2 1122CC112,000 25 (172) 3 3 1122.5CCSq. Ft. EDR 30 (207) 3 3 1123CC_________ 112 (424) 40 (276) 5 ** 2 (51) 1124CC 120 (454) 4 (102)

28,000 lb./hr. 50 (345) 5 ** 1125CC(12,701 kg/hr) 60 (414) 71/2 ** 1126CC
75 (518) 10 ** 1127.5CC
15 (103) 3 2 2 (51) 1501.5CC
20 (138) 3 3 for 3500 RPM 1502CC150,000 25 (172) 5 5 units 1502.5CCSq. Ft. EDR 30 (207) 5 5 1503CC_________ 150 (568) 40 (276) 71/2 ** 3 (76) 1504CC 120 (454) 4 (102)

37,500 lb./hr. 50 (345) 71/2 ** for 1750 RPM 1505CC(17,010 kg/hr) 60 (414) 10 ** units 1506CC
75 (518) 15 ** 1507.5CC

**3500 RPM is standard. 1750 RPM is not available.

STANDARD UNIT FEATURES:
• Cast Iron Receiver, sizes 14 gallon (53L) and larger have

provision for second pump. Receiver sized for 1 minute net
storage.

• Cast Iron Receivers are warranted for 20 years from date of
shipment against failure due to corrosion.

• Centrifugal Pump(s) with drip-proof motors. Pump capacity
sized 2 times system return rate.

• Float switch(es).

ORDERING INSTRUCTIONS:
Specify basic Model No., RPM, single or duplex, phase, oper-
ating voltage, special features. Note: TEFC and explosion
proof motors available. The motor horsepower requirement is
often greater using explosion proof as they have unity service
factor. A horsepower increase is not necessary using TEFC
motors.

OPTIONAL FEATURES AVAILABLE AS SPECIFIED:
• Water level gauge w/shut-off valve*
• Dial Thermometer*
• Inlet Basket Strainer
• Discharge Pressure Gauges

• NEMA 4 or NEMA 7 Float Switches
• Mechanical Alternator provides sequencing of duplex

pumps and standby of second pump on high level. (NEMA 4
or 7 mechanical alternators available on receiver sizes 36
gallons [136L] and larger)

• Control Panels, see page 4. (Control Panels cannot be
mounted on 6 & 9 gallon [23 & 34L] receivers, use 14 gallon
[53L] minimum)

• Suction Butterfly Valve
3" (76mm) (Available for pump capacities to 75 gpm
[284L/M])

• Suction Butterfly Valve
31/2" (89mm) (Available for pump capacities to 76 to 115
gpm [288 to 435L/M])

• TEFC or Explosion Proof Motors
• High Level Float Switch/Standby Float Switch

(Consult factory for arrangement)
• Lifting Eyes (Available on Receiver sizes 23 gallon [87L] and

larger)
• Tapping/openings not drilled on 9 or 14 gallon (34 or 53L)

unless option is specified.
*Not available on 6 gallon (23L) receivers.

† Sq. Ft. EDR____________ =
4

Lb./hr. Condensate

Series CC Standard Unit Features
•	Cast	Iron	Receiver,	sizes	14	gallon	(53L)	and	larger	have
 provision for second pump. Receiver sized for 1 minute net
 storage.
•	Cast	Iron	Receivers	are	warranted	for	20	years	from	date	of
 shipment against failure due to corrosion.
•	Centrifugal	Pump(s)	with	drip-proof	motors.	Pump	capacity
 sized 2 times system return rate.
•	Float	switch(es).

Ordering Instructions
Specify basic Model No., RPM, single or duplex, phase, operating
voltage, special features. Note: TEFC and explosion
proof motors available. The motor horsepower requirement is
often greater using explosion proof as they have unity service
factor. A horsepower increase is not necessary using TEFC motors.

Optional Features Available as Specified
•	Water	level	gauge	w/shut	off	valve*
•	Dial	Thermometer*

• Inlet	Basket	Strainer
• Discharge	Pressure	Gauges
• NEMA	4	or	NEMA	7	Float	Switches
• Mechanical	alternator	provides	sequencing	of	duplex	pumps	and	

standby of second pump on high level. (Nema 4 or 7 mechanical 
alternators available on receiver sizes 36  gallons [136L] and larger)

• Control	panels,	(Control	panels	cannot	be	mounted	on	6	&	9	gallon	 
[23 & 34L] receivers, use 14 gallon [53L] minimum)

• Suction	butterfly	valve	3"	(76mm)	(available	for	pump	capacities	to	 
75 gpm [284 L/M])

• Suction	butterfly	valve	3	1/2"	(89mm)	(available	for	pump	
capacities to 76 to 115 gpm [288 to 435 L/M])

• TEFC	or	Explosion	Proof	Motors
• High	Level	Float	Switch/Standby	Float	Switch	(Consult	factory	for	

arrangement)
• Lifting	Eyes	(Available	on	receiver	sizes	23	gallon	[87L]	and	larger)
• Tapping/openings	not	drilled	on	9	or	14	gallon	(34	or	53L)	unless		
option	is	specified.

*Not available on 6 gallon (23L) receivers.
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Selection Data 
All pumps are 3500 RPM
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Series CB Standard Unit Features
•	Cast	iron	receiver.
•	All	simplex	receivers	have	a	blanked	opening	for	second
 pump.
•	Cast	Iron	Receivers	are	warranted	for	20	years	from	date	of
 shipment against failure due to corrosion.
•	Series	B35	centrifugal	pump(s)	with	drip-proof	motors.	Pump
 capacity sized 2 times system return rate.
•	Float	switch(es).

Series CBE Standard Unit Features
•	Cast	iron	receiver	mounted	on	a	welded	steel	stand.
•	All	simplex	receivers	have	a	blanked	opening	for	second
 pump.
•	Cast	Iron	Receivers	are	warranted	for	20	years	from	date	of
 shipment against failure due to corrosion.
•	Series	B35	centrifugal	pump(s)	with	drip-proof	motors.	Pump
 capacity sized 2 times system return rate.
•	Float	switch{es).
•	Suction	piping	isolation	valves.

Optional Features
• Water	level	gauge	w/shut	off	valve
• Dial	Thermometer
• Inlet	Basket	Strainer
• Discharge	Pressure	Gauges
• Mechanical	Alternator	provides	sequencing	of	duplex	pumps	

and stand-by of second pump on high level.
• NEMA	2-	U.L.	Listed	Control	Panels
• Suction	Butterfly	Valve	(optional	on	Series	CB	Units	only,	on	

capacities to 75 gpm)
• Lifting	Eyes
Ordering Instructions
Specify Model No., single or duplex, phase, operating voltage, 
special features.
Note: TEFC and explosion proof motors are available. The motor 

horsepower requirement is often greater using explosion proof 
motors as they have unity service factor. A horsepower increase 
is not necessary when using TEFC Motors.
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The type CB unit may be supplied as a heightless unit capable 
of handling condensate return temperatures within 2°F of 
boiling. It may also be supplied with the receiver elevated 24 
inches	above	the	floor	to	handle	condensate	at	the	full	boiling	
temperature.

The type CB units have the pumps selected for 2 times 
condensing rate. The smaller value has proven adequate in 
the years of experience using low NPSH pumps, loss of pump 
capacity due to cavitation need not be considered when using 
the type CB units. Receiver sizing is based on one minute net 
storage capacity. The previous tables on page 14 and 15 show 
the selection of type CB units. 

Condensate transfer units are available using underground 
receivers	to	handle	condensate	from	low	return	lines	below	floor	
level. Larger systems are available using steel receivers. 

Condensate return temperatures may exceed saturation 
temperature. To	avoid	flash	steam	(steam	waste),	a	closed	
system should be employed to save the energy in the return 
temperature..

STEP 5 

SELECT THE ACCESSORY EQUIPMENT DESIRED

One	of	the	first	options	to	be	considered	is	the	number	of	
pumps. The Type CC and CB units are available with single or 
duplex	pumps.	The	pump	capacity	is	figured	the	same	for	either	
type. The duplex unit is intended to provide standby protection 
in the event of a pump failure. The basic unit includes a receiver, 
one	or	two	pumps,	and	one	or	two	float	switches.	

Single	units	are	provided	with	one	float	switch	to	start	the	pump	
on high water level and stop the pump on low level.

Duplex units are available with several options for the level 
control.	The	basic	unit	has	2	float	switches,	the	No.	1	float	switch	
starts the number one pump usually one inch below the return 
or	inlet	connection.	The	No.	2	float	switch	starts the	second	or	No.	
2 pump approximately one inch higher, thus automatic standby 
of the second pump is provided.

The	basic	2	float	switch	arrangement	always	starts	the	No.	1	
pump	first	and	the	No.	2	pump	operates	only	when	a	failure	of	
No. 1 pump occurs or an abnormal load rate is encountered. 
With this arrangement, the No. 2 pump may remain idle for 
several years and scale may cause a seizure to occur. Some type 
of sequencing is recommended to provide equal wear and 
prevent scale build-up of the idle pump.

Duplex units are available with a mechanical alternator, electrical 
alternator or lead-lag manual selector switch. The mechanical 
alternator consists of two switch assemblies operated by one 

float	and	linkage	assembly.	As	the	water	level	rises	one	switch	will	
close and start one pump as the level recedes the switch will open. 
The next cycle, the opposite switch will close starting the alternator 
pump, thus the mechanical alternator sequences the pump 
operation	each	operating	cycle.	In	the	event	the	first	pump	fails	to	
operate and the water level continues to rise, both contacts on the 
mechanical alternator will close starting the second pump.

Electrical alternators are available to sequence the pump 
operation	in	response	to	the	No.	1	float	switch.	The	No.	2	float	
switch then operates both pumps when a high water level is 
reached. Electrical alternators require magnetic starters to start 
the motor as the contacts are single pole switches rated 10 amps 
or	less.	The	standard	float	switch	and	mechanical	alternator	are	
provided with double pole bearing duty contacts rated to start  
1 Phase Motors up to 1 H.P. direct without magnetic starters. 
These motors have built-in overload protection to protect against 
overcurrent conditions. Lead-lag selector switches may be used to 
manually sequence the pumps on a periodic time schedule. The 
use of lead-lag selector switches also require magnetic starters to 
start the motors.

Our recommendation is to use mechanical alternators on single 
phase units up to 1 H.P. On three phase applications and 1 phase 
applications 1½ H.P. and larger, use lead-lag selector switches as 
these units require magnetic starters.

Other desirable options include a gauge glass which permits 
visual monitoring of the operation and is an aid in adjusting the 
level switches. Thermometers permit the monitoring of return 
temperatures and provide an indication when steam traps have 
failed.	Discharge	pressure	gauges	provide	a	check	on	pump	
performance	and	are	useful	in	adjusting	the	discharge	plug	cocks	
when	balancing	the	flow	for	optimum	pump	performance.	Shut-
off valves in the pump suction of duplex units are recommended 
to permit servicing one pump without shutting off the system and 
draining	the	receiver.	Domestic	offers	a	suction	butterfly	valve	on	
floor	mounted	units	up	to	75	GPM	pump	rate.	Gate	valves	are	
available in the pump suction piping on units having elevated 
receivers. Strainers are recommended to be installed at the 
receiver	inlet.	Domestic	offers	basket	strainers	featuring	large	dirt	
pockets	and	vertical	self-cleaning	strainer	screens.
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Control Panels

Standard drip-proof motors up to 1 H.P., 1 phase have built-
in	overload	protection.	The	float	switches	and	mechanical	
alternators commonly used on condensate transfer units are 
double-pole, heavy duty type rated to start up to 1 H.P. motors 
direct without requiring magnetic starters or contactors. All 
3 phase motors, 1 phase motors over 1-1/2 H.P. and all TEFC 
and explosion-proof motors regardless of H.P. or phase require 
magnetic starters to carry the motor current.

Condensate units are available with a control panel either 
mounted and wired on the unit or for wall mounting. Units 
having the control panel mounted and wired are preferred to 
provide	a	complete	unit	factory	tested	to	reduce	costly	field	
errors.

Control panels may be furnished with magnetic starters or 
combination type magnetic starters including a disconnect switch 
or	circuit	breaker	in	the	same	enclosure. Selector	switches	may	be	
furnished in the control panel having auto-off selector switches 
or lead-off lag selector switches. A test push button is normally 

supplied	to	permit	testing	pump	operation	and	checking	on	
pump rotation. A hand or continuous position on the selector 
switch is not recommended as this could cause the pump to 
operate dry and damage the pump seals.

Transformers to reduce the control voltage to 115 volts is required 
on units wired for 460 volts and are recommended for units 
operating at 200 or 230 volts. The reduced voltage 115 V power is 
then wired to the auxiliary control switches to reduce the hazard 
of	high	voltage	shock.

Pump running pilot lights are available to indicate pump 
operation. Electrical alternators, when used, are mounted in the 
control panel and require magnetic starters to carry the motor 
current.

The standard control panel furnished by Bell & Gossett Domestic 
Pump are rated NEMA 2 or drip tight. The NEMA 2 design protects 
against moisture getting in the panel from overhead drips such 
as sweating pipes, etc. Control panels are available to meet other 
NEMA requirements and JIC requirements.
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HIGH TEMPERATURE CONDENSATE PIPING

Special consideration should be given to the pumping of high 
temperature	condensate	to	prevent	flashing	in	the	discharge	
piping. If the pressure in the discharge line is below the 
saturation	of the	condensate,	it	will	flash	into	steam	when	
the	flash	steam	either	reaches	colder	condensate	or	if	the	line	
is pressurized, the steam will condense suddenly and cause 
water hammer to occur. 

Discharge lines from condensate transfer units are often 
piped overhead and then drop down into a boiler feed  
unit or deaerator.

In the illustration above, the 12.5' drop will cause a 12.5' 
negative pressure to occur in the vertical piping when the 
pump stops due to the leg of water in the vertical pipe. At 
a	12.5'	negative	pressure,	condensate	will	flash	at	190°F	
corresponding to the saturation temperature at 12. 5' 
negative	pressure.	When	the	condensate	flashes,	steam	
pockets	will	occur	in	the	vertical	pipe,	the	pump	starts	again	
and the pressure in the line is above the corresponding 
saturation	temperature	and	the	steam	pockets	will	collapse	
suddenly and waterhammer will occur. 

To	prevent	against	waterhammer,	a	spring	loaded	back	
pressure	valve	having	a	12.5'	or	5.4	PSI	back	pressure	may	be	
used to hold a pressure in the line. 

The	spring-loaded	valve	will	hold	a	back	pressure	to	prevent	
flashing.	Waterhammer	in	the	discharge	piping	of	preheat	

units and deaerators pumping condensate at 210°F to 212°F 
often	occurs	when	electric	valves	or	check	valves	are	used	at	
the boiler. 

The discharge piping method shown is commonly used to 
elevate	piping	across	walkways.	A	condition	may	occur	where	
the boiler control valve closes tight and the pump discharge 
check	valve	leaks	slightly.	A	leaking	check	valve	at	the	pump	
discharge will drain condensate from the vertical leg which 
causes a negative pressure in the horizontal piping. This 
will	cause	flashing	to	occur	and	cause	waterhammer	in	the	
discharge piping when the pump starts. 

This	condition	can	usually	be	corrected	by	repairing	the	check	
valves at the pump discharge. An alternate solution is to 
install	a	small	check	valve	around	the	boiler	valve	to	allow	
boiler pressure to remain on the pump discharge line. The 
flow	of	the	bypass	check	valve	would	be	from	the	boiler.	

Another common occurrence of waterhammer in piping 
occurs when high temperature drips are piped into the boiler 
feed unit through a submerged inlet connection. This is often 
done	to	prevent	flash	steam	from	being	wasted.

CORRECT! 
Overhead Discharge Piping to Vented Tank

WRONG! 
Overhead Discharge Piping to Vented Tank

Overhead Piping to Boiler
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When traps are drained into a submerged inlet connection, there 
must	be	either	a	vacuum	breaker	or	check	valve	to	act	as	a	vacuum	
breaker,	installed	to	allow	air	to	enter	and	permit	condensate	
drainage.	If	a	check	valve	or	vacuum	breaker	is	not	installed,	the	
return	line	will	fill	with	condensate,	as	the	condensate	cools	in	
the line, cooler water will be held at the trap discharge. The next 
time the trap opens and discharges condensate above saturation 
temperature,	flashing	and	collapse	of	steam	will	occur	causing	
water	hammer.	The	addition	of	a	vacuum	breaker	or	check	valve	
will allow drainage and correct the problem. 

The following chart shows the temperature at which condensate 
will	flash	when	subject	to	a	negative	pressure.	

Piping of High Pressure Drip to Submerged Heater

Temperature
Ft. Water

Negative Pressure
Temperature

Ft. Water
Negative Pressure

212ºF 0 190ºF 12.5

211ºF .5 155ºF 24.3

210ºF 1.4 116ºF 30.5

208ºF 2.6 100ºF 31.7

207ºF 3.6 70ºF 33.1

206ºF 4.0

205ºF 4.7

204ºF 5.1

200ºF 7.5

The following unit selection guide shows the Domestic products 
available to meet required conditions. For more information refer to 
the catalog section shown for various products.
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HOW TO SIZE AND SELECT A BOILER FEED WATER SYSTEM

1. Determine the unit load requirements. 

2. Determine the type of feed system to be used. 

3. Select the type of control system required. 

4. Calculate the pump capacity.

5. Calculate the pump discharge pressure. 

6. Select the actual unit. 

7. Select the accessory items desired.

STEP 1

DETERMINE THE UNIT LOAD REQUIREMENT 

The load requirement should be based on the boiler capacity, 
not the system capacity. The system capacity cannot exceed 
the boiler capacity and future expansion may add to the 
system load. The boiler is normally rated in boiler horsepower, 
however, some boilers may be rated in lbs. /hr., square ft. 
E.D.R.,	or	BTU	output.	The	conversion	tables	in	the	back	of	this	
manual may be used to determine the boiler steaming rate in 
gallons per minute. When multiple boilers are used, the rate 
for the total of all boilers should be used. 

STEP 2 

DETERMINE THE TYPE OF FEED SYSTEM TO BE 
USED 

Small space heating systems up to 50 boiler horsepower or 
8, 000 sq. ft. E.D.R. may use a condensate transfer unit to 
feed the boiler. A boiler feed type system is preferable for all 
steam boiler feed water control. The following chart shows 
the normal or recommended type of boiler feed system to be 
used in relation to the boiler pressure and blend temperature 
of	return	condensate	and	make-up	water.	

STEP 3 

SELECT THE TYPE OF CONTROL SYSTEM 
REQUIRED 

There are several choices in the type of piping arrangements 
to meet various requirements. The following are the most 
common used to meet most conditions. Careful consideration 
should	be	given	in	the	selection	to	provide	efficient	operation	
and meet the various requirements. 

Boiler Feed Unit or Deaerator 
Which is Best for Your System?
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Control Systems
Piping Diagram 1 DPD21-D shows a single boiler installation. 
One	or	two	pumps	may	be	specified.	Two	pumps	are	preferred	
to provide standby protection. The boiler level control may 
be a single level switch to control one pump. With a single 
switch, the second pump would be a manual standby. 
The pump selector switches would provide automatic - off 
positions. An electric alternator may also be used to sequence 
the pump operation. 

1 Boiler, 2 Pumps -  Automatic Standby - Automatic Alternation
Elementary Piping Diagram – 1 DPD21-D

When a two level switch is provided, the second pump can be 
wired for automatic standby protection. With a two level boiler 
level control, the pump selector switches can be either "lead-
off-Iag" or "auto-off" with an electrical alternator used  
to sequence the pump operation. Manual standby is 
preferable where a pump failure can be monitored by a boiler 
room attendant. When there is no attendant during certain 
times, such as in a school, automatic standby should be 
provided	to	prevent	a	system	freeze	-up	during	a	weekend	or	
night period. 
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Piping Diagram 1 DPD17 shows a two boiler system using two 
pumps. The No. 1 pump normally feeds No. 1 boiler and the No. 
2 pump normally feeds the No. 2 boiler. The pump switches are 
marked	Pump	No.	1	"Feeding	Boiler	1	-	Off	-	Feeding	Boiler	2"	and	
Pump No. 2 "Feeding Boiler No. 1 - Off - Feeding Boiler No. 2". 
Therefore, manual standby is provided to permit operation of either 
boiler by changing the pump selector switch settings and manually 
opening the corresponding discharge line gate valves.

2 Boilers, 2 Pumps -  Manual Standby
Each pump to feed its respective boiler with manual valves to permit 

operation of either pump with either boiler
Elementary Piping Diagram – 1 DPD17
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Piping Diagram 1 DPD12 provides three pumps to feed two 
boilers. Each boiler has a normal pump and Pump No. 3 may 
be selected to feed either boiler by setting the pump selector 
switch and opening the proper discharge gate valve. This 
system provides standby protection for operation of  
both boilers. 

2 Boilers, 3 Pumps -  Manual Standby
Elementary Piping Diagram – 1 DPD12
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Piping Diagram 1 DPD20 is similar to 1 DPD12 except the No. 3  
standby pump operation is automatic instead of manual. This 
arrangement requires that a two level boiler control switch be  
supplied to automatically start the second pump if the lead  
pump fails to maintain the boiler level.

2 Boilers, 3 Pumps -  Automatic Standby with Hydraulic Feed Valves
Elementary Piping Diagram – 1 DPD20
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Piping Diagram 1 DPD08-A shows a multiple boiler installation 
being fed by a common manifold. The input rate to each boiler 
is controlled with an electric valve. As the water level in boiler 
recedes, a switch on the boiler level control closes to open the 
electric valve. Motorized valves are generally used, as solenoid 
valves may close too fast and cause water hammer in the piping. 
The motorized valve should have an opening and closing time 
between	seven	seconds	and	fifteen	seconds.	As	the	valve	begins	
to	open,	an	auxiliary	switch	(end	switch)	makes	contact	to	start	
a pump. The boiler may be equipped with a second switch to 
automatically start the second pump at a lower water level. The 
pumps may have an "Automatic - Off" selector switch for manual 

selection, or an electric alternator may be added for automatic 
sequencing of the pumps. A lead-off-lag selector switch may 
be used to manually select the lead and lag pump. A two level 
boiler control switch is required with lead-lag control. 

The arrangement shown in Diagram 1 DPD08-A is preferred 
when all the boilers are operated the majority of the time to 
provide	the	most	efficient	pump	operation.	When	the	load	
rate	changes	and	at	times	all	boilers	are	not	firing,	one	of	the	
arrangements using a separate pump is preferred. The pumps 
would then be sized for the individual boilers to provide the 
most	efficient	system.	

2 Boilers, 2 Pumps -  Automatic Standby
Electric valves with end switches in branch lines to each boiler

Elementary Piping Diagram – 1 DPD08-A
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STEP 4 

CALCULATE THE PUMP CAPACITY 

Depending on the type of control system selected, the pumps 
may be required to feed one boiler or multiple boilers. The 
individual pumps capacity should be based on the boiler(s) 
they are required to feed. The pumps are normally sized 
between 1-1/2 and 3 times the boiler load. Centrifugal pumps 
selected for continuous operation are normally sized at 1-1/2 
times the boiler load. Centrifugal pumps for intermittent 
operation are normally sized at 2 times the boiler load. When 
there is a danger of pump cavitation or when turbine pumps 
which may lose their original capacity in a short time are 
used, the pump should be sized at 3 times the boiler load. 
The old standard was to size all pumps at 3 times the load for 
boiler feed applications. When modern 2' NPSH centrifugal 
pumps are used, this oversizing is not required particularly 
with modern boilers. See conversion Table 4 on page 42 to 
calculate the boiler steaming rate and multiply by 1½, 2, or 3 
as required to determine the required pump capacity.

STEP 5 

CALCULATE THE PUMP DISCHARGE PRESSURE

The required discharge pressure includes static head lift 
required,	friction	loss	in	the	piping	and	fittings,	friction	
loss	through	the	check	valve,	gate	valves,	plug	cocks,	and	
automatic feed valves. The boiler pressure must be added 
plus a safety margin of 5 to 10 PSI. 5 PSI is usually added as 
a safety margin for pump pressures up to 50 PSI and 10 PSI 
added for higher pressure requirements.

Static Head - This is the elevation difference between the 
pump discharge and the highest point in the discharge 
piping or boiler water level whichever is highest. 

For example, the pump is located in a pit in the boiler room 
and the discharge pipe runs 23 feet above the pit into the 
boiler	which	sits	on	the	floor	above	the	pit	having	a	maximum	
water line 10' above the pump discharge. The static lift is  
23 feet.

Friction Loss-	The	tables	in	the	back	of	this	manual,	page	45	
show	the	friction	loss	in	feet	for	pipe	and	pipe	fittings.

Example: 25 GPM are to be piped through a 1½" pipe 50' 
long	having	four	(4)	90°	elbows,	a	check	valve,	a	gate	valve,	
and through a proportioning motorized valve having a 10 PSI 
pressure drop at 25 GPM and pump into a boiler having a 
maximum	firing	pressure	of	15	PSI.

Each 90° elbow has a pressure drop equal to 7.4 feet of pipe. 
The gate valve has a drop equal to 1.2 feet of pipe. A swing 
check	valve	has	a	drop	equal	to	15	feet	of	pipe.	(If	a	spring	
loaded	non-slam	check	valve	were	used,	a	higher	pressure	
drop would occur usually between 1 to 5 PSI.) The total 
equivalent length of pipe would be as follows:
50 + (4 x 7.4) + 1. 2 + 15 = 95.8 equivalent length. The 
friction loss of 1½" pipe at 25 GPM is 4.4 feet per 100 feet or 
95.8 x .044 = 4.2 feet loss.

The total pressure required for the system would be 23 
divided by 2.31=10 PSI static pressure required+4.2 divided 
by 2.31=1.8 PSI friction loss in pipe+10 PSI pressure drop 
through the motorized valve+15 PSI boiler pressure or a  
total of 36.8 PSI required. We then add a safety margin of  
5 PSI and select a pump for 42 PSI discharge at the  
required capacity.

STEP 6 

SELECT THE ACTUAL UNIT

We	now	should	know	the	total	boiler	load	and	have	
determined the type of boiler feed, preheat or deaerator  
we wish to apply. The type of control system, the individual 
pump capacity and pump discharge pressure should have 
been selected.

We can now select the actual unit required to meet these 
requirements.
Example: In Step 1, we determined that the total load is two 
(2) 200 H.P. boilers operating at 15 PSI. A total load of 400 
H.P. In Step 2, we determined that a boiler feed system is 
desired. In Step 3, due to only one boiler being used most 
of the time, we selected the feed arrangement per piping 
diagram 1 DPD12 to provide full system standby. In Step 4, 
the intermittent operating pumps are selected for 2 times the 
boiler steaming rate or 200 x .069 = 13.8 GPM x 2 = 27.6 
GPM. In Step 5, the discharge pressure was calculated at  
30 PSI. We can now select either the Domestic CHMD or  
CMED unit.

Style	CMHD	units	offer	flexible	and	economical	solutions	to	
feeding low pressure boilers. The conveniently low inlet of the 
floor	mounted	receiver	frequently	permits	handling	gravity	
returns without having to resort to expensive concrete pits.
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The	receiver	is	fabricated	of	black	steel,	and	is	available	
galvanized or phenolic-epoxy lined. There is a wide range 
of	receiver	sizes,	guaranteeing	efficient	matching	of	unit	to	
system, and depending on receiver size, as many as eight 
boiler feed pumps can be mounted on the receiver. 

"Domestic" type B35 pumps are standard equipment. These 
are 2 ft. NPSH centrifugal pumps, rugged and reliable, 
and they assure pumping even at temperatures within two 
degrees	of	boiling.	A	floor	level	receiver	is	practical	only	
because of the low required NPSH of these pumps. 

Features of the Style CMHD 
•	 Lowest possible inlet - 

– Often eliminates double pumping and concrete pits

•	 Minimum headroom requirement - 
	 –	Low	profile	units	are	easy	to	install	and	service.	

•	 "Package"	construction	yields	total	unit	responsibility
– Complete factory assembly.  
– Thorough testing of complete unit.  
–	Simplified	installation.

•	 Type B35 2 ft. NPSH Centrifugal Boiler Feed Pumps 
– Vertical mounting puts motors above dirt and water, 
saves	floor	space.	
– LOW NPSH pumps -designed for condensate service- 
permit	floor	level	receiver,	yet	retains	full	capacity.	

•	 Butterfly	shut-off	valves	between	receiver	and	pumps	
– Permit convenient servicing without draining  
the receiver. 

Type CMHD Boiler Feed Unit

Style CMED boiler feed units are intended for low to medium 
pressure	boilers	and	applications	where	the	make-up	
requirements are relatively small and condensate approaches 
or reaches boiling temperatures. Receivers are fabricated of 
black	steel	and,	as	an	option,	can	be	galvanized	or	phenolic-
epoxy lined. Elevating the receiver just thirty inches assures 
full capacity pumping at boiling temperatures, when using 
any of the pumps illustrated. Under these conditions, ordinary 
pumps can suffer vapor binding or cavitation, which can 
drastically reduce pump capacity and be quite destructive. 
Our family of Type B pumps - B35 and B17,  are engineered 
for a maximum required NPSH of 2 ft. which means that any 
of them can pump boiling water with as little as 24 inches 
submergence. Their centrifugal designs retain nearly original 
capacities after years of operation. There is no need to oversize 
these pumps to compensate for capacity and pressure losses.

Features of the Style CMED

•	 3 Types of centrifugal boiler feed pumps* -
	 –	All	feature	hand-finished	enclosed	bronze	impellers.
 – All are designed for pumping boiling water at 2 ft. NPSH.
•	 Minimal receiver elevation -
	 –	"Packaged"	construction.	 

– Total unit responsibility.  
– Easy shipping and installation. 

•	 Wide range of receiver sizes
	 –	For	most	efficient	operation	of	your	system.	
•	 New standardized receivers for most popular sizes 

For discussion purposes, we will assume the CMHD unit is 
selected due to the lower inlet connection to permit gravity 
return from the system return line. The following chart from 
the CMHD brochure permits us to select the actual unit. 

The actual unit required would be a CMHD having a 36 x 72 
receiver for 10 minute storage and three (3) pumps each 
rated 28 GPM at 30 PSI requiring 1 H.P. motors.

Type CMED Boiler Feed Unit
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STEP 6A
UNIT SELECTION

Choose  the desired control arrangement.
Please note the pump sizing recommendation. For more 
detailed help in selecting controls please refer to Domestic 
Pump brochures on Boiler Feed Piping and Controls.

a. When pumps are discharging into a common header, each 
pump should be sized for total load. Use suggested PUMP 
GPM on same line as receiver to be chosen in Step 6B.

STEP 6B
UNIT SELECTION

Pick the receiver that fits your system rating, or is 
slightly	larger;	figures	are	based	on	10	minutes	storage	
in receiver. 

b. When each pump feeds its own boiler, size pump 
accordingly; that is, use suggesgted PUMP GPM on same 
line as each individual boiler's rating in Step 6B. 
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STEP 7 
SELECT THE ACCESSORY ITEMS 

The basic boiler feed system requires a receiver, one or more 
pumps,	a	make-up	water	valve	to	add	water	on	low	level	in	the	
receiver, and a control panel. There are several optional items that 
should be considered. These include the following: 

A. Gauge glass will permit visual indication of the water level in 
the receiver. 

B. Thermometers are useful in monitoring the return temperature 
and provide indication when the steam traps are not operating 
properly. 

C. Discharge pressure gauges permit visual indication of the 
pumps	performance	and	are	useful	to	set	the	discharge	plug	cock	
when	balancing	the	system	for	maximum	pump	efficiency.	

D. A	low	water	cut-off	float	switch	maybe	added	to	prevent	pump	
operation on low water level. This will prevent pumps running dry 
which will damage pump seals. A low water cut-off is recommended 
on all but the smallest sizes of boiler feed units, on receivers 
smaller	than	100	gallon.	On	small	receivers,	the	cut-off	float	switch	
will reduce the receiver net capacity considerably. 

E. Alarm	float	switches	and	bells	may	be	added	to	indicate	
abnormal conditions in the system. 

F. Pump suction shut-off valves are recommended to permit 
pump service without shutting down the entire system and 
draining	the	receiver.	Domestic	offers	a	Butterfly	Valve	in	the	
pump suction on heightless units up to 75 GPM pump capacity 
and suction gate valves in all capacity ranges. 

G. Control Panels - Control panels are required on all boiler feed 
units and deaerators. The boiler level control switches are normally 
single pole switches rated 10 amps or less can cannot be used to 
start even a 1/3 H.P., single phase motor. 

Factory mounted and wired control panels are available which 
permits	factory	testing	of	the	complete	unit	prior	to	field	start-up.	

Control panels are available with magnetic starters or combination 
starters	containing	disconnect	switches	or	circuit	breakers	in	the	
same enclosure.

Domestic Pump sales brochures contain control panel 
specifications	for	the	control	arrangements	shown	in	Step	3.	These	
specifications	include	the	necessary	selector	switches	and	control	
components required. 

STEP 6C
UNIT SELECTION

Select the pumps: ratings are at 2' N.P.S.H.*
*Net positive suction head.
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VACUUM RETURN CONDENSATE UNITS
AND BOILER FEED UNITS
Older steam system designs incorporated the use of vacuum 
condensate transfer units and vacuum boiler feed units. 
The system functions were basically similar to standard 
condensate transfer and boiler feed systems.

The vacuum units provided the advantages of (1) faster 
system heating, (2) more even heating in remote sections of 
the system, (3) faster condensate return to reduce system lag 
and prevent boiler cut-off on low level, and (4) lifting of low 
returns	using	accumulator	tanks	and/or	vacuum	lift	fittings.

1. FASTER SYSTEM HEATING

	 A	steam	system	when	not	in	operation	is	filled	with	
air. When steam is required, the air must be vented 
from the mains and radiation through air vent valves. 
When vacuum pumps are used, a 3" to 8" Hg vacuum 
is maintained on the return line and when the radiator 
thermostat traps are open as on a cold system, a vacuum 
is	pulled	on	the	radiation.	The	steam	then	can	flow	faster	
as it does not have to push the volume of air out through 
the vent valves.

2. MORE EVEN HEATING

	 As	the	steam	can	flow	faster	through	the	system,	there	
is less time lag until the steam reaches the radiation 
near the end of the zone. Thus, faster steam distribution 
permits more even heating.

3. FASTER CONDENSATE RETURN

By maintaining a vacuum on the return line, the pressure 
differential across the traps is increased which permits 
faster drainage. The pressure differential in the return 
line is also increased, thus the condensate is returned 
faster than with a gravity return system. By getting the 
condensate	back	faster,	the	boiler	surge	is	reduced	
and often can be fed using a condensate unit in lieu of 
requiring a boiler feed unit on some installations.

4. LIFTING OF LOW RETURNS

The vacuum units were often used in conjunction with 
an	accumulator	tank	or	lift	fitting	to	lift	condensate	
from low return lines. The following illustrations show 
methods of using vacuum pumps for lifting condensate 
from low return lines. The need for vacuum pumps in 
new construction was eliminated by the use of separate 
zone control valves and boiler feed systems. The existing 
vacuum pump installation usually should be retained as a 
vacuum system to provide the balance and lift required. 

Sizing Vacuum Pumps
Vacuum condensate pump water capacities are normally sized 
at 2 or 3 times the system condensing rate. This is the same 
as the sizing of standard condensate pumps. Air capacities are 
normally sized according to the following table: 

Vacuum Range 
in Hg

cfm /1000
EDR

Tight systems thur 
10,000 EDR

0-10* .5

Tight systems in excess  
of 10,000 EDR

0-10* .3

All systems, some air
in-leakage

0-10* 1.0

All systems 10-15 1.5

All systems 15-20 2

Replacing steam pumps,
all systems

0-8* 1

Replacing steam pumps,
all systems

above 8 2

Suggested Guide for Air Removal Requirements

*Air pumps are usually adjusted to operate between 3" and 8" Hg. 
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Systems up to 20, 000 sq. ft. E.D.R. use the Domestic Type VLR 
Unit having one pump to perform both the air removal and 
condensate pumping functions.  

Domestic VLR units have a two compartment receiver 
which is divided horizontally. The lower compartment acts 
as an accumulator and is under the same vacuum as that 
maintained in the return piping. The upper compartment 
is used to separate the air from the condensate and must 
always be open to atmosphere. For initial starting the upper 
compartment	must	be	half-filled	with	water	as	indicated	
in the gage glass. With the line disconnect switch closed, 
the	pump	motor	then	operates	in	response	to	the	float	and	
vacuum	switches,	while	the	upper	compartment	float	switch	
and the solenoid operated discharge valve controls the 
discharge of condensate.

Condensate and air entering the lower compartment thru 
the	strainer	actuates	either	the	lower	float	switch	or	vacuum	
switch or both to start the pump motor. When the pump is 
operating, “hurling water” enters the pump suction from the 
upper compartment and is discharged thru an elbow into 
the forward part of the nozzle body, then thru the multi-jet 
nozzle and venturi and returned to the upper compartment. 
The water driving at high velocity across the gap between 
nozzle and venturi creates a smooth, steady vacuum which 
draws condensate, air and gases from the lower compartment 

Simplex Unit Sectional View Illustrates Condensate 
and Air Flow thru VLR Units

and heating system thru the lift manifold and rear section of 
the nozzle body. This mixture is entrained in the jet streams 
and discharged thru the venturi into the upper compartment 
of the receiver where the air and gases separate from the 
condensate and are vented.

As the condensate level rises in the upper compartment, 
it	causes	the	upper	compartment	float	switch	to	close.	This	
energizes and opens the solenoid operated discharge 
valve	allowing	condensate	to	flow	out	of	the	discharge.	The	
centrifugal pump then pumps condensate thru the discharge 
valve as well as thru the multi-jet nozzles. Thus the unit 
continues to remove air at the normal rate while discharging 
condensate. When the water level drops to a predetermined 
level,	the	float	switch	breaks	contact	deenergizing	and	closing	
the	solenoid	operated	discharge	valve.	This	configuration	
retains a volume of “hurling water” in the upper compartment 
even though the pump may continue operation as an  
air pump.

When	the	vacuum	and	float	switches	have	been	satisfied	
and	the	pump	stops,	the	check	valve	in	the	lift	manifold	
closes, preventing the return of air and water to the lower 
compartment.	The	purpose	of	the	float	switch	in	the	upper	
compartment is to continue the operation of the pump or 
pumps to return the maximum amount of condensate each 
cycle, and to operate the solenoid discharge valve. 
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The following selection tables from the VLR brochure are used for selection of VLR Units. 

Selection Data Domestic VLR Vacuum Units – Simplex and Duplex
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For systems larger than 20,000 sq. ft. E.D.R., separate air 
pumps	and	water	pumps	are	recommended	for	more	efficient	
operation. 

Operation is Simple, Effective and Reliable 
There are two separate and independent cycles of operation 
in the VCD design - one of air evacuation and the other 
for condensate return. This is accomplished by completely 
separating the air pumps from the condensate storage 
receiver	and	water	pumps.	The	figure	above	illustrates	a	
single two compartment receiver, divided horizontally, where 
the two pumps operate from the upper compartment or 
separation chamber while the water pumps operate from the 
lower compartment or condensate receiver. 

Air Evacuation Cycle
The independent air evacuation cycle begins when the 
vacuum switch, responding to system requirements, starts 
the centrifugal "air" pump. This pump circulates "hurling" 
water from the separation chamber through the multi-jet 
nozzle, venturi and returns it to the separate chamber. The 
water, forced at high velocity across the gap between nozzle 
and venturi, entrains air and gases in multiple jet streams, 
creating a smooth, steady vacuum in the condensate receiver 
and system. The mixture is discharging through the venturi 
into the separation chamber where the air and gases separate 
from the "hurling" water and are vented. When the desired 

Cut-away View of VCD Pump  
with No. 50 Receiver No. 25 VCD Receivers are Similar

vacuum has been produced in the system, the vacuum switch 
stops	the	pump,	and	the	check	valve	at	air	suction	inlet	to	
separate chamber closes, preventing the return of air to the 
system. 

Replacement of the hurling water evaporated from the 
separation chamber is controlled by a solenoid valve, 
connected	to	the	water	supply	and	actuated	by	a	float	switch.	

Condensate Return Cycle 
The	condensate	return	cycle	begins	when	a	float	switch	starts	
a water pump on condensate rise. The condensate is pumped 
to	the	boiler	until	the	preset	low	float	switch	setting	has	been	
reached. 

Duplex Pumps 
The second or lag pump of duplex water and/or air pumps 
functions	if	the	first	or	lead	pump	fails	and	automatically	
operates to double the capacity in the event of abnormal 
demand. 

Temperature Limit Switch 
Some units may be equipped with temperature limit 
switches. When located on the separation chamber, it is used 
to admit cooling water if the hurling temperature exceeds a 
predetermined limit. 

A condition may be encountered where the temperature 
of	the	condensate	fluctuates	intermittently	to	critically	
high levels, where operation under vacuum could cause 
the condensate to vaporize. A temperature limit switch can 
be installed on the condensate receiver to prevent the air 
pump(s) from operating where such a condition exists. Upon 
temperature drop the vacuum switch(es) will again control 
operation of the air pump(s).
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The	following	quick	selection	chart	shows	standard	selection	of	VCD	units	based	on	square	feet	E.D.R.	

Type VCMD Vacuum Boiler Feed Units 
The vacuum heating pumps discussed previously combined 
the two functions of condensate return and vacuum 
production. The VCMD combines boiler feed vacuum 
production. The vacuum part is the usual multi-jet nozzle and 
venturi producer. It is mounted either on top of or close to 
the boiler feed unit. The boiler feed unit itself can be of any 
configuration	steel	tank	or	cast	iron.	

The advantage of combining the boiler feed unit with the 
vacuum pump is that the vacuum is produced centrally rather 
than by various vacuum heating pumps throughout the 
system. This means that even the boiler feed receiver itself is 
kept	under	vacuum,	thus	keeping	the	condensate	partially	
deaerated. 

Operation of Type VCMD Units 
Highest	boiler	efficiency	is	achieved	when	the	boiler	water	
level is held within the limits designated by the boiler 
manufacturer. "Domestic" II type VCMD units are designed 
to accomplish this through pump controls installed on 
each boiler, operating the boiler feed pumps in response 
to changes in the boiler water level. In addition, The VCMD 
design	incorporates	water	make-up	equipment,	a	simple	
overflow	control	and	an	efficient	air	pump.

The boiler feed cycle begins when the pump control in the 
boiler closes on low level and starts a boiler feed pump. When 
the boiler is restored to normal, the pump control opens and 
the pump starts. 

Series VCMD Style CMHD-A  
Cutaway Drawing

Series VCD Quick Selection Table for Usual System Conditions - Based on EDR
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Automatic Water Make-up Control 
A	water	make	-up	valve	maintains	a	minimum	level	in	the	
condensate receiver to compensate for condensate or steam 
losses from the system. 

Simple Automatic Overflow Control 
If excess condensate, entering the condensate receiver, causes 
the	water	level	to	rise	above	a	preselected	height,	a	float	
switch actuates the air pump. The resulting vacuum draws 
excess water through the air suction line into the separation 
chamber	of	the	air	pump	from	where	it	simply	overflows	 
to a drain. 

Air Evacuation Cycle 
The independent air evacuation cycle begins when the 
vacuum switch, responding to system requirements, starts the 
centrifugal pump. This pump circulates "hurling" water from 

the separation chamber through the multi-jet nozzle, venturi 
and returns it to the separation chamber. The water at high 
velocity across the gap between nozzle and venturi entrains 
air and gases in multiple jet streams, creating a smooth, 
steady vacuum in the condensate receiver and system. The 
mixture is discharged through the venturi into the separation 
chamber where the air and gases separate from the "hurling" 
water and are vented. When the desired vacuum has been 
produced in the system, the vacuum switch stops the pump, 
and	the	check	valve	at	air	suction	inlet	to	separation	chamber	
closes, preventing the return of air to the system. 

The combination vacuum boiler feed pumps are often 
required to replace condensate transfer vacuum type units 
when old boilers having large storage volumes are replaced 
with modern boilers having smaller storage volume. For more 
information on vacuum pumps, refer to the Domestic Pump 
brochures.
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SYSTEM PIPING FOR CONDENSATE BOILER FEED AND 
VACUUM UNITS
The following diagram shows the piping connections of a 
standard condensate transfer unit with a vented receiver.

The returns from the system are piped into the receiver inlet 
connection. A valved bypass is recommended as shown to 
permit drainage of the condensate during maintenance of the 
unit. An inlet strainer should be installed to remove dirt from 
the system return.

The air vent connection should be piped outdoors to prevent 
steam vapors from escaping into the boiler room if high 
temperatures are encountered. The vent pipe should be 
the full size equal to the receiver connection to prevent 
pressurization	of	the	receiver.	An	overflow	connection	should	
be provided to serve as a secondary vent and permit drainage 
of the condensate in the event of pump failure.

The	pump	discharges	should	include	a	check	valve,	gate	
valve,	and	plug	cock.	The	check	valve	is	required	to	prevent	a	
backflow	of	condensate	from	the	discharge	piping	and	also	to	
prevent the pump from discharging into the second pump on 
a duplex unit. The gate valve is required to allow service to  
the	pump.	The	plug	cock	is	required	to	balance	the	 
pump	flow	rate	with	the	nameplate	rating	for	the	most	
efficient	operation.	

Condensate Pumps with Cast Iron Receivers
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Piping Diagram above shows the piping of a boiler feed 
unit. The returns from the system enter the receiver inlet. The 
return pipe should have a shut-off gate valve and bypass to 
permit service to the unit. An inlet strainer should be provided 
to remove dirt from the system. The receiver drain should 
provide a valved connect to a drain to permit draining the 
receiver. The air vent should be piped outdoors to prevent the 
escape of steam into the boiler room. The vent pipe should 
be	the	full	size	equal	to	the	receiver	connection.	The	overflow	
should	be	piped	to	a	drain.	The	overflow	provides	a	secondary	
vent	and	permits	the	overflow	of	condensate	in	the	event	of	
pump	failure,	make-up	valve	failure,	or	system	flooding	in	the	
event of a too small boiler feed receiver.

Make	-up	water	should	be	connected	to	the	mechanical	or	
electrical	make-up	water	valve	to	replace	condensate	lost	
in	the	system.	A	three-valve	bypass	around	the	make-up	is	
recommended	for	manual	fill	of	the	system.	

Boiler treatment should never be added to the pump receiver. 
The following illustration shows a chemical feeder for adding 
chemical treatment.

Suggested Method for  
Feeding Boiler Compound into System

Type CMD - Style CMED Boiler Feed Unit

Chemical treatment added ahead of the pump suction will 
increase the friction and cause short life of mechanical  
pump seals. 
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UNIT SELECTION GUIDE

Type Receiver Capacity (lb/hr) Pump Type Maximum Condensate 
Temperature

WC / WCS Cast Iron or Steel 1,500 - 3000 Centriflo 200° F
CC Cast Iron 250 - 37,500 Centriflo 200° F
CS Steel 250 - 37,500 Centriflo 200° F
CB Cast Iron Floor Mounted 2,250 - 33,750 B-Style 210° F

CBE Cast Iron Elevated 2,250 - 33,750 B-Style 212° F
CU Cast Iron Underground 2,500 - 22,500 Centriflo 200° F

CHD Cylindrical Steel Floor 7,500 - 137,500 Centriflo / B-Style 200° / 210° F 
CED Cylindrical Steel Elevated 7,500 - 137,500 Centriflo / B-Style 205° / 212° F 

Type Receiver System Size (BHP) Pump Type Maximum Condensate 
Temperature

CM C.I. to 650 Centriflo 200° F
CBM C.I. to 600 B-Style 210° F

CBEM Centriflo to 600 B-Style 212° F
CMHD Centriflo to 1895 Centriflo / B-Style 200° / 210° F 
CMED STEEL to 1895 Centriflo / B-Style 205° / 212° F 

Type Receiver Capacity Pump Type Maximum Condensate 
Temperature

VLR Cast Iron 5,000 to 20,000 Sq. Ft. EDR Centriflo                   160º F
VL Cast Iron 25,000-65,000 Sq. Ft. EDR Centriflo                   160º F

VCD Cast Iron and Steel 6,000 to 150,000 Sq. Ft. EDR Centriflo                   160º F*
VCMD Cast Iron and Steel to 975 BHP Centriflo                   160º F*

MJ Cast Iron and Steel 172 CFM @ 5" of HG vacuum @ 70º Centriflo                   160º F

CONDENSATE UNITS

BOILER FEED UNITS

* Consult factory for higher condensate temperatures.

VACUUM UNITS

UNIT SELECTION GUIDE
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ENGINEERING DATA AND TECHNICAL INFORMATION

This section contains necessary Engineering technical information used in the design, installation, maintenance or revamping of 
low pressure steam heating systems. The Tables, Charts, and Examples, including properties of saturated steam, steam capacities of 
ASTM Schedule 40(S) Pipe and return pipe capacities used in One-Pipe and Two-Pipe Steam Heating Systems. Also included is data for 
determining pipe friction allowance, steam velocity, system pressure drops and similar information. 

Table 1

Table 2
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Temp. 
°F

Static Suction Head in Feet

0 1 2 3 4 5 6 7 8 9 10

NPSH

212° 0 1 2 3 4 5 6 7 8 9 10

211° 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5

210° 1.4 2.4 3.4 4.4 5.4 6.4 7.4 8.4 9.4 10.4 11.4

208° 2.6 3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6

207° 3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6 13.6

206° 4.0 5.0 6.0 7.0 8.0 9.0 10 11.0 12.0 13.0 14.0

205° 4.7 5.7 6.7 7.7 8.7 9.7 10.7 11.7 12.7 13.7 14.7

204° 5.1 6.1 7.1 8.1 9.1 10.1 11.1 12.1 13.1 14.1 15.1

200° 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5

190° 12.5 13.5 14.5 15.5 16.5 17.5 18.5 19.5 20.5 21.5 22.5

155° 24.3 25.3 26.3 27.3 28.3 29.3 30.3 31.3 32.3 33.3 34.3

116° 30.5 31.5 32.5 33.5 34.5 35.5 36.5 37.5 38.5 39.5 40.5

100° 31.7 32.7 33.7 34.7 35.7 36.7 37.7 38.7 39.7 40.7 41.7

70° 33.1 34.1 35.1 36.1 37.1 38.1 39.1 40.1 41.1 42.1 43.1

                                                                                                                Table 3 
  Net Positive Suction Head Available (NPSHA) Table For Water at Sea Level* and Atmospheric Vented Supply Tank

*Boiling point decreases 1°F for every 500 feet of elevation above sea level. 
(@ 500' above sea level, boiling point is 211°F)

Net Positive Suction Head Available (NPSHA)
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Table 4

Chart 1



43

Table 5

Chart 2
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Table 6

Chart 3
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Table 7

Table 8

Table 9
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Chart 4
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Table 10

Table 11
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Table 13

Table 14

Table 12
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Table 15

Table 16
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Table 17

Table 20

Table 19

Table 18
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Table 22

Table 21

DECIMAL EQUIVALENTS OF 
PARTS OF AN INCH

1/64    .01563     
1/32    .03125
 3/64   .04688  
1/16    .0625    

33/64   .51563
17/32   .53125
35/64   .54688
9/16     .5625

5/64    .07813     
3/32    .09375
7/64    .10938  
1/8      .125

37/64   .57813
19/32   .59375
39/64   .60938
5/8       .625

9/64    .14063     
5/32    .15625
11/64   .17188  
3/16     .1875

41/64   .64063
21/32   .65625
43/64   .67188
11/16    .6875

13/64   .20313    
7/32    .21875
15/64   .23438
1/4       .25

45/64   .70313
23/32   .71875
47/64   .73438
3/4       .75

17/64   .26563    
9/32    .28125
19/64   .29688
5/16     .3125

49/64   .76563
25/32   .78125
51/64   .79688
13/16   .8125

21/64   .32813    
11/32    .34375
23/64    .35938
3/8       .375

53/64   .82813
27/32   .84375
55/64   .85938
7/8       .875

25/64   .39063   
13/32   .40625
27/64   .42188
7/16     .4375

57/64   .89063
29/32   .90625
59/64   .92188
15/16   .9375

29/64   .45313   
15/32   .46875
31/64    .48438
1/2        .5

61/64   .95313
31/32   .96875
63/64   .98438
1          1.0000

Diameter Area Diameter Area Diameter Area Diameter Area
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Table 23

Table 24
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To	find	the	approximate	velocity	of	low	pressure	steam	(ft.	per	
second) through a pipe, multiply the condensation in pounds 
per hour by the volume of steam in cubic feet per pound 
corresponding to the steam pressure. Divide this result by 25 
times the internal area of the pipe. 

The pipe area is found in the Table "Standard Pipe 
Dimensions" and the volume per cu. ft. is found in the Table 
"Properties of Saturated Steam." 

Example. What is the velocity of steam at 5 lbs. per sq. inch 
flowing	through	a	2"	pipe	at	a	rate	to	produce	175	lbs.	of	
condensate per hour? 

1 pound of steam at 5 lbs. pressure = 20 cu. ft. 
Internal area of 2" pipe  = 3.36 

The velocity of steam is:

175  X  20 = 3500 = 41.7 ft. per sec. 
 25 X 3.36 84

Table 3 gives the capacity of ASTM Schedule 40(S) pipe 
expressed in square feet EDR. The values are obtained 
from charts published by the American Society of Heating, 
Refrigerating and Air Conditioning Engineers' 1967 GUIDE.

Table 25

VELOCITY OF STEAM 
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Table 28
Table  27

Table 26
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Chart 5

Table 29
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•	Condensate	and	Boiler	Feed	Pumps	sized	for	two	times	the	
evaporation rate of the boiler.  (i.e. 1 gpm per 1000 sq ft EDR).

•	Condensate	Storage	Receivers	are	sized	for	1	minute	net	
storage.  Boiler Feed Receivers sized for 5 minute net storage 
to	allow	you	to	keep	feeding	boiler	and	steaming	till	steam	
can condense and be returned from the system.  Large 
systems may require sizing for 10 minute net storage.

•	Pump	Discharge	pressure	for	Boilers	UP TO 50 psi:  boiler 
pressure plus the required pressure to overcome the losses 

RULES OF THUMB FOR SIZING UNITS

and an additional 5 psi.  When using vacuum in systems you 
must	make	an	additional	allowance	to	overcome	the	vacuum	
in	the	condensate	receiver.		Add	5	psi	for	the	first	5-1/2	inches	
of HG vacuum.  Then for every inch of vacuum deeper after that 
add ½ of a psi per inch.

• Pump	Discharge	pressure	for	Boilers	OVER 50 psi:  boiler 
pressure plus the required pressure to overcome the losses, 
plus an additional 10 psi ( plus an additional allowance to 
overcome the vacuum in the condensate receiver as noted 
above).

Table 30
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QUICK SELECT CONVERSION TABLE

BTU LB/HR
Sq Ft of 

Equivalent
Direct Radiation 

(EDR)

BHP
Boiler

Evaporation
Rate

(GPM)

Sizing at 1 GPM
per

1000 Sq Ft EDR

Sizing at 1.5 GPM 
per

1000 Sq Ft EDR

Receiver Gallons 
@ 5 Minute 

Storage

Receiver Gallons 
@ 10 Minute 

Storage

1,339,160 1,380 5,560 40 2.8 5.5 8.3 14 28
1,841,345 1,898 7,645 55 3.8 7.6 11.4 19 38
2,678,320 2,760 11,120 80 5.5 11.0 16.6 28 55
3,347,900 3,450 13,900 100 6.9 13.8 20.7 35 69
4,184,875 4,313 17,375 125 8.6 17.3 25.9 43 86
5,021,850 5,175 20,850 150 10.4 20.7 31.1 52 104
5,858,825 6,038 24,325 175 12.1 24.2 36.2 60 121
6,695,800 6,900 27,800 200 13.8 27.6 41.4 69 138
7,532,775 7,763 31,275 225 15.5 31.1 46.6 78 155
8,369,750 8,625 34,750 250 17.3 34.5 51.8 86 173
9,206,725 9,488 38,225 275 19.0 38.0 56.9 95 190
10,043,700 10,350 41,700 300 20.7 41.4 62.1 104 207
10,880,675 11,213 45,175 325 22.4 44.9 67.3 112 224
11,717,650 12,075 48,650 350 24.2 48.3 72.5 121 242
12,554,625 12,938 52,125 375 25.9 51.8 77.6 129 259
13,391,600 13,800 55,600 400 27.6 55.2 82.8 138 276
14,228,575 14,663 59,075 425 29.3 58.7 88.0 147 293
15,065,550 15,525 62,550 450 31.1 62.1 93.2 155 311
15,902,525 16,388 66,025 475 32.8 65.6 98.3 164 328
16,739,500 17,250 69,500 500 34.5 69.0 103.5 173 345
17,576,475 18,113 72,975 525 36.2 72.5 108.7 181 362
20,087,400 20,700 83,400 600 41.4 82.8 124.2 207 414
20,924,375 21,563 86,875 625 43.1 86.3 129.4 216 431
21,761,350 22,425 90,350 650 44.9 89.7 134.6 224 449
22,598,325 23,288 93,825 675 46.6 93.2 139.7 233 466
23,435,300 24,150 97,300 700 48.3 96.6 144.9 242 483
25,109,250 25,875 104,250 750 51.8 103.5 155.3 259 518
26,783,200 27,600 111,200 800 55.2 110.4 165.6 276 552
28,457,150 29,325 118,150 850 58.7 117.3 176.0 293 587
30,131,100 31,050 125,100 900 62.1 124.2 186.3 311 621
31,805,050 32,775 132,050 950 65.6 131.1 196.7 328 656
33,479,000 34,500 139,000 1000 69.0 138.0 207.0 345 690
36,826,900 37,950 152,900 1100 75.9 151.8 227.7 380 759
40,174,800 41,400 166,800 1200 82.8 165.6 248.4 414 828
45,196,650 46,575 187,650 1350 93.2 186.3 279.5 466 932
50,218,500 51,750 208,500 1500 103.5 207.0 310.5 518 1,035
55,240,350 56,925 229,350 1650 113.9 227.7 341.6 569 1,139
60,262,200 62,100 250,200 1800 124.2 248.4 372.6 621 1,242
63,610,100 65,550 264,100 1900 131.1 262.2 393.3 656 1,311
66,958,000 69,000 278,000 2000 138.0 276.0 414.0 690 1,380

QUICK SELECT CONVERSION TABLE

Table 31
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DEFINITIONS OF HEATING TERMS

The	definitions	given	in	this	section	are	only	those	applying	to	
heating	and	particularly	as	used	in	this	Book.	It	is	realized	that	
some	do	not	define	the	terms	for	all	usages,	but	in	the	interest	of	
clearance	and	space	this	sacrifice	was	made.	

Absolute Humidity: The weight of water vapor in grains actually 
contained in one cubic foot of the mixture of air  
and moisture.

Absolute Pressure: The actual pressure above zero. It is the 
atmospheric pressure added to the gage pressure. It is expressed  
as a unit pressure such as lbs. per sq. in. absolute.

Absolute Temperature: The temperature of a substance 
measured above absolute zero. To express a temperature as 
absolute temperature add 460°F to the reading of a Fahrenheit 
thermometer or 273°F to the reading of a Centigrade one. 

Absolute Zero: The temperature (-460°F approx.) at which 
all molecular motion of a substance ceases, and at which the 
substance contains no heat.

Air: An elastic gas. It is a mechanical mixture of oxygen and 
nitrogen and slight traces of other gases. It may also contain 
moisture	known	as	humidity.	Dry	air	weighs	0.075	lbs.	 
per cu. ft. 

One Btu will raise the temperature of 55 cu. ft. of air  
one degree F. 

Air expands or contracts approximately 1/490 of its volume for 
each degree rise or fall in temperature from 32°F.

Air Change: The number of times in an hour the air in a room 
is	changed	either	by	mechanical	means	or	by	the	infiltration	of	
outside	air	leaking	into	the	room	through	cracks	around	doors	and	
windows, etc. 

Air Cleaner: A device designed for the purpose of removing 
air-borne	impurities,	such	as	dust,	fumes,	and	smokes.	(Air	cleaners	
include	air	washers	and	air	filters.)	

Air Conditioning: The simultaneous control of the temperature, 
humidity, air motion, and air distribution within an enclosure. 
Where human comfort and health are involved, a reasonable air 
purity with regard to dust, bacteria, and odors is also included. The 
primary requirement of a good air conditioning system is a good 
heating system.

Air Infiltration: The	leakage	of	air	into	a	house	through	cracks	
and crevices, and through doors, windows, and other openings, 
caused by wind pressure and/or temperature difference. 

Air Valve: See Vent Valve.

Atmospheric Pressure: The weight of a column of air, one 
square inch in cross section and extending from the earth to 
the	upper	level	of	the	blanket	of	air	surrounding	the	earth.	
This air exerts a pressure of 14.7 pounds per square inch at sea 
level, where water will boil at 212°F. High altitudes have lower 
atmospheric pressure with correspondingly lower boiling point 
temperatures. 

Boiler: A closed vessel in which steam is generated or in which 
water	is	heated	by	fire.	

Boiler Heating Surface: The area of the heat transmitting 
surfaces in contact with the water (or steam) in the boiler on one 
side	and	the	fire	or	hot	gases	on	the	other.	

Boiler Horse Power: The equivalent evaporation of  
34.5 lbs. of water per hour at 212°F to steam at 212°F. This is 
equal to a heat output of 33,475 Btu per hour, which is equal to 
approximately 140 sq. ft. of steam radiation (EDR). 

British Thermal Unit (Btu): The quantity of heat required 
to raise the temperature of 1 lb. of water 1°F. This is somewhat 
approximate	but	sufficiently	accurate	for	any	work	discussed	in	this	
Book.	

Bucket Trap (Inverted):	A	float	trap	with	an	open	float.	The	
float	or	bucket	is	open	at	the	bottom.	When	the	air	or	steam	in	
the	bucket	has	been	replaced	by	condensate	the	bucket	loses	its	
buoyancy	and	when	it	sinks	it	opens	a	valve	to	permit	condensate	
to be pushed into the return. 

Bucket Trap (Open):	The	bucket	(float)	is	open	at	the	top.	
Water	surrounding	the	bucket	keeps	it	floating	and	the	pin	is	
pressed against its seat. Condensate from the system drains into 
the	bucket.	When	enough	has	drained	into	it	so	that	the	bucket	
loses its buoyancy it sinks and pulls the pin off its seat and steam 
pressure forces the condensate out of the trap. 

Calorie (Small): The quantity of heat required to raise  
1 gram of water 1°C (approx.). 

Calorie (Large): The quantity of heat required to raise  
1	kilogram	of	water	1°C	(approx.).	

Centigrade: A thermometer scale at which the freezing point of 
water is 0°F and its boiling is 100°F. In this country it is only used 
in	scientific	and	laboratory	work.	

Central Fan System: A mechanical indirect system of heating, 
ventilating, or air conditioning consisting of a central plant where 
the air is heated and/or conditioned and then circulated by fans or 
blowers through a system of distributing ducts. 

Chimney Effect: The tendency in a duct or other vertical  
air passage for air to rise when heated due to its decrease  
in density.
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Circulating Pipe (Hot Water System):	The	pipe	and	orifice	in	a	
Hoffman Specialty Panelmatic Hot Water Control System through 
which the return water by-passes the boiler until the temperature of 
the circulating stream is too low at which time part of it is replaced 
by the correct quantity of hot boiler water to restore its temperature. 

Coefficient of Heat Transmission (Over-all)-U-: The amount of 
heat (Btu) transmitted from air to air in one hour per square foot of 
the	wall,	floor,	roof,	or	ceiling	for	a	difference	in	temperature	of	one	
degree Fahrenheit between the air on the inside and outside of the 
wall, floor, roof, or ceiling. 

Column Radiator: A type of direct radiator. (This radiator has not 
been listed by manufacturers since 1926.) 

Comfort Line: The effective temperature at which the largest 
percentage of adults feel comfortable. 

Comfort Zone (Average): The range of effective temperatures 
over which the majority of adults feel comfortable. 

Concealed Radiator: See Convector. 

Condensate: In steam heating, the water formed by cooling steam 
as in a radiator. The capacity of traps, pumps, etc., is sometimes 
expressed in lbs. of condensate they will handle per hour. One 
pound of condensate per hour is equal to approximately 4 sq. ft. of 
steam heating surface (240 Btu per hour per sq. ft.). 

Conductance (Thermal)-C-: The amount of heat (Btu) transmitted 
from surface to surface, in one hour through one square foot of a 
material or construction for the thickness or type under consideration 
for a difference in temperature of one degree Fahrenheit between 
the two surfaces. 

Conduction (Thermal): The transmission of heat through and by 
means of matter. 

Conductivity (Thermal)-k-: The amount of heat (Btu) transmitted 
in one hour through one square foot of a homogenous material one 
inch	thick	for	a	difference	in	temperature	of	one	degree	Fahrenheit	
between the two surfaces of the material. 

Conductor (Thermal): A material capable of readily transmitting 
heat by means of conduction. 

Convection: The transmission of heat by the circulation (either 
natural or forced) of a liquid or a gas such as air. If natural, it is 
caused	,by	the	difference	in	weight	of	hotter	and	colder	fluid.	

Convector: A concealed radiator. An enclosed heating unit located 
(with enclosure) either within, adjacent to, or exterior to the room 
or space to be heated, but transferring heat to the room or space 
mainly by the process of convection. A shielded heating unit is also 
termed a convector. If the heating unit is located exterior to the 
room or space to be heated, the heat is transferred through one or 
more ducts or pipes. 

Convertor: A piece of equipment for heating water with steam 
without mixing the two. It may be used for supplying hot water for 
domestic purposes or for a hot water  
heating system. 

Cooling Leg: A length of uninsulated pipe through which the 
condensate	flows	to	a	trap	and	which	has	sufficient	cooling	surface	
to permit the condensate to dissipate enough heat to prevent 
flashing	when	the	trap	opens.	In	the	case	of	a	thermostatic	trap	a	
cooling leg may be necessary to permit the condensate to drop a 
sufficient	amount	in	temperature	to	permit	the	trap	to	open.	

Degree-Day: (Standard) A unit which is the difference between 
65°F and the daily average temperature when the latter is below 
65°F. The "degree days" in anyone day is equal to the number of 
degrees F that the average temperature for that day is below 65°F. 

Dew-Point Temperature: The air temperature corresponding 
to saturation (100 per cent relative humidity) for a given moisture 
content. It is the lowest temperature at which air can retain the 
water vapor it contains. 

Direct-Indirect Heating Unit: A heating unit located in the room 
or space to be heated and partially enclosed, the enclosed portion 
being used to heat air which enters from outside the room. 

Direct Radiator: Same as radiator: 

Direct-Return System (Hot Water): A two-pipe hot water system 
in which the water after it has passed through a heating unit, is 
returned to the boiler along a direct path so that the total distance 
traveled by the water from each radiator is the shortest feasible. 
There is, therefore, a considerable difference in the lengths of the 
several circuits composing  
the system. 

Domestic Hot Water: Hot water used for purposes other than for 
house heating such as for laundering, dish washing, bathing, etc . 

Down-Feed One-Pipe Riser (Steam): A pipe which carries 
steam downward to the heating units and into which the 
condensation from the heating units drains. 

Down-Feed System (Steam): A steam heating system in which 
the supply mains are above the level of the heating units which 
they serve. 

Dry-Bulb Temperature: The temperature of the air as 
determined by an ordinary thermometer. 

Dry Return (Steam): A return pipe in a steam heating system 
which carries both water of condensation and air. 

Dry Saturated Steam: Saturated steam containing no water in 
suspension. 

Equivalent Direct Radiation (E.D.R.): See Square Foot of 
Heating Surface. 
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Extended Heating Surface: Heating surface consisting of ribs, 
fins,	or	ribs	which	receive	heat	by	conduction	from	the	prime	
surface. 

Extended Surface Heating Unit: A heating unit having a 
relatively large amount of extended surface which may be integral 
with the core containing the heating medium or assembled over 
such	a	core,	making	good	thermal	contact	by	pressure,	or	by	
being soldered to the core or by both pressure and soldering. (An 
extended surface heating unit is usually placed within an enclosure 
and therefore functions as a convector.) 

Fahrenheit: A thermometer scale at which the freezing point 
of water is 32°F and its boiling point is 212°F above zero. It is 
generally used in this country for expressing temperature. 

Flash (Steam): The rapid passing into steam of water at a high 
temperature when the pressure it is under is reduced so that its 
temperature is above that of its boiling point for the reduced 
pressure. For example: If hot condensate is discharged by a 
trap into a low pressure return or into the atmosphere, a certain 
percentage of the water will be immediately transformed into 
steam. It is also called re-evaporation. 

Float & Thermostatic Trap:	A	float	trap	with	a	thermostatic	
element for permitting the escape of air into the return line. 

Float Trap:	A	steam	trap	which	is	operated	by	a	float.	When	
enough condensate has drained (by gravity) into the trap body 
the	float	is	lifted	which	in	turn	lifts	the	pin	off	its	seat	and	permits	
the	condensate	to	flow	into	the	return	until	the	float	has	been	
sufficiently	lowered	to	close	the	port.	Temperature	does	not	effect	
the	operation	of	a	float	trap.	

Furnace: That part of a boiler or warm air heating plant in which 
combustion	takes	place.	Sometimes	also	the	complete	heating	unit	
of a warm air heating system. 

Gage Pressure: The pressure above that of the atmosphere. It is 
the pressure indicated on an ordinary pressure gage. It is expressed 
as a unit pressure such as lbs. per sq. in. gage. 

Grille: A perforated covering for an air inlet or outlet usually made 
of wire screen, pressed steel, cast-iron or other material. 

Head: Unit pressure usually expressed in ft. of water or mil-inches 
of water. 

Heat: That form of energy into which all other forms may be 
changed.	Heat	always	flows	from	a	body	of	higher	temperature	to	
a body of lower temperature. See also: Latent Heat, Sensible Heat, 
Specific	Heat,	Total	Heat,	Heat	of	the	Liquid.	

Heat of the Liquid: The heat (Btu) contained in a liquid due to 
its temperature. The heat of the liquid for water is zero at 32°F and 
increases 1 Btu approximately for every degree rise in temperature. 

Heat Unit: In the foot-pound-second system, the British Thermal 
Unit (Btu) in the centimeter-gram-second system, the calorie (cal). 

Heating Medium: A substance such as water, steam, or air used 
to convey heat from the boiler, furnace, or other source of heat to 
the heating units from which the heat is dissipated. 

Heating Surface: The exterior surface of a heating unit. See also 
Extended Heating Surface. 

Heating Unit:	Radiators,	convectors,	base	boards,	finned	tubing,	
coils embedded	in	floor,	wall,	or	ceiling,	or	any	device	which	
transmits the heat from the heating system to the room and its 
occupants. 

Horsepower:	A	unit	to	indicate	the	time	rate	of	doing	work	
equal to 550 ft.-lb. per second, or 33,000 ft.-lb. per minute. One 
horsepower equals 2545 Btu per hour or 746 watts. 

Hot Water Heating System: A heating system in which water is 
used as the medium by which heat is carried through pipes from 
the boiler to the heating units. 

Humidstat: An instrument which controls the relative humidity of 
the air in a room. 

Humidity: The water vapor mixed with air.

Insulation (Thermal): A material having a high resistance to 
heat	flow.	

Latent Heat of Evaporation: The heat (Btu per pound) 
necessary to change 1 pound of liquid into vapor without raising 
its temperature. In round numbers this is equal to 960 Btu per 
pound of water. 

Latent Heat of Fusion: The heat necessary to melt one pound of 
a solid without raising the temperature of the resulting liquid. The 
latent heat of fusion of water (melting 1 pound of ice) is 144 Btu. 

Mechanical Equivalent of Heat: The mechanical energy 
equivalent to 1 Btu which is equal to 778 ft.-lb. 

Mil-Inch: One one-thousandth of an inch (0.001/1).

One· Pipe Supply Riser (Steam): A pipe which carries steam 
to a heating unit and which also carries the condensation from 
the heating unit. In an up feed riser steam travels upwards and 
the condensate downward while in a down feed both steam and 
condensate travel down. 

One-Pipe System (Hot Water): A hot water heating system in 
which one-pipe serves both as a supply main and also as a return 
main. The heating units have separate supply and return pipes but 
both are connected to the same main. 

One-Pipe System (Steam): A steam heating system consisting 
of	a	main	circuit	in	which	the	steam	and	condensate	flow	in	the	
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same pipe. There is but one connection to each heating unit which 
must serve as both the supply and the return. 

Overhead system: Any steam or hot water system in which the 
supply main is above the heating units. With a steam system the 
return must be below the heating units; with a water system, the 
return may be above the heating units. 

Panel Heating: A method of heating involving the installation of 
the	heating	units	(pipe	coils)	within	the	wall,	floor	or	ceiling	of	the	
room. 

Panel Radiator:	A	heating	unit	placed	on,	or	flush	with,	a	flat	wall	
surface and intended to function essentially as a radiator. Do not 
confuse with panel heating system. 

Plenum Chamber: An air compartment maintained under 
pressure and connected to one or more distributing ducts. 

Pressure: Force per unit area such as lb. per sq. inch. See Static, 
Velocity, and Total Gage and Absolute Pressures. Unless otherwise 
qualified,	it	refers	to	unit	static	gage	pressure.	

Pressure Reducing Valve: A piece of equipment for changing 
the pressure of a gas or liquid from a higher to a lower one. 

Prime Surface: A heating surface having the heating medium on 
one side and air (or extended surface) on the other. 

Radiant Heating: A heating system in which the heating is by 
radiation only. Sometimes applied to Panel Heating System. 

Radiation: The transmission of heat in a straight line through 
space. 

Radiator: A heating unit located within the room to be heated and 
exposed to view. A radiator transfers heat by radiation to objects "it 
can see" and by conduction to the surrounding air which in turn is 
circulated by natural convection. 

Recessed Radiator:	A	heating	unit	set	back	into	a	wall	recess	but	
not enclosed. 

Reducing Valve: See Pressure Reducing Valve. 

Re-Evaporation: See Flash. 

Refrigeration, Ton of: See Ton of Refrigeration. 

Register: A grille with a built-in damper or shutter. 

Relative Humidity: The amount of moisture in a given quantity 
of air compared with the maximum amount of moisture the same 
quantity of air could hold at the same temperature. It is expressed 
as a percentage. 

Return Mains: The pipes which return the heating medium from 
the heating units to the source of heat supply. 

Reverse-Return System (Hot Water): A two-pipe hot water 
heating system in which the water from the several heating units 
is returned along paths arranged so that all radiator circuits of the 
system are practically of equal length. 

Roof Ventilator: A device placed on the roof of a building to 
permit egress of air. 

Sensible Heat: Heat which only increases the temperature of 
objects as opposed to latent heat. 

Specific Heat: In the foot-pound-second system, the amount of 
heat (Btu) required to raise one pound of a substance  
one degree Fahrenheit. In the centimeter- gram-second system, the 
amount of heat (cal.) required to raise one gram of a substance one 
degree	centigrade.	The	specific	heat	of	water	is	1.	

Split System: A system in which the heating is accomplished by 
radiators or convectors and ventilation by separate apparatus. 

Square Foot of Heating Surface: Equivalent direct radiation 
(EDR).	By	definition,	that	amount	of	heating	surface	which	will	
give	off	240	Btu	per	hour	when	filled	with	a	heating	medium	at	
215°F and surrounded by air at 70°F. The equivalent square foot 
of heating surface may have no direct relation to the actual surface 
area. 

Static Pressure: The pressure which tends to burst a pipe. It is 
used	to	overcome	the	frictional	resistance	to	flow	through	the	pipe.	
It is expressed as a unit pressure and may be either in absolute or 
gage pressure. It is frequently expressed in feet of water column or 
(in the case of pipe friction) in mil-inches of water column per ft. of 
pipe. 

Steam: Water in the vapor phase. The vapor formed when water 
has been heated to its boiling point, corresponding to the pressure 
it is under. See also Dry Saturated Steam, Wet Saturated Steam, 
Super Heated Steam. 

Steam Heating System: A heating system in which the heating 
units give up their heat to the room by condensing the steam 
furnished to them by a boiler or other source. 

Steam Trap: A device for allowing the passage of condensate and 
air but preventing the passage of steam. See Thermostatic, Float, 
Bucket	Trap.	

Superheated Steam: Steam heated above the temperature 
corresponding to its pressure. 

Supply Mains: The pipes through which the heating medium 
flows	from	the	boiler	or	source	of	supply	to	the	run-outs	and	risers	
leading to the heating units. 

Tank Regulator: See Temperature Regulator. 
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Temperature Regulator: A piece of equipment for controlling the 
admission of steam to a hot water (or other liquid) heating device 
in the correct quantities so that the temperature of the liquid will 
remain constant.

Thermostat: An instrument which responds to changes in 
temperature and which directly or indirectly controls the room 
temperature.

Thermostatic Trap: A steam trap which opens by a drop in 
temperature such as when cold condensate or air reaches it and 
closes it when steam reaches it. The temperature sensitive element is 
usually a sealed bellows or series of diaphragm chambers containing 
a small quantity of volatile liquid. 

Ton of Refrigeration: The heat which must be extracted from one 
ton (2,000 lbs.) of water at 32°F to change it into ice at 32°F in 24 
hours. It is equal to 288,000 Btu/24 hours, 12,000 Btu/hour, or 200 
Btu/minute. 

Total Heat: The latent heat of vaporization added to the heat of the 
liquid with which it is in contact. 

Total Pressure: The sum of the static and velocity pressures. It is 
also used as the total static pressure over an entire area, that is, the 
unit pressure multiplied by the area on which it acts. 

Trap:	See	Steam	Trap,	Thermostatic	Trap,	Float	Trap,	and	Bucket	Trap.	

Two-Pipe System (Steam or Water): A heating system in which 
one pipe is used for the supply main and another for the return 
main. The essential feature of a two-pipe hot water system is that 
each heating unit receives a direct supply of the heating medium 
which cannot have served a preceding heating unit. 

Unit Heater: A heating unit consisting of a heat transfer element, a 
housing,	a	fan	with	driving	motor,	and	outlet	deflectors	or	diffusers.	
It is usually suspended from the ceiling and its heat output is 
controlled by starting and stopping the fan by a room thermostat. 
The circulation of the heating medium (steam or hot water) is usually 
continuous. It is used mostly for industrial heating. 

Unit Pressure: Pressure per unit area as lbs. per sq. in. 

Up-Feed System (Hot Water or Steam): A heating system in 
which the supply mains are below the level of the heating units 
which they serve. 

Vacuum Heating System (Steam): A one- or two-pipe heating 
system equipped with the necessary accessory apparatus to permit 
the pressure in the system to go below atmospheric. 

Vapor: Any substance in the gaseous state. 

Vapor Heating System (Steam): A two-pipe heating system 
which operates under pressure at or near atmospheric and which 
returns the condensation to the boiler or receiver by gravity. 

Velocity Pressure: The pressure used to create the velocity of 
flow	in	a	pipe.	It	is	expressed	as	a	unit	pressure.	

Ventilation: Air circulated through a room for ventilating 
purposes. It may be mechanically circulated with a blower system 
or it may be natural circulation through an open window, etc. 

Vent Valve (Steam): A device for permitting air to be forced out 
of a heating unit or pipe and which closes against water and steam. 

Vent Valve (Water): A device permitting air to be pushed out of a 
pipe or heating unit but which closes against water. 

Warm Air Heating System: A warm air heating plant consists 
of a heating unit (fuel-burning furnace) enclosed in a casing, 
from which the heated air is distributed to the various rooms of 
the	building	through	ducts.	If	the	motive	head	producing	flow	
depends on the difference in weight between the heated air 
leaving the casing and the cooler air entering the bottom of the 
casing, it is termed a gravity system.  
A booster fan may however, be used in conjunction with a gravity-
designed system. If a fan is used to produce circulation and the 
system is designed especially for fan circulation, it is termed a fan 
furnace system or a central fan furnace system.  
A	fan	furnace	system	may	include	air	washer,	filters,	etc.	

Wet Bulb Temperature: The lowest temperature which a water-
wetted body will attain when exposed to an air current. 

Wet Return (Steam): That part of a return main of a  
steam	heating	system	which	is	completely	filled	with	water	 
of condensation. 

Wet Saturated Steam: Saturated steam containing some water 
particles in suspension. 
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