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Energy Management Application
How replacing a defective steam trap can save
approximately $60,000 per year.
A steam trap is a self-contained control valve that opens
in the presence of condensate and closes when steam is
present. When the trap fails open, it will discharge steam
to the return pipes. This can be very costly, especially
today as energy costs continue to rise.
The relatively low cost of a regular maintenance program
for steam traps can save operators thousands of dollars
and the initial investment can be recovered in a short
period of time.
For example, a single trap with 3/8 inch orifice
discharging 100 psig of steam to the atmosphere will
cause a steam loss of 652 pounds per hour. Since each
pound of steam is equivalent to approximately 1,000
BTU per hour, the total loss will be 652,000 BTU per hour.

A gas-fired boiler operating
at 70 percent efficiency will
produce about 70,000 BTU
for each therm of Natural Gas.
The gas required to replace the
loss of steam will then result in
652,000 BTU/hr.÷70,000 BTU/
therm or 9.31 therms per hour.
If natural gas costs $0.60/therm,
Hoffman Specialty
the money wasted due to the
Float & Thermostatic
faulty trap equals 9.31 therm
Bear Trap
of gas/hr. One therm of gas
costs $0.60, which results in $5.59 per hour. If the boiler
operates 241 days per year (October 1- May 1) and
10 hours per day it translates to $13,462 lost per year.
The significance of these savings increases when you
consider that small steam systems usually has several
traps, and a larger system can have more than 1,000 traps.

Cost of Steam Trap Leaks at Various Pressures and Fuel Cost
Steam
Pressure
(psig)

15

50

Orifice
Size

Steam Loss
LB./HR

BTU Loss
BTU/HR

1/8

18.7

18,700.00

3/16

42.2

42,200.00

1/4

75

75,000.00

5/16

117

117,000.00

3/8

168

7/16
1/2

Steam Loss Cost $/Year. @ 70%
Boiler Efficiency

Steam Loss Cost $/Year. @ 80%
Boiler Efficiency

Oil @ 3.95/Gal.

Gas @ 0.60/Therm

Oil @ 3.95/Gal

Gas @ 0.60/Therm

$1,816.48

$386.29

$1,589.42

$338.00

$4,099.21

$871.73

$3,586.81

$762.77

$7,285.33

$1,549.29

$6,374.67

$1,355.63

$11,365.12

$2,416.89

$9,944.48

$2,114.78

168,000.00

$6,319.14

$3,470.40

$14,279.25

$3,036.60

229

229,000.00

$22,244.55

$4,730.49

$19,463.98

$4,139.18

300

300,000.00

$29,141.33

$6,197.14

$25,498.66

$5,422.50

1/8

40.8

40,800.00

$3,963.22

$842.81

$3,467.82

$737.46

3/16

91.9

91,900.00

$8,926.96

$1,898.39

$7,811.09

$1,661.09

1/4

163

163,000.00

$15,833.45

$3,367.11

$13,854.27

$2,946.23

5/16

255

255,000.00

$24,770.13

$5,267.57

$21,673.86

$4,609.13

3/8

368

368,000.00

$35,746.69

$7,601.83

$31,278.36

$6,651.60

7/16

500

500,000.00

$48,568.88

$10,328.57

$42,497.77

$9,037.50

1/2

653

653,000.00

$63,430.95

$13,489.11

$55,502.08

$11,802.98
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Steam
Pressure
(psig)

100

150

Orifice
Size

Steam Loss
LB./HR

BTU Loss
BTU/HR

1/8

72.4

3/16
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Steam Loss Cost $/Year. @ 70%
Boiler Efficiency

Steam Loss Cost $/Year. @ 80%
Boiler Efficiency

Oil @ 3.95/Gal.

Gas @ 0.60/Therm

Oil @ 3.95/Gal

Gas @ 0.60/Therm

72,400.00

$7,032.77

$1,495.58

$6,153.68

$1,308.63

163

163,000.00

$15,833.45

$3,367.11

$13,854.27

$2,946.23

1/4

290

290,000.00

$28,169.95

$5,990.57

$24,648.71

$5,241.75

5/16

452

452,000.00

$43,906.27

$9,337.03

$38,417.98

$8,169.90

3/8

652

652,000.00

$63,333.82

$13,468.46

$55,417.09

$11,784.90

7/16

887

887,000.00

$86,161.19

$18,322.89

$75,391.04

$16,032.53

1/2

1,158

1,158,000.00

$112,485.52

$23,920.97

$98,424.83

$20,930.85

1/8

104

104,000.00

$10,102.33

$2,148.34

$ 8,839.54

$1,879.80

3/16

234

234,000.00

$22,730.23

$4,833.77

$19,888.96

$4,229.55

1/4

416

416,000.00

$40,409.31

$8,593.37

$35,358.14

$ 7,519.20

5/16

650

650,000.00

$63,139.54

$13,427.14

$55,247.10

$11,748.75

3/8

936

936,000.00

$90,920.94

$19,335.09

$79,555.82

$16,918.20

7/16

1,273

1,273,000.00

$123,656.36

$26,296.54

$108,199.32

$23,009.48

1/2

1,663

1,663,000.00

$161,540.09

$34,352.83

$141,347.58

$30,058.73
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VLR, VL, and HV Vacuum Unit Control
History From 1954 To 2014
Domestic® and Hoffman® Pump Series VLR™, VL™ and
HV™ Vacuum Heating Units have been around a long
time and have evolved to provide the best product
for our customers. Confusion regarding successive
generations of controls for vacuum condensate units
has prompted the following review to clarify repair
part solutions for customers, contractors and service
personnel.

Domestic Pump Series VLR Vacuum Heating Unit
Bellow Cap
Cap Gasket
Bellows
Bellows Disc

Early vacuum condensate units provided simultaneous
vacuum production and condensate return using a
hydraulic discharge valve that was controlled by a
mechanical float valve assembly, referred to as a pilot
valve. The earliest valve for the VLR, VL and HV units
was used from 1954 to 1965 (Figure 1 and 2).

Valve Body
Valve
Valve Spring

Note Diamond
shaped two bolt
discharge flange
for identification
purposes.

Cap Gasket
Valve Body Cap

Note the diamond shaped two-bolt discharge flange
connection for identification purposes. This valve was
made obsolete in 1965 and parts were discontinued
in 1973. Due to other changes to the units, if the
customer inquires about replacements of this valve,
their only option is to replace the entire unit.
2

Figure 1
Discharge valve 1954 to 1965, front view with pilot
valve connection shown. Connection location is not
representational of position on unit.
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Arm Pin
with Cotter

The next generation of hydraulic discharge valve was
also a bellows-sealed valve that was controlled by the
mechanical pilot valve. Figure 3 and 4 are the drawings
from the VLR instruction manual showing the valve with
its pilot valve control.

Receiver
Arm Fulcrum

Float Rod

Capscrew with
Lock Washer

Lock Nut
Float
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Note the tapered body design (larger at the top than the
bottom), NPT threaded connection to the system and the
cap held in place by four capscrews. This design with the
pilot valve was used from 1965 until 1974. The discharge
valve was part of the design change announced to the
field in May 2000. Parts for the hydraulic discharge
valve are no longer available. For customers inquiring
about the generation that includes both the hydraulic
discharge valve and the mechanical pilot valve control,
retrofits can be accomplished; however, the requirement
for additional components on both the unit and control
panels is significant enough to recommend replacing the
unit entirely.

Compression
Coupling

Arm
Valve

Flange

Valve Seat

Gasket

Figure 2
Mechanical Pilot valve used to control hydraulic discharge
valves on combination vacuum condensate units
Domestic Sereis VLR, VL and Hoffman HV.

Venturi
Nozzle Body

Pump Suction
Pilot Valve

Vacuum Switch

Retrofit components include solenoid valves, additional
float controls to augment the existing floats, and a
complete replacement control panel. This is the result
of a control panel redesign in 1993, which discontinued
parts for the older control panels. Costs associated with
these additional components and their installation can
often be more expensive than replacing the entire unit
once the labor to add the replacement components is
factored in.

Air Vent
Vacuum Breaker

Discharge Valve
Discharge to Boiler

Vacuum Gauge

Multi-Jet Nozzle
Lift Manifold
Check Valve

Low Inlet

Centrifugal Pump

Strainer

Lower Compartment Float Switch

Upper Chamber Float Switch

In 1974, the mechanical pilot valve was replaced by a
solenoid control valve, which was sometimes referred
to as a solenoid pilot valve. Figure 5 and 6 are the
drawings from the instruction manuals.

Figure 3
1965-1964 vacuum unit with hydraulic discharge valve
and mechanical pilot valve.

Pressure Test
Capscrews
Cover
Bellows
Spring
Guide Screw

Pressure Release Line

Pin
Disc Holder
Valve Disc
Valve Seat

This design used a solenoid valve to replace the
mechanical pilot valve, eliminating wear issues on the
mechanical valves seat that could cause the vacuum
unit’s loss of prime. The positive closure of solenoid
provided better control and easier serviceability.

Ball

Hex Nuts
Pilot Valve Flange
Valve Seat
Valve Mechanism
Adapter (10º Bend)
Float Rod

Parts for the hydraulic discharge valve were discontinued
in 2000 and are no longer available. This design change
was announced in May of that year. The announcement
provided the following replacement retrofit kits that
are available today to address service issues with the
hydraulic discharge valve that were controlled by
solenoid valves. If the old style hydraulic discharge valve
is still operational – but the solenoid control has failed
– replacement small size solenoids can be provided. If
the original bellows-sealed discharge valve has failed,
replace accordingly with:

Guide Nut
Discharge Valve Body
Vacuum Producer

Float
Remove this pipe plug.
Discard dowel shipping pin
and replace pipe plug.

Figure 4
Cross section of hydraulic discharge valve with
mechanical pilot valve.

• 180983 1-1/4” (115V) Solenoid disch. valve kit for
5,10 & 15VLR(S).
3
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• 180984 1-1/4” (208/230V) Solenoid disch. valve kit for
5,10 & 15VLR(S).

Vacuum Switch

Nozzle Body Venturi

• 180985 1-1/2” (115V) Solenoid disch. valve kit for 20 VLR(S).

Air Vent

Solenoid Pump Suction
Pilot Valve

• 180986 1-1/2” (208/230V) Solenoid disch. valve kit for
20 VLR(S).

Vacuum Breaker

Discharge Valve
Discharge to Boiler

Vacuum Gauge

Multi-Jet Nozzle

• 180988 1-1/2” (208/230V) Solenoid disch. valve kit for
25VL(& VLS).

Lift Manifold
Low Inlet

Check Valve

• 180989 2” (115V) Solenoid disch. valve kit for
30, 40 & 65 VL(& VLS).

Strainer

Centrifugal Pump
Lower Compartment Float Switch

Upper Chamber Float Switch

• 180991 2” (208/230V) Solenoid disch. valve kit for
30, 40 &65 VL(& VLS).

Figure 5
1974-2000 vacuum unit with hydraulic discharge valve
and solenoid control.

Pressure Test
Capscrews
Cover

Current design units from May 2000 through today are
shown in Figure 7.
Note that the small hydraulic discharge control solenoid
has been removed and replaced with a full size solenoid.
Parts for this vintage are detailed in our current parts lists
located on our general website under the LITERATURE
link. For assistance in locating the appropriate literature,
use the search engine to search for the specific series of
vacuum condensate units that you are interested in such
as the Series VLR or VL.

Pressure Release Line

Bellows
Spring
Guide Screw
Pin
Solenoid Valve

Ball

Disc Holder
Valve Disc
Valve Seat

To Receiver

Guide Nut

• 180987 1-1/2” (115V) Solenoid disch. valve kit for
25VL(& VLS).

Discharge Valve Body

For additional information or help in identifying repair
solutions for your vacuum condensate unit, contact
your local authorized factory representative with the
equipment’s original unit serial number.

Vacuum Producer

Figure 6
Cross section of hydraulic discharge valve
with solenoid control.

Vacuum Switch

Pump Suction
Nozzle Body

Air Vent

Venturi

Vacuum Breaker

Solenoid Operated
Discharge Valve
Discharge

Vacuum Gauge
Multi-Jet Nozzle

Lift Manifold
Low Inlet

Check Valve

Strainer

Centrifugal Pump

Lower Compartment Float Switch

Upper Chamber Float Switch

Figure 7
Current design with solenoid discharge valve.
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This article is reprinted from Fluid Handling’s Steam Team
Bulletin FHD-206. Reprinted from TechTalk June 1999,
Volume 14, Issue 2.

Steam Control and Condensate Drainage
For Heat Exchangers
Steam Systems
General
Heat transfer units that use steam to produce hot
water are known as indirect heaters. They are often
shell and tube type heat exchangers and are generally
referred to as converters, hot water generators, and
instantaneous heaters. The ASME Code for Unfired
Pressure Vessels is the nationally recognized authority
prescribing their construction for given temperatures
and pressures. The term used varies with the heating
medium and the manner of application. When these
heaters use steam as the heat source they are usually
called steam to water converters. In steam heated
converters, the water to be heated circulates through
the tubes and steam circulates in the shell surrounding
the outside of the tubes. This results in condensate
draining to the bottom of the heat exchanger shell
as the steam gives up its latent heat (Figure 1).

Model AP-1A
Air Pilot
Series 415C
Y-Strainer

SU Heat Exchanger

steam inside the shell forming condensate that drops to
the bottom of the heat exchanger shell. The condensate
flows through the bottom condensate outlet and into a
steam trap. The steam pressure in the heat exchanger
shell has a direct correlation to the temperature of
the condensate formed in the shell (Figure 1). The
properties of saturated steam are such that the steam
temperature varies with steam pressure (Table 1).

Steam
Supply

Air-PRV

Series 2000
Pressure Temperature Regulator
GT610-IP
Electro-Pneumatic
Model 62 Vacuum Breaker
Transducer

SU 84-2 Heat Exchanger with
Optional “K” Head

Sensible
Heat in
Water
B.T.U.
per lb.

Latent
Heat of
Vaporation
B.T.U.
per lb.

2
5
15
30
50
100
125

219
227
250
274
298
338
353

187
195
219
243
268
309
325

966
960
945
920
912
881
868

Specific
Volume
Flash
of 1 lb.
Steam %
Seam
cu. ft.
24
20
14
9
8
4
3

0.06
1.6
3.9
6.5
9.0
13.2
14.8

When the latent heat of vaporization is removed, the
resulting condensate will be close to the saturation
temperature. Depending on the system load, slight
sub-cooling may occur from the bottom of the heat
exchanger and the inlet piping to the steam trap. The
heat exchanger should be selected to operate at the
minimum possible steam pressure. This allows the
lowest possible condensate temperature to discharge
from the steam trap and reduces the amount of flash
steam in the return system. When heating fluids up to
200°F, the heat exchanger should be selected based on
2 psig steam pressure in the shell for the most efficient
system operation. This may require a slightly larger
heat exchanger than one operating at higher pressure;
however it will result in a smaller less expensive low
pressure steam trap and a smaller steam regulating
valve. The low pressure selection will also limit the

Series C Float and
Thermostatic Steam Trap

CB Condensate Unit

Saturation
Degree
Temp. ºF

Table 1
Properties of saturated steam.

Series 415C
Y-Strainer

Series 1 In-Line
Float and
Thermostatic
Steam Trap

Gauge
Reading
at Sea
Level - psi

Series 415C
Y-Strainer

Figure 1
A typical steam to water heat exchanger system.

Steam to Water Heat Exchangers
The operation of the shell and tube heat exchanger is as
follows. Steam enters the heat exchanger shell through
the top vapor opening and surrounds the outside of the
tubes. As energy is transferred through the tubes it heats
the water inside the tubes. The heat transfer condenses
5
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maximum temperature that can occur inside the tubes,
should the temperature controller fail in an open
position (Figure 2).
It is standard practice to add a fouling factor in the
heat exchanger selection. This fouling factor adds
additional tube surface area to assure adequate
heating after normal scale and corrosion deposits on
the tube surfaces. A standard .0005 fouling factor will
add 20 to 25% additional tube surface area. When the
heat exchanger is new and the tubes are clean and
shiny, the heat exchanger will operate at lower than
design pressure even at full system load. For example,
a new heat exchanger designed for 15 psi steam to
heat water to 160 degrees will generally heat the full
system load with 0 psi steam in the heat exchanger
shell.

Figure 2
Heat exchanger with modulating control valve.

steam trap must be mounted below the heat exchanger
outlet tapping and it must drain by gravity into a vented
condensate return unit. When possible, the trap should
be located 15 inches below the heat exchanger outlet.
The 15 inches static head to the trap inlet will provide
1/2 psig static inlet pressure to the trap when the shell
steam pressure is at 0 psig.

Heat Exchanger Selection
The heat exchanger should be selected for operation
at the minimum pressure to provide the most efficient
operation. The properties of saturated steam tables
show a larger amount of the latent heat is available at
low pressure. Less energy remains in the condensate
reducing the flash steam losses. A reasonable guide
would be to select a steam pressure that has a
saturation temperature approximately 30°F higher
than the required outlet temperature of the fluid
being heated in the tubes. For fluid temperatures
up to 200°F, 2 psig steam is recommended. (Table 1)

The trap should be sized based on this 1/2 psig
differential pressure. A safety factor of 1.5 times the
calculated full load capacity should be used to handle
unusual start up loads. A float and thermostatic trap is
normally the best selection for a heat exchanger. The
thermostatic element quickly vents the air from the heat
exchanger shell. The modulating float element provides
continuous condensate drainage equal to the system
condensing rate.

When a high steam pressure source is used, the
pressure should be reduced by installing a steam
pressure regulating valve or by using a combination
temperature pressure regulator. After selecting the
heat exchanger, the next step should be planning
the installation. The heat exchanger should be
mounted high enough to allow gravity drainage of the
condensate from the steam trap into a vented gravity
return line. If a gravity return line is not available,
a condensate pump should be installed. The heat
exchanger should be mounted with a pitch toward
the condensate outlet. A minimum 1/2 inch pitch
per 10 foot length should be provided. The heat
exchanger should also be located such that removal
of the tube bundle is possible.

Failure to provide complete condensate drainage will
lead to poor temperature control and possible water
hammer. Any lift in the condensate return piping
after the trap discharge requires a positive pressure
to develop in the heat exchanger shell to provide
condensate drainage. For this to occur, condensate must
back up in the heat exchanger shell until enough tube
surfaces are covered by condensate to build a positive
steam pressure. When the positive steam pressure
develops to move the condensate through the steam
trap and up the vertical return line, over heating can
occur on the tube side of the heat exchanger due to
the positive steam pressure remaining in the shell. This
results in a wide range of outlet fluid temperatures from
the heat exchanger. A lift in the return line as shown
above should be avoided on heat exchangers using a
modulating control valve. A lift or back pressure in the
steam trap return piping can flood the heat exchanger
shell and cause severe water hammer as steam enters
the flooded shell. The resulting water hammer can

Steam Traps
The steam trap must be capable of completely
draining the condensate from the heat exchanger shell
under all operating conditions. On a heat exchanger
using a modulating temperature regulator to heat
fluids under 212°F, the steam pressure in the shell
can be 0 psig. To assure condensate drainage, the
6
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install a drip trap will allow condensate to collect in the
steam piping ahead of the regulator. As the regulator
opens, the mix of condensate and steam passing
through the regulator may cause water hammer that
can destroy the diaphragms or bellows used to operate
the regulator. A steam strainer should also be installed
ahead of the regulators to prevent dirt from entering the
valve. Dirt can deposit on the valve seat and not allow
it to close tight. The steam strainer should be installed
with the screen pocket horizontally. Installation with the
screen down, as commonly piped for water service, will
allow a condensate pocket to form in the steam line.

damage the steam trap, the steam regulating valve, the
heat exchanger tubes and cause the gasket in the heat
exchanger and trap to fail.
Trap Installation
The trap should be located below the heat exchanger
shell to allow free flow of condensate into the trap. A
strainer complete with a screen blow down valve should
be installed ahead of the steam trap. A shut off valve
should be provided in the trap discharge return line to
isolate the unit for service. Unions should be provided
to allow trap service or replacement. The return line
from the trap discharge should be pitched into a
vented condensate return unit.

This condensate pocket can carry into the main valve
and cause water hammer or sluggish operation. Shut
off valves, pressure gauges, a manual bypass and
unions should be installed to allow proper servicing
of the valves and strainers. When possible refer to the
manufacturer’s installation manual for proper installation.
The temperature sensing bulb should be installed as
close as possible to the heat exchanger outlet. It is
important that the full length of the temperature sensing
bulb be inserted in the system piping. Any portion
of the bulb installed in a no flow area will reduce the
accuracy of temperature control. When the sensing bulb
is installed in a separable well, heat transfer compound
must be installed between the well and the sensing bulb
to aid heat transfer. The tube side of the heat exchanger
should have a continuous running recirculation pump
to provide continuous flow past the sensing bulb. A
minimum 20% recirculation should be provided. Pilot
operated regulators with a pressure pilot require a
downstream pressure sensing line. The pressure sensing
line connection should be connected in a non-turbulent
area downstream of the main valve; a minimum
10 pipe diameter downstream of the main valve is
recommended. The steam pressure sensing connection
can also be connected directly to the heat exchanger
shell.

Vacuum Breakers
Most steam to water heat exchangers provides a
tapping in the shell to allow installation of a vacuum
breaker. The vacuum breaker allows air to enter the
shell when an induced vacuum occurs. Failure to install
a vacuum breaker will allow the heat exchanger shell
to operate at a negative pressure which may cause
condensate to be held up in the shell. During light load,
the heat exchanger will have a layer of steam at the top
and air under the steam to provide just the right amount
of heat. The vacuum breaker should be mounted on a
vertical pipe 6” to 10” above the topping to provide a
cooling leg. This protects the vacuum breaker from dirt
and extreme temperatures.
Steam Regulator
The choice of the temperature regulating valve
includes self contained temperature regulators, pilot
operated regulators and pneumatic regulators. The
steam inlet pressure to the regulator must be higher
than the required heat exchanger operating pressure
to allow flow. The available steam pressure should
be at least two times the heat exchanger operating
pressure to provide modulation of the regulator for
good temperature control. This will also provide the
smallest size steam regulator. The steam regulator
should be sized based on the maximum lb./hr. of steam
required by the heat exchanger. To properly size the
regulator, the available inlet steam pressure and the
heat exchanger design operating pressure must be
known. The steam regulator should not be oversized.
Over-sizing the regulator may cause the temperature
to overshoot and the regulator will hunt more than
a properly sized regulator. The steam regulator is
normally smaller than the connecting inlet and outlet
steam piping.

Condensate Coolers
When heat exchangers operate at high pressure,
consideration should be given to the addition of a
condensate cooler. The justification will depend on
the size of the heat exchanger and the actual number
of hours per day the unit will be in operation. With a
condensate cooler, the discharge from the steam trap
on the steam heat exchanger outlet is piped through
a water-to-water heat exchanger. A second trap is
then installed on the discharge of the water-to-water
heat exchanger to maintain saturation pressure and
prevent flashing and water hammer from occurring in
the condensate cooler. A separate thermostatic trap is
installed to allow direct air venting of the steam heat
exchanger into the vented return line downstream of
the condensate cooler (Figure 3) .

Regulator Installation
A steam drip trap should be installed in the steam
piping ahead of all steam regulating valves. Failure to
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The water-to-water heat exchanger design differs
from a steam heat exchanger. The water-to-water heat
exchanger has internal baffles to direct the water flow
across the tubes to improve heat transfer. Water-towater heat exchangers are externally distinguishable
as the shell inlet and outlet tapping’s are the same size;
steam heat exchangers have a large vapor opening in
the top of the shell and a smaller condensate outlet in
the bottom. The fluid in the condensate cooler tubes
may be the inlet water to the steam heat exchanger
tubes. When the initial temperature of the fluid is too
high to cool the condensate below 212°F, a separate
fluid may be heated. Preheating domestic hot water or
preheating boiler make up water are two possibilities.

Regulator
Steam Supply

Heat Exchanger

Thermostatic Trap

Trap
Trap
Cooler

Figure 3
Installation with condensate cooler.
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