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Precision Temp's PT-56 booster heater is a gas-fired alternative to the tradi-
tional electric booster heater that supplies the sanitizing rinse to door-type 
dish machines. Water is heated by eight atmospheric burners with a total 
input of 55,000 Btu/h in a copper heat exchanger. All components are 
housed in a stainless steel enclosure. The booster heater is controlled by a 
microprocessor that regulates a recirculating pump and thermostat. Figure 
ES-1 illustrates the Precision Temp PT-56 gas-fired booster heater, as tested 
at the Food Service Technology Center (FSTC).  

FSTC engineers tested the booster heater under the tightly controlled condi-
tions of the American Society for Testing and Materials’ (ASTM) standard 
test method.1  Booster heater performance is characterized by preheat time 
and energy consumption, idle energy rate, energy efficiency, and flow rate. 

Booster heater performance was determined by testing the unit under four 
conditions (maximum flow capacity with inlet water temperatures of 140°F 
and 110°F and 50% flow capacity with inlet water temperatures of 140°F 
and 110°F). The Precision Temp achieved 87% energy efficiency with a 
maximum flow capacity of 1.84 gal/min. 

Energy efficiency is a measure of how much of the energy that a booster 
heater consumes is actually delivered to the water during the testing process. 
Booster heater energy efficiency is therefore defined by the following rela-
tionship:  

Energy olPump/ContrEnergy Burner
Water toEnergy EfficiencyEnergy 

+
=  

                                                      
1 American Society for Testing and Materials. 2000. Standard Test Method for the Perform-
ance of Booster Heaters. ASTM Designation F 2022-00, in Annual Book of ASTM Standards, 
Philadelphia. 

 Figure ES-1. 
Precision Temp PT-56 
gas-fired booster heater. 



Executive Summary 
 

5011.03.28 iv 
Food Service Technology Center 

A summary of the test results is presented in Table ES-1. 

Table ES-1. Summary of Booster Heater Performance. 

Rated Energy Input Rate  (Btu/h)  55,000 

Measured Energy Input Rate  (Btu/h)  52,333 

Tank Capacity  (gal)  3.0 

140°F Inlet Temperature a   

Preheat Time  (min)  2.67 

Preheat Energy  (Btu)  1,891 

Flow Rate  (gal/h)  110.8 ± 4.7 b 

Temperature Rise  (°F)  45.7 

Energy Efficiency  (%)  86.5 ± 1.4 b 

110°F Inlet Water Temperature a   

Preheat Time  (min)  3.83 

Preheat Energy  (Btu)  2,902 

Flow Rate  (gal/h)  70.4 ± 2.2 b 

Temperature Rise  (°F)  74.5 

Energy Efficiency  (%)  87.6  ± 0.3 b 

Idle Energy Rate  (Btu/h)  1,082 

Idle Electric Energy Rate  (W)  158.7 
a Efficiency and flow rate are from the maximum capacity tests. 
b This range indicates the experimental uncertainty in the test result based on a minimum of three test runs. 

 

 

A booster heater’s job is to raise the temperature of the water from the pri-
mary water heater to a minimum of 180°F to provide the sanitizing rinse for 
the dish machine. Since most primary building water heaters provide water 
at 140°F (restaurants) or 110°F (schools and institutions), the ASTM test 
method evaluates booster heater performance under both conditions. Figures 
ES-2 and ES-3 display the Precision Temp’s ability to maintain a 180°F out-
let temperature during the maximum flow capacity tests for both the inlet 
temperatures. 
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Figure ES-2. 
140°F inlet water tem-
perature during Max  
Capacity Test. 

Figure ES-3. 
110°F inlet water tem-
perature during Max  
Capacity Test. 
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Precision Temp achieved excellent energy efficiency and flow capacity re-
sults during testing at the Food Service Technology Center. With 86.5% en-
ergy efficiency and a flow capacity of 110 gal/h, the Precision Temp has 
established itself as a leader in small gas-fired booster heaters sized for 
single door-type dish machines. The PT-56 booster heater's high efficiency 
was complimented by a fairly low idle rate and a short 2.67 minute preheat 
from 140°F (3.83 minutes to preheat from 110°F). With its high efficiency, 
low idle rate and speedy preheats, the Precision Temp PT-56 was an ex-
cellent all-around performer. 
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Dishrooms are one of the most energy-intensive segments of a food service 
operation, typically representing 18% of a restaurant’s total energy bill.1 The 
high energy costs associated with operating a large dish machine are further 
exacerbated by the electric booster heaters cost, which provides the 180°F 
sanitizing rinse. A new generation of gas-fired booster heaters offers a viable 
(and economic) alternative to the traditional electric booster heater.  

Dedicated to the advancement of the food service industry, the Food Service 
Technology Center (FSTC) has focused on the development of standard test 
methods for commercial food service equipment since 1987. The primary 
component of the FSTC is a 10,000 square-foot appliance laboratory 
equipped with energy monitoring and data acquisition hardware, 60 linear 
feet of canopy exhaust hoods integrated with utility distribution systems, 
appliance setup and storage areas, and a state-of-the-art demonstration and 
training facility.  

The test methods, approved and ratified by the American Society for Testing 
and Materials (ASTM), allow benchmarking of equipment such that users 
can make meaningful comparisons among available equipment choices. By 
collaborating with the Electric Power Research Institute (EPRI) and the Gas 
Technology Institute (GTI) through matching funding agreements, the test 
methods have remained unbiased to fuel choice. End-use customers and 
commercial appliance manufacturers consider the FSTC to be the national 
leader in commercial food service equipment testing and standards, sparking 
alliances with several major chain customers to date. 

FSTC engineers previously monitored the energy and water consumption of 
a dishroom utilizing a low-temperature dishwasher as a part of a whole-
building monitoring project.2,3 These studies reported that the dishroom ac-
counted for 97% of a food service operation’s total hot water consumption. 

Background 
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Of that amount, the dish machine consumed nearly half of the dishroom’s 
hot water. The widespread usage of high-temperature dishwashers in the 
food service industry led the FSTC to develop test methods for quantifying 
the energy consumption and performance of these systems. These draft test 
methods were subsequently approved and ratified by ASTM. 4-6 

During the course of developing the test method for booster heaters (ASTM 
designation F2022-00), FSTC engineers tested several different units.

 7
 

Booster heater performance is characterized by preheat time and energy con-
sumption, idle energy consumption rate, pilot energy consumption rate, and 
energy efficiency and capacity at two supply temperatures (140°F and 
110°F). 

The Precision Temp PT-56 gas-fired booster heater features a stainless tank 
and atmospheric burners beneath a copper fin heat exchanger. A microproc-
essor controls ignition, flameproofing and thermostat response. The compo-
nents of the booster heater are housed in a stainless steel case. 

This report presents the results of applying the ASTM test method to Preci-
sion Temp's PT-56 gas-fired booster heater. The glossary in Appendix A is 
provided so that the reader has a quick reference to the terms used in this 
report. 

 

The objective of this report is to examine the operation and performance of 
Precision Temp's gas-fired booster heater under the controlled conditions of 
the ASTM standard test method. The scope of this testing is as follows: 

 

1. Verify that the appliance is operating at the manufacturer’s 
rated energy input. 

2. Determine the time and energy required to preheat the appliance 
from an inlet supply water temperature of 140 +0/-3°F and  
110 +0/-3°F to a thermostat setting of 183 ± 3°F. 

Objectives 
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3. Characterize the idle energy use with the booster heater tank 
stabilized with an inlet water supply temperature of 140 +0/-3°F 
and 110 +0/-3°F. 

4. Document the flow capacity, energy rate, and energy efficiency 
with 140 +0/-3°F and 110 +0/-3°F inlet water supply temperature to 
the booster heater. 

5. Document the energy rate and energy efficiency at 50% of flow 
capacity with 140 +0/-3°F and 110 +0/-3°F inlet water supply tem-
perature to the booster heater. 

 

Precision Temp's gas-fired booster heater has an input rating of 55,000 Btu/h 
and is designed to accompany a door-type dishwasher. A microprocessor is 
used to control ignition, flame proofing, safety systems, and temperature 
control. A recirculating pump moves water between the heat exchanger and 
the storage tank, and atmospheric burners fire when water passing through 
the heat exchanger drops below a set temperature. A removable panel allows 
for easy access to booster heater internals for maintenance. See Figure 1-1. 

Appliance specifications are listed in Table 1-1, and the manufacturer’s lit-
erature is in Appendix B. 

 

 

Appliance  
Description  

Figure 1-1. 
Precision Temp's inter-
nal components. 
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Table 1-1. Appliance Specifications. 

Manufacturer Precision Temp 

Model PT-56 

Dimensions 26.4" x 18" x 22.6" 

Generic Appliance Type Atmospheric gas-fired booster heater 

Rated Input 55,000 Btu/h 

Flue No flue required 

Tank Capacity 3 gallons 

Controls  Microprocessor 

Construction Stainless Steel 

 

 

 



 
 
 
 
2 Methods 
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FSTC researchers installed the gas-fired booster heater on a noncombustible 
floor in a conditioned space. There was at least 6 inches of clearance be-
tween the sides of the booster heater and any other appliance. A primary wa-
ter supply system was installed upstream of the booster heater to provide a 
constant inlet temperature of 140 +0/-3°F and 110 +0/-3°F. Constant water pres-
sure was maintained by installing a pressure regulator upstream of the 
booster heater. Water consumption was monitored by installing a calibrated 
flow meter between the booster heater and the pressure regulator.  

A throttling valve and solenoid valve were installed in the outlet pipe, down-
stream from the outlet connection of the booster heater. To reduce turbulent 
water flow, a water hammer arrestor was installed immediately upstream of 
the solenoid valve. All water lines were insulated with standard insulation  
(R = 4°F·ft2·hr/Btu) to minimize heat loss. Additionally, large radius turns 
were used for pipe elbows to reduce frictional losses in the piping system. 
All test apparatus were installed in accordance with Section 9 of the ASTM 
test method.1  A schematic of the test setup is presented in Figure 2-1. 

 

Exhaust Duct 
(where 

required) 

Inlet 

Booster 
Heater 

Booster 
Heater 

Exhaust Duct 
(where 

required) 

Flow Meter 
(optional) 

Pressure 
regulator 

Outlet 

Inlet 

Temperature 
Sensors 

Outlet 

Solenoid Valve Throttling Valve 
Water hammer 

FRONT VIEW SIDE VIEW  

Setup and  
Instrumentation 

Figure 2-1. 
Typical equipment 
 configuration. 
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Thermocouples were positioned in the inlet and outlet lines, 3-inches from 
the booster heater connections to monitor water temperature. Ambient room 
temperature was monitored with a temperature sensor placed 24-inches away 
from the front of the booster heater. The ambient temperature was main-
tained at 75 ± 5°F throughout the testing. Figure 2-2 illustrates the ambient 
temperature sensor placement for the booster heater tests. 

Natural gas consumption was measured using a positive displacement-type 
gas meter that generated a pulse every 0.1 ft³. The gas meter and the thermo-
couples were connected to an automated data acquisition unit that recorded 
data every 5 seconds. A chemical laboratory used a gas chromatograph to 
determine the gas heating value on each day of testing. All gas measure-
ments were corrected to standard conditions. 

 

Booster Heater 
Height 

Booster 
Heater 

Outlet 

Inlet 

Booster Heater 
Height 

Platform 

Centered 
Vertically 

Room 
Temperature 

Sensor 

Half of Booster 
Heater Height 

Booster 
Heater 

Outlet 

Inlet 

Room 
Temperature 

Sensor 

SIDE VIEW SIDE VIEW 
 

 

Rated energy input rate is the maximum or peak rate at which the booster 
heater consumes energy—as specified on the booster heater’s nameplate. 
Measured energy input rate is the maximum or peak rate of energy consump-
tion, which is recorded during a period when the burners are operating (such 
as preheat). Researchers compared the measured energy input rate with the 
nameplate energy input rate to ensure that the booster heater was operating 
properly.  

Figure 2-2.  
Ambient thermocouple 
placement for testing. 

Measured Energy 
Input Rate 
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Efficiency and flow capacity tests were run with two different incoming 
supply temperatures: 140 +0/-3°F and 110 +0/-3°F. For the maximum capacity 
tests, the booster heater controls were set for continuous burner operation. 
The throttling valve on the outlet was set so that the outgoing water stabi-
lized at 183 ± 3°F. Time, energy consumption, water flow and water tem-
peratures were monitored and recorded during the 30-minute test period. 
Control and pump energy (if applicable) were monitored during the testing. 

Once the maximum capacity was established for a given supply temperature, 
the water flow was reduced by 50% and the test was repeated. The half-
capacity tests allowed the burners to cycle around the control setpoint. The 
outlet temperature was maintained at 183 ± 3°F for all efficiency and capac-
ity tests.  

Each flow capacity and efficiency test for 140 +0/-3°F and 110 +0/-3°F was re-
peated a minimum of three times. This procedure ensured that the reported 
energy efficiency and capacity results had an uncertainty of less than ±10%. 
The results from each test run were averaged, and the absolute uncertainty 
was calculated based on the standard deviation of the results.  

The ASTM results reporting sheets appear in Appendix C. 

 

 

 

Efficiency and Flow 
Capacity Tests 



 
 
 
 
3 Results 
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Prior to testing, the energy input rate was measured and compared with the 
manufacturer’s nameplate value. This procedure ensured that the booster 
heater was operating within its specified parameters. The energy input rate 
was 52,333 Btu/h (a difference of 4.85% from the nameplate rating). 

 

Preheat Energy and Time 

The booster heater was turned off overnight and allowed to stabilize at room 
temperature. With the unit off and the solenoid valve open, 140 +0/-3°F water 
was supplied to the booster heater. Water was run for 5 minutes, to allow the 
bulk of the booster heater components to equalize in temperature with the 
inlet supply water. After the 5-minute stabilization period, researchers closed 
the solenoid valve and set the thermostat's controls to achieve a 183 ±3°F 
temperature. Energy consumption and elapsed time were recorded as soon as 
the booster heater was turned on.  

Preheat time includes any delay between the time the unit was turned on and 
the time the burner actually ignited. Preheat was judged complete when the 
burner cycled off. The preheat tests were conducted at the beginning of a test 
day for both 140 +0/-3°F and 110 +0/-3°F inlet water temperatures. Precision 
Temp's gas-fired booster heater preheated in 2.67 minutes with an inlet sup-
ply of 140 +0/-3°F water, while consuming 1,891 Btu to reach the thermostat 
setpoint. With an inlet water temperature of 110 +0/-3°F, the unit required 
3.83 minutes and 2,902 Btu to raise the water temperature 70°F.  

 

Idle Energy Rate 

Once the booster heater storage tank reached a setpoint of 183 ± 3°F, the 
booster heater was allowed to stabilize for one hour. Time and energy con-

Energy Input Rate 

Preheat and  
Idle Tests 
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sumption was monitored for an additional six-hour period. The idle energy 
rate during this period was 1,082 Btu/h, a duty cycle of 2.1%. 

 

Test Results 

Input, preheat, and idle test results are summarized in Table 3-1.  

 

Table 3-1. Input, Preheat, and Idle Test Results. 

Rated Energy Input Rate  (Btu/h)  55,000 

Measured Energy Input Rate  (Btu/h)  52,333 

Percentage Difference  4.85 

Preheat 140°F Inlet Temperature:   

Time  (min)  2.67 

Energy Consumption  (Btu)  1,891 

Electric Energy  (Wh)  7.48 

Preheat 110°F Inlet Temperature:   

Time  (min)  3.83 

Energy Consumption  (Btu)  2,902 

Electric Energy  (Wh)  11.31 

Idle Energy Rate  (Btu/h)  1,082 

Idle Electric Energy Rate  (W)  158.7 

 

 

The booster heater was tested under maximum capacity and half-capacity 
flow rates with both a 140 +0/-3°F supply and a 110 +0/-3°F supply. Research-
ers monitored test time, inlet and outlet water temperatures, water flow rate 
and booster heater energy consumption during these tests. 

 

 

Efficiency and Flow 
Capacity Tests 
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Maximum Capacity Tests 

The maximum capacity tests were designed to reflect a booster heater’s peak 
performance. The booster heater energy consumption and flow rate were 
monitored while providing as much 180°F water as possible with a fixed 
supply. These tests simulate a booster heater’s performance during a peak 
period when the dish machine sees continuous use.  

The PT-56 booster heater with a inlet water supply of 140°F was 86.5% effi-
cient, while providing 111 gal/h of 180°F rinse water. Additional testing 
with a 110°F supply showed that the PT-56 produced 70 gal/h of 180°F wa-
ter and exhibited 88.7% efficiency. 

 

Half-Capacity Tests 

The half-capacity tests represent a more typical usage pattern for a smaller, 
door-type dishwasher. The flow rate was reduced to 50% of the unit’s 
maximum capacity, allowing the heaters to cycle on and off as needed. Re-
searchers ensured that the outlet water did not fall below 180°F during the 
half-capacity tests.  

 

Test Results 

Energy efficiency is a measure of the performance of the entire system, in-
cluding heat exchanger, pump and controls. The booster heater’s energy ef-
ficiency is defined as the energy imparted to the water, expressed as a per-
centage of the amount of energy consumed by the booster heater, including 
pump motor and controls. A second quantity, thermal efficiency, quantifies 
the percentage of heat from the burners that was transferred to the water dur-
ing the testing. A booster heater’s thermal efficiency is always higher than 
its energy efficiency. 

Maximum capacity energy efficiency results with a 140°F supply were 
86.4%, 87.1%, and 86.0%, yielding an absolute uncertainty of 1.2%. Figures 
3-1 and 3-2 show the inlet and outlet water temperatures during the maxi-
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mum capacity tests. Tables 3-2 and 3-3 summarize the results of the ASTM 
efficiency and capacity tests. A complete summary of the data from the effi-
ciency tests is presented in Appendix D. 
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Figure 3-1.  
Water temperatures dur-
ing 140°F max capacity 
test. 

Figure 3-2.  
Water temperature dur-
ing 110°F Max Capacity 
Test. 
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Table 3-2. Maximum Capacity Test Results. 

 140°F Supply 110°F Supply 

Flow Rate  (gal/h) 110.8 ± 4.7 70.4 ± 2.2 

Total Water Consumption  (gal) 55.4 35.2 

Temperature Rise  (°F) 45.7 74.5 

Gas Energy Rate  (Btu/h) 46,734 47,867 

Electric Energy Rate  (W) 162.9 163.7 

Energy Efficiency  (%) 86.5 ± 1.2 87.6 ± 0.3 

Thermal Efficiency  (%) 87.5 88.7 

 

Half-capacity energy efficiency results with a 140°F supply were 84.0%, 
83.9%, and 83.2%, yielding an absolute uncertainty of 1.0%.  

 

Table 3-3. Half-Capacity Test Results. 

 140°F Supply 110°F Supply 

Flow Rate  (gal/h) 57.5 ± 0.5 37.9 ± 1.5 

Total Water Consumption  (gal) 28.8 19.0 

Temperature Rise  (°F) 52.6 78.9 

Gas Energy Rate  (Btu/h) 28,624 28,331 

Electric Energy Rate  (W) 164.5 164.6 

Energy Efficiency  (%) 83.7 ± 1.0 83.7 ± 1.9 

Thermal Efficiency  (%) 85.3 85.3 

 

Research has shown the importance of correctly sizing a booster heater to 
match the dish machine's water consumption and the temperature of the do-
mestic water supply. As inlet water temperature drops, the amount of 180°F 
water being supplied by the booster heater drops accordingly. Figure 3-3 
represents the drop in 180°F sanitizing water relative to the temperature drop 
of the domestic water supply. 
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Continual use of a dishwasher with an undersized booster heater can result in 
a loss of 180°F sanitizing water supply. Oversizing a booster heater can re-
sult in unnecessary initial costs. 

 

 

Figure 3-3. Inlet water 
temperature vs. booster 
heater flow capacity. 
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Precision Temp's PT-56 gas-fired booster heater achieved excellent effi-
ciency and flow capacity results during testing at the Food Service Technol-
ogy Center. Gas-fired booster heaters have seen improvements in design and 
performance through collaboration between manufacturers and testing facili-
ties such as the FSTC. The ASTM standardized test method for booster 
heaters can quantify design improvements, which have greatly impacted the 
acceptance of gas-fired booster heaters within the food service industry.  

During maximum flow capacity testing, the PT-56 booster heater posted ex-
cellent energy efficiency results of 86.5% and 87.6% with inlet temperatures 
of 140°F and 110°F respectfully, while showing a low 36% reduction in flow 
rate between the 140°F and 110°F supply. Notably, Precision Temp's booster 
heater was able to achieve these results by using atmospheric burners, rather 
than more costly powered or infrared burners often used for other gas-fired 
booster heaters.  

The unit posted a fast preheat of – 2.68 minutes from a 140°F supply – and a 
low idle rate of 1,082 Btu/h. With it's part-load efficiency, the 55,00 Btu/h 
PT-56 booster heater is an excellent all-around performer ideally sized for 
door-type dish machines. 
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Booster Heater 
An appliance that raises water tempera-
ture (typically 110°F to 140°F) to 180°F 
or more to provide high temperature 
sanitizing rinse water for a dishwasher 
machine. 
 

Dishwasher Machine 
Machine that uniformly washes, rinses, 
and sanitizes eating and drinking uten-
sils.  
 

Batch Water Flow 
Intermittent mode of water delivery at 
specified flow rate and elapse time. This 
is the typical style of water delivery of a 
booster heater supplying final rinse wa-
ter to a door type dishwasher machine. 
 

Booster Heater Energy Efficiency (%) 
Quantity of energy imparted to the wa-
ter while heating, expressed as a per-
centage of the total amount of energy 
consumed by the booster heater (includ-
ing pump and control energy) during the 
capacity tests. 
 

Booster Heater Inlet 
The point of connection on the booster 
heater for the water line from the pri-
mary supply to the booster heater. 
 

Booster Heater Outlet 
The point of connection on the booster 
heater for the water line from the 
booster heater to the dishwasher. 

Continuous Water Flow. 
Uninterrupted water delivery by a booster 
heater at a specified flow rate. This is a typi-
cal mode of water delivery of a booster 
heater supplying water to a conveyor or 
rack-less (flight) type dishwasher machine. 
 

Energy Rate (kW or kBtu/h) 
Average energy rate of energy consumption 
during the continuous flow tests. 
 

Flow Capacity (gal/min or gal/h) 
Maximum water flow rate at which the 
booster heater can heat water from a speci-
fied inlet temperature to an outlet tempera-
ture of 183 ± 3°F during the continuous 
flow capacity test. 

 
Heating Value (Btu/ft3) 
Heating Content 

The quantity of heat (energy) generated by 
the combustion of fuel. For natural gas, this 
quantity varies depending on the constitu-
ents of the gas. 
 

Idle Energy Rate (kW or Btu/h) 
Idle Energy Input Rate 
Idle Rate 

The rate of appliance energy consumption 
while holding or maintaining a stabilized 
operating condition or temperature.  
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Idle Duty Cycle (%) 
Idle Energy Factor 

The idle energy consumption rate ex-
pressed as a percentage of the measured 
energy input rate. 

 

Idle Duty Cycle = 
RateInput Energy  Measured

RateEnergy  Idle  x 100 

 
Measured Input Rate (kW or Btu/h) 
Measured Energy Input Rate 
Measured Peak Energy Input Rate 

The maximum or peak rate at which an 
appliance consumes energy, typically 
reflected during appliance preheat (i.e., 
the period of operation when all burners 
or elements are “on”).  

 
Pilot Energy Rate (kW or kBtu/h) 

Average rate of energy consumption by 
a booster heater’s continuous pilot (if 
applicable). 
 

Preheat Energy (kWh or Btu) 
Preheat Energy Consumption 

The total amount of energy consumed 
by an appliance during the preheat pe-
riod.  

 
Preheat Rate (°F/min) 

The rate at which the appliance heats 
during to its operating temperature. 
 

Preheat Time (minute) 
Preheat Period 

The time required for an appliance to 
warm from the ambient room tempera-
ture (75 ± 5°F) to a specified (and cali-
brated) operating temperature or ther-
mostat setpoint.  

Primary Supply 
The service water heater system that sup-
plies water to the booster heater under test. 
 

Rated Energy Input Rate  
(kW, W or Btu/h, Btu/h) 
Input Rating (ANSI definition) 
Nameplate Energy Input Rate 
Rated Input 

The maximum or peak rate at which an ap-
pliance consumes energy as rated by the 
manufacturer and specified on the name-
plate. 

 
Test Method 

A definitive procedure for the identification, 
measurement, and evaluation of one or more 
qualities, characteristics, or properties of a 
material, product, system, or service that 
produces a test result. 

 
Thermal Efficiency (%) 

Quantity of energy imparted to the water, 
expressed as a percentage of energy con-
sumed by the element(s), gas burner(s), 
steam coil(s), and/or steam injector(s) dur-
ing the flow capacity tests. Thermal effi-
ciency data is collected during the continu-
ous flow capacity tests. 
 

Uncertainty 
Measure of systematic and precision errors 
in specified instrumentation or measure of a 
reported test result. 
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Appendix B includes the product literature for the Precision Temp 

PT-56 booster heater. 

 

Table B-1. Appliance Specifications. 

Manufacturer Precision Temp 

Model PT-56 

Dimensions 26.4" x 18" x 22.6" 

Generic Appliance Type Atmospheric gas-fired booster heater 

Rated Input 55,000 Btu/h 

Flue No flue required 

Tank Capacity 3 gallons 

Controls  Microprocessor 

Construction Stainless Steel 
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Manufacturer: Precision Temp Inc. 

Model: PT-56 

Serial Number: 78-10-038 

Date: October 1999 

 

Appliance Description. 

 
Description of operational characteristics:  Precision Temp's PT-56 gas-fired booster heater is rated at 

55,000 Btu/h and features a microprocessor that controls a water pump and atmospheric gas burners be-

low a solid copper heat exchanger. All stainless steel sides, bottom and top house all of the booster heater 

components.  

Apparatus. 

 
 √  Check if testing apparatus conformed to specifications in section 6. 

 

Deviations:  None.  
  
 

Energy Input Rate. 

Gas Heating Value  (Btu/scf)  1014 

Name Plate  (Btu/h)  55,000 

Measured  (Btu/h)  52,333 

Percentage Difference  (%)  4.85 
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Preheat Energy and Time. 

Gas Heating Value  (Btu/scf)  1014 

140°F Inlet Temperature:   

Duration  (min)  2.67 

Energy Consumption  (Btu)  1,891 

Electric Energy  (Wh)  7.48 

110°F Inlet Temperature:   

Duration  (min)  3.83 

Energy Consumption  (Btu)  2.902 

Electric Energy  (Wh)  11.31 

 

Idle Energy Rate. 

Gas Heating Value  (Btu/scf)  1015 

Idle Energy Rate @ 350 °F  (Btu/h)  1,082 

Electric Energy Rate  (W)  158.7 

 

Energy Efficiency and Flow Rate at Maximum Capacity with 140°F inlet. 

Gas Heating Value  (Btu/scf)  1015 

Test Time  (min)  30.0 

Minimum Inlet Temperature  (°F)  137.3 

Maximum Inlet Temperature  (°F)  138.3 

Minimum Outlet Temperature  (°F)  182.8 

Maximum Outlet Temperature  (°F)  184.9 

Temperature Rise  (°F)  45.7 

Flow Rate  (gal/h)  110.8 ± 4.7 

Gas Energy Rate  (Btu/h)  46,734 

Electric Energy Rate  (W)  162.9 

Energy Efficiency  (%)  86.5 ± 1.2 
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Energy Efficiency and Flow Rate at Maximum Capacity with 110°F inlet. 

Gas Heating Value  (Btu/scf)  1015 

Test Time  (min)  30.0 

Minimum Inlet Temperature  (°F)  107.8 

Maximum Inlet Temperature  (°F)  108.5 

Minimum Outlet Temperature  (°F)  181.0 

Maximum Outlet Temperature  (°F)  183.9 

Temperature Rise  (°F)  74.5 

Flow Rate  (gal/h)  70.4 ± 2.2 

Gas Energy Rate  (Btu/h)  47,867 

Electric Energy Rate  (W)  163.7 

Energy Efficiency  (%)  87.6 ± 0.3 

 

 

Energy Efficiency and Flow Rate at 50% Capacity with 140°F inlet. 

Gas Heating Value  (Btu/scf)  1017 

Test Time  (min)  30.0 

Minimum Inlet Temperature  (°F)  137.8 

Maximum Inlet Temperature  (°F)  138.6 

Minimum Outlet Temperature  (°F)  187.1 

Maximum Outlet Temperature  (°F)  192.2 

Temperature Rise  (°F)  52.6 

Flow Rate  (gal/h)  57.5 ± 0.5 

Gas Energy Rate  (Btu/h)  28,624 

Electric Energy Rate  (W)  164.5 

Energy Efficiency  (%)  83.7 ± 1.2 

 

 

 



Results Reporting Sheets 
 

5011.03.28 C-4 
Food Service Technology Center 

Energy Efficiency and Flow Rate at 50% Capacity with 110°F inlet. 

Gas Heating Value  (Btu/scf)  1017 

Test Time  (min)  30.0 

Minimum Inlet Temperature  (°F)  108.0 

Maximum Inlet Temperature  (°F)  109.0 

Minimum Outlet Temperature  (°F)  182.0 

Maximum Outlet Temperature  (°F)  189.8 

Temperature Rise  (°F)  78.9 

Flow Rate  (gal/h)  37.9 ± 1.5 

Gas Energy Rate  (Btu/h)  28,331 

Electric Energy Rate  (W)  164.6 

Energy Efficiency  (%)  83.7 ± 2.3 
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Table D-1. Maximum Capacity at 140°F Inlet Test Data. 

 Repetition #1 Repetition #2 Repetition #3 

Measured Values    
Electric Energy Consumption  (Wh) 81.74 81.35 81.28 
Gas Energy Consumption  (Btu) 23,367 23,580 23,154 
Test Time  (min) 30.0 30.0 30.0 
Average Temperature Rise  (°F) 46.5 45.8 44.7 
Water Consumption  (gal) 54.29 56.12 55.78 
Flow Rate  (gal/min) 1.81 1.87 1.86 
Flow Rate  (gal/h) 108.6 112.2 111.6 

Inlet    
Average Inlet Temperature  (°F) 137.9 137.9 138.1 
Minimum Inlet Temperature  (°F) 137.3 137.6 137.0 
Maximum Inlet Temperature  (°F) 138.3 138.2 138.4 

Outlet     
Average Outlet Temperature  (°F) 184.4 183.6 182.8 
Minimum Outlet Temperature  (°F) 182.5 182.5 181.3 
Maximum Outlet Temperature  (°F) 185.9 185.0 183.9 

Energy Efficiency  (%) 86.4 87.1 86.0 
Thermal Efficiency  (%) 87.4 88.1 87.0 
Gas Energy Rate  (Btu/h) 46,735 47,160 46,308 
Electric Energy Rate  (W) 163.5 162.7 162.6 
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Table D-2. Maximum Capacity at 110°F Inlet Test Data. 

 Repetition #1 Repetition #2 Repetition #3 Repetition #4 

Measured Values     
Electric Energy Consumption  (Wh) 81.38 81.09 81.22 83.79 
Gas Energy Consumption  (Btu) 23,417 24,484 24,528 23,304 
Test Time  (min) 30.0 30.0 30.0 30.0 
Average Temperature Rise  (°F) 74.7 75.0 75.3 73.1 
Water Consumption  (gal) 34.32 35.81 35.67 34.99 
Flow Rate  (gal/min) 1.14 1.19 1.19 1.17 
Flow Rate  (gal/h) 68.7 71.6 71.3 70.0 

Inlet     
Average Inlet Temperature  (°F) 108.3 108.0 108.2 108.0 
Minimum Inlet Temperature  (°F) 107.9 107.7 107.8 107.7 
Maximum Inlet Temperature  (°F) 108.8 108.4 108.5 108.4 

Outlet      
Average Outlet Temperature  (°F) 183.0 183.1 183.4 181.1 
Minimum Outlet Temperature  (°F) 180.0 181.8 182.1 180.2 
Maximum Outlet Temperature  (°F) 184.0 184.3 184.5 182.6 

Energy Efficiency  (%) 87.5 87.7 87.5 87.8 
Thermal Efficiency  (%) 88.5 88.7 88.5 88.9 
Gas Energy Rate  (Btu/h) 46,834 48,968 49,056 46,609 
Electric Energy Rate  (W) 162.8 162.2 162.4 167.6 
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Table D-3. 50% Capacity at 140°F Inlet Test Data. 

 Repetition #1 Repetition #2 Repetition #3 

Measured Values    
Electric Energy Consumption  (Wh) 82.86 82.09 81.79 
Gas Energy Consumption  (Btu) 14,550 13,735 14,650 
Test Time (min) 30.0 30.0 30.0 
Average Temperature Rise  (°F) 53.6 50.5 53.8 
Water Consumption  (gal) 28.80 28.87 28.65 
Flow Rate  (gal/min) 0.96 0.96 0.95 
Flow Rate  (gal/h) 57.6 57.7 57.3 

Inlet    
Average Inlet Temperature  (°F) 138.2 138.6 137.8 
Minimum Inlet Temperature  (°F) 137.8 138.2 137.4 
Maximum Inlet Temperature  (°F) 138.6 139.0 138.3 

Outlet     
Average Outlet Temperature  (°F) 191.9 189.0 191.5 
Minimum Outlet Temperature  (°F) 191.0 180.9 189.5 
Maximum Outlet Temperature  (°F) 192.6 190.7 193.2 

Energy Efficiency  (%) 84.0 83.9 83.2 
Thermal Efficiency  (%) 85.6 85.6 84.8 
Gas Energy Rate  (Btu/h) 29,101 27,471 29,301 
Electric Energy Rate  (W) 165.7 164.2 163.6 
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Table D-4. 50% Flow at 110°F Inlet Test Data. 

 Repetition #1 Repetition #2 Repetition #3 Repetition #4 

Measured Values     
Electric Energy Consumption  (Wh) 82.41 81.52 82.78 82.53 
Gas Energy Consumption  (Btu) 13,974 13,711 14,745 14,234 
Test Time  (min) 30.0 30.0 30.0 30.0 
Average Temperature Rise  (°F) 78.4 77.3 78.7 81.3 
Water Consumption  (gal) 18.95 19.03 19.51 18.33 
Flow Rate  (gal/min) 0.63 0.63 0.65 0.61 
Flow Rate  (gal/h) 37.9 38.1 39.0 36.7 

Inlet     
Average Inlet Temperature  (°F) 108.5 108.8 108.2 108.2 
Minimum Inlet Temperature  (°F) 108.0 108.5 107.9 107.7 
Maximum Inlet Temperature  (°F) 109.1 109.0 108.8 109.1 

Outlet      
Average Outlet Temperature  (°F) 186.8 186.1 186.9 189.4 
Minimum Outlet Temperature  (°F) 180.1 180.1 180.2 187.5 
Maximum Outlet Temperature  (°F) 189.3 188.8 190.3 190.8 

Energy Efficiency  (%) 84.2 85.1 82.5 82.9 
Thermal Efficiency  (%) 85.9 86.8 84.1 84.5 
Gas Energy Rate  (Btu/h) 27,947 27,421 29,490 28,467 
Electric Energy Rate  (W) 164.8 163.0 165.6 165.1 
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Table D-5. Energy Efficiency. 

  Energy Efficiency (%) 
  Max Capacity Max Capacity 50 % Capacity 50 % Capacity 
  @ 140°F @ 110°F @ 140°F @ 110°F 

Replicate #1  86.4 87.5 84.0 84.2 
Replicate #2  87.1 87.7 83.9 85.1 
Replicate #3  86.0 87.5 83.2 82.5 
Replicate #4  --- 87.8 --- 82.9 
Average  86.5 87.6 83.7 83.7 
Standard Deviation  0.5 0.2 0.4 1.2 
Absolute Uncertainty  1.2 0.3 1.0 1.9 
Percent Uncertainty  1.4 0.3 1.2 2.3 

 

 

Table D-6. Flow Rates. 

  Flow Rates (gal/h) 
  Max Capacity Max Capacity 50 % Capacity 50 % Capacity 
  @ 140°F @ 110°F @ 140°F @ 110°F 

Replicate #1  108.6 68.7 57.6 37.9 
Replicate #2  112.2 71.6 57.7 38.1 
Replicate #3  111.6 71.3 57.3 39.0 
Replicate #4  --- 70.0 --- 36.7 
Average  110.8 70.4 57.5 37.9 
Standard Deviation  1.9 1.4 0.2 0.5 
Absolute Uncertainty  4.7 2.2 0.5 1.5 
Percent Uncertainty  4.2 3.1 0.9 4.1 

 


