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Standard Test Methods for

Performance of Steam Cookers 1

This standard is issued under the fixed designation F 1484; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 These test methods evaluate the energy consumption2.1 ASTM Standards:
and cooking performance of steam cookers. The food service A 36/A 36M Specification for Structural Sté&el
operator can use these evaluations to select a steam cooker andF 1217 Specification for Cooker, Stedm
understand its energy consumption. 2.2 ASHRAE Documents:

1.2 These test methods are applicable to the following steam ASHRAE Handbook of Fundamentals, “Thermal and Re-
cookers: high-pressure, low-pressure and pressureless steam lated Properties of Food and Food Materials,” Chapter 30,
cookers (Specification F 1217 Types |, Il, and IIl); convection Table 1, 1989.
and non-convection steam cookers; steam cookers with self- ASHRAE Handbook of Fundamentals, “Thermodynamic
contained gas fired, electric, or steam coil steam generators, Properties of Water at Saturation,” Chapter 6, Table 2,
and those connected directly to an external potable steam 1989.
source (Specification F 1217 Classes A, B, C, and D). The 2.3 Other Documen®.
steam cookers will be tested for the following (where appli- Development and Application of a Uniform Testing Proce-
cable): dure for Steam Cookers

1.2.1 Maximum energy input rate (see 10.2). i

1.2.2 Boiler preheat energy consumption and duration (seg: Te€minology

10.3). 3.1 Definitions:
1.2.3 Boiler idle energy rate (see 10.4). 3.1.1 boiler, n—self-contained electric, gas, or steam coil
1.2.4 Pilot energy rate (see 10.5). powered vessel wherein water is boiled to produce steam for
1.2.5 Frozen green peas load cooking energy efficiency (seiie steam cooker. Also called a steam generator.

10.7). 3.1.2 boiler idle energy raten—rate of energy consumed

1.2.6 Frozen green peas load production capacity (see 10. 8y the steam cooker while maintaining boiler operating pres-
1.2.7 Whole potato cooking energy efficiency (see 10.9). sure or temperature with no cooking taking place.

1.2.8 Whole potato production capacity (see 10.9). 3.1.3 boiler preheatn—process of bringing the boiler water
1.2.9 Water consumption (see 10.7 and 10.9). from city supply temperature to operating temperature (pres-
1.2.10 Condensate temperature (see 10.7 and 10.9). sure).

1.3 The values stated in inch-pound units are to be regarded 3.1.4 boiler preheat duration n—total time required for
as standard. The Sl units given in parentheses are for informgreheat, from preheat initiation at controls to when the steam
tion only. cooker is ready to cook.

1.4 This standard may involve hazardous materials, opera- 3.1.5 boiler preheat energyr—amount of energy consumed
tions, and equipment. It does not address all of the safetpy the steam cooker during a preheat.
concerns, if any, associated with its use. It is the responsibility 3.1.6 condensaten—a mixture of condensed steam and
of the user of this standard to establish appropriate safety andooling water, exiting the steam cooker and directed to the
health practices and determine the applicability of regulatoryfloor drain.
limitations prior to use.

2 Annual Book of ASTM Standardgol 01.04.
1 This test method is under the jurisdiction of ASTM Committee F-26 on Food  * Annual Book of ASTM Standardgol 15.07.
Service Equipment and is the direct responsibility of Subcommittee F26.06 on “ Available from American Society of Heating, Refrigerating and Air Condition-

Productivity and Energy Protocol. ing Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
Current edition approved April 10, 1999. Published July 1999. Originally  ° Publication pending; available from Pacific Gas and Electric Co., 3400 Crow
published as F 1484-93. Last previous edition F 1484-98. Canyon Rd., San Ramon, CA 94583.
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3.1.7 cooking energy efficiency—quantity of energy im- 4.3 Boiler idle energy rate is determined for the boiler while
parted to the specified food product expressed as a percentatlpe boiler is maintaining operating pressure or temperature
of energy consumed by the steam cooker during the cookingshen no cooking is taking place.
event. 4.4 Pilot energy rate is determined when applicable to a gas

3.1.8 cooking energy raten—average rate of energy con- fired steam cooker under test.
sumption (kBtu/h or kW) during the cooking energy efficiency 4.5 Green peas load cooking energy efficiency is determined
test. Refers to any loading scenario in the green peas or potaly cooking a capacity number of frozen green peas loads from
load tests. 0 to 180°F (-18 to 82°C).

3.1.9 electric energy rate n—refers to rate of electric 4.6 Whole potato cooking energy efficiency is determined
energy consumption (kW) by steam cookers whose primaryy cooking a capacity number of fresh whole potatoes to a
fuel source is not electricity (for example, gas). Electric energyspecified doneness.
is measured and reported separately from the primary fuel 4.7 Green peas load and whole potato production capacities
energy so that the respective fuel prices can be applied tBbpedh or 1B, dh (Kgpedh OF Kg potardh)) are determined by
estimate energy costs. the respective cooking energy efficiency tests.

3.1.10 green peas load—12 by 20 by 22 in. (300 by 500 4.8 Water consumption (gal/h (L/h)) is monitored during
by 65 mm) perforated hotel pan filled with 8:00.2 Ib (3.6 both cooking energy efficiency tests to determine the rate of
0.1kg) of fresh-frozen, grade A, green peas. water usage.

3.1.11 high-pressure steam cooken—steam cooker 4.9 Condensate temperature is monitored during both cook-
wherein cooking compartment operates between 10 and 1189 energy efficiency tests.
psig (Specification F 1217-92 Classification Type ).

3.1.12 low-pressure steam cookem—steam cooker ) ) ] ]
wherein cooking compartment operates between 3 and 9.9 psig5-1 The maximum energy input rate test is used to confirm
(Specification F 1217-92 Classification Type II). that the steam cooker is operating at the manufacturer's rated

3.1.13 maximum energy input rate—peak rate at which an mput._Thls test would also |nd[cate any problems with the
appliance consumes energy, typically reflected during prehea§/€ctric power supply, gas service pressure, or steam supply

3.1.14 pilot energy rate n—rate of energy consumption [IOW Or pressure.

(kBtu/h) by a gas steam cooker's standing pilot (if applicable). -2 Preheat energy and duration can be useful to food
3.1.15 potato load n—one 12 by 20 by 2 in. (300 by 500  Service operators for managing power demands and knowing

by 65 mm) perforated hotel pan filled with 800.2 Ib (3.6=  NOW quickly the steam cooker can be ready for operation.
0.1 kg) of fresh, whole, US No. 1, size B, red potatoes. 5.3 Idle energy rate and pilot energy rate can be used to

3.1.16 pressureless steam cooker—steam cooker wherein €Stimate energy consumption.

cooking compartment operates between 0 and 2.9 psig (Speci—5'4 Green peas load cooking energy efiiciency is an indica-
fication F 1217-92 Classification Type I). tor of steam cooker energy performance when cooking frozen

products under various loading conditions. This allows the
(fjlood service operator to consider energy costs when selecting
a steam cooker.

5.5 Potato cooking energy efficiency is an indicator of steam
ooker energy performance when cooking foods which require
ong cook times (for example, potatoes, beans, rice, lasagna or
aasserole rethermalization). The test demonstrates the differ-
the amount of product being cooked. ence in energy efﬁc[ency between_ pressure and _pressur(_aless
3.1.19 steam cookem—cooking appliance wherein heat is steam cookers for this _type of cooking event. The information

may help a food service operator to evaluate what type of

imparted to food in a closed compartment by direct Cor]tacsteamer to select (pressure versus pressureless versus dual
with steam. The compartment can be at or above atmospheric P P

pressure. The steam can be static or circulated. pressure mode) from an energy performgnce perspective.
3.1.20 water consumption n—water consumed by the 5.6 Green peas load production capacity and potato produc-

steam cooker. Includes both water used in the production oi'on capacity can be used by food service operators to choose
. ) ; pre : steam cooker to match their particular food output require-
steam and cooling water (if applicable) for condensmg/coollngm

ents.
unused steam. 5.7 Water consumption characterization is useful for esti-

mating water and sewerage costs associated with appliance
4. Summary of Test Method opera?ion 9 PP
4.1 The maximum energy input rate is determined to check 5.8 Condensate temperature measurement is useful to verify

whether the steam cooker is operating properly. If the meathat the temperature does not exceed regional building code
sured input rate is not within 5 % of the rated input, all further|imits.

testing ceases and the manufacturer is contacted. The manu-

facturer may make appropriate changes or adjustments to tife Apparatus

steam cooker. 6.1 Watt-Hour Metey for measuring the electrical energy
4.2 Boiler preheat energy and time are determined. consumption of a steam cooker, shall have a resolution of at

5. Significance and Use

3.1.17 production capacityn—maximum rate (Ib (kg)/h) at
which steam cooker can bring the specified food product to
specified “cooked” condition.

3.1.18 production rate n—rate (Ib (kg)/h) at which steam
cooker brings the specified food product to a specifie
“cooked” condition. Does not necessarily refer to maximum
rate. The production rate varies with the loading scenario an
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least 10 Wh and a maximum uncertainty no greater than 1.5 %esolution of 0.2°F (0.1°C) and an uncertainty of 0.5°F (0.3
of the measured value for any demand greater than 100 W. F8C), for measuring temperature of frozen green peas, potatoes,
any demand less than 100 W, the meter shall have a resolutiaralorimeter water, water entering the boiler, and condensate.
of at least 10 Wh and a maximum uncertainty no greater thaQalibrated Type T thermocouples (24 GA wire) are a good
10 %. choice.

6.2 Gas Metey for measuring the gas consumption of a 6.14 Hotel Pans for frozen green peas and potato loads,
steam cooker, shall be a positive displacement type with @erforated 12 by 20 by*2 in. (300 by 500 by 65 mm) stainless
resolution of at least 0.013t(0.0003 nf) and a maximum steel weighing 2.8 0.2 Ib (1.3+ 0.1 kg).
uncertainty no greater than 1 % of the measured value for any 6.15 Water-Bath Calorimeterfor temperature determina-
demand greater than 2.2/t (0.06 ni/h). If the meter is used tion of the green peas load. The calorimeter is comprised of
for measuring the gas consumed by the pilot lights, it shalfive components and are shown in Fig. 1: inner container—
have a resolution of at least 0.0F f0.0003 ni) and have a cylindrical, 0.087-in. (2.2-mm) thick walled, plastic drum
maximum uncertainty no greater than 2 % of the measure@PG&E found that a 15-gal container is adequate for most
value. applications); drum insulation—R-25 fiberglass insulation;

6.3 Steam Flow Meterfor measuring the flow of steam to a drum lid—plastic lid double reinforced with 2-in. (50 mm)
steam cooker that uses either a direct external potable stedfick polystyrene board; stirrer—3-ft long/+-in. diameter,
source or a steam coil steam generator. Shall have a resolutiéteel rod with propeller welded to one end; thermocouple
of 0.01 £ (0.0003 nf) and a maximum uncertainty of 1 % of tree—%a-in. diameter pipe with five temperature sensors at-
the measured value. tached laterally equidistant from one another. The sensors must

6.4 Pressure Gagefor measuring pressure of steam to abe adjusted so that they are fully submerged for each loading
steam cooker that uses either a direct external potable stea¥fenario. A convenient way to construct the water-bath calo-
source or a steam coil steam generator. Shall have a resolutiéineter is to place the inner container on a 2-in. (50 mm) thick
of 0.5 psig (3.4 kPa) and a maximum uncertainty of 1 % of thebolystyrene board. Wrap the outside of the drum with 1 ft thick
measured value. R-25 fiberglass insulation so no drum wall is exposed. Cover

6.5 Canopy Exhaust Hogd4 ft (1.2 m) in depth, wall- the fiberglass insulation with plastic liner to waterproof the
mounted with the lower edge of the hood 6 ft, 6 in. (2.0 m)interior. Construct the thermocouple tree by affixing five type T
from the floor and with the capacity to operate at a nominatnermocouple probes 3 in. apart along the copper pipe. Fix the
exhaust ventilation rate of 150 cfm per linear foot (230 L/s perthermocouple tree vertically along the drum wall as to avoid
linear meter) of active hood length. This hood shall extend £ontact with the stirrer. Drill &2-in. hole in the center of the
minimum of 6 in. (150 mm) past both sides and the front of thePlastic/polystyrene lid. Place the propeller end of the stirrer in
cooking appliance and shall not incorporate side curtains o€ drum and close the lid, allowing the opposite end of the
partitions. Make-up air shall be delivered through face register§tirrer to pass through the center of the lid. The calorimeter can
or from the space, or both. be placed on castors for ease in mobility, and the content can

6.6 Pressure Gagefor monitoring boiler pressure. The gage be stirred manually or with the aid of a portable, hand-held drill

shall have a resolution of 0.5 psig (3.4 kPa) and a maximunfiuring a test. _
uncertainty of 1 % of the measured value. 6.16 Hypodermic-Style Thermocouple Prolie measuring

potato temperatures. Minimum diameter makes for easier
insertion and faster response. Resolution and uncertainty shall
be the same as in 6.13.

6.17 Surface Temperature Thermocouple Prdioe measur-
ing boiler surface temperature. Resolution and uncertainty
shall be the same as in 6.13. This sensor will not be needed if
the city water supply temperature is 205°F (21 + 3°C).

6.7 Pressure Gagefor monitoring natural gas pressure. The
gage shall have a range of 0 to 15 in,(H(0 to 3.7 kPa), a
resolution of 0.5 in. HO (125 Pa), and a maximum uncertainty
of 1 % of the measured value.

6.8 Temperature Senspfor measuring gas temperature in
the range of 50 to 100°F (10 to 40 °C), with a resolution of

0.1°F (0.05 °C) and an uncertainty af0.5°F (0.3°C). .
6.9 Barometer for measuring absolute atmospheric pres- 6.18 Platform Balance Scaler appropriate load cells, used
) r uring u PNEriC Pres—, measure the weight of the water-bath calorimeter and

sure, to be used for adjustment of measured natural gas volu :
to standard conditions, having a resolution of 0.2 in. Hg (67r(;&‘8ntent during the frozen green peas test. Shall have the

Pa) and an uncertainty of 0.2 in. Hg (670 Pa).

6.10 Flow Meter, for measuring total water consumption of
the appliance. The meter shall have a resolution of 0.01 gal (40
ml), and an uncertainty of 0.01 gal (40 ml), at flow rate as low
as 0.2 gpm (13 ml/s). Sy dumid

6.11 Stopwatchwith a 1-s resolution.

6.12 Analytical Balance Salefor measuring quantity of
food for cooking test loads and for weighing hotel pans. It shall
have a resolution of 0.01 Ib (5 g) and an uncertainty of 0.01 Ib
(5 9).

6.13 Calibrated Exposed Junction Thermocouple Probes
with a range from —20 to 400°F (-30 to 200°C), with a FIG. 1 Water-Bath Calorimeter

container

thermocouple tree

&——————— drum insulation
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capacity to accommodate the total weight of calorimeter plupressure, shall be recorded during each test so that the
the cooked food product and water. The resolution shall be 0.theasured gas flow can be corrected to standard conditions. For

Ib (10 g) with an uncertainty of 0.2 Ib (10 g). a steam cooker that uses either a direct external potable steam
. source or a steam coil steam generator, there shall be a pressure
7. Reagents and Materials gage and steam flow meter to verify that the manufacturer's
7.1 Quality of water used to fill the boiler shall meet the specified steam requirements are met. For electric installations,
manufacturer’s specifications. a voltage regulator may be required during tests if the voltage
7.2 Green peas shall be fresh-frozen, grade A, stabilized aupply is not within=2.5 % of the manufacturer's nameplate
0 = 5°F (-18=* 2°C). voltage.

7.3 Potatoes shall be fresh, whole, US No. 1, Size B, red 9.3 For an electric steam cooker, confirm (while the steam
potatoes. The average weight of the potatoes shall be .16 cooker elements are energized) that the supply voltage is
0.021b (73= 9 g). within +2.5% of the operating voltage specified by the

Note 1—Red potatoes are sold in three sizes: A, B, and C. This tesanufacturer. The test voltage shall be recorded for each test.

uses Size B. Note 2—If an electric steam cooker is rated for dual voltage (for
8. Sampling example, 208/240 V), the steam cooker shall be evaluated as two separate
' appliances in accordance with these test methods.
8.1 Steam Cooker A representative production model . ) ,
shall be selected for performance testing. 9.4 For a gas steam cooker, adjust (during a boiler preheat)
the gas pressure downstream from the appliance pressure
9. Preparation of Apparatus regulator to within=2.5 % of the operating manifold pressure

9.1 Install the appliance in accordance with the manufacturSPecified by the manufacturer. Also make adjustments to the

er's instructions undea 4 ft (1.2 m) deep canopy exhaust hood applignpe following.the manufacturer’'s recommendations for
mounted against the wall, with the lower edge of the hood 6 ftOPtimizing combustion.

6 in. (2.0 m) from the floor. Position the steam cooker so that 9-5 Install a flow meter (6.10) to the steam cooker water
the front edge is 6 in. (150 mm) inside the front edge of thdhlet such that total water flow to the appliance (both boiler
hood. In addition, both sides of the steam cooker shall be 8UPPly water and condensate cooling water) is measured.
minimum of 3 ft (1.1 m) from any wall, side partition, or other 9.6 Install a pressure gage (6.6) to measure boiler pressure.
operating appliance. Equipment configuration is shown in Fig. 9.7 Install a temperature sensor (6.13) such that it is
2. The exhaust ventilation rate shall be 150 cfm per linear fooimmersed in the condensate water path just as it exits the steam
(230 L/s per linear meter) of hood length. The associatedooker.

heating or cooling system shall be capable of maintaining an 9.8 Tape a temperature sensor (6.13) firmly to the surface of
ambient temperature of 75 5°F (24* 3°C) within the testing  a section of the metal tubing through which city water enters
environment when the exhaust ventilation system is workinghe boiler.
without the appliance being operated.

9.2 Connect the steam cooker to a calibrated energy testy. Procedure
meter. For gas installations, a pressure regulator shall be
installed downstream from the meter to maintain a constant Note 3—Prior to starting these tests, the tester should read the
pressure of gas for all tests. Both the pressure and temperat&%erating manual and fully understand the operation of the appliance.
of the gas supplied to a steam cooker, as well as the barometric10.1 General

CANOPY EXHAUST HOOD ] / cANOPY ExHAUST HOOD  \ [—]
WALL I j/— WALL
\I | Ij
S ey N A —
[@)
; 1] 1]
0 o] 3 ft Minimum I j
i e R N |
oroperating l'- I
appliance)
ol & I g = E E :[
T - 5| O
g§ == 8
0 . =0 H
FRONT VIEW SIDE VIEW

FIG. 2 Equipment Configuration
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10.1.1 For gas steam cookers, the following shall be ob- 10.2.3 Allow the boiler(s) to fill with water. As soon as the
tained and recorded for each run of every test. boiler(s) is (are) full, start the boiler preheat (some boilers may
10.1.1.1 Higher heating value, start automatically after filling). Begin monitoring energy
10.1.1.2 Standard gas conditions for calculation in 11.3.2,consumption and time as soon as all the burners, elements, or
10.1.1.3 Measured gas temperature, steam co[ls energize. Contlnug unt!l the first burner, element, or
10.1.1.4 Measured gas pressure steam coil turns off. Recor(_j final time and energy. .

! ' 10.2.4 In accordance with 11.4, determine the maximum
10.1.1.5 Barometric pressure, and energy input rate for the steam cooker under test. Report the
10.1.1.6 Measured peak input rate during or immediatelyneasured input rate and confirm that it is within 5 % of the

prior to test. rated nameplate input. If the difference is greater than 5 %,
Note 4—The preferred method for determining the heating value oftesting shall be terminated and th_e manufacturer cor_1tacted. The

gas supplied to the steam cooker under test is by using a calorimeter or ggd@nufacturer may make appropriate changes or adjustments to

chromatography in accordance with accepted laboratory procedures. It fhe steam cooker.

recommended that all testing be performed with gas having a heating 10.3 Boiler Preheat Energy Consumption and Duration

value between 1000 and 1075 Bt&/f87 300 to 40 100 kJ/f). 10.3.1 Fill the boiler. Record the time required to fill it.
10.1.2 For gas steam cookers, energy calculations shall gdonitor the average temperature of the water as it enters the
in accordance with 11.3. boiler. If the average temperature was not ¥05°F (21 =

10.1.3 For gas steam cookers, electric energy consumptio?fc)_’ then allow the filled boiler to sit until the temperature is
shall also be measured and added to gas energy for all tesiithin that range. Temperature of the water in the boiler can be
with the exception of the maximum energy input rate teseStimated by measuring the boiler surface temperature using a
(10.2). If it is clear (from the equipment manual or anotherSurface temperature probe (6.17). _ .
source of information) that the electric energy consumption 10-3.2 Record the temperature of the water in the boiler.
rate is constant during a test, then an instantaneous poweart the boiler preheat. Begin monitoring energy consumption
measurement can be made when convenient during that te§d time as soon as the boiler is turned on. For a gas steam
rather than continuous monitoring of accumulated energyOoker, the recorded preheat time shall include any delay
consumption. Energy can be estimated later, based on t tween the time the unit is turned on and when the burners

power measurement and the duration of the test. actually ignite. For a gas steam cooker, measure and record any

10.1.4 For electric steam cookers, the following shall beeIeCtriC energy consumption as well. Preheat is judged com-

obtained and recorded for each run of every test plete when the primary burners, elements, or steam coil cycles

. : off. Record preheat energy consumption, duration, and final
10.1.4.1 Voltage while elements are energized, and pressure (if applicable).

10.1.4.2 Measured peak input rate during or immediately 14 3 3 |n accordance with 11.5, report preheat energy con-

prior to test. ) ) sumption and duration.
10.1.5 For steam cookers that use either a direct external 10 4 Boiler Idle Energy Rate

potable steam source or a steam coil steam generator, the1g 4.1 Allow boiler to idle for at least 30 min after the

supplied steam pressure and average flow rate shall be recordﬁféheat_ Then commence monitoring the elapsed time and the
for each run of every test. energy consumption of the steam cooker while it is operated
10.1.6 For each run of every test, confirm that the peak inpuinder this idle condition for a minimum of 2 h. For gas steam
rate is within=5 % of rated nameplate input. If the difference cookers, monitor electric energy in addition to gas consump-
is greater than 5%, testing shall be terminated and thggn.
manufacturer contacted. The manufacturer may make appro-10.4.1.1 If there is a separate boiler for each compartment,
priate changes or adjustments to the steam cooker. then apply this test (and report an idle rate) for each compart-
10.1.7 If a steam cooker is able to operate in more than ongent separately and then for all compartments simultaneously.
pressure mode (for example, both low pressure and pressure-10.4.2 This step applies to non-atmospheric boilers only. In
less), the steam cooker should be evaluated as two separa@dition to monitoring total energy for the test period, record
appliances in accordance with the standard test method dene quantity of energy consumed during each individual cycle
scribed herein. for three cycles of the boiler. Record the average of these
10.2 Maximum Energy Input Rate values as the energy required to raise the boiler from minimum
10.2.1 This step applies to gas steam cookers only. (Fgperating pressure/temperature to maximum pressure/
electric steam cookers, proceed directly to step 10.2.2, and féeémperature. This value is used in the green peas load and
steam coil steam cookers, proceed directly to step 10.2.3.) F@otato load energy efficiency calculations.
some gas appliances, the maximum energy input rate changesl0.4.3 In accordance with 11.6, calculate and report idle
as the orifices heat up. If the steam cooker under test is ganergy rate(s).
powered, conduct a boiler fill and preheat, then immediately 10.5 Pilot Energy Rate (Gas Models with Standing Pilots)
purge the boiler and proceed to step 10.2.3. 10.5.1 With the pilot lit and the boiler off, record time and
10.2.2 This step applies to electric steam cookers onlygas consumption for a minimum of 8 h. In accordance with
Monitor power during a steam cooker operation where thell.7, calculate and report pilot energy rate.
maximum power is drawn. Proceed directly to step 10.2.4. 10.6 Green Peas Load Preparation
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10.6.1 This section outlines preparation of the frozen greefpads would be located in the top and middle slots. Two pans in a five-pan
peas used in the green peas load Cooking energy_efﬁciency aﬁgpacny compartment would be located in the second slot from the top
production-capacity test (10.7). and third slot from the top (center slot).

10.6.2 The number of green peas loads to be prepared 10.6.3 The perforated hotel pans shall be as specified in
depends on which loading scenario is to be performed. Therg 14,
are two loading scenarios: light and heavy. The heavy load is 10.6.4 Number each pan and record the weight of each of
the manufacturer’s stated capacity of 12 by 20 b§@. (300  the (empty) pans. The weight of the pan(s) will be the total
by 500 by 65-mm) hotel pans. Consult Table 1 for the numbegyeight of all pans used for the test.
of green peas loads to prepare for the light loading scenarios. 10 ¢ 5 |oad each pan with 80 0.2 Ib (3.6+ 0.1 kg) (see

Note 5—When the test calls for a less than capacity number of loads/-2) Of green peas sealed in plastic zip bags. Record the weight
for a compartment, the loads should be placed in the most centrallpf the frozen green peas in each pan. Place the green peas load
located slots. When symmetry about the center is not possible, then use the the freezer and allow the temperature to stabilize at®F
upper central slots first. For example, one pan in a four-pan capacity_18+ 2°C). For a 24 h period. The weight of the frozen green

compartment should be located in the second slot from the top. Two Ioaﬁgeas will be the total weight of the green peas in each of the
in a four-pan capacity compartment should be located in the second arld

third slots from the top (yielding symmetry about the center). One load inpan(s)' . . )
a three-pan capacity compartment would be located in the center, and two 10.6.6 The water-bath calorimeter shall be as specified in

6.15. Record the weight of the empty calorimeter using the
platform balance scale (6.6).

10.6.7 Place 10 Ib of potable water for every pan of green
peas into the calorimeter drum. (For example, the total weight
of water for a heavy load test of a six-pan capacity, steamer
would be 10 Ib water/paix 6 pans = 60 Ib).

TABLE 1 Number of Loads for Light Loading Scenario
Light Loading Scenario

1 Compartment 1 Pan
3 Pan Capacity

1 Compartment 1 Pan
4 Pan Capacity Note 6—The initial water temperature for the water-bath need not be
70 £ 5°F (21 = 3°C). As long as the initial and final temperatures are
1 Compartment 1 Pan recorded, the change in water-bath temperature can be obtained.
5 Pan Capacity
10.6.8 Record the weight of the water in the water-bath
1 Compartment 1 Pan .
6 Pan Capacity calorimeter.
be . 10.7 Green Peas Load Cooking Energy Efficiency, Produc-
ompartments an in top compartment H H H
3 Pan Capacity Per None in bottom tion Capacity, Water Consumption, and Condensate Tempera-
Compartment ture :

2 Compariments 1 Pan in top compartment 10.7.1 This procedure applies to two possible loading sce-
4 Pan Capacity Per None in bottom na_lri_os: light and _heavy. Repeat each loading scenario a
Compartment minimum of three times. Additional test runs may be necessary

, to obtain the required precision for the reported test results

2 Compartments 2 Pans in top compartment . .

5 Pan Capacity Per None in bottom (Annex Al). The rgported values of cooking energy efficiency,
Compartment production capacity, condensate temperature, and water con-

2 Compartments 2 Pans in top compartment sumption shall be the average of the repl|cat|ons. (runs).

6 Pan Capacity Per None in bottom 10.7.2 Prepare the frozen green peas load(s) in accordance
Compartment with 10.6. Record the weight of the empty pan(s) and the

2 Compartments 2 Pans in top compartment WEIght of the green peas Ioad(s).

8 Pan Capacity Per None in bottom 10.7.3 Measure and record the average temperature of the
Compartment green peas by probing the content of the sealed bags. Confirm

3 Compartments 2 Pans in middle compartment that they are at @ 5°F (_18i 3°C)-

g Pan Capacity Per mone in LOp 10.7.4 Choose a cooking time either based on the manufac-
ompartment one in bottom turer's recommendation or by experience.

3 Compartments 2 Pans in middle compartment 10.7.5 Allow the steam cooker to sit idle (boiler(s) on) for a
4 Pan Capacity Per None in top minimum of 1h. If the manufacturer recommends leaving the
Compartment None in bottom . . .

cooking cavity doors open when not cooking, then leave them

3 Compartments 2 Pans in middle compartment open during the idle period and record the door position during
5 Pan Capacity Per None in top P ;

Compartment None in bottom the idle penOd'

10.7.6 Start monitoring time. Transport the green peas loads
3 Compartments 2 Pans in middle compartment to the testing location. Empty the bagged green peas into the
 omnaroma e e o pan(s). Open one steam compartment, load the pan(s) into it,
close it, and start steam to it. Open the next steam compartment
3 Compartments 2 Pans in middle compartment (if applicable), load it, close it, start it, and note the starting
8 Pan Capacity Per None in top s load | d start the last t t (if
Compartment None in bottom time. Open, load, close and start the last compartmen @
applicable). After starting steam to the first compartment,
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commence monitoring energy consumption, water consumpboiler pressure (used to calculate the energy deficit of the

tion, and condensate temperature. For gas steam cookelmiler, as described in Note 9).

monitor and record the electric energy as well as gas consump-10.7.13 Record the initial temperature of the water-bath

tion. The total loading time (the time from opening the first calorimeter immediately before the cook time elapsed. The

compartment to closing and starting the last compartment)nloading time shall be the same as the loading time. Remove

shall be the total 105 s per compartment iS5 s for each load  the calorimeter lid and empty the cooked green peas load(s)

used. (For example, the total loading time for a heavy load teshto the water-bath calorimeter. Replace the lid on the water-

of a six-pan capacity, two-compartment steam cooker would bgath calorimeter.

5 s/compartmenk 2 compartmerst + 5 s/loadx 6 loads = 40 10.7.14 Allow the contents of the water-bath calorimeter to

s). stabilize for 5 min. Using the stirrer, agitate the content for 1
Note 7—Care shall be taken to minimize heat gain by the frozen greerm'n_' Repeat the stabilization and ag'_tat'Q” process ever}f S min

pea loads on the way from the freezer to the steam cooker. During thé!r_]t'l_ the bl{lk temperature flugtuatlon is less tha:lﬂ..l F

time they shall be isolated from any warmer surface by R10 or bettewithin a 5 min period. Record this temperature as the final bulk

insulation. PG&E found 2 in. (50 mm) thick square-edged polystyrenetemperature.

boards to be convenient as an insulating surface. ' 10.7.15 Record the total weight of the water-bath calorim-
Note 8—For gas steamers, the “electric energy rate” during the heavyyiar containing the cooked green peas and water with the

load test will be reported separately from the gas “cooking energy rate.’ . . .
The two values are reported separately so that the respective fuel pric sl,atform balance scale. This will be used to determine the

may be applied to estimate energy costs. weight of the cooked green peas.

Note 9—The boiler is at maximum pressure when the test starts, butit 10.7.16 In accordance with 11.8.2, calculate the final
may be at a lower pressure at the end of the test. This difference betwe@®0ked bulk temperature of the green peas. The cook tempera-
the initial and final energy content (pressure/temperature) of the boileture must be 18@ 2°F (82*1°C). If the temperature does not

must be added back to the boiler to correctly calculate the energfg|| in this range, the test must be repeated with an adjusted
efficiency. Maximum, minimum and final boiler pressure is measured sq.ook time.

that this energy deficit can be estimated. There are situations where the . -
measurement of pressure in step 10.7.7 is not necessary, as noted in stepd0-7-17 If the temperature is within the range, prepare t_he
10.7.9 and 10.7.11. next frozen green peas load (10.6) and the water-bath calorim-

Note 10—The average condensate temperature for the final 3 min ofter, unless this was the final run (Run No. 3), and perform the
the run is what will be reported, rather than the average over the entire ruiiest again (10.7).
therefore, condensate temperature monitoring need not begin immediately 10.7.18 Calculate the cooking energy efficiency, production
upon commencement of the test run. capacity, water consumption, and average condensate tempera-
10.7.7 For three cycles of the boiler pressure near the end ¢fire in accordance with 11.8 and report the results as the
the test, measure the maximum and minimum pressuregverage of three replications.
Record the average maximum and average minimum boiler 10.8 Whole Potato Load Preparation

pressure. 10.8.1 This section outlines preparation of the potato loads
10.7.8 Terminate steam to the compartments as the predased in the whole potato cooking energy efficiency and
termined cooking time elapses for each compartment. Afteproduction capacity test (10.9). The number of potato loads to
stopping steam to the last compartment, record the final timéhe prepared depends on which loading scenario is to be
water consumption, and average condensate temperature. performed. There are two loading scenarios: light and heavy.
10.7.9 If the boiler is on when the cooking time for the last The heavy load is the manufacturer’s stated capacity of 12 by
compartment has elapsed, continue to monitor energy cor0 by 2in. (300 by 500 by 65 mm) hotel pans. Consult Table
sumption until the primary burners, elements, or steam coild for the number of potato loads to prepare for the light loading
cycle off. Record final energy. Note that the initial and final scenario. For each loading scenario, prepare enough potato
energy content of the boiler is the same; therefore, the pressul@ads for a minimum of three runs.
measurements in step 10.7.7 are not needed. 10.8.2 The perforated hotel pans shall be as specified in
10.7.10 If the boiler is not on when the last compartment6.14. Number each pan and record the weight of each (empty)
cooking time elapsed, proceed to one of the next two condipan.
tional steps (10.7.11 or 10.7.12). 10.8.3 Load each pan with 88 0.2 Ib (3.6 0.1 kg) of
10.7.11 Perform this step if the boiler pressure is controlled>otatoes (7.3). Record the weight of the potato loads in each
by a pressure switch that can be manually actuated. Otherwisean. Determine the average potato weight for each pan (count
proceed directly to step 10.7.12. When the time for the lasthe potatoes and divide by the total weight) and confirm that
compartment has elapsed, continue to monitor energy corthe average potato weight is 0.360.02 Ib (73= 9 g).
sumption and actuate the pressure switch. This returns the 10.9 Whole Potato Cooking Energy Efficiency, Production
boiler energy content to the initial test condition; therefore, theCapacity, Water Consumption, and Condensate Temperature
pressure measurements in step 10.7.7 and the energy measuret0.9.1 This procedure applies to two possible loading sce-
ments in step 10.4.2 are not necessary. Record the final energiarios: light and heavy. Each loading scenario shall be repeated
10.7.12 Perform this step if the boiler pressure controla minimum of three times. Additional test runs may be
cannot be manually actuated. When the cooking time for th@ecessary to obtain the required precision for the reported test
last compartment has elapsed, record the final energy and thesults (Annex Al). The reported values of cooking energy
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efficiency, production capacity, condensate temperature, ansteam cookers, monitor and record electric energy as well as
water consumption shall be the average of the replicationgas consumption. The total loading time (the time from
(runs). opening the first compartment to closing and starting the last

10.9.2 Prepare the potato loads in accordance with 10.&ompartment) shall be the total 5 s per compartment plus 5
Record the weight of the empty pans, the weight of the potats for each load used (for example, the total loading time for a
load in each pan, and the average potato weight as determinédavy load test of a six-pan capacity, two-compartment steam
in steps 10.8.2 and 10.8.3. Record the number of potato loadooker would be: 5 s/compartment2 compartments + 5

to be used for each run. s/load X 6 loads = 40 s).
10.9.3 Choose a cooking time either based on the manufac- 10.9.8 For three cycles of the boiler pressure near the end of
turer’'s recommendation or by experience. the test, measure the maximum and minimum pressures.

10.9.4 Measure and record the average internal temperatuRecord the average maximum and average minimum boiler
of the potatoes. Confirm that they are 5%°F (24+ 3°C). A pressure.
minimum number of temperature readings should be taken Note 12—For gas steamers, the “electric energy rate” during the heavy

from each pan. For the eight pans,. one potato from eacn)ad test will be reported separately from the gas “cooking energy rate.”
quadrant of the pan should be taken; for two to six pans, &he two values are reported separately so that the respective fuel prices
minimum of three readings should be taken per pan; for sevemay be applied to estimate energy costs.
pans and greater, a minimum of two readings per pan. Note 13—This test does not call for (nor would it benefit from)
10.9.5 Allow the steam cooker to sit idle (boiler on) for a monitoring the temperature of the potatoes during cooking. Temperatures
minimum of 1 h. If the manufacturer recommends leaving theshould not be monitored if it involves sensor leads crossing the cooking
cooking cavity doors open when not cooking, leave them opeﬁavity door gasket, allowing some leakage of steam that would not occur
during the idle period. Record the door position during the idle?urng normal cooking.

period. Fig. 3 shows the cooking energy efficiency test se- Note 14—The average condensate temperature for the final 5 min of
) ' the run is what will be reported, rather than the average over the entire run;
quence h h b d, rather than th h

. . . therefore, condensate temperature monitoring need not begin immediatel
10.9.6 After the idle period, wait for the burners, elements,UIOOn commencement of tﬁe test run. g g y

or steam coil to cycle on and then off again. This assures that

the boiler is at maximum operating pressure/temperature when 10.9.9 Terminate steam to the compartments as the prede-
the efficiency test cooking starts. termined cooking time elapses for each compartment. After

o _ stopping steam to the last compartment, record the final time,
Note 11—The boiler is at maximum pressure when the test starts, b”\'ivater Consumption and average condensate temperature.

it may be at a lower pressure at the end of the test. This difference between S . .
the initial and final energy content (pressure/temperature) of the boiler 10.9.10 If the bailer is on when the cooking time for the last

must be added back to the boiler to correctly calculate the energ&ompa.rtmem_ has elgpsed, continue to monitor energy an'
efficiency. Maximum, minimum and final boiler pressure is measured sgsumption until the primary burners, elements, or steam coils
that this energy deficit can be estimated. There are situations where tt@ycle off. Record the final energy. Note that the initial and final
measurement of pressure in step 10.9.8 is not necessary, as noted in steprergy content of the boiler is the same; therefore, the pressure
10.9.10 and 10.9.12. measurements in step 10.9.8 are not needed. Proceed directly
10.9.7 Start monitoring time. Open one steam compartmentp step 10.9.14.
load it with potato loads, close it, and start steam to it. Note the 10.9.11 If the boiler is not on when the cooking time for the
starting time for that compartment. Open the next steanfiast compartment has elapsed, then proceed to one of the next
compartment (if applicable), load it, close it, start it, and notetwo conditional steps (10.9.12 or 10.9.13).
the starting time. Open, load, close, start, and note starting time 10.9.12 Perform this step if the boiler pressure is controlled
of the last compartment (if applicable). After starting steam toby a pressure switch that can be manually actuated. Otherwise,
the first compartment, commence monitoring energy consumgproceed directly to step 10.9.13. When the cooking time for the
tion, water consumption, and condensate temperature. For gksst compartment has elapsed, continue to monitor energy

60 Minute [dle Period Cocking Test - Run#1

10 Minute Idle Period
CockingTest - Run#2
10 Mimute Idle Petiod
Cooking Test - Run#3

v e 1]

0 60 120
Time (Minutes)
FIG. 3 Cooking Energy Efficiency Test Sequence
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consumption and actuate the pressure switch. This returns thg
boiler energy content to the initial test condition; therefore, the

measured volume of gasifin ),
absolute standard temperature(°R)

meas

pressure measurements in step 10.9.8, and the energy measure- absolute actual gas temperature(°R)
ments in step 10.4.2 are not necessary. Record the final energy. = standard temperature® (RK)
Proceed directly to step 10.9.14. [gas temp °PC) + 459.61273] °R(°K)’ and

10.9.13 Perform this step if the boiler pressure controlp_, pressure correction factor
cannot be manually actuated. When the cooking time for the actual gas pressure pgkPa
last compartment has elapsed, record the final energy and the standard pressure psiPa
boiler pressure (used to calculate the energy deficit of the
boiler, as described in Note 11).

10.9.14 Record the final bulk potato temperature. The bulk
potato temperature can be measured by the same method used

: e _ Note 15—Absolute standard gas temperature and pressure used in this
to determine the initial potato temperature (10.9.4). Temperacalculation should be the same values used for determining of the heating

ture shall be measured immediately after cooking is t€rmiy e pGgE standard conditions are 519.67 °R (288.56 °K) and 14.73
nated. The last temperature taken shall be no more than 3 mja (101.5 kPa).

after cooking i.s terminated. Sample_the 'T‘aXim“.m number of 11.3.3 For steam cookers that use either a direct external
potatoes pc_>53|ble in each pan while still making sure th otable steam source or a steam coil steam generator, steam
representative temperatures are taken from each general lo Sergy shall be calculated as follows:
tion in the cooking cavities. Bulk temperature must be 195 '
2°F (91+ 1°C). If the temperature does not fall in this range, Esieam = Ws X 1 X @
the test must be repeated with an adjusted cook time. where:

10.9.15 Remove the potato loads, and unless this was thgy
final run (Run No. 3), start timing the 10 min idle period before  °

gas gage pressure g&Pg + barometric pressure p&iPa
standard pressure p<iePg :

steam flow rate, Ib (kg)/h,
steam flow duration, h, and

the next run (see Fig. 3). Return to step 10.9.6. hg latent heat of steam as derived from the measured
10.9.16 In accordance with 11.9, calculate and report cook- supply steam pressure (10.1.5) and thermodynamic

ing energy efficiency, production capacity, water consumption, properties of water at saturation (see 2.4), Btu/lb

and average condensate temperature. After performing this test (kd/g).

(10.9) three times for each loading scenario, report results as 11.4 Maximum Energy Input Rate

the average of the replications. 11.4.1 Report the manufacturer’s rated input in Btu/h for a

) ) gas steam cooker, kW for an electric steam cooker, and Ib (kg)

11. Calculations and Reporting steanfh for direct steam or steam coil steam cookers.

11.1 Test Steam Cooker 11.4.2 For gas steam cookers calculate and report the

11.1.1 Using Specification F 1217 classifications, summamaximum energy input rate (Btu/h (kJ/h)) based on the energy
rize the physical and operating characteristics of the steamonsumed by the steam cooker during the input period accord-
cooker. Use additional text to describe any design characterisag to the following relationship:
tics that may facilitate the audience’s interpretation of the test E % 60
results. Ghnput = —— ®)

11.2 Apparatus and Procedure

11.2.1 Confirm that the testing apparatus conformed to all ofwhere:
the specifications in Section 9. Describe any deviations fromd input
those specifications. E

measured peak energy input rate, Btu/h (kW),
energy consumed during period of peak energy

11.3 Gas and Steam Energy Calculations input, Btu (kwh), and _
11.3.1 For gas steam cookers, electric energy consumptioh = period of peak energy input, min.
shall be added to gas energy for all tests, with the exception of 11.4.3 For electric steam cookers, report the measured
the maximum energy input rate test (10.2). maximum energy input rate (kW).
11.3.2 For gas steam cookers, energy consuriggshall 11.4.4 For direct steam or steam coil steam cookers, report
be calculated using the following formula: the measured maximum rate of steam consumption (Ib(kg)/h).
Eye = HV X V 1) 11.5 Boiler Preheat Energy Consumption and Duration
as 11.5.1 Report the preheat energy consumption (Btu(kJ) or
where: kWh) and preheat time (min) where the preheat time is the time
Egas = energy consumed by steam cooker, elapsed from initiation at the controls to the time that the
H = higher heating value primary burner, element, or steam coil cycles off. This includes
= energy content of gas measured at standard condiany delay between initiation at the controls and actual energiz-
tions, Btu/fe (kJ/nt), and ing or ignition of the elements, steam coil, or burners.
\% = actual volume of gas corrected to standard condi- 11.6 Boiler Idle Energy Rate
tions, f(m®) 11.6.1 Calculate and report the idle energy rate (Btu/h (kJ/h)
= VieasX T ¢f X P or kW) based on the energy consumption of the steam cooker
here: during the idle period in accordance with the following
where. relationship:
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E X 60 .
Gide = 7 (4) mhere'
peas, frozen
where: ppeas, frozen
Jige = idle energy rate, Btu/h (kW),
E = energy consumed during the test period, Btu

AT peas, frozen

(kwh), and
test period, min.

11.7 Pilot Energy Rate

11.7.1 Calculate and report the energy input rate (Btu/h
(kJ/h) or kW) based on the energy consumed by the steam  Peas: cooked
cooker during the pilot test period according to the following
relationship:

t

E X 60 C
Opiot = ¢ (5) Ppeas, cooked
where: AT
Opiot = Ppilot energy rate, Btu/h, peas, cooked
E = energy consumed during the test period, Btu, and

t test period, min.

11.8 Frozen Green Peas Load Cooking Energy Eff|ciency,E
Production Capacity, Water Consumption, and Condensate
Temperature

11.8.1 Report a minimum of three run average value of
frozen green peas load cooking energy efficiency, production
capacity, and water consumption. vail

11.8.2 Calculate the final cooked green peas load tempera-
ture by applying the following relationship:

Wwater X C n/vater

fusion

moisture

Tpeas, = W. X Cpp X (Twaler,f X Twater,i) + Twater,f (6) Where:
peas eas Wpan
where: Choan
T pea, f = temperature of the cooked peas, °F,
[ vater = weight of water in water-bath calorim- AT pan
eter, Ib,
Chwater = specific heat of water, Btu/lb°F,
= 1 Btu/lb°F (see 2.2),
Woeas = weight of cooked green peas load, Ib,
= VVfuII calorimeter ™ calorimeter—_ VVwaten
Towater, i = initial water temperature in water-bath  Esieam cooker
calorimeter, °F,
Twater, t = final equilibrium temperature of water
and cooked green peas mixture in water-
bath calorimeter, °F, and
CPpeasthawea = Specific heat of thawed green peas, Btu/

Ib°F
= 0.84 Btu/lb°F (see 2.2).
11.8.3 Calculate the green pea load cooking energy effi-
ciency according to the following relationship:

Epeas + Epan + Eboiler re — init

Eboiler re-init

X 100 %

@)

npeas - steam cooker

where:

cooking energy efficiency (%), and

heat gained by the green peas load,

[ Wpeas, frozen>< Cppeas, frozen>< ATpeas, froze]1 +

[W cas, Cookedx Cppeas, cookeg ATpeas, cook41+
[V\/)moisture>< Efusion.l-

N peas

peas

10

weight of frozen green peas, Ib,
specific heat of frozen green peas, Btu/
Ib°F

0.44 Btu/lb°F (see 2.2),

temperature rise in frozen green peas,
OF,

32°F — initial temperature of frozen
green peas load,

weight of cooked green peas, Ib,
weight of full calorimeter — weight of
empty calorimeter — weight of water in
calorimeter,

specific heat of cooked green peas,
Btu/lb°F,

0.84 Btu/lb°F (see 2.2),

temperature rise in cooked green peas,
OF,

final temperature of cooked peas load —
32°F,

latent heat of fusion of ice,

144 Btu/lb (see 2.2),

weight of moisture in frozen green
peas—81 % (see 2.2),

0.81 % \_Npeas,frozen and i

heat gained by the stainless-steel hotel
pan(s)

Vvpan X Cp pan X ATpan

weight of pan(s), Ib,

specific heat of stainless-steel, Btu/lb°F,
0.11 Btu/Ib°F (see 2.4),

temperature rise in pan °F,

T T

pan, f— ! pan, #

' pea, = 'pea, i
final temperature of cooked green peas

load - initial temperature frozen green
peas load,

total energy consumed by the steam
cooker, Btu(kJ). Includes sum of all fuel
types used (for example, gas energy for
heating plus electric energy used by
steam circulating fans or controls, or
both), and

energy required to restore the final boiler
energy content (pressure) to the initial
boiler energy content (Btu(kJ)). Calcula-
tion of this energy quantity is required
only if the conditional step 10.7.12 was
applicable. Otherwise this energy quan-
tity is already included in th& cam cooker
value. If conditional step 10.7.12 was
applicable, therkE, ;e re-init IS Calculated
as follows:

P — Pinal
= Ecycl(-:‘>< M (8)

max~— " min
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