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1. Scope F 1217 Specification for Cooker, Stedim

1.1 These test methods evaluate the energy consumption2-2 ASHRAE Documents:
and cooking performance of steam cookers. The food service ASHRAE Handbook of Fundamentals, “Thermal and Re-
operator can use these evaluations to select a steam cooker and 'ated Properties of Food and Food Materials,” Chapter 30,
understand its energy consumption. Table 1, 1989. _

1.2 These test methods are applicable to the following steam ASHRAE Handbook of Fundamentals, “Thermodynamic
cookers: high-pressure, low-pressure and pressureless steam Properties of Water at Saturation,” Chapter 6, Table 2,
cookers (Specification F 1217 Types |, I, and 1ll); convection 1989.
and non-convection steam cookers; steam cookers with self- 2.3 Other Documeng: _ _
contained gas fired, electric, or steam coil steam generators, D€velopment and Application of a Uniform Testing Proce-
and those connected directly to an external potable steam dure for Steam Cookers
source (Specification F 1217 Classes A, B, C, and D). Th -
steam cookers will be tested for the following (where appli-%' Term|n'ol'o'gy

3.1 Definitions:

cable): . . . .
1.2.1 Maximum energy input rate (see 10.2). 3.1.1 boiler, n—self-contained electric, gas, or steam coil

1.2.2 Boiler preheat energy consumption and duration (Se@owered vessel wherein water is boiled to produce steam for

10.3). the steam cooker. Also called a steam generator.
1.2.3 Boiler idle energy rate (see 10.4). 3.1.2 boiler idle energy ratgen—rate of energy consumed
1.2.4 Pilot energy rate (see 10.5). by the steam cooker while maintaining boiler operating pres-
1.2.5 Frozen green peas load cooking energy efficiency (se&/€ or temperature with no cooking taking place.

10.7). 3.1.3 boiler preheatn—process of bringing the boiler water

1.2.6 Frozen green peas load production capacity (see 10.#50M City supply temperature to operating temperature (pres-
1.2.7 Whole potato cooking energy efficiency (see 10.9). Sure)-

1.2.8 Whole potato production capacity (see 10.9). 3.1.4 boiler preheat duration n—total time required for
1.2.9 Water consumption (see 10.7 and 10.9). preheat, from preheat initiation at controls to when the steam
1.2.10 Condensate temperature (see 10.7 and 10.9). cooker is ready to cook.

1.3 The values stated in inch-pound units are to be regarded 3-1-5 boiler preheat energyn—amount of energy consumed

as standard. The SI units given in parentheses are for inform& the steam cooker during a preheat.

tion only. 3.;.6 condensapgn—a mixture of condensed. steam and
1.4 This standard may involve hazardous materials, opera_coollng water, exiting the steam cooker and directed to the

tions, and equipment. It does not address all of the safetf/oor drain. _ _ .

concerns, if any, associated with its use. It is the responsibility 3-1-7 cooking energy efficiency—quantity of energy im-

of the user of this standard to establish appropriate safety and@"ted to the specified food product expressed as a percentage

health practices and determine the applicability of regulatory®f €nergy consumed by the steam cooker during the cooking

limitations prior to use. event. _
3.1.8 cooking energy raten—average rate of energy con-
2. Referenced Documents sumption (kBtu/h or kW) during the cooking energy efficiency
2.1 ASTM Standards: test. Refers to any loading scenario in the green peas or potato
A 36/A 36M Specification for Structural Stéel load tests.

3.1.9 electric energy rate n—refers to rate of electric

1 This test method is under the jurisdiction of ASTM Committee F-26 on Food——————————————
Service Equipment and is the direct responsibility of Subcommittee F26.06 on *Annual Book of ASTM Standardéol 15.07.

Productivity and Energy Protocol. 4 Available from American Society of Heating, Refrigerating and Air Condition-
Current edition approved April 10, 1999. Published July 1999. Originally ing Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.

published as F 1484-93. Last previous edition F 1484-98. 5 Publication pending; available from Pacific Gas and Electric Co., 3400 Crow
2 Annual Book of ASTM Standardgol 01.04. Canyon Rd., San Ramon, CA 94583.
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energy consumption (kW) by steam cookers whose primarpy 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 tfbyc/h or 10, dh (Kgoedh OF Kg porardh)) are determined by
estimate energy costs. the respective cooking energy efficiency tests.

3.1.10 green peas loadh—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 |b (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 1iBg energy efficiency tests.
psig (Specification F 1217-92 Classification Type Il1). N

3.1.12 low-pressure steam cookem—steam cooker 5. Significance and Use
wherein cooking compartment operates between 3 and 9.9 psig®-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 input. This test would also indicate any problems with the
appliance consumes energy, typically reflected during preheaglectric power supply, gas service pressure, or steam supply

3.1.14 pilot energy rate n—rate of energy consumption flow or pressure. _

(kBtu/h) by a gas steam cooker’s standing pilot (if applicable). 5-2 Preheat energy and duration can be useful to food

3.1.15 potato load n—one 12 by 20 by 22 in. (300 by 500 serwce_operators for managing power demands and knowmg
by 65 mm) perforated hotel pan filled with 8200.2 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 anq pilot energy rate can be used to

3.1.16 pressureless steam cookar—steam cooker wherein €stimate energy consumption. , _ o
cooking compartment operates between 0 and 2.9 psig (Speci-2>-4 Green peas load cooking energy efficiency is an indica-
fication F 1217-92 Classification Type ). tor of steam cooker_energy pt_arforman(_:e_z when c_ookmg frozen

3.1.17 production capacityn—maximum rate (Ib (kg)/h) at products _under various Ioadl_ng conditions. This allows th_e
which steam cooker can bring the specified food product to food service operator to consider energy costs when selecting

specified “cooked” condition. a steam cooker. . o
3.1.18 production rate n—rate (Ib (kg)/h) at which steam 5.5 Potato cooking energy efficiency is an indicator of steam

cooker brings the specified food product to a specifie ooker energy performance when cooking foods.which require
“cooked” condition. Does not necessarily refer to maximum ong cook times (for example, potatoes, beans, rice, lasagna or

rate. The production rate varies with the loading scenario anaasse_role rethermali_zation). The test demonstrates the differ-
the amount of product being cooked ence in energy efficiency between pressure and pressureless

3.1.19 steam cookem—cooking appliance wherein heat is steam cookers for this type of cooking event. The information

imparted to food in a closed compartment by direct contacf"® help a food service operator to evaluate what type of

with steam. The compartment can be at or above atmosphe eamer o Zae?t (pressure versu? pressureless vetr_sus dual
pressure. The steam can be static or circulated. pressure mode) from an energy performance perspective.

3.1.20 water consumption n—water consumed by the . 56 Gregn peas load production capqcity and potato produc-
steam cooker. Includes both water used in the production otfon capacity can be used by food service operators to choose

steam and cooling water (if applicable) for condensing/coolinqi]Steam cooker to match their particular food output require-

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

mating water and sewerage costs associated with appliance
. . ) ) operation.
4.1 The maximum energy input rate is determined to check 5 g condensate temperature measurement is useful to verify

whether the steam cooker is operating properly. If the meag 5t the temperature does not exceed regional building code
sured input rate is not within 5 % of the rated input, all further)jyits.

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 Meter 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
4.3 Boiler idle energy rate is determined for the boiler whileleast 10 Wh and a maximum uncertainty no greater than 1.5 %

the boiler is maintaining operating pressure or temperaturef the measured value for any demand greater than 100 W. For

4. Summary of Test Method

when no cooking is taking place. any demand less than 100 W, the meter shall have a resolution
4.4 Pilot energy rate is determined when applicable to a gasf at least 10 Wh and a maximum uncertainty no greater than
fired steam cooker under test. 10 %.

4.5 Green peas load cooking energy efficiency is determined 6.2 Gas Meter for measuring the gas consumption of a
by cooking a capacity number of frozen green peas loads frorsteam cooker, shall be a positive displacement type with a
0 to 180°F (—18 to 82°C). resolution of at least 0.01t(0.0003 ni) and a maximum

4.6 Whole potato cooking energy efficiency is determineduncertainty no greater than 1 % of the measured value for any
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demand greater than 2.2/fi (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 0.0£ {0.0003 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 stedinick polystyrene board; stirrer—3-ft long/s-in. diameter,
source or a steam coil steam generator. Shall have a resolutisteel rod with propeller welded to one end; thermocouple
of 0.01 £ (0.0003 ni) and a maximum uncertainty of 1 % of tree—¥s-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 steagfienario. A convenient way to construct the water-bath calo-
source or a steam coil steam generator. Shall have a resolutisiineter 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 thepolystyrene 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 Hood4 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 nominathermocouple probes 3 in. apart along the copper pipe. Fix the
exhaust ventilation rate of 150 cfm per linear foot (230 L/s peithermocouple 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 oihe drum and close the lid, allowing the opposite end of the
partitions. Make-up air shall be delivered through face registerstirrer 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 e 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 maximun§luring a test. _
uncertainty of 1 % of the measured value. 6.16 Hypodermic-Style Thermocouple Prolfie measuring
6.7 Pressure Gagefor monitoring natural gas pressure. The Potato temperatures. Minimum diameter makes for easier
gage shall have a range of 0 to 15 in,@4(0 to 3.7 kPa), a nsertion and faster response. Resolution and uncertainty shall
resolution of 0.5 in. HO (125 Pa), and a maximum uncertainty P€ the same as in 6.13.
of 1 % of the measured value. 6.17 Surface Temperature Thermocouple Prdioe measur-

6.8 Temperature Senspfor measuring gas temperature in ing boiler surface temperature. Resolution and uncertainty
the range of 50 to 100°F (10 to 40 °C), with a resolution ofshall be the same as in 6.13. This sensor will not be needed if

0.1°F (0.05 °C) and an uncertainty &f0.5°F (0.3°C). the city water supply temperature is 105_°F (21 = 3°C).
6.9 Barometer for measuring absolute atmospheric pres- 6.18 Platform Balance Scaler appropriate load cells, used

sure, to be used for adjustment of measured natural gas volunjg measure the weight of the water-bath calorimeter and

to standard conditions, having a resolution of 0.2 in. Hg (67dzonter_1t during the frozen green peas test. Sha_ll have the
Pa) and an uncertainty of 0.2 in. Hg (670 Pa). capacity to accommodate the total weight of calorimeter plus

6.10 Flow Meter, for measuring total water consumption of the cooked food product and water. The resolution shall be 0.2

the appliance. The meter shall have a resolution of 0.01 gal (4@ (10 g) with an uncertainty of 0.2 Ib (10 g).
ml), and an uncertainty of 0.01 gal (40 ml), at flow rate as low7, Reagents and Materials

as 0.2 gpm (13 mI/s). , 7.1 Quality of water used to fill the boiler shall meet the
6.11 Stopwatchwith a 1-s resolution. manufacturer's specifications.

6.12 Analytical Balance Salefor measuring quantity of 75 Green peas shall be fresh-frozen, grade A, stabilized at
food for cooking test loads and for weighing hotel pans. It shally - 5op (_18+ 2°C).
have a resolution of 0.01 Ib (5 g) and an uncertainty of 0.01 b 7 3 potatoes shall be fresh, whole, US No. 1, Size B, red
(5 9).

6.13 Calibrated Exposed Junction Thermocouple Prgobes
with a range from —20 to 400°F (30 to 200°C), with a stirrer
resolution of 0.2°F (0.1°C) and an uncertainty of 0.5°F (0.3
°C), for measuring temperature of frozen green peas, potatoes, )¢ dumiid
calorimeter water, water entering the boiler, and condensate.
Calibrated Type T thermocouples (24 GA wire) are a good
choice.

6.14 Hotel Pans for frozen green peas and potato loads,
perforated 12 by 20 by*2 in. (300 by 500 by 65 mm) stainless
steel weighing 2.8+ 0.2 Ib (1.3* 0.1 kg).

6.15 Water-Bath Calorimeterfor temperature determina- FIG. 1 Water-Bath Calorimeter

container

thermocouple tree

&——————— drum insulation
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potatoes. The average weight of the potatoes shall be ©.16 within +2.5% of the operating voltage specified by the
0.02 b (73= 9 g). manufacturer. The test voltage shall be recorded for each test.

Note 1—Red potatoes are sold in three sizes: A, B, and C. This test Note 2—If an electric steam cooker is rated for dual voltage (for
uses Size B. example, 208/240 V), the steam cooker shall be evaluated as two separate
] appliances in accordance with these test methods.
8. Sampling 9.4 For a gas steam cooker, adjust (during a boiler preheat)
8.1 Steam Cooker A representative production model the gas pressure downstream from the appliance pressure
shall be selected for performance testing. regulator to within+2.5 % of the operating manifold pressure
9. Preparation of Apparatus spec_|f|ed by the_manufacturer. Also r’nake adjustmen'Fs to the
) . . appliance following the manufacturer’s recommendations for
9.1 Install the appliance in accordance with the manufactur-optimizing combustion.
er's instructions undea 4 ft (1.2 m) deep canopy exhausthood g 5 |nstall a flow meter (6.10) to the steam cooker water
mounted against the wall, with the lower edge of the hood 6 ftjyjet such that total water flow to the appliance (both boiler

6 in. (2.0 m) from the floor. Position the steam cooker so tha upply water and condensate cooling water) is measured.

the front edge is 6 in. (150 mm) inside the front edge of the g §”nstall a pressure gage (6.6) to measure boiler pressure.
hood. In addition, both sides of the steam cooker shall be a 9.7 Install a temperature sensor (6.13) such that it is

minimum of 3 ft (1.1 m) from any wall, side partition, or other jmersed in the condensate water path just as it exits the steam
operating appliance. Equipment configuration is shown in Figeoorer
2. The exhaust ventilation rate shall be 150 cfm per linear foot g g Tape a temperature sensor (6.13) firmly to the surface of

(230 L/s per linear meter) of hood length. The associated gecion of the metal tubing through which city water enters
heating or cooling system shall be capable of maintaining agq poiler.

ambient temperature of 75 5°F (24 + 3°C) within the testing

environment when the exhaust ventilation system is working:0- Procedure

without the appliance being operated. Note 3—Prior to starting these tests, the tester should read the
9.2 Connect the steam cooker to a calibrated energy tesperating manual and fully understand the operation of the appliance.

meter. For gas installations, a pressure regulator shall be 10.1 General

installed downstream from the meter to maintain a constant 10.1.1 For gas steam cookers, the following shall be ob-

pressure of gas for all tests. Both the pressure and temperatuggined and recorded for each run of every test.

of the gas supplied to a steam cooker, as well as the barometric10.1.1.1 Higher heating value,

pressure, shall be recorded during each test so that the10.1.1.2 Standard gas conditions for calculation in 11.3.2,

measured gas flow can be corrected to standard conditions. For10.1.1.3 Measured gas temperature,

a steam cooker that uses either a direct external potable steam10.1.1.4 Measured gas pressure,

source or a steam coil steam generator, there shall be a pressur@0.1.1.5 Barometric pressure, and

gage and steam flow meter to verify that the manufacturer's 10.1.1.6 Measured peak input rate during or immediately

specified steam requirements are met. For electric installationprior to test.

a voltage regulator may be required during tests if the voltage

- . . 0 )
supply is not within=2.5 % of the manufacturer’s nameplate gas supplied to the steam cooker under test is by using a calorimeter or gas

voltage. ) ) ) chromatography in accordance with accepted laboratory procedures. It is
9.3 For an electric steam cooker, confirm (while the steamecommended that all testing be performed with gas having a heating
cooker elements are energized) that the supply voltage iglue between 1000 and 1075 Btd/(87 300 to 40 100 kJ/A).

Note 4—The preferred method for determining the heating value of

CANOPY EXHAUST HOOD o \f / CANOPY EXHAUST HOOD  \ i/— e
fdi": ——] l—- A-‘ I——M_s_i"' I j
inimum inimum
il 1]
[e)
; 1] 1
o] 3 ft Minimum I j
(W Ii (from any wali,
| side parti!ion, I 6 ft 8in. j
or operating
appliance)
ol & - I % 2 2 % :[
T - 5| O
g€ s = E
FRONT VIEW SIDE VIEW

FIG. 2 Equipment Configuration
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10.1.2 For gas steam cookers, energy calculations shall dmiler. If the average temperature was not Z05°F (21 =
in accordance with 11.3. 3°C), then allow the filled boiler to sit until the temperature is
10.1.3 For gas steam cookers, electric energy consumptionithin that range. Temperature of the water in the boiler can be
shall also be measured and added to gas energy for all tesgstimated by measuring the boiler surface temperature using a
with the exception of the maximum energy input rate testsurface temperature probe (6.17).
(10.2). If it is clear (from the equipment manual or another 10.3.2 Record the temperature of the water in the boiler.
source of information) that the electric energy consumptiorStart the boiler preheat. Begin monitoring energy consumption
rate is constant during a test, then an instantaneous powend time as soon as the boiler is turned on. For a gas steam
measurement can be made when convenient during that tesgoker, the recorded preheat time shall include any delay
rather than continuous monitoring of accumulated energyetween the time the unit is turned on and when the burners
consumption. Energy can be estimated later, based on traetually ignite. For a gas steam cooker, measure and record any

power measurement and the duration of the test. electric energy consumption as well. Preheat is judged com-
10.1.4 For electric steam cookers, the following shall beplete when the primary burners, elements, or steam coil cycles
obtained and recorded for each run of every test. 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 10.3.3 In 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, thel0.4.1 Allow boiler to idle for at least 30 min after the
supplied steam pressure and average flow rate shall be recordegheat. 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 inpu¢nder 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 th&ON-: _ _
manufacturer contacted. The manufacturer may make appro- 10.4.1.1 Iflthere is a separate bqller for each compartment,
priate changes or adjustments to the steam cooker. then apply this test (and report an idle rate) for e_ach compart-
10.1.7 If a steam cooker is able to operate in more than on@€nt separately and then for all compartments simultaneously.
pressure mode (for example, both low pressure and pressure-l(_)-_4-2 This st.ep.applles to non-atmospheric b0|I.ers only. In
less), the steam cooker should be evaluated as two Separa@\gdltlon to monitoring total energy for the test period, record

appliances in accordance with the standard test method d&€ 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
qperating pressure/temperature to maximum pressure/

10.2.1 This step applies to gas steam cookers only. (Fo hi ue i d in th |
electric steam cookers, proceed directly to step 10.2.2, and fdpmperature. This va Ue 1S used in t e green peas load and
tato load energy efficiency calculations.

steam coil steam cookers, proceed directly to step 10.2.3.) F&P ) )
some gas appliances, the maximum energy input rate change 0.4.3 In accordance with 11.6, calculate and report idle

as the orifices heat up. If the steam cooker under test is g&a'€rdy rate(s). _ o
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 onlyJ2S gonsumption for a minimum of 8 h. In accordance with
Monitor power during a steam cooker operation where the-L:7» Calculate and report pilot energy rate.
maximum power is drawn. Proceed directly to step 10.2.4. 10.6 Gree_n Peas_ Load I_Dreparanon )

10.2.3 Allow the boiler(s) to fill with water. As soon as the 10.6.1 This section outlines preparation of the frozen green

boiler(s) is (are) full, start the boiler preheat (some boilers ma)peas used in the green peas load cooking energy-efiiciency and

start automatically after filling). Begin monitoring energy Production-capacity test (10.7).

consumption and time as soon as all the burners, elements, qr10-6-2 The number of green peas loads to be prepared
steam coils energize. Continue until the first burner, element, i€Pends on which loading scenario is to be performed. There

steam coil turns off. Record final time and energy. are two loading scenarios: light and heavy. The heavy load is
10.2.4 In accordance with 11.4, determine the maximurr[gye manufacturer's stated capacity of 12 by 20 b®. (300

energy input rate for the steam cooker under test. Report th 500 by 65-mm) hotel pans. Consult Table 1 fqr the numper

measured input rate and confirm that it is within 5% of theOf green peas loads to prepare for the light loading scenarios.

rated nameplate input. If the difference is greater than 5 %, Note 5—When the test calls for a less than capacity number of loads
testing shall be terminated and the manufacturer contacted. Tligr a compartment, the loads should be placed in the most centrally

manufacturer may make appropriate changes or adjustments fated slots. When symmetry about the center is not possible, then use the
the steam cooker upper central slots first. For example, one pan in a four-pan capacity

. . . compartment should be located in the second slot from the top. Two loads

10.3 Bo'l_er Prehea_lt Energy Consum_pﬂon anc_J Durathn _in a four-pan capacity compartment should be located in the second and
10.3.1 Fill the boiler. Record the time required to fill it. third slots from the top (yielding symmetry about the center). One load in

Monitor the average temperature of the water as it enters th&three-pan capacity compartment would be located in the center, and two
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TABLE 1 Number of Loads for Light Loading Scenario 10.6.7 Place 10 Ib of potable water for every pan of green
Light Loading Scenario peas into the calorimeter drum. (For example, the total weight
1 Compartment 1 Pan of water for a heavy load test of a six-pan capacity, steamer
3 Pan Capacity would be 10 Ib water/paix 6 pans= 60 Ib).
1 Compartment 1 Pan Note 6—The initial water temperature for the water-bath need not be
4 Pan Capacity 70 += 5°F (21 + 3°C). As long as the initial and final temperatures are
recorded, the change in water-bath temperature can be obtained.
1 Compartment 1 Pan
5 Pan Capacity 10.6.8 Record the weight of the water in the water-bath
1 Compartment 1 Pan calorimeter. i .
6 Pan Capacity 10.7 Green Peas Load Cooking Energy Efficiency, Produc-
_ tion Capacity, Water Consumption, and Condensate Tempera-
2 Compartments 1 Pan in top compartment ture
3 Pan Capacity Per None in bottom ure . . . . .
Compartment 10.7.1 This procedure applies to two possible loading sce-
> Compartment Lpan it et narios: light and heavy. Repeat each loading scenario a
ompartments an In top compartmen .. . s
4 Pan Capacity Per None in bottom minimum of three times. Additional test runs may be necessary

Compartment to obtain the required precision for the reported test results
(Annex Al). The reported values of cooking energy efficiency,

2 Compartments 2 Pans in top compartment d . . d d
5 Pan Capacity Per None in bottomn production capacity, condensate temperature, and water con-
Compartment sumption shall be the average of the replications (runs).

_ 10.7.2 Prepare the frozen green peas load(s) in accordance
2 Compartments 2 Pans in top compartment . .
6 Pan Capacity Per None in bottom with 10.6. Record the weight of the empty pan(s) and the
Compartment weight of the green peas load(s).

_ 10.7.3 Measure and record the average temperature of the
2 Compartments 2 Pans in top compartment . .
8 Pan Capacity Per None in bottom green peas by probing the content of the sealed bags. Confirm
Compartment that they are at &= 5°F (-18+ 3°C).

- 10.7.4 Choose a cooking time either based on the manufac-
3 Compartments 2 Pans in middle compartment s . .
3 Pan Capacity Per None in top turer's recommendation or by experience.
Compartment None in bottom 10.7.5 Allow the steam cooker to sit idle (boiler(s) on) for a

- minimum of 1h. If the manufacturer recommends leaving the
3 Compartments 2 Pans in middle compartment . . .
4 Pan Capacity Per None in top cooking cavity doors open when not cooking, then leave them
Compartment None in bottom open during the idle period and record the door position during
3 Compartments 2 Pans in middle compartment the idle perIOd' L .
5 Pan Capacity Per None in top 10.7.6 Start monitoring time. Transport the green peas loads
Compartment None in bottom to the testing location. Empty the bagged green peas into the
3 Compartments 2 Pans in middle compartment pan(s)_. Open one steam compartment, load the pan(s) into it,
6 Pan Capacity Per None in top close it, and start steam to it. Open the next steam compartment
Compartment None in bottom (if applicable), load it, close it, start it, and note the starting
3 Compartments 2 Pans in middle compartment time. Open, load, cloge and start the Ia;t compartment (if
8 Pan Capacity Per None in top applicable). After starting steam to the first compartment,
Compartment None in bottom commence monitoring energy consumption, water consump-

loads would be located in the top and middle slots. Two pans in afive-paﬂon’. and condensate temp_erature. For gas steam cookers,
capacity compartment would be located in the second slot from the topnONitor and record the electric energy as well as gas consump-

and third slot from the top (center slot). tion. The total loading time (the time from opening the first
10.6.3 The perforated hotel pans shall be as specified iRomPartment to closing and starting the last compartment)
6.14. shall be the total 05 s per compartment p&ub s for each load

10.6.4 Number each pan and record the weight of each dised. (For example, the total loading time for a heavy load test

the (empty) pans. The weight of the pan(s) will be the totalCf @ Six-pan capacity, two-compartment steam cooker would be
weight of all pans used for the test. 5 s/compartmenk 2 compartmerst + 5 s/loadx 6 loads= 40

10.6.5 Load each pan with 80 0.2 Ib (3.6+ 0.1 kg) (see  S)-
7.2) of green peas sealed in plastic zip bags. Record the weightNore 7—Care shall be taken to minimize heat gain by the frozen green
of the frozen green peas in each pan. Place the green peas |lgaeh loads on the way from the freezer to the steam cooker. During that
in the freezer and allow the temperature to stabilize at&F time they shall be isolated from any warmer surface by R10 or better
(-18 = 2°C). For a 24 h period. The weight of the frozen greeninsulation. PG&E found 2 in. (50 mm) thick square-edged polystyrene

peas will be the total weight of the green peas in each of th802"ds 10 be convenient as an insulating surface. =
Note 8—For gas steamers, the “electric energy rate” during the heavy

pan(s). . . _load test will be reported separately from the gas “cooking energy rate.”
10.6.6 The Water'bath calorimeter shall b_e as Spe(_:lfled Ifhe two values are reported separately so that the respective fuel prices
6.15. Record the weight of the empty calorimeter using thenay be applied to estimate energy costs.

platform balance scale (6.6). Note 9—The boiler is at maximum pressure when the test starts, but it
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may be at a lower pressure at the end of the test. This difference betwedall in this range, the test must be repeated with an adjusted
the initial and final energy content (pressure/temperature) of the boilegogk time.

must be added back to the boiler to correctly calculate the energy . e
efficiency. Maximum, minimum and final boiler pressure is measured so 10.7.17 If the temperature is within the range, prepare the

that this energy deficit can be estimated. There are situations where tR€Xt frozen green peas load (10.6) and the water-bath calorim-
measurement of pressure in step 10.7.7 is not necessary, as noted in stg$€r, unless this was the final run (Run No. 3), and perform the
10.7.9 and 10.7.11. test again (10.7).

Note 10—The average condensate temperature for the final 3 min of 10 7.18 Calculate the cooking energy efficiency, production
the run is what will be reported, ratherthgn t_he average over_tht_e ent|re_ ru?:-apacity, water consumption, and average condensate tempera-
therefore, condensate temperature monitoring need not begin |mmed|ate& . .

tdre in accordance with 11.8 and report the results as the

upon commencement of the test run. f th licati
. verage of three replications.
10.7.7 For three cycles of the boiler pressure near the end gf .
y b 10.8 Whole Potato Load Preparation

the test, measure the maximum and minimum pressures. ) ) i ]
Record the average maximum and average minimum boiler 10-8.1 This section outlines preparation of the potato loads
pressure. used in the whole potato cooking energy efficiency and
10.7.8 Terminate steam to the compartments as the predBroduction capacity test (10.9). The number of potato loads to
termined cooking time elapses for each compartment. AfteP€ prepared depends on which loading scenario is to be
stopping steam to the last compartment, record the final timgerformed. Therg are two loading scenarios: light gnd heavy.
water consumption, and average condensate temperature. The heavy load is the manufacturer’s stated capacity of 12 by
10.7.9 If the boiler is on when the cooking time for the last20 by 22in. (300 by 500 by 65 mm) hotel pans. Consult Table
compartment has elapsed, continue to monitor energy cor for th_e number of potato_ loads to prepare for the light loading
sumption until the primary burners, elements, or steam coil§cenario. For each loading scenario, prepare enough potato
cycle off. Record final energy. Note that the initial and final loads for a minimum of three runs.
energy content of the boiler is the same; therefore, the pressure10.8.2 The perforated hotel pans shall be as specified in
measurements in step 10.7.7 are not needed. 6.14. Number each pan and record the weight of each (empty)
10.7.10 If the boiler is not on when the last compartmentpan.
cooking time elapsed, proceed to one of the next two condi- 10.8.3 Load each pan with 8 0.2 Ib (3.6 + 0.1 kg) of
tional steps (10.7.11 or 10.7.12). potatoes (7.3). Record the weight of the potato loads in each
10.7.11 Perform this step if the boiler pressure is controlleghan. Determine the average potato weight for each pan (count
by a pressure switch that can be manually actuated. Otherwisthe potatoes and divide by the total weight) and confirm that
proceed directly to step 10.7.12. When the time for the lasthe average potato weight is 0.360.02 Ib (73= 9 g).
compartment has elapsed, continue to monitor energy con- 10.9 Whole Potato Cooking Energy Efficiency, Production
sumption and actuate the pressure switch. This returns theapacity, Water Consumption, and Condensate Temperature
boiler energy content to the initial test condition; therefore, the 10.9.1 This procedure applies to two possible loading sce-
pressure measurements in step 10.7.7 and the energy measigyiss: light and heavy. Each loading scenario shall be repeated
ments in step 10.4.2 are not necessary. Record the final energy. inimum of three times. Additional test runs may be
10.7.12 Perform this step if the boiler pressure controlyecessary to obtain the required precision for the reported test
cannot be manually actuated. When the co_oklng time for the,g its (Annex Al). The reported values of cooking energy
last compartment has elapsed, record the final energy and t ciency, production capacity, condensate temperature, and

boiler pressure (used to calculate the energy deficit of th@ater consumption shall be the average of the replications
boiler, as described in Note 9). (runs).

10.7.13 Record the initial temperature of the water-bath 10.9.2 Prepare the potato loads in accordance with 10.8
calorimeter immediately before the cook time elapsed. TheRecdrd the weight of the empty pans, the weight of the pota.to.

unloading time shall be the same as the loading time. Remmiead in each pan, and the average potato weight as determined
the calorimeter lid and empty the cooked green peas load( E steps 10.8.2 a’nd 10.8.3. Record the number of potato loads

into the water-bath calorimeter. Replace the lid on the water
to be used for each run.
10.9.3 Choose a cooking time either based on the manufac-

bath calorimeter.
10.7.14 Allow the contents of the water-bath calorimeter to -+~ _ _
stabilize for 5 min. Using the stirrer, agitate the content for 1{Urér's recommendation or by experience.
min. Repeat the stabilization and agitation process every 5 min 10.9.4 Measure and record the average internal temperature
until the bulk temperature fluctuation is less thar0.1°F  of the potatoes. Confirm that they are Z%°F (24+ 3°C). A
within a 5 min period. Record this temperature as the final bulkninimum number of temperature readings should be taken
temperature. from each pan. For the eight pans, one potato from each
10.7.15 Record the total weight of the water-bath calorim-quadrant of the pan should be taken; for two to six pans, a
eter containing the cooked green peas and water with thelinimum of three readings should be taken per pan; for seven
platform balance scale. This will be used to determine théans and greater, a minimum of two readings per pan.
weight of the cooked green peas. 10.9.5 Allow the steam cooker to sit idle (boiler on) for a
10.7.16 In accordance with 11.8.2, calculate the finalminimum of 1 h. If the manufacturer recommends leaving the
cooked bulk temperature of the green peas. The cook temperaeoking cavity doors open when not cooking, leave them open
ture must be 18& 2°F (82+1°C). If the temperature does not during the idle period. Record the door position during the idle
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period. Fig. 3 shows the cooking energy efficiency test sethe runiswhatwill be reported, rather than the average over the entire run;
quence. therefore, condensate temperature monitoring need not begin immediately

10.9.6 After the idle period, wait for the burners, elementsPon commencement of the test run.
or steam coil to cycle on and then off again. This assures that 10.9.9 Terminate steam to the compartments as the prede-
the boiler is at maximum operating pressure/temperature whetermined cooking time elapses for each compartment. After
the efficiency test cooking starts. stopping steam to the last compartment, record the final time,

Note 11—The boiler is at maximum pressure when the test starts, bu\(\lmer consumptlon_, an_d average Condens_ate _temperature.
it may be at a lower pressure at the end of the test. This difference between 10.9.10 If the boiler is on when the cooking time for the last
the initial and final energy content (pressure/temperature) of the boilegompartment has elapsed, continue to monitor energy con-
must be added back to the boiler to correctly calculate the energgumption until the primary burners, elements, or steam coils
efficiency. Maximum, minimum and final boiler pressure is measured sqcycle off. Record the final energy. Note that the initial and final
that this energy deficit can be estimated_. There are situations whe_re ”@nergy content of the boiler is the same; therefore, the pressure
measurement of pressure in step 10.9.8 is not necessary, as noted in stﬁqéasuremems in step 10.9.8 are not needed. Proceed directly
10.9.10 and 10.9.12.

o to step 10.9.14.

10.9.7 Start monitoring time. Open one steam compartment, 10 9 11 If the boiler is not on when the cooking time for the
load it with potato loads, close it, and start steam to it. Note thg,gt compartment has elapsed, then proceed to one of the next
starting time for that compartment. Open the next steamo conditional steps (10.9.12 or 10.9.13).
compartment (if applicable), load it, close it, start it, and note  10.9.12 Perform this step if the boiler pressure is controlled
the starting time. Open, load, close, start, and note starting tirqgy a pressure switch that can be manually actuated. Otherwise,
of the last compartment (if applicable). After starting steam toyrgceed directly to step 10.9.13. When the cooking time for the
t_he first compartment, commence monitoring energy consumpzst compartment has elapsed, continue to monitor energy
tion, water consumption, and condensate temperature. For g@gnsumption and actuate the pressure switch. This returns the
steam cookers, monitor and record electric energy as well asyjler energy content to the initial test condition; therefore, the
gas consumption. The total loading time (the time frompressure measurements in step 10.9.8, and the energy measure-

opening the first compartment to closing and starting the laghents in step 10.4.2 are not necessary. Record the final energy.
compartment) shall be the total 5 s per compartment plus 5 prgceed directly to step 10.9.14.

s for each load used (for example, the total loading time for a 10.9.13 Perform this step if the boiler pressure control
heavy load test of a six-pan capacity, two-compartment stea®annot be manually actuated. When the cooking time for the
cooker would be: 5 s/compartment2 compartments + 5 |55t compartment has elapsed, record the final energy and the
slloadx 6 loads= 40 s). _ boiler pressure (used to calculate the energy deficit of the
10.9.8 For three cycles of the boiler pressure near the end (Efoiler, as described in Note 11).
the test, measure the maximum and minimum pressures. 10.9.14 Record the final bulk potato temperature. The bulk
Record the average maximum and average minimum boilgfotato temperature can be measured by the same method used
pressure. to determine the initial potato temperature (10.9.4). Tempera-
Note 12—For gas steamers, the “electric energy rate” during the heavjure shall be measured immediately after cooking is termi-
load test will be reported separately from the gas “cooking energy rate.nated. The last temperature taken shall be no more than 3 min
The two values are reported separately so that the respective fuel pricegter cooking is terminated. Sample the maximum number of
may be applied to estimate energy costs. _ . potatoes possible in each pan while still making sure that
Note 13—This test does not call for (nor would it benefit from) ronresentative temperatures are taken from each general loca-

monitoring the temperature of the potatoes during cooking. Temperatures . - . s
should not be monitored if it involves sensor leads crossing the cookingOn in the cooking cavities. Bulk temperature must be ¥95

cavity door gasket, allowing some leakage of steam that would not occ °F (91% 1°C). If the temperature dO?S not fall in t.hiS range,
during normal cooking. the test must be repeated with an adjusted cook time.

Note 14—The average condensate temperature for the final 5 min of 10.9.15 Remove the potato loads, and unless this was the

60 Minute [dle Period Cocking Test - Run#1
10 Minute Idte 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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final run (Run No. 3), start timing the 10 min idle period before w steam flow rate, Ib (kg)/h,

the next run (see Fig. 3). Return to step 10.9.6. t = steam flow duration, h, and

10.9.16 In accordance with 11.9, calculate and report cookh, = latent heat of steam as derived from the measured
ing energy efficiency, production capacity, water consumption, supply steam pressure (10.1.5) and thermodynamic
and average condensate temperature. After performing this test properties of water at saturation (see 2.4), Btu/lb
(10.9) three times for each loading scenario, report results as (kJ/g).
the average of the replications. 11.4 Maximum Energy Input Rate

11.4.1 Report the manufacturer’s rated input in Btu/h for a

11. Calculations and Reporting gas steam cooker, kW for an electric steam cooker, and Ib (kg)

11.1 Test Steam Cooker steanth for direct steam or steam coil steam cookers.

11.1.1 Using Specification F 1217 classifications, summa- 11.4.2 For gas steam cookers calculate and report the
rize the physical and operating characteristics of the stearfaximum energy input rate (Btu/h (kJ/h)) based on the energy
cooker. Use additional text to describe any design characterigonsumed by the steam cooker during the input period accord-
tics that may facilitate the audience’s interpretation of the testng to the following relationship:
results. E % 60

11.2 Apparatus and Procedure Ginput = ¢ ®)
11.2.1 Confirm that the testing apparatus conformed to all of here:
the specifications in Section 9. Describe any deviations from"/€"€: .
those specifications Qinpue = Measured peak energy input rate, Btu’h (kW),
113 Gas and Steém Energy Calculations E = energy consumed during period of peak energy
' . . input, Btu (kwWh), and
11.3.1 For gas steam cookers, electric energy consumptiop — ngrlijod myp(eak gnergy input, min.

shall be added to gas energy for all tests, with the exception of 11.4.3 For electric steam cookers
the maximum energy input rate test (10.2). '

11.3.2 For gas steam cookers, energy consunigglYshall
be calculated using the following formula:

report the measured
maximum energy input rate (kW).

11.4.4 For direct steam or steam coil steam cookers, report
the measured maximum rate of steam consumption (Ib(kg)/h).

Egas = HV X'V @) 11.5 Boiler Preheat Energy Consumption and Duration
where: 11.5.1 Report the preheat energy consumption (Btu(kJ) or
E = energy consumed by steam cooker, kwh) and preheat time (min) where the preheat time is the time

V' = higher heating value elapsed from initiation at the controls to the time that the
= energy content of gas measured at standard Condiprimary burner, element, or steam coil Cycles off. This includes
tions, Btu/f€ (kJ/nT), and any delay between initiation at the controls and actual energiz-
\V/ = actual volume of gas corrected to standard condi-ing or ignition of the elements, steam coil, or burners.
tions, f(m3) 11.6 Boiler Idle Energy Rate
= VieasX T o X Pyt 11.6.1 Calculate and report the idle energy rate (Btu/h (kJ/h)
or kW) based on the energy consumption of the steam cooker
where: R during the idle period in accordance with the following
V meas = Measured volume of gasin 3), relationship:
=  absolute standard temperature(°R) '
absolute actual gas temperature(°R) Qe = E X 60 4)
= standard temperature® (RK) e t
[gas temp °FC) + 459.612731°RCKr 30\ here.
Pcf = pressure correction factor Jige = idle energy rate, Btu/h (kW)’
= actual gas pressure pskPa E = energy consumed during the test period, Btu
standard pressure pgiePa (kwh), and
= t = test period, min.
gas gage pressure [{&Pa + barometric pressure péiPa 11.7 Pilot Energy Rate
standard pressure pgiePa ' 11.7.1 Calculate and report the energy input rate (Btu/h

Note 15—Absolute standard gas temperature and pressure used in thqg‘]/h) or kW) based on the energy consumed by the steam

calculation should be the same values used for determining of the heatirfg?Oker during the pilot test period according to the following
value. PG&E standard conditions are 519.67 °R (288.56 °K) and 14.7%elationship:
psia (101.5 kPa). E % 60

. . . = ———— 5
11.3.3 For steam cookers that use either a direct external Gpitr t ®)

potable steam source or a steam coil steam generator, Stea\%ere'
energy shall be calculated as follows: '

Esteam = WS X t X hS (2)

pilot energy rate, Btu/h,

energy consumed during the test period, Btu, and
test period, min.

11.8 Frozen Green Peas Load Cooking Energy Efficiency,

q pilot
E

t
where:
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Production Capacity, Water Consumption, and Condensateyy
Temperature

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

11.8.2 Calculate the final cooked green peas load tempera-

ture by applying the following relationship: where:
Wiyater X C W
Tpeas,f = er (Twater,f X Twater,i) + Twater,f (6) szaaz
where: AT pan
T pea, t = temperature of the cooked peas, °F,
[vater = weight of water in water-bath calorim-
eter, Ib,
Chuater = gpecific heat of water, Btu/Ib°F,
= 1 Btu/lb°F (see 2.2),
Woeas = weight of cooked green peas load, Ib, Exeam cooker
= Vvfull calorimeter— W calorimeter™ Wwaten
Toater, i = initial water temperature in water-bath
calorimeter, °F,
Toater, f = final equilibrium temperature of water
and cooked green peas mixture in water-
bath calorimeter, °F, and E . o
Chocasinawea = SPECific heat of thawed green peas, Btu/ "¢ "™

[b°F
0.84 Btu/Ib°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

Tpees = Esteam cooker * 100% (7)
where:
Mpeas = COOKing energy efficiency (%), and

peas = heat gained by the green peas load,
= [ Wpeas, frozen>< Cppeas, frozen>< ATpeas, froze.l"u +
[W eas, Cookef Cppeas, cookea< ATpeas, cookéd"' where:
[V\/]mois’[ure>< Efusion]' E
cycle

where:
W peas, frozen weight of frozen green peas, Ib,

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

0.44 Btu/lb°F (see 2.2),
temperature rise in frozen green peas, Prinal
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

ppeas, frozen
min

AT

peas, frozen

11.8.4
follows:
W

peas, cooked

calorimeter, where:
Chpeas, cookea = sSpecific heat of cooked green peas, qpeas
Btu/Ib°F,

0.84 Btu/lb°F (see 2.2),
temperature rise in cooked green peas, t
OF,

final temperature of cooked peas load —
32°F,

latent heat of fusion of ice,

144 Btu/lb (see 2.2),

AT

peas, cooked

E fusion

reported

10

moisture

Esteam cookeand Eboiler re-init

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

0.81X Wpeas,frozen and

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

= Wpan 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,

Tpan, = T pan, v

' pea, f~ '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& ¢c.m cooker
value. If conditional step 10.7.12 was
applicable, therE,er re-init IS Calculated
as follows:

_ Pmax - Pfinal
R e ®

energy required to raise the boiler pressure from

minimum operating pressure to maximum oper-

ating pressure, Btu (kJ),

the average maximum boiler pressure, psi (kPa),

the average minimum boiler pressure, psi (kPa),

and

= the boiler pressure at the end of the test, psi
(kPa).

Calculate the green peas load cooking energy rate as

Es ker ™ Eboiter re— init
qpeas — Steam cooker t oller re— Inl X 60 (g)

green peas load cook-
ing energy rate, Btu/h
(kJ/h),

test period, min, and
are as defined in
11.8.3.

For gas steam cookerBgeam cooked the above equation
does not include the electric energy. The electric energy rate is

separately in 11.8.5. For direct steam or steam coil
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steam cookers, report the cooking energy rate in both Btu(kJ)/'fe_, . . cooker
and Ib(kg)eardh-
11.8.5 This step applies to heavy load tests of gas, direct
steam, and steam coil steam cookers only. Calculate the green
peas load electric energy rate as follows:

Eboiler re-init

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 and/or controls).
energy required to restore the final boiler

Esteam cooker, ele

Opeas.cle = : X 60 (10) energy content (pressure) to the initial
boiler energy content (Btu (kJ)). Calcula-
tion of this energy quantity is required
only if the conditional step 10.9.13 was
applicable. Otherwise this energy quan-
tity is already included in th& gcam cooker

value. If conditional step 10.9.13 was

applicable, therE,er re-init IS Calculated

where:

q peas,ele

green peas load electric cooking en-
ergy rate, Btu/h (kJ/h),

test period, min, and

electric energy consumed by the
steam cooker, Btu (kWh).

t

Esteam cooker, ele

11.8.6 Calculate green peas load production capacity (Ib as follows:

(kg)) using the following definition: P — P
Whee Force™ By Prun 4
PCheas = —1~ X 60 (11)
where:

where: Esce = €nergy required to raise the boiler pressure from
PC,eas = production capacity, Ib/h (kg/h), minimum operating pressure to maximum oper-

beas = Weight of green peas load, Ib (kg), and ating pressure, Btu (kJ),

= test period, min. Prrax the average maximum boiler pressure, psi (kPa),

11.8.7 Report the green peas load cooking water consumpPmin the average minimum boiler pressure, psi (kPa),
tion rate, gal/h (L/h) (10.7.8). and _
11.8.8 Report the average temperature of the green pedSinal the boiler pressure at the end of the test, psi

load cooking condensate during the last 5 min of the test, °F (kPa). )
(°C) (10.7.8). 11.9.3 Calculate the potato load cooking energy rate as
11.9 Whole Potato Cooking Energy Efficiency, Production fOllows:
Capacity, Water Consumption, and Condensate Temperature _ Eteam cooker™ Eboiter re— init
qpotato - t X 60 (15)

11.9.1 Report a minimum of three run average value of
whole potato cooking energy efficiency, production capacity \yhere:
and water consumption. potato load cooking

11.9.2 Calculate whole potato cooking energy efficiency energy rate, Btu/h (kJ/
according to the following relationship: h),

t test period, min, and
Esteam cookeandEboiIer re-init are as defined in
11.9.2.

4 potato

Epotato + Epan + Eboiler re— init

_ X 100 % 12
Mpotato Egieam cooker ’ 42

where: _ _ For gas steam cookerEqeam cookedn the above equation
M potao = COOKING energy efficiency, %, does not include the electric energy. The electric energy rate is
potato C\?aigg'nei tk’Tthe potato, reported separately in 11.9.4. For direct steam or steam coil
- Pp ’ steam cookers, report the cooking energy rate in both Btu
where: (kJ)/h and Ib (Kg)eardh-
W, = weight of potatoes, Ib, 11.9.4 This step applies to heavy load tests of gas, direct
Cp, = specific heat of potatoes, Btu/lb°F, steam, and steam coil steam cookers only. Calculate the potato
= 0.84 Btu/lb°F (see 2.3), load electric energy rate as follows:
AT = temperature rise in potatoes, °F, E, o
= Tpotato, - Tpotato, i . Opotato,ele = wex 60 (16)
E,an = heat gained by the stainless-steel hotel pan(s),
WoanX Chan X (Ty = T)) (13) where: . '
0 potato,ele = potato load electric cooking energy,
where: rate, Btu/h (kJ/h),
W pan = weight of pan(s), Ib, t = test period, min, and
CPhan = specific heat of stainless-steel, Btu/lb°F, Esteam cooker, ele = electric energy consumed by the
= 0.11 Btu/lb°F _(Se_e 24), and . steam cooker, Btu (kWh)
AT = temperature rise in stainless-steel pan, °F, 17 9 5 calculate whole potato production capacity (Ib(kg))

Toan, 1= T pan, i using the following equation:

11
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b _ Wpotatox 60 (17) 12.1.1.1 For the cooking energy efficiency, cooking energy
Chotato t rate, and production capacity results, the percent uncertainty in
where: each result has been specified to be no greater thbh %
' : ; based on at least three test runs.
PC = production capacity, Ib/h (kg/h), - -
Wpoft’::jm _ \'/Jveight of potaﬁoes),llb (kg(),gané 12.1.1.2 The repeatability of each remaining reported pa-
= test period, min. rameter is being determined.

11.9.6 Report the potato cooking water consumption rate, 12-1.2 Reproducibility (multiple laboratories) ,
gal/h (L/h) (see 10.9.9). 12.1.2.1 The interlaboratory precision of the procedures in

11.9.7 Report the average temperature of the potato cookirﬁ'ese test methods for measuring each reported parameter is

condensate during the last 5 min of the test, °F (°C) (se eing de_termined. . .
10.9.9). g (°C) ( 12.2 Bias—No statement can be made concerning the bias

of the procedures in these test methods because there are no

12. Precision and Bias accepted reference values for the parameters reported.

12.1 Precision 13. Keywords
12.1.1 Repeatability (within laboratory, same operator and 13.1 efficiency; energy; performance; production capacity;
equipment) steam cooker; test method; throughput
ANNEX

(Mandatory Information)

Al. PROCEDURE FOR DETERMINING THE UNCERTAINTY IN REPORTED TEST RESULTS

Note Al.1—This procedure is based on the ASHRAE method for TABLE Al.1 Uncertainty Factors
determining the confidence interval for the average of several test resulfs Test Results, 1 Uncertainty Factor, C,,
(ASHRAE Guideline 2-1986(RA90)). It should only be applied to test

results that have been obtained within the tolerances prescribed in this i i'gg
method (for example, thermocouples calibrated, appliance operating 5 124
within 5 % of rated input during the test run). 6 1.05
7 0.92

Al.1 For the cooking-energy efficiency and production 8 0.84
capacity results, the uncertainty in the averages of at least three 190 8-;;

test runs is reported. For each loading scenario, the uncertainty
of the cooking energy efficiency and production capacity must . . . )
be no greatergthant 1%/% beforeyany oFf)the parametgrs fc?lr that production capacity) using the results of the first three test runs,

) . as follows:
I . .
oading scenario can be reported Al1.4.1.1 The formula for the average (three test runs) is as

Al1.2 The uncertainty in a reported result is a measure of it§ollows:
precision. If, for example, the production capacity for the Xag = (13X (X, + X, + Xo) (A1.1)
appliance is 30 Ib/h, the uncertainty must not be greater than
+3 Ib/h. Thus, the true production capacity is between 27 andVhere:
33 Ib/h. This interval is determined at the 95 % confidence %3 = average of results for three test runs, and
level, which means that there is gra 1 in 20chance that the < X2 X3 = results for each test run. .
true production capacity could be outside of this interval. Al.4.1.2 The formula for the sample standard deviation
(three test runs) is as follows:
Al.3 Calculating the uncertainty not only guarantees the _ TN =
maximum uncertainty in the reported results, but is also used to S = (INV2X ViR =By (A12)
determine how many test runs are needed to satisfy thisvhere:
requirement. The uncertainty is calculated from the standardS; = standard deviation of results for three test runs,
deviation of three or more test results and a factor from TableAs (X)? + ( X»)? + (X3) %, and
A1.1, which lists the number of test results used to calculate thBs = (1/3) X (Xi + X, + X)%.
average. The percent uncertainty is the ratio of the uncertainty n;c A1.3—The formulas may be used to calculate the average and
to the average expressed as a percent. sample standard deviation. However, a calculator with statistical function
is recommended, in which case be sure to use the sample standard
Al.4 Procedure deviation function. The population standard deviation function will result
in an error in the uncertainty.

Note Al.4—The “A” quantity is the sum of the squares of each test
Al.4.1 Step i—Calculate the average and the standardesult, and the “B” quantity is the square of the sum of all test results

deviation for the test result (cooking energy efficiency ormultiplied by a constant (1/3 in this case).

Note Al.2—A1.5 shows how to apply this procedure.

12
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Al.4.2 Step 2—Calculate the absolute uncertainty in the factor for four test results from Table Al1.1.
average for each parameter listed in Step 1. Multiply the A1.4.7.1 The formula for the absolute uncertainty (four test
standard deviation calculated in Step 1 by the uncertaintyuns) is as follows:
factor corresponding to three test results from Table A1.1. U, =C,X S (AL.7)
Al.4.2.1 The formula for the absolute uncertainty (three test

. U, = 1.59X
runs) is as follows: 4 S

Us = C3X S, (A1.3)  Where: o
U, = 2.48x S, U, = absolute uncertainty in average for four test runs, and
C, = the uncertainty factor for four test runs (Table A1.1).
where: A1.4.8 Step 8—Calculate the percent uncertainty in the
U ; = absolute uncertainty in average for three test runs,parameter averages using the averages from Step 6 and the
and absolute uncertainties from Step 7.
C; = uncertainty factor for three test runs (Table A1.1).  A1.4.8.1 The formula for the percent uncertainty (four test
A1.4.3 Step 3—Calculate the percent uncertainty in eachruns) is as follows:
parameter average using the averages from Step 1 and the % U, = (U Xa,) X 100 % (AL.8)

absolute uncertainties from Step 2.
A1.4.3.1 The formula for the percent uncertainty (three testwhere:

runs) is as follows: % U, = percent uncertainty in average for four test runs,

% U, = (U Xay) X 100 % (AL4) U, = thsjolute uncertainty in average for four test runs,
where: Xa, = average of four test runs.
% U ; = percent uncertainty in average for three test runs, A1.4.9 Step 9-If the percent uncertainty, % JJis not
U, = absolute uncertainty in average for three test runs,greater than+10 % for the cooking energy efficiency and

and production capacity, report the average for these parameters
Xag = average of three test runs. along with their corresponding absolute uncertainty, i the
Al.4.4 If the percent uncertainty, %slis not greater than following format:

+10 % for the cooking-energy efficiency and production Xa,* U,

capacity, report the average for these parameters along with the percent uncertainty is greater thanl0 % for the
their corresponding absolute uncertainty, th the following  cooking energy efficiency or production capacity, proceed to
format: Step 10.

Xag = U5 Al1.4.10 Step 16-The steps required for five or more test
If the percent uncertainty is greater thanlO % for the runs are the same as those described above. More general
cooking energy efficiency or production capacity, proceed tformulas are listed below for calculating the average, standard

Step 5. _ ~ deviation, absolute uncertainty, and percent uncertainty.
Al1.4.5 Step 5-Run a fourth test for each loading scenario  A1.4.10.1 The formula for the averagen(test runs) is as
whose percent uncertainty was greater that0 %. follows:

Al.4.6 Step 6-~When a fourth test is run for a given loading

; . Xa, = (U)X (X; + X, +Xg + X4 +...+ A1.9
scenario, calculate the average and standard deviation for test A = (WX % S %) (AL9)

results using a calculator or the following formulas: where:
Al1.4.6.1 The formula for the average (four test runs) is asn = number of test runs,
follows: Xa, = average of resultstest runs, and
1 X1y Xop X g3, Xgyoer X, = results for each test run.
Xa, = (21) X (Xy + Xp + X3+ Xy) (AL5) A1.4.10.2 The formula for the standard deviatian test
runs) is as follows:
where: _
Xa, = average of results for four test runs, S =V (=1 X (V(A-B) (AL.10)
and where:
X1, X 2, X3, X 4 = results for each test run. = standard deviation of results fortest runs,
Al1.4.6.2 The formula for the standard deviation (four test A, = (X;) Z+ (X,)® + (Xg)? + (X ) + ... + (X )% and
runs) is as follows: B, = (/) X (X + X, + X3+ X, + ... +X)2
_ AR A1.4.10.3 The formula for the absolute uncertainty (n test
S = (VI X VRSB (ALO) runs) is as follows:
where: - U, =C, XS, (AL11)
S, = standard deviation of results for four test runs,
Ay = (XD + (X)7 + (Xg)  + (X,)? and where:
B, = () X (X;+X,+ X3+ X))~ U, = absolute uncertainty in average for n test runs, and

A1.4.7 Step 7Calculate the absolute uncertainty in the C, = uncertainty factor fon test runs (Table A1.1).
average for each parameter listed in Step 1. Multiply the A1.4.10.4 The formula for the percent uncertaintytést
standard deviation calculated in Step 6 by the uncertaintyuns) is as follows:

13
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% U, = (UyXa,) X 100 % (A1.12) Al1.5.4 Step 3—Calculate percent uncertainty.
where: % Uz = (Uy/Xag) X 100 %, (A1.17)
% U, = percent uncertainty in average foitest runs, % U, = (4.29/33.0 X 100 %,
U, = absolute uncertainty in average fotest runs, and %U, = 13.0%
Xa, = average oh test runs.

_ _ A1.5.5 Step 4—Run a fourth test. Since the percent uncer-
+eren the percent uncertainty, B, is less than or equal 10 o for the production capacity is greater than0 %, the
+10% for the cooking energy eficiency and production becision requirement has not been satisfied. An additional test
capacity, report the average for these parameters along Wit i an attempt to reduce the uncertainty. The PC from the
their corresponding absolute uncertairity, in the following  ¢5,rth test run was 32.5 Ib/h.

format: Al1.5.6 Step 5—Recalculate the average and standard devia-

Xa, = U, : : .
tion for the PC using the fourth test result:
Note A1.5—The researcher may compute a test result that deviates A1.5.6.1 The new average PC is as follows:

significantly from the other test results. Such a result should be discarded

only if there is some physical evidence that the test run was not performed Xy = (U4 X (X + X5 + X5 + Xy, (A1.18)
according to the conditions specified in this method. For example, a Xa, = (1/4) X (33.8+ 34.1+ 31.0+ 32.5),
thermocouple was out of calibration, the appliance’s input capacity was Xa, = 32.9 Ib/h

not within 5 % of the rated input, or the food product was not within
specification. To assure that all results are obtained under approximately A1.5.6.2 The new standard deviation is. First calculate
the same conditions, it is good practice to monitor those test conditions, ;4 B,
specified in this method.

- o Ay = (X + (% + (X% + (X% (A1.19)
Al.5 Example of Determining Uncertainty in Average Test ) ) ) 5
A, = (33.87 + (34.1 + (31.0° + (32.5%
Result
A1.5.1 Three test runs for the full-load cooking scenario Ay = 4322
yielded the following production capacity (PC) results: By = (114 X [X, + X, + X5 + X7,
Test PC _ 2
Run No. 1 33.8 Ib/h B, = (1/4) X [(33.8+ 34.1+ 31.0+ 32.5 7],
Run No. 2 34.1 Ib/h B, = 4316
Run No. 3 31.0 Ib/h

A1.5.6.3 The new standard deviation for the PC is as
A1.5.2 Step +—Calculate the average and standard deviafollows:

tion of the three test results for the PC. S, = (1h/3) X \/ (4322 - 431§ (A1.20)
Al1.5.2.1 The average of the three test results is as follows: S, = 1.41b/h
Xag = (1/3) X (X, + X, + Xo), A1.13 ' _ ,
« a3_ 1;3 3;; 3421 331 (AL.13) Al1.5.7 Step 6—Recalculate the absolute uncertainty using
3 = (13 x (33.8+ 34.1+ 310, the new standard deviation and uncertainty factor.
Xag = 33.0 Ib/h U, =1.59x% S, (A1.21)
Al1.5.2.2 The standard deviation of the three test results is as U = 159x% 1.41
follows. First calculated; and By: ‘L _'2 04 Ib./h ’
.= 2.
Ag = (X)?% + (%)? + (X2, Al.14 . .
s = 1)2 () , (X , ( ) A1.5.8 Step #Recalculate the percent uncertainty using
A; = (33.9° + (34.)7 + (3107, the new average.
A = 3266 %U, = (U,/Xa,) X 100 %, (A1.22)
By = (1/3) X [(X + X, + X)), % U, = (2.24/32.9X 100 %,
B; = (1/3) X [(33.8+ 34.1+ 31.07, %U, =6.8%
B; = 3260 Al1.5.9 Step 8-Since the percent uncertainty, %, is less

Al1.5.2.3 The new standard deviation for the PC is aghan =10 %; the average for the production capacity is
follows: reported along with its corresponding absolute uncertainty,

S, = (1h/2) X \/ (3266 — 3260, (AL15) &S follows:
S, = 1.73Ib/h PC: 32.9x 2.24 Ib/h (A1.23)

A1.5.3 Step 2—Calculate the uncertainty in average. The production capacity can be reported assuming the

+10 % precision requirement has been met for the correspond-

Us =248 S, (AL.16) ing cooking energy efficiency value. The cooking energy
Us = 2.48< 1.73, efficiency and its absolute uncertainty can be calculated fol-
Uz = 4.29 Ib/h lowing the same steps.

14
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APPENDIXES

(Nonmandatory Information)

X1. PROCEDURE FOR DETERMINING THE ICE LOAD COOKING ENERGY EFFICIENCY, PRODUCTION CAPACITY,
WATER CONSUMPTION, AND CONDENSATE TEMPERATURE

INTRODUCTION X1.2 Terminology

The following procedure evaluates the steam cooker effi- X1.2.1 ice load, r—12 by 20 by Z2-in. (300 by 500 by
ciency, production capacity, water consumption, and conder65-mm) hotel pan filled with 8.6- 0.2 Ib (3630 90 g) of
sate temperature when heating ice loads. Experience indicatester and subsequently frozen tat02°F (-18 + 1°C).
that the ice load test is a simple yet valuable tool for product
development. Ice load tests are easily and inexpensiveRf1-3 Summary of Test Methods
prepared while yielding repeatable and reproducible results. X1.3.1 Ice load cooking energy efficiency is determined by
The test may be used as a quick indicator of improvements inooking a capacity number of ice loads from 0 to 180°F (-18
steam delivery mechanism, insulation, or other design featureto 82°C).

Accordingly, it is referenced as an appendix to these test X1.3.2 Ice load production capacity {bh (kg.J/h) is
methods as a research and development tool. determined by the respective cooking energy efficiency tests.
The ice load test does not replicate or represent the efficiency X1.3.3 Water consumption (gal/h (L/h)) is monitored during
and production capacity of steam cookers when cooking for théhe cooking energy efficiency tests to determine the rate of

following technical reasons: water usage.
(1) The physical properties, such as specific heat, of ice and X1.3.4 Condensate temperature is monitored during the last
food products are often different. 3 min of the cooking energy efficiency tests.

(2) Ice loads have lower production rate due to smaller o

surface area. Food products generally exhibit greater surfacgl-4 Significance and Use

area allowing a faster rate of condensation. X1.4.1 The ice load test may be used as a quick indicator of
(3) Solid hotel pans, which restrict convection in the cavity,improvement in steam cooker design.

must be used for ice load test. Loads closer to the steam source

are heated quicker while further loads lag. X1.5 Apparatus
The ice load test may be used as a research and developmeni1.5.1 Hotel pans for ice loads, solid 12 by 20 by%2-in.

tool, but shall not be used to imply the overall steamer(300 by 500 by 65-mm) stainless steel, weighing 2.8.2 Ib

performance during actual cooking operations. (1.3= 0.1 kg), with a temperature sensor located in the center
of each parfs in. (16 mm) from the bottom. A convenient
X1.1 Scope method is to have Type T thermocouple probes with a

X1.1.1 The test procedure in this appendix determines thetainless-steel protective sheath fabricated in the shape shown
efficiency, production capacity, water consumption, and conin Fig. X1.1. The sensing point is exposed and isolated
densate temperature. thermally from the stainless-steel sheath. The probe is strapped

FIG. X1.1 Hotel Pan with Thermocouple Probe
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to the pan using steel shim stock welded to the pan using during the idle period and record the door position during the
strain gage welder. The thermocouple lead TFE-fluorocarboidle period.

sheath is minimum thickness (TFE-fluorocarbon wrap rather X1.9.2.5 Near the end of the idle period, remove each pan
than extruded TFE-fluorocarbon) to minimize the escape ofrom the freezer, remove the lid, and weigh. Record the weight
steam through the door gasket where the thermocouple exitdf each ice load (including the pan itself) for that run. Record
the cooking compartment. The lead is long enough to allovthe dry pan weights as determined in X1.9.1.4. After the idle
connection to the monitoring device while the ice loads are imperiod, wait for the burners, elements, or steam coil to cycle on
the freezer, while they are being weighed, and while they are iand then off again (if applicable). This ensures that the boiler
the steam cooker. is at maximum operating pressure and temperature when the
efficiency-test cooking starts.

N X1.1—PG&E found that 10-ft (3-m) sensor leads allowed for L .
o (3-m) X1.9.2.6 Start monitoring time. Open one steam compart-

flexibility in test equipment setup while still being manageable (tangle

free). ment, load it with ice loads, close it, and start steam to it. Open
the next steam compartment (if applicable), load it, close it,
X1.6 Reagents and Materials and start it. Open, load, close, and start the last compartment (if
X1.6.1 Water used shall have a maximum hardness of threapplicable). After starting steam to the first compartment,
grains per gallon. Distilled water may be used. commence monitoring energy consumption, water consump-
. tion, condensate temperature, and, for each compartment under
X1.7 Sampling test, monitor the average temperature of the ice loads. For gas
X1.7.1 Steam Cooke+ A representative production model steam cookers, monitor and record electric energy as well as
shall be selected for performance testing. gas consumption. The total loading time (the time from

) opening the first compartment to closing and starting the last
X1.8 Preparation of Apparatus compartment) shall be the total 5 s per compartment plus 5
X1.8.1 Install the appliance under a canopy exhaust hood i8 for each ice load used. (For example, the total loading time
accordance with 9.1-9.8. for a heavy-load test of a six-pan capacity, two-compartment
steam cooker would be 5 s/compartmert compartments + 5
X1.9 Procedure

sf/ice loadX 6 ice loads= 40 s.)
X1.9.1 Ice Load Preparation

X1.9.1.1 This section outlines preparation of the ice loads "lo Note X1.2—For gas steamers, the electric energy rate during the heavy

the ice load i ffici d ducti it ad test will be reported separately from the gas cooking energy rate. The
€ ice load cooking energy eficiency and production-capacity, q yaiyes are reported separately so that the respective fuel prices may

tests. _ . be applied to estimate energy costs.

X1.9.1.2 The number of ice loads required depends on the Nore X1.3—Care shall be taken to minimize heat gain by the ice loads
steamer capacity. The heavy load is the manufacturer’s stateth the way from the freezer to the steam cooker. During that time, they
capacity of 12 by 20 by 2-in. (300 by 500 by 65-mm) hotel shall be isolated from any warmer surface by R10 or better insulation.
pans. Prepare enough ice loads for three runs. PG&E found 2-in. (50-mm) thick square-edged polystyrene boards to be

- e convenient as an insulating surface.
X1.9.1.3 The solid hotel pans shall be as specified in X1.5.1. Note X1.4—Care shall be taken to minimize heat loss out of the

X1.9.1.4 Number each pan and record the weight of each O(!‘ooking compartment where the sensor leads pass under the door gasket.

the (dry) pans. ) ~ PG&E found that heat loss was not significant as long as the sensor leads
X1.9.1.5 Fill the pans with enough water such that there willwere not bunched or paired as they passed under the door gasket.

be 8.0+ 0.2 Ib (3.6 0.1 kg) of ice after freezing (some water  Note X1.5—The boiler is at maximum pressure when the test starts,
will evaporate during freezing, especially if hotel pan lids arebut it may be_ a’g a Iowe_r pressure at the end of the test. This difference
not used). Accurate measurement of the weight of the pans phpgtween the initial and final energy content (pressure and temperature) of

the water prior to freezing is not required since they will bethe boiler must be added back to the boiler to calculate the energy
weighed again just prior to testing efficiency correctly. Maximum, minimum, and final boiler pressure is

o o measured so that this energy deficit can be estimated. There are situations
X1.9.1.6 Freeze the loads to0 5°F (-18+ 2°C). ~in which the measurement of pressure in X1.9.2.7 is not necessary, as
X1.9.2 Ice Load Cooking Energy Efficiency, Production noted in X1.9.2.9 and X1.9.2.11.

Capacity, Water Consumption, and Condensate Temperature Note X1.6—The average condensate temperature for the final 3 min of
X1.9.2.1 This procedure applies to two possible loadinghe run will be reported rather than the average over the entire run;
scenarios: light and heavy. Repeat each loading scenario therefore, condensate temperature monitoring need not begin immediately

least three times. The reported values of cooking energyfPon commencement of the test run.

efficiency, production capacity, condensate temperature, and X1.9.2.7 Measure the maximum and minimum pressures for

water consumption shall be the average of the replicationthree cycles of the boiler pressure near the end of the test.

(runs). Record the average maximum and average minimum boiler
X1.9.2.2 Prepare the ice loads in accordance with X1.9.1pressure.

Record the quantity of ice loads for the test. X1.9.2.8 When the average ice load temperature of any
X1.9.2.3 Record the initial average ice load temperaturecooking compartment has reached 180°F, stop the steam to that

Confirm that they are at & 5°F (-18+ 3°C). compartment. If there are two or more compartments under
X1.9.2.4 Allow the steam cooker to sit idle (boiler(s) on) for test, continue to monitor the average ice-load temperature of

a minimum of 1 h. If the manufacturer recommends leaving thehe others, stopping steam to the compartments as the average

cooking cavity doors open when not cooking, leave them opetemperature reaches 180°F (82°C). When the last (or only)

16



iy F 1484

compartment’s average ice-load temperature reaches 180%apacity, water consumption, and condensate temperature.
terminate steam to the compartment and record time, watekfter performing this test at least three times, report the results
consumption and condensate temperature. as the average of the replications.

X1.9.2.9 If the boiler is on when the last compartment . ] )
iceload temperature reaches 180°F (82°C), continue to monitor X1.10 Ice Load Cooking Energy Efficiency, Production
energy consumption until the primary burners, elements, of-apacity, Water Consumption, and Condensate Temperature
steam coils cycle off. Record the final energy. Note that the X1.10.1 Report the three run average value of ice load
initial and final energy content of the boiler is the same; thecooking-energy efficiency, production capacity, and water con-
pressure measurements in X1.9.2.7 are therefore not necessaymption.

X1.9.2.10 If the boiler is not on when the last compart- X1.10.2 Calculate ice load cooking energy efficiency ac-
ment's average ice load temperature reaches 180°F (82°Qjording to the following relationship:
proceed to one of the next two conditional steps (X1.9.2.11 or
X1.9.2.12). MNice =

X1.9.2.11 Perform this step if the boiler pressure is con-
trolled by a pressure switch that can be actuated manuallywhere:
Otherwise, proceed directly to X1.9.2.12. When the lastnice = COOking energy efficiency, %,
compartment's average ice-load temperature reaches 180°Fice heat gained by the ice load, and
(82°C), continue to monitor energy consumption and actuate = [ Wice X Cpce X ATice] + [ Wiyater X CPuater X
the pressure switch. This returns the boiler energy content to ATuated + [ Wice X Egusiorl
the initial test condition; the pressure measurements invvhere'
X1.9.2.7 and energy measurements in 10.4.2 are therefore ngj, '
necessary. Record the final energy. Cp';e

X1.9.2.12 Perform this step if the boiler pressure control
cannot be actuated manually. When the last compartmeniT,
average ice-load temperature reaches 180°F (82°C), record the
final energy and boiler pressure (used to calculate the energW . ier
deficit of the boiler, as described in Note X1.5). Cpyater

X1.9.2.13 Remove the ice loads, and unless this was the
final run (Run No. 3), start timing the 10-min idle period before AT water
the next run (see Fig. X1.2). Return to X1.9.2.5.

X1.9.2.14 In accordance with X1.10, calculate and reportEfusion
the cooking energy efficiency, cooking energy rate, electric
energy rate (if applicable, for gas steam cookers), production—ran

Eice + Epan + Eboiler re— init

X 100 % (X1.1)

E steam cooker

weight of ice load, Ib,

specific heat of ice, Btu/lb°F,

0.5 Btu/lb°F (see 2.2)

temperature rise in ice, °F,

32°F - initial temperature of ice loads,
weight of water (same a#/..), Ib,
specific heat of water, Btu/lb°F,

1 Btu/lb°F (see 2.2),

temperature rise in water, °F,

final water temperature - 32°F,

latent heat of fusion of ice,

144 Btu/lb (see 2.2), and

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

60 Minute [dle Period Cooking Test - Run#1
10 Minute Idle Period
Cooking Test - Run#2
10 Minute Idle Period
Cooking Test - Run#3

v
v lel ol |

0 60 120
Time (Minutes)
FIG. X1.2 Cooking Energy Efficiency Test Sequence
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= Wpan X Cp pan X ATpan

where:
W pan
Cppan

AT pan

T.

i
steam cooker

E boiler re-init

weight of pan(s), Ib

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

temperature rise in ice, °F,

final pan temperature - initial pan tem-
perature,

final water temperature - initial ice tem-
perature,

initial temperature of steel pan(s), °F,
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 and/or controls),
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 X1.9.2.11 was
applicable. Otherwise this energy quan-
tity is already included in th&geam cooker
value. If conditional step X1.9.2.11 was
applicable, therkE, ;e re-init IS Calculated
as follows:

Es ker ™ E boiler re— init
_ steam cooker oller re— Inf >< 60

Cice = t (X1.3)
where:
Qice = ice load cooking en-
ergy rate, Btu/h (kJ/
h),
t = test period, min, and

Esteam cookeand Eboiler re-init as deﬁned in X1.10.2.

For gas steam cookerBgeam cooked the above equation
does not include the electric energy. The electric energy rate is
reported separately in X1.10.4. For direct steam or steam coil
steam cookers, report the cooking energy rate in both Btu
(kJ)/h and Ib (Kg)earth-

X1.10.4 This step applies to heavy load tests of gas, direct
steam, and steam coil steam cookers only. Calculate the ice
load electric energy rate as follows:

Esteam cooker, ele

qice,ele - t X 60 (X1-4)
where:
Jice.cle = ice load electric cooking energy rate,
Btu/h (kJ/h),
t = test period, min, and

= electric energy consumed by the
steam cooker, Btu (kWh).

Esteam cooker,ele

X1.10.5 Calculate ice load production capacity (Ib (kg))

Prax — Pii i i ion:
EqyoeX I;nax - me-al (X1.2) using the following equation:
max min Vvice 60 (Xl 5)
P = X .
where: Cee =7
E.ce = energy required to raise the boiler pressure from Where:
m!nlmum operating pressure to maximum oper- PG.. = production capacity, Ib/h (kg/h),
ating pressure, Btu (kJ), W — weiaht of ice load. Ib
! . . e ght of ice load, Ib (kg), and
Prax = the average maximum boiler pressure, psi (kPa), = test period, min.
min = the average minimum boiler pressure, psi (kPa), '
and X1.10.6 Report the ice load cooking water consumption
Pina = the boiler pressure at the end of the test, psirate, gal/h (L/h) (see X1.9.2.8).
(kPa). X1.10.7 Report the average temperature of the ice load
X1.10.3 Calculate the ice load cooking energy rate asooking condensate during the last three minutes of the test, °F
follows: (°C) (see X1.9.2.8).
X2. RESULTS REPORTING SHEETS
Manufacturer Size 2-6 - Two compartment, 6 full-size pan capacity
Model Size 2-8 - Two compartment, 8 full-size pan capacity
Date Size 2-10 - Two compartment, 10 full-size pan capacity
. Size 2-12 - Two compartment, 12 full-size pan capacity
Test Reference Number (optional) Size 2-16 - Two compartment, 16 full-size pan capacity
Size 3-12 - Three compartment, 12 full-size pan capacity
X2.1 Test Steam Cooker Size 3-15 - Three compartment, 15 full-size pan capacity
I I S Size 3-18 - Three compartment, 18 full-size pan capacity
Specification F 1217 Classification (check one for each classification) Size 3-24 - Three compartment, 24 full-size pan capacity

Type | - Zero to 2.9 psig (Zero to 20 kPa) compartment pressure
Type Il - Three to 9.9 psig (21 to 68 kPa) compartment pressure
Type Ill - Ten to 15 psig (69 to 103 kPa) compartment pressure

Style A - Counter mounted
Style B - Floor mounted on an open stand
Size C - Floor mounted on a cabinet base

Size 1-3 - One compartment, 3 full-size pan capacity Size D - Wall mounted
Size 1-4 - One compartment, 4 full-size pan capacity

_ S!ze 1-5 - One compartment, 5 fuII-s!ze pan capac!ty Class A - Direct connection to potable external steam source
Size 1-6 - One compartment, 6 full-size pan capacity
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Class B - Self-contained steam coil steam generator [J Peas load production capacity (Ib/h (kg/h))
Class C - Self-contained gas fired steam generator
Class D - Self-contained electric steam generator [J Peas load water consumption rate (gal/h (L/h))
Additional description of operational characteristics: [J Condensate temperature (°F (°C))
[0 Light Load:
[J Peaload cook time (min)
[J Peas load cooking energy efficiency (%)
Manufacturer's Rated Input (Btu/h, kW or Ibgieam/h) [J Peas load cooking energy rate (Btu/h (kJ/h), Ib(kg)sieam/h,
or kw)
X2.2 Apparatus _
Check if testing apparatus conformed to specifications in Section 9. [ Peas load water consumption rate (gal/h (L/h))
Deviations Condensate temperature (°F (°C))
X2.3 Maximum Energy Input Rate X2.8 Whole Potato Cooking Energy Efficiency,
00 Measured (Btuh (kd/h) or kW) Production Capacity, Water Consumption, and
Condensate Temperature
O Rated (Btu/h (kJ/h) or kw)
0 Heavy Load:
O Percent Difference between Measured and Rated %
[J Whole potato load cook time (min)
X2.4 Boiler Preheat Energy Consumption and Duration _ -
[J Whole potato cooking energy efficiency (%)
O Energy Consumption (Btu (kJ) or kWh)
[ Whole potato cooking energy rate (Btu/h (kJ/h), Ib (k9)steam/h,
O Duration (min) or kW)
X2.5 Boiler Idle Energy Rate [0 Electric energy rate (kW, gas or steam coil steam cookers only)
O (Btu/h (kJ/h) or kW) ) .
[0 Whole potato production capacity (Ib/h (kg/h))
X2.6 Pilot Energy Rate [0 Whole potato water consumption rate (gal/h (L/h))
O (Btu/h (kJ/h) or kW)
i i [J Condensate temperature (°F (°C))
X2.7 Frozen Green Peas Cooking Energy Efficiency,
Production Capacity, Water Consumption, and O Light Load:
Condensate Temperature [J Whole potato load cook time (min)
[J Heavy Load:
[J Whole potato cooking energy efficiency (%)
[J Peaload cook time (min)
[J Whole potato cooking energy rate (Btu/h (kJ/h), Ib (k9)steam/h.
[J  Peas load cooking energy efficiency (%) or kw) -
[0 Peas load cooking energy rate (Btu/h (kJ/h), Ib (KQ)sieam/hs 00 Whole potato water consumption rate (gal/h (L/h))

or kW)
Condensate temperature (°F (°C))
[J  Electric energy rate (kW, gas or steam coil steam cookers
only) .

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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