[lIM/) Designation: F 1964 _ 99 An American National Standard
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INTERNATIONAL
Standard Test Method for
1
Performance of Pressure and Kettle Fryers
This standard is issued under the fixed designation F 1964; 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 3. Terminology

1.1 This test method evaluates the energy consumption and 3.1 Definitions:
cooking performance of pressure and kettle fryers. The food 3.1.1 kettle fryer n—an appliance with a deep cooking
service operator can use this evaluation to select a fryer ancbntainer containing oil or fat at such a depth that the cooking
understand its energy efficiency and production capacity.  food is essentially supported by displacement of the cooking
1.2 This test method is applicable to floor model natural gadluid rather than by the bottom of the vessel.

and electric units with a 25 to 70-lb oil capacity. 3.1.2 pressure fryer n—an appliance with a deep kettle
1.3 The fryer can be evaluated with respect to the following:containing oil or fat and covered by a heavy, gasketed lid with
1.3.1 Energy input rate (10.2), a pressure valve; the appliance kettle operates between 10 and
1.3.2 Preheat energy and time (10.4), 12 psig.
1.3.3 Idle energy rate (10.5), 3.2 Definitions of Terms Specific to This Standard:
1.3.4 Pilot energy rate (10.6, if applicable), 3.2.1 cold zone n—the volume in the fryer below the
1.3.5 Cooking energy rate and efficiency (10.9), and heating elements or heat exchanger surface designed to remain
1.3.6 Production capacity (10.9). cooler than the cook zone.

1.4 The values stated in inch-pound units are to be regarded 3.2.2 cooking energy n—total energy consumed by the
as standard. The Sl units given in parentheses are for informéeyer as it is used to cook breaded chicken product under
tion only. heavy- and light-load conditions.

1.5 This standard does not purport to address all of the 3.2.3 cooking energy efficiencyw—quantity of energy im-
safety concerns, if any, associated with its use. It is theparted to the chicken during the cooking process expressed as
responsibility of the user of this standard to establish appro-a percentage of the quantity of energy input to the fryer during
priate safety and health practices and determine the applicathe heavy- and light-load tests.

bility of regulatory limitations prior to use. 3.2.4 cooking energy raten—average rate of energy con-
sumed by the fryer while cooking a heavy or light load of
2. Referenced Documents chicken.
2.1 ANSI Standarc: 3.2.5 cook zonge n—the volume of oil in which food is
ANSI Z83.11 Gas Food Service Equipment cooked.
2.2 AOAC Standarc® 3.2.6 energy input rate n—peak rate at which a fryer
AOAC Official Action 950.46 Air Drying to Determine consumes energy (Btu/h or kW), typically reflected during
Moisture Content of Meat and Meat Products preheat.
2.3 ASHRAE Standard: 3.2.7 idle energy raten—average rate of energy consumed
ASHRAE 2-1986 (RA90) Engineering Analysis of Experi- (Btu/h or kW) by the fryer while holding or idling the frying
mental Data medium at the thermostat(s) set point.

3.2.8 pilot energy raten—average rate of energy consump-
A _ o _ tion (Btu/h) by a fryer's continuous pilot (if applicable).

Thls test_ method is u.nder the_ jurisdiction qf A_STM Commlttee_ F-26 on Food 3.2.9 preheat energyn—amount of energy consumed (Btu
Service Equipment and is the direct responsibility of Subcommittee F26.06 on . . . .
Productivity and Energy Protocol. or kWh) by the fryer while preheating the frying medium from

Current edition approved April 10, 1999. Published July 1999. ambient room temperature to the calibrated thermostat(s) set
2 Available from the American National Standards Institute, 11 W. 42nd St., 13thpoint_

Floor, New York, NY 10036. ° . .
3 Available from the Association of Official Analytical Chemistkl11 N.19th 3.2.10 prEheat rate n—the average rate ( F/mm) at which

Street, Arlington, VA 22209. the frying medium temperature is heated from ambient tem-

4 Available from the American Society of Heating, Refrigerating, and Air perature to the fryer's calibrated thermostat(s) set point.
Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.11 preheat timen—time required for the frying medium 5.7 Production capacity is used by food service operators to
to preheat from ambient room temperature to the calibratedhoose a fryer that matches their food output requirements.
thermostat(s) set point.

3.2.12 production capacity n—maximum rate (Ib/h) at 6. Apparatus

which afryer_cgn bring the specified food product to a specified 6.1 Analytical Balance Scaldfor measuring weights up to
cooked condition.

. , 25 Ib, with a resolution of 0.01 Ib and an uncertainty of 0.01 Ib.
3.2.13 production rate n—average rate (Ib/h) at which a i )
fryer brings the specified food product to a specified cooked 6-2 Barometey for measuring absolute atmospheric pres-

condition; does not necessarily refer to maximum rate. sure, to be used for adjustment of measured gas volume to
3.2.13.1 Discussion—Production rate varies with the Standard conditions. The barometer shall have a resolution of
amount of food being cooked. 0.2 in. Hg and an uncertainty of 0.2 in. Hg.

3.2.14 uncertainty n—measure of systematic and precision 6.3 Canopy Exhaust Hogd ft in depth, wall-mounted with
errors in specified instrumentation or measure of repeatabilitihe lower edge of the hood 6 ft, 6 in. from the floor and with

of a reported test result. the capacity to operate at a nominal exhaust ventilation rate of
300 cfm per linear foot of active hood length. This hood shall
4. Summary of Test Method extend a minimum of 6 in. past both sides and the front of the

4.1 The fryer under test is connected to the appropriategooking appliance and shall not incorporate side curtains or
metered energy source. The measured energy input rate partitions. Makeup air shall be delivered through the face
determined and checked against the rated input before continuegisters or from the space, or both.

ing with testing. 6.4 Convection Drying Overwith temperature controlled at

4.2 The frying medium temperature in the cook zone isp15 to 220°F, used to determine moisture content of both the
monitored at a location chosen to represent the averag@w and cooked food product.

temperature of the frying medium while the fryer is idled at
325°F. Fryer temperature calibration to 325°F is achieved s

tmhgdl?ucritlon representing the average temperature of the frymi%g at least every 2 s.

4.3 The preheat energy and time and idle energy rate are 6.6 Fry Basket chrome-plated steel construction, supplied

determined while the fryer is operating with the thermostat(s)PY e manufacturer of the fryer under test. At least two baskets
set at a calibrated 325°F. The rate of pilot energy consumptiof’® "équired to test each pressure fryer according to this
also is determined, when applicable, to the fryer under test. standard.

4.4 Energy consumption and time are monitored while the 6.7 Gas Meter for measuring the gas consumption of a
fryer is used to cook breaded, 8-piece-cut frying chicken to dtyer, shall be a positive displacement type with a resolution of
27 + 2 % weight loss with the thermostats set at a calibratedt least 0.01 ftand a maximum uncertainty no greater than
325°F. Cooking energy efficiency, cooking energy rate, andl % of the measured value for any demand greater than 2.2
production rate are determined for heavy- and light-load testdt*h. If the meter is used for measuring the gas consumed by

6.5 Data Acquisition Systemfor measuring energy and
mperatures, capable of multiple temperature displays updat-

Production capacity is based on the heavy-load test. the pilot lights, it shall have a resolution of at least 0.Flaftd
o a maximum uncertainty no greater than 2 % of the measured
5. Significance and Use value.

5.1 The energy input rate test is used to confirm that the 6.8 Pressure Gagefor monitoring gas pressure, with a
fryer under test is operating in accordance with its nameplatgange from 0 to 15 in. kD, a resolution of 0.5 in. kD, and a
rating. maximum uncertainty of 1 % of the measured value.

5.2 Fryer temperature calibration is used to ensure that the g g Stopwatchwith a 1-s resolution.
fryer being testeq is operating at the specified temperature. 6.10 Temperature Sensofor measuring natural gas tem-
Temperature calibration also can be used to evaluate anéjerature in the range from 50 to 100°F with an uncertainty of
calibrate the thermostat control dial. i

5.3 Preheat energy and time can be used by food servicé1 _
operators to manage their restaurants’ energy demands, and td>-11 Thermocouple(s)Teflor-insulated, 24 gage, Type T

estimate the amount of time required for preheating a fryer. O TYPe K therrPocoupIes capable of Immersion with a range
5.4 Idle energy rate and pilot energy rate can be used t§0mM 50 to 400°F and an uncertainty of1°F.

estimate energy consumption during noncooking periods. 6.12 Thermocouple Probe(s)fast response” Type T or
5.5 Preheat energy, idle energy rate, pilot energy rate, anflyPe K thermocouple probéss in. or smaller diameter, with

heavy- and light-load cooking energy rates can be used td8 3—S response time, capable of immersion with a range from

estimate the fryer's energy consumption in an actual food0 to 250°F and an uncertainty of1°F.

service operation. 6.13 Watt-Hour Meter for measuring the electrical energy
5.6 Cooking energy efficiency is a direct measurement otonsumption of a fryer, shall have a resolution of at least 10

fryer efficiency at different loading scenarios. This information W/h and a maximum uncertainty no greater than 1.5 % of the

can be used by food service operators in the selection of fryersneasured value for any demand greater than 100 W. For any

as well as for the management of a restaurants’ energgemand less than 100 W, the meter shall have a resolution of at

demands. least 10 W/h and a maximum uncertainty no greater than 10 %.
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7. Reagents and Materials for all tests. Both the pressure and temperature of the gas
7.1 Enriched Flou—Order a sufficient quantity of all- Supplied to a fryer, as well as the barometric pressure, shall be

purpose, enriched white flour to conduct the heavy- and&corded during each test so that the measured gas flow can be

light-load tests. corrected to standard conditions. For electric installations, a

7.2 Chicken Pieces-Order sufficient quantity of eight- voltage regulator may pe requw_ed to maintain a constant
piece-cut, Z-Ib individually quick-frozen (IQF) frying chick- Nameplate” voltage during tests if the voltage supply is not
ens to conduct the heavy- and light-load cooking tests. ~ Within £2.5 % of the manufacturer's nameplate voltage.

7.3 Cooling Racks-Stainless steel construction, measuring  9-3 For a gas fryer, adjust (during maximum energy input)
18 by 26 in. with 1-in. high feet, to be used for draining thawedth€ 9as supply pressure downstream from the fryer's pressure
chicken. regulator to within+2.5 % of the operating manifold pressure

7.4 Dipping Solutior—8 % (by weight) salt water solution SPecified by the manufacturer. Make adjustments to the fryer
at 75°E. following the manufacturer’s recommendations for optimizing

7.5 Bucket—Food grade, 5-gal bucket for coating the COmbustion. Proper combustion may be verified by measuring
chicken pieces in a dipping solution. air-free carbon monoxide (CO) in accordance with ANSI

7.6 Breading Bin, or Food Storage Bexmade from food- Z83.13. . ] )
grade plastic, measuring 18 by 26 by 9 in. for coating the 9-4 Foran electric fryer, confirm (while the fryer elements
chicken pieces in flour breading. are energized) that the supply voltage is withi@.5 % of the

7.7 Frying Medium—Shall be partially hydrogenated, OPerating voltage specified by the manufacturer. Record the
100 % pure vegetable oil. New frying medium shall be used fot€st voltage for each test.
eaf:h fryer .tE'Sted in accordance with this test method. The_neW NoTe 2—This test method is intended to evaluate the performance of a
frying medium that has been added to the fryer for the first timeryer at its rated gas pressure or electric voltage. If an electric fryer is rated

shall be heated to 325°F at least once before any test ®ual voltage (that is, designed to operate at either 208 or 240 V with no
conducted. change in components), the voltage selected by the manufacturer or tester,
or both, shall be reported. If a fryer is designed to operate at two voltages
Note 1—Mel-fry® partially hydrogenated all vegetable oil (soybean without a change in the resistance of the heating elements, the perfor-

oil) has been shown to be an acceptable product for testing. mance of the fryer (for example, preheat time) may differ at the two
7.8 Sheet Pans-Measuring 18 by 26 by 1 in., for use in Vvoltages.
holding the thawed chicken. 9.5 Make fryer ready for use in accordance with the
7.9 Tongs—Heavy-duty, 15-in. tongs for holding hot pieces manufacturer’s instructions. Clean fryer by “boiling” with the
of chicken. manufacturer’s recommended cleaner and water and then
rinsing the inside of the fry pot thoroughly.

8. Sampling of Test Units 9.6 To prepare the fryer for temperature calibration, attach
8.1 Fryer—A representative production model shall be an immersion-type thermocouple in the fry pot before begin-
selected for performance testing. ning any tests. The thermocouple used to calibrate the fryer

shall be located within 1 in. of the tip of the thermostat probe.
9. Preparation of Apparatus If it is not possible to locate a thermocouple near the thermostat

9.1 Install the appliance in accordance with the manufacturProbe, position the thermocouple at the rear of the fry pot, 2 in.
er's instructions under a 4-ft deep canopy exhaust hoo#€low the oil fill line and’z in. from rear wall of the fry pot.
mc_)unted against the waI_I _with the lower gdge of the hood 6 ft10. Procedure
6 in. from the floor. Position the fryer with the front edge of
frying medium inset 6 in. from the front edge of the hood at the 10.1 General .
manufacturer's recommended working height. The length of 10.1.1 For'gas fryers', record the following for each test run:
the exhaust hood and active filter area shall extend a minimum 10-1.1.1 Higher heating value,
of 6 in. past the vertical plane of both sides of the fryer. In 10.1.1.2 Standard gas pressure and temperature used to
addition, both sides of the fryer shall be a minimum of 3 ft COTéct measured gas volume to standard conditions,
from any side wall, side partition, or other operating appliance. 10-1.1.3 Measured gas temperature,

A drip station positioned next to the fryer is recommended. The 101.1.4 Measureq gas pressure,

exhaust ventilation rate shall be based on 300 cfm per linear 10.1.1.5 Baro_metrlc pressure,

foot of hood length. The associated heating or cooling system 10-1.1.6 Ambient temperature, and . .

shall be capable of maintaining an ambient temperature of 75 10-1.1.7 Energy input rate during or immediately prior to
+ 5°F within the testing environment when the exhaust systert®St

is operating. Note 3—Use of a calorimeter or gas chromatograph in accordance with

9.2 Connect the fryer to a calibrated energy test meter. Foxccepted laboratory procedures is the preferred method for determining
gas installations, a pressure regulator shall be installed dowre higher heating value of gas supplied to the fryer under test. It is

stream from the meter to maintain a constant pressure of g%%ngsgﬁidoihféoﬂ'téefg?g gﬁﬁfterformed with gas having a higher

10.1.2 For gas fryers, add electric energy consumption to

5 Available from Van Den Berg Foods, 3701 Southwestern Blvd., Baltimore, MD 9aS €nergy for all tests, with the exception of the energy input
21229. rate test (see 10.2).
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10.1.3 For electric fryers, record the following for each test 10.4.3 Begin monitoring energy consumption, time, and

run: temperature as soon as the fryer is turned on. For a gas fryer,
10.1.3.1 Voltage while elements are energized, the preheat time shall include any delay between the time the
10.1.3.2 Ambient temperature, and unit is turned on and the burners actually ignite. Preheat is

10.1.3.3 Energy input rate during or immediately prior toludged complete when the temperature at the monitored
test run. location reaches 325°F.

: ; . 10.5 Idle Energy Rate
10.1.4 For each test run, confirm that the peak input rate is . . :
within +5 % of the rated nameplate input. If the difference is. (;L.O'i'ld IfEnsurfgil lt_hat the frying medium is loaded to the
greater than 5 %, terminate testing and contact the manufadldiCated Iryer Tl fine.

. 10.5.2 Preheat to 325°F and allow the frying medium to
turer. The manufacturer may make appropriate changes or ~ . N .
adjustments to the fryer. stabilize at 325°F for at least 30 min after the last thermostat

10.2 Energy Input Rate has commenced cycling at the thermostat set point.

: ) o . 10.5.3 Monitor the elapsed time, temperature, and energy

10.2.1 Load fryer _W|th water to the indicated fill line and consumption of the fryer while it is operated under this idle
turn.the fryer'on Wlth' the temperature controls set to the,gndition for a minimum of 2 h. The fryer shall remain
maximum setting possible. uncovered throughout this idle test.

10.2.2 For gas fryers, operate the unit for a period of 15 min, 10.6 Pilot-Energy Consumption (Gas Models with Standing
then monitor the time required for the fryer to consume®oft Pilots):
gas. Adjustments to input rate may be made by adjusting gas 10.6.1 Where applicable, set the gas valve controlling the
manifold pressure. gas supply to the appliance at the pilot position. Otherwise set

10.2.3 For electric fryers, monitor the energy consumptiorthe temperature controls to the off position.
for 15 min with the controls set to achieve maximum input. If  10.6.2 Light and adjust pilots in accordance with the manu-
the unit begins cycling during the 15—min interval, record thefacturer’s instructions.
time and energy consumed for the time from when the unitwas 10.6.3 Record gas reading, electric energy consumed, and
first turned on until it begins cycling. time before and after a minimunf 8 h of pilot operation.

10.2.4 Confirm that the measured input rate or power (Btu/h 10.7 Test Product Preparatian
for a gas fryer or kW for an electric fryer) is within 5 % of the  10.7.1 Prepare enough chicken for a minimum of 4 runs
rated nameplate input or power (it is the intent of this testeach of both heavy- and light-load tests. For the heavy-load
method to evaluate the performance of a fryer at its ratedests, use 4 pieces (1 of each type of piece) for every 5 nominal
energy input rate). If the difference is greater than 5 %,pounds of oil in the fryer (see Table 1), unless otherwise
terminate testing and contact the manufacturer. The manufaspecified by the manufacturer. If the manufacturer’'s recom-
turer may make appropriate changes or adjustments to the fryerended load size is less than that determined by Table 1, the
or supply another fryer for testing. manufacturer’'s recommendations should be followed. For the

10.3 Calibration: light-load tests, use 8 pieces (2 of each type of piece).

10.3.1 Ensure that the frying medium is loaded to the 10.7.2 The chicken may be thawed by immersing it in cold
indicated fryer fill line. Preheat to 325°F and allow the fryer to funning water. Place the thawed chicken on a drip rack on a
stabilize for 30 min before beginning temperature calibrationsheet pan and cover with plastic wrap. Place the covered

10.3.2 The frying medium temperature shall be measure@hicken in the refrigerator.
by attaching a calibrated immersion-type thermocouple in the Nore 4—Unless the chicken has been continuously held below 40°F, it
cook zone as detailed in 9.6. The median temperature recordethy be unsafe and should not be eaten.

over_three complete thermostat cycles at this po_int shall_ be 10.7.3 Monitor the internal temperature of a sample piece of
considered as the average temperature for the frying mediungpicken with a thermocouple probe. Its internal temperature
10.3.3 Where required, adjust the fryer temperature conmust reach 38 to 40°F before the chicken can be removed from
trol(s) to calibrate the fryer at an average frying mediumthe refrigerator and breaded. If necessary, adjust the refrigera-
temperature of 325 5°F. Record the frying medium tempera- tor temperature to achieve this required internal temperature.
ture over three cycles and average the temperatures over thejp.7.4 Prepare the dipping solution by dissolving salt in 2.5
three cycles to verify that the average measured temperature g| tap water to achieve an 8 % (by weight) salt-water solution.
the frying medium sensor location is 325 5°F. Pour the solution in a food grade bucket and allow to stabilize
10.4 Preheat Energy and Time at room temperature (75 5°F).
10.4.1 Ensure that the frying medium is loaded to the
indicated fryer fill line. Record the frying medium temperature
and ambient kitchen temperature at the start of the test. The TABLE 1 Sample Heavy-Load Sizes Based on Nominal Oil

frying medium temperature shall be #55°F at the start of the Capacity

test. Fryer Nominal Oil Capacity, Ib Heavy-Load Size, Number of Pieces
10.4.2 With the fry pot uncovered, turn the fryer on with the 25 20

temperature controls set to attain a temperature within the 50 40

frying medium of a calibrated 325°F. The fryer shall remain 38 ‘512

uncovered throughout this preheat test.
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10.7.5 Pour enough flour to fill the breading bin half-way. in order to commence depressurization of the cooking vessel.
Allow to stabilize at room temperature.

10.7.6 Remove the chicken pieces from the refrigerator ang
immerse briefly in the dipping solution. Remove the chicken
pieces from the solution and allow to drip briefly over the
dipping container. Transfer the dipped pieces of chicken to th
breading bin. Ensure that each piece is evenly coated on g
sides.

10.7.7 Place the breaded pieces uncovered on a sheet
and place the sheet pan in the refrigerator. Allow the chicken t
stabilize at the 38 to 40°F refrigerator temperature.

10.8.9 Lift the basket and allow to drain over the fryer for
pproximately 15 s. Pour the contents of the basket onto a sheet
pan.

10.8.10 Measure and record the temperature of 5 randomly

lected pieces by inserting a fast response thermocouple probe
to a thick (meaty) portion of each piece.

0.8.11 Weigh and record the weight of the cooked load.

e weight loss shall be 2% 2 %.

10.8.12 Wash and dry the fry basket between loads, making
sure to remove any food that may be stuck on the inside of the

NoTte 5—.|f the br_eaded chicken is no_t cooked within 24 h, it Sh0U|.d be basket. Allow the basket to return to room temperature:t75
covered with plastic wrap. Thawed chicken should not be stored in th%oF) prior to reloading it with chicken pieces.

fri f h k. . .
refrigerator for more than one wee 10.8.13 If the percent weight loss is not 272 %, repeat

10.8 Cook Time Determination 10.8.4-10.8.12, adjusting the total cooking time to attain the 27
Note 6—This is a trial-and-error procedure and may take several™ 2 % weight loss. Subsequent loads may be inserted into the
iterations to obtain the correct cook time. fryer when the oil temperature has returned to 325°F.

10.8.1 Ensure that the frying medium is loaded to the 10.8.14 Use the cooking times established for heavy- and
indicated fryer fill line. Confirm that the frying medium light-load conditions for the cooking energy efficiency deter-
temperature is 325 5°F as calibrated in 10.3. Allow the fryer Mination and production capacity tests (see 10.9).

to stabilize for 30 min at 325°F. 10.9 Cooking-Energy Efficiency and Production Capacity
10.8.2 After the 30—min stabilization, vigorously stir the for Heavy- and Light-Load Fry Tests

cold zone with a long spoon or equivalent for 5 min30 s 10.9.1 The cooking energy efficiency and production capac-

(fryers with cold zones). ity tests are to be run a minimum of three times. Additional test

o . - . runs may be necessary to obtain the required precision for the

Note 7—While it is recognized that stirring the cold zone is not eported test results (see Annex Al). The minimum three test
practiced in industry, it is included in this test method because stirrinJ P . . ’
provides a simple way to eliminate the variations in cold-zone temperaturUns for each loading scenario shall be run on the same day.
that could cause a significant fluctuation in the measured cooking-energy 10.9.2 Set aside 4 raw, breaded pieces of chicken (one of
efficiency. To make the cooking-energy efficiency test repeatable, the coléach type) for moisture content determination in accordance
zone must be at the same temperature when beginning each test. Thisjgth recognized laboratory procedures (AOAC Official Action
accomplished with minimal time and effort through manual stirring. 950.46). Place the sample in a self-sealing bag in the freezer

10.8.3 Begin the initial cook time determinations*0L  unless the moisture content test is run immediately. This will be
min after stirring the cold zone. Estimate a cook time for theused for determining the energy of vaporization component of
first heavy- and light-load cooking tests. A separate cook timeéhe cooking energy efficiency equation.
determination shall be done for each loading scenario. Do not 10.9.3 Ensure that the frying medium is loaded to the
assume the same cook time for the heavy and light loads. Sg{dicated fryer fill line. Confirm that the frying medium
the timer on the fryer to this estimated cook time (fryers withtemperature is 325 5°F as calibrated in 10.3. Allow the fryer
timers). _ . . _ to stabilize for 30 min after being turned on.

10.8.4 Place the chicken pieces into the fry basket, starting 199 4 After the 30-min stabilization, vigorously stir the
with the largest pieces (thighs and drumsticks). Record theqq zone with a long spoon or equivalent for5 0.5 min
initial weight of the chicken pieces. d(fryers with cold zones). Allow the fryer to idle for 18 1 min.

10.8.5 When the fryer has cycled off, plface_ the loaded 14 g 5 get the fryer’'s cook timer for the time determined
basket into the fry pot and commence monitoring the COOlﬁuring the cook time determination test (10.8)
time. To minimize product clumping, vigorously stir the 10.9.6 Place the chicken pieces into the fry basket, starting

chicken pieces for 5 s. . : . :
10.8.6 Close and latch the lid (pressure fryers). If necessar}wlth the largest pieces (thighs and drumsticks). Record the

. ) . itial weight of the chicken pieces.
:Ir?;tliedn. the lid spindle (or handle) to properly secure and sear] 10.9.7 When the fryer has cycled off, place the loaded

10.8.7 Active the fryer's cook timer. basket into the fry pot and commence monitoring the cook
time, oil temperature, and fryer energy consumption. To
Note 8—Many pressure fryers require the timer to be activated beforeminimize product clumping, vigorously stir the chicken pieces
it will allow pressure to build in the cooking container. for 5 s.
10.8.8 When the estimated cook time has elapsed (as 10.9.8 Close and latch the lid (pressure fryers). If necessary,
determined by a stopwatch or computer), cancel the cookingghten the lid spindle to properly secure and seal the lid.
cycle. Wait for the cooking container to depressurize before 10.9.9 Activate the fryer's cook timer.

attempting to open the lid. 10.9.10 When the cook time determined in 10.8 has elapsed,

Note 9—If the actual cook time has elapsed before the time set on th€ancel the_ cooking cycle. Wait for the cooking container to
fryer's cook timer, it may be necessary to override the fryer's cook timerdepressurize before attempting to open the lid.
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10.9.11 Lift the basket and allow to drain over the fryer for 11.3.2 For all gas measurements, calculate the energy con-
approximately 15 s. sumed based on:

10.9.12 Measure and record the temperature of 5 randomly Egas= V X HV @
selected pieces by inserting a fast response thermocouple probe
into a thick (meaty) portion of each piece. where:

10.9.13 Weigh and record the weight of the cooked load.Egas = energy consumed by the fryer,
The weight loss shall be 2F 2 %. If the weight loss is not 27 higher heating value, that is, energy content of gas
+ 2 %, the test is invalid and must be repeated. measured at standard conditions, Bfyy/énd

10.9.14 Terminate the test after removing the load andV actual volume of gas corrected for temperature and
allowing the cook zone thermocouple to indicate that the oil pressure at standard conditions, fietermined by

temperature has recovered to 325 5°F or after 30 s, the following:
whichever is longer. Record the elapsed time and energy Vieas< Tet X Pes
consumption.
where:
Note 10—The 30 s allowed between replicate test runs is a preparationV, ... = measured volume of gas,s,ft
time necessary for logistical considerations of running a test (that is, T, = temperature correction factor, as determined by:

removing one load and placing the next load into the fryer). The actual

recovery may be less than the 30—s preparation time. absolute standard gas temperat.ife

absolute actual gas temperatire

10.9.15 Reserve 4 pieces of cooked chicken (one of each

type of piece) for determining the moisture content. Unless the and
moisture content test is conducted immediately, place the absolute standard gas temperatiiiR
chicken pieces in a self-sealing plastic bag and place the bag in [gas tempgF + 459.67 °R

the freezer.
10.9.16 Wash and dry the fry basket between loads, makin

sure to remove any food that may be stuck on the inside of thd cr = Pressure correction factor, as determined by:

basket. Allow the basket to return to room temperature£75 absolute actual gas pressyngsia

5°F) prior to reloading it with chicken pieces. absolute standard pressumgsia
10.9.17 Immediately perform Runs 2 and 3 by repeating

10.9.5-10.9.17, using a clean, dry, room-temperaturet(75 and

5°F) fry basket. Follow the procedure in Annex Al to deter- gas gage pressuresig + barometric pressurepsia

mine whether more than three test runs are required. absolute standard pressynesia

Note 11—Replicate test runs should be run immediately after the 30—s NOTE 12—Absolute standard gas temperature and pressure used in this
preparation time or the fryer has recovered to 325°F. calculation should be the same values used for determining the higher
heating value. Standard conditions are 519.67°R and 14.73 psia.
10.9.18 Determine the moisture content of the previously
reserved chicken pieces for each test run in accordance wit
recognized laboratory procedures (AOAC Official Action : ,
950.46) and calculate the moisture loss based on the initidPt€ in Btu/h for a gas fryer and kW for an electric fryer.
moisture content of the chicken pieces (10.9.2). This will be 11-4.2 For gas or electric fryers, calculate and report the
used to determine the energy of vaporization component of thE1€asured energy input rate (Btu/h or kw) based on the energy
cooking energy efficiency equation. consumed by the fryer during the period of peak energy input

10.9.19 Repeat 10.9.1-10.9.19 for the light-load scenario. 2ccording to the following:
E X 60
Qinput = —t 2

h 11.4 Energy Input Rate
11.4.1 Report the manufacturer's nameplate energy input

11. Calculation and Report

11.1 Test Frye—Summarize the physical and operating where:
characteristics of the fryer. If needed, describe other design oty . measured energy input rate, Btu/h or kW,
operating characteristics that may facilitate interpretation of theE energy consumed during period of energy input,
test results. Btu or kwh, and

11.2 Apparatus and Procedure t period of energy input, min.

11.2.1 Confirm that the testing apparatus conforms to all of 11.5 Fryer Temperature Calibratior-Report the average
the specifications in Section 6. Describe any deviations fronbulk temperature for the frying medium in the cook zone after
those specifications. calibration. Report any discrepancies between the temperature

11.2.2 For electric fryers, report the voltage for each test. indicated on the control and the measured average frying

11.2.3 For gas fryers, report the higher heating value of thenedium temperature.
gas supplied to the fryer during each test. 11.6 Preheat Energy and Time

11.3 Gas Energy Calculations 11.6.1 Report the preheat energy consumption (Btu or kWh)

11.3.1 For gas fryers, add electric energy consumption t@nd preheat time (min).
gas energy for all tests, with the exception of the energy input 11.6.2 Calculate and report the average preheat rate (°F/
rate test (see 10.2). min) based on the preheat period.
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11.7 Idle Energy Rate-Calculate and report the idle energy E__ . = quantity of heat added to the chicken, which causes

rate (Btu/h or kW) based on: its temperature to increase from the starting tem-

E X 60 perature to the average bulk temperature of a done
Gidle = ¢ ) load of chicken (that is, 195- 5°F), Btu, as
determined by:

where:

Gae = idle energy rate, Btu/h or kW, W)(C(T; = T)

E = energy consumed during the test period, Btu or where:

kWh, and

t

test period, min.

11.8 Pilot Energy Rate-Calculate and report the pilot initial weight of chicken, Ib,

te (Btu/h) based on: C = specific heat of chicken, Btu/lb, °F, or 0.688,
energy rate (Btu/h) base onE 60 Tfp = final internal temperature of the cooked chicken,®
X
- F
ot = — 4 T .

oo t @ T, = initial internal temperature of the chicken, °F,
where: Bevap = Iate_nt heat (of vaporization) ac_;lded to the _chick_en_,
Guier = pilot energy rate, Btu/h which causes some of the moisture contained in it

pilo ’ o . . i7ati
" = sy ot e st e B g L0081 e o e

= test period, min. n .

11.9 Cooking Energy Efficiency and Cooking Energy Rate calculated after determining hOW_mUCh moisture

11.9.1 Calculate and report the cooking energy rate for was lost from a done load of chicken, as deter-
heavy- and light-load cooking tests based on: mined by:

— M 5 \Nloss' Hy,
Geook = 1 ®) where W, .= weight loss of water during cooking, Ib, as

determined by:

where:
Oeook = cooking energy rate, Btu/h or kW, Wii = Wig
E = energy consumed during cooking test, Btu or kWh, )
and yvhere' initial weight of th in th hicken, Ib
- . . . . . . i = Initial weight of the water in the raw chicken, Ib,
t cooking test period, including recovery time, min. ws = final weight of the water in the cooked chicken, Ib,
Note 13—The cooking test period includes the actual cooking time, H, = heat of vaporization, Btu/lb, or 970 Btu/lb at
depressurization time, and recovery time. 212°F, and
For gas fryers, report separately a gas cooking energy rat&mer = €nergy into the fryer, Btu.
and an electric cooking energy rate. Note 14—For this analysis, the specific he@ of a load of chicken

11.9.2 Calculate and report the energy consumption peg considered to be the weighted average of the specific heat of its
pound of food cooked for heavy- and light-load cooking testscomponents (for example, water, fat, and nonfat protein). Research
based on: conducted by PG&E has determined that the weighted average of the

specific heat for chicken pieces cooked in accordance with this test

Eappliance method was approximately 0.688 Btu/lb, °F.

Eper pound: W (6)
11.9.4 Calculate production capacity (Ib) based on:
where: W X 60
Eper pouna = €Nergy per pound, Btu/lb or kWh/Ib, PC=— (8)
Eappliance = €nergy consumed during the cooking test,
Btu or kwh, and where:
W = total initial weight of the chickens, Ib. PC = production capacity of the fryer, Ib/h,
11.9.3 Calculate and report the cooking energy efiiciencyW = total weight of food cooked during heavy-load cook-
for heavy- and light-load cooking tests based on: ing test, Ib, and
E, t = total time of heavy-load cooking test, min.
Neook = aOOd X 100 ) 11.9.5 Calculate the production rate (Ib/h) for the light-load
Ve test using the Eq 8, whel is the total weight of food cooked
where: during the test run andis the total time of the test run.
Meook = COOKing energy efficiency, %, 11.9.6 Report the cook time for the heavy- and light-load
Eog = e€nergy into food, Btu, as determined by: tests.
EsensjL Eevap L. .
12. Precision and Bias
where:

12.1 Precision
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12.1.1 Repeatability (Within Laboratory, Same Operator 12.2 Bias—No statement can be made concerning the bias
and Equipment) of the procedures in this test method because there are no
12.1.1.1 For the cooking energy efficiency, cooking energyaccepted reference values for the parameters reported.
rate, and production capacity results, the percent uncertainty in
each result has been specified to be no greater thth%  13. Keywords

based on at least three test runs. , _ _ _ _
12.1.1.2 The repeatability of each remaining reported pa- 13-1 efiiciency; energy; kettle fryer; performance; pressure

rameter is being determined. fryer; production capacity; throughput
12.1.2 Reproducibility (Multiple Laboratories}-The inter-

laboratory precision of the procedure in this test method for

measuring each reported parameter is being determined.

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 A1.4 Procedure:
determining the confidence interval for the average of several test results
(ASHRAE Guideline 2-1986(RA90)). It should only be applied to test Note Al.2—Application of this procedure is shown in A1.5.
results that have been obtained within the tolerances prescribed in this test
method (for example, thermocouples calibrated, appliance operating
within 5 % of rated input during the test run).

Al.4.1 Step *—Calculate the average and the standard

eviation for the test result (cooking-energy efficiency or
production capacity) using the results of the first three test runs,

Al.1 For the cooking energy efficiency and production g5 follows:

capacity results, the uncertainty in the averages of at leastthree 1 4 1 1 The formula for the average (three test runs) is as

test runs is reported. For each loading scenario, the uncertaingy|;os:

of the cooking energy efficiency and production capacity must

be no greater thart 10 % before any of the parameters for that Xag = (1/3) X (X + %o + Xo) (AL.1)

loading scenario can be reported. where:

average of results for three test runs, and
results for each test run.

S . L X
Al.2 The uncertainty in a reported result is a measure of its TSXZ X
precision. If, for example, the production capacity for the "~ < L
appliance is 30 Ib/h, the uncertainty must not be greater tha thAlAt.l.% The formu][allfor f[he sample standard deviation
+3 Ib/h. Thus, the true production capacity is between 27 an ree test runs) is as follows:
33 Ib/h. This interval is determined at the 95 % confidence S = (I1N/2) X \/(As — By (A1.2)
level, which means that there is grd 1 in 20chance that the

true production capacity could be outside of this interval.  Where:

S; = standard deviation of results for three test runs,

- 2 2 2
A1.3 Calculating the uncertainty not only guarantees the®s = ()];1) + ()>((2)++X(X+3)X’ and

maximum uncertainty in the reported results, but is also used s = (¥8) X (Xy+ Xo + Xo)"

determine how many test runs are needed to satisfy this Nore A1.3—Eq AL.1 and AL.2 may be used to calculate the average

requirement. The uncertainty is calculated from the standarghd sample standard deviation. However, a calculator with statistical

deviation of three or more test results and a factor from Tabléunction is recommended, in which case be sure to use the sample

Al1.1, which lists the number of test results used to calculate thetandard deviation function. The population standard deviation function

average. The percent uncertainty is the ratio of the uncertaintyill result in an error in the uncertainty.

to the average expressed as a percent. Note Al.4—A s the sum of the squares of each test result,Bisthe
square of the sum of all test results multiplied by a consté#nir( this
case).

TABLE Al.1 Uncertainty Fact . .
nerlamty maclors Al.4.2 Step 2—Calculate the absolute uncertainty in the

Test Results, 1 Uncertainty Factor, C, average for each parameter listed in Step 1. Multiply the
3 2.48 standard deviation calculated in Step 1 by the uncertainty
4 1.59 .
5 124 factor corresponding to three test results from Table Al.1.
g é-gg Al1.4.2.1 The formula for the absolute uncertainty (3 test
8 084 runs) is as follows:
10 079 Us=C3X S, (A1.3)

U= 248X S,
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Al1.4.8 Step 8—Calculate the percent uncertainty in the

Uy = “absolute uncertainty in average for three test runs, anddarameter averages using the averages from Step 6 and the
C; = uncertainty factor for three test runs (Table A1.1). absolute uncertainties from Step 7.

Al1.4.3 Step 3—Calculate the percent uncertainty in each A1.4_1.8.1 The formula for the percent uncertainty (four test
parameter average using the averages from Step 1 and théns) is as follows:

absolute uncertainties from Step 2. %U, = (U,/Xa,) X 100 % (A1.8)
Al1.4.3.1 The formula for the percent uncertainty (3 test where
runs) is as follows: %U, percent uncertainty in average for four test runs,

%U; = (Uy/Xag) X 100 % (AL4) U, absolute uncertainty in average for four test runs,
where: = gcgra e of four test runs
%U; = percent uncertainty in average for three test runs, & = 9 ' i ,
U, = absolute uncertainty in average for three test runs, AL-4.9 Step 9—If the percent uncertainty, ¥y, is not
and greater than=10 % for the cooking energy efficiency and
Xas = average of three test runs. production capacity, report the average for these parameters

along with their corresponding absolute uncertailky, in the

Al.4.4 If th rcent uncertain is n r r than .
the percent uncertainty, 9g, is not greater tha following format:

+10 % for the cooking-energy efficiency and production

capacity, report the average for these parameters along with Xa, = U,

their corresponding absolute uncertairitl, in the following If the percent uncertainty is greater tharl0 % for the

format: cooking energy efficiency or production capacity, proceed to
Xag = Ug Step 10.

If the percent uncertainty is greater tharl0 % for the Al1.4.10 Step 16-The steps reqL_Jired _for five or more test
cooking energy efficiency or production capacity, proceed t uns are the same as those descrlbgd in A1.4.9. More general
Step 5 ’ ormulas are listed below for calculating the average, standard
' ) __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 averaga fest runs) is as
whose percent uncertainty was greater that0 %. foll oW s: '
Al1.4.6 Step 6-~When a fourth test is run for a given loading '

scenario, calculate the average and standard deviation for test % = (UM XG4+ X+ X+ X+ X) (AL9)

results using a calculator or the following formulas: where:
A1.4.6.1 The formula for the average (four test runs) is asn = number of test runs,
follows: Xa, = average of results test runs, and
Xag = (1/4) X (X + X + X5 + X (ALS) X1y Xor Xgy Xgyee X, = results for each test ruh. .
A1.4.10.2 The formula for the standard deviatiam test
where: runs) is as follows:
Xa, = average of results for four test runs, and _ — —
Xy, X0, X3, X, = results for each test run. § = AN (=1) X (VA= By (A1.10)
A1.4.6.2 The formula for the standard deviation (four test where:
runs) is as follows: S = stanzdard d(zaviationzof rESL21|tS fortest rzuns,
Ay = (X)7+ (X)7 + (Xg)” + (Xg)" + ... + (X)7, and
= VI X VA~ B (AL6) B = (1) X (X + X+ Xgt Xt . + X2,
where: A1.4.10.3 The formula for the absolute uncertaintytgst
S, = standard deviation of results for four test runs, runs) is as follows:
Ay = (X)7+ (X" + (X5 + (X%, and U,=Cx S, (AL.11)
By = (Vo) X (Xp+ X+ X5+ X,)>.

A1.4.7 Step 7—Calculate the absolute uncertainty in the where
average for each parameter listed in Step 1. Multiply theYUn = absolute uncertainty in average fottest runs, and

standard deviation calculated in Step 6 by the uncertalnty n = uncertainty factor fon test runs (Table Al. 1)

Al1.4.7.1 The formula for the absolute uncertainty (four testruns) Is as fOHOWS

runs) is as follows: %U,, = (U/Xa,) X 100 % (A1.12)
Uy=Cy XS, (AL1.7) where:
U,=159x S, %U, = percent uncertainty in average fortest runs,
U, = absolute uncertainty in average fotest runs, and
where: o Xa, = average oh test runs.
84 - agsolrltjttien?n?erzaln]}y:? a¥<etra%(ar f(r)]r fo_ll_Jrng'tArluris, and \when the percent uncertainty,% is less than or equal to
4 = uncertainty factor for four test runs (Table A1.1). +10% for the cooking energy efficiency and production
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capacity, report the average for these parameters along with A1.5.4 Step 3—Using Eq Al.4 and the values given in
their corresponding absolute uncertairity, in the following  Al1.5.1, the percent uncertainty is calculated to b&l %
format: (4.29/33.0) - 100 %, or 13.0 %.
Xa, + U, (AL.13) A1.5.5 Step 4-Run a fourth test. Since the percent uncer-
tainty for the production capacity is greater thari0 %, the
Nore Al.5—The researcher may compute a test result that deviategrecision requirement has not been satisfied. An additional test

significantly from the other test results. Such a result should be discard run in an attempt to reduce the uncertainty. The PC from the
only if there is some physical evidence that the test run was not performe, '
ourth test run was 32.5 Ib/h.

in accordance with the conditions specified in this test method. Fo .
example, a thermocouple was out of calibration, the appliance’s input A1.5.6 Step 5—Recalculate the average and standard devia-

capacity was not within 5 % of the rated input, or the food product was notion for the PC using the fourth test resuilt.

within specification. To ensure that all results are obtained under approxi- A1.5.6.1 Using Eq A1.5 and the values given in A1.5.1 and
mately the same conditions, it is good practice to monitor those tesp] 5.5, the new average PC is calculated toxag= (1/4) X
conditions specified in this test method. (33.8 + 34.1 + 31.0 + 32.5), or 32.9 Ib/h.

A1.5.6.2 To calculate the new standard deviation, first
calculate A,” and “B,.” Since A;= (X)) + (%) + (Xg)? +
(X,)?, using the values in A1.5.1 and A1.5.5 yieldlg= (33.87
A1.5.1 Three test runs for the full-load cooking scenario+ (34.1f + (31.0¥ + (32.5¥, thenA, = 4322. Further, sincB,

Al1.5 Example of Determining Uncertainty in Average Test
Result:

yielded the following production capacity (PC) results: = (1/4) X [(Xy+ X+ Xg+ X,)?], using the values in A1.5.1 and
Test PC, Ib/h A1.5.5 yieldsB, = (1/4) X [(33.8 + 34.1 + 31.0 + 32.5), then
Run #1 338 B, = 4316.
Run #2 34.1 . ..
Run #3 310 A1.5.6.3 Using Eq Al.6, the new standard deviation for the

PCisS, = (1h/3) X \/(4322— 4316 , or 1.41 Ib/h.

Al.5.2 Step +—Calculate the average and standard devia- a1 57 Step 6-Using Eq A1.7 and the values given in

tion of the three test results for the PC. _ Al1.5.1 and A1.5.5, the absolute uncertainty, using the new
A1.5.2.1 Averaging the three test results using Eq Al.1 andtandard deviation and uncertainty factor, is recalculated to be
the PC results from A1.5.1 yields the equati¥a= (1/3) -y, = 1.59¢ 1.41, or 2.24 Ib/h.

(33.8 + 34.1 + 31.0), therefor&as= 33.0 Ib/h. A1.5.8 Step 7Using Eq A1.8 and the values given in
A1.5.2.2 To calculate the standard deviation of the three tesk1 5.1 and A1.5.5, the percent uncertainty, using the new

results, first calculateAs” and “Bs.” SinceAq= (X)) + (X)*+  average, is recalculated to bels (2.24/32.9) - 100 %, or
(X5)?, using the values given in A1.5.1 yields= (33.8f + 6.8 %,

(34.1) + (31.0f, thenA, = 3266. Further, sincé,= (1/3) X A1.5.9 Step 8-Since the percent uncertainty,(% is less
[(Xy+ X5+ X5)], using the values given in AL5.1 yiel#=  than +10 %, the average for the production capacity is
(1/3) x [(33.8 + 34.1 + 31.G}, then B,= 3260. reported along with its corresponding absolute uncertaity,
A1.5.2.3 Using Eq Al.2, the new standard deviation for theas “PC: 32.9+ 2.24 Ib/h.” The production capacity can be
PCisS; = (1K /2) X 1/(3266— 3260 , or 1.73 Ib/h. reported assuming the 10 % precision requirement has been

A1.5.3 Step 2-Using Eq A1.3, and the values in A1.5.1, the met for the corresponding cooking energy efficiency value. The
uncertainty in average is calculated to bg= 2.48< 1.73, or  cooking energy efficiency and its absolute uncertainty can be
4.29 Ib/h. calculated following the same steps.

APPENDIX
(Nonmandatory Information)

X1. RESULTS REPORTING SHEETS

Manufacturer

Model

Date

Test Reference Number (optional)

Section 11.1 Test Fryer

Description of operational characteristics:

10
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ulf

Section 11.2 Apparatus

Check if testing apparatus conformed to specifications in Section 6.
Deviations

Section 11.4 Energy Input Rate

Test Voltage (V)

Gas Heating Value (Btu/ft®)
Measured (Btu/h or kW)
Rated (Btu/h or kW)
Percent Difference between Measured and Rated (%)

Section 11.5 Thermostat Calibration

Average Cook-Zone Temperature (°F)
Dial Setting (°F)

Section 11.6 Preheat Energy and Time

Test Voltage (V)
Gas Heating Value (Btu/ft®)
Starting Temperature (°F)
Energy Consumption (Btu or kWh)
Electric Energy Consumption (KW, gas fryers only)
Duration (min)
Preheat Rate (°F/min)

Section 11.7 Idle Energy Rate

Test Voltage (V)

Gas Heating Value (Btu/ft®)
Idle Energy Rate (Btu/h or kW)
Electric Energy Rate (kW, gas fryers only)

Section 11.8 Pilot Energy Ratéd applicable)

Gas Heating Value (Btu/ft®)
Pilot Energy Rate (Btu/h or kW)

11



A8y F 1064

Section 11.9 Cooking Energy Efficiency, Cooking Energy
Rate, and Production Capacity

Heavy Load:
Test Voltage (V)
Gas Heating Value (Btu/ft3)
Cooking Time (min)
Load Size (pieces)
Production Capacity (Ib/h)
Energy to Food (Btu/Ib)
Energy to Basket (Btu)
Cooking Energy Rate (Btu/h or kW)
Electric Energy Rate (kW, gas fryers only)
Energy per Pound of Food Cooked (Btu/lb or kWh/Ib)
Cooking Energy Efficiency (%)
Light Load:
Test Voltage (V)
Gas Heating Value (Btu/ft®)
Cooking Time (min)
Production Capacity (Ib/h)
Energy to Food (Btu/lb)
Energy to Basket (Btu)
Cooking Energy Rate (Btu/h or kW)
Electric Energy Rate (kW, gas fryers only)
Energy per Pound of Food Cooked (Btu/lb or kWh/Ib)
Cooking Energy Efficiency (%)

ASTM International 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 International 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, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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