[lIM/) Designation: F 1991 _ 99 An American National Standard
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INTERNATIONAL
Standard Test Method for
H 1
Performance of Chinese (Wok) Ranges
This standard is issued under the fixed designation F 1991; 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:
performance of Chinese ranges. The food service operator can3.1.1 Chinese rangen—an appliance that cooks food by a
use this evaluation to select a Chinese range and understanddisect or indirect heat transfer, which is powered by a single
energy performance. heat source comprised of either a gas burner or an electrical
1.2 This test method is applicable to nonthermostatically-element or induction technology that is independently con-
controlled, gas and electric Chinese ranges, including botlrolled. Used in conjunction with woks.

discreet burners, elements, and induction units. 3.1.2 energy input rate n—peak rate at which Chinese
1.3 The Chinese range can be evaluated with respect to thange consumes energy (Btu/h or kW).

following (where applicable): 3.1.3 heatup energyn—energy consumed by the Chinese
1.3.1 Energy input rate (10.2), ranges as it is used to raise the temperature of water in a wok
1.3.2 Pilot energy rate, if applicable (10.3), and from 70 = 2°F to 200 2°F under full input rate.
1.3.3 Heatup energy efficiency and production capacity 3.1.4 heatup energy efficiencyr—quantity of energy im-

(10.5). parted to the water, expressed as a percentage of energy
1.4 The values stated in inch-pound units are to be regardezbnsumed by the Chinese range during the heatup event.

as standard. 3.1.5 heatup energy raten—average rate of energy con-

1.5 This standard does not purport to address all of thesumption (Btu/h or kW) during the heatup energy efficiency
safety concerns, if any, associated with its use. It is thdests.
responsibility of the user of this standard to establish appro- 3.1.6 heatup timen—time required to raise the temperature
priate safety and health practices and determine the applicaef the water from 70+ 2°F to 200+ 2°F during a heatup

bility of regulatory limitations prior to use. energy efficiency test.
3.1.7 pilot energy raten—average rate of energy consump-
2. Referenced Documents tion (Btu/h) by a Chinese range’s continuous pilot, if appli-
2.1 ASTM Standards: cable.
D 3588 Method for Calculating Calorific Value and Specific  3.1.8 production capacityn—maximum rate (Ib/h) at which
Gravity (Relative Density) of Gaseous Furels the Chinese range heats water in accordance with the heatup
2.2 ANSI Standard: energy-efficiency test.
ANSI 783.11 American National Standard for Gas Food 3.1.9 testing capacity n—the capacity (gal) at which the
Service Equipment wok is operated during the heatup test, which is at the water
2.3 ASHRAE Standard: level mark.
ASHRAE Guideline 2-1986 (RA90) Engineering Analysis  3.1.10 uncertainty n—measure of systematic and precision
of Experimental Dath errors in specified instrumentation or measure of repeatability

of a reported test result.
3.1.11 water level markn—a level of water, which is even

1 This test method is under the jurisdiction of ASTM Committee F-26 on Food (horizontal) with the top portion of the well or chamber, that
Service Equipment and is the direct responsibility of Subcommittee F26.06 on '

Productivity and Energy Protocol. cradle;s the wok. This will be used to determine thsting
Current edition approved Oct. 10, 1999. Published January 2000. capacity
2Ann_ual Book of ASTM Standardéol 05.05. . 3.1.12 well/chamber n—the ring which supports the wok
Available from American National Standards Institute, 11 W. 42nd St., lSthover the heat source.
Floor, New York, NY 10036. .
4 Available from the American Society of Heating, Refrigerating, and Air 3.1.13wok n—a bowl Shaped vessel used to contain the
Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329. water that is being heated by the Chinese range.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4. Summary of Test Method 6.6 Pressure Gagefor monitoring gas pressure. It shall

4.1 The Chinese range is connected to the appropriatjéave arange of zero to 15 in,8, a resolution of 0.5 in. kD,
metered energy source, and energy input rate is determined f8Pd @ maximum uncertainty of 1 % of the measured value.
each type of cooking well on the Chinese range and for the ©-7 Stop Watchwith a 1-s resolution. _
entire Chinese range (all cooking wells operating at the sam%G'8 Temperature Sensofor measuring gas temperature in
time) to confirm that the appliance is operating within 5 % of th€ range of 50 to 100°F with an uncertainty 01°F.
the nameplate energy input rate. The pilot energy consumption 8- Thermocouple(s)industry standard Type T or Type K

also is determined when applicable to the Chinese range beirigermocouple Wi:e with a range of 50°F to 250°F and an
tested. uncertainty of=1°F.

6.10 Watt-Hour Meter for measuring the electrical energy
onsumption of a Chinese range, shall have a resolution of at
east 10 Wh and a maximum uncertainty no greater than 1.5 %
of the measured value for any demand greater than 100 W. For
any demand less than 100 W, the meter shall have a resolution
of at least 10 Wh and a maximum uncertainty no greater than
10 %.

4.2 Energy consumption and time are monitored as each
well of the Chinese range is used to heat the water in the wo
from 70 to 200°F (21 to 93°C) at the full-energy input rate.
Heatup energy efficiency and production capacity are calcu
lated from this data.

5. Significance and Use

5.1 The energy input rate is used to confirm that the Chinesg, Reagents and Materials
range under test is operating at the manufacturer’s rated input.
This test also indicates any problems with the electric poweballon Distilled water may be used

supply or gas service pressure. 7.2 Wok due to the varying wok styles, shapes, and mate-

5.2 The pilot light, where applicable, energy rate can b&iis the testing wok shall be the wok recommended by the
used by the food service operator to estimate energy CONSUMP;4nufacturer for the Chinese range to be tested
tion during noncooking periods. '

5.3 Heatup energy efficiency is a precise indicator of Chi-g Sampling

nese range energy performance under full-load conditions. This8 1 Chi R Select tati ducti
information enables the food service operator to consider ~° INeése Range-Select a representative production

energy performance when selecting a Chinese range. model for performance testing.

5.4 Production capacity is used by food service operators tg
choose a Chinese range that matches their food output require-

7.1 Water, having a maximum hardness of three grains per

Preparation of Apparatus

ments. 9.1 Install the Chinese range according to the manufactur-
er's instructions undea 4 ft deep canopy exhaust hood
6. Apparatus mounted against a wall with the lower edge of the hoddéf6

. . from the floor. Position the Chinese range so the front edge is
6.1 Analytical Balance Scajdor measuring water and Wok g i, inside the front edge of the hood. The length of the

weights with a resolution of 0.01 Ib and an uncertainty of 0.01gy}5;5t hood and active filter area shall extend a minimum of
Ib. ) ) 6 in. beyond both sides of the Chinese range. In addition, both
6.2 Barometey for measuring absolute atmospheric pres-siges of the Chinese range shall be 3 ft from any side wall, side
sure, to be used for adjustment of measured gas volume {9,tition, or other operating appliance. The exhaust hood
standard conditions, and it shall have a resolution of 0.2 in. Hg,entilation rate shall be 300 cfm per linear foot of the hood
and an uncertainty of 0.2 in. Hg. length. The associated heating or cooling system for the space

6.3 Canopy Exhaust Hogd ft in depth, wall-mounted with  shall be capable of maintaining an ambient temperature of 75
the lower edge of the hood % ft from the floor and with the  + 5°F within the testing environment while the exhaust

capacity to operate at nominal exhaust ventilation rate of 30Qentilation system is operating.

cfm per linear foot. This hood shall extend a minimum of 6in. 9.2 Connect the Chinese range to a calibrated energy test
past both sides of the cooking appliance and shall not incormeter. For gas installations, install a pressure regulator down-
porate side curtains or partitions. Makeup air shall be de'iveregtream from the meter to maintain a constant pressure of gas
through face registers or from the space, or both. for all tests. Install instrumentation to record both the pressure
6.4 Data Acquisition Systemfor measuring energy and and temperature of the gas supplied to the Chinese range and
temperatures, capable of multiple channel displays updating &tie barometric pressure during each test so that the measured
least every 2 s. gas flow can be corrected to standard conditions. For electric
6.5 Gas Meter for measuring the gas consumption of ainstallations, a voltage regulator may be required during tests if
Chinese range, shall be a positive displacement type with the voltage supply is not withir2.5 % of the manufacturer’s
resolution of at least 0.01%and a maximum uncertainty of no nameplate voltage.
greater than 1 % of the measured value for any demand greater9.3 For a gas Chinese range, adjust (during maximum
than 2.2 ff/h. If the meter is used for measuring the gasenergy input) the gas supply pressure downstream from the
consumed by the pilot lights, it shall have a resolution of atappliance’s pressure regulator to withir2.5 % of the operat-
least 0.01 ft and a maximum uncertainty no greater than 2 %ing manifold pressure specified by the manufacturer. Make
of the measured value. adjustments to the appliance following the manufacturer’s
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recommendations for optimizing combustion. Proper combus- 10.2.3 If an electrical unit cycles within the 15-min time

tion may be verified by measuring air free CO in accordanceeriod required for the test, record only the energy used during

with ANSI Z83. the noncycling period starting from the instant that the cooking
9.4 For an electric Chinese range, confirm (while theunit has been turned on.

elements are energized) that the supply voltage is within 10.2.4 For an electric Chinese range, operate one of the

+2.5 % of the operating voltage specified by the manufacturecooking unit’s wells with the control(s) in the full “on” position

Record the test voltage for each test. and record the energy consumption of the cooking unit for the

. . . : next 15 min.
Note 1—It is the intent of the testing procedure herein to evaluate the

performance of a Chinese range at its rated gas pressure or electricNote 4—When confirming the nameplate rated input for an induction

voltage. If an electric unit is rated dual voltage, that is, designed to operat€hinese range, the wok must be in the well/chamber and filled with water
at either 208 or 240 V with no change in components, the voltage selecte a level which prevents the wok from boiling dry over the 15-min test

by the manufacturer, or tester, or both, shall be reported. If a Chinesperiod. Allowing the wok to boil dry may cause damage to the induction

range is designed to operate at two voltages without a change in thenit, or the wok, or both.

ree)grs;zlrgemg;tdhiﬁe? Z?ttlﬂg t\?vlgn\:sl?;ze;he performance of the unit, for 10.2.5 R_epeat the procedure in 10._2.1 through 10.2.4 for
each cooking well/chamber on the Chinese range and record
10. Procedure the energy consumption for the specified time period, as well as
10.1 General t_he position of the cooking well/chamber, for example, left to
right, or left front, left rear etc.
Note 2—Prior to starting these test methods, a tester should read the 10.2.6 Repeat the procedure in 10.2.1 through 10.2.4 oper-
operating manual and fully understand the operation of the appliance. ating all of the Chinese range cooking wells at the same time,
10.1.1 For gas Chinese range, record the following for eacfecording the energy consumption of the entire Chinese range
test run: for the specified time period.
10.2.7 In accordance with 11.4, report the measured energy
ut rate for separate cooking unit tested and for entire
inese range (all cooking units operating at the same time).
Report the nameplate rating for each separate cooking unit
tested and for the complete Chinese range when applicable.

10.1.1.1 Higher heating value, )

10.1.1.2 Standard gas pressure and temperature used !
correct measured gas volume to standard conditions,

10.1.1.3 Measured gas temperature,

10.1.1.4 Measured gas pressure,

10.1.1.5 Barometric pressure, Note 5—The nameplate rated input of a Chinese range is specified

10.1.1.6 Ambient temperature, and generally as the sum of the nameplate ratings of each of the individual

. . . . . cooking units located on the Chinese range. For example, a Chinese range
10.1.1.7 Energy input rate during or immediately prior to with two 80 000-Btu/h burners has a nameplate rating of 160 000 Btu/h.

test. Due to this fact, the measured input rate of the entire Chinese range top is

Note 3—Using a calorimeter or gas chromatograph in accordance Witﬁometimes different from the nameplate rating. The nameplate rating is

accepted laboratory procedures is the preferred method for determinifgP™Pared (see 10.2.6) against the measured rating for the entire Chinese
the higher heating value of gas supplied to the Chinese range under te5¢n9€: The remainder of the test contained in this test method concentrates

It is recommended that all testing be performed with natural gas having gn individual cooking u.ni_ts; therefore, it is.importan_t that the mea;_ured
higher heating value of 1000 to 1075 Btd/ft input rates of the individual cooking units fall within the specified

variance from their nameplate rating.

10.1.2 I_:or a gas Chinese range, add any electric €Ner9Y 10.2.8 Confirm that the measured input rate or power (Btu/h
consumption to gas energy for all tests, with the exception 0¥or a gas Chinese range and kW for an electric Chinese range)
the energy input rallte tgst (ts]_ee 10.2). d the followi is within 5 % of the rated nameplate input or power. It is the
. 10'1';’; For an electric Chinese range, record the followingp et of the testing procedures herein to evaluate the perfor-
or each test run: mance of a Chinese range at its rated energy input rate. If the

10.1.3.1 Voltage while elements are energized, difference is greater than 5 %, terminate testing and contact the

10.1.3.2 Amblent. temperature,_and _ . _ manufacturer. The manufacturer may make appropriate

10.1.3.3 Energy input rate during or immediately prior to changes or adjustments to the Chinese range or supply another
test run. Chinese range for testing.

10.1.4 For each test run, confirm that the peak input rate is 10.3 Pilot Energy Rate (Gas Models with Standing Pilots)
within £5 % of the rated nameplate input. If the difference is  10.3.1 Where applicable, set the gas valve that controls gas
greater than 5 %, terminate testing and contact the manufagupply to the appliance at the “pilot” position. Otherwise, set
turer. The manufacturer may make appropriate changes @he Chinese range temperature controls to the “off” position.
adjustments to the Chinese range. 10.3.2 Light and adjust pilots according to the manufactur-

10.2 Energy Input Rate er's instructions.

10.2.1 For a gas Chinese range, operate one of the cooking10.3.3 Record the gas reading after a minimuit8 dv of
unit’s wells with the control(s) in the full “on” position. Allow  pilot operation.
the cooking unit to operate for 15 min. 10.3.4 Allow the pilots to operate for the remainder of the

10.2.2 At the end of the 15-min stabilization period, begintests listed in this procedure. Do not extinguish pilots until all
recording the energy consumption for the cooking unit for thetesting is completed.
next 15 min. 10.4 Testing Capacity
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10.4.1 Fill the wok with water to the water level mark for  10.5.11 Calculate the heatup energy efficiency and produc-
the energy efficiency test. The water level mark is determinedion capacity for the cooking unit in accordance with 11.6 and
by filling the wok with water until it is level with the top of the 11.6.2.

well/chamber (see Fig. 1). This will be the testing capacity. ~ 10.5.12 Repeat 10.5.5-10.5.11 until each well/chamber

Note 6—The water level mark represents a real-world amount of a0Urner or element has been tested.
testing medium, thereby reflecting traditional cooking styles and usage of
a Chinese range/wok. 11. Calculation and Report

10.4.2 Weigh and record the weight of the water in the wok. 11.1 Test Chinese Range
This will be used for the heatup energy efficiency and produc- 17 1.1 Summarize the physical and operating characteristics

tion capacity test. of the Chinese range. If needed, describe other design or

10.5 Heatup Energy Efficiency and Production Capacity operating characteristics that may facilitate interpretation of the
10.5.1 This procedure is comprised of one 30-min stabilitast results.

zation run, followed by a minimum of three separate test runs 11.2 Apparatus and Procedure
at the full input rate. The reported values of heatup energy , )
efficiency and production capacity shall be the average of a 11.2.1.(':on'f|rm t.hat the.testlng apparatus conformgd to all of
least three test runs. Additional test runs may be necessary {%e specifications in Section 6. Describe any deviations from
obtain the required precision for the reported test resultd0Se specifications.
(Annex Al). 11.2.2 For electric Chinese range, report the voltage for
10.5.2 Verify that the wok is at 75 5°F. each test.
10.5.3 Weight and record the weight of the empty wok. 11.2.3 For gas Chinese range, report the higher heating
10.5.4 The wok shall have the thermocouple suspeted value of the gas supplied to the Chinese range during each test.
in. from the bottom center of the wok. 11.3 Gas Energy Calculations

10.5.5 Fill the wok with water to the amount determined in 11 3 1 For gas Chinese range, add electric energy consump-

10.4 with 70+ 2°F water and record the temperature. tion to gas energy for all tests, with the exception of the energy
10.5.6 Set the cooking unit controls at 1805 % of the input rate test (see 10.2).

full-energy input rate and allow the unit to operate for 30 min. 11.3.2 For all gas measurements, calculate the energy con-

Note 7—When performing test in succession(s), it is not necessary tesumed based on the following equation:
conduct the 30-min stabilization test provided the burners are not turned Ejes= V X HV )
off between test for more than 2 min; however, if the wok’s burners or as
elements are turned off for more than two min between test, the 30-minWhere:
stabilization period must be reestablished.

E
10.5.7 At the end of the 30-min stabilization period, while HV
the burners are still on a 108 5 % of the full-energy input

energy consumed by the appliance,
higher heating value,
energy content of gas measured at standard condi-

rate, place the wok with the measured amount of water in the tions, Btu/ft,

well/chamber. V = actual volume of gas corrected for temperature and
10.5.8 Record the time and energy (including any electric pressure at standard conditions, #ind

energy used by a gas Chinese range) required to raise the water = VmeasX TerX Per.

temperature to 200°F.
10.5.9 Between tests, cool the wok to 75 5°F before
1 N Vmeas
running the remaining tests. T
10.5.10 Repeat 10.4.5 through 10.4.9 for the remaining test. f

where:

measured volume of gas3ft
temperature correction factor,
absolute standard gas temperattiR

absolute actual gas temperatutR

Water Level Mark

absolute standard gas temperattiR
[gas tempF + 459.67 °R k

pressure correction factor,
absolute actual gas pressynasia

absolute standard pressurgsia ’

Well/Chamber cf

and

= gas gage pressur@sig+ barometric pressurgasia

@ @ @ absolute standard pressurgesia

Note 8—Absolute standard gas temperature and pressure used in this
calculation should be the same values used for determining the higher
U H heating value. Standard conditions using Practice D 3588 are 14.696 psia

Chinese Range

(101.33 kPa) and 60°F (519.67°R) (288.71°K).
FIG. 1 Water Level Test Mark 11.4 Energy Input Rate
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11.4.1 Report the manufacturer's nameplate energy inputr, beginning temperature of the water, that is
rate in Btu/h for a gas Chinese range and kW for an electric specified as 76 2°F (21 =+ 1°F)

Chinese range and for the complete Chinese range (see Nog, . energy into the wok, and
5). Wiyox X CPuok X To — Ty

11.4.2 For gas or electric Chinese range, calculate and
report the measured energy input rate (Btu/h or kW) based onvhere:
the energy consumed by each cooking unit and by the entireMwok
Chinese range during the period of peak energy input accord- Rwok
ing to the following relationship:

weight of wok, as specified in 6.5,

specific heat of wok, specified as either:

aluminum = 0.22 Btu/lb - °F, or steel = 0.11

Btu/lb - °F, and

E >i 60 (2)  Eappiance = €Nergy consumed by the cooking unit during
the test, Btu, including any electric energy

where: consumed by gas wok.

qinput =

Gnput = Measured peak energy input rate, Btu/h or kW, 11.6.2 Calculate and report the production capacity (Ib/h)
E = energy consumed during period of peak energyfor the full-energy input rate based on the following:

input, Btu or kWh, and W X 60
t = period of peak energy input, min. PC=— (5)

11.4.3 Calculate and report the percent difference between
the manufacturer's nameplate energy input rate and the meawhere:

sured energy input rate. PC = production capacity of the Chinese range, Ib/h,
11.5 Pilot Energy Rate W = total weight of the water (excluding pan weights)
11.5.1 Calculate and report the pilot energy rate (Btu/h) during test, Ib, and _
based on the following: t = total heatup time for the test, min.
Opitot = EXTGO (3)  12. Precision and Bias

12.1 Precision
pilot energy rate, Btu/h 12.1.1 Repeatability (Within Laboratory, Same Operator

energy consumed during the test period, Btu, and and Equipment) ) i
test period, min. 12.1.1.1 For the heatup energy efficiency and production
11.6 Heatup Energy Efficiency, and Production Capacity capacity results, the percent uncertainty in each result has been

11.6.1 Calculate and report the heatup energy efiiciency fopPecified to be no greater than10 % based on at least three

where:
qpilot
E

t

the heatup tests based on the following: test runs.
12.1.1.2 The repeatability of each remaining reported pa-
_ Ewater+ Ewok H b H d H d
Neook = —, ——= X 100 (4) rameter is being determined.
i 12.1.2 Reproducibility (Multiple Laboratories)
where: . 12.1.2.1 The interlaboratory precision of the procedure in
Mheawp = NeAUp energy efficiency, % this test method for measuring each reported parameter is being
ater = €nergy into the water, and determined.
= Waater ¢ CPuater X T2 = Ta. 12.2 Bias—No statement can be made concerning the bias
where: of the procedures in this test method because there are no
W,.er = Weight of water in the wok, which is specified as accepted reference values for the parameters reported.

the water level mark,
Cpuater = Specific heat of water = 1.0 Btu/lb- °F (418.7 13. Keywords

kg - °K), 13.1 Chinese range; iency; ime;

_ . . . . ge; energy efficiency; heatup time; perfor-

T - endzlggotgmggoréture of the water, that is specified mance; production capacity; uniform test procedure; water
as ( ), level mark; well/chamber; wok
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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 \yhere:
determining the confidence interval of the average of several test results = average of results for three test runs, and
(ASHRAE Guideline 2-1986(RA90)). It only should be applied to test X 3X2 X5 = results for each test run '

results that have been obtained within the tolerances prescribed in this L -
method, for example, thermocouples calibrated, appliance operatin Al.4.1.2 The formula for the sample standard deviation

within 5 % of rated input during the test run. ahree test runs) is as follows:
_ ) S; = (1\/2) X \/(A; — By) (A1.2)

Al.1 For the heatup energy efficiency and production V2 2o
capacity results, the uncertainty in the averages of at least threghere: o
test runs is reported. For each loading scenario, the uncertaintps = standard deviation of results for three test runs,
of the heatup energy efficiency and production capacity must™s = (X/l) X (X)™ (X3), gnd
be no greater tharr 10 % before any of the parameters for that By = (1/3) X (Xy#+ Xa+ Xg)~
loading scenario can be reported. Note Al1.3—The formulas may be used to calculate the average and

sample standard deviation; however, a calculator with statistical function

Al1.2 The uncertainty in a reported result is a measure of it$ recommended, in which case be sure to use the sample standard

precision. For example, if the production capacity for the_dewatlon fu_nctlon. The pqpulatlon standard deviation function will result
. . . in an error in the uncertainty.

appliance is 100 Ib/h, the uncertainty must not be greater than . L
+10 Ib/h; thus, the true production capacity is between 90 an Nore AL4—The "A" quantity IS the sum of the squares of each test
- P _p g p Yy ) qesult, and the “B” quantity is the square of the sum of all test results
110 Ib/h. This interval is determined at the 95 % confidencenyitiplied by a constantyin this case).
level, which means that there is grd 1 in 20chance that the

true production capacity could be outside of this interval. Al.4.2 Step 2-Calculate the absolute uncertainty in the

average for each parameter listed in Step 1. Multiply the
: . standard deviation calculated in Step 1 by the Uncertainty
AL3 Calculating the uncertainty not only guarantees thﬁ:actor corresponding to three test results from Table Al.1.

maximum uncertainty in the reported results, but also is used to .
determine how many test runs are needed to satisfy this r/?sl)?szai f-:—) ngvtlc;r.mulaforthe absolute uncertainty (three test

requirement. The uncertainty is calculated from the standarf’
deviation of three or more test results and a factor from Table Us =G X S (AL1.3)
Al.1, which lists the number of test results used to calculate the U; = 248X S,

average. The percent uncertainty is the ratio of the uncertainty(Nhere_

to the average expressed as a percent. U; = absolute uncertainty in average for three test runs, and

Ald P q C; = uncertainty factor for three test runs (see Table A1.1).
-+ Frocedure Al1.4.3 Step 3—Calculate the percent uncertainty in each
Note Al.2—Section A1.5 shows how to apply this procedure. parameter average using the averages from Step 1 and the

bsolute uncertainties from Step 2.
A.l".l'l Step i—Calculate the average and t_he standarda Al1.4.3.1 The formula for the percent uncertainty (three test
deviation for the test result (heatup-energy efficiency or pro- ; .
. . . h runs) is as follows:
duction capacity) using the results of the first three test runs, as

follows: %U; = (Uy/Xag) X 100 % (A1.4)
Al1.4.1.1 The formula for the average (three test runs) is asyhere:
follows: %U; = percent uncertainty in average for three test runs,
Xay = (1/3) X (X, + X, + Xo) (AL.1) U, = abzolute uncertainty in average for three test runs,
an
Xaz; = average of three test runs.

Al.4.4 If the percent uncertainty, %ls not greater thart

TABLE Al.1 Uncertainty Factors . . .
10 % for the heatup-energy efficiency and production capacity,

Test Results, n Uncertainty Factor, Cn . .
report the average for these parameters along with their
: 22 corresponding absolute uncertainty, ih the following for-
5 1.24 mat:
6 1.05
7 099 Xag = U, (AL1.5)
g 83‘7‘ If the percent uncertainty is greater thanlO % for the
10 072 heatup energy efficiency or production capacity, proceed to

Step 5.
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Al.4.5 Step 5—Run a fourth test for each whose percentformulas are listed in A1.4.10.1 and A1.4.10.2 for calculating
uncertainty was greater thanl0 %. the average, standard deviation, absolute uncertainty, and
Al1.4.6 Step 6-When a fourth test is run for a given loading percent uncertainty.
scenario, calculate the average and standard deviation for testA1.4.10.1 The formula for the average {est runs) is as

results using a calculator or the following formulas: follows:
f |,|A1.4.6.1 The formula for the average (four test runs) is as Xa, = (L) X (X, + X, + X5 + Xy + o+ X)) (ALLL)
ollows:

Xay, = (1/4) X (X, + X5 + X5 + X A16 where:
AR (L0 n number of test runs,

where: Xa, = average of results n test runs, and

Xa, = average of results for four test runs, and Xy, Xy, X3, X, ... X, = results for each test run.

X1, Xy, Xg, X, = results for each test run. A1.4.10.2 The formula for the standard deviatiam tést
Al1.4.6.2 The formula for the standard deviation (four testruns) is as follows:

runs) is as follows: S, = 1IN/(D) x \/(Ar By (AL12)

S, = (1N/3) X \/(A,~B,) (AL.7) where:

where: S, = standard deviation of results fartest runs,

S, = standard deviation of results for four test runs, A, = (X)P+ (X)) + (X + (Xp)? + ... + (X,)? and

A, = (X% (X% (Xg)*+ (X,)? and Bn = (U)X (Xy+ Xy + Xg+ X5+ ...+ X)2.

By = (Ya) X (Xy+ Xo+ Xt Xp)s. A1.4.10.3 The formula for the absolute uncertaintytgst
A1.4.7 Step #~Calculate the absolute uncertainty in the runs) is as follows:

average for each parameter listed in Step 1. Multiply the U,=C, XS, (A1.13)

standard deviation calculated in Step 6 by the uncertainty

factor for four test results from Table A1.1. where:
A1.4.7.1 The formula for the absolute uncertainty (four testU, = absolute uncertainty in average fotest runs, and

results) is as follows: C,, = uncertainty factor fon test runs (see Table A1.1).

Al1.4.10.4 The formula for the percent uncertaintytést
runs) is as follows:

%U, = (U/Xa,) X 100 % (A1.14)

U,=C, xS, (A1.8)
U,=159xS,

where:
U, = absolute uncertainty in average for four test runs, and \ONhere:_
C, = the uncertainty factor for four test runs (see Table L/J"Un -

Al.1). no -
Al1.4.8 Step 8—Calculate the percent uncertainty in the Xa, = average o test runs. 0
parameter averages using the averages from Step 6 and the/Vhen the percent uncertainty, {QUS less than or (_equal to
absolute uncertainties from Step 7. = 10 % for the heatup energy efficiency and productlon_ capac-
A1.4.8.1 The formula for the percent uncertainty (four testily: report the average for these parameters along with their
runs) is as follows: corresponding absolute uncertainty,, Uh the following for-

percent uncertainty in average fortest runs,
absolute uncertainty in average fotest runs, and

%U, = (U/Xa,) X 100 % (A1.9) mat

U, = X (] .

N 478 Xa, * U, (A1.15)

\é/vfbere:_ t tainty i for f test Note Al.5—The researcher may compute a test result that deviates
04 _ percent uncertainty in average for four test runs, significantly from the other test results. Such a result should be discarded
U, = absolute uncertainty in average for four test runs, oy if there is some physical evidence that the test run was not performed

and according to the conditions specified in this method. For example, a

Xa, = average of four test runs. thermocouple was out of calibration, the appliance’s input capacity was

Al1.4.9 Step 9-If the percent uncertainty, %jJJ is not not within 5% of the rated input, or the food product was not within
greater than+10 % for the heatup energy efficiency and specification. To assure that all results are obtained under approximately
production capacity, report the average for these parameteVée same conditions, it is good practice to monitor those test conditions
along with their corresponding absolute uncertainty, ibithe ~ SPecified in this test method.

following format: Al.5 Example of Determining Uncertainty in Average Test
Xa, = U, (A1.10) Result
If the percent uncertainty is greater tharil0 % for the A1.5.1 Three test runs for the cooking scenario yielded the
heatup energy efficiency or production capacity, proceed tgollowing production capacity (PC) results:
Step 10. Test PC

A1.4.10 Step 16-The steps required for five or more test

runs are the same as those described above. More general Run No. 1 110 Ib/h
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Run No. 2 104 Ib/h Xa4 = (l/4)>< (Xl + X2 + X3 + XA), (A121)
Run No. 3 101 Ib/h Xa, = (1/4) X (110+ 104+ 101+ 106),
Al1.5.2 Step —Calculate the average and standard devia- Xa, = 105 Ib/h

tion of the three test results for the PC.

AL1.5.2.1 The average of the three test results is as follows; A1:5.6.2 The new standard deviation is. First calculatg™ A

and “B,"
Xag = (1/3) X (X + X, + Xy), (A1.16) , , , ,
Xag = (1/3)X (110+ 104+ 10D), Ag = (XD + (X7 + (X" + (X5 (A1.22)
Xag = 105 Ib/h A, = (110° + (104 + (10D + (106,
A1.5.2.2 The standard deviation of the three test results is as Aq =44 353
follows. First calculate “A” and “Bj™: B, = (1/4) X [(Xy + X, + X5 + X%,
Az = (X2 + (X2 (Xp)% (A1.17) B, = (1/4) X [(110+ 104+ 101+ 106)?],
A; = (110° + (1042 + (1023 B, = 44310
A; = 33117 Al1.5.6.3 The new standard deviation for the PC is as
Bs = (1/3) X [(X; + X, + X9, follows:
B; = (1/3) X [(110+ 104+ 101)2]’ S, = (l/\/é) X \/(44 353 — 44 31§) (A1.23)
B, = 33075 S, =3.79 Ib/h
A1.5.2.3 The new standard deviation for the PC is as Al.5.7 Step 6—Recalculate the absolute uncertainty using
follows: the new standard deviation and uncertainty factor.
S; = (1N/2) X /(33117 -3307h (A1.18) U, = 1.59X G, (A1.24)
S; = 4.581b/h U, = 1.59x 3.79,
A1.5.3 Step 2—Calculate the uncertainty in average: U, = 6.031b/h
Uy = 248X S, (A1.19) Al1.5.8 Step #Recalculate the percent uncertainty using
Us = 2.48X 4.58, the new average.
Us = 11.4 Ib/h %U, = (U/Xa,) X 100 %, (A1.25)

%U, = (6.03/105 X 100 %,
%U, = 5.74 %

Al1.5.4 Step 3—Calculate percent uncertainty:

%U; = (Uy/Xag) X 100 %, (A1.20)
%U, = (11.4/109% 100 %, Al1.5.9 Step 8-Since the percent uncertain_ty, %Us Ie;s .
than = 10 %; the average for the production capacity is

%U, = 10.9 % o . .
) reported along with its corresponding absolute uncertainty, U
A1.5.5 Step 4-Run a fourth test. Since the percent uncer-55 follows:

tainty for the production capacity is greater thari0 %, the
precision requirement has not been satisfied. An additional test
is run in an attempt to reduce the uncertainty. The PC from the The production capacity can be reported assuming the

PC: 105+ 6 Ib/h (A1.26)

fourth test run is 106 Ib/h. +10 % precision requirement has been met for the correspond-
A1.5.6 Step 5—Recalculate the average and standard deviaing heatup energy efficiency value. The heatup energy effi-
tion for the PC using the fourth test result: ciency and its absolute uncertainty can be calculated following
A1.5.6.1 The new average PC is as follows: the same steps.
APPENDIX

(Nonmandatory Information)

X1. RESULTS REPORTING SHEETS
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Manufacturer

Model

Date

Test Reference Number (optional)

Section 11.1 Test Chinese Range

Description of operational characteristics:

Section 11.2 Apparatus

Check if testing apparatus conformed to specifications in section 6.
Deviations:

Section 11.3 Testing Capacity
Testing capacity (pounds)
Section 11.3 Maximum 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 11.8 Pilot Energy Rate (if applicable)

Gas Heating Value (Btu/ft’)
Pilot Energy Rate (Btu/h)

Section 11.9 Heatup Energy Efficiency and Heatup Energy Rate

Test Voltage (V)

Gas Heating Value (Btw/ft’)
Heatup Time 70°F to 200°F (min)
Production Capacity (Ib/h)
Energy to Food (Btu/lb)

Energy to Appliance (Btu/lb)
Heatup Energy Efficiency (%)
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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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