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Foreword
This standard will replace GR/T 6412-1986 "Test method for household coal and stoves".
The main changes are as follows compared to GB/T 6412-1986:
——Uniform application of international system of units and legal units of measurements compatible with the international system of units;
——Add the reference standard of coal industry and elemental analysis (see Chapter 2);
——Add the "Terms , definitions and symbols" (see Chapter 3);
——Remove the fire method of "one usage one fire-blocking" (1.4c) and 3.3 of 1986 edition);
——Modify the test methods of evaluation indicators , and no longer require to repeat the indicator measurements with different fire methods (3.2.3 of 1986 edition; 6.1 of this edition);
——Remove the "smoke concentration" related tests and calculation of "average smoke concentration" (3.1.4 and 4.1.12 of 1986 edition);
——Remove the test method of "carbon monoxide concentration in the chimney" and calculation of "average carbon monoxide concentration" (3.1.12 and 4.2.1 of 1986 edition);
——Remove the test method of "stove inlet temperature" and calculation of "average stove inlet temperature" (3.1.13 and 4. 2. 4 of 1986 edition);
——Remove the test method of "stove shell temperature" and calculation of "average stove shell temperature" (3.1.14 and 4.2.5 of 1986 edition);
——Modify the matching requirements of test coal and stoves (3.1.2 of 1986 edition; 6.3.1, 6.3.2 and 6.3.3 of this edition);
——Add the test method of "time for roasting" and calculation of "time for roasting" and "average temperature for roasting" (see 6.4.10, 7.2.6 and 7.2.11);
——Modify the fire method of "multiple usage (fire-blocking) continuous combustion", the last combustion does not block the fire, thus modify the calculation formula of "thermal efficiency" and "cinder heat loss rate" respectively (3.2, 4.1.9b) and 4.1.l0b) of 1986 edition and 6.5.4, .2.9b) and 7.2.10b) of this edition);
——Add the test method and requirements for the volume fraction of carbon monoxide leak of the stoves (see 4.1.1, 6.6 and 7.2.13);
——Add the test method of "solid sulfur mass fraction" indicator (see 7.2.12);
——Remove the Annex A, B, C, D, E and F. 
This standard is proposed and under the jurisdiction of China Coal Industry Association.
This standard was drafted by: China University of Mining and Technology (Beijing), Pingdingshan Coal (Group) Co., Ltd., and Huaibei Mining (Group) Co., Ltd..
The main drafters: Tian Zijian, Yu Limin, Li Wei, Li Jun, Liu Xiaoyang and Wu Yunxia.
The previous versions of this standard:
——GB/T 6412-1986.





Test method for household coal and stoves

1	Scope
This standard specifies the contents related to the test method for household coal and stoves including terms, definitions and symbols, test principle and indicators, test conditions, test procedures and test results calculation and evaluation.
This standard applies to the performance indicator test of household coal and stoves using coal as fuel (hereinafter referred to as stoves).

2	Normative references
The following standards contain provisions which, through reference in this text, constitute provisions of this standard. For dated reference, subsequent amendments to (excluding correction to), or revisions of, any of these publications do not apply. However, the parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards. For undated references, the latest edition of the normative document referred to applies.

	GB/T 211
	Total moisture measurement method in coal (GB/T 211-2007, ISO 589:2003, NEQ)

	GB/T 212
	Industrial analysis method of coal (GB/T 212-2008, ISO 11722:1999, NEQ)

	GB/T 213
	Determination method of coal calorific value (GB/T 213-2008, ISO 1928:1995, MOD)

	GB/T 214
	Determination method of total sulfur in coal (GB/T 214-2007, ISO 334:1992, ISO 351:1996, NEQ)

	GB/T 476
	Determination method of carbon and hydrogen in the coal(GB/T 476-2008, ISO 625:1996, MOD)

	GB/T 13593
	Civilian honeycomb briquette (GB/T 13593-1992)



3 	Terms, definitions and symbols
3.1	Terms and definitions
The following terms and definitions apply to this standard.
3.1.1

	time of ignition	
	The elapsed time needed for the stove to heat the evaporation boiler with coal from 25 °C to 55 °C
Note: expressed in minutes.
3.1.2

	time of burning	
	The elapsed time needed for the stove to heat the evaporation boiler with coal from 25 °C to 80 °C
Note: expressed in minutes.
3.1.3

	time of intense burning  	
	The elapsed time needed for the stove to heat the evaporation boiler with coal from boiling point down to 2 °C below the boiling point
Note: expressed in minutes.
3.1.4

	time of cooking	
	The elapsed time needed for the stove to heat the evaporation boiler with coal from 80 °C to the boiling point and down back to 80 °C
Note: expressed in minutes.
3.1.5

	total time of the combustion  	
	The elapsed time needed for the stove to heat the evaporation boiler with coal from 25 °C to the boiling point and down back to 80 °C
Note: expressed in minutes.
3.1.6

	time for roasting 	
	The time to keep the stove door temperature above 205°C with the heat provided by stove
	Note: expressed in minutes.
3.1.7
	cinder
	The mixture of cinder and the fine coal leaked to the grate after each test


3.2 	Symbols
The symbols in Table 1 apply for this standard.
Table 1 Main symbols

	No.
	Name
	Symbol
	Unit
	Description

	1
	Average fire intensity
	

	

	Effective heat available to the evaporation boiler in unit time of cooking

	2
	Receive-based lower calorific value of the test coal
	

	

	Test data

	3
	Receive-based lower calorific value of the first pyrophoric material
	

	

	Test data. First pyrophoric material includes flash coal or match, etc.

	4
	Receive-based lower calorific value of the second pyrophoric material
	

	

	Test data. Second pyrophoric material includes paper or shavings, etc.

	5
	Average temperature for roasting
	

	°C
	The arithmetic average of the stove door temperature during the time when the stove door temperature is above 205 °C.

	6
	Temperature for roasting
	

	°C
	
The stove door temperatures during the time when the stove door temperature is above 205 °C.  is the 1st to nth temperature respectively.

	7
	Saturated steam enthalpy under the boiling temperature
	

	

	The evaporation temperature can use the water boiling point temperature which is determined by the local altitude. Then further determine the steam enthalpy.

	8
	Mass of evaporation boiler
	

	

	

	9
	Mass of test coal
	

	

	

indicate the mass of test coal under the fire method in 6.1a), and indicate the total mass of 11 test coals under the fire method in 6.1b)

	10
	Mass of dry cinder
	

	

	

indicates the cinder mass under the fire method in 6.1a). indicates the cinder mass of the 1st to 6th test under the fire method in 6.1b)

	11
	Mass of evaporation
	

	

	

The difference value of initial water mass and the remaining water mass after reaching boiling point and again to 80 °C. indicates the mass of evaporation under the fire method in 6.1a). indicates the mass of evaporation of the 1st to 6th test under the fire method in 6.1b).

	12
	Mass of first type of pyrophoric material 

	

	

	Zero if no such pyrophoric materials

	13
	Mass of second type of pyrophoric material
	

	

	Zero if no such pyrophoric materials

	14
	Mass of distilled water for test
	

	

	Water mass add to the evaporation boiler in each test

	15
	Mass of remaining water
	

	

	

indicates the mass of remaining water in the evaporation boiler under the fire method in 6.1a), indicates the mass of remaining water of the 1st to 6th test under the fire method in 6.1b) 

	16
	One usage (no fire-blocking) cinder heat loss
	

	%
	The percentage of caloric value loss in the cinder to the total caloric value of the fuel under the fire method in 6.1a)

	17
	Multiple usage (fire-blocking) continuous burning cinder heat loss
	

	%
	The percentage of sum of the caloric value loss in the cinder of each test to the total sum of the caloric value of the fuels under the fire method in 6.1b)

	18
	After ignition, the time when the stove door temperature drop from above 205 °C to 205°C or below
	

	min
	

	19
	After ignition, the time when the stove door temperature reaches 205 °C or above
	

	min
	

	20
	Ignition time
	

	h:min
	Start time of the test in h:min

	21
	Time when water temperature reaches 55 °C
	

	min
	

	22
	Time when water temperature reaches 80 °C
	

	min
	

	23
	Time when water temperature reaches the boiling point temperature
	

	min
	

	24
	Time when water temperature reaches 2 °C below the boiling point from the boiling point 
	

	min
	

	25
	Time when water temperature reaches 80 °C from the boiling point temperature
	

	min
	

	26
	Receive-based total sulfur mass fraction of the test coal
	

	%
	Test data

	27
	Carbon mass fraction in the cinder
	

	%
	

Test data. indicates the carbon mass fraction in the cinder under the fire method in 6.1a), indicates the carbon mass fraction in the cinder of 1st to 6th test under the fire method in 6.1b) 

	28
	Sulfur mass fraction in the cinder
	

	%
	Test data

	29
	Solid sulfur mass fraction
	

	%
	The percentage of sulfur fraction in the cinder to the total sulfur amount in the coal under the fire method in 6.1a)

	30
	One usage (no fire-blocking) thermal efficiency
	

	%
	The percentage of effective heat according to the positive balance principle to the total heat under the fire method in 6.1a)

	31
	Multiple usage (fire-blocking) continuous burning thermal efficiency
	

	%
	The percentage of effective heat sum according to the positive balance principle to the total heat sum under the fire method in 6.1b)



4	Test principle and indicators
4.1	Principle
4.1.1 Heat the evaporation boiler by a certain quality of coal and make the water evaporate. Use the heat to evaporate the water as the effective heat to obtain the indicators to evaluate the performance of household coal and stoves. Inspect the leaking carbon monoxide in the airtight laboratory to evaluate the safety performance of the stoves.
4.1.2 Indicators to evaluate household coal use stoves reference evaluation method: to carry out different tests for different coals using the stoves of the same structure, size and material and test procedures.
4.1.3 Indicators to evaluate household stove use coal reference evaluation method: to carry out the test for the same coal or of the same compound or size and same procedures to test the different stoves.
4.1.4 Stove and coal pair evaluation: for specific pair of coal and stove, carry out the test according to the test procedures to obtain the indicators in the specific pair.

4.2	Evaluation indicators of household coal and stoves
	Indicators to evaluate the household coal and stoves are listed as follow:
a) time of ignition;
b) time of burning;
c) time of intense burning;
d) time of cooking;
e) total time of the combustion;
f) time for roasting;
g) evaporation mass;
h) average fire intensity;
i) average temperature for roasting;
j) solid sulfur mass fraction;
k) thermal efficiency;
l) cinder heat loss rate;
m) volume fraction of leak carbon monoxide.

5 	Test conditions
5.1	Laboratory conditions
	The laboratory for household coal and stoves test should meet the requirements as follows:
	——atmospheric pressure: 60 kPa~106.7 kPa;
——temperature above 0°C, 25°C士5°C is recommended;
——relative humidity should be less than 85%;
——indoor space volume should be no less than 160 m3;
——the spacing between stoves in the same room should be larger than 2 m;
——laboratory should be equipped with fan or fume with carbon monoxide alarm and keep the wind speed indoor within 0.5 m/s. No hot or cold sources in the room. Do not open the doors or windows during the test.

5.2	Test instruments and equipment
	The instruments and equipment for household coal and stoves test should meet the requirements as follows:
a) stoves (or coal);
b) evaporation boiler;
c) platform scale, measuring range 0 kg~10 kg, sensitivity (e)5 g;
d) mercury glass thermometer, measuring range 0°C ~120°C, resolution 0.2°C;
e) psychrometer, measuring range 0°C ~100°C, resolution 1°C;
f) thermocouple thermometer, measuring range 0°C ~300°C，resolution 1°C;
g) carbon monoxide detector, measuring range 0.1×10-6CO~100×10-6CO;
h) clock, daily error less than 1min;
i) thermos or auxiliary stoves;
j) oven.


6 	Test procedures
6.1	Classification of test methods
	Household coal and stoves test could be classified into two methods according to the fire method:
a) one usage (no fire-blocking);
b) multiple usage (fire-blocking) continuous burning.
6.1a) can be used to test the indicators in 4.2a) ~ 4.2l); 6.1b) can be used to test 4.2k) and 4.2l); the indicators not tested in 6.1b) should use 6.1a) method to obtain the indicators. 

6.2	Preparation
6.2.1 All the instruments should be calibrated qualified before the test.
6.2.2 Check the performance indicators of the test coal and pyrophoric materials.
6.2.3 Measure the mass of the stove, put in test coal to burn, pour the cinder after the burn and measure the mass of the stove again until the stove mass is equal before and after burn (less than 25g). Put the stove in the laboratory for 72h.
6.2.4 Keep the furnace temperature stable at the room temperature. If there is matter at the bottom in the stove, the bottom matter should contain no combustible materials and should be burn to constant weight together. 
6.2.5 Test coal should be placed in the laboratory for 72h and then do the test.
6.2.6 Test water should be distilled water.

6.3	Test notes
6.3.1 When test for indicators of the household coal, the evaporation boiler diameter, coal usage and water usage should refer to Table 2. Choose the stoves according the coal type and quantity.
6.3.2 When test for indicators of the household stove, choose the coal according to the stove furnace, air door size and material, and the evaporation boiler diameter, coal usage and water usage should refer to Table 2. 
6.3.3 When test for stove and coal pair, the evaporation boiler diameter, coal usage and water usage should refer to Table 2.

Table 2 evaporation boiler diameter, coal usage and water usage

	No.
	Coal usage/g
	Boiler diameter/cm
	Water usag/g

	
	
>18817J/g
	
=(12545~18817)J/g
	
<12545J/g
	
	

	1a
	<800(800 excluded)
	<1000(1000 excluded)
	<1500(1500 excluded)
	24
	6000

	2b
	800~1200(1200 excluded)
	1000~1500(1500 excluded)
	1500~2250(2250 excluded)
	28
	9000

	3c
	1200~1600
	1500~2000
	2250~3000
	31
	12000

	a When test using honeycomb briquette or honeycomb stove, honeycomb briquette should use Y100 recommended in GB/T 13593.
b When test using honeycomb briquette or honeycomb stove, honeycomb briquette should use Y120 or Y125 recommended in GB/T 13593.
c When test using honeycomb briquette or honeycomb stove, honeycomb briquette should use Y140 recommended in GB/T 13593.



6.3.4 Test twice if using 6.1a) and average the results of two tests. Calculate the thermal efficiency. The deviation of thermal efficiency of two parallel tests should be no greater than the allowed deviation value in Table 3, or the test is invalid. Test once if using 6. 1b).

Table 3 Allowed deviation of thermal efficiency

	
Thermal efficiency 
	Allowed deviation of parallel test /%

	<25
	<3

	25~40
	<4

	>40
	<5



6.3.5 Align the holes when testing for honeycomb briquette.
6.3.6 Put the thermometer into the center hole and fix it about 1 cm above the bottom of the boiler with thermometer bracket.
6.3.7 Psychrometer should be placed about 1m away from the test stove.
6.3.8 When measuring the stove door temperature, the sensor should be place at 1cm above the bottom of the boiler.
6.3.9 Tests should be carried out under normal meteorological conditions.
6.3.10 The opening area should about 15 cm2~20 cm2 except fire-blocking. No adjustment during the test.

6.4	One usage (no fire-blocking) test method

6.4.1 Record the mass of the distilled water and boiler, and raise the water temperature to 25°C. Record the temperature before and after the test using psychrometer.


6.4.2 Weigh test coal of  and pyrophoric material of . If the test coal is honeycomb briquette, add the test coal together for one time. If it is bulk coal or briquettes, add the test coal during the test until the coal is ran out. 

6.4.3 Ignite and record the ignition time () as the starting point of this test. Put the boiler on the stove and cover the lid.

6.4.4 Watch and record the time () when water temperature reaches 55°C.

6.4.5 Watch and record the time () when water temperature reaches 80°C. Then open the lid.

6.4.6 Watch and record the time () and temperature when water temperature reaches boiling point.

6.4.7 Watch and record the time () when water temperature drops to 2°C below the boiling point.

6.4.8 Watch and record the time () when water temperature drops to 80°C.


6.4.9 Finish the test when the water temperature drops to 80°C. Measure the mass of boiler and remaining water , record the mass of the cinder (), and cool and quench the cinder immediately. Sample the cinder.



6.4.10 Ignite and watch and record the time () when stove door temperature reaches 205°C. Record the stove door temperature () every 5 min as the temperature for roasting until the temperature drops below 205°C. Define the last time when temperature is no less than 205°C as the time ().

6.5	Multiple usage (fire-blocking) continuous burning test method
6.5.1 Each test lasts 2d and the fire method is to simulate the cooking habits of residents:
a) morning: d1 5:30 ignition, use until 7:30 and fire-blocking;
b) noon: 11:30 open the fire to use until 13:00 and fire-blocking;
c) event: 17:00 open the fire to use until 19:30 and fire-blocking;
d) d2 6:30 open the fire to use until 7:30 and fire-blocking;
e) noon: 11:30 open the fire to use until 13:00 and fire-blocking;
f) evening: 17:00 open the fire to use.
Ignition time and usage duration can be adjusted as long as the fire usage interval and fire blocking interval stay the same. 

6.5.2 Record the mass of the distilled water and boiler, and raise the water temperature to 25°C. Record the temperature before and after the test using psychrometer.
6.5.3 In the test in 6.5.1a), measure and record the weight of test coal and pyrophoric material. Follow the principles in 6.4.2 to add the coal. In the test in 6.5.1b) ~6.5.1e), open the stove door or remove the fire-blocking cap. Measure and record the test coal and add the coal according to 6.4.2. No pyrophoric material should be added.
6.5.4 In the tests of 6.5.1a)~6.5.1e), when it is time to fire-blocking, move the boiler, measure the temperature and mass of remaining water, and record the mass of the cinder and cool and quench the cinder immediately. Sample the cinder. Measure the fire-blocking coal mass and add to the stove together for one time. Close the stove door or cap the fire-blocking cap. Do no place the boiler on the stove. In the test of 6.5.1f), when the water temperature drops to 80°C, end the fire, move the boiler and measure and record the mass of boiler and the remaining water, and record the mass of the cinder and cool and quench the cinder immediately. Sample the cinder.

6.6	Determination of stove carbon monoxide leak
6.6.1The test is only applicable to the chimney stoves. The test should be carried out in the airtight laboratory and turn off all the ventilation equipment. 
6.6.2 Test the carbon monoxide in the indoor air using the carbon monoxide detector.
6.6.3 Stove burning test. Determine the amount of test coal according to the stove specification. Add the test coal and ignite. Close the stove door during the fire usage. Add the same amount of test coal after 2h and fire-blocking for 5h. Test the carbon monoxide both before and after fire-blocking using the carbon monoxide detector.

7 	Test results calculation and evaluation
7.1	Characteristics analysis of tested items
7.1.1 Fuel characteristics
	The fuel characteristics are listed as below:
a) Fuel industry analysis, calorific value analysis, total sulfur and cinder sulfur analysis should be operated according to GB/T 211, GB/T 212, GB/T 213 and GB/T 214;
b) Fuel carbon content analysis and cinder carbon content analysis should be operated according to GB/T 476;
c) Fuel ratio;
d) Fuel quality and dimensions.

7.1.2 Stove characteristics
	The stove characteristics are listed as below: 
a) Stove dimensions;
b) Stove door size;
c) Stove furnace size;
d) Stove total mass.

7.2	Calculation and evaluation
	Choose one or several indicators to do the summary evaluation.
7.2.1 time of ignition

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(1)
7.2.2 time of burning

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(2)
7.2.3 time of intense burning

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(3)

	If the water temperature rises to the boiling point again, is accumulated. If the water temperature cannot rise to the boiling point, the time of intense burning is zero.
7.2.4 time of cooking

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(4)
7.2.5 total time of the combustion

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(5)
7.2.6 time for roasting

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(6)
7.2.7 evaporation mass

┄┄┄┄┄┄┄┄┄(7)
7.2.8 average fire intensity

┄┄┄┄┄┄┄┄┄(8)
	Wherein:
	80		water temperature of 80°C, °C;
	4.18		specific heat capacity of water, [J/(g•°C)].
7.2.9 Thermal efficiency
	
a) One usage (no fire-blocking) thermal efficiency;

┄┄┄┄┄┄┄┄┄(9)
Wherein:
25	water temperature of 25°C, °C;
55	temperature difference of water temperature 80°C and 25°C.
b) Multiple usage (fire-blocking) continuous burning thermal efficiency;

┄┄┄┄┄┄┄┄┄┄┄┄┄(10)
Wherein:

		water temperature difference between the remaining and the initial in the tests of 6.5.1a)~6.5.1e)

7.2.10 cinder heat loss rate
	
a) One usage (no fire-blocking) cinder heat loss rate;
[image: ]
Wherein:
393 510	heat combustion of carbon, (J/mol);
    	12		molar mass of carbon, (g/mol).

	b) Multiple usage (fire-blocking) continuous burning cinder heat loss rate
[image: ]
	
7.2.11 average temperature for roasting
[image: ]
Wherein:
n – number of records above 205°C.

7.2.12 solid sulfur mass fraction

[image: ]

7.2.13 Stove safety performance
The volume fraction of leak carbon monoxide after the test should be no 25 x 10-6 (µL/L) more than that before the test.


7.3	Burning curve
	
The results can be shown in the "burn characteristics curve" as Fig 1 indicating part of the main indicators and burn process.

[image: ]
Fig 1 burn characteristics curve
In Fig 1, the abscissa indicates the burning time t, the ordinate on the left indicates the water temperature T and the ordinate on the right indicates the average fire intensity Hp.

The meanings of the curves in Fig 1 are as follows:
a) Line1-2 distance on the abscissa indicates time of ignition;
b) Line1-3 distance on the abscissa indicates time of burning;
c) Line 4-5 distance on the abscissa indicates time of intense burning;
d) Line 3-6 distance on the abscissa indicates time of cooking;
e) Line 5-6 indicates the thermal insulation performance of the stove;
f) Line 3'-6' indicates average fire intensity, to the ordinate value on the left.
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