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Testing Method for the Heat Characteristics of Firewood Stoves

This method is suitable for the heat characteristics test of single or multiple stoves using firewood (firewood, straw, leaves, etc.) as fuels.

1	Overview
Boil test is adopted in the test. Heat quantitative water by burning quantitative specified firewood. Heat up the water and make it evaporate in order to obtain its heat characteristics.

2	Heat Characteristics
2.1	Thermal efficiency - ratio of the sum of heat absorbed by the water left (sensible heat) and heat absorbed by the water evaporated (potential heat), and the calorie of the firewood put into the furnace, indicating the degree of heat utilization.
  	2.2	Heat rate - temperature risen per unit time in degree, indicating the starting performance of the stove.
  	2.3 	Evaporation rate - water evaporated per unit time, indicating the continuous heating performance of the stove.
  	2.4	Rebound rate – temperature risen of the rebound water pot per unit time, indicating the heat preservation performance of the stove.
Note: for the multiple-pot (including waste heat utilization device), thermal efficiency should be calculated with the sum heat of each stove absorbed, the heat rate, evaporation rate and rebound rate should be calculated with the main stove.

3	Instrumentation
Thermometer		measure range of 0~100°C and division value of 0.5°C;
Clock			difference per day should be less than 2min;
Bench scale		measure range of 0~10kg and division value of 5g;
Dry hygrometer

4	Test Conditions
a. Environmental temperature of 10~30°C;
b. Relative humidity less than 85%;
c. Water at room temperature as the test fluid;
d. Natural dried firewood as the test fuel;
e. Spacing between stoves should be greater than 1.5m. Stoves should face the same direction.

5	Test Procedure

5.1	Calculate the low calorific quantity  of firewood.
5.2	Make a through hole in the center of the lid for the thermometer, and 6 vent holes along the 1/2 radius circle of the lid. The total area of the openings should be about 1% of the area of the lid. 

5.3	Measure the capacity of the stove.


5.4	Measure (2/3 of) water and pour into the pot.


5.5	Measure the firewood, its weightshould be about 1/7~1/5 (depending on the fuel calorific quantity) of the weight of water.
5.6	Cover the lid and insert the thermometer into the center hole with its bulb about 3 centimeters above the bottom of the pot.


5.7	Record the initial temperature (°C), environmental temperature (°C) and relative humidity φ (%) of the water.

5.8	Ignite and record the ignition time of the firewood (  h  min).


5.9	Observe the thermometer, record the time (  h  min)when it reaches local boiling point (°C).
5.10	Continue to add firewood to make the water evaporate until the firewood is exhausted.

5.11	Observe and record the time (  h  min) when water temperature deviates from the boiling point.



5.12	Open the lid quickly, scoop out remaining water and measure the weight. Pour the prepared water weighted 1/2of temperature (°C). Cover the lid immediately.

5.13	Record the water temperature (°C) after 20min.
5.14	Clear up the scene.
5.15Repeat twice after the stove cools to the normal temperature.

6	Test Results Processing
6.1	Fill the comprehensive record table.
Fill the table 1 at any time during the test.
Table l		Comprehensive Record Table			Tester      
	Stove Name
	Date
	Time


	Interval


	Water Temperature
	Water Weight
	Firewood Weight



	
	
	
	
	Instant


	Difference


	Initial


	Remain


	Evaporation


	

	
	_m_d
	_h_min
	min
	°C
	kg
	kg

	
	
	
	
	
	
	
	
	
	



	Stove Name
	Low Firewood Calorific Quantity
Y


	Environmental Temperature


	Relative Humidity
φ
	Calculation Results
	Remarks

	
	
	
	
	Heat Rate


	Evaporation Rate


	Rebound Rate


	Thermal Efficiency
η
	

	
	kcal/kg
	℃
	%
	℃/min
	kg/min
	℃/min
	%
	

	
	
	
	
	
	
	
	
	



6.2	Formula

6.2.1	Heat Rate  (°C / min)

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(1)


	Wherein:		、 - initial temperature and boiling temperature of the water in °C.


				、 - ignition time of the firewood and time when the water reaches its boiling point in _h_min.


6.2.2	Evaporation Rate  (kg/min)

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(2)


	Wherein:		、 - water weight when it reaches its boiling point and deviates from its boiling point in kg.

				 - time when water deviates from its boiling point in _h_min.


				Note:  can use the water weight 


6.2.3	Rebound Rate  (°C / min)

┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄┄(3)


	Wherein:		、 - initial and final temperature of the rebound water in °C.



				 - time at the end of the test, -=20min.

6.2.4	Thermal Efficiency

┄┄┄┄┄(4)



	Wherein:		 - specific heat of water in constant pressure =1;

				 - latent heat of vaporization of the water at its boiling point, see Table 2;

				 - firewood weight in kg;

				 - low calorific quantity of the firewood in kcal/kg.

Table 2
	
Boiling Point ，℃
	86
	88
	90
	92
	94
	96
	98
	100

	
Latent Heat of Vaporization  kcal/kg
	547.7
	546.4
	545.2
	543.9
	542.7
	541.5
	540.3
	539.0






For the multi-boiler stove,  should be calculated with formula (5):

┄┄┄┄┄┄┄(5)
	Wherein:		i – refer to one boiler;
				n – number of stoves.
				Note: the meanings of other symbols are the same as above.

6.3	Data Processing
6.2.1	Parameter Calculation




Calculate each parameter using the acquired data and formulas and take the average value of 3 values as results , , , . The average value should be within the error tolerance compared.
6.3.2	Error Tolerance
The absolute error value of the thermal efficiency should be equal or less than 3.
6.3.3	Curve
The results can be shown in curve, as figure below.
[image: ]
Stove thermal performance curve graph

T – time; t – water temperature;  - evaporation rate;
1~2 - heat rate, the greater the slope, the quicker the heat;


~ - evaporation performance, the greater the vertical intercept, the stronger the evaporation;


~ - heat preservation performance, the greater the slope, the better the heat preservation performance;
2~3 - evaporation section.


7	Test Report
Fill the comprehensive record table (Table 1) at any time during the test.
Test report should include stove name, model specification, manufacturer, materials and structures, test conditions, test results, test dates, test location, test personnel, responsible person, as shown in Table 3

Table 3 Test Report
__Y__M__D
	Stove name
	

	Model specification
	

	Manufacturer
	

	Structures
	

	Test results
	
Thermal efficiency :

Heat rate :

Evaporation rate :

Rebound rate :
	
Curve

	Test conditions
	Environmental temperature:    
Relative humidity:    
Initial water temperature:    

	Remarks
	Initial water weight:    
Firewood type:    
Low calorific quantity:    

	Test location
	



Principal__________  Tester__________

Appendix description:
This standard is proposed by the China Ministry of agriculture and fisheries.
This standard is under the jurisdiction of the China Agricultural Engineering Research and Design Institute.
This standard was drafted by the China Agricultural Engineering Research and Design Institute.
This standard's main drafters include Cui Yuanbo and Chen Jing. 
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