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ABSTRACT

Through the millennia wood stoves for cooking have been notoriously inefficient, unhealthy and slow. 

A new “wood-gas” cook stove has been developed that has >30% thermal efficiency, can be started, operated and stopped with very low emissions and can use a wide variety of biomass fuels.  This “Turbo Stove” operates with 3 W of blower power or other air supply to produce 1-3 kWthermal for cooking. It is simple and inexpensive to build.

Data is presented for this stove on a wide variety of fuels.  The stove will bring a liter of water to boil in 4-10 minutes and can be turned down to the simmer level for longer cooking and increased efficiency.

The stove operates in several different gasification and combustion modes. In the “volatile burning” mode, the stove makes 18-25% charcoal from biomass fuels.  In the “charcoal burning mode” the charcoal is gasified to produce a CO flame.  If longer cooking is required, additional fuel can be fed from above, but other modes require more operator skill.

For a new stove to be accepted it must fit the fuel supply, cooking practices , construction methods and commercial infrastructure of each country.  Therefore, it must be possible to make a variety of stoves and requires understanding of the basic mechanisms of gasification and combustion of “wood-gas”.  A model of the wood-gas “Turbo Stove” is described based on the measured parameters in this paper. 

INTRODUCTION - wood cooking vs WOOD-GAs cooking

Since the beginning of civilization wood and biomass have been used for cooking. Still, today over 2 billion people cook badly on slow, inefficient wood stoves that waste wood, cause health problems and destroy our forests.  Electricity, gas or kerosene are preferred  for cooking - when they can be obtained  However, they are costly, contribute to global warming, and  depend on having a suitable infrastructure often not available in developing countries 

In the last few decades, many improved wood stoves have been developed (the Chula, the Hiko, the Maendeleo, the Kuni Mbili, the Wendelbro, etc.1   These new wood stoves are often more difficult to manufacture and they do not offer good control of cooking rate. They are often not accepted by the cooks for whom they are developed. 

Since 1850 the preferred means of cooking has been first gas, then electricity.  Gas is still preferred by many cooks.  Electric cooking can be 60% electric-efficient, but power generation and distribution is typically 30% efficient, yielding  an overall efficiency of 18% for electric cooking. 

We have developed several simple, inexpensive wood-gas stoves which can bring the “joy of cooking with gas” to everyone while using a wide variety of renewable biomass fuels or coal.2-4
PRINCIPLES OF Downdraft Gasification for cooking

Biomass Gasification

When biomass is burned with insufficient air in a gasifier, it makes a “producer gas” containing primarily CO, H2, CO2, H2O and CH4. Over a million gasifiers powered the civilian cars and trucks of Europe and Asia during WW II.  Downdraft gasifiers are “tar-burning, char-making” and are most suitable for biomass which contains 80% volatile material.  Updraft, “char-burning, tar-making”, gasifiers are often used for coal which can be 80% char.

In conventional downdraft gasifiers, air passes down through the fuel mass, then in the flaming pyrolysis zone burns the volatiles and tars while making charcoal and pyrolysis gas.  The charcoal then further reduces the CO2 and H2O combustion products back to CO and H2 fuel. 

The “inverted downdraft gasifier”
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In inverted (top burning) downdraft gasification air passes up through the fuel and meets the flaming pyrolysis zone where the reaction generates charcoal and fuel gas as shown in Fig. 1.2,3
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Natural vs Forced Convection

Natural convection provides poor mixing of air with fuel gases and can result in incomplete combustion, soot and emissions in open wood stoves. A chimney can supply 1 mm water pressure per meter of height. Addition of a chimney for cooking can greatly improve wood combustion in closed models, but also adds complication and requires wasting heat to operate. 

Forced convection provides good mixing and combustion for gas cooking and is widely used in homes and camping stoves.  The 3 W blower used in the Turbo Stove provides  7.5 mm water pressure and makes clean cooking possible.  
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The “Turbo  Stove”

The Community Power Corporation and the Biomass Energy Foundation have developed a new “Turbo wood-gas stove” using forced draft from a 3 Watt blower. One design is shown in Fig. 2. It consists of an inverted gasifier close coupled to a burner section to mix air and gas and burn cleanly. A 3 Watt blower generates ~ 7 mm water column pressure, equivalent to the draft of a 7 meter chimney. We have made it from an outer 1 gal paint can, an inner burner can and a fuel magazine or with many other construction methods.4  Several burners can be assembled to make a cooking “range”.  An oven can be placed on one of the burners for oven heat. 

The stove can be started and operated indoors with no exhaust fans and no odor of burning wood. We have taken the stove to India and the Philippines and cooked with the Turbo Stove in small villages and on conference room desks with no odor. While the Turbo Stove currently uses a 12 Volt 3 Watt blower, the power could come from stored compressed air, bellows, wind-up generators, photovoltaic, thermophotovoltaic, windup motors, thermoelectric or other sources.  

constuction and Operating the Turbo Stove
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The Research Turbo Stove

The research Turbo Stove shown in Fig. 3 consists of 

· An inverted downdraft gasifier and fuel magazine

· A combustion section which burns the gas

· Supports for a pot

· Regulated air supply for gasification and combustion
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as shown in Fig. 3. This permits independent adjustment of the air to the gasification section and the combustion section for optimizing cooking conditions at both high and low levels.  

The rate of heating and boiling was used to measure the heat transfer for cooking. Draft meters were used to measure the pressure drop for gasification and for combustion (typically 0.25-0.75 mmw for gasification and 2.5 mmw water pressure for combustion). 

The prototype stove

Compressed air and flowmeters do not a practical stove make.  We have also built the prototype stove shown in Fig. 2 that is easier to operate and less expensive.  It permits adjusting the power level by adjusting the gasification air.  Some of the data below were taken on the research and some on the prototype stove.  

 Starting and operating the stoves
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In a typical run, the stove is filled with weighed pellets of the dry fuel of choice.  A layer of starting chips, (chips, charcoal, or other porous materials soaked in alcohol, fat or kerosene) is placed on top.  The blower is turned on and the starter chips are lit with a match.  For the first few minutes the starter chips ignite the fuel below and make a bed of charcoal that the gas must pass through.  In 1-5 minutes, depending on the fuel, the main fuel mass is ignited and burns downward regularly in flaming pyrolysis mode until the reaction zone reaches the grate, making charcoal as it goes.  The test variables are shown in Fig. 4 for the research stove and Fig. 5 for the prototype stove.

Table 1 – Air Fuel Ratios for gasification and combustion, power levels, turndown and superficial velocity for research stove


FUEL RATE
GASIF  AIR
COMB-

USTION AIR
GASIF AIR/

FUEL
COMB-USTION AIR/

FUEL
POWER
TURN-DOWN
SUP

VEL

POWER
g/m
g/m
g/m


kW
P/Pmax
m/s

Maximum
11.3
18.0
56.6
1.59
5.01
2.83
1.00
0.062

Medium
7.1
6.0
34.0
0.84
4.79
1.78
0.63
0.028

Low 
4.6
3.5
21.7
0.75
4.73
1.15
0.41
0.017



Test procedure

In operation the Turbo Stove is operated on a balance and the loss of weight of fuel and water are recorded as test cooking progresses as shown in Figs. 4 and 5. The stages in cooking are shown in Table 2. In some cases the run is stopped after the flaming pyrolysis zone reaches the grate and the volatiles have been burned.  However, at this point the charcoal begins to be gasified by the incoming air and cooking can continue until all the fuel is gone. 

Data on the Turbo StoveS

Behavior of various fuels

A typical set of data for the research and prototype stove are shown in Figs 4 and 5 and data collected on these runs are shown in Tables 1 and 2.

The Turbo Stove has been satisfactorily operated on dozens of fuels. The behavior of six fuels tested more extensively is shown in Table 3. In addition to many biomass forms, coal was also found to be very a satisfactory fuel for the Turbo Stove. 

Some of the tests done for this paper were made on “¼ inch” (6.2 mm) stove sawdust pellets, a readily available, high density, reproducible fuel except where otherwise noted.  Table 1 and Fig 4 show data taken on stove pellet fuel made from sawdust.  Pellets are widely marketed for pellet heating stoves in the U.S. for $2.50 for a 20 kg bag.  This would be sufficient to cook 40 typical meals. Figure 5 and Table 2 were made using peanut shell pellets, a potentially good fuel wherever peanuts are produced.  

Fuel Consumption Rate and cooking power

The fuel consumption rate is a direct measure of cooking power, provided all the gas is subsequently burned in the burner section.  The heating value of most biomass with 5-10% moisture (Denver dry) is ~18 kJ/g.  The stove typically produces 20-25% charcoal after the volatiles have been burned.  The charcoal typically has a higher heating value of ~24 kJ/g. In the tables the power level is calculated from these values.  A gasification rate of 10 g/m gives 2.5 kW, comparable to the large burner on modern gas or electric stoves. 

Turndown ratio

An important criteria for successful stove cooking is the “turndown ratio” of the stove.  Initially the stove should develop high power to bring water or oils to cooking temperature.   After cooking temperature is reached it is desirable to turn the power level down to just maintain that temperature.  The turndown ratios for wood and peanut shell pellets are shown in Tables 1 and 2.  

Table  2 –Stages in test of peanut shell pellets (Fig. 4), showing flame intensity, water evaporated, turndown and efficiency at various stages of heating water

Time
Condition
Gasification Air
Fuel Rem
Wat-er lost
Heat used
Heat to Pot
Efficiency
Flame Intensity
Turn-down

min

Turns
g
g
kJ
kJ

kW


0.0
Startup 
2
530
0






1.0
Pot on flame
2
520

3300
909
28%
4.1
100%

7.2
Rocking Boil
2
420







13.5
Turn Down 
 1/2
310
230






(
Medium



1050
253
24%
3.2
78%

19.0
Turn down 
 1/4
240
340






(
Low



1650
506
31%
2.3
56%

31.0
Only charcoal left
1    
130
560






(




2160
851
39%
1.1
28%

64.0
Off
1    
40
930







SUMMARY 
NA
490
930
8160
2518
31%
2.1
31%

It is desirable to be able to operate at lower power levels than maximum and a major advantage of the Turbo Stove is that it can be operated at lower powers reducing the air for gasification and burning less gas.  For most biomass the energy content is 18 kJ/g for fuel with about 10% moisture.  In the volatile burning mode the volatile energy content is about 15 kJ/g, while the 25% charcoal contains 24 kJ/g.  Calculations included here have been made on this basis.  

Boiling efficiency

There has been entirely too much emphasis placed on “cooking efficiency”, but it is certainly one importuned factor in evaluating stoves.  Equally important is low emissions, high intensity and good turndown ratio. 

The data shown in Table 3 for boiling efficiency was calculated from the ratio of energy used for boiling water (in an 18 cm diameter pot filled with 1liter of water) to the fuel consumed after the water reached the boiling point until the end of volatile burning.   It typically ranges from -40%, depending on fuel, length of boiling time, pot size and other factors.

Table 3 – Operating and derived data for runs on selected fuels

TEST FUEL 1
PEANUT SHELL PELLETS
WOOD PELLETS
COCO-NUT SHELL
PALM NUT SHELL
WOOD CHIPS
COAL

Test Date
5/25
5/9
4/22
4/27
4/26
4/28

FUEL DATA







Moisture Content  2
6.4
6.5
6.2
6
7.8
3.1

Fuel Wt. –g
500
500
305
150
180
260

Fuel Density-g/cm3 (3)
0.58
0.64
0.48
0.26
0.265
1.69

RUN DATA







Volatile burn time-min
30
41
19
13
15
37

Volatiles burned  g
490
410
215
130
150
150

Time to Boil min 
7.2
7.0
13.0
8
6.0
10.0

Charcoal yield  - g
130
90.0
90.0
20
30.0
130.0

Water boiled - g 
930
850.0
220.0
100
145.0
850.0

DERIVED DATA







Charcoal Yield-%4 
26
18
29
13
17
50

Boiling Efficiency 5
31
31.8
37.5
33
20
24

Average Intensity 6
2.1
2.5
2.8
2.5
2.5
2.4

Notes: (1) The peanut shell pellets were 3/8” diameter from Birdsong Peanuts, Georgia;  the wood pellets are standard ¼ inch wood heat pellets from Ace Hardware; the coconut shells were obtained from the Philippines hammermilled to 1 com on an edge; the palm nut shells were obtained in Indonesia; the wood chips were mixed tree chips from Denver ~ 2 cm on an edge; the coal was bituminous from Denver crushed to 2 cm on an edge.  

(2) Moisture in wt %, wet basis; (3) Apparent fuel density calculated from magazine dimensions and weight; (4) Charcoal yield calculated from char remaining at end of run and initial fuel weight; (5) Boiling efficiency calculated from fuel consumed during steady boil, based on 15 kJ/g for biomass volatiles, 35 kJ/g for coal volatiles; (6) based on 15 kJ/g for volatiles and burn time of volatiles. 

eFFECT OF FUEL MOISTURE CONTENT 

The fuel moisture content is recommended to be <20% (wet basis) for the operation of engines.  However, we have found that fuels with up to 30% moisture can be used in the Turbo Stove quite satisfactorily.  We believe that this is because it is necessary for each layer of fuel to ignite the next lower layer.  When the layer is dry, the fire propagates easily, but with wet fuel more charcoal is consumed to dry the layer before the reaction can proceed.  This is born out by the fact that with bone dry fuel charcoal often exceeds 25%, but with 30% moisture fuel only 4% charcoal remained after the pyrolysis was complete. 

Air-Fuel Ratios for gasification

The air/fuel ratio is a very important criterion for solid, liquid and gas fuels since there is only one theoretical value that produces maximum flame temperature and  minimum emissions.  

Table 1 shows the air/fuel ratio (based on the sum of gasification and combustion air) for three conditions, the maximum, medium and low output as 4.5-5.7.  The theoretical value for “typical dry biomass is 6.3 but depends on fuel composition and moisture content.  

The air/fuel ratio is an important parameter in the clean gasification and combustion of all fuels including biomass, charcoal and coal.  The Air/fuel ratio was measured for wood pellets in the research stove and is shown in Table 1.  

Gas heating value

The gas heating value of raw producer gas containing significant condensable volatiles (tars) is difficult to measure, since measurements are usually made at room temperature after the tars have been removed.  The gas higher heating value varies with the air/fuel ratio used for gasification and the superficial velocity.  We are in the process of measuring it, but we expect is to vary in the range 5-7 MJ/Nm3. 

Different Modes of Turbo Stove Operation

Cooking is typically a batch process and successful operation of the Turbo Stove requires the cook to estimate how long a particular task will require.   If further cooking or water heating is required, there are several ways to extend the heating time.  

On startup, the gasifier converts the biomass fuel volatiles to gas which is burned and leaves behind up to 30% charcoal which can be saved or burned for additional cooking. In the stove described in Table 3 times of 19-37 min were recorded for the various fuels.

After the volatiles have all been burned a dramatic change in the flame occurs and with the air then gasifies the charcoal to CO, giving a different flame and much hotter temperatures at the grate.  

If even longer cooking is required, more fuel can be added judiciously in an “updraft” mode in which charcoal combustion supplies heat to pyrolyse the new fuel..  These other methods may require more operator skill and different design and construction.   

Safety

Producer gas was the only gas fuel widely available until 1940 when natural gas pipelines became common.  Since producer gas contains 10-30% CO, it is a real health hazard if the flame is extinguished or incomplete combustion occurs. (Smoky open fires and insufficient cooking fuel are also major health hazards in the world today.)  

Therefore it is necessary to mandate good practice in using the Turbo Stove.  In the volatile combustion mode CO is a minor hazard because if the flame should go out, the copious smoke warns the operator to re-ignite the fire or move the stove outside.  However, in the charcoal combustion mode the CO is odorless and could pose a health hazard.  

It is recommended that all stoves including the Turbo Stove should be operated under a hood carrying the cooking odors and possible stove emissions to the outside by natural or forced convection. That is the practice in most kitchens in developing countries today and should be followed as the rest of the world develops.  

Modeling the Turbo Stove

Tayloring the stove for various applications

For a new stove to be accepted it must fit the fuel supply, cooking practices, construction methods, size of servings and commercial infrastructure of each country.  Therefore, it must be possible to make a variety of stoves and requires understanding of the basic mechanisms of gasification and combustion of “wood-gas”.   For this reason it is desirable to have a complete model of the wood-gas stove from which new designs can be constructed with a minimum of testing.    

Optimization of stove behavior ultimately depends on reaching a maximum heat transfer to the cooking pot while minimizing emissions and soot.  This is a multivariable problem and must be broken down into its component parts for solution.  

Superficial velocity

The superficial velocity (SV) is defined as “gas production rate/cross section” and is measured in m/s, btu/ft2-hr, etc.  It is an important figure of merit of gasifiers and combustors. Each device will have a maximum SV that it can operate at satisfactorily. In downdraft gasification the SV determines the intensity of the flaming pyrolysis reaction and so controls gas, charcoal and tar production.  The World War II gasifiers typically operated at 0.1-1.0 m/s to produce low tar gas and consume most of the charcoal.5
The Turbo Stove operates in the range 0 to 0.06 gasification superficial velocity because at higher gas rates the charcoal is blown out of the top of the gasifier.  The SV for three conditions are shown in Table 1 for the research gasifier operating on wood pellets.  

establishing stove criteria

To model the stove it is necessary to define the application in terms of maximum power required, minimum burn time at full power and whether charcoal is desired as a by-product.   

The Gasification Section of the turbo stove


The gasification section is relatively simple to model as shown in Table 4.  From the burn time at full power one first calculates the fuel requirement, using 18 kJ/g for volatiles, 24kJ/g for the charcoal or 21 kJ/g for the fuel (adjusted to the moisture and ash content). The maximum power required determines the rate of production of gas, the air/fuel ratio determines the gasification air that must be supplied and the superficial velocity determines the diameter of the gasifier chamber. 


In Table 4 the fuel magazine diameter and height for a hypothetical 12 kW gasifier required to burn for 2 hours for community cooking are derived.  We look forward to building it.  

The Combustion Section 

The combustion section of the stove is less easy to model, since it depends on the mixing of the combustion air with the rising gases.  Many combustion devices are rated in terms of  “combustion Intensity”, which can range from 103 to 109kJ/h-m3  for devices ranging from ovens to special burners.6  

The combustion zone in the Turbo Stove measures 10 cm diameter X 6 cm tall with a multitude of small holes for air injection.  At a power level of 2.5 kW, the combustion intensity is ~3 kJ/h-m3 ,  moderately high.  We find that at power levels above 2.5 kW the flame rises above the burner and may blacken the pot due to incomplete combustion.  We believe that the combustion chamber for other Turbo Stoves should have the same combustion intensity, but not necessarily the same diameter as the gasification section. 

Summary

We have measured many important gasification and combustion properties of biomass gas made in the Turbo Stove and believe that this stove could solve many problems in world cooking.  We present here a simple model for sizing other stoves. 

Table 4 – Hypothetical model of gasification section of a 12 kWth Turbo Stove designed to burn 2 hours at 12 kWth
INPUT REQUIREMENTS:

Source

Maximum Power – kWth
12
Assumed

Cooking time @ Pmax - hr
2
Assumed

Charcoal (Yes/no)
no
Assumed

FUEL PROPERTIES



Fuel
Coconut Shells
Assumed

HHV (dry) kJ/g
21.0
Typical biomass, ash free, dry

Fuel Moisture Content %
6.0%
Denver dry

Ash Content - %
0.7%
Measured

Adjusted fuel HHV - kJ/g
19.6
Calculated

Density - kg/l
0.48
Measured

GASIFIER REQUIREMENTS



Fuel Rate - g/s
0.61
kJ/s÷kJ/g

Fuel consumed in time-g
4408
Run timeXfuel rate

Air/Fuel Ratio
1.60


Gas Produced - g/s
1.59
(1+A/F)XFuel rate

Molecular Wt - M(g)
25
Assumed

Gas Produced - Nm3/s
0.00143
(22.4 l/mole)XM(g)X10-3/M

Maximum SV - m/s
0.06
Measured

Gasifier area - m2
0.0238
m3/s÷m/s = m2

Gasifier diameter - cm
17.4
D = (4*area/pi)1/2

Fuel volume - cm3
9183
Weight/density

Fuel magazine height-cm
38.6
Volume/area
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Fig. 3 - Research Turbo Stove, showing separate supplies for gasification and combustion air.





Fig. 2 – “Turbo” stove using a 3 W blower3
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Fig. 1 – Natural convection gasifier made from insulating riser sleeve2
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Fig. 4 – Typical operating data on the research Turbo Stove showing weight of fuel remaining vs time at high, medium and low power  levels





Fig. 1-Natural convection gasifier stove  made with 15 cm riser sleeve2,3





Fig. 2-Forced convection Turbo Stove with 3 kW flame from a 3 W blower4
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Wood Chip Data

		WOOD CHIPS TURBO TEST DATA

		Data Mesured Before the Run

		Test Date		4/26/00

		Test Fuel		Wood Chips

		Moisture Content

		Source:		Das

		Fuel Wt. -g		180

		Fuel plus pan weight- g		790

		Fuel plus pan plus water-g		1790

		Starter Chips plus fuel- g		200

		Fuel Density-g/cm3(1)		0.079

		Data Aquired During the Run

		Volatile burn time-min

		Volatiles consumed - g

		Data Mesured After the Run

		Charcoal Wt - g		30		Note that 10 grams of ash remained at the end of the run

		Water boiled - g		1450		pot plus fire put out cap is 60 grams

		DERIVED RESULTS

		Charcoal %		16.7%

		Heatup Efficiency %		n/a

		Boiling Efficiency %		n/a

		Average Intensity (Watt)		0.0

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water +pot-g		Water Boiled Off (g)				Comments

		0		200		1790		0				* incipient boiling

		1		200		1790		0				** full boil

		2		190		1790		0				***stopped boil of water

		3		180		1790		1180				a) Combustion air valve at time 0 min was open 2 full turns

		4		170		1780		1180				b) Gas valve at time 0 was open one full turn

		5		160		1760		1190				c) When time is 12m 49s, the volatiles burnt off

		6		140		1750		1180				d) When time is 14 min., water was removed from burner

		7		130		1730		1190				c) When time is 16m 30 s, both valves were in closed position

		9		100		1690		1200				d) When time is 16m 46 s, blower was shut off

		10		80		1650		1220				e) No thermometer was used for this experiment, therefore there is no temperature data.

		11		70		1610		1250

		12		50		1560		1280

		13		35		1520		1305

		15		30

		16		10

				Wood Pellets Calculations

		Fuel Apparent Density						Boiling Efficiency of Water (%)		11.7

		Magazine diameter (in.)		3.75				Total water consumed at end of run (g)		680

		Magazine height with two grates (in.)		3.75				Fuel for boiling (g)		130		This may not be accurate due to the lack of recording boil start time.

		Fuel weight (grams)		200				Constant Heat of Combustion Volitiles J/gram		15000

		Density (grams/ml)		0.079

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

		Constants for each experiment

		Iron Constant (mols/grams)		55

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72

		Fuel weight for volatiles yeild (grams)		10

		Energy (heat capacity) of the pot (J)		n/a

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		n/a

		Energy to Burn Fuel (J)		375000

		Efficiency for heat up (J) %		n/a





Wood Chip Data
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Coconut Data

		COCONUT SHELL TURBO TEST DATA

		DATA

		Test Date		4/22/00

		Test Fuel		Coconuts

		Moisture Content

		Source:		Scahill

		Fuel Wt. -g		305

		Fuel Density-g/cm3(1)		1.69

		Volatile burn time-min		19

		Volatiles consumed - g		215

		Charcoal Wt - g		90

		Water boiled - g		730

		DERIVED RESULTS

		Charcoal %		29.5

		Heatup Efficiency		23.4%

		Boiling Efficiency		59.2%

		Average Intensity (Watts)		3157.9

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		Water		T-C		Comments

		0		335		1805		0		18		Starting with charcoal pellets +A

		4		305		1805		0		18

		8		255		1805		0		18		Pot on fire

		9		245		1795		0		32

		10.5		220		1770		0		56

		12		195		1740		5		78		Fuel for boiling =				95 g

		13		180		1725		5		87

		14		160		1680		30		93		Water boiling

		15		150		1650		50		93

		16		135		1590		95		93

		17		115		1530		135		93		Fuel for boiling =				70

		18		103		1470		183		93

		19		95		1435		210		93		When time 19 min., stove was turned off.

		20		90		1420		220		93

		21		90		1410		230		93

		23		90		1395		245		80

		24		85		1385		250		79

		25		90		1385		255		77

				Coconut Calculations

		Fuel Apparent Density

		Magazine diameter (in.)		3.75

		Magazine height (in.)		3.5

		Fuel weight (grams)		305

		Density (grams/ml)		1.69

		Heatup Efficiency

		Fuel weight for volatiles yeild (grams)		95

		Constant (J/calorie)		4.185

		Iron (mols/grams)		55

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.48

		Weight of pot (grams)		550

		Energy (heat capacity) of the pot (J)		19774

		Temperature Minimum (deg.C)		18

		Temperature Maximum (deg.C)		93

				75

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		313875

		Energy to Burn Fuel (J)		1425000

		Efficiency for heat up (J)		23.4%

		Boiling Efficiency of Water		59.2%

		Grams of water measured by Tom		270

		Fuel for boiling (g)		70

		Constant Heat of Combustion Volitiles J/gram		15000





Coconut Test
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Peanut SP II
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		45		45		45
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Peanut Sh Pell II

		PEANUTS II TURBO TEST DATA

		Data Measured Before the Run

		Test Date		5/25/00								BURN HISTORY

		Test Fuel		Peanuts Pell						Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		T-C		Water Boiled-g		Comment		Comments

		Moisture Content		6.4						0		530		2150		23		0		CV= t turns; GV = 2 tuns		* incipient boiling

		Source:		Reed						1		525		2150		23		0		Water on		** full boil

		Fuel Wt. -g		500						2		520		2150		28		0				***stopped boil of water

		Fuel plus pan weight- g		1110				0		3		510		2130		37		0				a) Thermometer is about 20 grams and was left in the pot

		Fuel plus pan plus water-g		2180						3.5		500		2120		47		0				b)Combustion air valve at time 0 min was open 2 full turns

		Starter Chips plus fuel- g		30						4		490		2110		51		10				c) Gas valve at time 0 was open one full turn

		Fuel Density-g/cm3(1)		0.58						5		470		2090		65		10		Yellow flame developing		d) When time is 4 min., gas valve was open 1.5 turns

		Water (g) start/finished		1000		830				6		450		2020		79		10				e) When time was 4 min., the gas valve was open 3 turns

		Data Acquired During the Run								7		430		2050		92		10				f) When time was 5.2 a visually nice flame was burning

		Volatile burn time-min		13						7.23		420		2020		95		30		Rocking boil		g) When time was 10 min. the gas valve was closed 3/4 a turn

		Volatilize consumed - g		487.8						8		410		2000		95		40				h) When time was 11 min. the water was not at a full boil but more than a simmer

		Data Measured After the Run								9		390		1950		95		70				I)  The burn still has a blue volatile flame at 12 min.

		Charcoal Wt - g		42.2						10		380		1900		95		110		Gas valve to 1/2 open		j) When time was 13.4 the volatile were finished burning.  Stove Off

		Water boiled - g		180						11		360		1850		93		140				k) pan weight is 610 grams

		DERIVED RESULTS								12		340		1790		93		180

		Charcoal %		8.4						13		320		1740		93		210

		Heatup Efficiency %		55						13.5		310		1710		93		230

		Boiling Efficiency %		35.5						14		300		1690		93		240

		Average Intensity (Watt)		10						15		290		1670		93		250

										16		280		1630		93		280

										17		270		1600		93		300

										18		260		1570		93		320

										19		250		1540		91		340		Gas valve to 1/4 open

										20		240		1510		91		360

										21		230		1480		91		380		Medium boil, medium flame

										22		220		1440		91		410		Steam coming off inside of pot

										23		210		1420		91		420

										24		200		1390		91		440		Pot noticably black b+J53ottom and 1 side- Leaks?

										24.5		190		1380		91		440

										25		180		1350		91		460

										26		170		1330		91		470

										27		160		1330		91		480

										28		150		1270		91		510		Medium boil still

										29		150		1250		91		530

										30		140		1220		90		550		Pot off to adjust

										30.5		140		1210		90		560		Volatiles consumed, Gas valve to 2 (?)

										31		130		1200		90		560		Pure CO blue flame

										32.1		130		1190		90		570		Pot back on

										33		120		1170		90		580		Full blue jets, simmering

				Peanut Pellets Calculations						34		120		1160		90		590

		Fuel Apparent Density						Boiling Efficiency of Water (%)		35.5		110		1150		90		600

		Magazine diameter (in.)		3.75				Water Boiled Off by the end of the run (g)		36.5		110		1120		90		620

		Magazine height with two grates (in.)		2.6				Fuel for boiling (g)		37		110		1110		90		630

		Fuel weight (grams)		530				Constant Heat of Combustion Volatilizes J/gram		38		110		1110		90		630

		Density (grams/ml)		2.93						39		110		1080		90		660

										40.5		100		1060		90		670

		Thermometer Weight (g)		20						41.5		100		1050		90		680

		Weight of pot (grams)		610						42		100		1040		90		690

		Iron (mols/grams)		55						43		100		1020		90		710

		Constant (J/calorie)		4.185						44		90		1010		90		710

										45		90		990		90		730

		Heatup Efficiency								46		90		980		90		740

										47		80		970		90		750

		Fuel weight for volatiles yeild (grams)		340						48		80		940		90		770

		Heat Constant (J/calorie)		4.185						49		80		930		90		780

				55						50		80		920		90		790

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule				51		80		900		90		810		CO 8 ppm

		Calories/(grams*deg. C)		0.11						51.4		70		890		90		810		Stable flame, glowing char

		Heat capacity of iron (J/(gram *deg. C)		0.72						52		70		880		90		820

		Energy (heat capacity) of the pot (J)		32733						52.5		70		870		90		830

		Temperature Minimum (deg.C)		23						53		70		870		90		830

		Temperature Maximum (deg.C)		95						54		70		850		90		850

				72						54.5		60		840		90		850

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		301320						55.5		60		830		90		860

		Energy to Burn Fuel (J)		4560						56		60		820		90		870		Flame unstable, roaming

										57		50		800		90		880

		Efficiency for heat up (J) %		55						58		50		790		90		890

										59		50		780		90		900		Water low, added 300 ml, adjusted wts.

										59.5		50		1070		90		910

										60		50		1060		90		920

										60.5		50		1060		90		920

										61		40		1060		90		920

										62		40		1050		90		920

										63		40		1050		90		920

										64		40		1040		90		930

										END

																								SUMMARY OF RESULTS ON PEANUT SHELL PELLETS  (See graph)

																						Time		Condition		Gasif Air		Fuel Rem		Water lost		Heat to Pot		Heat used		Eff		Combustion Rate		Turndown

																						min				Turns		g		g		kJ		kJ				kW

																						0		Start with30 g Char/alc		2		530		0

																						1		Pot on flame		2		520				909183		3300000		28%		4.1		100%

																						7.2		Rocking Boil		2		420

																						13.5		Turn Down to		1/2		310		230

																																252890		1050000		24%		3.2		78%

																						19		Turn down to		1/4		240		340

																																505780		1650000		31%		2.3		56%

																						31		Only charcoal left		1		130		560

																																850630		2160000		39%		1.1		28%

																						64		Off		1		40		930

																								Total

																						64		Overall		NA		490		930		2518483.44		8160000		31%		2.3

										Heat capacity of iron (J/(gram *deg. C)				0.4793727273

										Weight of pot (grams)				550

										Energy (heat capacity) of the pot (J)				19774.125





Peanut Shell Pellets Data

		PEANUT SHELL PELLETS TURBO TEST DATA

		Data Mesured Before the Run

		Test Date		4/27/00

		Test Fuel		Peanut Shell Pellets

		Moisture Content

		Source:

		Fuel Wt. -g		550

		Fuel plus pan weight- g		1160

		Fuel plus pan plus water-g		2500

		Starter Chips plus fuel- g		580

		Fuel Density-g/cm3(1)		3.04

		Data Aquired During the Run

		Volatile burn time-min		26.5

		Note:  This run was not completed.  Therefore the data is not conclusive.

		BURN HISTORY OF PEANUT SHELLS

		Time-min		Fuel Wt-g		Fuel + water-g		Water Boiled Off (g)				Comments

		0		580		2500		0				* incipient boiling

		4.5		560		2500		0				** full boil

		5.5		550		2490		0				***stopped boil of water

		6		540		2490		0				a) Initially, the blower was not on at time 0 min. but was on shortly after the fuel was ignited

		7.3		530		2470		0				b)Combustion air valve at time 2 min was open 2 full turns

		8		520		2460		0				c) Gas valve at time 2 was open one full turn

		18		370								d) When time is 8 min., water was removed from burner b/c flame was too high

		21.25		300								e) When time was 6 min., the nearby window was opened

		24.5		230								f) at 6m 48 s dropped flame by gas valve shut 1 full turn more and comb 1/2 turn closed more

		26.5		190								g) 15 grams per min. is the burning rate

				Peaunut Shell Calculations for 1st Run

		Fuel Apparent Density						Boiling Efficiency of Water (%)		0.0%

		Magazine diameter (in.)		3.75				Total water consumed at end of run (g)		0

		Magazine height with two grates (in.)		5.25				Fuel for boiling (g)		40

		Fuel weight (grams)		550				Constant Heat of Combustion Volitiles J/gram		15000

		Density (grams/ml)		0.03

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

		Constants for each experiment

		Iron Constant (mols/grams)		55

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72





SUMMARY SHEET

		SUMMARY WORKSHEET

		FUEL PROPERTIES

		Fuel:

		Wood Pellets

		Peanut Shell Pellets

		Coconut Shell

		Wood Chips

		Coal

		Notes:  The wood pellets were commercial heating stove pellets, < 1% ash, 6% moisture

		The peanut shell pellets were 3/8" diameter from the Birdsong Plant in Georgia

		The coconut shells were hammermilled to ~ 1 cm on an edge

		The wood chips were mixed hard and softwood, ~2 cm on an edge

		The coal was bituminous and crushed to 2 cm on an edge.

		Test Date		5/9/00		Test Date		4/22/00

		Test Fuel		Wood pellets		Test Fuel		Coconuts

		Moisture Content				Moisture Content

		Source:		Ace Hardware		Source:		Scahill

		Fuel Wt. -g		500		Fuel Wt. -g		305

		Fuel plus pan +thermameter- g		2160		Fuel Density-g/cm3(1)		0.00

		Fuel plus pan plus water-g		2140		Volatile burn time-min		19

		Starter Chips plus fuel- g		530		Volatiles consumed - g		215

		Fuel Density-g/cm3(1)		0.00		Charcoal Wt - g		90

		Water (g) start/finished		1000		Water boiled - g		730

		Data Aquired During the Run				DERIVED RESULTS

		Volatile burn time-min		0		Charcoal %		0.0

		Volatiles consumed - g		0		Heatup Efficiency		0.0%

		Data Mesured After the Run				Boiling Efficiency		0.0%

		Charcoal Wt - g		90		Average Intensity (Watts)		0.0

		Water boiled - g		850

		DERIVED RESULTS

		Charcoal %		18.0

		Heatup Efficiency %		0.0%

		Boiling Efficiency %		0.0%

		Average Intensity (Watt)		0





Coal Data

		COAL TURBO TEST DATA

		Data Mesured Before the Run

		Test Date		4/28/00

		Test Fuel		Coal

		Moisture Content

		Source:		Walt

		Fuel Wt. -g		260

		Fuel plus pan +thermameter- g		970

		Fuel plus pan plus water-g		1960

		Starter Chips plus fuel- g		330

		Fuel Density-g/cm3(1)		1.82

		Water (g) start/finished		1000		490

		Data Aquired During the Run

		Volatile burn time-min		13

		Volatiles consumed - g		290

		Data Mesured After the Run

		Charcoal Wt - g		300

		Water boiled - g		91

		DERIVED RESULTS

		Charcoal %		115.4

		Heatup Efficiency(2) %		75.0%

		Boiling Efficiency(3) %		16.3

		Average Intensity (Watt)		1389

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		T-C		Water Boiled Off (g)		Comments

		0		330		1960		20		0		* incipient boiling

		1.5		320		1950		23		0		** full boil @time = 10 min.

		2.5		310		1940		29		0		***stopped boil of water

		3		310		1930		36		0		a) Thermameter is about 20 grams and was left in the pot										20

		4		300		1920		42		0		b)Combustion air valve at time 0 min was open 2 full turns

		5		300		1920		51		0		c) Gas valve at time 0 was open one full turn

		6		290		1910		63		0		d) When time is 3 min., gas valve wasopen 1 turns

		7		270		1900		72		0		e) When time was 4 min., the gas valve was open 1.5 turns

		8		270		1890		81		10		h) When time was 6 min. Tom held the pan off the surface of the burner for approx. 20 sec

		9		260		1870		87		20		g) When time was 9 min., small boil started

		10		250		1850		93		30		h) When time was 11 min. the water was not at a full boil but more than a simmer

		11		240		1810		93		60		I)  When time 12 min., flame turned yellow & gas at 1/4 open

		12		230		1770		93		90		j) When time was 13.7 min the volatile were finished burning.  Stove Off

		13		220		1720		93		130		k) pan weight is 610 grams						610

		15.7		210		1650		91		190		l) time of 17 min., valve gas 1/2 open

		17		210		1630		89		210		m) time 18 min. simmer water

		18		200		1620		91		210		n) time 23.5min all Coke????

		19		200		1590		92		240		o) time 24 min. pot was removed

		20		190		1560		93		260		p) time 27 min, 2 turns on gas valves, 1 turn combust valve

		21		190		1540		93		280		q) Coke Run Data began at 26 min., pot placed on burner

		22		180		1520		91.5		290		r) pot lifted for 10 sec. For photo oportunity time 30

		23		180		1510		89		300		s) 36m 41s blower off

		24		180		1500		86		310		t) paint changed to a yellow color

		25.5		180		1490		85		312

		26		170		1480		84		315

		27		160		1470		83		320

		29		160		1450		93		340

		28		150		1410		92		370

		31.5		150		1380		93		400

		32		150		1370		92		410

		33		140		1350		92		420

		34.5		140		1320		92		450

		35		140		1300		92		470

		36		130		1280		91		480

				Coal Calculations

		Fuel Apparent Density						Boiling Efficiency of Water (%)		16.3

		Magazine diameter (in.)		3.75				Total water consumed at end of run (g)		510

		Magazine height with two grates (in.)		2.6				Fuel for boiling (g)		70

		Fuel weight (grams)		330				Constant Heat of Combustion Volitiles J/gram		15000

		Density (grams/ml)		1.82

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

		Constants for each experiment						Temperature Minimum (deg.C)		20

		Iron Constant (mols/grams)		55				Temperature Maximum (deg.C)		93

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule				73

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72

		Fuel weight for volatiles yeild (grams)		130

		Energy (heat capacity) of the pot (J)		32134

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		305505

		Energy to Burn Fuel (J)		450000

		Efficiency for heat up (J) %		75%





Coal Data
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Wood Pellets

		WOOD PELLETS TURBO TEST DATA

		Data Mesured Before the Run

		Test Date		5/9/00

		Test Fuel		Wood Pellets

		Moisture Content

		Source:		Ace Hardware

		Fuel Wt. -g		500

		Fuel plus pan +thermameter- g		2160

		Fuel plus pan plus water-g		2140

		Starter Chips plus fuel- g		530

		Fuel Density-g/cm3(1)		2.93

		Water (g) start/finished		1000		150

		Data Aquired During the Run

		Volatile burn time-min		37

		Volatiles consumed - g		940

		Data Mesured After the Run

		Charcoal Wt - g		90

		Water boiled - g		850

		DERIVED RESULTS

		Charcoal %		18.0

		Heatup Efficiency %		61.7%

		Boiling Efficiency %		32652.7%

		Average Intensity (Watt)		2273

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		T-C		Water Boiled Off (g)		Comments

		0		530		2160		18		0		* incipient boiling

		1		530		2160		18		0		** full boil

		2		520		2160		18		0		***stopped boil of water

		3		520		2150		18		0		a)  Turbo stove start fuel was a mixture of wood pellets and charcoal

		4		520		2150		21		0		b)  Two turns combustion valve open @ t=0min.

		5		520		2150		23		0		c)  @t=1, 3/4 turn gas valve, 1/4 turn gas

		6		510		2140		26		0		d)  @t=0, pot off flame, @t=3, pot on

		7		500		2140		31		0		e)  For this experiment the Nighthawk CO2 Detector remained above the stove and read 0 CO2 detection

		8		490		2130		42		0		f)  Fire is burning in only one corner and trying to dye out, therefore turn gasification air open 1 1/4 turn

		9		480		2110		54		0		g)  @t=7 flame is getting higher, Tom duct taped the gas connection tubes b/c gas valve is open too far

		10		470		2110		65		0		h)  Observation of a 10 g/min. fuel burn rate at t=5min.

		11		460		2070		81		20		I)  @t=11m 50 s, boiling**

		12		440		2040		94		30		j)  @t=12m extemely high flame, 6kWatt, 20grams/min. burn; b/c gas valve is open too far

		13		420		2000		94		50		k)  @t=21m 30s gas valve open 1/2 turn, @t=22 burning rate 10g/m

		14.8		400		1920		94		110		l)  54.7 deg. Celcius read on the outside of the pot, temp measured with the Raytek Ranger ST

		15.5		390		1880		94		140		m)  The pot was very black and dirty for this run!

		16		380		1860		94		150		n)  1/4 turn open gas @t=26m 30s

		17		370		1810		94		190		o)  Flame is low and blue @t=28m; also water is at a simmer

		17.5		360		1790		94		200		p)  Goal is to maintain simmer

		18		350		1760		94		220		q)  @t=33m 20s turn down 1/8 gas valve

		19		340		1720		94		250		r)  @t=34, steem coming out of the top of the pot

		20		320		1670		94		280		s)  @t=37m, flame height is high and blue with yellow

		21		300		1610		94		320		t)  @t=38m 8s, 1/16 open gas valve

		22		290		1570		94		350		u)  @t=39m, still simmering

		23		280		1530		94		380		v)  @t=41m 30s, 30 gram metal plate with holes was added; can smell fuel burning, metal plate glowed instantly, still simmers

		24		270		1490		93		410		w)  END OF RUN @t=44m 40s, pot off, plug w/water cap, turn air and blower off

		25		260		1460		93		430

		26		250		1430		93		450

		27		240		1390		92		480

		28		230		1360		90		500

		29		220		1340		91		510

		30		210		1320		91		520

		31		200		1280		91		550

		32		200		1260		91		570

		33		190		1230		91		590

		34		181		1190		91		621

		35		170		1160		90		640

		36		160		1130		90		660

		37		150		1100		90		680

		38		140		1060		91		710

		39		130		1030		91		730

		40		120		990		91		760

		41		110		950		89.9		790

		42		140		960		88		810

		43		130		940		85		820

		44		130		930		82		830

				Wood Pellets Calculations

		Fuel Apparent Density						Boiling Efficiency of Water (%)		327

		Magazine diameter (in.)		3.75				Water Boiled Off at end of run (g)		830

		Magazine height with two grates (in.)		2.6				Fuel for boiling (g)		430

		Fuel weight (grams)		530				Constant Heat of Combustion Volitiles J/gram		150

		Density (grams/ml)		2.93						15000

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

								Temperature Minimum (deg.C)		18

		Fuel weight for volatiles yeild (grams)		130				Temperature Maximum (deg.C)		94

		Iron Constant (mols/grams)		55						76

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72

		Energy (heat capacity) of the pot (J)		2549800

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		318060

		Energy to Burn Fuel (J)		4650000

		Efficiency for heat up (J) %		62%
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Peanut Pellets Data II

		PEANUTS II TURBO TEST DATA

		Data Measured Before the Run

		Test Date		4/28/00

		Test Fuel		Peanuts

		Moisture Content

		Source:		Reed

		Fuel Wt. -g		180

		Fuel plus pan weight- g		810

		Fuel plus pan plus water-g		1810

		Starter Chips plus fuel- g		200

		Fuel Density-g/cm3(1)

		Water (g) start/finished		1000		830

		Data Acquired During the Run

		Volatile burn time-min		13

		Volatilize consumed - g		337.8

		Data Measured After the Run

		Charcoal Wt - g		42.2

		Water boiled - g		120

		DERIVED RESULTS

		Charcoal %		23.4

		Heatup Efficiency %		55

		Boiling Efficiency %		6.3

		Average Intensity (Watt)		2985

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		T-C		Water Boiled-g		Comments

		0		200		1830		19		0		* incipient boiling

		1		200		1820		19		0		** full boil

		2		190		1820		23		0		***stopped boil of water

		3		180		1810		27		0		a) Thermometer is about 20 grams and was left in the pot

		4		170		1810		30		0		b)Combustion air valve at time 0 min was open 2 full turns

		5.2		160		1790		38		0		c) Gas valve at time 0 was open one full turn

		6.15		150		1770		49		0		d) When time is 4 min., gas valve was open 1.5 turns

		7.1		130		1760		63		0		e) When time was 4 min., the gas valve was open 3 turns

		8		110		1740		77		0		f) When time was 5.2 a visually nice flame was burning

		9		100		1700		93		30		g) When time was 10 min. the gas valve was closed 3/4 a turn

		10		80		1660		94		50		h) When time was 11 min. the water was not at a full boil but more than a simmer

		11		60		1620		94		70		I)  The burn still has a blue volatile flame at 12 min.

		12.3		50		1580		94		100		j) When time was 13.4 the volatile were finished burning.  Stove Off

		13.3		50		1560		92		120		k) pan weight is 610 grams

		13.4		40		1550		91		120

				Peanut Pellets Calculations

		Fuel Apparent Density						Boiling Efficiency of Water (%)		6.3

		Magazine diameter (in.)		3.75				Water Boiled Off by the end of the run (g)		170

		Magazine height with two grates (in.)		2.6				Fuel for boiling (g)		60

		Fuel weight (grams)		200				Constant Heat of Combustion Volatilizes J/gram		15000

		Density (grams/ml)		1.11

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

		Fuel weight for volatiles yeild (grams)		40

		Heat Constant (J/calorie)		4.185

		Iron Constant (mols/grams)		55

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72

		Energy (heat capacity) of the pot (J)		34097

		Temperature Minimum (deg.C)		19

		Temperature Maximum (deg.C)		94

				75

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		313875

		Energy to Burn Fuel (J)		1800000

		Efficiency for heat up (J) %		55
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Palm Nut Data

		PALM NUTS TURBO TEST DATA

		Data Mesured Before the Run

		Test Date		4/27/00

		Test Fuel		Palm Nuts

		Moisture Content

		Source:		Walt

		Fuel Wt. -g		150

		Fuel plus pan weight- g		790

		Fuel plus pan plus water-g		1800

		Starter Chips plus fuel- g		180

		Fuel Density-g/cm3(1)		0.83

		Water start/stop (g)		1000		900

		Data Aquired During the Run

		Volatile burn time-min		13

		Volatiles consumed - g		302.9

		Data Mesured After the Run

		Charcoal Wt - g		27.15

		Water boiled - g		100

		DERIVED RESULTS

		Charcoal %		18.1

		Heatup Efficiency %		47.5%

		Boiling Efficiency %		28.4%

		Average Intensity (Watt)		3077

				BURN HISTORY

		Time-min		Fuel Wt-g		Fuel + water + pot + thermometer (g)		T-C		Water Boiled Off (g)		Comments

		0		180		1800		18		0		* incipient boiling

		2.5		160		1800		20		0		** full boil

		3		160		1800		23		0		***stopped boil of water

		4		150		1760		31		0		a) Thermameter is about 20 grams and was left in the pot

		6		120		1760		54		0		b)Combustion air valve at time 0 min was open 2 full turns

		7		100		1740		74		0		c) Gas valve at time 0 was open one full turn

		8		80		1710		87		0		d) When time is 8.5 min., gas valve was turned down .5 a turn

		8.5		70		1680		91		20		e) When time was 9 min., the gas valve was turned closed .5 more

		9		60		1670		95		20		f) at 12.50 min the incipient boiling was reached

		10		50		1630		95		50		g) 15 grams per min. is the burning rate

		11		40		1600		94		70		h) 900 ml was left at the end of the run, as measured in the graduated cyclinder

		12		30		1570		94		90				900

		12.5		20		1550		91		100

		13		20		1550		91		100

				Palm Nut Calculations

		Fuel Apparent Density						Boiling Efficiency of Water (%)		28.4%

		Magazine diameter (in.)		3.75				Total water consumed at end of run (g)		100

		Magazine height with two grates (in.)		5.25				Fuel for boiling (g)		60

		Fuel weight (grams)		180				Constant Heat of Combustion Volitiles J/gram		15000

		Density (grams/ml)		0.51

		Thermometer Weight (g)		20

		Weight of pot (grams)		610

		Iron (mols/grams)		55

		Constant (J/calorie)		4.185

		Heatup Efficiency

		Constants for each experiment						Temperature Minimum (deg.C)		18

		Iron Constant (mols/grams)		55				Temperature Maximum (deg.C)		95

		Heat capacity at constant pressure (calories/(deg. C * mol wt. In grams)		6.3		Note:  This constant is from Trutens Rule				77

		Calories/(grams*deg. C)		0.11

		Heat capacity of iron (J/(gram *deg. C)		0.72

		Fuel weight for volatiles yeild (grams)		20

		Energy (heat capacity) of the pot (J)		33895

		Energy of water (grams of water* (1 cal./g deg. C)*(4.185 J/cal.))=J		322245

		Energy to Burn Fuel (J)		750000

		Efficiency for heat up (J) %		47%
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						TURBO STOVE RESEARCH - FALL 1999																						TURBO STOVE - RUN 103: Derived Results

				<---Independent Variables--->								<---------------Dependent Variables----------->														<---Independent Variables--->																						<---------------Dependent Variables----------->

		CHANGE		Time		Flow-GAS		Flow-Co				Fuel Wt		T(Htr)		T(H2O)						CO		Comments		Time		Time		Gasif Flow		Gasification Flow		Gasification Air Used		Comb Flow		Combustion Flow		Combustion Air used		A/F gasif		A/Fcomb		Comb-air/    Gas-air		Fuel Remaining		Gas Power		Ht Transfer T (H tr)		Ht Transfer Power		Heat Flux						CO		Comments

				m/s		lpm		scfh				g		C		C		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)		m:s		s		l/m		kg/hr		kg		scfh		kg/hr		kg		kg/kg		kg/kg				g		kW		C		W/cm3		kW		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)

		CHANGE		00:00		6.00		50.00				635		650				0.01		0.03				Includes 35 g starter fuel, 600g pellets		00:00		0		6		0.47		0.043		50		1.84		0.169		1.72		6.75		3.93		635		1.14		650		2.54		0.20		0.01		0.03				Includes 35 g starter fuel, 600g pellets

				0:05:30		6.00		50.00				610		634				0.01		0.035				mellow flame		05:30		330		6		0.47		0.016		50		1.84		0.061		1.56		6.13		3.93		610		1.25		634		1.90		0.15		0.01		0.035				mellow flame

				0:07:30		6.00		50.00				605.00		629												07:30		450		6		0.47		0.027		50		1.84		0.107		0.91		3.58		3.93		600		2.14		629		1.85		0.15

		10/76		0:11:00		10.00		76.00				570.00		707				0.015		0.075				hot flame, some yellow		11:00		660		10		0.78		0.052		76		2.80		0.186		2.60		9.32		3.58		570		1.25		707		2.58		0.20		0.015		0.075				hot flame, some yellow

				0:15:00		10.00		76.00				550.00		696						0.08						15:00		900		10		0.78		0.039		76		2.80		0.140		1.30		4.66		3.58		550		2.50		696		2.47		0.19				0.08

				0:18:00		10.00		76.00				520.00		678												18:00		1080		10		0.78		0.078		76		2.80		0.280		1.42		5.08		3.58		520		2.29		678		2.29		0.18

				0:24:00		10.00		76.00				465.00		657				0.015		0.08						24:00		1440		10		0.78		0.013		76		2.80		0.047		0.87		3.11		3.58		465		3.75		657		2.10		0.16		0.015		0.08

		15/90		0:25:00		15.00		90.00				450.00		765				0.02		0.11				New High heat conditions		25:00		1500		15		1.17		0.039		90		3.31		0.110		2.60		7.36		2.83		450		1.87		765		3.25		0.26		0.02		0.11				New High heat conditions

				0:27:00		15.00		90.00				435.00		768				0.02		0.11				Uneven C air distribution		27:00		1620		15		1.17		0.078		90		3.31		0.221		1.56		4.42		2.83		435		3.12		768		3.29		0.26		0.02		0.11				Uneven C air distribution

				0:31:00		15.00		90.00				385.00		791				0.02		0.11				4" flame above		31:00		1860		15		1.17		0.020		90		3.31		0.055		1.95		5.52		2.83		385		2.50		791		3.59		0.28		0.02		0.11				4" flame above

		15/100		0:32:00		15.00		100.00				375.00		782				0.02		0.14				9 ppm CO		32:00		1920		15		1.17		0.137		100		3.68		0.429		1.82		5.72		3.14		375		2.68		782		3.47		0.27		0.02		0.14		9		9 ppm CO

				0:39:00		15.00		100.00				300.00		769				0.02		0.14				Optimizing flame next		39:00		2340		15		1.17		0.078		100		3.68		0.245		1.73		5.45		3.14		300		2.81		769		3.30		0.26		0.02		0.14				Optimizing flame next

		10/100		0:43:00		10.00		100.00				255.00		731				0.02		0.014						43:00		2580		10		0.78		0.026		100		3.68		0.123		1.73		8.18		4.72		255		1.87		731		2.85		0.22		0.02		0.014

				0:45:00		10.00		100.00				240.00		738				0.02		0.14				Blue flame		45:00		2700		10		0.78		0.026		100		3.68		0.123		1.30		6.13		4.72		240		2.50		738		2.93		0.23		0.02		0.14				Blue flame

		7/100		0:47:00		7.00		100.00				220.00		665				0.015		0.135				Very blue flame		47:00		2820		7		0.55		0.018		100		3.68		0.123		1.21		8.18		6.74		220		1.87		665		2.17		0.17		0.015		0.135				Very blue flame

				0:49:00		7.00		100.00				205.00		655				0.015		0.135				12 ppm CO		49:00		2940		7		0.55		0.027		100		3.68		0.184		0.91		6.13		6.74		205		2.50		655		2.08		0.16		0.015		0.135		12		12 ppm CO

		12/100		0:52:00		12.00		100.00				175.00		731				0.02		0.14				12 ppm, Nice blue flame		52:00		3120		12		0.94		0.047		100		3.68		0.184		1.56		6.13		3.93		175		2.50		731		2.85		0.22		0.02		0.14		12		12 ppm, Nice blue flame

				0:55:00		12.00		100.00				145.00		724				0.02		0.14				12 ppm, Nice blue flame		55:00		3300		12		0.94		0.062		100		3.68		0.245		3.12		12.26		3.93		145		1.25		724		2.77		0.22		0.02		0.14		12		12 ppm, Nice blue flame

				0:59:00		12.00		100.00				125.00		719				0.02		0.14				flame		0:59:00		3540		12		0.94		0.047		100		3.68		0.184		1.56		6.13		3.93		125		2.50		719		2.71		0.21		0.02		0.14				flame

		40/80 C		1:02:00		40.00		80.00				95.00		783				0.05		0.1				14 ppm, Beautiful Blue Flame		1:02:00		3720		40		3.12		0.260		80		2.94		0.245		10.40		9.81		0.94		95		2.00		783		3.48		0.27		0.05		0.1		14		Beautiful Blue Flame

				1:07:00		23.00		58.00				70.00		703				0.03		0.06				17 ppm,		1:07:00		4020		23		1.79		0.090		58		2.13		0.107		8.97		10.67		1.19		70		1.33		703		2.54		0.20		0.03		0.06		17

		17/48		1:10:00		17.00		48.00				60.00		659				0.02		0.04				17 ppm, Stable beautiful blue		1:10:00		4200		17		1.33		0.066		48		1.77		0.088		3.32		4.42		1.33		60		2.67		659		2.11		0.17		0.02		0.04		17		Stable beautiful blue

				1:13:00		17.00		48.00				40.00		640				0.02		0.04				18 ppm		1:13:00		4381		17		1.33		0.066		48		1.77		0.088		6.63		8.83		1.33		40		1.33		640		1.95		0.15		0.02		0.04		18

				1:16:00		17.00		48.00				30.00		623				0.02		0.04				20 ppm		1:16:00		4561		17		1.33		0.111		48		1.77		0.147		11.05		14.72		1.33		30		0.80		623		1.81		0.14		0.02		0.04		20

				1:21:00		17.00		48.00				20.00		603				0.02		0.04				19 ppm		1:21:00		4861		17		1.33		0.066		48		1.77		0.088		13.26		17.66		1.33		20		0.67		603		1.65		0.13		0.02		0.04		19

				1:24:00		17.00		48.00				15.00		570				0.02		0.04				24 ppm, Flickering flame		1:24:00		5041		17		1.33		0.066		48		1.77		0.088		26.52		35.32		1.33		15		0.33		570		1.41		0.11		0.02		0.04		24		Flickering flame

				1:27:00		17.00		48.00				15.00		520				0.02		0.04				31 ppm, bbarely burning		1:27:00		5221		17		1.33		0.022		48		1.77		0.029		8.84		11.77		1.33		13		1.00		520		1.11		0.09		0.02		0.04		31		Barely burning

				1:28:00		17.00		48.00				10.00		514				0.02		0.04				43 ppm		1:28:00		5281		17		1.33		0.044		48		1.77		0.059		17.68		23.55		1.33		10		0.50		514		1.07		0.08		0.02		0.04		43

				1:30:00		17.00		48.00				10.00		503				0.02		0.04				38 ppm, CO meter moved		1:30:00		5401		17		1.33		0.022		48		1.77		0.029		8.84		11.77		1.33		8		1.00		503		1.02		0.08		0.02		0.04		38

				1:31:00		17.00		48.00				5.00		500				0.02		0.04				38 ppm, CO meter moved		1:31:00		5461		17		1.33		0.022		48		1.77		0.029		8.84		11.77		1.33		5		1.00		500		1.00		0.08		0.02		0.04		38

				1:32:00		17.00		48.00				5.00		493				0.02		0.04				38 ppm, CO meter moved		1:32:00		5521		17		1.33		0.022		48		1.77		0.029		8.84		11.77		1.33		3		1.00		493		0.96		0.08		0.02		0.04		38

				1:33:00								-5.00												Burn Out		1:33:00		5581				0.00		0.000				0.00		0.000								0		0.00														Burn Out

		NOTES:		Burned 600 g pellets, 35 g starter completely in 93 min.  Excellent run, slight leaks at top.																												TOTALS		1.73						4.24								16% Charc.

																																		Cair/Gair						2.45

																																3.14		769

				Conclusions:																												3.14		782

				This run ran an overall of an 1hr and 33min.  The conditions were varied with various air flows.																												3.93		724

				This gave an over view of various running conditions in hopes of determining an optimal set																												3.93		731																				0.0130015129		3.7495636364

				of operating conditions.																												3.93		719																				0.0156018155		1.2498545455

																																4.72		731																				0.0182021181		1.8747818182

				During burn out the fire was a charcol fire and produced a very defined blue flame.  Towards the end																												4.72		738																				0.0195022694		2.4997090909

				of the burn out stage the charcole fire gave out various readings of CO which were recorded above.																												6.74		655																				0.0221025719		0.9998836364

				This is a characteristic emmision during burn out.																												6.74		665																				0.0221025719		0.9998836364

																																																						0.0221025719		0.9998836364

				However ther were some CO emmitions during the run which is a source of concern since one of the																																																		0.0221025719		0.9998836364

				selling points of this stove is low emmisons.  This is an air control problem and needs to be																																																		0.0260030258		1.8747818182

				Addressed.																																																		0.0260030258		2.4997090909

																																																						0.0273031771		2.1426077922

				Observations-  During the run there is an observed air leak between the air cartrige can and the																																																		0.0273031771		2.4997090909

				gasification can.  Limitations of the stove or is this just a phenomon of this expermental stove?																																																		0.0390045387		1.8747818182

																																																						0.0390045387		2.4997090909

				Objectives-  Determine an air/fuel ratio for optimal operating conditions to produce 3kW and another																																																		0.0429049926		1.136231405

				air/fuel ratio that will produce operating conditions to produce 1.5kW.																																																		0.0442051439		0.4999418182

																																																						0.0468054465		2.4997090909

				Given that this is a fuel specific stove, it is important to learn to maintain these types of ratios so that some																																																		0.0468054465		2.4997090909

				sort of theoretical relationship be developed so that this air ratio can easily be determined for the																																																		0.0520060516		1.2498545455

				different fuels given the mean density, and particulate size.  Or is this a step that is un-nessary for this project at this time?																																																		0.0624072619		1.2498545455

																																																						0.0663077158		0.6665890909

				Next run: massage this data and hopefully determine one if not two air control ratios, and also optimal ratios for low																																																		0.0663077158		1.3331781818

				and high charcoal burning.																																																		0.0663077158		2.6663563636

																																																						0.0663077158		0.3332945455

				The CO Meter was located 2 feet above the flame, intercepting the gases passing																																																		0.0780090774		2.2914

				over the heat shield, measured the CO in the exhaust gases, not the room																																																		0.0780090774		2.8121727273

																																																						0.0780090774		3.1246363636

				At the end of the run the CO meter was moved to the shelf 3 feet left of stove and																																																		0.089710439		1.3331781818

				the reading went to 12 ppm eventually, probably the value for the room.																																																		0.1105128597		0.7999069091

																																																						0.1365158855		2.6782597403

																																																						0.2600302581		1.9997672727

																																																						0
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Chart1

		<---Independent Variables--->						<---------------Dependent Variables----------->		Dependent---------------->

		Time		Flow-GAS air		Flow - Comb Air		Fuel Wt		T(Htr)		Heat Flux		CO		Comments

		min		liters/m		liters/m		g		C		W/cm2

		0						530		200		0.3		0		500 g pellets plus starter

		2		10		9.4		520		496		2.0		0

		5		10		47.2		510		600		3.3		0

		6						505		650		4.1		0		OK, but slow start

		7						500		660		4.3		0		Plate on

		8						485		720		5.5		0

		9						475		771		6.7		0

		10						465		768		6.7		26		Na flame above burner

		11						455		779		6.9		26

		12						445		792		7.3		26

		13						435		805		7.7		28

				Ag/F=		1.39		10

		14		5		47.2		425		772		6.8		28

		15						415		744		6.1		24		Na flame stillabove burner

		16						405		747		6.1		24

		17						395		731		5.8		15

		18						390		724		5.6		15

				Ag/F=		0.74		5

		19		15		47.2		385		775		6.8		15		Crackling sound

		20						370		828		8.3		27		Some flames over edge

		21						360		847		8.9		27

		22						350		849		9.0		27

				Ag/F=		1.67		15

		23		20		47.2		335		893		10.5		29		Some yellow in flame

		24						320		900		10.7		29

		25						307		897		10.6		21

				Ag/F=		1.86		20

		26		25		47.2		292		918		11.4		21		Some yellow, some sparks

		27						275		923		11.6		18

				Ag/F=		1.91		25

		28		5		18.9		255		951		12.7		18		Next series, low gas rate

		29						255		916		11.3		18

		30						250		809		7.8		54

		31						245		769		6.7		54		yellow smokey flame

		32						235		745		6.1		63

		33						230		739		5.9		63

		34						225		730		5.7		63

				Ag/F=		1.30		5				0.0

		35		3		18.9		220		650		4.1		49

		36						215		638		3.9		49

		37						210		640		3.9		30		Small flame, mostly blue

		38						210		647		4.1		27

		39						205		662		4.3		27

		40						200		669		4.5		27

				Ag/F=		0.97		3

		41		1		18.9		190		603		3.3		27

		42						180		524		2.3		40		Flame out! Charcoal glowing

		43						175		452		1.6		40

		44						175		416		1.3		40		Smell of smoke

				Ag/F=		0.26		1

		45		15		0.0		190				0.0

		46						185		562		2.8		70		Relit by blowing on charcoal

		47						175		694		5.0		48		Yellow flames, 3 " aove plate

		48						160		718		5.5		48		48 above flame =

		49						150		721		5.5		48

				Ag/F=		1.95		15				0.0

		50		15		33.0		135		847		8.9		27		No yellow above plate

		51						125		676		4.6

		52						115		863		9.4		19		19 at eye level sitting

		53						110		831		8.4		19

				Ag/F=		2.34		15				0.0

		54		10		33.0		100		775		6.8		19		No flames over plate, mostly Na

		55						95		750		6.2		20		CO meter back above flame

		56						90		697		5.0		20		Running low

		57						87		663		4.4		20

						PART VOLATILE, PART CHARCOAL FLAME

		58		5		33.0		85		595		3.2		20

		59						82		595		3.2

				Ag/F=		PART VOLATILE, PART CHARCOAL FLAME

		60		35		33.0		80		777		6.9		24		BEAUTIFUL CO FLAME.  Sparkles

		61						75		851		9.0		24

				Ag/F=		9.10		35

		60		20		33.0		70		870		9.7		26		BEAUTIFUL CO FLAME.  Sparkles

		61								880		10.0

		62								890		10.4

		63						65		900		10.7		26

		64						65		901		10.8		26

				Ag/F=		20.80		20

		65		20		18.9		60		854		9.1		25		1 inch flamelets

		66						59		824		8.2		25

		67						58		802		7.6		15

				Ag/F=		26.00		20

		68		15		14.2		55		760		6.5		15		3/4" flamelets

		69						55		720		5.5		15

		70						55		707		5.2		14

		71						50		695		5.0		14

				Ag/F=		11.70		15

		72		15		18.9		50		675		4.6		22		Flame dim and flickery

		73						50		653		4.2		22		3/4:flamelets, but not attached

		74						45		651		4.1

				Ag/F=		7.80		15

		75		10		9.4		45		620		3.6				No flamelets, blue glow

		76						43		578		3.0		37

				Ag/F=		6.50		10

		77		15		14.2		40		546		2.6		36		General  flame, no flamelets

		78						40		555		2.7		36

		79						40		558		2.7		28		Flame over charcoal bed, very hot..

		80						35		556		2.7		28

		81						37		552		2.6		28		Turned off, recovering charcoal…

		82		Ag/F=		26.04		15								Hoses OK

		83														20 g charcoal left….

		84

				Char yield =		16%

				Gasification Air		Air Fuel Ratio

				l/m

				1		0.26

				3		0.97

				5		0.74

				5		1.30

				10		1.39

				15		1.67

				15		1.95

				15		2.34

				20		1.86

				25		1.91

						Ag/F=

				35		9.1

				20		20.8

				20		26.0

				15		11.7

				15		7.8

				10		6.5

				15		26.0





11-18-99

						TURBO STOVE RESEARCH - FALL 1999																								TURBO STOVE - RUN 103: Derived Results

				<---Independent Variables--->								<---------------Dependent Variables----------->																<---Independent Variables--->																						<---------------Dependent Variables----------->

		CHANGE		Time		Flow-GAS		Flow-Co				Fuel Wt		Fuel + Water		T(Htr)		T(H2O)						CO		Comments		Time		Time		Gasif Flow		Gasification Flow		Gasification Air Used		Comb Flow		Combustion Flow		Combustion Air used		A/F gasif		A/Fcomb		Comb-air/    Gas-air		Fuel Remaining		Gas Power		Ht Transfer T (H tr)		Ht Transfer Power		Heat Flux						CO		Comments

				m/s				scfh				g				C		C		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)		m:s		s		l/m		kg/hr		kg		scfh		kg/hr		kg		kg/kg		kg/kg				g		kW		C		W/cm3		kW		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)

		CHANGE		00:00		6.00		50.00				635				650				0.01		0.03				Includes 35 g starter fuel, 600g pellets		00:00		0		6		0.47		0.000		50		1.84		0.000		0.00		0.00		0.00		635		0.00		650		2.54		0.20		0.01		0.03				Includes 35 g starter fuel, 600g pellets

		START		0:00:00		10.00		50.00				650.00				825				0.01		0.025		0

				0:04:00								630.00				790								0

		COND 1		0:07:00		17.00		100.00				600.00				748				0.015		0.11

				0:00:00								575.00				770				0.015		0.11				2" blue-y above

				0:15:00								535.00						15.00

				0:15:00								2135.00						15.00								1 l water

				0:16:00								2125.00				805		33.00

				0:17:00								2110.00				806		42.00

				0:18:00								2100.00				811		65.00

				0:19:00								2085.00				818		78.00

				0:20:00								2060.00				824		90.00						86		Boiling; 5 min

				0:22:00								1975.00				806		94.00						72

				0:24:00								1880.00				827		94.00						86

				0:25:00		12.00		100.00				1840.00				817		94.00						86

				0:27:00								1755.00				792		94.00						71		Opened Door

				0:28:00								1705.00				775		94.00						71

				0:30:00								1630.00				767		94.00						72

				0:31:00		8.00		100.00				1565.00				750		94.00						66

				0:33:00								1515.00				740		93.00						66		Boiling decreased

				0:35:00		8.00		70.00				1440.00				760		93.00		0.001		0.07		17		Happy Boil

				0:37:00								1360.00				765		93.00						51		Happy boil, high flame

				0:40:00		8.00		70.00				1265.00				781		93.00						127		Rich Flame

												250.00

				0:42:00		4.00		70.00																		Thin Flame

				0:44:00		4.00		60.00				215.00		1115.00		718		92.00								Light boil

				0:46:00

				0:48:00																						Water removed 190 mL remain

				0:49:00		4.00		60.00				190.00				375				0		0.5		35		fire, Yellow here and there all conbustion in pot not burning charcol fast the flames are mostly ancored starting close to the top of the hole If increased to 70 they all bacome ancored.  At fifty the flame is stable flame

				0:52:00								165.00				640										turning up to seventy, temp does not drop because the flame is not that well defined

				0:56:00								135.00				690								16		voliles still excaping

				0:59:00								115.00				513

				1:00:00								115.00				431										Charcoal fire

				1:01:00		10.00		0.00				110.00												186		Shut down

		Modified burner can with insulated shelf on bottom; new fuel magazine; cement on top seal.
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11-11-99#3

								TURBO STOVE RESEARCH - FALL 1999

		Note:  There were four significant runs with Khris, 2 on 11/11 and 2 on 11/18. Best run was #5 on 11/18, summarized here.

				<---Independent Variables--->										<---------------Dependent Variables----------->

		CHANGE		Time		Time		Flow-GAS air		Flow-Comb Air		Flow- Comb Air		Fuel Wt		Fuel Rate		Fuel + Water		Water Weight		Water Lost		T(Htr)

				m/s		min		liters/m		scfh		liters/m		g		g/s		g		g		g		C

				170 g in 15 min

								Fuel Power =				2833		W				170 g in 15 min

								Gasification Air=				225		L				Combustion Air=				708		liters @ 20C.				1.199616041

				Mair=		28.84						270		g						=		850		g

																						Ag/Ac=		0.3177

				Expt 1		5		15.00		100.00		47.21		510		15		3030		2015		-15		803

						6		15.00		100.00		47.21		495		10		3025		2025		-25		844

						7		15.00		100.00		47.21		485		5		3020		2030		-30		826

						8		15.00		100.00		47.21		480		10		3005		2020		-20		823

						10		15.00		100.00		47.21		460		15		2980		2015		-15		848

						11		15.00		100.00		47.21		445		10		2960		2010		-10		827

						12		15.00		100.00		47.21		435		10		2950		2010		-10		807

						13		15.00		100.00		47.21		425		15		2940		2010		-10		809

						14		15.00		100.00		47.21		410		10		2910		1995		5		809

						15		15.00		100.00		47.21		400		10		2890		1985		15		809

						16		15.00		100.00		47.21		390		15		2840		1945		55		827

						17		15.00		100.00		47.21		375		5		2810		1930		70		823

						18		15.00		100.00		47.21		370		15		2765		1890		110		819

						19		15.00		100.00		47.21		355		15		2720		1860		140		827

						20		15.00		100.00		47.21		340		8		2675		1830		170		822

				2				50 g in 7 min.				Fuel Power =		Fuel Power =				1786		W

								Gasification Air=				35		L				Combustion Air=				198.3002832861		L

												42		g								238		g

																						Ag/Ac=		0.1765

						24		5.00		60.00		28.33		310		8		2550		1735		265		748

						26		5.00		60.00		28.33		295		5		2495		1695		305		744

						27		5.00		60.00		28.33		290		10		2470		1675		325		744

						28		5.00		60.00		28.33		280		5		2440		1655		345		741

						29		5.00		60.00		28.33		275		5		2420		1640		360		748

						30		5.00		60.00		28.33		270		10		2390		1615		385		762

						31		5.00		60.00		28.33		260		5		2370		1605		395		771

								110g in 24min						Fuel Power =				1146		W

				3				Gasification Air=				72		L				Combustion Air=				453.2577903683		L

												86		g								544		g

																						Ag/Ac=		0.15885

						33		3.00		40.00		18.89		250		5		2320		1565		435		654

						34		3.00		40.00		18.89		245		5		2305		1555		445		632

						35		3.00		40.00		18.89		240		5		2285		1540		460		670

						36		3.00		40.00		18.89		235		5		2270		1530		470		693

						37		3.00		40.00		18.89		230		5		2250		1515		485		692

						38		3		40		18.89		225		5		2225		1495		505		693

						39		3		40		18.89		220		5		2205		1480		520		684

						40		3		40		18.89		215		5		2185		1465		535		678

						41		3		40		18.89		210		5		2165		1450		550		680

						42		3		40		18.89		205		5		2150		1440		560		685

						43		3		40		18.89		200		5		2130		1425		575		676

						44		3		40		18.89		195		5		2110		1410		590		658

						45		3		40		18.89		190		5		2095		1400		600		644

						46		3		40		18.89		185		5		2075		1385		615		652

						47		3		40		18.89		180		5		2055		1370		630		651

						48		3		40		18.89		175		3		2035		1355		645		650

						49		3		40		18.89		172		2		2020		1343		657		645

						50		3		40		18.89		170		5		2005		1330		670		645

						51		3		40		18.89		165		5		1990		1320		680		635

						52		3		40		18.89		160		5		1970		1305		695		633

						53		3		40		18.89		155		5		1950		1290		710		619

						54		3		40		18.89		150		0		1940		1285		715		640

						55		3		40		18.89		150		5		1920		1265		735		655

						56		3		40		18.89		145		5		1905		1255		745		658

						57		3		40		18.89		140		5		1885		1240		760		671

						58		3		40		18.89		135		-2		1870		1230		770		686

						Table 1 for Manuscript								GASIF		COMB		Power		P Ratio		Superfic Vel								Table 1 for Manuscript

						CONDI-TION		FUEL BURNED		GASIF  AIR		COMB AIR		Air/Fuel		Air/Fuel						Gasif								CONDI-TION				GASIF  AIR				COMB AIR		AIR/FUEL

						FUEL		Fuel Rate		GASIF  AIR		COMB AIR																		FUEL		CAIR/Gair(a)		POWER				TURN-DOWN

								g/m		g/m		g/m						W		P/Pmax		m/s										g/m		l/m		g		l/m						W		P/Pmax

						Max Power		11.3		18.0		56.6		1.59		5.01		2.83		1.00		0.062								Max Power		11.3		15				47.2		5.5		3.1		2833		1

						Inter-mediate		7.1		6.0		34.0		0.84		4.79		1.78		0.63		0.028								Inter-mediate		7.1		5				28.3		4.7		5.7		1786		0.63

						Low power		4.6		3.5		21.7		0.75		4.73		1.15		0.41		0.017								Low power		4.6		3				18.9		4.8		6.3		1146		0.4

								Totalflows

				15				270		850

				7				42		238

				25				86		544

								170 g in 15 min

								Fuel Power =				2833.3333333333		W				170 g in 15 min

								Gasification Air=				225		L				Combustion Air=				708.2152974504		liters @ 20C.

				Mair=		28.84						269.913609215		g						=		849.5864312717		g

				2				50 g in 7 min.				Fuel Power =		Fuel Power =				1785.7142857143		W

								Gasification Air=				35		L				Combustion Air=				198.3002832861		L

												41.9865614334		g								237.8842007561		g

				2				50 g in 7 min.				Fuel Power =		Fuel Power =				1785.7142857143		W

								Gasification Air=				35		L				Combustion Air=				198.3002832861		L

												41.9865614334		g								237.8842007561		g





						TURBO STOVE RESEARCH - FALL 1999

		Looking for optimum heat transfer vs Ag/Ac

		<---Independent Variables--->												<---------------Dependent Variables----------->

		Time		Time		Flow-GAS air		Flow-Comb Air		Flow- Comb Air		Flow-Comb Air		Fuel Wt		Fuel Rate		Fuel + Water		Water Weight		Water Lost		T(Htr)		Heat Flux		CO		Comments

		m/s		min		liters/m		scfh		liters/m		l/m		g		g/s		g		g		g		C		w/cm2

		0:00		0										530														0		500 plus starter

		0:02		2		10		20				9.4		520						496				496		2.0		0

		0:05		5		10		100				47.2		510										600		3.3		0		FIRST SERIES

		0:06		6										505										650		4.1		0		OK, but slow start

		0:07		7										500										660		4.3		0		Plate on

		0:08		8										485										720		5.5		0

		0:09		9										475										771		6.7		0

		0:10		10										465										768		6.7		26		Na flame above burner

		0:11		11										455										779		6.9		26

		0:12		12										445										792		7.3		26

		0:13		13										435										805		7.7		28

		0:14		14		5		100				47.2		425										772		6.8		28		SECOND SERIES

		0:15		15										415										744		6.1		24		Na flame stillabove burner

		0:16		16										405										747		6.1		24

		0:17		17										395										731		5.8		15

		0:18		18										390										724		5.6		15

		0:19		19		15		100				47.2		385										775		6.8		15		THIRD SERIES

		0:20		20										370										828		8.3		27		Some flames over edge

		0:21		21										360										847		8.9		27

		0:22		22										350										849		9.0		27

		0:23		23		20		100				47.2		335										893		10.5		29		FOURTH SERIES

		0:24		24										320										900		10.7		29		Some yellow in flame

		0:25		25										307										897		10.6		21

		0:26		26		25		100				47.2		292										918		11.4		21		FIFTH SERIES

		0:27		27										275										923		11.6		18		Some yellow, some sparks

		0:28		28		5		40				18.9		255										951		12.7		18		SIXTH SERIES

		0:29		29										255										916		11.3		18		Next series, low gas rate

		0:30		30										250										809		7.8		54

		0:31		31										245										769		6.7		54		yellow smokey flame

		0:32		32										235										745		6.1		63

		0:33		33										230										739		5.9		63

		0:34		34										225										730		5.7		63

		0:35		35		3		40				18.9		220										650		4.1		49		SEVENTH SERIES

		0:36		36										215										638		3.9		49

		0:37		37										210										640		3.9		30		Small flame, mostly blue

		0:38		38										210										647		4.1		27

		0:39		39										205										662		4.3		27

		0:40		40										200										669		4.5		27

		0:41		41		"0"		40				18.9		190										603		3.3		27		EIGHTH SERIES

		0:42		42										180										524		2.3		40		Flame out! Charcoal glowing

		0:43		43										175										452		1.6		40

		0:44		44										175										416		1.3		40		Smell of smoke

		0:45		45		15								190												0.0

		0:46		46										185										562		2.8		70		Relit by blowing on charcoal

		0:47		47										175										694		5.0		48		Yellow flames, 3 " aove plate

		0:48		48										160										718		5.5		48		48 above flame =

		0:49		49										150										721		5.5		48

		0:50		50		15		70				33.1		135										847		8.9		27		No yellow above plate

		0:51		51										125										676		4.6

		0:52		52										115										863		9.4		19		19 at eye level sitting

		0:53		53										110										831		8.4		19

		0:54		54		10		70				33.1		100										775		6.8		19		No flames over plate, mostly Na

		0:55		55										95										750		6.2		20		CO meter back above flame

		0:56		56										90										697		5.0		20		Running low

		0:57		57										90										663		4.4		20

		0:58		58		5		70				33.1		85										595		3.2		20

		0:59		59																						0.0

		1:00		60		35		70				33.1		80										777		6.9		24		BEAUTIFUL CO FLAME.  Sparkles

		1:01		61										75										851		9.0		24

		1:00		60		20		70				33.1		70										870		9.7		26		BEAUTIFUL CO FLAME.  Sparkles

		1:01		61																						0.0

		1:02		62																						0.0

		1:03		63										65										900		10.7		26

		1:04		64										65										901		10.8		26

		1:05		65		20		40				18.9		60										854		9.1		25		1 inch flamelets

		1:06		66										60										824		8.2		25

		1:07		67										60										802		7.6		15

		1:08		68		15		30				14.2		55										760		6.5		15		3/4" flamelets

		1:09		69										55										720		5.5		15

		1:10		70										55										707		5.2		14

		1:11		71										50										695		5.0		14

		1:12		72		15		40				18.9		50										675		4.6		22		Flame dim and flickery

		1:13		73										50										653		4.2		22		3/4:flamelets, but not attached

		1:14		74										45										651		4.1

		1:15		75		10		20				9.4		45										620		3.6				No flamelets, blue glow

		1:16		76										45										578		3.0		37

		1:17		77		15		30				14.2		40										546		2.6		36		General  flame, no flamelets

		1:18		78										40										555		2.7		36

		1:19		79										40										558		2.7		28		Flame over charcoal bed, very hot..

		1:20		80										35										556		2.7		28

		1:21		81										37										552		2.6		28		Turned off, recovering charcoal…

		1:22		82																										Hoses OK

		1:23		83																										20 g charcoal left….

		1:24		84





								TURBO STOVE RESEARCH - FALL 1999

				<---Independent Variables--->										<---------------Dependent Variables----------->

		CHANGE		Time		Time		Flow-GAS air		Flow-Comb Air		Flow- Comb Air		Fuel Wt		Fuel Rate		Fuel + Water		Water Weight		Water Lost		T(Htr)		CO		Cpmments

				m/s		min		liters/m		scfh		liters/m		g		g/s		g		g		g		C

				170 g in 15 min

								Fuel Power =				2833		W				170 g in 15 min

								Gasification Air=				225		L				Combustion Air=				0		L

		RUN 4 to determine the relation of Aag to Ca to Tht

				High Intensity run 100/

				0:00				15.00		100.00				250										900				Startup on alcohol

				0:04				15.00		100.00				200										904		16

				0.05										190										925		14

				0:06										180										939		14		Clean, rich flame

				0:07										170										973		14

				0:08										155										995		16

				0:09										140										1018		16

				0:10										130										1040		13

				0:11										120										1046		13

				0:12										105										1048		13

				0:13										90										1044		10

				0:14										80										1049		10

				0:15										70										1051		9		Flickering flame with sootflame

				0:16										60										1045		9

				0:17										50										1013		9

				0:18										40										922		10		Temp drop w/ charcole fire beginning

				0:19										30										826		10

				0:20										25										756		0

		Varying Conditions:  100 Ac

				0:00				15		100				250										537		10		New start

				0:04										200										1057

				0:05										190										1058		26

				0:06										175										1055		26

				0:07				10		100				160										1008		20

				0:08										150										935		20		Still inburned fuel at edges

				0:09										135										894		20

				0:10				5		100				125										895		19

				0:11										115										946		19

				0:12										110										888		17

				0:13				0		100				95										696		17		Burning without forced Ag

				0:14										90										623		24

				0:15										85										609		24		Very Flickery Flame

				0:16				0		100				85										592		24

				0:17										80										581		26

				0:18										75										573		26

				0:19				20		100				75										860		29		VERY yellow flame

				0:20										65										950		29		Hot.. Running out

				0:21										60										850		29

				SHUTDOWN





								TURBO STOVE RESEARCH - FALL 1999																														TURBO STOVE - RUN 103: Derived Results

				<---Independent Variables--->										<---------------Dependent Variables----------->																						<---Independent Variables--->																						<---------------Dependent Variables----------->

		CHANGE		Time		Time		Flow-GAS air		Flow-Comb Air				Fuel Wt		Fuel Rate		Fuel + Water		Water Weight		Water Lost		T(Htr)		T(H2O)						CO		Comments		Time		Time		Gasif Flow		Gasification Flow		Gasification Air Used		Comb Flow		Combustion Flow		Combustion Air used		A/F gasif		A/Fcomb		Comb-air/    Gas-air		Fuel Remaining		Gas Power		Ht Transfer T (H tr)		Ht Transfer Power		Heat Flux						CO		Comments

				m/s		min		liters/m		scfh				g		g/s		g		g		g		C		C		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)		m:s		s		l/m		kg/hr		kg		scfh		kg/hr		kg		kg/kg		kg/kg				g		kW		C		W/cm3		kW		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)

		CHANGE

		START		0:00:00		0								550		15		3055		2000		0		0										2 liters water

				0:01:00		1		15.00		100.00				535		6		3040		2000		0		763				0.01		0.1				Nice flame

		COND 1		0:05:00		5		15.00		100.00				510		15		3015		2000		0		803		23.00		0.01		0.1

				0:06:00		6		15.00		100.00				495		10		3000		2000		0		844		28.00

				0:07:00		7		15.00		100.00				485		5		2990		2000		0		826		37.00

				0:08:00		8		15.00		100.00				480		10		2985		2000		0		823		44.00								A little yellow flame Boundary layer between pot and flame 8mm

				0:10:00		10		15.00		100.00				460		15		2965		2000		0		848		60.00

				0:11:00		11		15.00		100.00				445		10		2950		2000		0		827		69.00

				0:12:00		12		15.00		100.00				435		10		2940		2000		0		807		75.00

				0:13:00		13		15.00		100.00				425		15		2930		2000		0		809		83.00		0.015		0.13

				0:14:00		14		15.00		100.00				410		10		2910		1995		5		809		91.00								bubbles

				0:15:00		15		15.00		100.00				400		10		2890		1985		15		809		94.00								rocking boil

				0:16:00		16		15.00		100.00				390		15		2840		1945		55		827		94.00

				0:17:00		17		15.00		100.00				375		5		2810		1930		70		823		95.00

				0:18:00		18		15.00		100.00				370		15		2765		1890		110		819		95.00

				0:19:00		19		15.00		100.00				355		15		2720		1860		140		827		95.00

				0:20:00		20		15.00		100.00				340		8		2675		1830		170		822		95.00

		60com 5gas		0:24:00		24		5.00		60.00				310		8		2550		1735		265		748		94.00		0.003		0.5				controled boil

				0:26:00		26		5.00		60.00				295		5		2495		1695		305		744		94.00						65

				0:27:00		27		5.00		60.00				290		10		2470		1675		325		744		94.00						68

				0:28:00		28		5.00		60.00				280		5		2440		1655		345		741		94.00						68

				0:29:00		29		5.00		60.00				275		5		2420		1640		360		748		94.00						68

				0:30:00		30		5.00		60.00				270		10		2390		1615		385		762		94.00

				0:31:00		31		5.00		60.00				260		5		2370		1605		395		771		94.00

		40com 2.5gas		0:32:00		32		2.50		40.00				255		5		2355		1595		405		650				0		0.022

				0:33:00		33		2.50		40.00				250		5		2320		1565		435		654		93.00								simmer

				0:34:00		34		2.50		40.00				245		5		2305		1555		445		632		93.00						125		Fire looks weak more gas

				0:35:00		35		3.00		40.00				240		5		2285		1540		460		670		93.00		0		0.02		18

				0:36:00		36		3.00		40.00				235		5		2270		1530		470		693								18		simmer

				0:37:00		37		3.00		40.00				230		5		2250		1515		485		692								27

				0:38:00		38		3.00		40.00				225		5		2225		1495		505		693								27		rich flame

				0:39:00		39		3.00		40.00				220		5		2205		1480		520		684								29

				0:40:00		40		3.00		40.00				215		5		2185		1465		535		678								29		still slightly rich

				0:41:00		41		3.00		40.00				210		5		2165		1450		550		680								29

				0:42:00		42		3.00		40.00				205		5		2150		1440		560		685								25

				0:43:00		43		3.00		40.00				200		5		2130		1425		575		676								25

				0:44:00		44		3.00		40.00				195		5		2110		1410		590		658								25

				0:45:00		45		3.00		40.00				190		5		2095		1400		600		644								14		beginning of charcoal fire

				0:46:00		46		3.00		40.00				185		5		2075		1385		615		652								14

				0:47:00		47		3.00		40.00				180		5		2055		1370		630		651								8

				0:48:00		48		3.00		40.00				175		3		2035		1355		645		650

				0:49:00		49		3.00		40.00				172		2		2020		1343		657		645

				0:50:00		50		3.00		40.00				170		5		2005		1330		670		645		93.00						0

				0:51:00		51		3.00		40.00				165		5		1990		1320		680		635								0

				0:52:00		52		3.00		40.00				160		5		1970		1305		695		633								14

				0:53:00		53		3.00		40.00				155		5		1950		1290		710		619								14

				0:54:00		54		3.00		40.00				150		0		1940		1285		715		640

				0:55:00		55		3.00		40.00				150		5		1920		1265		735		655								18

				0:56:00		56		3.00		40.00				145		5		1905		1255		745		658

				0:57:00		57		3.00		40.00				140		5		1885		1240		760		671

				0:58:00		58		3.00		40.00				135		-2		1870		1230		770		686								28

		more comb

		Charcoal Recovered =				25%

		Note:  Pot weight = 3055-2000-550 =						505		g		505

		Modified burner can with insulated shelf on bottom; new fuel magazine; cement on top seal.

		Derived Data:

		1) Wt vs time; fuel power (assume 18 kJ/g)

				FULL POWER TEST				170 g in 15 min						Fuel Power =				2833		W

						5		15.00		100.00				510		15		3030		2015		-15

						6		15.00		100.00				495		10		3025		2025		-25

						7		15.00		100.00				485		5		3020		2030		-30

						8		15.00		100.00				480		10		3005		2020		-20

						10		15.00		100.00				460		15		2980		2015		-15

						11		15.00		100.00				445		10		2960		2010		-10

						12		15.00		100.00				435		10		2950		2010		-10

						13		15.00		100.00				425		15		2940		2010		-10

						14		15.00		100.00				410		10		2910		1995		5

						15		15.00		100.00				400		10		2890		1985		15

						16		15.00		100.00				390		15		2840		1945		55

						17		15.00		100.00				375		5		2810		1930		70

						18		15.00		100.00				370		15		2765		1890		110

						19		15.00		100.00				355		15		2720		1860		140

						20		15.00		100.00				340		8		2675		1830		170

				MEDIUM POWER				50 g in 7 min.				Fuel Power =		Fuel Power =				1786		W						kW

						24		5.00		60.00				310		8		2550		1735		265		748		94.00

						26		5.00		60.00				295		5		2495		1695		305		744		94.00

						27		5.00		60.00				290		10		2470		1675		325		744		94.00

						28		5.00		60.00				280		5		2440		1655		345		741		94.00

						29		5.00		60.00				275		5		2420		1640		360		748		94.00

						30		5.00		60.00				270		10		2390		1615		385		762		94.00

						31		5.00		60.00				260		5		2370		1605		395		771		94.00

				LOW POWER

														Fuel Power =				1146		W

						33		2.50		40.00				250		5		2320		1565		435		654		93.00

						34		2.50		40.00				245		5		2305		1555		445		632		93.00

						35		3.00		40.00				240		5		2285		1540		460		670		93.00

						36		3.00		40.00				235		5		2270		1530		470		693

						37		3.00		40.00				230		5		2250		1515		485		692

						38		3		40				225		5		2225		1495		505		693

						39		3		40				220		5		2205		1480		520		684

						40		3		40				215		5		2185		1465		535		678

						41		3		40				210		5		2165		1450		550		680

						42		3		40				205		5		2150		1440		560		685

						43		3		40				200		5		2130		1425		575		676

						44		3		40				195		5		2110		1410		590		658

						45		3		40				190		5		2095		1400		600		644

						46		3		40				185		5		2075		1385		615		652

						47		3		40				180		5		2055		1370		630		651

						48		3		40				175		3		2035		1355		645		650

						49		3		40				172		2		2020		1343		657		645

						50		3		40				170		5		2005		1330		670		645		93

						51		3		40				165		5		1990		1320		680		635

						52		3		40				160		5		1970		1305		695		633

						53		3		40				155		5		1950		1290		710		619

						54		3		40				150		0		1940		1285		715		640

						55		3		40				150		5		1920		1265		735		655

						56		3		40				145		5		1905		1255		745		658

						57		3		40				140		5		1885		1240		760		671

						58		3		40				135		-2		1870		1230		770		686
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						TURBO STOVE RESEARCH - FALL 1999																								TURBO STOVE - RUN 103: Derived Results

				<---Independent Variables--->								<---------------Dependent Variables----------->																<---Independent Variables--->																						<---------------Dependent Variables----------->

		CHANGE		Time		Flow-GAS		Flow-Co				Fuel Wt		Fuel + Water		T(Htr)		T(H2O)						CO		Comments		Time		Time		Gasif Flow		Gasification Flow		Gasification Air Used		Comb Flow		Combustion Flow		Combustion Air used		A/F gasif		A/Fcomb		Comb-air/    Gas-air		Fuel Remaining		Gas Power		Ht Transfer T (H tr)		Ht Transfer Power		Heat Flux						CO		Comments

				m/s				scfh				g				C		C		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)		m:s		s		l/m		kg/hr		kg		scfh		kg/hr		kg		kg/kg		kg/kg				g		kW		C		W/cm3		kW		IN-H2O		IN-H2O		ppm		(Nighthawk CO Meter)

		CHANGE		00:00		6.00		50.00				635				650				0.01		0.03				Includes 35 g starter fuel, 600g pellets		00:00		0		6		0.47		0.000		50		1.84		0.000		0.00		0.00		0.00		635		0.00		650		2.54		0.20		0.01		0.03				Includes 35 g starter fuel, 600g pellets

		START		0:00:00		10.00		50.00				650.00				825				0.01		0.025		0

				0:04:00								630.00				790								0

		COND 1		0:07:00		17.00		100.00				600.00				748				0.015		0.11

				0:00:00								575.00				770				0.015		0.11				2" blue-y above

				0:15:00								535.00						15.00

				0:15:00								2135.00						15.00								1 l water

				0:16:00								2125.00				805		33.00

				0:17:00								2110.00				806		42.00

				0:18:00								2100.00				811		65.00

				0:19:00								2085.00				818		78.00

				0:20:00								2060.00				824		90.00						86		Boiling; 5 min

				0:22:00								1975.00				806		94.00						72

				0:24:00								1880.00				827		94.00						86

				0:25:00		12.00		100.00				1840.00				817		94.00						86

				0:27:00								1755.00				792		94.00						71		Opened Door

				0:28:00								1705.00				775		94.00						71

				0:30:00								1630.00				767		94.00						72

				0:31:00		8.00		100.00				1565.00				750		94.00						66

				0:33:00								1515.00				740		93.00						66		Boiling decreased

				0:35:00		8.00		70.00				1440.00				760		93.00		0.001		0.07		17		Happy Boil

				0:37:00								1360.00				765		93.00						51		Happy boil, high flame

				0:40:00		8.00		70.00				1265.00				781		93.00						127		Rich Flame

												250.00

				0:42:00		4.00		70.00																		Thin Flame

				0:44:00		4.00		60.00				215.00		1115.00		718		92.00								Light boil

				0:46:00

				0:48:00																						Water removed 190 mL remain

				0:49:00		4.00		60.00				190.00				375				0		0.5		35		fire, Yellow here and there all conbustion in pot not burning charcol fast the flames are mostly ancored starting close to the top of the hole If increased to 70 they all bacome ancored.  At fifty the flame is stable flame

				0:52:00								165.00				640										turning up to seventy, temp does not drop because the flame is not that well defined

				0:56:00								135.00				690								16		voliles still excaping

				0:59:00								115.00				513

				1:00:00								115.00				431										Charcoal fire

				1:01:00		10.00		0.00				110.00												186		Shut down

		Modified burner can with insulated shelf on bottom; new fuel magazine; cement on top seal.

		Power Calculations

						time		fuel				Fuel/min		power

		High				9.00		105.00				11.67		2917

		Medium				11.00		85.00				7.73		1932

		Low				27.00		130.00				4.81		1204
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