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HEAT TRANSFER
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CONVECTION

RADIATION

CONDUCTION

• 𝑄𝑐𝑜𝑛𝑣 = ℎ ∗ 𝐴𝑟𝑒𝑎 ∗ (𝑇𝑒𝑚𝑝ℎ𝑜𝑡 − 𝑇𝑒𝑚𝑝𝑐𝑜𝑙𝑑)

• 𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = ε ∗ 𝜎 ∗ 𝐴𝑟𝑒𝑎 ∗ (𝑇𝑒𝑚𝑝ℎ𝑜𝑡
4 − 𝑇𝑒𝑚𝑝𝑐𝑜𝑙𝑑

4)

• 𝑄𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
𝑘∗𝐴𝑟𝑒𝑎∗(𝑇𝑒𝑚𝑝ℎ𝑜𝑡−𝑇𝑒𝑚𝑝𝑐𝑜𝑙𝑑)

𝐿𝑒𝑛𝑔𝑡ℎ

• 𝑄𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 = 𝑄𝑐𝑜𝑛𝑣,𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑟𝑎𝑑,𝑡𝑜𝑡𝑎𝑙 + 𝑄𝑐𝑜𝑛𝑑,𝑡𝑜𝑡𝑎𝑙



TESTING MATERIALS
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WATER BOILING TEST 

PROTOCOL VERSION 4.2.3*

Flagstaff

ALT=7100ft

Phoenix

ALT=1159ft

Weigh the fuel, 
lighter fluid, and 

water

Set up the 
stove

Place the pot 
& digital 

thermometer

Record 
temperature 
at 3 minute 

intervals

Weigh fuel 
and water

[5]

*By U.S. Environmental Protection Agency, Partnership for Clean Indoor Air 

(PCIA), with updates coordinated by PCIA and the Global Alliance for Clean 

Cook stoves (Alliance).

8



TESTING DATA ANALYSIS

[5], [6]

• Efficiency η𝑡ℎ =
𝑄𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑄𝐹𝑢𝑒𝑙
𝑬𝒒. 𝟏

• 𝑄𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 = ΔE𝐻20 + ΔE𝑣𝑎𝑝 + ΔE𝐿𝑓 𝑬𝒒. 𝟐

• ΔE
H20

= 𝑐𝐻20 ∗ T
final

– T
initial

∗ 𝑀𝑎𝑠𝑠𝐻20 𝑬𝒒. 𝟑

• 𝑄𝐹𝑢𝑒𝑙= 𝑀𝑎𝑠𝑠𝐹𝑢𝑒𝑙 ∗ 𝐻𝑒𝑎𝑡𝑖𝑛𝑔𝑉𝑎𝑙𝑢𝑒𝐹𝑢𝑒𝑙 𝑬𝒒. 𝟒

• 𝑃𝑜𝑤𝑒𝑟 =
𝑄𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑡𝑖𝑚𝑒
𝑬𝒒. 𝟓
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RESULTS
EFFICIENCY AND POWER

WOOD CHARCOAL

WOOD

,WINDY

WOOD CHARCOAL

WOOD

,WINDY

• Wood produced more power than charcoal.

• Charcoal was more efficient in the Jiko. 

• The Jiko was more efficient and produced more power than the 3-stone.
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FLAGSTAFF VS. PHOENIX
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WHAT IS PARTICULATE MATTER?
• The sum of all solid and liquid particles suspended in air 

many of which are hazardous 

• Organic and inorganic 

• Dust and smoke

[7]
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WHY IT IS HARMFUL?

[8], [9]
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WHAT IS PARTICULATE COUNTER?
In General

• Used in detecting and sizing physical particles emitted.

• Used in counting the particles emitted. 

Met One Instrument Model 212 

• Laser diode based optical sensor.

• Uses light scatter technology.

• Measure 0.3 μm to 10 μm (eight selectable sizes).

Met one Model 212
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PM TESTING METHOD

Set up the device 2 feet from 
the emissions source

Attach it to the computer

Start recording the data from 
the device profiler software

Analyze the data in a 
spreadsheet
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ANALYSIS METHOD

[11]
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PM

Emissions 

Rate

PM counted/time

Density*Volume 
Mass

Density = 704.1 Kg/m3

Spheres  Volume



PM EMISSIONS RATE

17

0

5E-12

1E-11

1.5E-11

2E-11

2.5E-11

3E-11

K
g

/m
in

3-stones stove with charcoal & wood

Charcoal PM <=2.5 Charcoal PM <=10

Wood PM <=10 Wood PM <=2.5

0.00E+00

5.00E-12

1.00E-11

1.50E-11

2.00E-11

2.50E-11

3.00E-11

K
g

/m
in

Jiko stove with charcoal & wood

Charcoal PM <=2.5 Charcoal PM <=10

Wood PM <=10 Wood PM <=2.5



PM TESTING RESULTS
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• Wood produced significant amounts of PM <= 2.5 microns

• Charcoal produced far less PM <=2.5 microns
• The Jiko with charcoal produced the fewest emissions of any combination



Wood

Charcoal

PM TESTNG RESULTS

• Jiko with charcoal produces fewest PM<=2.5 to boil 3 liters of water.



EFFICIENCY AND PM RESULTS   

WOOD CHARCOAL

PM SIZES

(microns)
Jiko 3-Stones Jiko 3-Stones

PM2.5
*10^3

1546 1790 151 186

PM<=10
*10^3

1.02 1.98 1.2 1.12
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FUEL TYPE Jiko 3-Stones

WOOD

23.9% 12.4%

20.3% 8.2%

CHARCOAL

28.3% 8.9%

24.8% 9.0%

EFFICIENCY EMISSIONS



21

RECOMMENDATIONS 

Next Stove Capstone Group

• Mechanical Engineering Students

I. More Cookstoves

II. Proper scale

III. More testing trials

IV. Isolated facility

V. Continual feed testing

VI.Simmer testing 

VII.Animal waste testing

Women in Rural Areas of Africa

• The Best Option in Terms of Efficiency:

 Jiko with charcoal

• The Best Option in Terms of Power:

 Jiko with wood 
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RECOMMENDATIONS 

Next Stove Capstone Group

• Environmental Engineering Students

I. Carbon Monoxide  (CO)

II. Carbon Dioxide (CO2)

III. Nitrogen Oxides (NOx)

Women in Rural Areas of Africa

• The Best Option in Terms of PM 

Emissions: 

 Jiko with charcoal 
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