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ABSTRACT 

This pape r describe s th e desig n o f a  chimne y t o increas e th e ai r flo w an d henc e 
improve th e therma l heatin g efficienc y an d burnin g rat e o f stoves . Fo r th e 
purpose o f comparin g th e performanc e o f th e earlie r designe d stove s wit h th e 
new one s wit h a  chimney , a  ne w paramete r "therma l specifi c fue l consumption " 
is introduced . Result s sho w tha t th e additio n o f a  chimne y stac k generall y 
improves stov e performanc e an d henc e i s a n importan t desig n featur e t o 
consider. 

INTRODUCTION 

The performanc e o f charcoa l stove s i s largel y influence d b y combustion , hea t 
transfer an d boundar y laye r effec t (Yamba) . Thi s i s furthe r affecte d b y th e siz e 
of charcoal , contro l vent , an d pre-heating . 

Using thes e efficienc y criteri a tw o serie s o f stove s wer e designed . Th e firs t 
series o f stove s ar e biase d t o combustion , i e a  highe r heatin g efficienc y an d th e 
second t o a  highe r burnin g rat e bu t a t th e expens e o f a  lowe r heatin g efficiency . 
Four set s o f stove s hav e bee n designe d i n bot h serie s biase d to ; i . combustion ; ii . 
combustion an d hea t transfer ; iii . combustio n an d pre-heating ; an d iv . 
combustion, pre-heatin g an d heat-transfer . Efficiencie s varie d fro m 20-30% . 
The secon d rang e o f stove s wer e simila r i n design , bu t th e numbe r o f 1 0 m m 
diameter hole s i n th e grat e wa s increase d fro m 7 8 to 130 . 

Eighty suc h stoves , i e te n o f eac h desig n hav e bee n fabricate d an d ar e currentl y 
being teste d i n th e fiel d fo r thei r acceptabilit y an d t o determin e fue l savin g i n 
actual cookin g situation s i n selected households . 

A disadvantag e o f bot h existin g an d ne w design s i s th e insufficien t ai r flow , 
resulting i n turbulenc e i n th e stoves . Thi s i s cause d b y a n insufficien t ai r dra w 
from natura l convectio n int o th e stoves . I n attemptin g t o increas e th e ai r flo w 
and henc e affectin g bot h therma l heatin g efficienc y an d burnin g rate , i t wa s 
found necessar y t o desig n a n appropriat e chimney . Th e desig n o f thi s chimne y 
and it s effec t o n stov e performanc e ar e describe d below . 

DESIGN OF THE CHIMNE Y 

The heigh t o f chimne y require d chimne y (Hs ) wa s calculate d usin g th e expressio n 
developed b y Mors e a s follow s (al l notation s i n followin g equation s ar e give n i n 
the appendix) : 

(1) 
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The require d draf t (  )  i n equatio n 1  i s th e su m o f al l chimne y friction , an d 
other losse s externa l t o th e chimne y whic h include s pressur e hea d losse s 
encountered b y ai r an d flue  gase s i n passin g a t th e poin t o f ai r entr y (stov e ai r 
vent) throug h th e grat e ai r holes , fue l be d i n th e combustio n chambe r an d 
chimney duc t plu s velocit y hea d los s o f th e flu e gase s dischargin g fro m th e 
chimney. Thu s th e require d draf t ma y b e represente d b y tota l pressur e losse s 
head, ,  whic h i n tur n i s expressed b y the pressur e hea d balanc e equatio n a s 
shown below: 

The mas s o f flu e gase s M g fro m equatio n 6  leavin g th e stov e wa s estimate d 
based o n th e modifie d equatio n require d fo r determinin g th e theoretica l amoun t 
of ai r required fo r complet e combustion per kilogram o f fue l a s follows . 

(7) 

The densities o f ai r an d flue  gases wer e determine d usin g the perfec t ga s law a s 
follows: 

(8) 

The preliminar y diamete r o f th e chimne y wa s determine d usin g th e continuit y 
equation a t th e pre-determine d velocitie s o f 1.5 , 3  and 8  m/ s whic h ar e typica l 
values for flu e gases leaving charcoal stoves . 

(3) 

The valu e of has bee n estimate d (Sindan o 
1983) for a  charcoal stove similar i n dimensions to the stoves described here . 

The chimney friction head , h 5, wa s determined usin g the equation : 

(4) 

The total velocity head loss, according to Morse was determined as : 

(5) 

The mas s o f flue  gase s M g leavin g pe r uni t tim e wa s determine d b y th e 
expression: 

(6) 

(9) 

(2) 
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Setting velocit y value s a t 1.5 , 3  and 8  m/ s th e chimne y heigh t an d diamete r wer e 
calculated t o rang e fro m 3 0 t o 7 0 mm , an d 100 0 t o 240 0 m m respectivel y (Tabl e 
1 an d 2) . 

TESTING A  CHARCOAL STOV E WIT H A CHIMNE Y 

The charcoa l stov e use d i n thes e serie s o f experiment s i s simila r t o th e stove s 
shown i n Figure 1  designed t o b e biase d toward s greate r combustion . 

To increas e th e fluid/wal l temperatur e gradient , i e th e rat e o f hea t flow  t o th e 
pot throug h increase d turbulence , a  variabl e chimne y wa s installe d t o th e stov e 
as show n i n Figur e 2 . Chimne y heigh t wa s adjustabl e withi n th e rang e 0 -
1700mm. Th e diamete r wa s constan t a t 7 5 m m t o allo w determinatio n o f th e 
effect o f stac k heigh t o n therma l performanc e i e fue l burnin g rate , hea t flow  t o 
the po t an d therma l efficiency . 

In additio n t o th e abov e parameter s o f therma l efficiency , a  ne w indicato r 
"Thermal Specifi c Fue l Consumption " (TSFC ) i s introduced . Thi s i s define d a s 
the rati o o f th e rat e o f fue l consumptio n t o th e hea t flow  int o th e po t a s follows : 

(10) 

This indicato r i s independen t o f th e calorifi c valu e o f th e fue l an d give s a 
complete pictur e o f th e behaviou r o f th e amoun t o f fue l use d pe r uni t hea t flo w 
for a  specifie d perio d o f time . Th e lowe r th e valu e o f TSF C th e mor e efficientl y 
and economicall y th e syste m i s performing . 

Results showin g th e effec t o f heatin g efficiency , burnin g rate , usefu l hea t flo w 
to th e po t an d TSF C agains t stac k heigh t ar e show n i n Figure s 3- 6 respectively . 
The performanc e o f th e tw o stove s wa s compare d wit h o r withou t a  chimney . 

To determin e th e value s o f therma l heatin g efficiency , burnin g rate , hea t flo w 
into th e po t an d TSF C agains t chimne y height , variou s parameter s suc h a s 
amount o f wate r heater , ris e i n wate r temperature , amoun t o f fue l used , flue  ga s 
velocity, burnin g fue l temperatur e an d flu e gase s temperatur e wer e measure d 
during th e experiments . 

DISCUSSION O F RESULT S 

It ca n b e see n fro m Figur e 3  tha t heatin g efficienc y increase d wit h a n increas e 
in stac k heigh t unti l abou t 1500m m stac k height . Usefu l hea t int o th e po t 
(Figure 5 ) follow s th e sam e tren d bu t peak s a t 1100mm . TSF C als o improve s 
with stac k heigh t unti l 150 0 mm . Th e theoretica l optimu m stac k heigh t wa s 
calculated a t 110 0 m m a t a  flue  gase s velocit y o f 1. 5 m/ s whic h i s typica l o f 
charcoal stoves . Thi s conform s wel l wit h experimenta l finding s o f a n optimu m 
between 110 0 an d 1500mm . Thu s thi s equatio n ma y b e usefu l fo r determinin g 
theoretical optimu m height s fo r differen t configuration s o f charcoa l stove s 
including stac k diameter . 

With a  chimne y i n plac e therma l heatin g efficienc y range d fro m 23. 5 t o 26 % an d 
burning rat e an d henc e usefu l hea t range d fro m 0.4 0 t o 0.4 8 Kg/hr . I n th e 
absence o f a  chimne y therna l heatin g efficienc y peake d a t 24 % and burnin g rate s 
ranged fro m 0.3 0 t o 0.3 5 Kg/hr . Thus , th e chimne y improve s performance , i n 
particular o f TSFC . Thi s i s indicate d b y lo w TSF C value s fo r th e stov e wit h 
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chimney whil e othe r value s o f therma l heatin g efficienc y ar e quit e simila r i n 
both systems. 

Improved efficienc y o f th e chimne y ca n b e attribute d t o a n increas e i n ai r an d 
flue ga s turbulenc e whic h probabl y improve d air/fue l contac t an d po t wall/flu e 
heat transfe r coefficient . Improve d air/fue l contac t i s essentia l fo r efficien t 
combustion. A  further advantag e o f th e permanen t chimne y i s th e tim e save d 
during priming of th e stoves withou t a  chimney. 

CONCLUSION 

The addition o f a  chimne y has been shown to have an important rol e in improving 
performance o f charcoa l stoves . T o optimise th e design , furthe r wor k i s neede d 
to determin e th e effec t o f performanc e a s a  functio n o f stac k diameter , contro l 
vent area , hea t transfe r an d possibly pre-heating . 
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NOTATION 

bf Burnin g fuel rat e Kg/h r 

C Carbo n conten t % 

Dr Require d draf t N/m 2 

Required draf t inche s of H2O 
D100 Availabl e draft N/m 2 

Available height pe r 10 0 feet o f chimney heigh t 

ds Chimne y diameter m m 

Friction wal l coefficien t 

Total pressure head loss N/m 2 

Pressure head loss due to resistance a t th e stove air ven t N/m * 

Pressure head loss through grate ai r holes N/m ' 

Pressure head loss through fue l be d N/m 2 

Pressure head loss friction resistanc e o n pot an d hood wall s N/m 2 

Pressure head loss friction resistanc e on chimney wall s N/m 2 

Pressure head loss chimney wall s inches of wate r 

Pressure hea d los s tota l velocit y head of flu e gases at chimne y exi t 
temperature N/m 2 

Pressure hea d los s tota l velocit y head of flu e gases at chimne y exi t 
temperature inche s of wate r 

H s Chimne y heigh t m m 

H Hydroge n content % 

K chimne y heigh t constan t 

Mg Mas s of flu e gases Kg 

Mass flow rat e o f flu e gase s Kg/ s 

Summation o f pressur e hea d los s due t o resistanc e a t th e stov e ai r 
vent, throug h grat e ai r hole s an d fue l bed , an d du e t o frictio n 
resistance o n chimney holes N/m 2 i e h 1 +  h 2 +  h 3 +  h 4. 

Chimney friction hea d N/m 2 

Total velocity hea d loss N/m2 
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Pb Barometri c pressur e N/m 2 

T a ambien t ai r temperatur e K(Kelvin ) 

T g Flu e ga s temperatur e K(Kelvin ) 

R Ga s constan t Kg/K J K 

Qg Volumetri c flue  ga s flow  rat e m 3 /s 

Qp Hea t flow  rat e k W 

Volumetric flue gas flow rate (ft 3/s) 

Flue gas velocity m/ s 

Flue gas velocity ft/ s 

Excess air coefficien t 

Density of air Kg/m 3 

Density of air lb/ft 3 

Density of flue gases Kg/m 3 

Density of flue gases lb/ft ' 

vg 
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TABLE 1 : Give n value s for determination of 
chimney diamete r an d height 

TABLE 2: Calculate d chimne y height and diameter 
at thre e pre-determined flue  gases velocitie s 

T a 

(K) 

298 

T g 
(K) 

623 

Pb 

(mmHg) 

660 

bf 

(kg/hr) 

0.45 2.0 

f 

.011 

c 
(%) 

80 

H 
(%) 

10 

Ps 
(N/m1) 

2.0 

Flue gase s 
velocity 

(m/s) 

1.5 

3.0 

8.0 

P5 
(N/ma) 

Hs 

0.343 

1.326 

5.773 

P6 
(N/m2) 

0.84 

3.34 

27.78 

D l O O 

(N/m2) 

113.36 
139.7 

51.6 o r 
201.6 

988.79 

Chimney dimension s 

Dr diamete r 
(N/m2) (mm ) 

or 3. 4 o r 
4.55 

9.79 

7.74 

height 
(mm) 

66 82 1 
1095 

45 235 9 

29 186 4 
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FIGURE 1 : Charcoa l stove s use d i n experiments t o 
determine optimu m chimne y heigh t 

FIGURE 2 : Arrangemen t o f tes t stov e showin g th e stac k an d hoo d 
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FIGURE 3: Therma l heating efficiency agains t stack height 

FIGURE 4: Fue l burning rate against stack heigh t 
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FIGURE 5: Usefu l hea t flow to pot against stack height 

FIGURE 6: Therma l specific fue l consumption against height 
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