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ABSTRACT

Approximately 70-80% of the total energy used in villages is consumed for domestic cooking and 80-90% of
the domestic energy needs are met through firewood, cow dung and agricultural crop wastes. The bio fuels
are being burned in low efficiency traditional cook stoves. The environment within the house is polluted by
the smoke emitted from the traditional cook stoves causing ill effect on health of women and children. To
alleviate this problem, a number of double pot improved cook stoves (ICSs) have been developed for rural
people. Experiments were conducted on different models of cook stoves viz. traditional cook stove, Sukhad,
Udairaj and improved Udairaj models to find the thermal efficiency, power rating and specific fuel consumption
by conducting water boiling test. Udairaj cook stove was found to have the highest thermal efficiency of
23.4%, whereas traditional cook stove was found to have lowest thermal efficiency of 15.4% among the cook
stoves tested. Uadairaj and improved Udairaj cook stoves were found to have similar power rating and
lowest specific fuel consumption in the range of 0.811 kw to 0.849 kw and 1.232 kg/kwh to 1.225 kg/kwh
respectively whereas traditional cook stove was found to have lowest power rating of 0.559 kw and highest
specific fuel consumption of 1.799 kg/kwh.
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INTRODUCTION

The traditional cook stoves made of three stone styles and
mud are generally used for meeting cooking energy at
domestic level. There is no provision for smoke removal in
these traditional cook stoves. An improved cook stove is the
solid biomass fuel burning system in which heat is produced
by combustion for immediate use in domestic cooking.
Improved cook stove (ICS) is not only used for increasing
thermal efficiency of biomass combustion, but also a means
for safe removal of smoke and other inert gases out of kitchen,
which are main cause of indoor air pollution. Rathore et al.
(1999) observed that on an average 950 kg of fuel wood can
be saved through one domestic improved cook stove in a
year and revealed that an increase of 1% of thermal efficiency
of traditional cook stove could result in saving of energy
equivalent to 4 million tons of coal in the country every year.
The traditional cook stove used in rural areas has been found
unsatisfactory because of its high fuel consumption and
pollutants it releases with smoke. To overcome this problem,
different models of improved double pot cook stoves have
been developed for rural and tribal people. Rathore et al.
(2005) evaluated the performance of the Chetak (Single-pot)
and Udairaj (Double-pot) cook stoves and the thermal
efficiencies of cook stoves were in the range of 20-25% as
compared to 8-10% in traditional cook stoves. A study was
undertaken with an objective to recommend best cook stove
in the rural areas of Andhra Pradesh. Experiments were

conducted on different models of cook stoves viz. traditional
cook stove, Sukhad, Udairaj and improved Udairaj models
to find the thermal efficiency, power rating and specific fuel
consumption by conducting water boiling test.

MATERIALS AND METHODS

Construction Details of Cook Stoves
Udairaj cook stove: The fire box is made of bricks laid with
cement mortar. An AC pipe of 7.5 cm diameter and 3 m length
is used as chimney to create draft for smoke removal and
provide sufficient secondary air for combustion. A connect-
ing tunnel is provided for flowing fire from first pot to the
second pot. The diameter of the first pot is 24 cm and second
pot is 20 cm. The stoves are designed for 1 kg/h wood burn-
ing rate (Fig. 1). Table 1 gives the specifications of different
cook stoves.
Sukhad cook stove: The stove body measures 80 cm × 42
cm on the floor. Its first platform having fire box is 20 cm
high including 3 cm deep pot seat. The second pot hole has
raised platform. The diameters of first and second pot holes
are 20 cm and 17 cm respectively. The tunnel connecting
the pot holes is a pipe piece cut to size from an AC pipe of
7.5 cm diameter and 26 cm long. The tunnel is kept inclined
at 30 degrees. This arrangement helps better and direct trans-
fer of heat to the second pot. The chimney tunnel is cut to
size from an AC pipe of 5 cm diameter and 13 cm long. To
support the chimney pipe (7.5 cm diameter and 3 m long)
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and help its easy replacement and cleaning a separate col-
lared pipe piece 10 cm long (excluding collar) is fixed with
cook stove body at the front or rear corner to suit the site
(Fig. 2).
Improved Udairaj cook stove: It is similar to that of Udairaj
cook stove except that the prefabricated concrete top with
first and second pot holes of 18 cm and 14 cm diameter are
used to suit the local requirements (Fig. 3).
Traditional cook stove: The traditional cook stove con-
structed with bricks on three sides with an opening at the
front which is commonly used in rural areas is selected for
the study (Fig. 4).
Testing of Improved Cook Stove
Water boiling test (WBT): Water boiling test as outlined
in the International Standard on testing the efficiency of wood
burning stoves, prepared by Volunteers in Technical Assist-
ance (VITA), USA, was conducted for arriving at the over-
all thermal efficiency of wood burning stove. The water boil-
ing test is a laboratory test, which can be used to compare
the performance of two or more stoves under controlled con-
ditions, or the same stove under different conditions. It simu-
lates the boiling/simmering type of cooking to some extent
only. As a result it does not necessarily reflects the stove
performance, when food is cooked. The experiments were
carried out on different days to estimate the efficiency of
different stoves.

The fuel wood (Casuarina) cut into convenient size, 4-5
cm in diameter and 30-40 cm long is taken from a completely
sun dried single lot. Before starting the test, weighed quan-
tity of fuel wood was stacked in small lot of 1 kg each. The
fuel wood used is of known calorific value (3500 kcal/kg).

The vessels used should fit into the pot hole and sealed prop-
erly to avoid leakage. Proper size lids of same material as
that of vessels were used to cover the vessels during the test
to fit on it without any air gap in between. Known quantity
of water was filled into the vessel, so as to occupy its two
thirds of volume. Initial temperature of water in both the
pots was noted using laboratory (mercury-in-glass) thermom-
eter. The fire was started by igniting small pieces of chopped
fuel wood or with minimum (10-15 mL) kerosene. As soon
as the fuel wood catches fire in the first pot hole, vessels
containing water were placed properly on the pot seats. Tem-
perature rise of water was noted at regular intervals (5 min).
The fire was extinguished in the hearth immediately at the
end of the test duration and the quantity of residual water in
both the pots was measured.

Thermal efficiency, 100
.
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Where,
F =Quantity of fuel wood burnt (kg)
C.V. = Calorific value of fuel wood
             (3500 kcal/kg for Casuarina wood)
H1 = Sensible heat (kcal)
H2 = Latent heat (kcal)
E    = Thermal efficiency (%)
The power rating of cook stove is the measure of total

energy produced during 1 hour by fuel wood.
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Table 1. Major specifications of different cook stoves.

Sl.No Description Traditional Sukhad Udairaj Improved Udairaj

1 Body Size, cm 27 × 35 × 22 80 × 42 × 20 80 × 48 × 25 70 × 40 × 22
2 Fire box diameter

First pot, cm - 20 24 18
Second pot, cm - 17 20 14

3 Fire box opening
Shape Rectangle Square Rectangle Rectangle
Size, cm 22 × 17 17 × 17 24 × 16 18 × 16

Table 2: Power rating and specific fuel consumption of different cook stoves.

Stove Model Average thermal efficiency (%) Average power rating (kw) Average specific fuel consumption (kg/kwh)

Traditional 15.4 0.559 1.799
Udairaj 23.4 0.811 1.232
Sukhad 17.89 0.613 1.634
Improved Udairaj 22.2 0.849 1.225
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Where,
F = Fuel burning rate (kg/hr)
C.V. = Calorific value of fuel wood
             (3500 kcal/kg for casuarina wood)
E = Thermal efficiency (%)

RESULTS AND DISCUSSION

Variation of Water Temperature With Time
The water temperature increases with increase in heat input
and reaches maximum boiling temperature and then decreases
with decrease in heat input. Variation of water temperature
with time in each pot of different cook stoves for the burn-
ing and recovery periods is presented in Fig. 5 to Fig. 8.
From the experimental results it was observed that the vari-
ation of water temperature depends on initial water tempera-
ture, volume of water taken, prevailing wind conditions and
feeding and burning rate of fire wood. Vengatesan et al.
(1991) made similar observations on a high efficiency smoke-
less wood burning stove.
Thermal Efficiency of Different Cook Stoves
From the experimental results Udairaj stove was found to
have highest average thermal efficiency of 23.45% and
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Fig. 1: Udairaj cook stove. Fig. 2: Sukhad cook stove. Fig. 3: Improved Udairaj Cook stove.

Fig. 4: Traditional cook stove. Fig. 5: Variation of water temperature with time in Udairaj cook stove.

traditional stove was found to have lowest averaged thermal
efficiency of 15.4% (Fig. 9). The reasons for low thermal
efficiency with traditional cook stove are perhaps heat losses
and low conservation of heat due to only one pot. Rathore &
Jain (2001) made similar observations on “Chetak” and
“Udairaj” models of improved cook stoves.
Power Rating and Specific Fuel Consumption of Differ-
ent Cook Stoves
Improved Udairaj cook stove was found to have the highest
average power rating of 0.849 kw and lowest average spe-
cific fuel consumption of 1.225 kg/kwh in comparison to
lowest power rating of 0.559 kw and high specific fuel con-
sumption of 1.799 kg/kwh with traditional cook stove (Ta-
ble 2). It was observed that with increase in thermal effi-
ciency, the power rating increases as the stove output in-
creases and specific fuel consumption decreases. Similar
observations were made by Maiti & Gupta (1993) on
“Aravali” improved unified chulha at Central Glass & Ce-
ramic Research Institute, Khurja, U.P.

CONCLUSIONS

Based on the experimental data and results, Udairaj cook
stove was found to have the highest thermal efficiency of
23.4% whereas traditional cook stove was found to have low-
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Fig. 6: Variation of water temperature with time in Sukhad cook stove. Fig. 7: Variation of water temperature with time in improved
Udairaj cook stove.

Fig. 8: Variation of water temperature with time in traditional stove. Fig. 9: Average thermal efficiency of different cook stoves.

est thermal efficiency of 15.4% among the cook stoves tested.
Uadairaj and improved Udairaj cook stoves were found to
have similar power rating and lowest specific fuel consump-
tion in the range of 0.811 kw to 0.849 kw and 1.232 kg/kwh
to 1.225 kg/kwh respectively whereas traditional cook stove
was found to have lowest power rating of 0.559 kw and high-
est specific fuel consumption of 1.799 kg/kwh. Overall, it
was found that, although both Udairaj and improved Udairaj
cook stoves are better than traditional cook stove in terms of
thermal efficiency, power rating and specific fuel consump-
tion, improved Udairaj model stands out as it is easy to con-
struct due to prefabricated concrete top used for the installa-
tion.
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