
SSRG International Journal of Thermal Engineering   Volume 8 Issue 2, 1-6, May-Aug 2022 

ISSN: 2395-0250/ https://doi.org/10.14445/23950250/IJTE-V8I2P101                                       © 2022 Seventh Sense Research Group®  

         

 This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Original Article  

Performance Improvement of Biomass Cookstove 

with the Help of Swirl Inducement 
 

 

Yash Hareshbhai Beladiya1 

 
1Mechanical Engineering Department, Institute of Technology, Nirma University, Gujarat, India.  

 

Received: 23 March 2022                  Revised: 15 May 2022               Accepted: 21 May 2022               Published: 07 June 2022 
 

Abstract - In developing countries, most of the population lives in rural areas. They mostly use coal or biomass for heating 

their homes and preparing food. This process would increase indoor air pollution, which is detrimental to the health of the 

family members who live in those houses. The experiment has been carried out to increase the performance of biomass 

cookstoves both in terms of efficiency and pollution by incorporating a swirl vane instrument made up of a galvanized iron 

sheet. The experiments have been conducted with a 3-stone open fire stove, an improved natural draught cookstove with and 

without attaching a swirl vane burner. Water boiling tests, emission tests, and particulate matter measurements have been 

done for the various parameters. It has been found that the swirl helps mix secondary air with the hot gases, resulting in an 

evenly distributed heat beneath the pot and cleaner Combustion of fuel. The efficiency of the improved biomass cookstove is 

enhanced by 4% with the help of a swirling flame, and the reduction in the usage of fuel, particulate matter, carbon monoxide, 

hydrocarbons, etc., is noted. It can be said that the mere incorporation of a swirling instrument into a biomass cookstove will 

help to reduce indoor air pollution and fuel usage, which improves the health of poor people. 
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1. Introduction 
There is a widespread biomass cookstove with coal and 

biomass in developing countries like wood, animal dung, etc. 

Besides, these cookstoves release greenhouse gases into the 

air and increase indoor air pollution [1]. Indoor burning of 

these solid fuels emits dangerous particulate matter (PM), 

carbon monoxide (CO), and many other toxic pollutants in 

the atmosphere [2]. Pollution levels in the house with 

traditional stoves are often 20 to 100 times greater than the 

air quality guidelines given by the World Health 

Organization (WHO) [3]. The efficiency of a three-stone 

cook stove is merely 12 to 14% which requires more fuel. 

Additionally, these traditional cookstoves release heavy 

smoke, responsible for many chronic obstructive lung 

diseases and acute lower respiratory infections [4]. 

 

Incomplete biomass combustion releases the 

considerable emissions of CO, unburned Hydrocarbons, fly-

ashes, oxides of nitrogen, etc. [5]. Today, researchers try to 

enhance the efficiency of the stove and reduce emissions of 

the pollutant. There are many novel ways and designs to 

improve the performance of biomass cookstoves [6, 7]. 

Forced ventilation is used mostly to achieve great 

performance [8, 9, 10]. Raman et al. [11] developed the 

forced draft cookstove, which runs on the thermos electric 

generator. The cookstove works with an efficiency of 44% 

with clean Combustion; it also generates some voltage with 

the help of temperature  difference.  Thacker  et al. [12]  used  

 

 

 

pot skirts to improve efficiency and reduce the fuel 

consumption of traditional stoves. Panwar and Rathor [13] 

developed a biomass cookstove for community cooking and 

were able to get around 37% efficiency. There was also a 

nationwide program to improve cookstoves in India [14]. 

 

 One of the methods of increasing the performance of 

the cookstove is by inducing a swirler inside the burner 

model. Swirler means guided vane, which can deflect the gas 

flow direction [15]. That will rotate the stream. This swirling 

flow produces a recirculation bubble that plays a significant 

role in stabilizing the flame [16, 17]. In engineering, 

combustion setups with swirling play a significant role in 

mixing fuel gases and oxidizers, which results in more heat 

generation and less smoke [18]. It also significantly 

influences heat and mass transfer. Swirl generates axial and 

tangential components of flame coming out by Combustion. 

The axial flame component directly heats the bottom part 

while the radial component evenly distributes the heat 

beneath the cooking pot. This results in efficiency increment 

and clean combustion [19]. 

 

Bhandari et al. [20] have experimented with 2, and 4-

bladed swirlers made up of GI sheets and two twisted tapes 

made up of clay and bamboo create, respectively. The swirler 

was set on the top of the stove. Similarly, the twisted tape 

was also fixed with the help of vertical and horizontal rods at 

the outlet of the flame. The 4-blade swirler and 6-0 cm clay 

twisted tape gave efficiencies of more than 42%. The clay 

twisted tape can reduce a considerable amount of smoke. The 
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'bamboocrete' twisted tape proved to be a failure. The 

experiment suggests that a strong swirl of hot gases helps to 

increase efficiency considerably. Honkalaskar et al. [21] 

experimented with the twisted tapes of mild steel. 

 

The 7 tapes were fixed with the horizontal steel rod to make 

a twisted tape pack which was easily placed over the hearth 

of the stove to evenly covered it. The Experiment was carried 

out laboratory as well as in the field. The introduction of 

twisted tapes assembly successfully decreases firewood 

consumption by 21%, soot accumulation by 38%, and time 

for cooking by 18%. Kumar [22] found that the emission of 

CO is considerably reduced with the help of twisted tapes. 

Surjosatyo and Ani [23] experimented with swirl vane 

burners where vanes are placed at different angles of 20°, 

30°, and 40°. They found that the 40° angled swirl vane gave 

cleaner Combustion and high flame temperature. They 

optimized the 40° swirl vanes angle for more combustion 

efficiency. 

 

2. Experimental Setup 
In the experiment, three cookstoves are used one 3 stone 

traditional open fire, an improved natural draught cookstove, 

and a natural draught cookstove with a swirl vane burner 

setup. 

 

2.1. Test Improved Cookstove 

 A natural draught biomass cookstove is used for the 

experiment. This cookstove is an improved one. It has two 

air inlets at the bottom, which is responsible for the natural 

draft and Combustion, and the secondary air inlet at the 

upper part of the stove, which enhances the effective burning 

of hot gases in the upper part. The stove body is covered with 

insulation to reduce heat loss (See figure 1 and figure 2). 

 

 
Fig. 1 Improved cookstove 

 
Fig. 2 Top view of test improved cookstove 

 

2.2. Swirl Vane Burner  

The swirl burner was made up of a GI sheet, 6 vanes 

evenly spaced on it. The fabrication of vane has been done 

by using the process of brazing (See figure 3). This material 

can resist temperatures below 1000 K in continuous 

operation. Vane angel was decided to keep 40° to minimize 

pressure drop and effective flame swirling [23]. Other 

dimensions of the swirl vane are given in the table. 

 

 
Fig. 3 Swirl 6-vane burner 
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Table 1. Characteristics of swirl burner 

Parameter Size 

Diameter of burner 170 mm 

Length of vane 70 mm 

Width of vane 35 mm 

Thickness of vane 0.4 mm 

Material used Galvanized iron 

Joining process Brazing 

 
After setting up the swirl vane burner on the mouth of 

the improved cookstove, (See figure a), all the tests have 

been carried out. 

 
Fig. 4 Swirl set up on top of the improved cookstove. 

 

3. Test Methods 
Three types of testing have been carried out. The first is 

Water Boiling Test (WBT) for efficiency measurement, the 

second is the Particulate Matter test for measurement of 

Particulate Matter (PM), and the third is the emission test for 

measurement of five pollutant gases. 

 

3.1. Efficiency Measurement 

The efficiency of all three stoves was measured using 

Equation 1. From the above equation and value from the 

experiment, calculate the thermal efficiency of the 

cookstove. 

  

𝜂𝑡ℎ =

{(𝑚𝐶𝑝𝛥𝑇)𝑤𝑎𝑡𝑒𝑟 + (𝑚𝐶𝑝𝛥𝑇)𝑝𝑜𝑡 + 𝛥𝑚𝜆}
1−𝑣𝑒𝑠𝑠𝑒𝑙

+

{(𝑚𝐶𝑝𝛥𝑇)𝑤𝑎𝑡𝑒𝑟 + (𝑚𝐶𝑝𝛥𝑇)𝑝𝑜𝑡 + 𝛥𝑚𝜆}
2−𝑣𝑒𝑠𝑠𝑒𝑙

(𝑀𝑓 𝐶. 𝑉. )𝑓𝑢𝑒𝑙

 

          (1) 

 Where m is the mass of water, Cp is the specific heat of 

water, ΔT temperature difference,  ∆m is the mass of 

evaporated water, 𝜆 is the latent heat of water, Mf is the mass 

of fuel, and C.V. is the Calorific value of wood.  

 

3.2. Particulate Matter Test 

In biomass cookstove, particulate matters are present in 

the exhaust gas, so it is necessary to know the amount of 

particulate matter [25]. This test used filter paper of 25 mm 

diameter, a vacuum pump with a 30 mm diameter holder, and 

an anemometer for particulate matter measurement. The 

vacuum pump sucks the exhaust gas passing through the 

filter paper. Anemometer is used for the measurement of the 

velocity of exhaust gas. Pre weighed filter paper was set at 

the one end of the pipe connected to a vacuum pump, and 

another end of the pipe was used to suction gases. The stove 

is covered with a heat box to restrict atmospheric air from 

mixing with the exhaust gases of the stove. This process was 

continued for 15 minutes, then the filer paper was taken out, 

and its weight was measured again. 

 

 𝑃1𝑉1

𝑇1

=
𝑃2𝑉2

𝑇2

 
   (2) 

 

 

 pressure is taken as atmospheric pressure (P1=P2) 

 𝑉1

𝑇1

=
𝑉2

𝑇2

 
(3) 

 

 

 
𝑃𝑀 =

𝑝𝑜𝑠𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑝𝑟𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

𝑉2

 
(4) 

 

 

 After calculating the initial volume flow rate (V1) by 

multiplying the area of the holder pipe and the velocity of air 

sucked by a vacuum pump. The air temperature values at the 

outlet (T1) and reference temperature (T2) of air 298 K are 

put in Equation 3. To find out the Volume flow rate at the 

outlet of pipe (V2), which helps to find the PM with the help 

of Equation 4.  

 

3.3. Emission Test 

This test is carried out to find five different gases present 

in the coming gas by five gas Analyzer equipment [25]. Five 

gases that are measured are Carbon monoxide (CO), Carbon 

content (CC), Hydrocarbon (HC), Nitrogen oxides (NOX), 

Oxygen content (O2), and Carbon dioxide (CO2). 

 

4. Results and Discussion 
We can see the swirling flow of flame in figure 5. After 

measuring all parameters with various instruments, we can 

compare them for better understanding. 
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Fig. 5 Swirling flow of flame 

 

4.1. Efficiency Test Results 

The water temperature in the water boiling test took 43 

minutes to reach 95 °C in 3 stone open fire stove, while it 

took 33 minutes in an improved cookstove. When swirl was 

attached to it, this time was reduced by 7 minutes. (See 

figure 6). 

 

 

Fig. 6 Variation of the temperature of the water with time in all three 

cookstoves 
 

The efficiency (using equation 1) of a traditional 3-stone 

open fire is 12.88%, which is much lower than an improved 

cookstove's efficiency is 33%. When swirl is introduced in 

an improved cookstove, this efficiency is increased by 4.7 % 

and is reached 37.7%. Fuel consumption is almost half in an 

improved cookstove compared to a traditional 3 – stone open 

fire. A much lower difference is noticed in fuel consumption 

when swirl is induced. Swirl-induced cookstove utilized 210 

g/h less fuel than the former. (See the figure 7) 

 

 

Fig. 8 Efficiency and fuel consumption in stoves 

 

4.2. Particulate Matter Test Results  

Tradition opens fire stove releases a tremendous amount 

of particulate matter, which is more than 500 mg/m3 of air, 

which would result in respiratory disease. On the other hand, 

between improved stoves without swirling and swirling 

difference is 7.69 mg/m3. Still, the improved stove with 

Swirl releases the lowest particulate matter in the 

atmosphere. (See the figure 8) 

 

Fig. 9 Particulate matter test results 
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4.3. Emission Test Results  
Table 1. Data of emission test of the improved stove with and without 

swirl. 

Particulars Unit Improved  

cookstove 

Improved 

cookstove  

(With swirl) 

CO % 0.590 0.268 

HC PPM 55 42 

CC % 0.792 0.285 

O2 % 10.00 6.24 

CO2 % 10.58 13.62 

 

 

  

Fig. 10 Emission results of stoves 

 

In emission test results are given in Table 2. The 

improved cookstove with swirl vane significantly reduces 

more than half of the carbon monoxides (CO) amount 

compared to without swirl improved cookstove. The swirl 

vane effectively mixes the secondary air with the hot gases 

and gives more clean Combustion than without a swirl. As a 

result amount of CO decrease but CO2 increase. A decrease 

in Oxygen percentage also shows that more oxygen is used 

in Combustion. The tremendous reduction in Carbon content 

(CC) from 0.792 to 0.285 and a 23% reduction in 

Hydrocarbon (HC) is also the notable result of swirl (See the 

figure 9) 

 

5. Conclusion  
The swirl vane burner in our setup can reduce 54% CO 

formation, gives clean Combustion comparatively, and 

increase by 4.7% efficiency. Swirl influences heat and mass 

transfer significantly. It improves the efficiency of the 

Combustion, and swirl flow provides environmentally 

cleaner fuel combustion by reducing the formation of 

hazardous pollutants like Carbon monoxide, PM2.5, Carbon 

content, Hydrocarbon substances, etc. It is a very low-cost, 

simple designed instrument, which can bring significant 

change in efficiency and pollutant of any stove.   

 

Acknowledgments  

I would like to thank the Mechanical Engineering 

Department of the Institute of Technology, Nirma 

University, for their support of this project and experiment. I 

would also like to show my gratitude to Prof. Darshit 

Upadhyay for the support and motivation provided by him. I 

thank Mr. Jaydeep Baravaliya for assisting me in the 

experimental work. 

 

 

References 
[1] M. L. Clark, J. L. Peel, J. B. Burch, . T. L. Nelson, M. M. Robinson, S. Conway, A. M. Bachand, and S. J. Reynolds, Impact of 

Improved Cookstoves on Indoor Air Pollution and Adverse Health Effects Among Honduran Women, International Journal of 

Environmental Health Research, 19(5)(2009)357-368. 

[2] K. R. Smith, M. Jerrett, H. R. Anderson, Burnett, R, Stone, V., Derwent, R., Atkinson, R., Cohen, A., Shonkoff, S., Krewski, D., Pope, 

C., Thun, M. and Thurston, G., Public health benefits of strategies to reduce greenhouse-gas emissions: health implications of short-

lived greenhouse pollutants.,The Lancet, 374(9707)(2009) 2091-2103.  

[3] The world health report 2002- Reducing Risks, Promoting Healthy Life., Geneva: World Health Organization,(2002). 

[4] J. M. Hafner, G. Uckert, H. K. Hoffmann, T. S. Rosenstock, S. Sieber, and A. A. Kimaro, Efficiency of Three-Stone Fire and Improved 

Cooking Stoves using on-farm off-farm fuels in semi-arid Tanzania, Energy for Sustainable Development,  59(2020)199-207. 

[5] A. Williams, J. Jones, L. Ma, and M. Pourkashanian, Pollutants from the combustion of solid biomass fuels, Progress in Energy and 

Combustion Science, 38(2)(2012) 113-137. 

[6] M. P. Kshirsagar and V. R. Kalamkar, A comprehensive review on biomass cookstoves and a systematic approach for modern 

cookstove design, Renewable and Sustainable Energy Reviews, 30(2014) 580-603. 

[7] Test Results of Cook Stove Performance, Aprovecho Research Center, Shell Foundation, United States Environmental Protection 

Agency.  

[8] J. J. Jetter and P. Kariher, Solid-fuel household cook stoves: Characterization of performance and emissions, Biomass and Bioenergy,  

33(2) (2009)294-305.  

[9] N. MacCarty, D. Still and D. Ogle, Fuel use and emissions performance of fifty cooking stoves in the laboratory and related benchmarks 

of performance, Energy for Sustainable Development, 14(3) (2010) 161-171.  

[10] J. Jetter, Y. Zhao, K. R. Smith, B. Khan, T. Yelverton, P. DeCarlo, and M. D. Hays, Pollutant Emissions and Energy Efficiency under 

Controlled Conditions for Household Biomass Cookstoves and Implications for Metrics Useful in Setting International Test Standards, 

Environmental Science & Technology,  46(2012) 10827−10834.  

[11] P. Raman, N. K. Ram, and R. Gupta, Development, design and performance analysis of a forced draft clean combustion cookstove 

0%

20%

40%

60%

80%

100%

CO (%) HC (ppm) CC (%) O2  (%) CO2 (%)

Improved cookstove Improved with swirling flame



Yash Hareshbhai Beladiya / IJTE, 8(2), 1-6, 2022 

 

6 

powered by a thermos-electric generator with multi-utility options, Energy, 69(2014) 813-825.  

[12] K. S. Thacker, K. M. Barger, and C. A. Mattson, Balancing technical and user objectives in the redesign of a Peruvian cookstove, 

Development Engineering, 2(2017) 12-19.  

[13]  N. Panwar and N. Rathore, Environment friendly biomass gasifier cookstove for community cooking, Environmental Technology, 

36(18)(2015) 2308-2311.  

[14] R. Hanbar and P. Karve, National Programme on Improved Chulha (NPIC) of the Government of India: an overview.,  Energy for 

Sustainable Development, 6( 2)(2002) 49-55.  

[15]  A. K. Gupta, D. . G. Lilley, and N. Syred Swirl flow, Tunbridge Wells: Abacus Press, (1984).  

[16]  C. Chan, K. Lau, W. Chin, and R. Cheng, Freely propagating open premixed turbulent flames stabilized by swirl, Symposium 

(International) on Combustion, 24(1)(1992) 511-518.  

[17]  V. Shtern, A. Borissov, and F. Hussain, Temperature distribution in swirling jets, International Journal of Heat and Mass Transfer, 

41(16)(1998) 2455-2467. 

[18]  F. Carbone, E. L. Carlson, D. Baroni, and A. Gomez, The Whirl Cookstove: A Novel Development for Clean Biomass Burning, 

Combustion Science and Technology,  188(4-5)(2016) 594-610.  

[19]  B. Repic, A. Eric, D. Djurovic, A. Marinkovic and G. Zivkovic, Experimental Determination of the Swirl Burner Laboratory Models 

Hydraulic Resistance, Procedia Engineering,  42(2012) 672-682.  

[20]  S. Bhandari, S. Gopi, and A. Date, Investigation of CTARA wood-burning stove. Part I. Experimental investigation, Sadhana, 

13(4)(1988) 271-293.  

[21]  V. H. Honkalaskar, U. V. Bhandarkar and M. Sohoni, Development of a fuel efficient cookstove through a participatory bottom-up 

approach, Energy, Sustainability and Society,16(3)(2013)1-21.  

[22]  S. Kumar, Effects of Retrofit on Thermal Performance and Emission Level of Wood-Fired Cook Stove, International Journal of 

Innovative Science and Research Technology,4(4)(2019) 132-138.  

[23]  A. Surjosatyo and F. N. Ani, Study of Enhancing the Swirl Burner Performance On a Small scale Biomass Gasification, International 

Journal of Engineering & Technology, 11( 4) (2011)20-29.  

[24] Partnership for Clean Indoor Air : Stove testing, [Online]. Available: https://pciaonline.org/testing/. [Accessed 2022 April 30]. 

[25] M. DeFoort, C. L'Orange, C. Kreutzer, N. Lorenz, W. Kamping and J. Alders, Stove Manufacturers Emissions & Performance Test 

Protocol, Clean Cooking Alliance. 

[26] M.D. Saputra, A. A. P. Susastriawan, I.M. Suardjaja, B.W. Sidharta,(2019). Performance and CO/CO2 Emission of Three Different 

Biomass Stoves Fed With Coconut Shell Briquettes. SSRG International Journal of Mechanical Engineering 6(10), 8-11(2019). 

 


