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Abstract- This paper deals with the use of spentlkiag as a fuel
in kerosene stove In order to avoid the reuse péist cooking oil
for cooking which has adverse effects on the heatthhuman
being, corrective steps are needed to be takenh\&lit approach
of alternative fuel for kerosene pressurized coogistove, blends
of kerosene and spent soya bean cooking oil of @as propor-
tions have been prepared. These samples were testecby one
in an existing kerosene pressurized cooking stovearious pres-
sures. From the study, it has been found that at b&r pressure,
efficiency of 50% proportion of spent soya bean w@ilth 50%
proportion of kerosene is better than pure kerosene
Keywords: kerosene stove, spent soya bean oil, méaaten,
efficiency, calorific value.

I. INTRODUCTION
A. Purpose of study

1) Use of kerosene and pressurized kerosene cooktoge
in India

Kerosene is one of straight-run fractions resultingm
distillation of crude oil between 205°C and 260t@yving
flash point of 38—72°C, boiling point of 150°C t6®C and
auto-ignition temperature of 220°C. Main componeots
kerosene are paraffin, cycloalkanes (naphtha) aochatic
compounds, where paraffin is of highest compositlohi-
mate analysis of composition of kerosene are 84na%f
Carbon, 14.2% wt of Hydrogen, and remaining aretsau,
nitrogen etc. Combustion of 1 gram of kerosenelteso
about 3 grams of carbon dioxide having volume - 1.

Large population of India still doesn’t have acces®lec-
tricity and gas and is solely dependent on kerosdinend
continues on kerosene as fuel for cooking, heatimlight-
ing. Electrified households in rural areas also kesesene
as a backup fuel due to the interruptive and pdextecity
supply. It is widely used in power jet engines, thtog manu-
facture of insecticides/herbicides/fungicides tatcol pest,
weeds and fungi. It has been estimated that n&&3ymil-
lion people use 9.101 MT (2011-12) of keroseneciook-
ing. Kerosene has been promoted as an alternai®letd
biomass in rural areas. Thermal efficiency of keree
stove is 20—40% depending on stove and cookingpetgrit
design.

India’s fossil fuel subsidies- a timeline

The majority of India's kerosene consumption is
approximately 12 million KL is heavily subsidizeédany of
the rural and urban Indian residents also recdie& kero-
sene through Public Distribution system. The subsies
initially established as a distribution eote during fuel
shortages in World War Il.

2) Problems

Kerosene contains impurities such as sulphur, atiosnand
hydrocarbons. On burning, it produces very unpletasa
odour. The smoke emissions cause various respjralier
orders. A steep increase in prices and withdradalbsidy
has results in its diminishing supplies. Utmost{p@® cent of

of

1.5m3/liter. Incomplete combustion gives lower flam subsidized kerosene reaches the intended beng&fiE@ur

temperature and heating rate. Approximately 72%thef
population of India lives in rural areas.
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Economy Bureau, 2005). The remainder is diverteth®o
black market. The diversion of kerosene is a businfer
corrupt fuel distributors.

Bad effects of spent cooking olil if reused as caukbil

Oil has become an everyday use. Using or eatings aibt
harmful, but using it more than required may bentfal to
our health. Eating oil of a worst quality unknowingan
cause serious diseases such as throat infectigestdie
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Fig. 1.1 Uses of Qil

If spent cooking oil is reused at a very later stagincreas-
es the thickness of oil and its fat increases. Ruthe in-
crease in thickness or viscosity of oil, harmfuttesia and
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free radicals get aumulated in oil which leads tvarious
diseases.

Fig. 1.2 Used Ol
Diseases

Arteriosclerosiss The word ‘Arteriosclerosi’ itself de-

scribes artery related diseaseisltdue to consumption 1

spent oil containing many harmful thinglong with extra
fat. This fat contains cholesterol thgetsdeposited inside
the arteries which ressltin blockage of arteriecausing
irregular flow of blood andurther leads to heart diseas
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Fig. 1.3 Arteriosclerosis

High blood pressure In the previous tyg of disease, there
occurs a deposition of cholestenoside the arteries caing
irregular flow of blood. This alspesults it High blood pres-
sure which tries to flow inside the arteries, ultimately
affects the functioning of heart.
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B. Scope of work

1) Using used cooking oil aserosen: pressurized cooking
stove fuel and designing of stc.

As it is found that the consumption of spent edible oil
causesmany health hazards, therefore there is a nec
develop a stove usingsed cookingoil as a fuel. The
Renewable Energy Dewadment Institute (RED, Germany
[4], has been working for more than 20 yeardevelop a
simple cooking stove usirgjfferent fuels such as kerose
diesel, vegetable oil, etd.he fuel tankis kept at a higher
level to facilitate gravity flowThe Institute of Agricultural
Engineering in the Tropi@and Subtropicsof Hohenheim
University, Germany [7], haseen experimentingn a vege-
table oil cooking stoveThe fuel passes through tiflow
regulator valve, vaporizeend a spranozzle. The combus-
tion space is coveradglith a flame lolder having many holes
to supply sufficient air. The fu tank consists of two parts.
Initially the stove is ignited with keroseand after 2—3 min
of operatim, the kerosene valve is closand vegetable oil
is injected. Leyte State University, Germany, heveloped
a plant oil stovefor Bosch and Siemens for maring in
Philippines. Theyhave achieved efficiencieup to 40-50%.
Other universitieand institutions that have alcon-
tributed to thedevelopment of vegetable oil stoves are C
Probec Protos Stovee$ts TanzaniaWorking Group of
Development Techniques (WOT), Enschedand Nether-
land.nAll these stoves call for modification and fabrical
of fuel tanks, burnergressure pun and feed pipe lines in
the standard stove. Tlséandarcstove consists of:-

(a) fuel tank,

(b) Hand pressure punggveloping 1.-1.8bar pressure in
the fuel tank,

(c) Burner with suitabl@reheating and fueinjection ar-
rangement and

(d) A manual control device and a pin for mass f

rate of fuel.

Due to the pressure createdthe fuel tank, the fuel flows
through the feedine. The flow of the fuel is regulated wi
a valve provided in the oil linenitially, the fuel is heated in
the burner platéo vaporize andaise the temperature above
fire point. The hot fuel mixes wi the air and gives out a
yellow-blue flame. Theefficiency of the combustion is a
function of:-

(a) Temperature of all,

(b) Vaporto liquid ratio anc

(c) Mixing efficiency of fuelwith air.
Equipments that need to be incorpod in modified kero-
sene pressurized cookirgjove: - modified commercially
available burnerdppper plate brazed to the f injection),
spray nozzle with modifiedxit angl¢, location of the vessel.

To compute thehermal efficiency, expiments were car-
ried out to determinthe energy conmed for:

(a) Sensibldeat to heat the vessel ¢

(b) Heat supplied t@ known quantity osubstance say
water atgiven temperature and at atmospheric pres The
experiment is needed to bepeated three tim for obtain-
ing accuracy.

heat utilized

thermal efficiency = -
heat supplied
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2) magnetisation of fuel-

For many years, researchers trieddi&sign a combustic
system causing lowair pollution through complet
combustion of hydrocarbons. Variotschniques,such as
air-fuel  mixing, ignition, temperature controlli
combustion chamber, catalyst, ate not able to comytely
solve the problems yet. Loefficiency of combustion hei
unburned fuel and air pollution (like CROx,S0») are still
problems now. Enhancemeot hydrogen reactivity is ol
of important ways in order toreach th complete
combustion.There is a novel technique call
‘Magnetization’[2]. Magnetization of hydrocarbon fuel
which is diamagnetic, breakslusters of hydrocarb
molecules and changéke electron sp direction of para
state (low energetic) into orthtate (high nergetic). They
are normalized independent and dist: from each other,
having large surface availablerfbinding (attraction) with
more oxygen (better oxidation). Finally, complete
combustion can be achievechélother adantages are:-
Increase in theatnbustion efficienc.

» Magnetization technique is relatively cheap and
dangerous comparing &xisting additive fue
The declustering, polarization aneactivity phenomena dt
to magnetizationof hydrocarbon areillstin controvers)
which are explained byimited scientific publications.
Before combustion, the kerosene wllE magnetized by
magnetic field. The distance of magrietm burner hasf-
fect on thermal efficiency. Fig.1ghows the working burnt
assembly. Kerosene with the aid of giessur, forced from
the fuel tank passes to therner through main fuel supp
pipe and rises through the rising tube {éherthrough the
ascending pipe (B) tthe preheated burner heac), where
the fuel is heated and vaporiz8the gasproduced from the
kerosene flows further on, andrdligh a narrow openini
the jet mixes with the air osile where it brns with a blue,
smokeless flame, turning a smd&ir screw" (usually loct-
ed in the filler cap) will release pmge from thetank and
make the flame smallein the modifier pressurized kero-
sene stove, a coppenpil of 2 turns is wour around the
burner. The height of the coil is jusbelow thecup of the
burner, such that the flame doesn't get into theci contact
of the coil. Both the ais of the coil are brazed to tmain
fuel supply pipe of the stove, and thmin fuel supply pip
is blocked by means of cuttingetween th two coil ends.
This arrangement is made in view so thee fuel only pass-
es through the coil.

Fig. 1.6 lllustration of Burner Assembly
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Fig. 1.7 Preheating Burner Assembl
3) Using blends of kerosene and specooking oil as a
fuel in the kerosene pressurized cooking st:
Blends of various proportions that i taken into account:-

1)25% of spent cookingil with 75% kerosene ¢
2) 50% of spentooking oil with 50% kerosene

3) 75% spent cooking oil with5% kerosene .

Il. METHODOLOGY

Initially the expeimentation is done on regular conrcial-
ly designed stovevhich is available in the marl to check
its performance. Experimenian is done by using first pure
kerosene then further we have used various bleh#ero-
sene with spent Soya beanasl a fuel in th stove.

TABLE |

SOME PHYSICAL PROPERTIES OF TYPICAL
SOYA BEAN OIL

Density at 20°C 0.9165 to 0.9261
Melting Point 0.6°C

Specific Heat Capacity 448 cal/lg°C
Pour Point -12 to -16°C
Cloud Point -9°C

Heat of Combustion 9388 callg

Heat Transfer Coefficient | 269.7 watts/K-m2a
Viscosity at 20°C %grg% 62.5cP
Vapor pressure 14 at254°C
Smoke point 245°C

Flash point 324°C

Fire point 360°C

Heat of vaporization 44200cal/mol
Surface Tension at 30°C | 27.6 dyne/cm
Refractive Index at 20°C | 1.4733

Dry electrical resistivity at 23.7 Tohm-cm

24°C
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gl Pl 9. Repeating the above procedure for other blenddirfin
" : . - out the efficiency of stove for each reading.

10. Repeating the above procedure for other blenddinfin
out the efficiency of stove for each reading.

In order to determine lower calorific values ofivarous
fuel blends, we gave the sample of various blends the
testing lab whose report is shown in the followpage.

A. Observations and calculations

During the above experimentation, some observatants

. e : calculations have been taken to calculate theieffiy of
Fig. 3.1: Existing Stove Design the stove. The calculations after taking the resaie shown

The concentration of the oil with kerosene is doves: in this chapter.

1. 100% kerosene. _ The efficiency is given by the formula:

2. 75% kerosene and 25% spent Soya bean oil.

3. 50% kerosene and 50% spent Soya bean oil.

4. 25% kerosene and 75% spent Soya bean oil.

_m,x¢,, x(T,=T,) +m,xc, x(T,~T)

4

The stove tank’s capacity is 1.5 kg. The experimgon is m. xcv
carried out at various pressures. The pressures are f

1) 1 bar,
2) 1.5 bar

3) 2 bar Where,

.................. Equation no.1

To carry out the experimentation at exact pressuaged mw =Mass of water in Kg

above, we fitted a pressure gauge to the tankhabexact  cpw= Specific heat of water 4180 KJ/Kg
readings at various pressures can be taken. T1 =Initial temperature of water in °C

The procedure is as follows:

=

T2 = Final temperature of water in °C

mv = Mass of vesselnv = 0.39 Kg

cpv = Specific heat of vessatpv= 500 KJ/Kg
mf = Mass of fuel consumed in Kg

cv = calorific value of fuel( KJ/Kg)

Data analysis has been done after the above exgmiam
tion.

» Heat gained by water ;
A=m,xc, x(T,-T,),

» Heat gained by the vessel ;
Fig. 3.2: Pressure Gauge - —
B=m,xc, X (T, -T,)

e Heat supplied

First fill the tank with pure kerosene (1 kg).

Pumping is to be done to reach the desired preséure C = m ¢ X CV
bar.

The stove burner is ignited by external sourceim f
e.g. - matchstick.

A vessel containing 2 kg water is kept at the fog of
the stove.

Now exactly at an interval of 5 min, readings aoted 0 n = A + B
down, which include the amount of fuel burnt, mass C

water present and temperature of water.

Similar process is carried out until water doesadch

its boiling or saturation point (equivalent to 100°

Blends of kerosene and spent soya bean oil prefgred

uniformly mixing it with a hand operated electric

blender till we get a homogeneous blend.

Now emptying the tank which was earlier filled with

kerosene, and filling it with various blends of &eene.

Efficiency
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[ | TABLE ||
. 9 TEST REPORT
i EFFICIENCY OF 50% KEROSENE AND 50% SPENT
i g
ANAC ANLABS SOYA BEAN OIL
ANACON LABORATORIES PVT, LTD. MaSS Of water 1 981
*NAG
Temperature difference 13.6
ISSUED TO Sample Inward No 115N 54 Consumption of fuel 0.0096
Mr. Gouray Jambhulkar Report Isaue Date : 11.09.2014
‘;J' Visheam Nagar, Near Nerf Road, Post Uppalwad, Raferonce i Verbal communication e
Agpur. 4
bR ko By Calorific value of fuel 40803178
Sample Category : Genaral &I!‘..‘..‘I‘.U A 1 1 3047
Sample Details i) Pure Keroseno 2) Pure Soyabean Qil  3) 50% Soyabean Of + 50% Karossna
4) 25% Soyabean Oil + 75% Kerosene 5) 76% Soyabean Ol + 25% Kerosene B 2652
Sample Registration Date ; 08.08.2014 Analysis Staring Date - 08.08.2014
Quantty faceived £ 100 each Analysis Comphelion Dae © 10082014 C 391710
Teals raquired T As par veroal communication
Sampla lested us recaved Sampled by 3 Mr. Gaurav Jambhulkar —
TEST RESULTS Efficiency 0.3844
:; Tost Paramatar Mmmmem Test Results
Tlmplll Nod 1 Sample No.2 | Samplo No.3 | Sample No.4 | s.mm[m?s I I I . R ES U LTS AN D D IC U SS I O N

‘ A. Variation of efficiency with pressure

1| oo ciole e e | gowmee | essess | wasto | demse | misast 0.4000
‘ ‘ 0.3500 100%
\ E 0.3000 2 kerosene
Note: -1, Results ralate 10 tested sample only, 2. Test report shauld not be reproduced partially, 3. Result s on as recelved bagle f O 2 500 -
REMARKS: Basad upon request of the party, samples ware tosted %or above menfionad parameters only, f 0.2000 / 75%
For ANACONLABORATORIES PVT LTD. | V
r"mﬂﬂb’ Authortzed Signatory c 0.1500 kerosene
\1:;\_" 4 S_ i,l(-\-k-u~{: i 0.1000 and 25% oil
Ms, Swall Shrlvast . (Mrs:) 5.0, Ganw
e g o e 0.0500 50%
N 0.0000 . . kerosene
c 0 2 4 and 50% oil
y Pressure

Fig. 4.1: Variation of efficiency with pressure.

As depicted in fig. 4.1, maximum efficiency is get50%
spent soya bean oil with 50% kerosene blend abar.pres-
sure followed by that of 75% kerosene with 25% ngjseya
bean oil. Then comparatively lower efficiency issebved in
the case of 100% kerosene. The lowest efficienseéen in

Fuel used: Kerosene (100%):-
Date: 22/08/2014, Time: 4:05 pm
At pressure= 1.5 bar; Time interval= 5min

TABLE | case of 25% kerosene with 75% spent soya bean oil.
EFFICIENCY OF PURE KEROSENE B. Consumption of fuel
Mass of water 1.986
dife 0.4000
Temperature difference 20.33 £ 0.3500 100%
Consumption of fuel 0.014 ¢ 0.3000 ~ ] kerosene
Calorific value of fuel 43234961 ¢ 0.2500 —_—759%
A 169290 i 0.2000 \ kerosene
¢ 0.1500 and 25% oil
B 3965 i 0.1000 50%
C 605289 e 0.0500 kerosene
_ n 0.0000 : ,  and50% oil
Efficiency 0.2702 . 0 0.02 0.04
. Mass of fuel
Fuel used: 50% kerosene and 50% spent soya bean oll y K
Date: 07/09/2014, Time: 5:30 pm (Kg)

At pressure= 1.5 bar; Time interval= Smin Fig. 4.2: Relation between Efficiency and Mass ofuel
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minimum fuel consumption for 50% kerosene with 50%
spent soya bean oil blend. For 75% kerosene andspadit
soya bean oil blend, efficiency increases withitioeease in
fuel consumption gradually then after attainingealpvalue
it gradually decreases with the further increasefusl
consumption. Similar relation is observed in thesecaf

100% kerosene. Paradoxically, for 25% kerosene 7&%d
spent soya bean oil blend, efficiency decreasedugily

(7]

with the increase in the fuel consumption and adttaining
a certain point (at 15% of efficiency and nearl@22 kg of
fuel), the efficiency increase

IV. OVERALL CONCLUSIONS

The conclusions regarding the work done on thetiegis [g]
stove are as follows:-

1.

After carrying out the experimentation we came to
know that we can use waste cooking oil as alteraati
fuel in place of kerosene. 0]
By using waste cooking oil we can reduce the effect
of various diseases on human being by reducing it
consumption as cooking oil.

By using such reused oil for cooking it gives iavit 10
tion to various diseases like fatness, heart deseac

as previously mentioned.

Also we found better efficiency of about 38% for
50%

Kerosene with 50% oil blends when used as a fuel.
So this gives us the further scope of using it Aseh

A. Future scope

1. We are trying to make changes in burner designd
Vide preheating so that amount of fuel required Wé

less.

2. The method of pumping to increase the pressexe r

quires

More efforts therefore it has to be replaced hyontuc-

ing

New pumping mechanism

3. We are also trying to introduce the magnet enstove
this will decluster the fuel molecules and duevtoch
Efficient burning of fuel takes place.

4. By increasing the turbulence, the fuel burnigfitly,
So focus is on this too.
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