ADDISABABA UNIVERSITY
ADDISABABA INSTITUTE OF TECHNOLOGY
SCHOOL OF GRADUATE STUDIESENERGY
TECHNOLOGY DEPARTMENT

PERFORMANCE OF ETHANOL WATER MIXTURE ASFUEL FOR
HOUSEHOLD STOVE

By
Atakelti Tekle

A thesis submitted to the School of Graduate Studies Addis Ababa University in
partial fulfilment of the requirements of the Degree of Master of Sciencein

Energy Technology

Advisor: Dr.-Ing Demiss Alemu
&
Co-advisor:- Muluken Getnet (Phd candidate)

November, 2011
Addibaba, Ethiopia



Performance of Ethanol-water Mixture as a fuel flousehold Stovie 2011

ADDIS ABABA UNIVERSITY
ADDIS ABABA INSTITUTE OF TECHNOLOGY

SCHOOL OF GRADUATE STUDIES ENERGY
TECHNOLOGY DEPARTMENT

PERFORMANCE OF ETHANOL WATER MIXTURE ASFUEL FOR

HOUSEHOLD STOVE

By

ATAKELTI TEKLE

Approved by the Examining Board

Dr.-Ing Abebayehu Assefa

Chairman, Department Signature

Dr.-Ing Demiss Alemu

Advisor Signature

Dr. Tesfaye Dama

Date

Internal Examiner Signature

Dr.-Ing Abebayehu Assefa

Date

External Examiner Signature

Date

Date



Performance of Ethanol-water Mixture as a fuel flousehold Stovie 2011

Declaration

“| declare that this thesis entitled “PerformarafeEthanol water Mixture as a fuel for

Household Stove” is the result of my own researsatept as cited in the references.”

Signature :
Name : Atakelti Tekle Gebru

Date :




Performance of Ethanol-water Mixture as a fuel flousehold Stovie 2011

ACKNOWLEDGEMENTS

First and foremost | would like to express my srecgratitude and appreciation to my
advisor Dr.-Ing. Demiss Alemu for his encouragemamd advice to complete this work.
Without his encouragement and patience, the comnplef this work would not have been

possible. His follow up and comments brought thisksto where it is now.

Also | would like to express my sincere gratitudeEnergy Technology department head
Dr.-Ing Abebayehu Assefa who always gave me suggesand encouragements trough

out this work.

Specially, | would like to express my sincere duate to co-advisor Muluken Getenet
(Phd candidate) for given my thesis title and pidowg guidance and suggestions during
my thesis. He has always been helpful to listemyosuggestions and questions, offering
his advice when necessary and taking the timedouds my ideas. Without his help this
thesis would not be what it is. A word thank youn’talescribe all of his guidance and
encouragement that showed to me during the praggesisthis thesis. All the knowledge
that | learned from him will come in handy at tlwuire. This thesis was dedicated to him.

Design and manufacturing of this prototype stoveilanot have been possible without
the intensive work carried out by the group memloérmechanical department workshop.
I would like to thank all members of this workshepo helped me by words and deeds.

Especially, Ato Aymen Haji Endrie, who patientlysested me in moving the project ahead.

| also want to thank my family for the moral suppespecially my wife, Tsigea Mengstu,

for the effort and support at drove me to this leve



Performance of Ethanol-water Mixture as a fuel flousehold Stovie 2011

ABSTRACT

Ethiopia is one of the world’s least developed ¢das where population pressures and an
over reliance on traditional biomass fuels have ttedleforestation. The combustion of
unsustainably harvested biomass releases largdittpgmmof greenhouse gases into the
atmosphere and when burnt indoors has been strongéd to acute respiratory infections
and a major cause of death in developing countiesrder to protect the environment, it
is urgently required to substitute the utilizatmirfirewood for cooking purposes. Ethanol-
water mixture oil, as one of the best solutionsa isromising alternative energy source

offering a variety of economical and ecological aihages.

A new pressurized cooking stove was developed douprto the principles of the
appropriate technology that can be operated omebtvaater mixture. According to the
chemical, physical and combustion properties ot ik a new nozzle socket, a new
burner head and a new tank as well as a hand puenred were designed and

manufactured.

The stove was evaluated by varying ethanol conagotr by water boiling test and also
was evaluated against wheel brand stove, a typiahple of an adapted kerosene stove.
The procedure followed for the test is in accor@éamdth the standard test methods

recommended by Volunteers in Technical AssistaWtEA).

A pressurized-ethanol stove running on 40 % (wgtthanol concentration (40% ethanol
and 60% water) has been developed. Based on oweebliil of water, it showed no
significant difference in performance; its efficegnas high as 29.5% as compared to 33%

with that of conventional kerosene stove was oleskrv

However, the pressurized-ethanol stove had advestager kerosene in that it produced
smokeless burning and no irritating smells. Thag, prototype stove was found to be

potentially appropriate for use.
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CHAPTER 1
INTRODUCTION

1.1. General Background

Most of the rural households in Ethiopia and ottleveloping countries cook food on
inefficient and smoky biomass cook stoves. Besicesting environmental pollution,
these stoves create health problems for the coakelsre based on biomass, which is not
easily accessible and tedious to collect. Biomasgtwincludes wood, charcoal, animal
waste and agricultural residue is the most widekyduform of energy in Ethiopia. Nearly
90% of Ethiopia’s current total energy demand ist msing biomass fuels. Within
household sector, the contribution of biomass isielose to 97% [12]. Given the fact that
rural incomes are generally low and biomass fuedscallected ‘freely’ in most rural areas,

it would be very difficult to switch to modern figel

Collection of firewood is a drudgery work mainlyrgad out by women and children. This
often causes severe health problems, especiallghibdren. With less wood available,
collecting firewood becomes increasingly difficidhd time spent for collection and
transportation rises. As a consequence, familiee hess time for generating income and
for household as well as field work, or they muay gteadily rising prices for wood. In
many cases the wood necessary for cooking is mgrensive than the food itself. Such

economic trends lead to a decline in living staddand to increasing malnutrition.

Due to shortage of firewood, dung and plant resdare used more widely as cooking fuel.
However, burning these organic materials distuties natural nutrient cycle and soils
become impoverished and less fertile [8].

The currently predominant open fire cooking is @eafely in need of improvement or
even replacement. A more intensive utilization @bking stoves using fossil fuels like gas
or kerosene as energy source can economically @idgecally hardly be recommended.
Moreover, Ethiopia is already dependent on foas#l imports. This often burdens the
foreign currency reserves to a great extent. Dubfficult distribution fossil fuels are very
expensive especially in remote areas. Since fasslié become scarce in the future, it can

be expected that prices will rise furthermore.
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Thus this current situation urgently requires idtrction of alternative ways of cooking.
Fuel-efficient wood stoves can significantly redube firewood consumption but the
decrease in consumption will soon be compensatedhbyfast growing population.
Therefore, ethanol-water mixture is a promisingeralative energy source offering a
variety of economical and ecological advantagesizdtion as cooking fuel will assure a
sustainable energy supply for numerous communitiedeveloping countries and will

secure an adequate food preparation.

Moreover to overcome the current firewood probletris an urgent need to develop an
alternative cooking method. The use of ethanol-ivatexture oil as fuel for cooking

stoves presents a promising alternative. This dilghrovides some additional services; in
terms of health, by reducing indoor air pollutias;well as environmental, by running on a

locally produced, carbon-neutral fuel.
1.2 Problem Statement

Bio-diesel and bio-fuel production has attracteelginterest around the world because of
developments on the economic, social, environmgimistitutional and political fronts. On
one hand, high oil prices mean that countriesdhainot self-sufficient in fossil fuels must

spend a portion of their foreign exchange earnorganports of hydrocarbons.

At the same time, there is the social aspect oérdifying energy sources by using local
resources and generating employment through grdateand for labour to produce those
resources. These types of fuel, which are ethamtdmmixture is also less polluting and
have less impact on climate change than fossikfugie fact is that every increase in oil
prices sparks concerns over its impact on overatinemic growth Moreover, the

persistent hike in global prices of crude oil isd®ing the major issue in every country.
The situation was exacerbated, owing to ever irstngademand; in the face of continued
decline in quantity of crude petroleum, dwindlingpguction rate, and the instabilities in

the centres of petroleum production [4].

This inevitably, reflected an adverse impact on lit@al economy of many countries,
especially the oil importing countries, by posingeaere burden on their foreign exchange
[6]. Therefore, increasing non-renewable energyscasnvironmental impacts of fossil
fuels, uncertainties regarding future energy supiblg need to reduce energy import bills
have given incentives to encourage the productibnpetroleum substitutes from

AAIT
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agricultural commaodities [1] and there by the némdsuch alternatives has been driven

worldwide by economic, environmental, political aswtial factors [3].

The current energy crisis has beckoned upon usolo towards an energy alternative that
is feasible and sustainable in the long run. Baimfiyect solution to the current shortage of
liquid fuel, bio-diesel and bio-fuel is one of tivest popular alternatives of all time. Even
so, we need to look towards feedstock that will dogtable for Ethiopia, as well as

sustainable and economical in the long run.
1.3 Objective

This work has the objective of investigating the wu$ ethanol-water mixture as fuel for
cooking in order to substitute unsustainably preducharcoal, fuel wood and kerosene,
already produced ethanol from sugar industry. Bhisuld result in lower levels of GHG

emissions and considerable benefits to public hetdle environment and also to the local
economy by using local resource and existing teldgyo The work is based around the

stove which, although at a prototype stage.
1.3.1 General objective
The overall objective of this paper was to:

* Assess the suitability of ethanol-water mixtureaas alternative source of
energy for cooking; using self designed and marufad stove which,

although at a prototype stage.
1.3.2 Specific objective

The specific objectives of the study were to:

» Determine the time taken to boil 1litre of wateimgsnew stove and compare
the efficiency with low-income households currentfed kerosene wick fuel
stove,

* Determine the specific fuel consumption of stowv&ng, ethanol-water
mixture as a fuel,

* Determine the efficiencies of ethanol-water mixtureooking various dishes,

* Determine the suitability of ethanol-water mixtudey varying the

concentration.
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1.4 Methodology

The methods to be employed to achieve the objeofitiee research are

» Literature review: - reviewing the importance diatol as fuel for house
hold stoves.

» Data collection:- The information collected frommyasources will be used
as an input for comparison analysis.

* Design and manufacture a household stove.

* Experimental analysis and interpretation of theilltes

1.5 Over view of Traditional and M odern Cooking Fuel
151 Traditional cooking fuels

It is already being used by the rural people aspnsource of energy, mainly in cooking
food, which constitutes almost over 90% of thelteteergy consumption [10]. Assuming
that the population of Ethiopia are about 82 millio Ethiopig 90% of the population in
Ethiopia lives in rural area [7], and assuming #eath family consists of five persons and
uses annually about 3 tones of biomass as fuel,conees to the figure of about 44.28
million tones of biomass utilized annually only fdomestic cooking in rural areas only.
The urban populations of Ethiopia (10%) are alsssusomass and assuming that 78% of
the urban population uses this biomass as a fuel,comes to the figure of 3.84 million
tonnes of biomass as fuel. There is also a thindedsion to fuel use, and that is the

pollution arising due to burning of biomass.

a. Firewood
In Ethiopia, as in most developing countries, fioed is the predominant energy source, as
are other traditional fuels such as cow dung, agret@tural residues. These are usually
free, multiple-purpose fuels, providing much sesvitich as heating and lighting. In terms
of energy for cooking, 85% of the population onrage relies on wood, with an even

larger reliance in rural regions and less so imantegions.

In rural settings, the proportion of the populatibiat uses firewood is fairly consistent
across countries a result of its low cost and dlo& bf available alternatives. In urban areas,
use of firewood as the primary fuel varies accaydimfactors such as differences in price
and availability of alternatives. Firewood is oftbarned in open stoves resulting in low
energy density and low total energy efficiency ambustion, often between 10% and
20% [2].
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b. Charcoal
Wood charcoal has been the primary fuel for cookmgthiopia because it is cheap and
easily available. However, using wood charcoal d@sequences on health and pollution

because of smoking.

Charcoal is another important fuel currently used Household cooking in developing
nations. While its role in meeting the energy negdsiral communities is typically small,

it is often widely used in urban areas. In manyeess its characteristics as a cooking fuel
make it more desirable for household use than boelvas it emits fewer pollutants, has
higher energy content and is simpler to transf@etause of its advantages over firewood
there have been a number of efforts to promotasis nonetheless, in comparison to clean

cooking fuels it remains inefficient and less thdeal for household cooking.

The processes involved in producing charcoal anmhgu#t as a cooking fuel is
tremendously inefficient and resource intensivearCbal is often manufactured in rural
areas where wood is more accessible. Wood is h&atearth kilns that restrict air flow,
resulting in a product with a high carbon dendiigttcan be used as a cooking fuel. During

the conversion process up to three quarters aérieegy in the original biomass is lost.

The efficiency of charcoal stoves commonly foundirtban households is approximately
25%, so the overall system efficiency is quite laout 5% of the energy in the original
biomass is converted to useful energy for cookiby As a result, large quantities of
biomass must be used to manufacture enough fueétt the energy demand of the urban

population.

1.5.2 Modern cooking fuels
Modern cooking fuels are considered to be thost liage a high energy density, high
combustion efficiency and high heat-transfer efingy with sufficient heat control
characteristics. Biogas and LPG are commonly usseaus fuels, and ethanol, kerosene

and Jatropha oil are the more familiar liquid cogkiuels.

a. Kerosene
Kerosene is a petroleum-based fuel produced irebiieries. It is used almost exclusively
in urban areas of Africa, though its level of urhese varies greatly across national borders.
When burned, it produces soot and other partesjaand together with fire hazard
risks, it is not an ideal cooking fuel. Howeyit is quite often used in developing

countries where it is burned in wick stoves orlyaefficient pressurized stoves. While

5
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mainly used for lighting, kerosene has a maras a cooking fuel, especially in the
urban regions of Ethiopia, mainly due to itsaitability and relatively low cost. It is
imported, and distributed at fuelling stations awthe country.

Two types of stoves are used for cooking with kenes wick stoves and pressurised
stoves. Both have high total energy efficienciebetiveen 40% and 60% and are simple
to use [6]. However, there are numerous hazardsciased with the household use of

kerosene because of its toxicity and flammability.

b. Biogas

Biogas is a clean cooking fuel that is producedufgh the anaerobic digestion of various
organic wastes; the most commonly used feedstoakimeal waste. The digestion process,
which takes place in sealed airless containereaaliligesters”, produces a mixture of
methane and carbon dioxide gases from which thieooadioxide can be separated to
further increase the energy density of the gas.r€hkalt is a clean fuel that produces no
smoke or particulate matter on combustion. Withhhigtal energy efficiency on
combustion of nearly 60%, biogas is well suitechtusehold cooking [11]. One of the
most important advantages of biogas is its feasibih rural areas where it offers the
potential for sustainable development projects. 3tee of digesters can vary to suit the
energy needs of a household or small community, thedonly input required organic
waste is readily available in rural areas. Modeiwgés digesters designed to produce
energy for a household can function on the wasidywed by four humans, or one to two
cows. Several countries have made efforts to initeddigesters to rural areas, but biogas

remains an untapped energy resource.

c. Liquefied petroleum gas (LPG)

LPG is a mixture of propane and butane. Despitefdbethat it is a fossil fuel, LPG is
considered to be clean because it can be burngdeffeziently and emits few pollutants.
Its use as a cooking fuel in Africa varies sigrafitly across national borders and is highly
dependent on government policy. Where it is usdtbunsehold cooking, though, LPG is a
popular fuel. It is non-toxic, and the specialiséave required for its combustion is simple
and easy to use. The fuel has a high energy deasillya total energy efficiency of
between 45% and 60% [6].
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d. Ethanol

The ethanol produced in Ethiopia from sugar indugrmainly used as an additive in
transportation fuels. However, as the industry ious to expand, ethanol could offer the
prospect of meeting household cooking needs. Ethanproduced by fermenting the
sugars in various types of biomass feedstock.ntatso be produced from starches if they
are first converted into sugars. The resulting orxtis then distilled to yield a high
concentration of ethanol. There are a wide rangeragibs that can be used as feedstock,
including sugarcane, cassava, sweet sorghum, naadevheat. The ideal feedstock for
the production of ethanol is dependent on regichialate and soil conditions, the crop’s

annual cycles, and available technology.

e. Electricity
Although an efficient and clean source of epgerglectricity has difficulties in
penetrating the cooking market in developirmuntries. There are many reasons for
this, one of which is the grid or lack ibf Electricity constitutes less than 4 percent of
the total domestic consumption of urban househaldd,the current level of electrification

is only about 13 percent.

Most of the electricity that is generated in Ethiéjs used for industrial and commercial
purposes. Even in urban settings where grid coivigcis substantial, use of electricity

for cooking is not feasible because its pricessardigh compared with traditional fuels.
As a result, only wealthy households benefit. Beeawf the tremendous capital
investment needed to develop grids to the pointrevesignificant number of households
could have access to electricity for cooking. Besithe costs of grid connection, further
costs would be incurred for many householders Is=caf the building work needed on

their homes to make electricity use safe.
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CHAPTER 2

LITERATURE REVIEW

2.1 Ethanol as Cooking Fuel

The rise in crude oil price and the associatede®® in the price of petroleum products
that has occurred since the beginning of 2004 hosvimg adverse effect on the uses of
petroleum products in all countries including Efhi@ The use of ethanol promotes energy
security creates jobs, prevent local pollution eadtribute to the reduction of green house

gas emissions.

Today a number of countries produce and use afisigni amount of ethanol and some
countries are busy preparing and approving direstiand programs to produce and use
renewable energy sources. Household cooking fuehés of the critical problems in the
country. Nearly 90% of Ethiopia’s current total emedemand is met using biomass fuels.
Within household sector, the contribution of biomdsel is close to 97% [12]. The
existing households’ energy sources are mostly sdnoen: the uncontrolled use of wood

fuels, and animal dung and agricultural residues.

In many rural areas deforestation and soil impebenient is mainly happened due to lack
of alternative energy sources. In addition to thesblems huge amount of kerosene is
imported each year with a lot of foreign currency a household cooking fuel with
government subsidies. Efforts have been made lhBa Sugar Factory to market ethanol
as a cooking fuel. Ethanol can be used in a vamétgooking, heating, and lighting
appliances in parallel with utilizing as a blendtorduel.

Ethanol can be produced locally from a variety atenials that can be classified as sugar-
containing, starch-containing and cellulose-contgn[36]. Thus, the low cost and
abundant availability of raw materials for the pwotlon of ethanol will make it very
competitive with the other fuels used for cooking.

Ethanol has roughly similar limits of inflammabyi{limits of fuel-to-air ratio in which
combustion will proceed) to those of the comporgages of LPG. Due to the extremely

low value (4.3 %) of the lower limit of inflammahy, the use of pure ethanol for
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household purposes is dangerous. This problem eaovbrcome by the use of ethanol

mixtures in a suitably designed stove

Domestic production and use of ethanol for fuel daorease dependence on foreign oil,
reduce trade deficits, create jobs in rural areaduce air pollution, and reduce global
climate change carbon dioxide build up. Ethanolikengasoline, is an oxygenated fuel

that contains 35% oxygen, which reduces particidateNg emissions from combustion.

The use of fuel ethanol promotes energy securigates jobs, prevents local pollution,
and contributes to the reduction of the green haffeets. Each ton of sugarcane grown
for hydrated or anhydrous ethanol production s&&% and 0.25 tons of GQ Carbon
dioxide, one of the green house gasesy 8Rission, respectively , including emissions of
this and other gases resulting from industrial pssg and the burning of ethyl alcohol in
vehicles engines

2.1.1 Physical propertiesof ethanol-water mixture
Ethanol is a straight-chain alcohol, and its md&cfiormula is GHsOH. Its empirical
formula is GHgO. An alternative notation is GHCH,—OH, which indicates that the
carbon of a methyl group (GH) is attached to the carbon of a methylene gredi{-),
which is attached to the oxygen of a hydroxyl gr¢gPH). It is a constitutional isomer of
dimethyl ether. Ethanol is a volatile, colorlegpuld that has a slight odor. It burns with a

smokeless blue flame that is not always visiblearmal light.

The physical properties of ethanol stem primanibnt the presence of its hydroxyl group
and the shortness of its carbon chain. Ethanoldrdwyyl group is able to participate in
hydrogen bonding, rendering it more viscous and hslatile than less polar organic

compounds of similar molecular weight.

Ethanol is a versatile solvent, miscible with waterd with many organic solvents,
including acetic acid, acetone, benzene, carbaaddbride, chloroform, diethyl ether,
ethylene glycol and glycerol. Ethanol’s miscibiliggth water contrasts with that of longer-
chain alcohols (five or more carbon atoms), whoagewmiscibility decreases sharply as

the number of carbons increases.

Ethanol-water mixtures have less volume than time efitheir individual components at

the given fractions. Because the hydrogen bondmigctoser packing of the molecules by
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the attraction allows a larger number of moleculeshe hydrated alcohol to fit into the

same space, thus decreasing the overall volume.

Mixtures of ethanol and water that contain morenthbout 50% ethanol are flammable
and easily ignited. Alcoholic proof is a widely dsmeasure of how much ethanol (i.e.,
alcohol) such a mixture contains. Ethanol-wateutsmhs that contain less than 50%
ethanol may also be flammable if the solution istfheated. Some cooking methods call
for wine to be added to a hot pan, causing itdelflboil into a vapor, which is then ignited

to burn off excess alcohol.

The latent heat of vaporization for ethanol is d@®80.686 kJ/kg and water has a latent
heat of about 1628.2 kJ/kg. Therefore, if ethamul water is mixed in the fuel tank the
latent heat of the water will cool the mixture amdrease volumetric efficiency. In
addition, when the low concentration mixture igdirin the burner, the water will turn to
high-pressure steam and provide additional powertduhe pressure exerted by the steam.
There are definite limits, however, to the amountvater that can be mixed. Too much
will cause excessive cooling and misfiring. Ethaaotl water mix simply by adding the

desired amount of water to the alcohol in the fank.

Table 2.1: Properties of ethanol

PROPERTIES
PHYSICAL CHEMICAL THERMAL
Density 789kg/m | Formula GHsOH | Lower heating value 26.8MJ/kg
Vapour pressure 50mm Hg  Molecular (wt) 46.1 Higheating value | 29.6MJ/kg
Boil temperature 78.% Carbon (wt) 52.2% Ignition temperaturg ~ °@5
Solubility in water o0 Hydrogen (wt) | 13.1% Specific heat 2.5kFkg
Oxygen (wWt) | 34.7% Melting point -155

A. Flash points of ethanol based water solution

The flash point of a chemical is the lowest tempeeaat which it will evaporate enough
fluid to form a combustible concentration of gakeTlash point is an indication of how

easy a chemical may burn.
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Table 2.2 : Flash points of ethanol based watetiswl.

Flash point

Ethanol Concentration5 10 20| 30| 40| 50f 60 70 80 90 96
(% by volume

°F | 144 | 120 | 97| 84| 79 75 73 70 68 63 63

Temperature | oc |62 |49 | 36| 29| 26| 24 22 21 20 17 17

Table 2.3: Freezing points of ethanol based watkertisn.

Freezing point

Ethanol Concentration O 10 | 20| 30| 40| 50, 60 70 80 90 100
(% by volume

Temperature |°F [32 | 25| 15| 5 -1 -2% -3b -5 -45 -110 -1/5
°C |0 -4 | -9 | -35 -23 -32 -37 -48 -59 -73 -115

Source: The engineering toolbox

2.1.2 Overview ethanol production

Ethanol can be produced from any biological feemlstbat contains appreciable amounts
of sugar or materials that can be converted ingassuch as starch or cellulose. Many
different feedstock sources can be used for ethanoduction. They can divide into sugary,

starchy and cellulosic feedstock.
A. Sugar-to-ethanol process

The simplest way to produce ethanol is the sugathianol production. Thereby biomass is
used that contains six-carbon sugars which camimeeinted directly to ethanol. Examples
for typical sugary feedstock types are sugar cawesagar beets which contain substantial

amounts of sugar.

Although fungi, bacteria, and yeast micro organistaa be used for fermentation, the
specific yeast is frequently used to ferment glects ethanol. Traditional fermentation

processes rely on yeasts that convert six- carhmars (mainly glucose) to ethanol.

Theoretically, 100 grams of glucose will produce45g of ethanol and 48.6 g of carbon
dioxide. In specific case of Finchaa sugar facfergnentation alcohol, substrate glucose is
used, in which is obtained from molasses sucrokes. Jlucose converted into ethanol and
CO, (Carbon dioxide) by yeast.
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Commercial production of ethanol by fermentatiorb&sed on the conversion of sugar
with six carbon atoms orgSugars, to ethanol by yeast. Fermentation is therdposition
of organic compounds in to simple compounds throwghalysts. The commercial

production of ethanol as:

C,,H,-0,, +H,Oinverted- C.H,.O. +C_.H,..O
12° '22-11 2 6 1276 6 1276
Sucrose Glucost Fructos
C6H1206 + Zymase— 2C2H50H + ZCO2 +E
—_— —_—
Glucost Ethano

Fig. 2.1: Commercial production of ethanol by fentaion

The whole fermentation process takes 24-30 hrd) vasulting beer (fermented mash)
containing 6-12% ethanol by volume. This fermeriedr is distilled to draw off ethanol.
By conventional distillation processes ethanol barconcentrated to about 96.4% ethanol
by volume. Further distillation cannot increasestpercentage. The remaining water can
be removed by dehydration (Fig.2.1), a step thdliovie conventional distillation.
Therefore aromatic benzene is added to commeraalegethanol in the dehydration step

so that anhydrous alcohol is obtained.

B. Starch-to-ethanol process
Another potential ethanol feedstock is starch. tmdpe and in the United states a large
portion of bio-ethanol is produced from the statomponent of grain crops, primarily corn
and wheat in the US and wheat and barley in EurSfg@ch molecules are made up of long
chains of glucose molecules which have to be brakém simple glucose molecules
(saccharification). Therefore starchy materialsuneg a reaction of starch with water
(hydrolysis). Typically hydrolysis is performed Inyixing the starch with water to form
slurry which is then stirred and heated to rupthee cell walls. During the heating cycle,
specific enzymes are added, which break the chéimacads. Organisms and enzymes for

starch conversion and glucose fermentation on areencial scale are readily available.
C. Cellulose-to-ethanol process

Besides sugar and starch, also cellulose can besded into ethanol, but the cellulosic
biomass-to-ethanol production process is more ceatpld than the sugar-or starch-to-
ethanol process. Cellulosic materials are comprigdaynin, hemicellulose, and cellulose
and thus are sometimes called lignocellulosic megermrhey have to be converted to five-
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and six-carbon sugars, before they can be fermeameédonverted into ethanol. One of the
primary functions of lignin is to provide structusaupport for the plant. Thus, in general,
trees have higher lignin contents than grassesortimfately, lignin which contains no

sugars encloses the cellulose and hemicelluloseaulgls, making them difficult to reach.
2.2 Stove development

2.2.1 Ethanal
Compared to traditional fuels, more modern enemyces such as kerosene and liquid
petroleum gas (LPG) offer increased efficienciesluced emissions and are more user
friendly, with the additional benefit of reducinbet workload of woman and children.
However they release fossil fuel derived GHG’s angl often more expensive to both the
national economy and the user, with poverty beimg af the main barriers to their uptake.
Liquid biomass cooking fuels combine some of theaathges of both traditional and new
fuels and one such scheme is Project Gaia, an p#mdobased programme which has
developed an alcohol stove which runs on eithehareil or ethanol. The stove promoters
have found the household liquid fuel market diffido create as both a critical mass of
stoves, and hence fuel, as well as government suppoeeded to gain the interest of
private fuel companies. They also found that admden cost the stove quality and

functionality are key to appealing to the houselwaldk.

Fig. 2.2: Clean Cook stove.

Economic analysis showed the cost of using thenelhgtove was comparable to those of
both LPG and kerosene stoves, where as the cheapish for cooking is the wood-
burning (stoves) but, does not consider the enmetal problems associated with

woodstoves and the time spent gathering fuel.
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CHAPTER 3

STOVE DESIGN
3.1Thermal Efficiency

In this chapter the basic physical principles ahbostion and heat transfer will be applied
to the design of cook stove burning ethanol-watextume and for each component of the
stove design analysis will be developed. These yamal form the basis for the
development of highly fuel efficient stove. To detee accurately the effects on

performance and to optimize a design requires tfirdesting as described in Chapter 4.

The heat transfer efficiency are discussed firsteirms of conductive, convective, and
radiation processes going on in and around theesibivese processes are explained based
on information from thermodynamics, heat transded fluid flow.

Table 3.1: Typical Property Values at ZD

Material Thermal conductivity  Density Specific Heat
W/m[’c] Kg/m® J/kg[c]
Steel alloy 35 (10-70) 7700-800¢ 450-480
Fiberglass 0.04 200 670
Water 0.597 1000 4180
Air 0.026 1.177 1000

The heat transfer by conduction of an object canexgressed approximately by the
equation:
o= ka(r; - 7,) (1)
S

Where Q is the rate of heat transfer,

k is the thermal conductivity of thetengal,

A is the area,

s is the thickness of the object acwisieh heat is being conducted, and

(B-Ty) is the temperature difference between the hotcartdi sides.

Thus, we see that if the plate is large and thifs (Arge) the rate of heat transfer will be

large. If the plate is small in area and thick, enbke a rod (A/s small), the rate of heat
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transfer will be small. The heat transfer also esulirectly with the thermal conductivity
and the temperature difference across the object.

Another factor of importance in conductive heansfar calculations is the ability of a
material to store thermal energy, measured aspesific heat. The specific heat of a
material is the amount of energy required to réigetemperature of 1 kg of its mass by
1°C. For a given object, the change in the total k&aed is then given by
dE=m*Cp*dT (2)

Where: m is the object mass
Cp is its specific heat

dT is its change in temperature

Thus, the thermal conductivity carries thermal ggehrough a material; the specific heat
and mass of an object store this heat energy. diiged the mass and specific heat of an
object the more energy it can store for a giverngkain temperature. Consequently, a
thermally massive object warms up slowly and arttadlly lightweight object will warm
rapidly. This is called the thermal inertia of djext and this is an important parameter in
the stoves. Reducing the heat loss into and throluglstove walls (especially the shield)
to the outside requires a detailed analysis ottreluction process, which is presented in
Section 3.2.4.

Convective heat transfer occurs when a gas odicpuiorced or flows naturally across at a
different temperature and then exchanges heat er®rgconduction, by a surface of
individual particles. Increasing convective heansfer to the pot is the best way to
increase the thermal efficiency of an ethanol-watetture burning stove. Convective heat
transfer follows the equation:

Q=h*A*(T - T,) 3)
Where Q is the heat transfer from the fire topbe
h convective heat transfer coefficient

A area where is the heat exchange
(1-T2): Temperature difference between the flame aagut.

To increase the heat transfer Q to the pot therd¢han, three things one can do. First, the
temperature T of the flame can be increased. This can be dohelpyntaking optimal

space between the shield and flame holder, thusatlomg the amount of outside air that
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enters. Second, as much as the area A of the polcshe exposed to the flame as possible.
The pot support should be kept small in area snohto screen the flame from the pot.
The flame should be allowed to rise up around thteapd contact its entire surface. Third,
the convective heat transfer coefficient shouldnmeeased by increasing the velocity of
the flame as it blows past the pot.

Then, the last heat transfer processes is theti@uliall objects (materials) continuously
emit electromagnetic radiation due to internal roolar and atomic motion. The higher
the object’s temperature, the greater the amouenefgy so radiated. The warmth felt on
one's skin when standing near a fire (but not enhbt gases) is due to infrared radiation
from the fire. The temperature of the object cao &le estimated by its color.

Most real materials, however, are not perfect erstor absorbers. Metals, for example,
are very poor absorbers (emitters) because theefestrons within them that give rise to
large electrical and thermal conductivities alsapte tightly to impinging radiation and
screen its penetration into the material -- cauding reflect instead. Gases such as water
vapor and carbon dioxide have strongly frequengeddent absorption in the infrared

corresponding to excitation of vibrational and tim@aal motion of individual molecules.

3.2 Stove Design Analysis

The stove design is composed of the following parts

* Fuel tank (pressure vessel)

* Manual-pressure pump

* Burner

» Jacket (wind shield)

* Flame controller

» Utensil support

* Pressure regulator valve (specification)

* Filter in fuel line

3.2.1 Fuel tank (pressure vessdl)
Pressure vessels are leak proof containers usdubltb gases or liquids at a pressure
different from the ambient pressure. The end cdfeifto the cylindrical body are known
as heads. The term pressure vessel refers to¥leesels which are subjected to internal or
external pressures greater than 0.7 atmosphergegamd vessels with DA 20 may be

regarded as thin vessel [9].
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Fig. 3.1 Developed view of fuel ta

In this section, design of pressure vessel, caeutzade to determine the thickness «
thin cylinder subjected to:

e Internal pressure B 150kpa

*  Volume=2.6 litre

* Inlet pipe diameter = 20m

* OQutlet diameter =20mm ar

* Material steel, s87

Ultimate andyield stress for a number of different metals avegin Appendix C. Base
on the design matrix | have to selec-37, because it is locally available, Suitable

weldingand has relatively low cos

From metal tension test report result, which tested by AAIT mechanical engineeri

department, the material |
v’ yield stress = 320Mg
v ultimate stress = 390Mp

17
AAIT



Performance of Ethan-water Mixture as a fuel for Household St | 2011

For this design analysis ap longitudinal stress and hoop stress theory by denisig the

following assumptions.

Assumptions

In thin cylinder:

» The hoop stress and longitudinal stress are asstoriaelconstant througho
the thickness of the wa

» The radial pressure is negligible as compared tplstress and longitudin
stress, but practically these stresses vary frora ae the oter to a value
equal to the internal pressure at the inner surd&tiee cylindel

» For the purpose of primary analysis of the stresmila, the effect of th
ends of the cylinder and presence joints will bgleeted[9].

» Since the fuel is a mixture water and ethanol, assur0.4 mm corrosion

allowance of the materi;

Fig 3.2shows the Hoop stress induced on the circumfersacgon when an intern

pressure applied on the pressure v

K

!
F O W N

£

fretrets

\_

Fig. 3.2: Hoop stresst
. Analysisof shell design

> Volume analysis

Where M= total volume
i ¥ volume of she
¥ volume of en

> Volume of shell
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_n,2

Where #inside volume of she
i&kinside diameter of she
h= height of she

> Volume of the end

Ve:%hiz(SR—hi) (6)

Where V=volume of en
iFFinside height of torispherical er
R 0.8*d.

d=inside diameter of torispherical e
1. Thickness of the cylindrical shell
pd

- [
2fz—-p

tg +corrosiorallowance (7)

Where
ts = minimum shell thickness
p = internal pressure
di= internal diameter
z= weldjoint efficiency, which is given: 0s8z< 09
f= the allowed value of the minal design stress for norm

operating cases

2. Length of the cylindrical shell
The length of the cylindrical shell is between theges of (-3)d

AR

Fig. 3.3 Schematic drawing of kloepper type tspherical en
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For kloepper type tori spherical end
=BR8d and r=0.1544
The inside length ofi tspherical end is given:

g g

o & External diameter

~

8)

Where

i E inside length of torispherical end

1. Analysisof ends design

1. Flat end

For normal operating case minimum thickness ofting is given:

te:max{(clxdi@{czxdi fL}}

~

9)
min
Where

f i =min{f; fs}

Clzmax E;t—S
f di

2. Torispherical end

The thickness of the end should be the greatdsttpfind ¢
I). t= required thickness of the end to limit membramness in central part

t _—pR
ST 2fz-0.5p

(10)
ii). t= required thickness of knuckle to avoid axis syrtrrogielding

0.75R+0.2
ty:Bp( f+ q) an

iii). = required thickness of knuckle to avoid plasticking
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— (12)
"

4 \0-825 [115]
(0.75R+0.2d L( J

t, =
b
111fb

3. Hemispherical Head

o
Fig. 3.4: Hemispherical head
By assuming the twportions have internal diameter and different cross sectiohe
minimum head thickness, of a thin henmspherical shell due to internal pressure is g
by:

pR

t, =— 13
h ™ 2fz-0.5p (13)

Detail calculation made to determine the diamdegth, thickness and type of heads

the cylinder are gien in Appendix /.

3.2.2 Hand-pressurepump

Working principle

The handsump was designed to pump air into fuel tank by pumping air on the do-
stroke. This was achieved by placing -way valves on the end of the pump. The |-
pump only injects air into thfuel tank while the user pushes down on the pump roc
while lifting the pump rod the n«return valve preents the air to move ba

During the upstroke, the pump rod draws air throagdiole into the seamless pump [
from the outside. During the down stroke, as mared is added to the pump rod,
volume of seamless pump pipe decreases. As theneolecreases, the space the parti
have to move around inside the seamless pump pigeases. The particles of air becc
denser inside the seamless pump pipe and hit the
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Thus the hand-pump is filled with a volumeod¥ air at atmospheric pressurgdnd

ambient temperature,TWhen you push the pump rod, the air is compressachew
(smaller) volume Y, raising its pressure. A non-return valve is tbpened, allowing air to
flow from the pump into the tank until the remaigiair in the pump reaches the pressure

of the air in the tank,:P

g 10 30 4 g
I |
— SO
Ry ' ZARIRE
— | NN
[N L 1
2 |3 L R
T T JO
I
230

Fig. 3.5: Hand pressure pump

Materials for manufacturing

The materials and parts used to manufacture hangp pue:
e seamless pipe
e piston,
* cylindrical handle,
* non-return valve, and
e pump rod.
Assumptions
« The pressure of the air in the tank, €es not change significantly as air flows
into the tank from the pump.
* The temperature of the air in the pump does nohghaignificantly while air is
flowing into the tank (i.e., this is an isothernpabcess).
e The air is mainly composed of diatomic moleculethwi=1.4.

Design analysis

From 20-150 kpa pressure is required to flow the from the fuel tank to the burner
through the pipe line.

P=— (14)
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Where P= pressure
F= force exerted

A= cross sectional area

This was done by pre-determining the number ofkstrand the pressure required up to
150 kPa by the hand-pump attached to fuel tanlgperate the stove for a continuous
period of 1-2 hours without further pumping. Assaogithe user applies 20-40 downward
strokes, the user required force is tabulated & flllowing Table 3.2. The required
pressure and the cylinder area are 150 kpa and4R0af, respectively, for all stroke
numbers.

Table 3.2: User force vs stroke

Stroke | Required| Pressure | Cylinder| Force

No. pressure| per stroke| area |required
[kpa] [pa] [m?] (N)

20 150 7500 0.01049 78.6
22 v 6818.2 “ 715
24 v 6250 “ 65.5
26 v 5769.2 “ 60.5
28 v 5357.1 “ 56.2
30 v 5000 “ 52.4
32 o 4687.5 “ 49.1
34 v 4411.8 “ 46.3
36 v 4166.7 “ 43.7
38 y 3947.4 “ 41.4
40 v 3750 “ 39.3

While within nearly 4-5kg the user pushes down te pump rod, consider two
approaches to get more air into the tank per puyofe dy pushing the pump rod quickly
or slowly. Typical calculations are given in Appen8.

Results show that the fraction of the particlethimm pump that are transferred into the tank
when the pump pushes quickly is 0.87 and when timepprod pushes slowly the fraction
is 0.75.

So when you pump quickly, not only do you get mpuenp cycles per unit time, but you
also put more air in the fuel tank per cycle (aisteaccording to this simplified model). Of
course you have to pump not only faster but alsddrasince the average pressure you
will pump against will be higher. In fact this higthpressure is the main reason that more

particles are transferred to the fuel tank eacle.tim
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To calculate the fraction of particles transfernrgd the pump:

Initial number of particlesin a gas

Using the ideal gas law,

PaV;
N, = a’i (15)

Where
N initial number of gas particles
= atmospheric pressure
M initial volume of the pump
F ambient temperature

k= Boltzmann’s constant

Final number of particlesin the pump

The gas particlesNn the pump after the pump and tank have equikor s

p;V
N = tf (16)

Y-
KT Vi
B'a Vf
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3.2.3 Burner design

In this design analysis, the standard burner availe the market was used with minor

addition/modification in the pipe line and the niezdiameter.

Brid
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1
pu k]

o
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T
1.4
703 i'\
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4 | |
| | -
=)
(3 Mid Section A-A -
381
Fig. 3.6: Roarer type burner
The Burner components are:
1. Outer tube 4. Inner tube
2. Spirit cup 5. Vaporizer
3. Burner socket 6. Flame ring seat

The amount of fuel required to produce the requiesdperature in the stove is looking for.
The heat locked up in a fuel is expressed as iifia value. The calorific value or
heating value of a fuel is expressed in kilojoydes kilogram kJ/kg and is a measure of the
energy stored in the fuel. The calorific value myofully realized when one kilogram of
the fuel is burned. The percentage of water insfilalso reflected in the calorific value.
High water content will reduce the calorific valoéthe fuel. The lower heating value,
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LHV, of a fuel is defined as the amount of heaeaskd by ombusting a specifie
guantity. According to Americanetroleum Institute (API), from dble 2.3 the LHV for
ethanol fuel is 26.8 MJ/k(

In order to calculate the amount of fuel requiregtoduce certain energy, the dimens
of this fuel is required. T best way to obtain the size of the fuel is tdizeshow muct
fuel it is physically possible to flow throucthe pipe into the burne fact, there is no
point doing calculation with a huge amount of fuglich is not convenient in the reali
Then, based on the idea of the dimension of the burnechwis bought from the loci
market, the diameter of the nozzle is 0.2 mm. é=ading to the Roerer burner princij
the fuel mixture must flow through the nipple, teculations are made for four ple of
0.2mm diameter d. Thus, the volumetric flow rateraf fuel is calculated by assuming
supply about 2.45kw for cooking, it requires a haaput of 2.45kw or 8.82MJ/h and t
calorific value Cv of pure ethanol 21.2M.

Vaporizer

Flame
holder
. h | Nozzle
Air pump ) v socket
Nozze
Fuel /
tank

Regulater
valve

Fig. 3.7:Schematic drawing of pressuri:-ethanol oil stove

The force which drives thfuel into the burner is the pressure induced in the faek
which passes through the pipeliiThe key equation that relates fgalé pressu to flow
is Bernoulli’'s theorem:
P v2
—+—+z =constant @an
p 29
where: p is the fuaias pressure (NF),
p is the fuelgas density  (kgF),
v is the fuajhs velocity (m/<

gs the acceleration due to gravity (9.81 2) and
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2s head (m).
The amount of a fine spray of hot ethanol-watertarex gas used by a burner is controlled
by the size of the gas “jet” or “injector orificeThis is usually a brass thimble with a hole
drilled in the end screwed onto the rising “"u’bie, so that it can be easily replaced.

Mass flow rate through nozzle

The mass of a mixture passing through the pipe:
m=p*V (18)
Where: m = mass flow rate,

V = Volumetric flow rate
p = Density
Detailed typical calculation to determined flowaamass flow rate and velocity of the

nozzle are developed in Appendix C.

3.24 Jacket (wind shield) and flame holder
The combustion process takes place in a controfladner in some form of combustion
chamber after initiation of combustion by some nseam ignition. This energy is in form
of heat, the source of heat is the chemical enefgyubstances called fuels. The most
convenient source of oxygen supply is that of ttmeosphere which contains oxygen and
nitrogen and traces of other gases. Normally rengit is made to separate out the oxygen
from the atmosphere, and the nitrogen, etc. accoimpdhe oxygen into the combustion
chamber. Nitrogen does not oxidize easily and eéstias far as the combustion process is
concerned, but it acts as a moderator in thatsbdis some of the heat of combustion and

so limits the maximum temperature reached.
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Fig. 3.8 Development view of wind shield (jack

Chemical reaction

The combustion products are heat energy, carboaddipwater vapor, nitrogen, and ot}
gases (excluding oxygen). Stable and efficient amhbn conditions require corre
mixtures of fuels and oxygen. In theory there is a spe@fnount of oxygen needed
completely burn a given amount of fuel, this is gteichiometric condition. In practic
burning conditions are never ideal. To ensure ceteptombustion it is usual to sy air
in excess of the amount required for chemically plete combustion. Therefore, more
than ideal must be supplied to burn all fuel cortghle The amount of air more than t
theoretical requirement is referred to as excasstas more than ‘hat is needed to bu

the fuel completely.
Fuel + oxidant—  product

Complete combustion of ethar

It is presumed that the used Ethanol is 96% pL,HsOH. The complete combustic
reaction of ethanol is given t
¢HsOH + 3C; — 2CO, +3H,0
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In order to study its combustion process, the chahdomposition is looking for. Carbon
C, hydrogen H and oxygen O are the main componeintthanol fuels. C and H are
oxidized during the combustion by exothermic reawti(formation of C@and HO). To
be able to run the analysis of the combustion i@adhe proportion of each element
composing the bio-fuel are required. According tee TCharacterisation of the Physical
and Chemical Properties of ethanol, approved by Alfd, the weight percentage
compositions of the ethanol are: C = 52.2%, H A%8and O = 34.7%

As previously said, the stoichiometric ratio is teal condition, when the combustion is
complete. Thus, from the combustion of the chemataent composing the ethanol, the
stoichiometric air/fuel ratio is looking by eachnstituent is taken separately and the
amount of oxygen required for complete combust®found from the relevant chemical
equation.

» For the carbon C:

C+0,=CO,
12kgCr32kgQ, = 44kgCQ,

Oxygen required0.522* % =1.392kg/kduel

Where the carbon conte. %22 kg per kg of fuel

Carbon dioxide produce®.522* % =1.914kgof CO2

» For the hydrogen H:
H2 +l/202 = HZO
lkgl—l2 +8kgO2 = 9kgHZO

Oxygen requiredl0.131* 8 =1.048kg/k@f fuel

Steam produced0.131*9 = 1.179k—g
kg of fuel
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Table 3.3: Showing the amount of oxygen requirgdtfe combustion

Constituent | Massfraction | Oxygen required Product mass
% kg/kg fuel kag/kg fuel
Carbon 52.2 1.392 1.914
Hydrogen 13.1 1.048 1.179
Oxygen 34.7 -0.347 -
Total 2.093

Thus, the oxygen required per kilogram of fuel.393kg.

It is usual in combustion calculations to takeasir
By mass: 02 =23.3% By volum@2 =21%

N, =76.7% N, =79%

2 2

As the air is composed of 21%, @nd 79% N by volume, and the MO, mass ratio is

equal to 3.29 the nitrogen required per kilograrfuef is 2093*329= 688g

The air is assumed to contain 23.3%HKY mass, therefore the air required by kilogram of
fuel is 2093 0233= 898kg

As a consequence, Stoichiometric Air/fuel rati@.B3

In fact, the total amount of air for 1kg of fueldgual t02.093(%) +6.88(I\b) =8.98kg

As found in the previous chapter the required nuddael is 0.32kg. Thus the amount of
air needed is:
8.98% 0.32kgof fuel=2.87kgof air

As the density of the air is 1.2kginthe combustion chamber must be able to feed a
volume of air:

2.87kgpf air _ 2.39rﬁ3

Volume of air in combustion chamber
1.2kg/nt

As the amount of fuel is assumed to burn in one ltbis volume is the air which must go
through the chamber during this time, 2.36m
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3.3 Prototype Stove Manufacturing
Manufacturing ofthis type of stove, including production ratend costs, are give in
Tables 3.4 and 3.5The general procedure used is the following, vépecific task:
divided among different worke

Fig. 3.9: Pressurized-ethanol stove

Wind shield:-
1. The template is traced out on thetal sheet as shown bel@nd cut out in outline

The strips for thair hole: are cut out
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2. The sheet metal is rolled into a cylinder -- it gllbbe as smooth, round, and

straight as possible.

/ Hammer

Pipe Wind
/ shield

\ Wind

shield ROLLER

If a sheet metal roller is used, the bottom cafoloked over before rolling. If bent by hand,
they can be folded after rolling. This provides iiddal rigidity and prevents the user
from being cut on sharp edges.
Flame holder:-
1. Other component such as the flame holder tracedoauthe metal sheet the
required dimension, and then cut out. The air hplesched in and drilled before

rolled into a cylinder.

L ] L ] [ ]

L ] L ] L ]

L - [ ] [ ]

.........

-.-.-.-.-.- Flame
L ] - - L ] L ] L ]

.............. thdEl‘
- L ] [ ] [ ] [ - L ] -

.................
...................
..................... L ] - - -
°o°¢°o'

o Q9o O

o o o, 0

oo aYo o

O O-O-_ar-a

oXoYaYoY ot o

69,0450 0,0 0

o0Par0% 0% 0 .
050 0000000 050 Air
05959695 96959698 94 -~ hole
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2. The metal is rolled into a cylinder -- it should & smooth, round, and straight as

possible.

Fuel tank:-

1. Similar metal production was done for fuel tank pdee, it is traced out on the
metal sheet and then cut out in outline, afterertbihto a cylinder as | mentioned
above by sheet metal roller.

Support:-

Stove support is cut out according the desired dgioms, and then welds
horizontal and vertical frames.

The stove is welded together and pan support andebware welded into place.
Alternatively, the walls (wind shield, flame holdand fuel tank) can be locked

together by folding.

/" Folded

Expanded seam
view

. Welded

sSeam

The stove is given the desired surface finish gpagnwith heat resistant paint) to improve

its rust resistance and market appeal, and to esilsibeat loss by lowering its emissivity.
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3.3.1 Productionrate
The production rate as a function of each steghéproduction line is cutting the stove
form out of sheet metal and then later weldinghd &éhe pot supports into place. This is by

far the slowest steps in the production process.

To optimize this rate, it provide addition of bette additional metal cutting and welding

equipment may then offer an opportunity to increstsgp productivity considerably.

Table 3.4: Production Time for the Stove

No Production step Time (minutes)
1 Tracing stove from template 0:20
2 Rolling/hammering into cylinder 0:15
3 Cutting and/or punching flame holder 0:10
4 Cutting stove support and pan support 0:10
5 Tracing nozzle (modification) 0:15
6 Threading and drilling 1:30
7 Welding 0:45
8 Painting 0:15
Total | 3:40

3.3.2 Costsof production
The costs of production as a function of matel&dor and electricity is described in Table
3.4. As seen in Table 3.5, the cost of metal acisofom over half the total stove cost. The
use of lower cost alternatives such as recuperatedp or lighter gauge metal may
therefore offer a significant opportunity to redwasts. It should also be noted that labor
is a very small component of the total costs; iasieg shop productivity by purchasing
better metal cutting and welding equipment may thera less important consideration in

this case.
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Table 3.5: Production Costs detail

No | Description Unit | Qty | UnitPrice | Material Total amount
[birr] required [birr]
1 | Material cost
a. Metal sheet (1mm)
» Fuel tank pcs 1 220.00 228x605x1| 15.17
* Wind shield K 1 ! 120x421x1 | 5.55
* Flame holder |"” 1 : 120x236x1 | 3.11
b. Angle iron (20x20)| berga
* stove support | mm 1 140.00 2850x20x2 | 66.5
c. RHS (20x20) berga
* Pot support mm 110.00 960x20x2 17.6
d. Hand-pump
» Seamless pipe| pcs 1 5.00 @27 5.00
* Piston ! 1 4.00 4.00
» Piston rod mm 1 8.00 10 8.00
e Spring and nut| ” 2 3.50 3.50
e. Burner pcs 1 60.00 60.00
* NRV ! 1 20.00 20.00
» PRV ! 1 10.00 10.00
* nozzle ! 4 5.00 20.00
f. Welding
» Electrode pack | 10 144.00 6.25
» Oxy-acetylene 15.00
g. Paint
 Silver spray | tin 1 55.00 1/4 13.75
2 | Labor costs
(three employees 3 70birr/8hrs  %83hrs)+ | 96.25
((8.75/60)*4
Omin
3 | Operating costs
Electricity kw 50 50*0.27 13.5
Total Production Costs 383.18
35
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CHAPTER 4
OVERVIEW THE PERFORMANCE TESTING OF STOVE

4.1 Introduction

Testing is an essential component of any prograa pinomotes the use of improved
ethanol-water mixture burning stove in developirayrdries. This is true regardless of
how programs are administered or by what meanssthees are disseminated. Stove
testing is the systematic measuring of the advastamd limitations of a particular stove
model. Its primary aim is to help identify the madtective and desirable stoves for a
specific social and economic context. With ongostgve production, a testing program

provides essential quality control and may leaninportant design modifications.

Increasing the fuel efficiency and safety of a stavay require the concession of some of
the advantages of traditional stoves, particuldrgr lower initial cost, and their flexibility
to fit different pots, and the lighting they progidAs fuel costs rise, however, alternative
stoves will become increasingly attractive. Dethilwater boiling test, permits the
determination, the performance and attractivenéss garticular stove at any particular

time in any given area. | have added the testrigdd this study in Appendixes D, E and F.

The method used to evaluate the efficiency andopmdnce of the stove is based on a
group of stove experts by Volunteers in technicasistance (VITA) introduced a
standardized stove-testing concept prepared framoegdings of a meeting convened 1982
in Arlington.

The group formulated the following tests:

The water boiling test ( WBT)To measure how much fuel is used to boil watetenn

fixed conditions. This is a laboratory test, to d@ne both at full heat and at a lower
"simmering"” level to replicate the two most commaoking tasks. While it does not
necessarily correlate to actual stove performanbemwcooking food, it facilitates the

comparison of stoves under controlled conditiorth welatively few cultural variables.

The Water Boiling Test (WBT) measures the thernfiatiency of the stove, the specific
fuel consumption and both maximum and minimum poviee specific fuel consumption
(SFC) is the fuel used to boil one litre of watettmtest conditions corrected to a standard

ambient temperature.
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The controlled cook tesTo serve as a bridge between the water boilirsy sad the

kitchen performance tests. Trained local cooks gneepre-determined meals in a specified
way, using both traditional and experimental stovEse Controlled Cook Test (CCT)
assesses the stove performance according to londitons by measuring both the mass
of food and fuel used, as well as the time takergaok a typical meal. The test gives a
more realistic idea of performance than the WBT,dtili with control over the variables,

and returns the SFC in grams of fuel used per Kgaaf cooked.

The kitchen performance te3to measure how much fuel is used per person tnahc

households when cooking with a traditional stove] when using an experimental Stove.
The tester simply measures how much fuel the fahaly at the beginning and at the end
of each testing period. In reality, a stove willt nerform as it does under laboratory
conditions due to many factors such as user hatatsing practice etc. and this leads to a
requirement for a field test, called the Kitchenrf@@nance Test (KPT). The KPT

measures the specific household fuel consumptibir(§ and gives the mass of fuel used

per standard adult per day.

4.2 Water Boiling Test

The Water Boiling Test (WBT) is a relatively shaitmple simulation of common cooking
procedures. It measures the fuel consumed fortaigarass of tasks. It is used for a quick
comparison of the performance of different stowd&ater Boiling Tests use water to

simulate food; the standard quantity is two-thitaks full pan capacity.

The adopted WBT procedure called for a standaritté pot to be used with no lid [3].
This did not reflect local cooking practice and thehor found it impossible to boil water
under these conditions. Therefore the method waptad to use a 2.3 litre pot with a lid
as this was how porridge, rice and vegetables wakexl for a typical family. These
modifications will have an effect when comparingukts from other studies but for the
purposes of this comparative research were juskefidEach test was repeated three times
and the average taken. More details of the WBThmfound in Appendix D and G and

full performance equations can be found in Appertdlix

During the test a data and calculation form was metad for the stove. The tests
conducted included power, efficiency, and flamegemature, time taken to boil 1 litre of
water, fuel capacity, stove outer temperature aeti\fessel outer temperature.
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Equipment

a. Appliance (Stove)

b. @185 Pots: Stove tests are often conducted witleticpots to reduce the
effect of drafts on evaporation rate from the ptawever, if the testing site
is properly protected from drafts, lids should &k bff, thus reducing the
error caused by condensed water dripping fromithiedck into the pot.

A balance accurate to +/- 0.5g with a recommenagaaty of 15 kg
Ethanol-water mixture oil and kerosene

Water, within of ambient temperature

~ ® o o

Timing device

Digital thermometer for measuring temperaturesoupQs [degrees] C

= «Q

Forms for recording data and calculations

i. Optional: insulated gloves for handling hot pot.

4.2.1 Procedure
I.  Note and record the test conditions. Prepare aidgaaf the pots and stove to be
tested. (Note: in any test series be sureédhes same pots for all tests.) Include
all relevant stove dimensions and show how the fiotsito the stove. Note
climatic conditions. (air temperature, relative hdity, wind conditions).
ii.  Weigh
a. The empty, dry pots, and record this weight ondi@ and calculation form.

b. Fill each pot with 1 litre of water and record thewv weight.

iii.  Pour a quantity of fuel 75% of the fuel tank capagciweigh it, and record the
weight on the Data and Calculation Form.

iv. Place a thermometer in the pot so that water temtyoer may be measured in the
centre, about 1 cm from the bottom. Record wateptratures and confirm that
they vary no more than® from ambient.

v. After a final check of preparations, light the bemnWrite the exact starting time.
Throughout the following "high power" phase of tkst, control the flame with the
means commonly used locally to bring the firstjooa boil as rapidly as possible.

vi.  Regularly record the following on the Data and Gkltton Form:

» the water temperature of the pot;
» the quantity of fuel in fuel tank;
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Vii. Record the time at which the water in the pot c®toea full boil.
viii. At this time rapidly do the following:
» Shut the fuel supply by releasing the pressureevalv
* Record the water temperature of the pot.
* Weigh the pot, with its water.
* Record all measurements on the Data and Calcul&tom.
ix.  Weigh the pot with its remaining water, record weight.
x.  For the next 30 minutes maintain the fire at allgvst sufficient to keep the water
simmering. Use the least amount of fuel possiblel avoid vigorous boiling.
Continue to monitor all conditions noted in Stepl¥ihe temperature of the water

in the pot drops more thar’6 below boiling, the test must be considered imvali

xi.  Calculate the amount of fuel consumed the amournwaier remaining, the test
duration and the Specific Fuel Consumption. Minimama maximum power levels

may also be calculated.

4.2.2 Testing parametersand equipment

Climatic conditions

Among the climatic data to be reported during stteating, the most important are: air
temperature, wind conditions, relative humidity atiitude.

» Air temperature affects the rate of heat lossnfrstove and pot. It also
establishes initial water temperature in the W#&eiling Test. Ideally, air
temperature measurements should be taken beforaftemaach test so that a
mean value can be estimated.

» Wind conditions affect the stove's draft and bame considerable influence
on stove performance. Ideally, stove testing shdwtd done only when
conditions are calm. Where this is not possibleyiadbreak should be
erected around the stove to reduce air movement@meective heat losses.

Atmospheric pressure and boiling temperature

The normal boiling temperature of water dependsatmospheric pressure, which is
mainly a function of altitude above sea level. At altitude (H) the normal boiling

temperature can be computed from:

H 0
T, =100-— “C 19
b 30C (19)

39
AAIT



Performance of Ethanol-water Mixture as a fuel usehold Stovie 2011

When, H is expressed in meters. For example, tmmaloboiling point is 100°C at sea
level, and 95 °C at 1500m altitudes.

In this test the boiling temperature was assumeiP % °C, because the average altitude at
the test site ‘Ethiopia’ at the University of Addiaba is about 2300m above sea level.

Calculate with the equation (19) gives an exaaleaf 92.3°C for the boiling temperature.

Note that cooking time increase with reduced bgiliemperature at high altitudes. The
cooking time is doubled for a temperature decred<€ to 10°C, depending on the kind
of food (no influence for the WBT).

The temperature of the water in the pot was medswith a digital measurement device

from HANNA instrument k-type Thermocouple.

Fig. 4.1: Stove system with temperature measuresetnip and scale
Weight (mass)

Weighting can be done with any good balance. febdfiesting, direct reading instruments
are preferable, as no adjustments of weights azdete

Spring balances do a good job if they have a leagling scale and thus good resolution,
and if they are used within 20 to 100% of the fcélpacity. Spring balances should

occasionally be checked with calibrated weightkt(@ of water has 1 kg of weight, etc.).
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06162011

Fig. 4.2:Scale with single measurement box and digital disfheadan

The weighting basket used with a balance shouldsbigght a possible, since precision

lost when the difference between two weighting relatively small.The weight of the
whole stove sstem (stove + pot + water) in the described steséestwas measured witt
bench balance from aeadi(Fig.4.2). This scale with a measurement surface 52x4(
and has a range up to 15 kg and accura- 0.5 g. The digital display was a CE-15

Type.

Flame temperature maximt:

The flame temperature test was completed by holtiagligital thermometer probe in t
hottest part of stove flame -5mm below where the pot base would sit on the $tforea

period of 5 minutes.

Fig. 4.3: Thermocouple measuring device
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The temperature of the flame was also measuredamitigital measurement device from
HANNA instrument k-type Thermocouple.

Calorific Values

Calorific values are normally expressed as eitlesgcalorific value, also known as the
higher heating value, or as the net calorific vaklso known as the lower heating value.
The gross calorific value is defined as the hdmrlited when the material is completely
burned to carbon dioxide and liquid water at®5 The net calorific value is the same
except that the water is assumed to remain in&seaus phase (i.e., steam) at 4D0For

cook stove designers and testers, the net caloafige is the more useful.

Calorific value of supplied fuel is a prime data fmalculation of efficiency of a stove.
Calorific value of fuel is taken as the input energhile determining the efficiency of
stoves. In practical aspects, due to contaminatfatifferent substances and ways of fuel
extraction, calorific values of any fuel vary frospecimen to specimen. As the calorific
values of fuel vary that directly affect the valoé efficiency regardless of same
experimental and calculation procedure. For eaeltisgen of fuel the calorific value has
to be determined by using bomb calorimeter This would give accurate result in

determining the efficiency of stoves under expenme

Adding percentage of water to pure ethanol redticeseffective calorific value of pure
ethanol by just 2260 kJ/kg water the amount of gneeeded to raise the temperature of
water to boiling and evaporate it. This should bepared to the calorific value for pure
ethanol 26.8 MJ/kg. For example, if 4% of wateadsling with 96% of pure ethanol the
mixture will have just (0.96) (26800) =25.632 kJewfergy in it, of which about 90.4 will
be used to evaporate the water. Instead of a pex@8300 kJ of energy in the kilogram
of pure ethanol, there are only 25.542 kJ.

Volume

Volumes can be measured with graduated bottles. n@mal bottles with known
volumes with a measurement scale were used. Fon@Ega80% ethanol concentration by
weight, the required volume of water and ethanakiollows

mass
density

Volume= (20)
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Thus,
Volumeof water= Lkg =200ml
1000kg/n®
Volumeof ethanok Lkg =1014ml
789kg/n?

Therefore, for 1kg of the mixture 1214ml volumenakture is required.

Pot and stove description

Largely dimensional relations between the stovetardoot determine the test results. To
make this kind of test as much as possible comgeatatthe reality in the households of
the user, original pot from the local market wassen. A complete description of the used
pot, like size, shape, weight, capacity, mateeatd, are shown in the Table 4hé&low.

Table 4.1: Pabperties

Pot Diameter | Height Weight | Capacity | material
[mm] [mm] [g] [litre]
1 185 85 187.5 2.3 steel

06.30.2011

Fig. 4.4: Steel pot with 2.3 litre capacity

Stove outer body temperature

One of the key features of the testing was to datex how the user would interface with
the hot product. If the stove showed signs of bangmnstable, it would be required that

the user move the stove. This test was create@tmrdine how hot the stove became +/-
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lhour to 1.5 hours burning. The measure was takeswerthe user was most likely to hold
the stove in order to move the stove.

4.3 Concepts of Efficiency and Power

There are many different ways of looking at stoeefgrmance and of measuring stove
efficiency. A widely used method compares energy goes into the stove with the energy
that comes out, to determine Percentage of Hedizédti (PHU). A broader concept of

efficiency accounts for energy losses in evapomnati@nce water reaches the boiling point,

the amount of additional heat it absorbs is retdgiemall.

In water-based cooking the pot requires only enchggt to maintain boiling temperatures
all else is excess. This excess heat is used tergiensteam, which escapes from the pot
without adding anything to the cooked food. Thust@ve that is regulated to maintain

simmering temperature with at least productiontedm is, in that respect, most efficient.

4.3.1 Power rating
The power rating test was used to determine thénmim and maximum power out put of
the stove. It is important to know these power lgeas the cooking requirement in low
income households include the range from simmet toeboiling heat. The fundamental
process for testing power output is to measureatheunt of fuel used over a period of
time, this is determined in a calculation with cdlo value attached to the specific fuel.

- CV
P= mfuelT (21)

Where

P = power in kKW
mMie= fuel consumed in kg during test
t = the time interval in s

G = lower calorific value in kJ/kg

For the maximum power rating the flame was seh#ohighest blue flame level with little
or no yellow flame and this was kept as constamassible through out the test process.
Design power is the power level at which the flamter is completely filled with flames,
while the highest of the flames above flame holdexr minimal. For most stoves the

maximum blue flame luckily is equal to design power
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For the minimum power rating the stove turned ddwrthe least possible flame was
showing, this was still a blue flame and kept canstor the duration of minimum power

rating test.

4.3.2 Efficiency
Efficiency of a stove could be categorized as mgrefficiency and overall efficiency.
Burning efficiency of a stove accounts for the @dfyeof the stove in terms of combustion
of fuel. In other words ability of the stove to dga the energy from fuel to heat energy is
related with burning efficiency. The ability of te&ove to change the energy from fuel into
the energy gained by the specimen such as water, milk etc is termed as overall

efficiency of the stove. Generally efficiency obee is indicated by overall efficiency.

Overall efficiency of stove depends upon differemnditions such as temperature,
pressure, wind speed, specific heat capacity ofvssel, bottom and overall shape of
vessel, weight of vessel, size of vessel and amofuispecimen. Thus different tests for
efficiency could yield different results of the sastove. Calorific value (MJ/kg or kJ/ Lit)

of the fuel is the input energy for stove and sbdug¢ accounted in course of efficiency
measurement. Calorific values of fuels may varymfreample to sample procured at

different locations.

Efficiency of cook stoves could be calculated byesal methods. In this study efficiency
of cook stoves was determined by calculating thet gained by the water subjected for
heating and amount of fuel consumed during thisgss. Heating process is classified as
Low Power Phasand High Power PhasEeating of water from initial water (subjected to
boiling) temperature {FC to boiling point is termed as High Power PhddBF). During
this phase water in pot gains energy from fuel whi help of burning stove and that value
of energy is equivalent to energy required to rametemperature of that mass of water
from T,°C to boiling point. In Low Power Phase predetemdinveight of water at boiling
point was subjected to boil for 30 minutes and gngained by this water is calculated by
multiplying latent heat of vaporization (bei) Of water and mass of vaporized water. Fuel

consumed during each process is the input energhdse phases.

From the procedure described above two types ofiaficy can be calculated. First
thermal efficiency, which is the product of combaist heat transfer and control efficiency.

The equation to calculate the thermal efficiency is
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mf * CV

]"l_

(22)

Second overall efficiency, which is calculated hyiding output energy by input energy.
In this process we have to include the heat gdnyeeessel in which water was boiled

My *Cy * (T - Ty (n)eva* Lb\0i|)+ mp *Cp* (T, - Ty
Noverall ~ (me *Cy)

(23)

Where
novera=Overall efficiency
m= Mass of pot
&= Specific heat capacity of pot
(J— T1) = Change in temperature (from b boiling Point)
m= Mass of water
& = Specific heat capacity of water = 4190 Ji&kg
M= Mass of evaporated water during LPP
boil = Latent heat of boiling of water

my = Mass of consumed fuel
¢= Calorific Values of Fuel

4.3.3 Specific Fuel Consumption
Specific fuel consumption can be defined for angnhar of cooking tasks and should be
considered “the fuel required to produce a unipatitwhether the output is boiled water
or a meal. In the case of the WBT, it is a meaxir¢the amount of fuel required to
produce one litre of boiling water (Note it is tvater left in the pot at the end of the test
(my) that is used in the calculation). To enable aefacomparison of stoves tested in
different environmental conditions the specific lfaensumption is corrected to account
for differences in initial water temperatures. Tberrection is a simple factor that
“normalizes” the temperature change observed it t@mnditions to a “standard”
temperature change of 75 °C (fron? 25to 10§ C).
my 75

X [gfuel/gof water] (24)

sclc =
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Where
m the mass of fuel burned

w+ the mass of water remaining at the end of thegoker
There is no temp-corrected specific consumptiathénsimmer phase because the test

starts at  and the change in temperature should be limitedfew degrees.

4.3.4 Firepower
This is a ratio of the fuel energy consumed bystioe per unit time. It does not return the

power output to the pot, rather the maximum avé&lgimower output from the fuel (in

Watts).
FRe = ﬂ{ﬂ) [w] (29)
60x(t o~
Where m mass of fuel burned

& calorific value (lower heating value)

{tt1)= time difference during test

4.3.5 Ignition the stove

The ignition process starts by the user filling #teve to 75% capacity, closing the fuel
cap and pressure release valve, pressuring the shigitly with the stove pump, allowing
the ethanol-water mixture to flow out the nozzldilicthe pre-ignition cup, then releasing
pressure through using the pressure release vabe the cup is near full. Thereafter the
user soaks the pre-light or light assist (asbesteab) in the fuel. The pre-light or light
assist is then lit and placed in the pre-ignitiop @area once more. Once the area has been
engulfed in flame in period for a period of 1 mi@wr more, the user is required to seal the
pressure release valve and pressure the stovereqtired flame is obtained. Once the
stove starts settling down the pre-light or ligksiat is removed. The pre-light or light
assist (asbestos swab) is a very effective toolnaakkes lighting the stove reasonably easy

and safe.

4.3.6 Control of theflame
The stove is controlled by means of pressure alese. The pump is used to generate
pressure to create a larger flame for higher laaat,the pressure release valve on the fuel
cap is used to release this pressure for lower $ettihgs. This system works very well.

The unfortunate aspect of this system is the purhigtwis assembled within the stove.
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The stove works well at pressure between 20kpal&fpa, with higher heat generated at
the higher pressure setting. However the userdsimed to pump the stove any where
from 50 to 100 times to generate the higher presstgquired. The pump has a strange
action of pressure on some strokes and releas¢henspmaking for a difficult to control
action by the user. The pump ergonomics of theephmnt also make it very difficult to
add pressure to the stove safely while the stovanstioning. Additional hazards occur
when the stove have a pot on top. All of the purmgzimanism grab and release pressure
through out the pumping action this happens at aw#iviimes and this back pressure or
no back pressure has the user slipping the pumgpamging the stove alarmingly. All of
the pumps seals need to be taken out and flaredghout the stoves use in order to try to
generate the pressures required. Using the pungunait pump to generate pressure

beyond 150kpa is near impossible.
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CHAPTER 5
TEST RESULTSAND ANALYSIS

The WBT tests were done with one pot type. Eachwes three times repeated and the
average was determined. The results are groupedthet efficiency and emissions of

different pre-determined ethanol concentration, &melh compare pressurized-ethanol
stove, which is used 60% (w/w) ethanol concentrati!, and wheel band stove, which is
a typical example of adapted kerosene fuel, of thificiencies.

5.1 Efficiency

5.1.1 Timeto boil
Time to boil was measured beginning when the ethaater mixture considered lit and
ending when water started boiling (at local atmesgghpressure). Fig. 5.1 and 5.2
compare the typical temperature profile for diffgrethanol-water mixture with 2.3 liter
pot. Our stove uses 90 % (w/w) ethanol concentnatieel brought water to boil more
quickly than any other ethanol concentrations. &dbll to 5.5 shows the time taken for

the three tests performed.

pr essur e stove temper atur e pr ofile with 1-litre pot
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Fig. 5.1: Temperature profile of the whole cookiasgt for the 90% ethanol in the mixture
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80% (w/w) ethanol in the mixture
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Fig. 5.2: Temperature profile of the whole cookiagt for the 80% ethanol in the mixture
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As is mentioned in section 4.3, three similar gitiesd with 1 litre of water were used. The

time it takes for the water in the pot to startlingi and the amount of water evaporation
were measured. These data are presented in Tablés 5.5. These tables contain all the
relevant data to calculate the heat transfer efficy during high power phase and low
power phase, as well as the overall efficiencylfitdéor each type of test the tests
procedure were similar. The tests were done in vases, the boiling phase and the

simmering phase. The simmering, low power phasealaays 30 minutes directly after

the water boiled at the high power phase.

Table 5.1: Efficiency test results of 90% (w/w)aatll concentration

Test | Water | Boil Meva Mryel En (kJ) | Evess| Eiout Ezout | MBoil | Nsimmer | Noverall
No . | (lit) time (s) (kg) | (kg) (kJ) (kJ) (KJ) (%) (%) (%)
1 1 540| 0.226| 0.098| 2341.6] 6.3| 328.3| 509.7| 30.1 41.4 35.5
2 1 600| 0.232| 0.11| 2532.8] 5.9| 309.8| 521.0| 25.9 39.7 32.5
3 1 600| 0.233| 0.113| 2700.0f 6.2| 317.3| 527.8| 27.9 34.3 31.1
Average 280| 385| 330
Table 5.2: Efficiency test results of 80% (w/wihabol concentration
Test | Water | Boil Meva Mryel En (kJ) | Evess| Eiout Ezout | MBoil | Nsimmer | Noverall
No. |(lit) |time(s)| (kg) | (ko) k) | (KI) | (KI) | (%) | (%) | (%)
1 1 660| 0.244| 0.16| 3263.6| 6.1| 325.1| 543.5| 22.2|3 26.4
2 1 600| 0.239| 0.13| 2738.9| 6.1| 316.8| 532.3| 27.7 33.8 30.9
3 1 660| 0.243| 0.12| 2476.6| 6.4| 338.9| 536.7| 29.6 40.9 35.1
Average 265 351| 30.8

The heat capacity of pot no.l is negligible effegt preheating phase of the stove.

Therefore all the average heat transfer efficievalyes are calculated including the result

of test no.1. When one looks as the results boilegefficiency at high power phase for

60% (w/w) ethanol concentration is higher than 9@%w) ethanol in the mixture. We

note the variation could come from a numbers dfoi@; only some of which are related to

high radiation loss, the flames will probably mie®st of the pot's bottom surface and

some of the heat will be lost up the sides andararbonoxide emissions.

In making thermal efficiency comparisons betwedfedként ethanol concentrations there

were no significant differences. We found that @t Iconcentration there is additional

power provided due to the pressure exerted by tbans There are definite limits,

however, to the amount of water that can be miXed. much will cause excessive cooling

and misfiring. However at lower power phase, asetianol concentrations decrease, the

AAIT
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efficiency of the stove decreases. This is duehto reduced water content in the fuel

mixture.

Table 5.3: Efficiency test results of 70% (w/whabol concentration

Test

Water

Boil

Meva Miyel Ein Evessel| Eiout E2out | Mboil | Msimmer | Noverall
No. | (lit) time (s) | (kg) (kg) (kJ) (kJ) | (kJ) (KJ) | (%) (%) (%)

1 1 720| 0.236| 0.17| 3019.7| 6.0| 324.2| 520.9 25.7| 30.0, 27.8

2 1 780| 0.224| 0.16]| 2838.9] 6.0| 352.8| 464.3| 25.9| 31.9| 28.6

3 1 780| 0.231| 0.14| 2567.6] 5.9| 319.1| 512.1| 30.2| 34.3| 32.0

Average 27.3 32.1 29.5

Table 5.4: Heat transfer efficiency test result§@¥ (w/w) ethanol concentration
Test | Water | Boil Meva Msyel Ein Evess | Eiout E2out Nboil Nsimmer | MNOverall
No. | (lit) time (s) | (kg) (kg) (kJ) (kJ) | (kJ) (KJ) | (%) (%) (%)

1 1 780| 0.215| 0.22| 3369.1| 6.1| 414.0| 384.8/ 18.0f 37.3| 235

2 1 840| 0.217| 0.15| 2238.5| 5.9| 439.1| 355.3| 43.1| 29.5| 35.2

3 1 840| 0.207| 0.17| 2572.3] 5.9| 448.7| 320.2| 41.9| 21.5| 29.7

Average 34.3 31.2 29.5

Table 5.5: Heat transfer efficiency test results@¥ (w/w) ethanol concentration

Test | Water | Boll Meva Mtel | Ein Evess | Eiout Ezout | Mboil Nsimmer | NOverall

No. | (lit) time (s) | (kg) (kg) (kJ) (k) | (kJ) (KJ) | (%) (%) (%)
1 1 960| 0.232| 0.272| 3337.4| 5.9| 462.4| 373.3| 19.7 39.0] 249
2 1 900| 0.228| 0.190| 2331.3] 5.9| 426.9| 391.5| 39.2 31.9| 349
3 1 1020| 0.240| 0.241| 2957.1| 5.9| 462.3| 382.2| 41.9 20.8| 28.4
33.6 30.6 29.4

Where

Water (kg):- Mass of water at TC subjected to test.

Meva - Mass of water evaporated during test.

Miuel - Mass of ethanol-water mixture consumed durasg. t

Evess- Energy gained by vessel,

Eout: - Energy gained by water during High Power Phase,

Eoout - Energy gained by water during Low Power Phase,

Ein: - Energy content of fuel consumed during Hglwer Phase and low Power Phase
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5.1.2 Thermal efficiency and overall efficiency of the stove
Table 5.6 shows the thermal efficiency and ovegHitiency over all phases of the WBT.
Overall thermal efficiency results for 90%, 80%,%,0and 60% (w/w) ethanol in the
mixtures were better than that of 50% (w/w) ethamolthe mixture. All ethanol
concentration, including 50% (w/w) ethanol-waterxtare, showed higher efficiency

during the simmer phase than the boiling phase.

Table 5.6: Thermal efficiency and overall efficigraf the entire WBT comparisons for

different ethanol-water mixture

Fuel composition Thermal efficiency | Overall efficiency over the
(Ethanol-water mixture) over entire WBT entire WBT
[%] [%]
90% (w/w) ethanol in the mixture 32.83 33.04
80% (w/w) ethanol in the mixture 30.64 30.82
70% (w/w) ethanol in the mixture 29.65 29.83
60% (w/w) ethanol in the mixture 29.65 29.54
50% (w/w) ethanol in the mixture 23.72 24.23

When one looks the comparison result, in overall phase, the overall efficiency of 60%
(w/w) ethanol in the mixture is only 29.54%, yet the same amount of water to bolil, the

overall efficiency of 90% (w/w) ethanol in the mixé is 33.04%, a difference of 4%.

Thermal efficincy comparison
35 32.83
30 D04 2065 2925
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S, 23.72
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Fig. 5.3: Thermal efficiency comparison chart foe ethanol-water mixture
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Which seems to be to low, could be influenced leyrdduced ethanol content in the fuel
mixture. Therefore a minimum of 60% (w/w) ethanater mixture in the solution can be

utilized in the stove.

The determined efficiencies are nearly optimalceghicies due to the fact that only the
smallest required amount of ethanol-water mixtues wsed to boil and simmer the water.
As expected the efficiency of the ‘stove-pot systemreases with increasing the water

volume in the pot.

Overall efficiency comparison
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Fig. 5.4: Efficiency comparison chart for the etblwater mixture

The results for the ethanol-water mixture stovetqigpe are not totally satisfying, but

with the low price and other parameters comparetber stoves, like the kerosene and
LPG this stove is an acceptable product for thgetamarket in development countries.
Improvements in the design of the ethanol-watertumexstove have to be done to make it

more successful.

5.1.3 Specific Fuel Consumption
The specific fuel consumption is a good approaclkeampare stoves in the WBT. It is
defined in the WBT as “the ethanol-water mixtuegjuired to produce a unit output”

whether the output is boiled water.

Our results show the temperature-corrected speftiet consumption, which adjusts for

difference initial water temperature.
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As seen in the table of tempera-corrected specific fuel consumptionable 5.7), the
simmer phase accounted for a large portion of tel tonsumed for each ethai
concentration. Theemperatur-corrected specific fuel consumption@d% (w/w) ethanol
in the mixture needs in the WBT for heating up the 1 lareount of water nearly douk
to heat the same amount of water by usthe fuel mixture of the 90 (w/w) ethanol
concentrationThis comes probably froithe chemical reaction which the water adde

the mixture is changed to vapour phase m

Table 5.7: Ethanolvater mixture consumption comparis

Fuel composition Simmer phase Over entire WBT
(Ethanol-water mixture) [g of fuel/g of water] [g of fuel/g of water]
90% (w/w) ethanol in the mixtu 70 140
80% (w/w) ethanol in the mixtu 100 180
70% (w/w) ethanol in the mixtu 110 210
60% (w/w) ethanol in thenixture 100 240
50% (w/w) ethanol in the mixtu 140 330

The consumption increases progressively with irgtngawater content in the fuel mixtul
although this consumption rate increase graduakgolmes smaller. Thus the I
concentration have mohance part of the energy of ethanol is used tpaad water,

which does not take part in the combus process.

Temperature-corrected specific fuel = Simmer phas

= consumption comparisons = Over entire WB’
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Fig. 5.5: Temperatur€orrected Specific Fuel Consumption for Simmer entire WB1
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Related to the efficiency the 90% (w/w) ethanoltie mixture in the fuel mixture has
better specific fuel consumption, which is rematkah the test with the one litre amount
of water. However, the stove gives best resultterms of ease of use, low cost and
performance with 60% (w/w) ethanol in the mixtureaddition, even if high specific fuel
consumption, using the pressurized-ethanol stovle 60% (w/w) ethanol in the mixture,
Is comparable to those of the conventional liquiel &lternatives

5.1.4 Average Stove Power
The following parameter describes the average pawgout of the stove fire and how
much power the stove can utilize due to the dewighe pot. In Section 4.3 under power
and energy the relation and determination of tlisameter are described in more detail.
The 60% ethanol concentration has about 8% higtmrespower, because of more
consumed ethanol-water mixture.

Table 5.8: Stove power comparison

Fuel composition Simmer Phase Over entire WBT
(Ethanol-water mixture [kKW] [kW]
90% (w/w) ethanol in the mixture 0.76 1.06
80% (w/w) ethanol in the mixture 0.82 1.16
70% (w/w) ethanol in the mixture 0.87 1.10
60% (w/w) ethanol in the mixture 0.69 1.04
50% (w/w) ethanol in the mixture 0.62 0.98

In Figure 5.6, the blue flame maximum power outpsita function of time is given. This
power is dependent on the pre-arrenged fuel remusatting of the operator and there is
arbitrary.

The low power output of the 50% (w/) ethanol coriaion is due to the large fuel
consumption, and consequently of the lowering ef filrel level in the fuel tank. As the
amount of water content in the mixture increasesetkcess water content will cause the

mixture to cooling and misfiring.
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B Simmer Phas
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Fig. 5.6 Stove power comparison chs

The stove was tested for ving ethanol percentages. Fig. Sshows the effect ¢
increasing ethanol concentratii on the performance of the stoweer entire WBT.The
stove capacity increases with increasing ethanot@atrations since the fi-flow rate is
maintained constant. As the ethanol concentratinasease, the efficiency of trstove
increasesver the entire WB (from 29.5 to 33 %).
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Fig. 5.7:Stove performance with increasing ethanol conceatra
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5.2 Comparative Test of Fuel used Ethanol-Water Mixture and
Kerosene
For inclusion in testing, we attempted to obtaist@a/e that was already widely available
in low income households in urban countries of &fa. Based upon these criteria as well
as availability of the cook stove for testing, whieeand which is a typical example of an

adapted kerosene stove is chosen for inclusioneircdmparison.

Fig. 5.8: cooking stoves

From left to right:
1) The Pressurized-ethanol stove
2) The Wheel brand stove

521 Timetaken to bail
Time to boil was measured beginning when the ethaater mixture considered lit and
ending when water started boiling (at local atmesjghpressure). The pressurized —
ethanol stove using 60% (w/w) ethanol in the migtéwel brought to boil one litre of
water more quickly than kerosene stove. In the dtatt phase, water heated on the
pressurized-ethanol stove boiled in only 14 minuges the same amount of water took 16

minutes to boil in wheel brand stove, a differentalmost 2 minutes.
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pressur e-ethanol stove temperature profilewith 1 liter pot

[40% water and 60% ethanol]
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Fig. 5.9: Temperature profile of the whole cookiagt for the pressurized-ethanol stove
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Fig. 5.10: Temperature profile of the whole cookiesgt for the wheel brand stove
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5.2.2 Thermal efficiency
Thermal efficiency is the ratio of the heat contehincreasing the water temperature and
evaporating the mass of water released as steammet@nergy consumed by burning

ethanol-water mixture.

Table 5.9: Thermal efficiency over the simmer phease the entire WBT

Thermal efficiency | Overall efficiency
[%] [%]
Pressurized-ethanol stove 29.25 29.54

Wheel brand stove 31.39 31.67

Table 5.9 above shows the thermal efficiency ardotrerall efficiency over all phases of
the WBT for stove. The overall efficiency of whdmhnd stove calculated as per adopted
methodology mentioned above is found to be 31.6Which is better than that of

pressurized-ethanol stove 29.54.

Overall efficiency comparison
32 31.67
S,
&> 31 L
3
k)
5 30 29.54 —
B
o 29 -
>
O
28
Pressurized- Whed brand
ethanol stove stove

Fig. 5.11: Overall efficiency over the entire WBT

Fig.5.11 shows the overall efficiency over all pdgasThe wheel brand stove was the more

efficient than pressurized-ethanol stove using 88 (w/w) ethanol in the mixture.
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Thermal efficiency comparison
32
o 315 31.39
E % [ U ——
§ 30.5 s O
% 30 A ...
< 295 48 Lo W—— S S—
TR E— | S
= 285 e \ .....................................................................
28
Pressurized- Whesl brand
ethanol stove stove

Fig. 5.12: Thermal efficiency of the stove

The graph illustrating overall thermal efficiency the stoves over the three tests
performed for each stove (Fig.5.13) is providedillastrate the variability in results

between tests. For example, considering the urageerndividual data points, the
pressurized-ethanol stove had greater efficieneyn ttvheel brand stove. We note the
variation could come from a number of factors, ostyne of which are related to stove
design, which is the flame regulator had some difty to regulate the same level of the

stoves, and that a larger sample size would beiuseffuture analysis.

=o— Pressurized-ethanol stove
=-\Wheel brand stove
§ 40
g
SR
5
= 30 -
5
c 25
- e
20 T T 1
1 2 3

Fig. 5.13: Thermal efficiency, simmer test by test
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5.2.3 Specific fuel consumption
Table 5.10shows the rate of fuel consumption (dursimmerphase anover entire WBT
to boil and simmer 1 liter of water) with each stcThe simmer phase accounted for la
portion of the fuel consumed for each stc
Table 5.10: Temperatumarrected specific fuel Consumption for Simmer antire WB'

Simmer phase | Total WBT
[d] [e]
Pressurizegtthanol stove 102 24C
Wheel band stoy 43 86

The figurespresented suggest t for one liter of water pressurizedhanol stove woul
be used significantly higher thiwheel bandstove. The depicted high fuel consumptior
the pressurizedthanol stove in this case can be explained inviays. One explanatii is
the, since fuel is a mixture of ethanol and watex,water content will therefore not do &
useful work until it converts to steam, so duehe water content in the mixture the fi

consumption is high compare to kerosene st

24

50 -

Specific consmption
[ g of fuel/ g of water]

0 . .
Pressurized-ethanol stove  Wheel band stove

Fig. 5.14: Temperatureerrected specific fuel Consumptioverentire WB'
Another explanation for the higher fuel consumptignthe pressuresthanol stoveds due
to with thefuel regulator malfunctionir. If the stove isontinuously operated at the hi

power phas throughout the cooking cycle that is without makappropriate adjustmer
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to the low power phase for simmering fuel consumptjoes up and in fact there is heat
loss to the surrounding.

The actual boiling of water with the pressure-ethatove was a little violent than that
with the kerosene stove. It took some time befbeeptot with boiling water was taken of
the burner. During this small period of time itrsasonable to assume that more water
vapour escaped. This is due to the starting psolsesg governed by the heat transfer rate
from the nozzle to the burner head, with fuel comgtion gradually increasing due to a
rising stove temperature, which in turn increabesviaporisation rate and hence the power

output.

5.2.4 Performance
During the entire water boiling test the wheel lokatove gave firepower of 0.91kW and a
thermal efficiency of 31.7%, boiling 1 litres of teain 16 minutes with the lid on (Table
5.11). The lower firepower is due to low fuel comgtion and took longer time during the

test and the energy gained by kerosene fuel.

Table 5.11: Average stove power comparison

Pressurized-ethanol stove | Wheel brand stove
[kW] [kW]
Over entire WBT 1.04 0.91
Simmer phase 0.69 0.73

During entire water boiling test the pressurizethebl stove gave a thermal efficiency of
29.5%, which also burns ethanol-water mixture vapdte stove firepower was 1.04kW
and the test duration was statistically inseparabl@ that of the kerosene stove. So in this
test both stoves were of a different ‘output’ powethe pot. The higher thermal efficiency
of the wheel brand stove is partly due to the nedfieient combustion of the fuel, when

compared to pressurized-ethanol fuel.
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B Simmer phase BOver entire WBT
1.2 - 1.04
0.91
1 -
b~ 0.73
3 0.69
= 0.8 -
(]
2
S 06
g
S 04 -
7))
0.2 -+
0
Pressurized- Wheel brand
ethanol stove stove

Fig. 5.15: Stove powearomparison for pressuriz-ethanol stove and wheel brand st

5.3 EMISSION MEASUREMENT

5.3.1 Emission and health
In theory, the complete combustion of bio fuel isa@anbustion device like a co stove
should result in the release of just carbon dioxadd waterwhich do not fa under the
category of pollutants. However, it is very diffitto ensure comple combustion in coo
stoves due to the heterogeneous natuthe combustion process, lack of proper con
and design constraints. Thus, emission ofpollutants during smescale biomass
combustion is unavoidable, in outside the kitchen. The level of pollution will rye

depending on the types of sto and fuels used.

Alcohol burning stove always produce at small lesabon monoxide and its rese with
other combustion products in a kitchen or otherlessd space will increase t
concentration of carbon monoxide. Depending onest&itchen volume and air exchar
rate, and carbon monoxide concentrations can reach level that it will affer the health
of the userCarbon monoxide is a dangerous gas that shouldvhesaand not profitable
Several reactions may produce it as main produdty-product. Table 5.1: shows the
health implications of major pollutants that aremally emitted fron biomass burnin
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Table 5.12: Mechanism of principle health effectsrf major pollutants

pollutant Mechanisms of health effects

Carbon monoxide - Inhalation into respiratory system

- Absorption into blood from lungs

- Elevated carboxyhemoglobin (HbCo) levels
- Reduced oxygen to body tissues

- Possible cilia-state impact on lung clearance

Particulates - Inhalation into respiratory system
- Deposition in respiratory tract

- Irrigation and toxicity

Formaldehyde - Irritation of mucosa
- Toxicity to cilia
- Reduction in lung clearance ability

- Possible carcinogen

Source: [11]

The most dangerous pollutant Carbon monoxide (8@ c¢olorless, odorless and highly
poisonous gas, which gets created by incompletebastion (lack of oxygen) of fossil
fuels. CO has a strong affinity to hemoglobin (Htbjhe blood which carries oxygen O

to body tissues. CO deprives the tissues of thessary supply oxygen. However, binding
force of CO to Hb is about 300 times that oft® Hb. The poisoning signs are head age,
dizziness, weakness and finally the death. In theancentration up to 10 ppm CO are
unserious. As a measure of the toxication of the €@centration in the blood are
assumed. For 20 % CO-Hb toxicities signs are oecut 65% CO-Hb are deadly for
human being. The effect of the carbon monoxide eptration in the atmosphere as a
function of the exposure time for various condisaf labor is shown in Fig. 5.16.
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Fig. 5.16: Effect of carbon monoxide concentratiothe atmosphere as a function of
exposure time for various condition of labour
Another colourless, odourless and poisonous galspoalioxide (CO2), gets created in all
breathing and combustion processes of fossil fuets. human being it is deadly in a
concentration of 20 vol. % and in the range froh08vol. % it causes head age, dizziness,

weakness and finally unconsciousness. In workiragns the concentration shouldn’t be

higher than the maximal allowable concentration @)Af 5000 ppm.

5.3.2 Emission measurement and results
The flue gas composition analyses was done with ombastion gas analysing
measurement, called KM9104, which was borrowed ftbm thermal engineering lab.

This measurement device is used to control thegases in central heating system based
on different fuels like oil, gas or coal.
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Fig. 5.17: Combustion gas anal-yer KM9104

It can measure different values like, CO, £Q,, Tgas, T and Tamb, and calculate
combustion efficiency and flue excess air and losgddhe same time. In the measurement
device the maximum Cf{value for the stoichiometric (ideal) Combustioglated to 21 %
O in the air and depending on the burned fuel wasséetl.

Table 5.13: Emission test results for 60% ethanatentration

Time | Tgs | Tam | O2 Co, |cCo
(Min) °C) | (C) (%) (%) | (ppm)
5 115 | 19 20.5 0.3 115
10 73 20 20.7 0.2 159
15 104 | 20 20.8 01 | 99
27 121 | 20 20.8 03 | 86
48 148 | 21 20.7 01 | 22

In the above Table 5.13 are the results from thessan tests for different times shown.
The first values were taken when the fire in tlevetwas well burning. Other values were

taken after boiling of the water and at the entheftest.

The results can be converted in volume percentaadss per million with the conversion
factor 0.01 vol.%=100 ppm.

These results, which were taken from a stove opérat optimal conditions, show the

serious problematic described in the section 5.3.1.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

Considering the current shortage of fuel in thentgy the rate at which traditional forests
are being depleted and the escalating costs dfrieleg ethanol-water mixture oil is well
placed to penetrate as a low-income householdduelboking.

Thanks to a wide background study of the cookimtptelogy, an efficient stove running

on 40 % w/w ethanol-water mixture has been sucalgsfeveloped.

The main reason for the choice of low concentratibethanol is its inherent safety. Due
to the extremely low value (3.3 %) of the lower itiraf inflammability, the use of pure
ethanol for household purposes is dangerous. Becaigher percentage of ethanol
concentration can release vapours that form exmosiixture at temperature above the
flash point. This problem can be overcome by the afsethanol mixtures in a suitably
designed stove. The 40 % ethanol-water mixtureess lflammable than pure ethanol,
making it safe to handle and hence ideal for hooisketpooking purposes.

The drop in efficiency observed (33 to 24) as tleel®l content decreases in the mixture
of the pressurized-ethanol stove is because aqgbatie energy of ethanol is used to
evaporate water, which does not take part in thmbestion process. This reduces the
flame temperature and consequently the efficiency.

This design has shown some efficiency with a goadsimission of the heat produced by
the combustion to the cooking areas. With a gootkna selection, the stove is cost-
effective, durable and easy to build with mosthe taterial already available in the local
market. Then, by using the ethanol-water mixture &sel, the pressurized-ethanol stove
showed smokeless and smell-free cooking environmantd makes it some

environmentally friendly features compared to ker@sand firewood.

Within the limited time given for this thesis, wesigned and manufactured a pressurized-
ethanol stove with the above mentioned featuresvever, for a more efficient product the

following additional features can be added:

* By increasing the flame height to optimum valueg fihteraction area
between the flame and the pot ring can be improved.
* By purchasing an appropriate flow regulator valgefinite and multiple

intermediate control levels can be achieved betvggamer and full power.
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» Although different diameters of the nozzle wereraieed in thesis, it can
be modified to an optimum value to enhance thecieficy of the
pressurized-ethanol stove.

* The high fuel consumption at a low power settinglddoe overcome by
controlling the fuel flow regulator during operatio

* The arrangement of the wind shield might be impdoweorder to have a
better air flow, for example, using narrow secti@msas to maintain the

ideal combustion ratio.

The efficiency results of the ethanol-water mixtbgeusing water boiling test have given
indications of the performance of the fuel undex Workshop environment. For a more
detailed understanding of the performance of thareil-water mixture, there is a need to
conduct elaborate CCT and KPT tests where fieltaksbgs such as degree to which food

is cooked, food quality and quantity are contralled

To make the stove reachable and accessible fogrdiegtion other important parameters,
like price, reliability, durability and ease of m&nance have to be considered.

In general, considering its low price and relatvsimilar efficiency with kerosene, this
pressurized-ethanol stove prototype is satisfactmmy acceptable product for the target
market of developing countries. Consequently, sahasethanol fuel is available and
accessible to low-income households, there is d faethe government and the private

sector to work out means of reducing the cost efftiel and its distribution.

This thesis has been an interesting opportuniiynfrove the engineering skills that have
been learned during this course. The combustionhaatl transfer have been some of the
key topic of this thesis.
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APPENDIX A
Typical calculationsfor fuel tank

1. Cylindrical shell thickness

R
f:min{ po-21t Rm/2°]

15 2.4
Where
pd2r= minimum proof (yield) strength
nf20= Minimum tensile strength
Therefore

1.5 2.4
f =min[213.33Mpal62.5Mpg

P [SZOMpa 390Mpa}

Thus, the thickness of the cylinder is < see equatr

150kpat d,
t
S~ )x162.5Mpa 0.85-150kpa

t¢ =0.00544

From the geometry
de=d; + 2t

de=d; +2(0.00054d)
de=1.001084

2. Length of the cylindrical shell

The inside length of tori spherical éndiven <see equation 8>

L; =0.8dg —\/(o 80, - ]{o 80 +d_ 2(0.154%)]

L, =0.800864¢ - [(0.800864¢ - 0.5, [0.800864q +0.5d; - 0.30833264 )

Li :0.2544q
* Volume of end <see equation 6>

Vv _% . 2544q) (3x0.800864(i'i—0.2544q)
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Ve =0.14550q°
From volume analysis <see equation 4>

0.0028n3 = %di 2 x2d, +0.29118¢°

d. :?—0'0028&% =0.114m
| 1.862

di =114mm

Therefore,
e The length of the cylindrical shell is:
L=2x114mm

L=228mm

¢ The thickness of cylindrical shell

tg=0.0054mnx114mm+ 0.4mm
tg=1mm
By thin wall theory, of a cylindrical shell undeydrostatic loading would produce a
uniform circumferential stress. Therefore the ayéinthickness is safe for the shell.
» External diameter of the shell
de=d; +2tg
de=116mm
1.Flatend

For normal operating case minimum thickness ofetine is given:
p_ 150kpa

=——————=0.00092
f 162.5Mpa
ts_ Imm _, 0087
di 114mm

¢ The minimum thickness of the flat end <see equadin

te =0.0087x114mmx +/0.00092
te=0.03mm

Which is <<< the analysis thickness
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2. Torispherical end

For kloepper type
R =0.8dg = R= 92.8mm
r=0.154¢¢ = r= 17.86mm
This dimension satisfies the following conditionagiplicability
r<0.2d ,r=0.06q ,r 2 2tg,t5 < 0.08cg andR < d,
i). required thickness of the end to limit mear® stress in central part <see equation

10>

_ 150kpax 92.8mm
(2x162.5Mpax 0.85)- (0.5x150kpa)

ts

t¢=0.05mm
i). required thickness of knuckle to avoidagiymmetric yielding <see equation 11>

_ 0.76x150kpd0.75x 92.8mm+ 0.2x114mm)
y 162.5Mpa

ty =0.065mm

iii). required thickness of knuckle to avoildgtic bucking <see equation 12>

tp, =(0.75x92.8mm+ 0.2x114mn)

111x162.5Mpa 17.86m

g
150kpa a(114mmn1}0'825}[1-5

tb: 0.1mm

The greatest value of the thickness of torispheend is £=0.1mm.

3. Hemispherical Head

The thickness of hemispherical end <see equation 13

_ 150kpax 57mm
t, =
h ™ (2x162.5Mpax 0.85) - (0.5x150kpg

th =0.03mm

Since these value is much less than the thickrfesisedi it is difficult to weld and not easy

available in local market. Therefore | take thekhiess of the shell for the ends.
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APPENDIX B

Typical calculation-hand pump

Area of the cylinder:

A =2nnr(+r)
A =2*3.14* (0.0125m¥ * (0.120m+ 0.0125n)
A =0.010497
Let the number of stroke required is 40. Thereforgoressure require per stroke:
P= 150kpa: 3.75kpa
F= Lkpaz =39.3N= 4kg
0.01049n

To get more air into the tank per pump cycle byhiug the pump rod quickly or slowly
consider two approaches.

Approach-1: when the pump rod pushes quickly

If the pump rod pushes quickly, the compressioaiofn the pump occurs adiabatically.
Therefore to find the absolute temperatukeof the air inside the pump after a rapid
compression from volume;¥o volume V, assuming an ambient temperature @f T

Initial volume of the hand-pump <see equafiér
V, =7* (0.0125mf * 0.16m=7.8*10°m’

_101,325p * 7.8x10°m°

N. 3

=0.09g
kpam

kgk

Final number of particles in the pump < see equati®>

0.287 X298k

The gas particles Nn the pump after the pump and tank have equildor#s
let Vi=6Vs

Pt Vs

Y-1
KT Yi
B'a Vf
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150kpax1.3x10°m3

141
3 =5 _3
0'287kpam % 298 7.8x10_5m3
kgK 1.3x10 °m

N

¢ = = 0.1x10 %kg

Determine the fraction of the particles in the puimgt are transferred into the tank:

Vv Y
f :1—& _f
Pa Vi

5 3 1.4

_ 150kpa | 1.3x10“'m _

=1- =0.9
101.325kpa7.8x10°m3

Approach-2: when the pump rod pushes slowly

If the pump rod pushes slowly, the compressioniofrathe pump occurs isothermally.
Isothermal means "at constant temperaturesTJ

I nitial number of particlesin a gas

Using the ideal gas law,

V.
NI _ Pa i
5 3
101,325p * 7.8x1
N, = 01,325p ix 0-m - 0.09kgy
0.287<P2M” o9k
kak

Final number of particlesin the pump

The gas particlesNin the pump after the pump and tank have eqatiéat is

Y,
N =
-5 3
Nf :150kpa<1.3>§10 m :O.2x10_4kg
0.287PAM” 598K
kgK

Determine the fraction of the particles in the puilmgt are transferred into the tank:

c_ PtVeo L 150kpa 13d0°m° |
Pa Vi 101.325kpay gx1(°m3

75
AAIT



Performance of Ethar-water Mixture as a fuel for Household St | 2011

APPENDIX C

Typical calculation for burner

The stove waslesigned to supply about 2.45kw for cool, it requires a heat output

2.45kw or 8.82MJ/h and the calorific value Cv ofg ethanol 21.2MJ/

. b | Nozzle
Adr pump % socket
Y
Fuel
tank

Regulater
valve

Schematic drawing of pressuri:-ethanol oil stove

Thus theflow rate required is give

| 3
Q=88MIN o /1 4igg-3M°
21.2MJ/I h h

Flow rate required for each nipple is giv

vV 0.4*10"3m3/h

- -3 .3
each™ 7 - =0.1*10 °m~/h

Velocity of each nipple

Vaach_ 0.1¥103m3h

V =
An 1*0.000F

=0.86m/s

As the density of the ethar is to be 789kg/ff) the mass flow ratef the amount of fue
is: <see equation 18>

m = 789kg/m3 * (0.4*10"3m3/h)

m = 0.32kg/t = 0.08*10 kg/s
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Thanks to the calorific value Cv, from the masstibhat emitted from the fuel combustion

is found:
Heat= m* Cvy
q=(0.08*103kg/s)* 26.8MJ/kg

g = 2.45kw
Thus, the heat produced by the amount of fuel Bigita the stove is 2.45kw.

To maintain the air space pressure requioeduel tank closed and % capacity of the tank
is filled with ethanol-water mixture. Apply Bernditd theorem at 45mm above the level

of the mixture in the fuel tank. < see equatiorr17

V.2
P, =w|—2—+2, | =7.737kN/n?
29 2

(4* 0.86m/s¥

+0.045m| = 5kpa
2+9.81m/<L

While 0.2kg force is applied on the pump knob, ghessure in the fuel tank:

p 20N

= F = =40.7kpa
A %* (0.025mp

77
AAIT



Performance of Ethanol-water Mixture as a fuelHousehold Stovei 2011

APPENDIX D
High L ow
Over entire Power POWer
Unit WBT phase phase
Boil. Simmer
Specific heat capacity of water  kJ/(Kg¥ 4.186 4.186 4.186
Specific heat capacity of pot kJ/(Kg) 0.45 0.45 0.45
Evaporation enthalpy of watery  kJ/kg 2260 2260 2260
Dry weight of pot kg 0.187% 0.1875 0.188
Initial water temperature °C 17|3 17.3 92.5
Initial water amount kg 1 1 0.994
Water amount after boiling kg 0.774 0.994 0.774
Water vaporized kg 0.226 0.006| 0.220
Boiling temperature of water °C 92\5 92.5 92.5
Lower heating value kJ/kg 23894 23894 23894
Total fuel consumed kg 0.098 0.0465 0.051
Heat utilized to the water kJ 825.5 328.3 509.7
Heat utilized to the pot kJ 63 6.3 0.3
Utilized ethanol energy kJ 23416 1111.1 1230.5
Thermal efficiency 0.358 0.296 0.414
% 35.3 29.6 41.4
Overall efficiency 0.4 0.3 0.4
% 35.5 30.1 41.4
Stove testing time min 39 9 30
S 2340 540 1800
Stove power(fire) Kw 1.00 2.06 0.68
Average cooking power kw 0.35 0.61 0.28
Specific standard demand kg/kg 043 7.75 0.23
Specific fuel consumption kg/kg 0.13 0.05 0.07

Test protocol calculated parameter for the Pressdrethanol stove prototype, example by

using as fuel of 90% (w/w) ethanol concentrationruyfirst test.

AAIT
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APPENDIX E

In case of overall efficiency containing one litlewater:
v' Energy Gained by water in High Power Phase
= Mass of water * Specificai€apacity of Water * Rise in Temperature
=1*4.19*(92.5-17.3

= 315kJ

v' Energy Gained by Vessel
= Mass of Vessel * Heat Catyaaf Vessel * Rise in temperature
=0.18750.45°(92.5-17.3)

= 6.3kJ

v' Energy Gained by water in Low Power Phase
= Mass of Water vaporizedatént Heat of Boiling of Water
=0.163* 2260
= 368.38)

v Energy content of consumed fuel
= Quantity of Fuel * energy ¢emt of unit amount of fuel
=0.098* 26800
= 2626 4)

Hence,
v Overall Efficiency
= [(Energy gained by water infHP Energy gained by water in LPP +
Energy Gained By vessel)dfigly content of consumed fuel] * 100%

_ (315+6.3+368.38), 100%
2626.¢

= 2626%
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APPENDIX F
WATER BOILING TEST

DATA AND CALCULATION FORM

Test Number

Location
Date

Test conditions

Stove
Remarks
Tester
Initial End of high End of low

M easur ement power phase power phase
Dry weight of Pot #1 a_
Dry weight of Pot #2 b)
Quantity of fuel c) kg ) kg q)__ kg
Weight of Pot #1 with water d__ kg ) kg rN__ kg
Weight of Pot #2 with water e) kg Ky kg s) kg
Water temperature, Pot #1 ) °d] m) el )
Water temperature, Pot #2 g)_ [ n__ %l Y ]
Time h) p) z)
(Use the graph outline on reverse side to recorahges in water temperature)
CALCULATIONS HIGH POWER PHASE LOW POWER PHASE
Fuel consumed A)ci=_ kg H)i-g=__ kg
Water vaporized, Pot, #1 B)d-j=___ kg NDk-g=__ kg
Water vaporized, Pot#2 C)e-k=__ kg J)j-r=__ kg
Consumption ratio D)B/(B+C)=_ K) H/(H+D) =
Specific fuel consumption EYCb=___ M)LIM=__
Duration of test F)h-p=__ N)yzp=__
Burning rate G)C/H=__ kg/min S)L/R=__ kg/min

Overall Specific Fuel Consumption (SFC): (C+L)/(D}M™
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APPENDIX G
Test
90% (w/w) ethanol 1 2 3 Average
concentration Unit | Stove | Boil | Smmer | Stove | Ball Simmer | Stove | Ball Simmer | Stove | Boil Simmer
Fuel consumed kg 0.10 0.05 0.05| 0.11] 0.051| 0.055| 0.113| 0.051| 0.0645 0.11| 0.05 0.06
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1 1.00f 1.00 1.00
Water vaporized kg 0.23 0.01 0.22] 0.232| 0.0065| 0.225| 0.233| 0.005| 0.228 0.23| 0.01 0.22
Stove testing time min 39.00 9.00 30.00| 2400 600 1800| 2400 600 1800| 1613.00| 403.00| 1210.00
Stove power kw 1.00 2.06 41.02 1.1 2.0 0.7 1.1 1.9 0.9 1.06| 2.01 14.20
Average cooking power kw 0.350.61 0.28 0.3 0.5 0.3 0.3 0.5 0.3 0.35| 0.55 0.29
Specific fuel consumption|  kg/kg 0.130.05 0.07| 0.15| 0.05 0.07 0.15| 0.05 0.08 0.14| 0.05 0.07
Thermal stove efficiency % 35.2@9.55 41.42| 32.3 25.4 39.6 30.8| 274 34.2 32.80| 27.45 38.44
Test
80% (w/w) ethanol 1 2 3 Average
concentration Unit | Stove | Boil | Simmer | Stove | Boil | Simmer | Stove | Boil | Simmer | Stove | Boil Simmer
Fuel consumed kg 0.16 0.07 0.08| 0.13|0.0555/ 0.075| 0.118]| 0.0555| 0.0625| 0.13 0.06 0.07
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1| 1.00 1.00 1.00
Water vaporized kg 0.24 0.01 0.24| 0.239|0.0085/ 0.230| 0.243] 0.0105| 0.232| 0.24 0.01 0.23
Stove testing time min 41.0011.00 30.00 40 10 30 41 11 30| 40.67| 10.67 30.00
Stove power kw 1.38 2.26 0.99 1.1 1.9 0.9 1.0 1.8 0.7 1.16 1.99 0.86
Average cooking power kw 0.35 0.49 0.30 0.4 0.5 0.3 0.4 0.5 0.3| 0.35 0.51 0.30
Specific fuel consumption| kg/kg 0.21| 0.07 0.11] 0.18| 0.06 0.10 0.16| 0.06 0.08| 0.18 0.06 0.10
Thermal stove efficiency % 26.221.82| 30.65| 30.7| 27.2 33.8 349| 29.1 40.9| 30.60f 26.04| 35.13
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Test
70% (W/W)_ethanol _ 1 2 3 Average
concentration Unit
Stove | Boil | Simmer | Stove | Boil Simmer | Stove | Baill Simmer | Stove | Baill Simmer
Fuel consumed kg 0.17 0.07 0.10| 0.16| 0.0765/ 0.0805| 0.142| 0.0595| 0.0825 0.16| 0.07 0.09
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1 1.00| 1.00 1.00
Water vaporized kg 0.24 0.01 0.23| 0.224| 0.0235 0.200| 0.231| 0.011] 0.220 0.23| 0.02 0.22
Stove testing time min 42.0012.00| 30.00 43 13 30 43 13 30| 42.67| 12.67| 30.00
Stove power kw 1.20 1.78 0.96 1.1 1.8 0.8 1.0 1.4 0.8 1.10| 1.65 0.87
Average cooking power kw 0.33 0.45 0.29 0.3 0.5 0.3 0.3 0.4 0.3 0.32| 0.44 0.28
specific fuel consumption| kg/kg 0.23 0.08 0.13| 0.21] 0.08 0.10f 0.20| 0.06 0.11 0.21| 0.07 0.11
Thermal stove efficiency % 27.5725.25 30.01] 28.4| 255 31.9| 31.8| 29.7 34.3| 29.24| 26.81 32.08
60% (w/w) ethanol 1ed
: . 1 2 3 Average
concentration Unit
Stove | Boil | Simmer | Stove | Boil Simmer | Stove | Boil Simmer | Stove | Ball Simmer
fuel consumed kg 0.2P 0.15 0.07| 0.15| 0.068| 0.0795| 0.1695| 0.0715 0.098| 0.18| 0.10 0.08
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1 1.00f 1.00 1.00
Water vaporized kg 0.00 0.05 0.17| 0.217| 0.065 0.152| 0.207| 0.07 0.137| 0.14| 0.06 0.15
Stove testing time min 43.000.3.00f 30.00 44 14 30 44 14 30| 43.67| 13.67 30.00
Stove power kw 1.31 3.00 0.57| 0.85| 1.23 0.67 1.0 1.3 08| 1.04| 1.84 0.69
Average cooking power kw 0.30 0.53 0.21| 0.3 0.5 0.2 0.3 0.5 0.2| 0.30| 0.53 0.20
specific consumption kg/kg 1.03 3.08 0.41| 0.7 1.0 0.5 0.8 1.0 0.7| 0.84| 1.72 0.55
Thermal stove efficiency % 23.367.71 37.29| 35.0| 425 294 294| 414 21.5| 29.25| 33.87 29.42
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Test
50% (W/W)_ethanol _ 1 2 3 Average
concentration Unit
Stove | Boil | Smmer | Stove | Boil | Smmer | Stove | Boil | Smmer | Stove | Boil | Simmer
Fuel consumed kg 0.27 0.19 0.08| 0.19| 0.09 0.1| 0.241] 0.091 0.15| 0.23| 0.13 0.11
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1 1.00| 1.00 1.00
Water vaporized kg 0.00 0.07 0.16| 0.228| 0.06 0.168| 0.240| 0.076 0.164| 0.16| 0.07 0.16
Stove testing time min| 46.0016.00 30.00 45 15 30 47 17 30| 46.00| 16.00 30.00
Stove power kw 1.21 2.48 0.53| 0.86| 1.23 0.68 1.0, 1.1 1.0/ 1.04| 1.60 0.75
Average cooking power kw 0.30 0.48 0.21 0.3| 0.5 0.2 0.3| 05 0.2| 0.30| 0.47 0.21
Specific fuel consumption| kg/kg 0.37| 0.22 0.10| 0.27| 0.10 0.13| 0.34| 0.11 0.20| 0.33| 0.14 0.14
Thermal stove efficiency % 24.6919.43 39.00| 34.6| 38.7 31.9| 28.2| 414 20.8| 29.15| 33.16 30.56
Whesl brand stove 1ed
(ker osene fuel) Unit 1 2 3 Average
Stove | Boil | Smmer | Stove | Boil | Simmer | Stove | Boil | Smmer | Stove | Boil | Simmer
Fuel consumed kg 0.05 0.03 0.03| 0.05|0.026| 0.027| 0.0645| 0.026| 0.0385| 0.06| 0.03 0.03
Initial water amount kg 1.00 1.00 1.00 1 1 1 1 1 1 1.00| 1.00 1.00
Water vaporized kg 0.00 0.01 0.15| 0.207|0.032| 0.175| 0.261| 0.04 0.221| 0.16| 0.03 0.18
Stove testing time min 46.0016.00| 30.00 45 22 30 45 18 30| 45.33|18.67 30.00
Stove power kw 0.84 1.28 0.61| 0.85| 0.85 0.65 1.0, 1.0 09| 0.91]| 1.06 0.73
Average cooking power kw 0.24 0.34 0.19 0.3 0.3 0.2 03| 0.4 0.3| 0.28]| 0.33 0.23
specific fuel consumption| kg/kg 0.07| 0.03 0.03| 0.07| 0.03 0.03| 0.09| 0.03 0.05| 0.08| 0.03 0.04
Thermal stove efficiency | % 28.3726.43| 31.66/ 33.9| 33.8 35.0/ 31.9| 35.7 30.8| 31.39| 31.98 32.51
Comparison of the results from the pesstove prototype with different ethanol concatndn tested
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APPENDIX H

06.30..2011

2. 0000w

Bottles of ethanol water mixture

14)A4er

06.16.2011

The pressurized-ethanol stove flame Water boilirgst set up
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