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FOREWORD

Ken Newcombe

Energy Assessment Division
Energy Department

World Bank

In the course of Energy Sector Assessments, staff of the Energy
Department frequently estimate the comparative economic value of
household cooking fuels. However; with the experience of over 30
country energy sector assessments, it is clear that Tittle of
substance was known about the efficiency and fuel economy of
cooking with petroleum fuels in the developing countries. Kerosene
and, to a lesser extent, LPG are in use in most urban areas, and
even in some populous rural areas in countries. However, the great
majority of the research on cooking efficiency has, to date, been
focussed on wood and charcoal stoves, and even here there has been
considerable confusion about the measure and meaning of efficiency.

In contracting the Woodburning Stove Group at Eindhoven University
of Technology to test a number of commonly used kerosene and gas
stoves, The Bank hoped to obtain a better understanding of the
range of efficiency applicable to each stove type, and of the
sources of variability in these data. The outcome was to be a

data set which could be applied with confidence to the analysis

of comparative economic value of all commonly used household fuels.

During the required laboratory work, a great deal of useful inform-
ation was gathered, though rather than generating reassurance, the
general conclusion is that there is a need for considerable caution
in applying cooking efficiency data in economic and policy analyses,
for efficiency measures per se are very much second best measures

of the potential benefits of fuel saving stoves, and of the compar-
ative advantage of one stove over another in this respect. Neverthe-
less, it appears that in the absence of any other readily accessible
indicator of fuel economy, we have to live with this crude parameter,
though wherever a significant change in policy is suggested following
the application of efficiency data in this way, resort should be
taken to more rigorous (and regrettably tedious) measures of fuel
economy, such as the specific consumption index, in the target
communities.

0f the more specific outcomes, this report confirms that quite
dramatic changes in efficiency occur with such common variables as

pot size and user wick setting, and that the turn down ratio (the
ratio between the highestand lowest stable heat raie) of the stove
has a large impact on fuel economy. However, to add to the confusion,
it is also demonstrated that there is as much variation in combustion
and heat transfer efficiency amongst stoves of the same general




design and appearance, though from different manufacturers, as

there is between stove types (for example, wick-type versus pressure
kerosene stoves). Some of the sources of this variation are identified;
for example it is now possible:

(a) to provide advice to governments on guidelines for the import
or local manufacture of kerosene and gas stoves, and

(b) to offer simple guidance to consumers On the efficient use
of kerosene stoves, with useful prospect of substantial fuel
savings on a national basis.

Even so there is still much to be learnt on specific design para-
meters that would increase the probability of considerable economic
gains from the above measures. The required research and development
is not likely to be expensive and could possibly be incorporated
with project lending in the household fuels sub-sector.

Finally, a word of caution. Data derived from these tests are not
to be considered representative of typical household use of the
appliances concerned. Not only will the manner of use vary from
community to community, but the manufacturer's user instructions,
even if followed lead often to sub-optimal combustion efficiency.
In addition, mostly new stoves were tested in the laboratory,
whereas it is anticipated that combustion efficiency, and possibly
heat transfer functions, decline with use, especially in the longer
term, and in the absence of regular maintenance.

The next phase of kerosene and gas stove testing should, ideally,
examine the efficiency and fuel economy of appliances of various

ages in regular use in households in developing countries. Without
the benefit of this information it is wise, for economic analyses,

to adopt generally lower efficiencies than those reported here, which
are for new stoves with optimised wick settings.
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“ SUMMARY

The report presents the results of a test programme to evaluate the
performance of kerosene stoves commonly in use in the developing
countries. The work was carried out at the instance of Energy
Assessment Division, Energy Department of the World Bank. The main
purpose of the work was to provide reliable data on kerosene

stoves of diverse designs as an aid to policy planners for selec-
tion of designs. It represents a total of three man months of
effort.

An introductory chapter reviews the currently known results of
efficiencies of kerosene stoves of different designs. In particular
the data available are shown to be in conflict with each other. On
the basis of the available documentation, it is quite difficult

to resolve these conflicts. Thus there appears to be a prima facie
case for carrying out detailed tests on several stove designs which
hopefully will provide a better picture of the existing situation.

At the outset the principles of operation of kerosene stoves of two
principal types - the wick and pressure type - are discussed briefly
to lay the foundations for proper testing.

Forty three stoves from different countries, mostly from South Asia,
were procured. Because of constraints of time, a selection of stoves
for testing had to be made. The selection was based on:
(i) fuels used (kerosene, petrol, alcohol, gas);
(ii) design type (wick, pressurized);
(iii) country of manufacture/purchase; and

(iv) size.
In all 20 stoves were selected and the testing was completed for
18 stoves, while 2 failed in operation.

A detailed design description of the tested stoves with typical
drawings, photographs, dimensions and a few specifications forms
chapter 4.

The testing programme consisted of measuring Ppay, Ppin (kW), and
efficiency. The first two were measured by s1mp?y letting the stoves
burn through for a certain period of time and noting down the fuel
weight loss periodically. The efficiency was measured by straight-
forward water boiling method. The pan sizes were selected on the
basis of measured values of Ppay according to the specifications
suggested by the VEG standards in the Netherlands. The pans were
all commercially available aluminium cylindrical pans. In order to
assure accuracy, a given experiment consisted in bringing several
identical water filled pans to boil. In all the tests a 1id was
used and the experiment was stopped at the boiling point. Certain



experiments were repeated to determine the possible influence of this
method of performing experiments on efficiency. Additional tests on

2 or 3 stoves were carried out to determine the effect of power lTevel
and pan size on the efficiency.

Chapter six discusses the results obtained in the test programme. The
average efficiencies, according to the present testing programme, were:
519 for thewick stoves; 60% for the pressure stoves; and 65% for the gas
stoves. The two extremes were 24% for Divyajyoti (an Indian made wick
stove) and 67% for Peak 1 (a camper's stove for petrol from the USA) and
Camping Gaz Feu R (agas stove from France). A1l these efficiencies are
measuredat the maximumpower settingof each stove and not necessarily

with the same pan size. The Ppay valueswere under 2 kil for most of the stoves
testedandeaX/Pminratioscoveredaratherwiderangebetween2,8and8.

During the analysis of results a discrepancy was discovered between
the results obtained in this test programme and manufacturer's
specifications. This was traced to the difference in wick setting
procedure suggested by the manufacturer and the one adopted in

this investigation. Certain tests were rerun to establish the
effect of this difference and it is shown that from the fuel
economy point of view the wick setting procedure adopted in this
investigation yields better results.

The tests with and without lids, and with and without the inclusion
of boiling regime revealed no significant influence on efficiency.
However, higher fuel consumption for bringing to boil 1is the
inevitable consequence of not using a 1id. The influence of power
level on efficiency was rather small, while the pan sizes chosen
could have a rather large influence on the efficiencies. The Lark,
a wick stove made in the People's Republic of China, showed an
efficiency of 61% with a 24 cm diameter cylindrical pan. This is
about 50% (in a relative sense) higher than the one obtained with a
16 cm diameter pan. Thus the ordinary wick stove is capable of giving
very high efficiencies provided the pan size is chosen with care.

Next detailed comparisons between the present results and those
obtained by others are presented. The difficulties of doing these
are discussed.

Two aspects receive special attention: (i) generalized correlations
between design and performance; and (ii) fuel consumption estimates
for specific cooking tasks. The correlation attempts, while not very
successful, show that: (a) wick stoves on the average seem to have
Ppax/Pmin Of about 5; (b) the pressure stoves and gas stoves seem
to show best performance for a power density (defined by the power
Tevel of the fire divided by the pan bottom area) value slightly
smaller than 7 W/cm?; and (c) no conclusions for the wick stoves

on this basis seems possible.

The fuel consumption estimates provided in this chapter clearly
demonstrate the assertion made earlier that the higher the Ppax/Pmin



is for a stove, the better is the fuel economy. The penalties
involved by special wick setting procedure to attain these are
shown to be quite modest.

The final section of the chapter provides an excercise in rating
the different stoves carried out by the authors. This excercise
is included in an otherwise engineering laboratory study with a
view to emphasize that the fuel economy of a stove may not be the
deciding factor governing the adoption of a stove by the consumers
concerned.

The report ends with a concluding section whose main message is
that wick stoves currently made and marketed in the developing
countries, while they could be made considerably better, are reasonable
kitchen equipment. This conclusion is reinforced by the price one
pays for such stoves.

A series of appendices are included to make the report more or
less self-sufficient. We would like to draw the attention of the
reader to appendices 3 and 5 particularly. Appendix 3 provides

an assessment of the accuracies of the results obtained in the
work while appendix 5 describes a methodology of converting water
boiling test results into fuel consumption estimates for specific
cooking tasks. The method is shown to lend itself for verification
by comparing its result with an actual cooking test reported from
Fiji (Siwatibau, 1981).




1.

INTRODUCTION

The work presented in this report arose out of a request from the
Energy Assessment Division, Energy Department of the World Bank.
The request was to provide reliable data on the thermal efficiency
of kerosene and gas stoves commonly in use in developing countries
as a quide to policy planners in stove selection.

The work consisted primarily to measure efficiencies of several
stoves manufactured in different countries covering different

designs using different 1iquid and gaseous fuels. Before carrying

out efficiency tests, the maximum and minimum powers* were determined
for each stove. The efficiencies were measured by simple water
boiling tests.

Before proceeding further, it is useful to list the chronology of
activities to lend an appropriate perspective to the work in the
report. This is done in table 1.1. The total work involved roughly
3 man months of effort.

Table 1.1. Chronology of activities

Activities Date/s

Request from the World Bank April 5, '83

Proposal sent to the World Bank April 14, '83

Approval from the World Bank May 5, '83

Procurement and selection of stoves May 15 - June 15, '83

Preliminary work (fami]iarization) June 1 - June 15, '83

Testing programme June 16 - July 20, '83

preliminary results sent to World Bank July 26, '83

Data analysis, repeat tests and report July 27 - Sept. 1, ‘83
preparation

Additional testingwith one pan diameter Nov. 24 - Dec. 5, '83

1.1. Previous work

We did not make any effort to carry out an exhaustive literature
search pertaining to kerosene stoves. In our archives, two reports
on rural energy studies included some test results on kerosene
stoves among others. Wewill briefly review these below.

Siwatibau (1981) in her study on rural energy in Fiji indicated
experimental results on several types of cooking stoves. The
Hong Kong 10 Wick and Swedish Primus no. 1 were tested using
the water boilina method. The results obtained were compared

* See chapter 5 for the definition of power.



with the results of tests conducted by the New Zealand Consumer
Council (NZCC). The comparison is presented in table 1.2. The
procedure used by Siwatibau was to average two efficiencies:

‘one obtained by boiling a litre of water to a temperature of 60° C
and the other by carrying out the same boilingup to 100° C from ambient
temperature.' The NZCC tests were stated to be as boiling 2 litres
of water. The reference does not mention either the power levels
or the pan sizes used in either tests. Our guess is that the

two tests used different pans. Thus we would not be surprised at
different values obtained in the two sets of tests. But we are
surprised at the results that the Fiji tests rate the Swedish
Primus no. 1 as the better one, while the NZCC tests rate the

Hong Kong 10 Wick Stove as the better one. We will refrain from
providing any explanation for this inversion since it would sound
like speculation in the absence of real data. The report of
Siwatibau does not point out the reasons for factor 2 variation

in the Fiji tests. Finally, the Fiji work reported cooking test
results that were consistent with their water boiling tests,again
contradicting the NZCC test results of table 1.2.

Table 1.2. Comparison of test
results of Siwatibau and NZCC

Efficiencies (%)
Stove type Siwatibau | NZCC
Hong Kong 10 Wick 15 - 29 37,7
Swedish Primus no. 1 30 - 57 27,5

We now turn to the work of Islam (1980) on rural energy in Bangladesh.
He carried out tests on wick stoves (with wick control and flow
control) and two types of gas stoves among others. He used several
pans of different shapes and materials, and two types of Tiquid
fuels - kerosene and methanol. He also includes power levels of the
fire used in many of his experiments. A problem with IsTam's report
is that some of the pan dimensions are not easy to figure out from
the tabulated information. A comment that can be made on the results
is that the kerosene wick stoves produce efficiencies of the order
of 53 to 54% under certain conditions. We attribute this to the

5,45 kg of water used in the tests and the maximum diameter of the
spherical bottom pan used, which was as larce as 28 cm.

Towards the end of the preparation of this report, we came across
another work, that of Tschinkel and Tschinkel (1975) in Tunisia.
They carried out water boiling tests on four types uf stoves:

(i) pressure fed kerosene burner; (ii) wick fed kerosene burner
with fixed wick (this is referred to as the flow control wick
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stove by Islam); and (iv) propane or butane gas burner. They

used rather small pans with casserole shapes (frustrum of a cone:
1 litre capacity - bottom diameter, 15 cm, top diameter 18 cm

and height 9,5 cm; 2 litre capacity - bottom diameter 16,5 cm,
top diameter 20,5 cm and height 10,5 cm). Their main results

are summarized in table 1.3. The range of efficiencies correspond
to the range of power Tevels.

Table 1.3. Efficiency of stoves
(Extracted from Tschinkel & Tschinkel 1975)

P Pr Efficiency
max ax

Stove type M pAX ra;ge
Pressure fed

kerosene burner 2,55 3,14 47 - 56
Variable wick

kerosene burner 0,99 1,09 38-41
Fixed wick

kerosene burner 2,18 1,35 31-38
Propane burner 1,64 4,4 47 - 61

* Throughout this report we have used SI units. Thus
we have converted the original units in other
references into SI units.

1t is clear from the above review that the available efficiency
results vary from 15 - 54% for wick stoves and 30 - 57% for pressure
stoves. Part of the problem can easily be explained as due to lack

of standardization of testing procedure. And we suspect that a large
part of the problem lies in an inadequate appreciation of the differ-
ent factors that determine the efficiency of a stove.

1.2. Plan of the report

The chapter following this presents a brief description of the
principles of operation of different types of kerosene burners.
Chapter 3 presents the criteria and procedures adopted for selecting
the stoves that were tested. This was necessitated by the fact that
we were not in at the buying scene and we could only provide a rather
crude description of our requirements to the buyers. Hence more
stoves were procured than could be tested in the time available.
Chapter 4 provides design descriptions of the stoves selected for
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testing. The next chapter describes in detail the testing methodology.
We have drawn freely from our experience in testing wood-

stoves, the VEG standards in the Netherlands for testing gas ranges
and the more recent work done on the standardization of woodstove
testing at a meeting in Arlington, Virginia.

The results of the work are discussed in chapter 6. It starts with
results of Ppaxs> Ppax/ Pmin» @nd efficiency. Various discrepancies
that can arise in such work are discussed. Next the extent of influence
of power Tevel and pan sizes are studied in some detail. Anadditional
series of tests were doneonall the tested stoves witha single pan whose
diameter was larger than the pans used in the previous experiments.

We then present some comparisons between the results obtained in

this present testing programme with the results mentioned in the
previous section. This is followed by some generalized correlations
involving a few stove parameters. We use next the results obtained

to compute fuel consumption for a specific class of cooking tasks

for different stove types. Lastly, a bird's eye view of the

quality of stoves as a desirable kitchen equipment is provided.

The concluding chapter, after a brief summary of the work, presents
some engineering recommendations for improving the wick stoves and
suggests a few lines of research for improving their performance.

A set of appendices are included to make the report more or less
self-contained so that an interested reader could use the material
in the report without extensive outside reading.

Before concluding this introduction, we should like to state that
our experience in working with these stoves is quite limited and
the whole work was accomplished in a very short time. Thus quite
a lot of rough edges remain in it, which can only be sorted out
by more work.
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2. PRINCIPLES OF OPERATION OF KEROSENE STOVES*

Domestic kerosene burners can be classified into two important
categories namely vapour jet burners and wick burners. The latter
can again be subdivided into open wick burners and enclosed wick
burners. The enclosed wick burner or range wick burner has become
very popular due to its simple construction and therefore low cost
as well as for its good cooking performance as borne out in this
report.

2.1. Vapour jet burners

Essential is that the kerosene is available at a pressure higher
than atmospheric. Stationary installations may make use of pressure
resulting from the kerosene reservoir being situated at a higher
level than the burner, in portable burners this is achieved by
having a hermetically closed fuel container in which a small hand-
pump is incorporated. With the pump air is introduced into the
container which accumulates above the 1iquid enabling the Tlatter

to rise in the riser tube. Arriving in the hot vaporiser the
kerosene evaporates and leaves through the small nozzle in a high
velocity jet. In the free space between the nozzle and the flame
stabilizer/holder the jet entrains a sufficient amount of ambient
air to enable the mixture to burn with a blue premixed flame. There
are various ways to keep the flame in the desired place. More recent
developments favour a perforated cylindrical shell from which multiple
small flames issue resulting in stable and practically noiseless
operation.

In the old (Primus) models the impingement area of the vapour jet
on the bottom of the vaporiser served as a flame holder. This gave
a fluttering and very noisy flame. In general vapour jet burners
give a compact and intense flame with good heat transferring
capability to the pan. Having the flame holder close to the
vaporiser ensures a sufficient heat supply to vaporise the incoming
kerosene.

2.2. Open wick burners

The typical open wick burner has from one to three flat wicks
burning with the well-known yellow flame.

For cooking purposes the pan support is situated about 10 cm above
the highest point ever reached by the wicks. In this way the pan
bottom does not touch any visible part of the flames ensuring clean
operation. The wicks have to be turned up with care to be sure of
smokeless operation. The better the quality of this kind of wick
stove, the less the flame height will increase at warming up from
the cold state. Even though various ingenious arrangements for
channeling air to the flame were developed over the years, the
power output of these burners is very low. They are eminently
suitable for long simmering operations and as such still enjoy a
certain popularity (be it mixed with nostalgia) in The Netherlands.

* This section was contributed by Ir. P. Verhaart.
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2.3. Range wick burner

These were developed in an effort to increase the power output of
wick burners while keeping the combustion clean. The principle of
construction of a range wick burner is as follows. A number of wicks
are fixed in a holder such that they can be moved up and down. Moving
up the wicks causes them to emerge into an annular space formed by
two thin walled concentric perforated steel shells. The distance
between the shells is a little more than the thickness of the wicks,
usually around 12 mm. The height of the cylindrical snells is about
10 cm.

To start the stove the wicks are turned up and set alight. Through
the draft created by the flames ambient air is drawn through the
small holes into the annular space. Where the perforations touch
the flame region small "inverted" flames of air, reacting with
combustible vapours can be observed. If the wicks are turned up
to a sufficient height the top level of the flames gradually
rises, eventually filling the whole annular space and emerging
from the open top in a stable blue flame. Through the heat generated
by the reaction of air and kerosens vapour the shells after some
time will glow red hot. To keep that heat from radiating away an
outer cover is usually provided.

In the tests the highest power was defined as the heat production
rate associated with the highest blue flame obtainable. Tests showed
that having the wicks enclosed in the way described above increased
the maximum heat output rate in smokeless condition a factor 3 as
compared to operation with open wicks. '

According to Romp (1937) the reason for the occurrence of blue
flames arises from the different chemistry of this kind of
combustion. In a jet of combustible vapour or gas burning in

air the gas in the centre of the jet is heated to a high temperat-
ure in the absence of oxygen. Hydrocarbons will break down at

that temperature giving rise to the well-known yellow flame in
which incandescent carbon particles radiate light and part of that
carbon may leave the flame unburned. If, on the contrary, a jet of
air is fed into an environment of combustible gas or vapour, the
jet of air is most intensely heated which favours "clean" chemical
reactions with the hydrocarbons. It is supposed that first aldehydes
are formed which in turn are further oxydised via acids and carbon
monoxide to carbon dioxide and water vapour. One can certainly see
that in the case of the enclosed wick burner the burning process

is spread over a much larger volume than in the open wick case. The
practical result is a demonstrably complete and clean combustion.
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3. SELECTION OF STOVES FOR TESTING

Forty three stoves were procured from different countries,
predominantly from South Asia. This emphasis was the consequence
of the availability of a member of CDP* who was on a study
mission, for the Dutch Minister for Development Co-operation,
on the use of bio-gas plants in these countries. Table 3.1
shows the countries and the number of stoves procured from
each. Appendix 1 provides the photographs of all the stoves
procured, their brand names, the countries from which they
were procured, and the countries in which they were manufac-
tured. A few stoves came with descriptive leaflets provided
by the manufacturer. Copies of these are included in Appendix
2. At the time of this writing the compilation of the price
1ist is incomplete.

Table 3.1. Countries and the
number of stoves procured

Country Number of
stoves

Indonesia

Singapore 8
India 12
Kenya 3
Yemen 3
Thailand 2
Netherlands 2
Personal sources 6

In the time available, it was impossible to test all the procured
stoves. Further, a superficial examination of the stoves showed
that many of them were similar in construction. Thus, to help

in the process of arriving at a representative selection, a
classification system was evolved. It is shown below.

Fuel: Kerosene, Butane, Propane, Petrol, Diesel, Alcohol

Design type:
Wick (material & shape)
Pressurized (pumped)
Pressurized (non-pumped, i.e., no pump was incorporated into
the stove proper)
Pool burner

* Consultants for nanagement of Development Programmes, Utrecht,
The Netherlands
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Country of purchase/manufacture:
India, Malaysia, Korea, Singapore, Thailand, Soviet Union,
Peoples Republic of China, Yemen, Kenya, Netherlands,
Sweden, United States, France

Size: Small, medium, large

This classification system was used independently by the members
of the Woodburning Stove Group of Eindhoven (seven in all) to
prepare individually a list of 12 stoves to be tested. A compreh-
ensive list of 14 stoves was constructed from these 7 lists by a
straightforward polling procedure. The testers Sangen and Sielcken
added 6 more to take into account some of the missing features
according to the classification system from the selected 14.

Table 3.2 Tists all the stoves tested.

Two features of the selection need to be mentioned here. Swan 14
and Swan 20 are of the same design made by the same manufacturer,
but Swan 20 is bigger than Swan 14. Similarly Prabhakar and Axe
are of the same design made by different manufacturers, but of two
different sizes. The same holds good for Camping Gaz Feu R and
Camping Gaz Bluet. These are made by the same manufacturer and of
the same design but are of different sizes. The second aspect
concerns the numbering of stoves. Two numbers have been used in
this report to refer to each stove. The first number is the
serial number of the stove as it appears in table 3.2 and all
other tabulated information occurs according to this order. The
second number refers to what we call the identification number.
This awkward method of referring to stoves is due to the fact
that each stove got a label carrying a number as and when it
arrived at the lab and our Tog books are maintained according to
this number. In this report we have grouped stoves according

to the design type - wick, pressurized, etc. Thus 10-13 means
that the Prabhakar stove appears as the 10th entry in table 3.2
and was the 13th stove to receive a label in the lab.
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Table 3.2. List of stoves tested

S1.no. Identification Brand name Country of
number of stove Manufacture Purchase
1% 7 Ashok M/s Ashok Iron India
and Steel, India
2 8 Nutan Indian 01l India
Corp., India
3 11 Surya Hero Metal India
Crafts, India
4* 12 Divyajyoti India India
5 22 Hock Indonesia Indonesia
o 25 Ideal Korea
7 6 Swan 14 ? Indonesia
8 36 Swan 20 ? Indonesia
9 35 Lark Lark Co., Peoples Yemen
Rep. of China
10 13 Prabhakar Ogale Industries India
Ltd., India
11 24 Axe Lee Tai Metal Singapore
Works, Malaysia
12* 14 Primus 505 AB Optimus, The Netherlands
Sweden
13 15 Annby Daerim Gas Co. The Netherlands
Ltd., Korea
14% 19 Primus AB Optimus, The Netherlands
Sweden
15 38 Primus Soviet Union Yemen
16 16 Peak 1 The Coleman Co. The Netherlands
Inc., USA
17 18 Optimus 77A AB Optimus, The Netherlands
Sweden
18* 20 Camping Gaz Camping Gaz The Netherlands
Feu R Int., France R
19 21 Camping Gaz Bluet Camping Gaz The Netherlands
Int., France
20 39 Propane Burner Japan Thailand
Notes: * Stoves selected by the testers.

Kk

This stove was later discovered to

operated.

have a part missing and could not be
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4. DESCRIPTION OF STOVE DESIGNS

In the abstract, a stove for cooking or any other related task
consists of five principal elements:

fuel storage facility;

fuel transport arrangement;
burner assembly;

control mechanism; and

pan support.

o~ e~~~
o o 0O T
et e S
[o VRN < TINN o VI « P < 3]

For stoves using liquid fuels, the customary designs :integrate
all these elements into a single unit. For stoves using Ipg or
other gases the fuel storage and transport can be separated or
integrated into the stove proper. The latter are the usual
campers' stoves, that can be expected to supply no more than

a day's cooking energy requirements for a normal family. The
former is the preferred version for supplying cooking energy at
the household level. In this version the fuel could be either
piped to individual households from a central storage facility
with associated compressor/blower or from an individual storage
bottle which can be refilled periodically (about a month or so).
At the end of the report we provide estimates of refilling -
periods for different stove classes on the basis of cooking
energy needs.

The individual design differences arise not only according
to the burner power output and fuel tank capacity but also
according to the manner in which the different elements are
integrated into a stove. By far the most common stove employed
in the developing countries appears to be the wick stove.
Fig. 4.1 is a drawing of the generic form of wick stoves.
Design differences can arise due to different wick shapes,
airholes in the flame holder, number of screens in the flame
holder, the form of the control mechanism and the dimensions.
Detailed dimensions shown in the diagram are provided in the
data sheets that follow this section.

Fig. 4.2 shows another type of wick stove, the fuel tank
location and the control mechanism are significantly different.
The transport of fuel to the burning zone is accomplished
through a fixed wick. The control of power output is

achieved through a needle valve located in a tube leading

the fuel from the tank to the wick.

Fig. 4.3 is the classic primus stove of a conventional desian,

for use with kerosene while fig. 4.4 shows a similar stove

but for use with petrol. Fig. 4.5 is a pool burner using alcohol
(spirit) as the fuel. Fig. 4.6 is a drawing for the typical campers'
stove. Fig. 4.7 is a drawing for a propane gas burner.



_18..

Pan support-—

Shield— |

Flame holder

Wick pipes_N,__-__§~N‘*
Wicks

Wick adjustment lever—

Kerosene tank

Fig. 4.1.

d or 1/w
ds
do
dt
dp
di
4 Ac
: 3
@]
L
*
W g o 44
#‘Fql ¥e;
G 2 dyy
Ll 'lL
! { dy <
| | E
1 |
1
| | |
______ _T__ gy AP — ——

Wick stoves with separate pan support.




- 19 -

g w :
dg |
dt !
% |
Pan support dp [
ie |
do |
= ~ .
Flame h01der-__~__~___f:___:___::£::::q S ‘%P
Kerosene tank————— l | e A8 8
q p ‘
| e
Wick——eour_ | | | 2
‘—A-‘;‘:!g , ‘f\’\
[N 1 ; 22

. LFue] control valve
Fig. 4.2. Fixed wick stoves with fuel control valve

Pan support

Burner

Pressure relief valve

Kerosene tank

1

4 -

| Z—pump

Fig. 4.3. Kerosene burner.



- 20 -

Pan support—m — |

Burner— |

Control valve

Petrol tank

Fig. 4.

4.

Petrol burner.

le
Pan/ \\
\
Shield \\
\
\
\
\\
Burner and //‘f
spirit tank
aa
Fig. 4.5,

Spirit burner with belonging pan

Pump



d
. &
Pan support~\\\\\\\\\\\\ P
Shiew\’:_ | N 7
{ N L L=
Burner = Y & T ) ] } i

Pan support

Burner

=21 .

—Gas valve

Gas Tank

Fig. 4.6. Butane gas burner

Gas valve—

lg

222222

|
i

ST

Fig. 4.7. Propane gas burner




-2 -

A set of data sheets has been compiled providing detailed
specifications of all the stoves tested in this programme.

These data sheets include photographs of the stoves as well.

The power output and efficiency figures were measured as part

of this study. The efficiencies quoted in the data sheets concern
only the experiments run with pan sizes selected according to

VEG standards as pointed out inchapter 5. These data sheets are
shown in the succeeding pages of this chapter.
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Name : Ashok
Number 2 7
Manufact. /country : Ashok Iron & Steel
Fabricators/India
Country of purchase : India
Price 1 12 ($)
Weight (empty) : 3 (kg)
Tank capacity 1 2 (kg)
Material/finish : Steel/painted
Wick material : Cotton
Fuel Tevel indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) : 1 xwx h:
(round) :d xh : 270 % 300 (mm)
Number of wicks DNy : 10
Wick hole diameter : dy : 6,8 (mm)
Wick pitch circle ¢ dp : 90 {(mm)
Wick pipe length ¢ lw : 43 {mm)
Flame holder (inside) sdy % hy 77 x 122 (mm)
(outside) :do x hy : 105 x 122 (mm)
Flame holder holes diameter (inside) : dj : 1,5 (mm)
(outside): dj 0 1,5 (mm)
Flame holder holes pattern (inside) axb 7 %9 (mm)
(outside) : a x b 17 %9 (mm)
Central hole diameter 2 de : 9 (mm)
Inside airholes {number) D ny |
(diameter) : dy 2 77 {mm)
Outside airholes (number) DNy : 1)
(diameter) 1 dy :
Shields (number) D ng : 1 : 2)
(diameter % height) :dg x hg @ 165 x 155 (mm)
Shield top diameter : dy : 104 (mm)
Distance wick-panbottom : hy : 145 (mm)
Distance top flame holder-panbottom : hp 1 23 (mm)
Minimum power : Pnin 0,6 (kW)
Maximum power ! Phax : 2,0 (kW)
Nominal power : Phom : 1,9 (kW)
Efficiencywith apan of 18 cmdiameter : n 48 (%)

1)’ Whole ring between cutside flame holder wall and shield open.
2) Shield composed of two steel sheet walls with a layer of 4 mm asbestos in
between. Shield partly encloses the wick pipes.
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Name : Nutan
Number : 8
Manufact./country : Indian 0i1 Corp. Ltd./India
Country of purchase : India
Price 1 7,25 (9$)
Weight (empty) : 2,6 (kg)
Tank capacity : 1,6 (kg)
Material/finish : Steel/painted
Wick material : Cotton
Fuel Tevel indication: Yes
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) 1 xwx h:
(round) :d % h 1 265 x 235 (mm)
Number of wicks DNy : 10
Wick hole diameter D dy 1 7,2 (mm)
Wick pitch circle . dp : 90 (mm)
Wick pipe Tength : ly : 42 (mm)
Flame holder (inside) :di x hg @75 %99 (mm)
(outside) pdg % hg 199 x99 (mm)
Flame holder holes diameter (inside) : dj 0 1,3 (mm)
(outside): da : 1,6 (mm)
Flame holder holes pattern (inside) : a xb : 8 x 14 (mm)
(outside) : a x b : 8 x 14 (mm)
Central hole diameter 1 de : 1)
Inside airholes (number) DNy : 66 4
(diameter) : dy : 1,4 2 % 37 (mm) 2)
Outside airholes (number) T ny : 40
(diameter) : dy 1 6 (mm)
Shields (number) ! hg 1 2
(diameter x height) : dg x hg : 128 x 110, 170 x 140 (mm) 3) 4)
Shield top diameter 1 dg : 112 (mm)
Distance wick-panbottom t hy : 98
Distance top flame holder-panbottom : hp : 19
Minimum power Pmin : 0,2 (kW)
Maximum power * Prax : 1,1 (kW)
Nominal power : Phom : 1,2 (kW)
Efficiency with a pan of 14 cmdiameter : n 1 44 (%)

67 holes of diameter = 1,6 mm. (same material as outside wall of flame holder).
A centre of perforated steel, with 4 slotholes at the circumference.

Outer shield insulated with 4 mm asbestos.

Inner and outer shield as one unit, the shield also encloses the wick pipes.
Holes in the bottom of the annular space between the two shields. Function of
these holes is not clear.

£ N
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Name : Surya
Number ;11
Manufact./country : Hero Metal Crafts/India
Country of purchase : India
Price : 4,50 (9)
Weight (empty) : 2,3 (kg)
Tank capacity : 1,1 (kg)
Material/finish : Aluminium, steel/painted,
chromed
Wick material : Cotton
Fuel Tlevel indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) t T xwx he
(round) :dxh : 260 x 240 (mm)
Number of wicks DNy : 10
Wick hole diameter : dy : 7,5 (mm)
Wick pitch circle : dp : 7,5 (mm)
Wick pipe length W 1 32 (mm)
Flame holder (inside) :di x hyg : 63 x 86 (mm)
{outside) :do ¥ ha : 8 % 95 (mm)
Flame holder holes diameter (inside) : da : 1,8 (mm)
(outside): d3 : 1,8 (mm)
Flame holder holes pattern (inside) axb 112 % 12 (mm)
(outside) : a x b : 12 % 12 (mm)
Central hole diameter :de : 8 (mm)
Inside airholes (number) DNy 01
(diameter) : dy : 63 (mm)
Outside airholes (number) :ny : 10
(diameter) :dy : 12 (mm)
Shields (number) :ng 2 2 1)
(diameter x height) 1 dg ¥ hg : 120 x 120, 160 x 120 (mm) 2)
Shield top diameter : dg : 120 (mm)
Distance wick-panbottom : hy : 120 (mm)
Distance top flame holder-panbottom : hp : 35 (mm)
Minimum power : Puin : 0,1 (kW)
Maximum power : Pmax 01 (kW)
Nominal power : Phom : (kW) 3)
Efficiency ' : (%) 3)

1) Outer shield insulated with 4 mm asbestos.

2) Shield also encloses wick pipes. There are holes in the bottom of the annular
space between the two shields. Function of these holes is not clear.

3) No efficiency tests because of bad functioning of the stove.
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Name : Divyajyott
Number :
Manufact./country . ?/India
Country of purchase : India
Price : 7,50 ($)
Weight (empty) 1 2 (kg)
Tank capacity : 0,4 (kqg)
Material/ finish : Steel/galvanized
Wick material : Cotton
Fuel level indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) : 1 xwx h:
(round) :dxh : 220 % 260 (mm)
Number of wicks DNy 1 6
Wick hole diameter T dy : 5 % 23 (mm) 1)
Wick pitch circle :dp 1 87 (mm)
Wick pipe length : 1w : 35 (mm)
Flame holder (inside) :di x hy : 74 x 82 (mm)
(outside) : dg % hg : 100 x 94 (mm) 2)
Flame holder holes diameter (inside) : da 1 2 (mm)
(outside): da : 2 (mm)
Flame holder holes pattern (inside) axb :9x9 (mm)
(outside) : a x b :9x9 (mm)
Central hole diameter : de : 11 (mm)
Inside airholes (number) tny : 6
(diameter) : dy : 8 (mm)
Outside airholes (number) T hy :
(diameter) :dy : 3)
Shields (number) I ng 01
(diameter x height) :dg x hg 123 (mm) 2)
Shield top diameter 1 dg 1 92 (mm)
Distance wick-panbottom : hy : 137 (mm)
Distance top flame holder-panbottom : hp : 43 (mm)
Minimum power : Pmin 0,4 (kW)
Maximum power : Pmax : 1,2 (kW)
Nominal power : Pnom 11,2 (kW)
Efficiencywith a pan of 16 cmdiameter @ n 24 (%)

1) Flat wicks.
2) Shield and flame holder as one unit.
3) Whole bottom between shield and flame holder open.
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Name : Hock
Number : 22
Manufact./country : ?/Indonesia
Country of purchase : Indonesia
Price : 8 ($)
Weight (empty) : 1,8 (kg)
Tank capacity : 1,3 (kg)
Material/finish : Aluminium, steel
Wick material : Cotton
Fuel level indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) : 1 %xwx h: 300 x 300 x 310 (mm)
(round) tdxh
Number of wicks DNy : 16
Wick hole diameter :ody : 8 (mm)
Wick pitch circle :dp : 100 (mm)
Wick pipe length N : 60 (mm)
Flame holder (inside) :di x hyg @85 %90 (mm)
(outside) :do ¥ hy @ 115 % 90 (mm)
Flame holder holes diameter (inside) : da : 1,5 (mm)
(outside): dj : 1,5 (mm)
Flame holder holes pattern (inside) : a xb : 10 x 10 (mm)
(outside) : a x b : 10 % 10 (mm)
Central hole diameter : de : 10,4 (mm)
Inside airholes (number) tny : 9
(diameter) : dy : 10 (mm) 1)
Outside airholes (number) 1Ny : 28
(diameter) 2 dy : 10 (mm)
Shields (number) ! ng 01
(diameter % height) :dg ¥ hg : 150 x 91 (mm)
Shield top diameter :dg : 135 (mm)
Distance wick-panbottom : hy : 135 (mm)
Distance top flame holder-panbottom : hp : 45 (mm)
Minimum power : Pmin : 0,4 (kW)
Maximum power : Pmax : 1,8 (kW)
Nominal power : Pnom 1 1,7 (kW)
Efficiencywith a pan of 18 cmdiameter : n 43 (%)

1) Partition with holes 33 mm above holder bottom.
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Name : Swan 14
Number 1 b
Manufact./country 2/
Country of purchase : Indonesia
Price : 5,50 ($)
Weight (empty) : 2,4 (kg)
Tank capacity : 0,8  (kag)
Material/finish : Steel
Wick : Cotton
Fuel level indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) -1 %xwx h: 275 % 275 x 295 (mm)
(round) :dxh
Number of wicks DNy : 14
Wick hole diameter  dy : 9 (mm)
Wick pitch circle : dp : 93 (mm)
Wick pipe length I . 52 (mm)
Flame holder (inside) : di % hy 76 % 86 (mm)
(outside) : do % hy 100 x 86 (mm)
Flame holder holes diameter (inside) : da : 1,4 (mm)
(outside): da : 1,4 (mm)
Flame holder holes pattern (inside) a xb 10 x 12 (mm)
(outside) : a x b 10 x 12 (mm)
Central hole diameter : de : 14 (mm)
Inside airholes (number) Dy 01
(diameter) 1 dy : 76 (mm)
Outside airholes (number) 1oy : 11
(diameter) : dy : 18 (mm)
Shields (number) : Ng 01
(diameter x height) : dg % hg @ 140 x 120 (mm)
Shield top diameter : dt : 118 (mm)
Distance wick-panbottom : hy 1 125 (mm)
Distance top flame holder-panbottom : hp : 39 (mm)
Minimum power : Pmin : 0,3 (kW)
Maximum power : Pmax : 1,3 (kwg
Nominal power : Phom . 1,2 (kW
Efficiencywith a panof 14 cm diameter : n 39 (%)

1) Shield also encloses the wick pipes.
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WICK STOVE DESCRIPTION

Overall dimensions (square)
(round)
Number of wicks :
Wick hole diameter :
Wick pitch circle :
Wick pipe Tength :
Flame holder (inside)
(outside)
Flame holder holes diameter (inside)
(outside):
Flame holder holes pattern (inside)
(outside)
Central hole diameter :
Inside airholes (number)
(diameter) :
Qutside airholes (number) :
(diameter) :
Shields (number)
(diameter x height)
Shield top diameter
Distance wick-panbottom
Distance top flame holder-panbottom

Minimum power
Maximum power
Nominal power
Efficiencywith a pan of 18 cmdiameter

| 1) Shield also encloses wick pipes.
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Name ¢ Swan 20
Number : 36
Manufact./country 2 2/
Country of purchase Indonesia
Price 1 6,25 (%)
Weight (empty) : 3,4 (kg)
Tank capacity : 1,5 (kg)
Material/finish : Steel
Wick material : Cotton
Fuel level indication: No
Fuel : Kerosene
Type : See fig.: 4.1
¥ w x h: 300 x 300 x 300 (mm)
% h
20
W 9 (mm)
D 120 (mm)
Tw 54 (mm)
dj % hy 103 x 107 (mm)
do % hy 125 x 107 (mm)
dy 1,4 (mm)
da 1,4 (mm)
axb 12 x 10 (mm)
axb 12 % 10 (oni)
dc 17 (mm)
Ny 1
90 (mm)
ny 12
dy 18 (mm)
ng 1
ds % hg 163 x 163 (mm)
dy 150 (mm)
hy 154 (mm)
hp 47 (mm)
P 0,5 (kW)
! Pray 2,0 (KN)
: Prom 1,7 (kW)
n 41 (%)



WICK STOVE DESCRIPTION - 30 -

Name : Lark, T 733
Number : 35
Manufact./country : Lark Co./Peoples Rep. of Chv
Country of purchase : Jemen
Price : 9 (%)
Weight (empty) : 1,9 (ko)
Tank capacity : 0,9 (kg)
Material/finish : Steel/enamel
Wick material . Cotton
Fuel Tevel indication: No
Fuel : Kerosene
Type : See fig.: 4.1
Overall dimensions (square) : 1 xwx h:
(round) :dxh : 226 % 238 (mm)
Number of wicks DNy : 10
Wick hole diameter 1 dy : 8,7 (mm)
Wick pitch circle tdp : 86 (mm)
Wick pipe length I : 33 (mm)
Flame holder (inside) :di ¥ hg : 73 % 100 (mm)
(outside) : do ¥ hy : 102 x 100 (mm) 1)
Flame holder holes diameter (inside) : dj 1 2,5 (mm)
(outside): da 12 (mm)
Flame holder holes pattern (inside) : a xb 19 x 12 (mm)
(outside) : a % b : 10 % 20 (mm)
Central hole diameter : de 1 6 (mm)
Inside airholes (number) iy ) 1
(diameter) : dy ) 12 (mm)
Outside airholes (number) tny : 3 2)
(diameter) 1 dy : 14 x 116 (mm)
Shields (number) t ns : 1
(diameter x height) :dg x hg @ 140 x 110 (mm)
Shield top diameter , :dt : 96 (mm)
Distance wick-panbottom ¢ hy : 140 (mm)
Distance top flame holder-panbottom : hp : 40 (mm)
Minimum power : Pmin : 0,5 (kW)
Maximum power : Pmax : 1,4 (kW)
Nominal power * Prom : 1,3 (kW)
Efficiencywith a panof 16 cmdiameter : n 41 (%)

1) Top of outside wall flame holder curved inwards to diameter = 96 (mm).
2) Three slot-holes.
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Name : Prabhakar
Number 113
Manufact./country : Ogale Ind. Ltd./India
Country of purchase : India
Price : 15,50 ($)
Weight (empty) : 3 (ka)
Tank capacity : 0,2 (kg) 1)
Material/finish : Steel/enamel
Wick material : Asbestos
Fuel Tevel indication: Yes 1)
Fuel : Kerosene
Type : See fig.: 4.2
Overall dimensions (square) T xwx h: 273 x 180 x 205 (mm)
(round) :d xh :
Number of wicks DNy : 1 2)
Wick hole diameter : dy : 2)
Wick pitch circle : dp : 70 (mm)
Wick pipe length : oy : 2)
Flame holder (inside) i dj % hy 60 x 100 (mm)  3)
(outside) 2 dg % hy 84 x 107 (mm)
Flame holder holes diameter (inside) : da 1,8 (mm)
(outside): dg : 1,8 (mm)
Flame holder holes pattern (inside) : a x b : 8 x 8 (mm)
(outside) : a x b 8 x8 (mm)
Central hole diameter t de 12,5 (mm)
Inside airholes (number) D ny 01 16
(diameter) 1 dy : 15 5 (mm)
Outside airholes (number) 1Ny : 16
(diameter) 1 dy 2 7 (mm)
Shields (number) : ng 01
(diameter x height) tds % hg @ 105 x 115 (mm) 3)
Shield top diameter : dt : 85
Distance wick-panbottom : hy : 154 (mm)
Distance top flame holder-panbottom : hp : 45 (mm)
Minimum power ! Pmin : 0,3 (kW) 4)
Maximum power * Prax : 2,0 (kW)
Nominal power : Phom : 1,7 (kW)
Efficiency with a pan of 20 cmdiameter : n 42 (%)

Fuel in a separate glass container.

One circular wick, thickness 3 mm. Wick space 5 mm.

Shield and flame holder as one unit.

Control by a valve to regulate the flow of kerosene to the wick.

= w0
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Name : Axe
Number : 24
Manufact./country : Lee Tai Metal Works/Malgy
Country of purchase : Singapore
Price : 24 (%)
Weight : 3,5 (kg)
. Tank capacity : 1,1 (kg) 1)
. Material/finish : Steel/enamel
Wick material : Asbestos
 Fuel level indication: Yes
.~ Fuel : Kerosene

. Type : See fig.: 4.2

Overall dimensions (square) + 1 %xwxh: 500 x 310 x 310 (mm)
(round) :dxh
Number of wicks DNy 01 2)
Wick hole diameter : dy : 2)
Wick pitch circle : dp : 83 (mm)
Wick pipe length 2y : 2)
Flame holder (inside) : dj xhy @74 x 105 (mm)
(outside) :dg % hy @ 97 x 120 (mm)
Flame holder holes diameter (inside) : da : 1,4 (mm)
(outside): dj : 1,4 (mm)
Flame holder holes pattern (inside) : a x b : 10 % 8 (mm)
(outside) : a x b : 10 % 8 (mm)
Central hole diameter 1 de : 8 (mm)
Inside airholes (number) D ny 01 76
(diameter) : dy : 7,5 2,7 (mm) 3)
Outside airholes (number) I ny :
(diameter) : dy : 4)
Shields (number) I Ng 11
(diameter x height) : dg % hg : 150 x 110 (mm)
Shield top diameter : dt : 103 (mm)
Distance wick-panbottom : hy : 140 (mm)
Distance top flame holder-panbottom : hp : 20 (mm)
Minimum power : Pmin : 0,4 (kW) 5)
Maximum power ! Pnax : 1,8 (kW)
Nominal power : Pnom : 1,8 (kW)
Efficiency with a pan of 16 cmdiameter : n 40 (%)

Fuel in separate glass container.

One circular wick, thickness 3 mm. Wick space 5 mm.

Second partition in inner flame holder wall at 27 mm from the bottom, with
37 holes of diameter = 5 mm.

Whole ring between flame holder wall and shield open.

Control by a valve to regulate the flow of kerosene to the wick.

(S = w N
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Name : Primus 505
Number : 14
Manufact./country : AB Optimus/Sweden
Country of purchase : Netherlands
Price 245 (9)
Weight (empty) : 1 (kg)
Tank capacity : 0,7 (kg)
Material/finish : Brass, steel
Fuel Tevel indication: No
Fuel : Kerosene
Type : See fig.: 4.3

Overall dimensions :d % h: 190 x 214 (mm)

Burner diameter tdp @ 47 (mm)

Burner holes (number) tnp 195

(diameter) : dy : 1,5 (mm) 1)

Distance burner-panbottom: hp : 8 (mm)

Minimum power : Ppin @ 0,8 (kW)

Maximum power : Ppax @ 2,4 (kW)

Nominal power : Ppom @ 2,4 (kW)

Efficiency with a pan of

20 cm diameter : n : 54 (%)

1) A so-called silent burner with three rows of little holes.
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Name : Annby 105
Number : 15
Manufact./country : Dea Rim/Korea
Country of purchase : Netherlands
Price : 60 ($)
Weight (empty) : 0,9  (kg)
Tank capacity : 0,4 (kg)
Material/finish : Brass, steel/chromed
Fuel level indication: Yes
Fuel : Kerosene, petrol, dieseh
Type : See fig.: 4.3

Overall dimensions :d % h: 140 % 187 (mm)

Burner diameter 1 dpy 44 (mm) 1)

Burner holes (number) :np & 360

(diameter) :dp : 1 (mm) 2) 3)

Distance burner-panbottom: hp : 12 (mm)

Minimum power : Ppin & 0.4 (kW)

Maximum power : Ppax : 3.6 (kW)

Nominal power : Ppom & 2,2 (kW)

Efficiency with a pan of

24 cm diameter : n : 57 (%)

1) Additional 1little shield around burner.
2) So=called silent burner with four rows of Tittle ho]es
3) Nozzle diameter not known.



PRESSURIZED STOVE DESCRIPTION

Overall dimensions :
Burner diameter :
Burner holes (number)
(diameter)
Distance burner-panbottom:

Minimum power

Maximum power

Nominal power :

Efficiency with a pan of
16 cm diameter :

1)
2)

Open burner with four flames.
Nozzle diameter not known.
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Name : Primus
Number : 19
Manufact./country AB Optimus/Sweden
Country of purchase Netherlands
Price : 45 (%)
Weight (empty) : 0,9  (kg)

~ Tank capacity 10,6  (kg)

- Material/finish : Steel/painted
Fuel Tevel indication: No
Fuel Kerosene
Type : See fig.: 4.3

d x h: 190 % 197 (m)

dp 54 (mm)

Nh

dh 1) 2)

hp 7 (mm)

Pmin 0,5 (kW)

nom - 0,9 (kW)

n : 49 (%)
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Name : Russian Primus
Number 1 38
Manufact./country : ?/USSR
Country of purchase : Jemen
Price : 9 ($)
Weight (empty) : 1,3 (kg)
Tank capacity : 0,7 (kg)
Material/finish : Brass, steel
Fuel level indication: No
Fuel : Kerosene
- Type : See fig.: 4.3.

Overall dimensions . d x h: 220 x 216 (mm

Burner diameter cdp  : 52 (mm

Burner holes (numben) tnp 1)

(diameter) : dy ¢ 2)

Distance burner-panbottom: hp : 18 (mm)

Minimum power : Pmin @ 0,5 (kW)

Maximum power : Ppax @ 2,1 (kW)

Nominal power : Ppom : 1.6 (kW)

Efficiency with a pan of

20 cm diameter : n : 50 (%)

1) Nozzle diameter not known.
2) Open, four flame, burner.
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Name : Peak 1, model 400
Number : 16
Manufact./country : The Coleman Co. Inc./USA
Country of purchase : Netherlands
Price 1 50 ($)
Weight (empty) : 0,9 (kg)
Tank capacity : 0,3 (kg)
Material/finish : Steel/painted
Fuel level indication: No
Fuel : Petrol
Type : See fig.: 4.4

Overall dimensions :d x h: 160 x 155 (mm)

Burner diameter :dp @ 60 (mm)

Burner holes (number) Pnp

(diameter) : dp : 1)

Distance burner-panbottom: hy : 21 (mm)

Minimum power ! Ppip ¢ 0,4 (kW)

Maximum power ¢ Pmax : 1,8 (kW)

Nominal power * Phom ¢ 1,5 (kW)

Efficiency with a pan of

18 cm diameter : n : b5 (%)

1) Burner composed of waved steel plates.
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~ Name : Optimus 77A
- Number : 18
Manufact./country : AB Optimus/Sweden
Country of purchase : Netherlands
Price 1 25 ($) 1)
Weight (empty) : 0,71 (kg) 1)
Tank capacity : 0,15 (kq)
Material/finish : Aluminium, brass
Fuel level indication: No
Fuel : Spirit
Type : See fig.: 4.5
Overall dimensions :d % h: 174 x 145 _(mm)
Burner diameter :dp  : 39 (mm)
Air entrance holes (number) : ny : 54
(diameter): dy : 7 (mm)
Air supply holes (number) i ng ot 12
(diameter) : dg : 12 (mm)
Exhaust holes (number) :ng 54
(diameter) dy 7 (mm)
Distance burner-panbottom :hp : 38 (mm)
Minimum power : Pmin ¢ 0,2 (kW)
Maximum power ¢ Ppax & 1,3 (kW)
Efficiency with a pan of
26 cm diameter R . 61 (%)

1) Complete set, including pans.
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Name :
Number :
Manufact./country : Camping Gaz Int./France
Country of purchase : Netherlands

Camping Gaz Feu R
20

Price 1 24 (%)
Weight (empty) : 1,2 (kq)
Tank capacity : 0,5 (kg)
Material/finish : Steel/painted, chromed
Fuel level indication: No
Fuel : Butane
Type : See fig.: 4.6
Overall dimensions :d x h: 195 x 242 (ﬁm) ’
Burner diameter :dp : 50 (mm)
Burner holes (number) :np o120
(diameter) :dp : 1,5 (mm) 1)
Distance burner-panbottom: hp : 9 (mm)
Minimum power : Pmin : 0,4 (kW)
Maximum power ! Pmax ¢ 1.4 (kW)
Nominal power : Phom : 1,3 (kW)
Efficiency with a pan of
16 cm diameter : n : 58 (%)

1) Nozzle diameter not known.
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Name : Camping Gaz Bluet
Number : 21
Manufact./country : Camping Gaz Int./France
Country of purchase : Netherlands
Price : 10 (%)
Weight (empty) : 0,3 (kg)
Tank capacity : 0,2 (kg) 1)
Material/finish : Steel/painted, chromed
Fuel Tevel indication: No
Fuel : .Butane )
Type : See fig.: 4.6 -

Overall dimensions :dx h: 175 x 220 (mm)

Burner diameter tdy, : 40 (mm)

Burner holes (number) :np 90

(diameter) : dh : 1,5 (mm) 2)

Distance burner-panbottom: hy : 8 (mm)

Minimum power : Pmin ¢ 0,3 (kW)

Maximum power : Pmax & 1,2 (kW)

Nominal power : Ppom : 1,1 (kW)

Efficiency with a pan of

14 cm diameter : n : 58 (%)

1) Refilling with one way cartouches
2) Nozzle diameter unknown.



PROPANE STOVE DESCRIPTION

Overall dimensions

Burner diameter
Burner holes (number)
(diameter)

.

.

Distance burner-panbottom:

Minimum power
Maximum power
Nominal power

Efficiency with a pan of .
24 cm diameter :

1) Gas supply from tap or bottle.

hp
Pm

P

3,5
P : 0,4
ax 3’3
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Name
Number
Manufact./country

~ Country of purchase
. Price

Weight
Tank capacity
Material/finish

Fuel Tevel indication:

Fuel
Type

in-

om:

Propane burner
39

?/Jdapan
Thailand
?
5 (kg)
1)
Cast iron/painted
1)
Propane gas
See fig. 4.7
mm)
mm)
mm)
2)
mm)
mm)
kW)
kW)
kW)
%)

2) 45 holes on the outside of the burner and 10 on the inside.
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5. THE TEST PROCEDURE

Basically, two classes of tests were run on the selected stoves.
The first set consisted of determining the maximum and minimum
power (or in other words maximum and minimum rates of fuel
consumption) permitted by the stoves. The second set consisted
of determining the efficiency of the stoves by water boiling
tests.

The instruments required for performing these tests were a

set of balances to weigh the fuel and water,a stop-watch and

a thermometer to measure the temperature of water. The balances
used were:

(a) Molenschot & Zoon, Type AM 13623
Maximum weight 10 kg
Least count lg
(b) Mettler, Type K5
Maximum weight 2 kg
Least count lg

The stop-watch is an ordinary one (Hanhart Amigos) capable of
measuring down to 1/5 of a second. A mercury-in-glass thermometer
with a range of 0 - 110° C and a least count of 1° C was used for
measuring temperatures.

The main concern in the testing procedure was to obtain reasonably
accurate and reliable measurements. The main measurement is that
of fuel weight. This requires some care. To illustrate this, a

2 kW stove uses a little over 160 g of kerosene in an hour. In
order to assure a 1% accuracy it is necessary to conduct the

test for a period of about 45 minutes. At lower power levels,

one has to be satisfied with lesser accuracy since test durations
become unduly long. Appendix 4 provides error estimates for the

results obtained in this experimental programme.

The actual test procedure for determining the power levels used
was as follows. The stove was lit and allowed to warm up. The
warming-up period was of the order of 10 to 15 minutes. When
the flames appeared steady to an observer, the test was started
by noting the weight of the stove and starting the stop-watch.
For the power level tests no pans were placed on the stoves.
The tests were run for a period of about 3 hour with the weight
of the stove and corresponding time recorded frequently. These
tests were run simultaneously on 5 to 10 stoves at a time. Thus
the weights and times were recorded by rotation. The power is
inferred from the tests by

Am..B
p=

At
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where P = power in ki
Ame = fuel consumed in ka during
At’ = the time interval in s
and B = lower calorific value in kd/kg.

Before starting on the efficiency tests, it is necessary to
select the pan size to be used with a given stove, since
significant efficiency variations can be obtained by varying
the pan size. In order to avoid bias in the results, pan sizes
for all stoves were selected on the basis of a simple formula
used by the V.E.G. Gas Institute in The Netherlands. Their
recommended power density for gas stoves (defined as the ratio
of maximum power and surface area of the pan bottom) is 7 W/cm?.
Higher power densities will reduce the Tife expectancy of the
commercially available standard aluminium pans in Europe. This
formula is illustrated in fig. 5.1 as a graph of pan diameter
against the maximum power. In this graph also are shown the
pan sizes obtained for the different stoves tested. Since pan
diameters available commercially vary only in steps of 2 cm,
the nearest diameter to the one found from fig. 5.1 was used
in the tests. These are also indicated in the diagram.

There were indications that users of kerosene stoves tend to use
pans with larger diameters than the ones selected according to
the V.E.G. standards mentioned:above. E.g. the manual of Nutan
specifically mentions an increase of the result when using a
larger vessel. Therefore an additional set of tests was done to
measure efficiencies with a pan of 26 cm diameter.

Standard aluminium cylindrical pans with flat bottoms were
used in the tests. The complete specifications of the pans used
in the test programme are summarized in table 5.1.

Table 5.1. Specifications of
pans used in the test programme

S Pan geometry Pan Volume
no. Diameter Height weight of water
) cm cm kg ]

1 14 7,5 0,25 0,74

2 16 8,5 0,25 1,02

3 18 10,1 | 0,32 1,60

4 20 11,0 0,44 2,05

5 24 12,6 0,62 3,53

6 26 15,3 1,05 4,57

The next question concerns the quantity of water to be used for the
tests. The V.E.G. Gas Institute also recommends the heights to which
the pans are to be filled for testing (see De Lepeleire et al., 1981,
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for V.E.G. recommendations). Since it was not possibin to determine ‘j
any rationale for this recommendation, we chose to adopt the recommenda-
tion given in the Provisional International Standards for testing
woodstoves agreed to at a meeting in Arlington, Virginia (VITA, 1982).
This latter states that 2/3 of the pan should be filled with water

for water boiling tests. The actual quantity of water used for each

pan in indicated in table 5.1.

The actual water boiling tests were carried out by Tighting the
stove (preferably at the chosen power setting) and waiting for
the warm-up period. This was followed by weighing of the stove,
placing the pre-weighed pan with water (whose initial temperature
was measured beforehand) on the stove and starting the stop-watch.
As soon as the water started boiling, the pan was removed and
replaced by a second pan with an identical quantity of cold water
on the stove. This procedure was carried out at least for an hour
or till four pans were brought to boil. The weight of the pan at
the end of each boiling period and the time were recorded. This
procedure reduces the extent of errors introduced in the measure-
ment. Appendix 3 provides a detailed discussion of the errors in
the procedure adopted. At the end of the test, theweight of the
stove is again recorded.

A1l the tests, unless otherwise stated, were performed on pans
with their 1ids on. A few tests were conducted without the Tid.
Tests were also conducted with a single pan, but the water allowed
to boil for 20 to 30 minutes depending on the amount of water that
was used in the test. In these tests, the time at which the water
started to boil, the weight of the pan, and the weight of the
stove were also recorded for purposes of comparison.

The efficiencies for the tests conducted here were computed from

) mW(TB - Ti)cp + meH

n= me
where n = efficiency

my = initial mass of water, kg

Tg = boiling temperature of water, 100° C

T; = initial temperature of water, ° C

Cp = specific heat of water, 4,186 kd/kgK

H™ = latent heat of evaporation of water, 2257 kd/kg

me = mass of evaporated water, kg

mg = fuel used in the test, kg

B = Tower heating value of the fuel, kd/kg.
The major characteristics of the fuels used in these tests, as
provided by Eindhovense Olie Centrale (Eindhoven's 0il Centre),

are summarized in Appendix 4.

Before starting with the tests, about two weeks were spent on
familiarizing with the operation of the stoves and carrying out
a few dry runs.
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6. RESULTS AND DISCUSSION

In this chapter we present the results collected during the entire
testing programme. The results are discussed with reference to a

few design and operational characteristics. In addition some calcula-
tions on fuel use for cooking are included.

6.1. Power and efficiency test results

These values have already been presented in the data sheets in
chapter 4. For the sake of convenience of the reader, these results
have been assembled in table 6.1. In all 20 stoves, belonging to
different categories as shown below, were tested.

Wick stoves 1
Pressurized stoves

Gas stoves

Floating pool stove

- W Ol =

The tests on two wick stoves, with the brand names Surya (3-11) and
Ideal (6-25)were discontinued, since the stoves arrivedat Eindhoven
incomplete. Trying to use the flame holders from other stoves did
not prove very successful. The pumping handle of one pressure stove,
from the USSR (15-38) broke down during the initial testing phase. .
The test, however, could be completed with an improvised arrangement. ~

The table records three power quantities: Ppaxs Pmin and P, corres-
ponding to maximum, minimum and average power respectively. The last
one refers to the water boiling tests. In principle Pmax_and Pmin
are controlled by the initial wick setting and the travel of the
wick permitted by the control mechanism. The latter is clearly
determined by the manufacturer. But the former is essentially at
the user's discretion, particularly because the wicks have to be
trimmed quite often and replaced periodically. The manufacturers'
manuals for the Ashok and Nutan stoves (1-7 and 2-8 respectively,
Indian) provide an indication that wicks need to be trimmed once

in two weeks. But they do not suggest the frequency with which
wicks need to be replaced. The Lark (9-35, Chinese) manual does

not provide any information about the wick adjustment.

The situation described above has led to some discrepancies
between the results of the present tests and the manufacturers'
claims. The wick setting for the results shown in table 6.1 was
done by holding the wicks in level with the top of the wick
tubes. At this position of the wicks the control mechanism was
held at its lowest setting. It was expected that for this
setting, the flame power was at its lowest. To determine the
maximum power, the control lever was raised until the blue flames
turned yellow. For most of the stoves tested there was some more
travel of the lever - of the order of 10 to 20% - possible beyond
the setting described above. When the control setting is pushed
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Table 6.1. Summary of results obtained in the test programme
Power tests Efficiency tests
S1. Ident. . 1
o, Brand name no. ' Pan _ Time for boiling Efficiency
. Pmax Pm-m Pmax |dia. P . _ y
kW kW | Ppin | cm kW m. m./1 |5, % .
1 | Ashok 7 2,0 | 0,6 3,1 18 | 1,9 9,9 6,2 2,0 48
2 | Nutan 8 1,1 ] 0,2 5,0 | 14 | 1,2 8,5 | 11,5 6,8 44
3*| Surya 11 1,0 | 0,1 7,6 | -- -- - - -- --
4 | Divyajyoti 12 1,2 1 0,1 3,11 16 1,2 15,1 | 14,8 | 20,1 24
5 | Hock 22 1,8 | 0,4 5,11 18 | 1,7 12,6 7,9 1,6 43
6% | Ideal 2 R N N e — | - - --
7 | Swan 14 6 1,31 0,3 4,3 1 14 | 1,2 9,8 | 13,2 3,7 39 ‘ﬁ
8 | Swan 20 % | 2,005/ 4,2 18| 1,7 |13,7| 8,6 2.4 41 §
9 [ Lark 35 1,4 | 0,3 4,0 | 16 1,3 11,6 | 11,4 1,9 41
v 10 | Prabhakar 13 2,0 | 0,3 7,51 20 1,7 16,7 8,1 3,6 41
1111 | Axe 24 1,8 { 0,4 4,31 16 | 1,8 9,0 8,8 5,6 39
12 | primus 505 | 18 | 2,4 | 0,8 2,9| 20| 2,4 | 8,7 | 4,2 11,5 5
13 | Annby 15 3,6 | 0,4 9,0 | 24 | 2,2 16,2 4,6 3,5 56 :g
1114 | Primus 19 1,5 | 0,5 3,31 16 0,9 13,6 13,3 | 20,6 49 'f
4 i
{15 | Primus 38 2,1 10,5 4,4 | 20 1,6 14,8 | 7,2 1,0 50 X
' (USSR) 4
116 | Peak 1° 16 1,8 | 0,4 | 4,4 18| 1,5 | 11,0 | 6,9 3,5 55 o
ﬁ. >
117 | Optimus 18 1,3 1 0,2 8,0 | 16 | 1,3 7,0 | 6,9 6,9 61 f;
|| 77A F
1 18 | Camping 20 1,4 { 0,4 3,31 16 } 1,3 7,7 | 7,6 5,8 58
Gaz Feu R
: of
19 | Camping 21 1,2 1 0,3 | 4,6 | 14 | 1,1 7.0 | 9,5 7,8 58 %
1 Gaz Bluet S
120 | Propane 39 | 3,5|0,4] 8,22 3,3 |11,3] 3,2 3,8 55
1 Burner
 iotes: * Tests discontinued (see text). 1. 1 _ »
] o Standard deviation defined by ==l == I (% - x)?1 x 100%
x M ogep 7
S
where 4 E
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to its 1imit, the fuel burns with yellow flames and a
considerable part of the flames is outside the flame holder.
We felt this to be undesirable from two points of view -
sooting of pans and increased fuel consumption. Thus all the
Pmax Quoted in table 6.1 correspond to what can be called
"blue flame 1imited maximum power".

For the minimum power, the control lever was lowered to
the minimum position. At this position most of the stoves
burned with a yellow flame at the wick tips. This was
considered undesirable from the point of view of wick
life-time and too Tow a power output for any useful
cooking operation. The lever was raised to such an extent
that blue flames just appeared in the flame holder. This
can be called the "blue flame limited minimum power".

The maximum power obtained by this procedure differed
considerably from the manufacturer's specification of
fuel consumption rates, for Lark and Nutan. A detailed
review of the work done here was undertaken and the
procedures were carefully reviewed with respect to
manufacturer's recommendations. At this time it was
realized the wick setting in these studies differed
from the one recommended by the manufacturer of Nutan.
According to this recommendation, the wicks at the
Towest position of the control lever should be in Tevel
with the outer rim of the wick carrier. This is about
6 to 8 mm higher than the level adopted in the tests.
It was decided at this stage to rerun the power Tevel
experiments on Nutan and Lark using the recommendations
of the manufacturer of Nutan. Further another stove,
Ashok*, was added to the list of stoves tested as its
leaflet also specified fuel consumption rate. The
results of this work are tabulated in table 6.2.

The revised wick setting did indeed increase the Ppax
quite dramatically in the cases of Nutan and Lark, but
only modestly that of Ashok. More importantly, there was
a sharp drop in the ratio of Ppay/Ppin With the wick
setting revised according to the manufacturer's
recommendations. As will be shown later in this chapter,
this ratio is of decided importance in determining the
fuel economy of a stove particularly for cooking
situations with substantial period of simmering opera-
tions. Higher the ratio Ppay/Ppins greater is the fuel
economy. In this respect Nutan, which was the best

from this point of view according to the wick setting
procedure adopted in the tests here, turned out to be the

* This stove was not included in the original Tist due to
three reasons: it was very similar to Nutan; it was from
India; Nutan was preferred since it had received considerable
publicity in India and had been mentioned in an Indian
Energy Study (Desai, '79).
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worst when the manufacturer's procedure was adopted. However, it
is also to be seen that the revised tests showed much higher Ppay
than the ones specified by the manufacturers for all the stoves
tested.

Table 6.2. Power test comparisons of 3 stoves (in kW)

Stove 1 11 II1I
Pmax Pmax Pmin Pmax Pmin

Ashok 1,81% 1,95 0,64 2,20 1,95

Lark 1,81 1,35 0,34 2,80 1,81
Nutan 1,57 1,11 0,22 1,88 1,75

Notes: I Manufacturer's specifications
IT Tests of the type in table 6.1
IIT Revised tests

* Average power corresponding to fuel consumption rates
of 140 - 160 g/h.

Another unsuspected problem was encountered during the power tests.
The power level of the fire rarely remained steady. Figure 6.1 is

a plot of variation in Ppmax with time for six stoves. Three
principal features emerge from a study of this plot. Firstly, all
stoves seem to record a drop in power with time. Secondly, this
drop is substantial - of the order of a third or more - for the
pressurized stoves. Finally, there is considerable noise in the
data. Among the results depicted in the figure, Lark is the only
one which holds its power reasonably steady. It has not been
possible to analyze the reasons for this behaviour during the
course of this investigation. Our guess is that the drop in power
of pressurized stoves is drop in pressure during the course of the
test with corresponding decrease in fuel supply rate to the burning
zone. It is surmized that the ability of the wick (in the case of
wick stoves) to maintain a given fuel supply rate to the burning
zone also reduces with time. Thus the P, values in table 6.1
correspond to average fuel consumption rate over the whole test
period. Barring 5 stoves, all the others have a power rating

Tess than 2 kW. Nutan has the smallest power of all the tested
stoves.

The results of Pyin show similar behaviour and the values shown
in table 6.1 have been computed by the same method used for Ppax.
As pointed out earlier, the turn-down ratios (Ppax/Pmin) are of
importance in determining the fuel economy of a stove used for
cooking. These are also shown in the table. In general ratios
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a L a=0 ——o-—— Camping Gaz Bluet, 19
a=0,2 —-4— - lLark, 9
a=0,4 ---a--- Nutan, 2
a=0,6 —e—— Swan 14, 7
a=0,8 —a—— Primus, 14
a=l  --&---- Annby, 13
0 20 40 €0

— - Time (min)
Fig. 6.1. Power variation as a
function of time.
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much below 4 should be considered poor from this point of view. Five
of the stoves tested belong to this category. We use this ratio as a
means to rate the stoves in a later section of this chapter.

We now turn our attention to the efficiency test results, which

are also included in table 6.1. These tests were all conducted

at the maximum power setting of the stove. Thus the P data should
agree with the Ppay data presented earlier. The striking result
that emerges from this comparison is that all the pressure stoves
(with the sole exception of Primus 505) show exceptionally large
differences between the two sets of data. The reason for these
differences must be attributed to the fact that power tests were
conducted for a short period - of the order of 20/30 minutes while
the efficiency tests were run for a period of one hour or so. It
can be seen from the behaviour of these stoves in fig. 6.1 that the
power curve flattens out after a certain period. Thus the average
P is weighted in favour of the low power operation resulting in the
discrepancies. The standardization of this procedure requires much
more time than was available for this investigation and as such

we have decided to live with these discrepancies.

In order to make sure that the power tests, that were carried out
earlier, did not have any serious error in them, they were repeated
on two stoves - the Primus 505 (12-14) and the Swan 14 (7-6) - for
a period of one hour. Fuel weight loss for both the stoves was
recorded at regular intervals and: power was calculated as before.
These results are compared with those of table 6.1 in table 6.3.
For this class of work this level of repeatability should be
considered adequate.

Table 6.3. Confirmation test results

Primus 505 Swan 14
(12-14) (7-6)
(1) |
Prax® kW 2,38 1,32
(from table 6.1)
(2)
Prax> KW 2,24 1,22
(confirmation test)
g% 4 7
(confirmation test)
(1y (2)
P - P
_3591(171235 , % 5,8 7,6
P nax
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The wick stoves on the average show much smaller deviations between

Pmax and P. The exceptions are the Swan stoves and the Prabhakar. Ever )
tWese show substantially smaller deviations than the pressurized stoves.
Thus it seems fair to conclude that for operational periods of the order
of 1 hour or so, there is no need to adjust the wicks for maintaining
reasonably constant power.

The second piece of information that emerges from this series: of tests
is the time required for bringing a given quantity of water to boil.
Since the quantities of water used varied with the pans, we have also
given the time in minutes per litre of water to be brought to boil.
Further, since each test comprised of bringing four or more pans of
water to boil, the times indicated in this table are averages. To
detect any systematic variation in the results of times obtained for
individual boilings, standard deviations* for each set were determined
and are tabulated in table 6.1. An examination of these data indicates
that only 3 stoves showed standard deviations in excess of 10%. We
conclude from these that the measurement technique employed in this
study is satisfactory.

We now turn to the all important question of the efficiency of the
stoves. Strictly speaking the formula quoted in chapter 5 when applied
to the present series of tests should be modified as follows.

>

(T - T. . H
; lmw,J(TB i,30% * Me, 5"

n:
me
Where n is the number of pans brought to boil. The symbols my 3> Ti,j
and mg i explicitly account for the inevitable small changes %gat were
too ditficult to control for each of the pan fillings. The data
obtained are listed in the last column of table 6.1.

z

The stoves tested in this programme fall into four categories, each
category with a distinct efficiency number. The wick stoves (serial
numbers 1 to 11) have an average efficiency of 40%; the pressurized
stoves (serial numbers 12 to 16) 53%; the pool burner (serial number

17) 61%; and the gas stoves (serial numbers 18 to 20) 57%. A bias in
these tests should be pointed out at this stage. The pan size for

this programme of tests was chosen on the basis of power tests, where

on the average the Pyay was much higher for the pressure stoves than the
Pmax measured in the efficiency tests. We will discuss the extent of

pan size influence on efficiency in the next section. From that discussion |
it emerges that our pan selection procedure unduly favours the pressure
stoves. Another point to be noted is that among the wick stoves tested
Divyajyoti (4-12) showed a very low efficiency of 24%., 1f we omit this
from consideration, the average efficiency moves up to 43% for the wick
stoves tested. Thus if we take the bias in pan selection into account
in addition, the wick stoves show probably a 5 percentage point lower
efficiency than the pressure stoves. See section 6.2 for the effect of
pan diameter on efficiencies. Considering the fact that wick stoves

are much easier to manufacture and cheaper than the pressure stoves,
this disadvantage seems to be quite small.

* Standard:deviations tabulated in table 6.2 are also referred to
in the literature as coefficient of variation.
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There is Tittle doubt that the gas stoves have a decided advantage
over the wick stoves. The problem here is one of gas supply situaticn
and the cost of the apparatus, both of which appear to be substantial
in developing countries at the moment.

6.2. Efficiency as a function of other parameters

In our association with the woodstoves we have found two issues that
have caused considerable concern among people working on the problem.
These are the use of lids while testing and the continuation of the
test through the boiling regime. We provide some quantitative evid-
ence in this regard for a few stoves so that meaningful use of the
information provided in the previous section could be made.

The effect ofa 1id was tested on two stoves - the Prabhakar with a 20 cm
pan and the Annby with a 24 cm pan. The results obtained are summarized
in table 6.4. The test procedure used was the same as the one used in
the earlier case. The results do not show any preference for the use or
nonuse of a 1id at Teast from the point of view of efficiency. However,
it is altogether a different issue when one considers fuel consumption.
These are 23% and 27% more without 1id for Prabhakar and Annby respect-
ively. The fact that efficiencies do not show similar changes is
attributed to the method of calculating efficiencies here. The justific-
ation for our approach lies in the interpretation of efficiency. We

mean by efficiency the effectiveness with which tha chemical energy
stored in the fuel is converted into heat energy and the effectiveness
with which the latter is transferred into the pan.

Table 6.4. Effect of 1id on efficiency

no Stove Quantities With Tid Without 1id
P (kW) 1,73 1,63
Time for boiling
Prabhakar . 16,7 21,8
1 (10-13) (minutes)
o (%) 3,6 6,4
n (%) 41,5 45,5
Fuel consumption, g| 40 49
P (kW) 2,17 2,62
Time for boiling
Annby . 16,25 17,1
2 (13-15) (minutes)
g (%) 3,6 11,6
n 56,6 54,6
Fuel consumption, g{ 48 61
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Table 6.5. Effect of prolonging the test into boiling regime

ﬁl. Stove Quantities With boiling Without boiling
Camping Gaz Bluet P (kH) L1 107
1 (19-21) ty (minutes) 20 -
Pan dia.: 14 cm n (%) 59,5 58,2
Lark P (ki) L b2
2 (9-35) ty (minutes) 25 -
pan dia.: 16 cm n (%) 38,1 40,7
Swan 20 P i) 1,69 b7
3 (8-36) ty (minutes) 30 1 -
Pan dia.: 20 cm n (%) 43,1 40,2

tb - duration of prolongation into the boiling regime.

Table 6.5 summarizes the results obtained when the tests were
continued through the boiling regime. The boiling durations were
essentially determined by the quantity of water available at the
start of the test. Smaller the pan, smaller the quantity of water
and hence shorter the duration over which the boiling state was
held to prevent the water boiling away. The results in the table

do not show any significant variation between the two types of tests

to warrant any conclusion as to the superiority of one form of test
over another.

In conclusion these two sets of tests lend confidence in the
methodology of testing adopted in this test programme.

A third series of tests were run on two stoves - the Camping
Gaz Feu R (18-20) and the Hock (5-22) - to determine the effect of
the power level of the fire on the efficiency. These effects are
shown plotted in fig. 6.2. The pan sizes used in these two sets
of tests were according to the tests summarized in table 6.1.

The Camping Gaz Feu R for all practical purposes could be considered

to have a constant efficiency within the experimental accuracy
attained in this test programme. The Hock shows a monotonic
decrease in efficiency with decrease in power level of the fire.
As the power decreases from 1,71 to 0,45 kW the efficiency drops
from 43,3 to 35,7%. ‘
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The final series of tests pertain to the influence of pan diameter on
the efficiency. These tests were performed on three stoves: Swan 14
(7-6), Lark (9-35) and Primus (12-14). The efficiency and time for
boiling are plotted against pan base ared in fig. 6.3. Al the three
stoves record increases in efficiencies with increased pan base areas.
The Lark is the one which shows a dramatic increase from a little over
40% to a little over 60%, when the pan base area increases from 200 cm?
to 450 cm?. There appears to be a maximum associated with the increase
feasible; this seems to be clear at least in the case of Swan 14. The
boiling times (in minutes/1itre) seem to go through a minimum. This
roughly corresponds to the maximum point in the efficiency curve.

More definitive conclusions on these aspects are difficult to draw
because of insufficient experiments.

In view of the fact that:
(a) the pan diameter has a significant effect on efficiency;
(b) the bias in selection of pan diameters for the tests reported
in table 6.1; and
(c) the people in developing countries tend to use larger pan sizes
than those used in the test reports in table 6.1;
additional tests with all the stoves were run at Ppax with a single pan
of 26 cm diameter. The results of these tests are sWown in table 6.6.
This table shows a marked increase in efficiency as expected. The wick
stoves make the largest jump in efficiency of 9 percentage points to
51%, the pressure stoves increase with 7 percentage points to 60%
efficiency, and the das stoves barring the propane purner also increase
with 7 percentage points from 58% to 65% on the average. The propane
burner forms the only exception in the row with a drop of 12 percentage
points to 43%, for the pan base was to0 big to fit the stove seat and
as a result it obstructed the flow path of the hot dases.

As shown in the table Divyajyoti remains the stove with the lowest
efficiency of 38%. The pressure stove Peak 1 and the gas burner Gaz

Feu R both show the highest efficiency of 67%. It should be noted that
for some inexplicable reason the Peak 1 performed with a much higher
power output than in previous tests. Confirmation tests did not alter
this situation. Of all stoves Nutan has the highest jump in efficiency
from 44% to 63%.

Finally, efficiency test results that do not quote the pan types on which
they were obtained should be treated with suspicion. This might be one
of the reasons why it is so hard to compare results obtained by different
people.

6.3. An analysis of designs

In this section we will attempt a somewhat general analysis of the
designs that have been tested in this programme. Two kinds of analysis
are presented. The first concerns the wick stove desians and the second
attempts to look at the data collected in the study in more general
terms. The intention is to get a better insight into the relationship
between the designs and their performance.
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Comparison of results between tests with different pan sizes and tests

Different pan sizes

One pan size

S1. | Brand name + ;?Z] P Efficiency P Efﬁjcjéncy Time for boiling
no. | (Ident. no.) cm' kW % kW 9 “min. min./1
1 Ashok (7) 18 1,9 48 1,8 56 25,1 5,56
2 Nutan (8) | 14 1,2 44 1,2 63 34,0 7,4
3 Suryal) (11) { -- -- -- -- -- -- --
4 | Divyajyoti (12)| 16 | 1,2 24 1,2 38 60,2 13,2
5 Hock (22) 18 1,7 43 1,7 47 31,8 6,9
6 | 1deall) (25} -- | -- -- - -- - -
7 Swan 14 (6) | 14 1,2 39 1,2 54 38,8 8,5
8 Swan 20 (36) 18 1,7 41 1,6 47 34,5 7,5
9 Lark (35) 16 1,3 41 1,5 58 30,8 6,7
10 Prabhakar (13) | 20 1,7 41 2,0 49 26,6 5,8
Axe (24) | 16 1,8 39 1,5 42 42,0 9,2
2 | Primus 505 (14) | 20 | 2,4 54 2,2 62 19,2 4,2
|13 | Annby?)  (15) | 28 | 2,2 56 -- - —- -
| 14 Primus (19) 16 0,9 49 0,9 57 51,3 11,2
| Primus
(USSR) (38) 20 1,6 50 1,8 55 25,7 5,6
Peak 1 (16) 18 1,5 55 2,5 67 15,7 3,4
. 3) : n
Optimus
e (18) | 16 | 1,3 61 -- -- -- -
Camping
Gaz Feu R (20) 16 1,3 58 1,1 67 35,2 7,7
Camping
Gaz Bluet (21) 14 1,1 58 0,8 62 49,5 10,8
Propane 39y | 24 | 3,3 55 3,9 42 13,9 3,0

burner

Test abandoned due to mal functioning of stove. ,
Test for big pan not carried out because the stove was not available anymore.
Test not done for big pan size because stove is especially adapted to one

particular pan.
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Fig. 6.3. Efficiency and time to boil
as a function of pan base area.

At the outset the wick-top surface area was correlated with Pmax and

Pmin Obtained in the tests. These correlations are shown plotted in

fig. 6.4. While there is considerable noise in the data, it is evident
that both Ppay and Ppiy increase with increase in the wick surface area.
The straight lines drawn to represent these correlations show that
Prax/Pmin is about 5 for this class of stoves. This is the most important
design information we could get from these correlations.

Attempts to correlate the area of the air-holes and the height of the

flame holder with each other and with the wick surface area/power output
proved futile. There was no attempt made to analyse the desians of ~
pressure and gas stoves along the lines of what was done for the wick stovesg
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Next a generalization of the results of fig. 6.3 was attempted to
provide an indication of the performance delivered by the stove-pan
combination. Such a correlation was presumed to exist between efficiency
and time for boiling a litre of water on the one hand and the power
density (W/cm?) on the other hand. A1l the results obtained in the
present test programme are shown plotted in fig. 6.5. It is possible to
draw average curves over the points for pressure and gas stoves. The
efficiency curve is suspect since the noise in the data is roughly the
same order as changes depicted by the curve. The curve representing

the boiling times is more acceptable from the point of view of the

noise in the data. The reason for this better correlation probably

lies in the fact that many more boiling times were determined during

the course of this work than the efficiency data. Moreover the effic-
iency seems to be a relatively weak function of the power density. It

is interesting to note that the optimum value for the power density lies
around 7 W/cm?, the recommended value by VEG standards in the Netherlands.

The wick stoves, on the other hand, do not indicate any correlation on
the basis of power density. More work is necessary to clarify this point
further. One observation we can make is that most of the present results
for wick stoves are below the average efficiency curve and above the
average boiling time curve for pressure and gas stoves. However, we must
repeat our proviso: the wick stoves can be made to perform better by
choosing larger pan diameters than the ones used in this investigation.
But then the question arises what happens with the efficiency at the

Tow power output (Ppin)? Especially considering long simmering times

it seems relevant to investigate this item closer.

6.4. Comparison of present results with earlier work

This seems an appropriate place to pause and take stock of the present
results in the light of the results obtained earlier. A difficulty

of comparing results from different investigations is with the
availability of complete data. This is to a certain extent understand-
able since some of these studies covered much broader ground than
stoves and hence time spent on stove testing was proportionately
smaller. Thus to facilitate cross comparisons, we have not bothered
with power levels, individual stoves and pan sizes. We have simply
used averaged values across the board. We shall use the classifica-
tion of stoves employed by Tschinkel & Tschinkel. Table 6.7 presents
the results of such a comparison.

In general Islam's results both for the variable wick and gas

burners tend to run hiaher since he used quite large pans. In spite

of this, his results compare favourably with the results of

Tschinkel & Tschinkel and the present work. The result of Tschinkel -
& Tschinkel is midway between Islam's and our results-for the fixed TJ
wick burner. The low value in the case of Islam probably could be
explained by the fact that he used only % kg of water and presumably
much smaller pan sizes. The base area of the pan used for Prabhakar

in the present case is larger than the one used by Tschinkel &
Tschinkel. It is our belief that these results are compatible
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with one another. The Fiji and NZCC results neither agree with each
other nor with the other three. We find it hard to believe these
results, particularly because the source material at our disposal
was too sketchy to come to any definitive conclusions.

Table 6.7. Comparison of present results with earlier work

. Tschinkel & Present
S1. Stove Parameters ...1) NZCt 2) 3) 4)
no. type Figi Isiam Tschinkel work
zrgssure Pmax (kW) - -- " 2,6 1,8
e 3 |- - - -

! kerosene | Fmax/Pmin 3,1 4,9
burner n (av) % 43,5 27,5 52,1 56,2
Variable Pmax (kW) -- -- 1,4 1,0 1,5
wick ) . . .

2 kerosene PmaX/Pm1n 1,1 4,5
burner n (av) % 22 37,7 43,2 40,0 46,1

wick ) _ . _

3 kerosene Pmax/ Pmin 1,4 5,2
burner n {(av) % 29,1 34,7 43,0
] Pmax (kW) 1,4 . 1,6 1,9

as

4 buY‘ner‘ Pmax/Pm‘in - - - 4,4 5,3

n (av) % 58,6 55,0 57,3
o001 Prax (kW) 1,3
00
5 burner Pmax/Pmin o o o o 8,0
n (av) % 61,0
Notes: Efficiency averaged over two extreme values.

1)
2) Efficiency averaged over different burners and pan sizes.
3) Efficiency averaged over different power levels and pan sizes.
4) Efficiency averages obtained from table 6.6 for each class of stoves.
5) Prabhakar & Axe of the present study belong to this category.
Sources: Fiji and NZCC obtained from Siwatibau (1981)

Istam from Islam (1980)

Tschinkel & Tschinkel from Tschinkel and Tschinkel (1975)




- 63 -

More detailed comparison between the present work and the Tschinkel

& Tschinkel work is possible. First, we show a plot of their tabulated
data showing the variation of efficiency with power level in fig. 6.6.
These should be compared with present results in fig. 6.2. In both
cases the variations are not that large. The gas stove we tested in
principle could be stated to have an efficiency independent of power.
Tschinkel and Tschinkel data do show an increasing efficiency trend
with power level. But this has to be balanced by the observation that
the noise in the data is of the same order of magnitude as the total
change. The range of power of the wick stoves Tschinkel & Tschinkel
tested was too small to make any comment. In fact the power range
attained in the Tunisian tests is consistently lower than the ones
realized in the present test programme. It is not clear whether

this is attributable to the stove designs employed in the Tunisian
tests.

6.5. Fuel consumption estimates for cooking

In practical terms one is not interested in the thermodynamic
efficiency of a stove, but the amount of fuel it consumes to
perform a specified cooking task. We have repeatedly pointed out
in the preceding pages, that efficiency is not the sole indicator
for achieving fuel economy; the latter is also strongly influenced
by ‘the turn-down ratios, or the ratio Ppax/Pmin. The information
obtained in the present programme can be made use of in deriving
estimates of fuel consumption. In this section we shall present
the results of such calculations. The details of the calculation
procedure are relegated to Appendix 5.

The cooking task has been identified as that of cooking rice and
a lentil-cum-vegetable sauce. This choice has been made since it
involves substantial periods of simmering. For the calculations
carried out here, the simmering durations have been assumed to be
3 and 1 hour for the rice and sauce respectively. The initial
heating up period (till the food mixture reaches boiling point of
water) is assumed to occur at Pyayx and simmering to occur at Pgin.
In cases where efficiencies are known at Ppyy only, we have used
the same value for Ppin. This is not expected to make much
difference since efficiency does not strongly depend on power level
of the fire.

The calculation procedure and the data used are similar to the
one employed by Krishna Prasad (1983). These are indicated in
Appendix 5. The calculations have been carried out for three
classes of stoves - a hypothetical set to suggest the importance
of Pmax/Pm‘n’ the wick stoves and pressure/gas stoves tested in
this 1nves%igation. The actual quantities of food used in the
calculations correspond to the pan sizes and 3 of its volumetric
content. The results of the calculations are presented in table
6.8. The table shows the computed fuel consumption quantities
(mfyue1) in grams and the specific fuel consumption (meye1/Mfood)
in grams of fuel per kilogram of cooked food.
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Table 6.8. Fuel consumption estimates for different stoves

s1. Stove type p Pmin n Pan Megel | —fuel

no. i kW % o cm | Meal fge Mfood
(9/kg)

THREE HYPOTHETICAL STOVES

1| s, 3 0,75 | 45 24 I 180 39

2 Sy 0,5 45 24 I 145 31,5

3 S3 0,75 60 24 I 162 35

WICK STOVES

4 Ashok 1,95 0,64 48 18 11 127 53

5 Ashok 2,20 1,95 48 18 II 313 130

6 Ashok 2,20 1,95 48 20 ITI 322 104

7 Nutan 1,11 0,22 44 18 Il 71 30

8 Nutan 1,88 0,75 44 18 II 146 61

9 Lark 1,35 0,34 41 18 II 91 38

10 Lark 2,8 1,81 41 18 II 299 125

11 Lark 2,8 1,81 61 24 1 310 67,5

12 Swan 14 1,3 0,3 46 18 11 81 34

13 Hock 1,8 0,35 43/ 36 18 11 90 37,5

PRESSURE AND GAS STOVES

14 Annby 3,6 0,4 57 24 I 115 25

15 Propane burner | 3,5 0,4 55 24 I 110 24

16 Camping Gaz 1,3 0,4 58/60 18 I1 83 35

Note: For the definitions’

We first consider the results of three hypothetical stoves. These
results clearly establish the important role of Pyi, in determining

of Meals I, I1 & IIT see Appendix 5.

the fuel economy for these cooking tasks. Sy with a modest efficiency
but a high turn-down ratio shows the least specific fuel consumption.

We next turn to the wick stoves. Both Ashok and Nutan show the
beneficial effects that a low Ppin will have on the fuel economy.
The dramatic effect that proper wick setting can have on fuel

consumption is seen with the results calculated for Nutan. The fuel
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consumption with the wick set according to manufacturer's
recommendation is two times the value obtained according to
the wick setting done in this work! In fact Nutan with our wick
setting produces the lowest specific fuel consumption among the
wick stoves listed in table 6.7.

In general large quantities of food cooked result in smaller
specific fuel consumption, as can be seen from the results on the
Ashok stove with a 20 cm diameter pan. The results on the Lark
show that increased pan size with a low turn-down ratio wick
setting produces the same specific fuel consumption as the one
with a smaller pan (1ower efficiency, smaller quantity of food)
but with a higher turn-down ratio.

0f course one can object to time penalties involved in our wick
setting procedure. In fact for the cooking regime chosen here,
the Nutan stove with the high power setting shows almost the
came time as that for the low power setting (less than a minute
difference in 117 minutes for the two cases). It does make a
difference in a case 1ike bringing a litre of water to boil for
making tea. The high power setting will do this job in about 7
minutes while the low power setting takes about 113 minutes.
This does not appear to be an enormous penalty at least according
to us. Whether such a wick setting will carry out tasks like
deep fryina, we have not been able to establish in this study.

Among the stoves for which calculations are presented in table
6.8 Annby and the propane burner provide equal fuel economies
while the camping das shows inferior specific fuel consumption
compared to both Nutan and Swan 14.

These calculations also help establish the frequency with which
the tanks require refilling. These can be calculated with the tank
capacities known for different stoves. These are shown tabulated
in table 6.9. Two or more numbers in the last column correspond

to more than one entry in table 6.8.

An important consequence of table 6.9 arises in connection with

the (Camping Gaz Feu R. An idea, that is useful to consider for
overcoming the problems of kerosene supply and the poor efficiency
(?) of wick stoves, is to replace both of them by stoves of the
Camping Gaz type with gas as fuel. This approach is particularly
attractive in view of the practice of flaring gas by many refineries.
The main reason for this practice is the nonavailability of the

gas cylinders in sufficient quantities at a price that could be
afforded by individual domestic users. The gas tanks used by camping
gas stoves* could be refilled and are much cheaper. However, the
calculations in table 6.9 suggest that these cylinders need to be
refilled every other day or maybe even every day. This is quite

a chore for the user if she/he needs to go to the filling station
every other day or soO. (This situation sounds more 1ike the task

of fuel collection in rural areas!). Of course the whole process

x Camping Gaz Bluet uses throw-away canisters and barely meets
a day's gas supply for cooking and we do not believe that
system to be practicable for domestic use.
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can be assisted greatly if door to door sale of gas could be
organized with the help of mobile gas tanks in a manner similar

to what is being done for kerosene now in many developing countries.
This might prove a useful approach to utilize a resource that is
being wasted at present. This requires a certain amount of market
study supported by some engineering work on mobile gas storage
tanks particularly with reference to their capacity consistent

with specified safety standards.

Table 6.9. Refilling frequency of stoves

s) Tank Number
no. Stove type capacity of
’ (kg) meals

1 Ashok 2 15/6/6
2 Nutan 1,6 21/5

3 Lark 0,9 10/3/5
4 Swan 14 0,8 9

5 Hock 1,3 14

6 Annby 0,4 3

7 Propane burner* 10 78

8 Camping Gaz 0,5 5

Feu R
*

The standard gas cylinder capacity has been used.

A final aspect that is of interest in this section is to have some
jdea about the reliability of the calculations presented in table
6.8. This requires experimental evidence and it was not contemplated
during the course of the present work to carry out any cooking
experiments. At the time of this writing the only cooking tests
known to the authors was that of Siwatibau (1981). From the details
provided by Siwatibau, it is possible to estimate the fuel
consumption using the method outlined in Appendix 5. The details

of this calculations along with the data of Siwatibau are also
included in this appendix. The calculation procedure overestimates
the fuel consumption by about 16%. The agreement should be judged
very good considering the simplicity of calculation procedure

and unreliability of some of the data used in the calculation
procedure.
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6.6. Rating of stoves tested in the study from the consumers' point
of view.

Stoves are consumer products used in every kitchen ard are operated
not necessarily by technical experts. In addition the user is not
merely interested in the fuel economy and the speed of cooking. The
user's interest includes many other aspects which are not related
to the above two. While the work presented in this report is a
product of effort in an engineering laboratory, we have tried to
imagine ourselves to be the users and 1ist several criteria to
judge the different stoves. In addition two of the authors (Sangen
and Sielcken) who carried out the experiments carefully maintained
a journal of the experiences they encountered while operating the
stoves. On the basis of these two sets of separate experiences, the
following list of criteria has been evolved.

Cost

Fuel economy

Sturdiness of construction
Mechanical construction quality
Storage tank temperature

Pan seating

Regulation ease

Fase of extinction of the stove
Pan cleanliness

Ease of refilling

Noise

P OWRO~NO O WN

—

This list has been used to construct table 6.10. Two factors must be
borne in mind while using this table. Our experience with these

stoves is the sum total of 12 man weeks collected during a very

short period. Secondly, much of the judgement is quite subjective.

In particular we do not purport to be a consumers' advisory council.
We have no special qualifications in that field of enquiry. Thus

our intention in constructing the table is simply to put up a
sign-post of warning: the abstract arguments of fuel economy are
inadequate to judge the "quality" of a stove! We will Teave the

reader with the table without further comment. However, apart from the
quality of the stove, the manner in which the stove is used plays an
important role in determining the fuel consumption. Fig. 6.7 shows a
publicity poster from Sri Lanka which clearly illustrates the number
of simple steps people could take to achieve fuel economy with a given
stove design.

From an appearance point of view, the Swans, Divyajyoti and Hock look
very neat among the wick stoves tested. In particular the Swans Tlook
exceptionally well made for the price one pays. Among the pressurized
stoves tested the Annby and the Peak 1 are compact and have a neat
appearance. Among the gas stoves, the propane gas burner Tooks quite
clumsy.

A final point to be mentioned in this connection is that instruction
manuals/leaflets were not available to the authors for all the stoves
procured. Where they are available, not all of them mentioned fuel
consumption rates, pan sizes to which the stoves are most suited and
other information relevant to the users.
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You can cook more meals
using less kerosene.

Here cre some proven tips fo help you fo cook more meals with less fuel.

2COVER COOKING VESSELS

Food boiled in o closed vessel will cook

faster thon when cooked in an open one,
thus saving a substantial amount in fuel.

5PLAN YOUR MEAL TIMES

As for as possible plon your maal times
30 that the entire fomily sits for o meal
together, s it is @ waste of fuel to
re-heat

LLINE UP YOUR COCKING

Have your food items prepared ond ready
to go on the ‘fire’ one ofter another 10
that there is a minimal time lag between
o cooked dish being removed and onother
toking its place on the fire.

3, USE LESS COOKING WATER

Uso just sufficient woter to odequately
cook your food. Food cooked with less
water is tastier and more nutritious, it
also saves fuel.

B8.COOKING AIDS

A pressure cooker is o fust and time saver.
The compartments provided in o pressure
cooker will enable you to cook several
items of food at the some time.

8CLEAN COOKERS

Ensure that your cooker ond burners are
kept clean, A clean burner consumes fess
than o dirty one. If you observe that the
flame is yellow it is on indicotion thot
it is time to clean the burner.

41 USE SHALLOW VESSELS

The ideal vessol for cooking would be one
that covers the flame completely without
the fire ‘licking’ its sides. Lorge vessels
require more heat to warm itself.

7USE SMALL BURNERS

Always use a small bumer, as the fuel
consumption will be for fess than o large
buraer.

Sri Lanka spends over
Rs: 11,000 million
on oil imports. Help reduce it.

CEYLON PETROLEUM CORPORATION

Fig. 6.7. Publicity poster from Sri Lanka to promote fuel savings.
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Table 6.10. A rating chart for stoves tested

Comes with an extra base plate.

Va2 /. 2y /. 3 /a
o Je /s L sl fsd [ ) 2/ )20 S
s Identi- S ISl fsE S e LS L) E NS
no. Stove ficatjon N S IS /E5s /88 J& 85 /&S WA
S SRS IESS I8 [ JFE JEF JFT JFE) S
1| Ashok 7 12,00 | - | + + - e o | 48 P
2 Nutan 8 7,25 + + + - + o +6) + +
3 Surya 11 4,50 + + - - o o - +
4 Divyajyoti 12 7,50 - + + =) - o + + +
5 Hock 22 8,00 + + + - + =] o - +
6 Ideal 25 18,50 + - - - o o + +
7 Swan 14 6 5,50 o + + - + o o - +
8 Swan 20 36 6,25 o + + a + o a - +
9 Lark 35 9,00 o + + - + o o - +
10 Prabhakar 13 15,50 + + + + o - - + +
11 Axe 24 24,00 o + + + + - - + +
12 Primus 505 14 45,00 - + + - o + + + +
13 Annby 15 60,00 + + + - o + “ + +
14 Primus 19 45,00 - + + - o + + + -
15 Primus (UISSR) a8 9,00 3] + 4 - o + + - -
16 Peak 1 16 50,00 =] + + o o + + + +
17 | optimus 77A 18 25,00 |+ | + + Bl el - |+ N B
18 Camping Gaz 20 24,00 - + + + o + + + -
Feu R
19 Camping Gaz 21 10,00 o +9) + + o + + + -
Bluet
20 Propane burner 39 + + + + o + + + +
1) Fuel economy based on: - Pmax/Ppin < 3,3: @ 3,3 < Prax/Pmin < 5505 * Prax/Pmin > 5.0
2) - poor; o satisfactory; + good.
3) - hot; o moderate; + just warm.
4) - nonadjustable; + adjustable; o irrelevant.
5) - unsatisfactory; + satisfactory.
6) Flame extinguisher comes with the stove.
7) Kerosene vapour escapes from tank.
8) Poo! burner.
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7. CONCLUDING REMARKS

The preceding sections of the report present test results on three
classes of stoves, namely wick stoves, pressurized stoves and gas
stoves. The principal design features of wick stoves made in several
countries (India, Indonesia, Korea, Malaysia, and People's Republic
of China) do not show significant differences. Similar is the case
with other stoves tested.

Three factors are important from process considerations. These are
maximum power (Pmax), minimum power (Ppin) and the efficiency. All
these quantities were measured for 18 stoves during the course of
the investigation. The power rating of all stoves tested with the
exception of 3 is under 2 kW. However, the minumum power varies by
as much as a factor of four for the stoves tested. The efficiency
of the wick stoves on the average appears to be about 46%. Nutan
with an efficiency of 63% and Divyajyoti with an efficiency of 24%
are the exceptions. The pressure stoves have an efficiency of 56%.
The gas stoves have an efficiency of 57%. The petrol burner Peak 1
and the gas burner Camping Gaz Feu R have the highest efficiency
(67%) among the stoves tested.

Two aspects of the problem, which we have encountered in our studies
on woodstoves, have a decided influence on the fuel economy of a
stove. The efficiency of a stove is strongly influenced by the pan
size (and presumably shape). The second is the turn-down ratio. The
latter is strongly influenced by the initial setting of the wick

in wick stoves. The report presents quantitative evidence in support
of these assertions.

A comparison of the results obtained in the present study with the
earlier studies generally confirm the overall picture we have
drawn here. Of course there exist puzzling differences among the
several details which we can not explain. A suggestion we make in
this connection is that it would be helpful if the manufacturers
concerned could be persuaded to fund an existing institution to
carry out systematic studies and evolve towards a standardized -
procedure of testing stoves. This institution could also provide
advice to the public as to the quality of different staves on

the market.

In general we would Tike to state that wick stoves are good value
for money one pays. Handsome dividends can be obtained by some
relatively straightforward engineering work. We make two simple
suggestions which will assist in realizing the full potential

of these stoves. The first concerns putting a mark on the stove
body next to the control Tever. This marker has to correspond to
the position of the lever with the wick setting recommended by

the manufacturers of Nutan and Ashok. With a warm stove, the lever
could be pushed down to realize the low powers that we have
obtained in this investigation. It is preferable to see that wicks
at the lowest position of the Tever maintain a steady flame. This
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means that an extinguisher (1ike the ones provided by Ashok and
Nutan) is mandatory for extinguishing the flames. The second
suggestion stems from the first. The rack of the rack and pinion
arrangement for moving the wick probably needs to be extended by
about 5 mm to realize the requisite Tow power without seriously
affecting the Ppay.

It is our belief that a certain level of research on several
aspects can be expected to make the wick stoves quite competitive
with gas stoves at least in a technical sense. The wick material
characteristics, flame holder and air-holes proportioning, the
position of the pan with respect to the flame holder and power
density influence on the stove performance are four aspects that
straightaway come to our mind.

The pressure stoves, as far as we can see now, do not hold much
prospect as a big competitor to wick stoves since they possess
the main disadvantage of a kerosene stove (the smell!) with the
added discomfort of noise. Of course they are much more expensive.
From a purely technical point there is very little to be said
against a gas stove.
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APPENDIX 1. INVENTORY OF THE PROCURED STOVES

Underneath each photograph the brand, country of manufactury,

country of purchase and the price (rate of May 1983) are mentioned
respectively.



WICK STOVES

Stove 1. Sathya/? Stove 2. Pushya/India
India/$3,25 India/$2,00

Stove 3. Umrao, super de luxe/India Stove 4. Juvalaa/India
India/$9,50 India/$8,50



jtove 5. Morley, 10 W x SE/India Stove 7. Ashok/India
India/$12,50 India/$12,00

flove 8. Nutan/India Stove 9. Umrao/India
India/$7,50 India/$3,00




g
B,

“,

Stove 11. Surya/India
India/$4,50

Stove 10. Devi/India
India/$7,25

Stove 22. Hock/Indonesia
Indonesia/$8,00

Stove 12. pivyajyoti/India
India/$7,50



Stove 25. Ideal Stove, model IKS 160/Korea Stove 31. Diamond, model 6411/7
Indonesia/$18,50 Indonesia/$2,50

Stove 32. Double Butterfly Brand/China Stove 33. Dinoyo/Indonesia
Indonesia/$9,50 Indonesia/$3,00




Stove 6. Swan, 14/7 Stove 36.
Indonesia/$5,50

Swan, 20/7
Indonesia/$6,25

Stove 23. Axe Brand/Malaysia Stove 26.
Singapore/$6,50

Axe Brand, no. 106/Malaysia
Singapore/$11,00




Stove 27.

Axe Brand/Malaysia
Singapore/$7,50

- 79 -

Stove 28.

Rhino Brand/?
Singapore/$10,00

Stove 29.

Triangle/China
Singapore/$6,00

Stove 30.

Triangle, no. 163/China
Singapore/$11,00

T TR
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Stove 34. Triangle, no. 168/China Stove 35. Lark, T7733/China
Singapore/$6,50 Jemen/$9,00

Stove 37. Floweret/China Stove 40. ?7/?
Jeinen/$9,00 Thailand/?
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Stove 41. Double Rhomb, no. 5743/China Stove 42. Wheel Brand, model 62/China
Kenya/$16

Kenya/?

Stove 43. Triangle, nc. 163/China
Kenya/?
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FIXED WICK STOVES

Stove 13. Prabhakar/India
India/$16,00

Stove 24. Axe/Malaysia
Singapore/$24,00
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PRESSURIZED STOVES

) .

. .

:
Stove 14, Primus 505/Sweden Stove 15. Annby 105/Korea

Netherlands/$45,00 Netherlands/$60,00

Stove 19. Primus/Sweden Stove 38. Russian Primus/USSR

Netherlands/$45,00 Jemen/$9,00



- 84 -

PETROL STOVES

Stove 16. Peak 1, model 400/USA Stove 17. Svea 123/Sweden
Netherlands/$50,00 Netherlands/$40,00




SPIRIT STOVE

Stove 18. Optimus 77A/Sweden
‘ Netherlands/$25,00
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BUTANE STOVES - 86 -

Stove 21. Camping Gaz, Bluet/France

Stove 20. Camping Gaz, Feu R/France
Netherlands/$24,00 Netherlands/$10,00



GAS BURNER

Stove -39.

Propane burner/Japan
Thailand/?
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[

T
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e UHAL ,cessories: Ashok
iy zed WA DA yoroidl Wed Please ensure that Ashok (1 -7)

u ~ wick stove comes with the
’fgﬁ_?‘ 3 Al gu s vl following accessories:
& i :

1. Special kindler (10 fight wicks)
1) e e HIZA WK 558 ) . L
2, Pin (to insert wicks in

) mfb“ﬂﬁ el wHl AR ik pipes)
m{, 3, Triangular pan support

3) (Asly FArdtinl qiigd R 8R (1o support small vessels on
SRR VAL WS your stove)

¥) ex el Al A 4. Extra set of 10 wicks

) i Al Wlg Wk §. Flame extinguisher

* Glilgsia g Hpug R
Tringular pan support
e ® R sl AR

Inner sieeve
et oigire sttty Aldle
Outer sleeve
* waduyia 25 Fuady adirgd Bz B
Insulated. multi wall outer burner casing

* si¥lg alsg

Filter cap

% qiz Ry
Wick control lever

¢ sEUd L tn
Fly nuts Kindler
—% Yoyoyd el
Sturdy stand
~ % 3l et @ quz laidl Hidg ik
Fuel tank Flame extinguisher

Reg. Design No, 50811/1981

Reg. Design No..50828/1981 Verified & Check
Manufactured byi ‘ Marketed by:
Ashok Iron Steel ~ MRAUDYOG
Fabricators Mavdi Plat,

Rajkot 360 002 (india) Rajkot-360 004 (india)
Phone: 28215/8443 Phone: 28580/8553
Gram: “ASHOK STOVE” Gram: “ASHOK STOVE”




Nutan
(2-8)

“e3q [njamm 10w IpjA0id 03 [ITIA
a3 U0 OWSY OU} SATWLUIUOD
A[2aiooge  Jused Jswung Jano
3 jo dor uo Bups Suppeyep
owiey  poulpep  Kjjepedg

*$3850]
1834 UMOP SIND pU® (003 Bulied
JPUING 93 JO 3I0BJNS INNO @
sdaa) S][eM 13MO OM3 I} UM
donsinsuj  |B1adg  'UOHSNQUIOd
WIUIXEW ANSU 01 I8 paresy
-a1d ‘asour Kiddns 0y pouBisIp $I
S[[EA J3UUL OM 3G} UM adeds
A -uoneiedo 1300 Joj IABW
“o8mIsEM 1890 UMOP IO O3 Pou
-8159p Ljjeroads st Zuised> Jouang
Jano jjsm  ejdiay  ‘peasinsuf

*Ajar1emos
alom sareg g3 Jo Ausudur oyt
1001003 1O 731" SYdIM jO BuLIamo]
[Sutsiex Kses 10§ poudisap Anjeioads
JeAB}  |043UG3 P meN

‘O YoM
Buojoid sdjay YUel [IN] Y1 U JUs
~013Y JO [9A3] Y1 5UB[S ® 12 S{[31
—30u3{u3AU0d UT 31N E—(3w0(})
Jo3moipus  [IAe} ues0IIY

*[002 Yues [an] 3g3 sdo0x os[® 1
-SUITING 1219q 30§ SYIM ) $IYIB
1 210§3q 1% Yl S1eIY Ajquiasse
131e9q -21d J1e anbrun Ay fuoneuLiof
1008 SHIIIIW  pUR  UONSNQWIOD
Janaq saunsus  ‘monestun jeag

-paouyd 3q 01 OS[® S[ISUNN [[EWS
sjuad uoddns  ued mpndusiy
e—A[2j88  $[95SA 2 1

281%] J1EPOWGIOIIE OF »:-m.m.uun pea

1129 g ‘$IA%9Y8  INNO
pus 130Ul JOo FTUSISUCD A|quiasse

-8y §1 puwis Apimis sy g “uotnsod ul Aqrepred
ucm&v P! adoid . Ui~ Kquistse Jouing.  peulisdp (iepodg
lowng  unme oy sdooy aveid

30 1no SutAow WO} UL JAwng NVYLNN 40

0 aq1 wniusawsd uSisep snbrum
jo :hiquesse Suliweq pwo

SIYNLVIY LNIIVS

AUy 1an3
s w3

1948 {0AUCS WM

sePcouned wsGDHDLUWL Ve

{1801)) 101931V {84 SUILOIEY
{8c®s.0v) o@rc o wewwm EE:._ /

auee 1puy |saey

Slenerciy weeirn HiSen

‘avwp@covaw Soumw o sume@ow (accbe ©
PeiP odcaw sodPir 8w twrcesod usGinwioie mot SFeE - .
wRern@ cefwofS raiowPio swiowiBad wuwRBbh neoe
canwyatyvas wew FBauio Whéw sof oo aumeyagr
GLoabiwe 0ue cweeLt sobHIHBeD e WsWTLB — *aecW LY M
o o weoes ~— (EcBo,0v) sty uvseluscw sucoit sewildlor
cweEw Seeew el .
Bru eFus@erv aiurcs Locooy we Wy mudcuscon® — wwwic
RoBres wlern® cofwsfD @ aomreen Wi onn |GcTo@eely ¢
Terv oew coeTdDME oM cwwesB casbarn | mwcth weofviene audE
wiscrvow ehHes by Teymi: i Cqungr
Buw akse wWoL@uubed  auw TBWoTWran cuserubw puserus I3
P0fV ‘egcuncow Wi oone ,qucRs osPiacuBere foBuw

‘avme ool @Beo (o
¢Pagu asmrr,e wwowd@ce wowwew S acrefduaor
wod® BB avsoLafE sy @ Bed LEoLEuusuR e wWeufy G ey
usgas ‘wmBr ERolrre wlier@® cofesf®  wiouwBTv rcrrue
‘awlree s
Vo shvwrvce chowiarls ploowne Bfluwae oo fover
WSO USILE YUY WTTLUP @TweFl F3M|@s| wEoLan Vot &,
-GowBBE b8 Ly ew wot® B oiweste EPED twe o
wiwussecftod swiar® (mrctery ‘esB Wl asiepelaoy Wo e
ous - asceSReBre wler® rofwefd saioweoiooLat ) e
wrufd asBecFrave eoi® cwiouwBow fuarce,acrv opoyshe to
Crutw usgrs Tabrectv wcoBalsPBscBoviooiy wh shuaTve
. ‘e e 3ol PITIWLES WWUSD ,WswTWTB Tas a:
wesle W owhu®d W ouwiBE: @ BSIo|@ WeLTLBCTD (UBILE WL GGWdr N
atoftve Mosas puoov-D golh acrorwes wlrcs saeBow
shueuthe W@ seetv FoB swere e s
AREFLSPE 06 ¢nCT oL UL Cw @eTe FRPIY sacuvtom gusgrs Slto e
wHerGs owlfusft udBcwopd el cbuwecty shuscwas

PPWIMO VW @LWd ot

pusis Apimsg
et @csfivi s

dea et
Jucte ¢fiLue
uv-Alg

®e o, wotw-Jee,0v

4 . r
BuNses JaUING 10100

nem sdin “pereinsuy
CuBOLew gusgrus cwsofu
ocsBosBscBow i y avt

sfomrene

uoddns ued iejnBusisy

JLaco@cre Ry o oPcuscen@

‘sposiq 1ejadod
W TG Jmasg %sT OGO OFF NVINAN WAIBX 3q3 UL POs $n0
e 1oqi0 wom jo Auepge %Ly M %SE A 03 paredmod $8%09
4840 jo (TOMIMIIN 130q ANNPI) Lueps [Twanp ¥ Sulld M
‘2881348 UB UO Nsodan %€ $BARE YHTM 3A0IS 1M HTINQIIN NYILNN
#30 3q3 pado[aa3p puw pouBisop $9Y PEQEPLITY .U AUID T
P NSRY 1,10 unpe] Pas Sof : v

JAOLS ¥31138 V—NVYINN

nens 1100
oL ameat

srens 1BUL}
L coewes

ausmumcuvay @erBre swracro @esnue pwd® %z oo
(b eeiie go@ ancasor iy wob Ysr ecaece tsoFen i
LT 0P PALBUNIL — avbTe vhew e H¥tNee Yog suer?
(o ncasuirurvce @ fFRmov) oreewen ce cory @-"%00 Jcle wer
Dreft Wi el welt *aves JEwCOUSELTLIU TEPUOUSTSLIN. TC
Afv BeswareuL-unmuen CpeLoLacy Wi e T e

Jucthe w0 0o —po-




Nutan
(2-8)

“10011e3 318
;5 ou 1IN0 QA 19A% A Laq
"zq1 o8 ‘s3014 3 JO 8dOY AN WL,

il il ei0n LErLe QUmDNN®
: cotrvan tHiuweoen @ftaw
LagtTighy selUvcuia e NS

31 i YIIM o1 Suisuniq ‘adid
Jo pud 45y10 241 3¢ no ud nd
‘wlbire cpwwiBomsrvfv

ime Fcsucerw showiffoon
i e TBees LOTS VPSLPAY

13mo([0} s® ‘uld JiEY B Buisn YOI o Jiim souidoy
S¥om PIsn Ino jind pus *£{(nJar8d A0 YU} SACUIAS "$IAU-AY MIAIOSUN

‘ugese 11f 51
1aysiFunxa ay3

213308 9yl 1398UI PUB [3A3[ 183MO]
11 01 J3A3] |04IUO3 YO I 130T

IMVIAAIN0 iNd OL

@WBru  FBwimy e suse

23 pesles (o voruuvericaw
casyu Jucths wirce ckedBaw
<oy W8 eecrveBuswiofEusce
L BT ‘eusvervd poolve Lo
=i0ofd woersifeepw veFco
R sowiey v wate  oftoutbe
AN 0P 83 wWsGHmLW (LY
,mc_.écbn%.wée rser8 @
NSAs

13q W3 A1 (I SIl - PAUIRIQO
50 oweP ANQ WHWIXBW B jluR
L3431 10102 YOIM Y jO sueam
Q3 s3am syt salpe A EnpRiO
52018 PAYTL| Yl UQ [I8SIA B B
1INV

JLVINO3IY OL

ol 2ra0v FEwe

I3 eswoe I® won® oo ke
coe comcansd usGHaiwIN® T
i LN B BRBLW LDITCEOrY -oWro
. 3crv we weLw wivekbe FEioowe
L @ U P G0 | W
racrwL

SNDIM IDVTIdIY Ol

*Supjood 34N
nod siojeq A@39dwor N0
uing 03 SIAGE(S JIuing NP ue.
Juted 8Afd9302d 93 10 I WM
‘3a038 Mmou ® yS|) nok uUSYA

AINVLYOdWI

M YA SR
oqs 1y pus it 1y3i 'Sudsosay
ur saputy (esads ag dig -doi
Y} 01 19A3] {03IUOD XM Y1 3s1BY

:dt LHOIT OL

e id

Leoce @l ewn| ol oy Lacotiit
rev eawgew HWiauudelfh gus
grae L fwd wouwsw sobs cercere
JBime fuctbs ool e posw
ofvce wemfI we

‘ow
(ow pWoe tucvelar [Elooe
smunsaLet gpotiiilee cusawred
pwlcve,o sterD eiBal B
audet rentwsd w@ow e

2, QUL P D P

-doy oy wosj odid Yotm ojuy ud 113U

‘ollise W
my R 10w anw @Bed Wi

dooy ysnosqy Aam
ssvd U 030801 I jO $pUS ing}

‘ollisw safnamamc WYy
cmers ERTTe pusBes selo o e

W0 oWy oWe

L@ @pete JELNC@Ortd WUrvemove B8 LEMLID ueerTe

SOUIT - @HHrTe +eesralts (aru  CwLoLelSLncmorl eto .

co aviiw (shweo opoiucs ‘luoeslElole  oviwles.ov .-
W @uwWBO werv peLoLe

“Sunnds
OKIT0ISY PIOAR O3 “Wawu UBIJS oy
pucieq Nuwa [a3n) 3ul {II} J9AGN
*sye(d 101E31pUT oYl UO YIUW use.S
oqt jo #8po doi oy o1 dn sasu
JOISIPUL [9AO] SUNSOIIY Y [N
‘jouumy ¥ jO SUBIL AQ FUIS0IN Uy
mod A[mors pus ‘ded I3{Y AU

SANVYL T4 OL

BoMuw sfeeeee
Meswruw® | acmed®

‘jenba Suise Jouang Je3no
Y3 PUB WISYY UIEMIIQ PIRdS IYF
deox 03 Lawssadeu s§ 3y ep¥
Auw 03 BuII3 I0U — I1IIUSIUOR
8q PINOYS $IAee|s J9INOG pUE
4suup ‘piom dn 3uujod saseis
asano ayy ue { ¥ ) mosm eyy
*Agsandes Suisea Jeudng J23n0 pus
SPASS|S JOUINg NG INngG A{yI0owWws
SOACWE 3] IBY) 988 O3 W3 Me)
. Jeas| eyl ejwiadQ “iajiies
WM Y3 jOo wWiys JI3he Byl O
{9A2] Y3 O3 SIOSsPIS dimys YWI|M
sx3tm 3yy 41y "uopiisod uj sie
$HIMm OF (¥ ITYI 4NIUI PuUE [IA}
WINWIXSW 53] 03 JSAd| |043U0D
WM B3 Osiey  SPARIS pue
Sujsed JIuang 43IN0 IYY dAOuS
84 ‘34038 mou ¥ Bupydy dojeg

SFYVYNIWINYL

asceterves 83
wowB (wcoled roeas W

forv - B cunoe o acasenBuwend
cwrchy weontiiiiiios ceryerves
e et vpa wIcasw v me
woftswreio — t

1w oh uogne

sarvom  C Bomoeooier  Woess
os et wwstdn  suvewim aceeileos
v pefu .Ocﬂlac?, shussve

e P rcaod woyww we
qoucoftie (sbmos e ooy
L ouwBoiw ecs

K3
fo ScBoss (1) hume mewouse
wae Wocsolfe W we 9@ LOCE
Ba sRusowée guegne FWhoschy
Bl gusyrs v Rieenrd
usive sweoltv  Jos wewwern Bae
Javnsearfmw | ST semcoed ¢
‘eI oo (Cue _Lscvew Gv W
RGO tas oy perioe
Ftow sembreuiv selyuscrin®
e chemBon, FBud _avuse
tapwerwine sJemw g Whve
o HeilBal Woywwacon LMD
veery cuojuw soawiacewsd us®
aw ee e wepw sRef
sfcusercan guagun Whgsotv Pt
ey aewr  clle aqeft e
Gsﬂeo‘ ‘rdana .

pusebog w
Mo wusee ncosred




e®%ey

‘BWi} pue Aauowi s ...
‘lonj SSABS suUDJjNuUe

[ . ®
S 00 8go0®
- i N
o N
=~ e® %8y
o >, PRRIP RN
® - ) :
: : PR
.. .. &
9000®
ropchh gy pmg gt
~acs iBiSee 11 Fuey ssamorex 1T
~ susoerd puotwe L@ 0T awpemSonxy swed Gl
cusaersd pacBewe (o °6 spury 6
JSamowdory Ts m wScuscen @ g woddng Usg JemSuell ‘¢
eeroles wowyro BtBon -y sonesips] o] 0UUOIE ‘L
OV uDS e 9 FXOIM JO WS 9
LeBscBovtmor wobw Boo.v g wogses Gim HON Sl S
L5t efSiov p dwp oma Y
,r.!‘!wua\?-.c Psra (muswodmoD Poxid
R sre) Lot mos wmal g @um)isacO 081 0§
PLTG-E e 3 oasls 30uf T
oL emoote -y easa]s 3900 T
i
pebycropmrvs .o .
= $1UvVd 3YVLS
“Eue J1 ASpO[S GAOMS] PUF QIOOW ¥ SO0 169 I8 JUR FU0IIN O3 UAD
H SPRAUT{DUT 3q AR 43S I2YNO 20 23UU] ()

£paYo0[q O KW 53433(5 23 JO $Ol0H  (Q)
< surmwi; sambal £sw eI (8)
Butmo|of Y2 £]
opts 2uO W] A0][e4 aresdde Jo miojun 01 n,,. u.m.uon_c wﬂdu
*[[eS1POLIXG IDULTRD YU PUB SO 4R[S ULID @
3018 oq1 jo Sururng Jedoid Jadureg
1118 TYOLM 1 PUT $34308 PIBBOID 34018 31 BO Pooj Burjlids PIoAY @
*A1xBys 403 B3 WLI1 PUE JSLIIED ¥O1M 34} JO WL I3INO
o JO {9AS] O O) SYOM O JO IBIY 3G 18n{pE B0} BOUD @
: STIMO[{0} S PUSWILOIGL o4 ‘Iwak 39338 182K IdUTT
wop12d peacsdmy sarl OF SOUNUOD 340 NV.IAN N0k By} ANSU O,

WL DNINYOM NI BAOLS
NYALNN ¥YNOA 4334 OL SINIH
—IONVYNILNIVH

s cr@oew WLessobis

1eawse solu erewcawefl ofo @OLeEI00 @LBLWED JBES S HSoc
-ocer| wLoosLerT Lo il coressLy casELTTLE Q(aw)
. ‘ocup| O EMIVSUS QURTCT L rse 8o {{ns)
iscup oy mentormen Busworbtolonm (e peow ()

. . mem
cosery mwkor dscs @Lousscaelrs caseseiwes (acodBd
ow wose e wBB@on we o caowss g echi st D efre JBermw

peocayef g BusocePd,e skrovanioe sBorecre fo fl @
@EsRtoMse woipwwe Wwivn cousructie 03w
tore ausww Bei Bl wossas wmwcrues Zavhlic suaer eiociis @
‘wltrcs cmedEsR sion
1Erue sRiar scspet seRroaw et o@ siirueesoro @
ow sehbrueuft SeiniuLcruio| seal sofelsw ‘@ oy poicwe @
o sergere B
pumes PEATOCT ULSPICD ASCE QLLLBIL BB Lwlth awemw avsd
swmon D EFtefEpe sLcaotnaw suvpru cuocs fuckbe goty soSuniw
pewrtly T o o wee | aprofd
@ oo Fe o focibs poe seSum|w

— oIS THFPWoNL

“puids Him
BOSOSEY] BEIMIOIRO {uoj3tsod PRl € U] SADE s sjpusy 3 veQg [
~sepuyjks seB © 03 950[> BACIS Sutuang © deoy 10AON @

sAyejus [RuotIed JO sBIIVUW
©t ge ‘segzoue 03 adejd DUO WOJIf BAOIS paayBii ® Aised 3 N0Q &
teg- uORISOA PESIBI UL BYILR Ul IPIM SIWTY B INO MOIG JOASN @
. “Bujuwang
o #A03T B2 UBYM HUTI |ON) PP OV SuBsOLeR anod 20A5N O
yBey up Waojun
sae put sedid sapssdses e o uopisod W BiR ENIIM WA}
oy1 ji® 3UYD Bans SUpPUW 3P INOUIA BA03S BH it 308 G O
‘puess
s vy uonwod feuiBiso £ WO RUTY fON) SYI sacwes jou 8Q @

s1L.NOO

~asmyd 201j-YBNCIp ‘PAIANIAT € Ul A ¥ BN @

*o311 Xo1m qy srosduit 03 sdpey syl B
#O][9h 91 MO[3q PUE IR PAL 243 9A0QE SABMIT $1 [3A3] IUISOIY
oy aIns B IA0E A BupyB]] 210j3q 1940 9TIROI{ YD

~aa0%s oq3 1981 o3 uuv?E.w se[pury [B1oads o) osn SAEMlY @

-aarey Mo[12£ B 10U
pue *anjq € 2a18 PINOYS SIYL "3016 343 U0 poceld (ossoa 2 Uim 3yBIY
1501100 2y} 01 §301M Q) Isn{pE SABMIE ‘Awouos [an} WNRWIXEW 105 @

-gijnest 355 30} SYotm NVLION 980 SABMIY @

-jpnesl A3 331124 Y3 ‘{ossaA 3y 29818
2L “uOnEsiNn 389y 231399 30§ (*Tip) “Swd g1 UPY) JoBie| [IsS2A BN @

+r30m19q-01 Burdeds wuojun Pim paseid
Kjanoas pue A]3321I0d 3IE Buses JAUING 39INO pus $2A22(S 3 1B
pus ‘uonitsod sodoad ul s1e 3A0IE W 30 musuodwios oY) |18 3By} INYD &

sOQ

: IA0LS NYLAN ¥NOA KWOUd
, BINVIYO4uId WNKWILIO 43D oL

q/ymay 578 - inding B9 [NjIsn
%09 A2ud1013)7 |wWwadYL ¢
“paw® Of1 - 242y UONAWNSUOD SUIOIIY
$a11 0T - Ansede)) yury [eng
ws §97 - smawelg ¢
WO ST - T TETS
“B%09'C - aa0s Adurs go 3g8aa i
o1 - SYoIm JO S3QUON (T

SNOILYIIO3:

Loorep® ‘L @gTe WwLOER L we cwocrvged vpuyste
mevoewscwofd (¢
%09 : woregperven (£

o ETEL OB L usD ¢ SPULWUCEsrvd

sl o G
Qoo ¢°g ¢ *Fuefro ogueLmes wmods (s

Lo e g 9T ¢ saweSro  (F
LTrave ¢ 8T ¢ o3 (T
ecOicran e 095 ¢ *ooB oweLruchbo weeyss {c
o1: W setvelw (T
7212011 S
“RE HBHEoT
geclBrro wemmes 1 Bobrce fucevos plavnutes wos e fuclic e
&G
JEew oous LW e oo efrwiow Jfoctibe wee s ustes s e @
{ FLuscwiwor oo e s s acowo o) Boecrsheces
SBawspuny @COUST canwBBEoe W Jorie weeiopuscorewc e 9
LWEessboee
(el oerae sfoesow Prrwsew GLate PLoBW weoet yees e
CBwee
160 USHBor Wreswes P B LR DS @0 P et 6
i P
s b o o fol savuseco BRED vl wad selnar
cacusel WBweonwena wlvlaw sofuos Beoe B Woeotw e
CJEweOCT
LaneBBwionw weimcusd cefote e @ mwctl @cs wTUE @
g cowle
wow e
v BB oo weoucE sovenufRiment shuameofy foctic o
L LABLEPEETVAL wese o e
cobiviw B3 caswounfiol avusses obsoco L eeBi@scn
oz oo .ol eelcnsos wiofe ‘edcBacPE cwcwmr sor ittt
_ el ufE meenpiery ewemirt senHitfer Jfwbmiouwsiese fulie o
woeyncasrvl eRcBocRiEy cwse
end woolBces L€ CTesfY LIWB@PEL WO ane Ki%3. T
causwrasT MITBLE T8I ErOWBLW ey B wacsr D0
‘wop e, 0@ oilrueron e oo puond TWewow p@oE JEn
oy e wirot e sdicr we »Rc@ofIh  wiwoaiiow e wawd (Prcsere &
TP e
il poise pew &ftel wiwuwwaner @Oy FRor sfuocth e
eow o EFRefE o et P sfueon
Fewnews® R leje@cr ewncasnd Oy Farawela
soynes @oblolwe ¢y erwwercosebrd @Loee Ees Bl s
e UFE | mresiery savruoav e oy fE s
oheyDs oBE@ LY setLobETESE srorv@wiy shousorués ¢uegrus
wme v oBeh M cawusocEw woTWENI® sSumesmy el vpectis B
crossforc
»Erﬁﬁc!rﬁean.

oo Rew sfoooBy fuchbe e sedus;



Nutan
(2-8)

BATCH Wo.
MONTH ‘] V8D

SERIAL No. 762

EOMETLOW P 0l ®EMENY

mianges oo nlse” arx\‘nnifn:v:

Hi MmIOY IO mmmmwguaacm

amd gasmiswan® aoAnm) Asmlewed

wluﬂmamo B

1. gjemye ®IoaIgomd paisds
(™0l & i 1ee MAV ")

2. aslad  (minledd  @iolmveiegl
#sgmmmim’)

3. @usrmIgmieielpp o miay”

(memges aqyI0N® @21010 al”
amth @IsmInigpMmeioe”) s ] ?

4. 10 ®1016p0s AB @jEMie NN

SFOMMD DalmBIMe,

J

Accessories:

Please check that your NUTAN
Wick Stove comes with the J
following accessories :

1. Special Kindler (to light wicks)

2. Pin (to insert wicks in
wick pipes)

3. Triangular Pan Support J
(to support smail vessels on
your stove)

4. Extra set of 10 wicks.

5. Flame Extinguisher.
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@ To fill Kerosens, open Cap No. 4 & To get
proper (blue) flame, keep wicks in even height
@ To light the wicks remove burner No. 1 ® To
increase or decrease heat. turm knob No. 2 e To
replace wicks, separate part ‘A’ from the tank by
turning No. 3. Tie one end of wick with thread
and pull it up with the help of a needle.
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Warning
Don’t Fill The Oil More Than
) 3.4 of The Tank.
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NOTICE %

. 4
v

he “J;ARK” \Brdnu Kerosene Stow,‘ Art NO T741 was hendled by Tmnts“ Branch in

the past, and from Jannary 1981 on, this- product ,becom"s the Er,por{ Comm,odrtv of Heba

Branch. The “LARK” Brand is' to ke changed into . FLOWERET with Xrt No. HS811.

As you know, the “FLOWERET” - KeroseAc Stove HS811 (former ’LAR;ﬁ Brand Art,

No. T741) is of high quality, in nice thape, with -durable us;gc and long history and is also

casily handled. It has received a good maFket in the world, comments as well as orders arc
welcome, R . ~

China "National Light Industrial Products
o - Import & Export Corporation
HEBE!I BRANCH
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Instructions

o Fill tank with kerosene oil or gasoline by three-quarter of it's capacity. Then,
close the regulatin: valve and quick-fighter valve by turning clockwise.
oPump it continously until the container is filled with full of the air.

(20-30 times)
ck-lighter and ignite and pump it continously for the
flame is irregular, please remove

eOpen the valve of qui
blue-flame (when the the edge of the lighter

forwards)

Parts
—eJnducement tube
¢ [evel gauge
Filler hole
s Funnel
e Regulating valve
Wind cover®
Tank®

Silencer® -~
Inducement cap L o de : : : i : z‘:ﬁ’fﬂgmr valve
Alcohol Dish e s Air valve
(Safety valve)

Lighter® E— o Flame tube nozzle
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APPENDIX 3. ERROR ESTIMATES IN POWER AND EFFICIENCY CALCULATIONS

The instruments used in the work have specific lowest values that
they can measure. These are known as least counts. This introduces

an error into the results calculated from measurements. In this
appendix we shall indicate the method used in estimating the upper
bound for errors in the results presented in the work. The quantities
calculated in this work are power output, energy absorbed by the
water in the pan and the efficiency. These are given by:

P = mB/t (A3.1)
E, = (Tig = T3)Cpms * meH (A3.2)
E
_ W
N EE- 100 (A3.3)

The various symbols used in (A3.1) to (A3.3) are defined below. ~

Ps : Power of the stove, kW

B~ : Calorific value of the fuel, kd/kg

t : Time of burning, s

m¢ : Mass of fuel consumed during t, kg

Ey : Energy absorbed by the water in the pan, kd
T100: Boiling temperature, taken as 100° C

T; @ Initial temperature, °C
Cp Specific heat of water, 4,186 kd/kg K
m; : Initial amount of water, kg

Mgt Evaporated amount of water, kg
H . Latent heat of evaporation, 2257 kd/kg
n : Efficiency, %

The error introduced into the calculation of a given quantity Y,
which is derived from three measurements X1, xp and x3, is estimated
as follows.

Y = Y(xl, Xo s x3)
_ oY 3Y oY
dy = l-é—x—l'l dxl + I-E-)Y_Z" dX2 + ls-)-(‘;"l dX3

Using finite difference notation these are written as

oY oY oY
vl 9D Ay e L2l e, + Ll o
9%q 1 vk, "Te oKy 3

>

It is conventional to present the errors in relative terms. Thus

Y _ oY aY oY : v .
v ° {ISEIi 5X1 + lg;g\ 5X2 + |§§§l §X3}/Y (A3.4)
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The absolute signs for the partial derivatives are introduced so
that the worst combination of positive and negative errors are
celected for estimating errors. Thus the expression (A3.4) provides
an upper bound for the errors in the guantity Y. §x1, 6xp and &x3
are taken positive. Using (A3.4) we obtain the following exp :SSi0ns
for the quantities specified by the expressions (A3.1) to (A3.3).

SP Sm .
S f 6B , ot : A
e = e} =t (A3.5)
PS mf B t
§Ew ) EDmisTi CpAT16m1 H<Sme 3
— =T + * (A3.6)
W i m e

SE sm
@JT&%%+% (A3.7)
n W f

The calorific values of the fuels used in the investigation are
guaranteed to be within + 1%. The measurement accuracies of the
instruments are listed below.

Time: 2 s

Fuel weight: 2 x 107° kg

Initial temperature: 1° C

Initial amount of water: 2 X 10-* kg
Evaporated amount of water: 4 x 10-3 kg

This information is used below to obtain the error estimates for a
few typical results.

Stove: Annby (13-15)

Ps = 3,59 kW
me = 0,143 kg
t=1732 s
oP
Tri = 39

S
Stove: Prabhakar (10-13)
P = 0,26 ki
mf = 0,041 kg
t'= 8191 s
8P
17§'= 6%
S

Thus we can state that the maximum errors in the power output
results obtained in this investigation are about 6%. These occur
in the minimum power (Ppin) calculations. Pmax errors will be

smaller than 6%.
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Efficiency errors have been estimated for two cases - one for an
experiment terminatedat the boiling point and the other for an
experiment continued into the boiling regime.

Stove: Swan 20 (8-36)

Ps = 1,66 kW
m; = 6,400 kg (4 pans were brought to boil successively)
Case 1
me = 0,047 kg
me = 0,126 kg
t = 3309 s
T; = 20° C
n L ey
n
Stove: Swan 20 (8-36)
P = 1,70 kW
m; = 4,106 kg (2 pans of 2,053 kg each were used)
Case 2
me = 1,169 kg
ms = 0,213 kg
t = 5490 s
T = 20° C
Each pan was held at boiling point for 30 minutes.
Sn o o3y
n

The efficiency estimates in this report have a maximum relative error
of 6%, excepting perhaps Divyajyoti (4-12). The errors are usually
smaller in experiments where the test is prolonged for } an hour or
more into the boiling regime.

In addition to instrumental errors discussed above, every experimental
work suffers from errors of judgement. One such error in the present
case arises while estimating the time at which water attains boiling
temperature. In our normal work we use automatic temperature and fuel
weight loss recordings to estimate these accurately. In view of the
large number of stoves tested in this programme in a short time, this
was rejected as impracticable. Instead the start of continuous escape
of steam at the 1id corners was taken to be the attainment of boiling
temperature. Roughly this is analogous to the behaviour with a
whistling kettle. While this is not an exact procedure, we believe
that it is sufficiently simple and is capable of producing reproducible
results. A thermometer could have been used and one could have kept
watch over it. This proved cumbersome for the type of experiments

done here. We were running simultaneous tests on 3 or 4 stoves at a
time and in addition several pans of water were brought to boil on
each stove.

The other type of judgement error in these results were in the power
tests where simultaneous recording of weight and time are required.
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Such errors were held to a minimum since in most of the experiments
reported here two people were present during measurements.

It is our belief that the results reported here do not suffer from
any significant judgement errors since adequate number of repeat
measurements were carried out.



APPENDIX 4. PRINCIPAL PROPERTIES OF THE FUELS USED IN THE TEST PROGRAMME

There are many properties that a substance has to possess for it to
qualify as a domestic fuel. Standards for the properties have been
evolved over the years in many countries for domestic fuels. These
standards have been incorporated into commercial practice and it is
fair to state that the fuels supplied by different companies in an
overall sense meet these specifications to an acceptable degree. We
shall not present these specifications here, but refer the reader to
standard handbooks that provide such information. We shall satisfy
ourselves here with presenting only calorific values and specific
gravities since these are directly used in the testprogramme and
calculations associated with it. Table A4.1 presents this information.

Table A.4.1 Properties of fuels used in the test programme

Fuel Calorific va]ue1 specific gravity2
kd/kg kg/1 A

Kerosene 43530 0,790 at 19; C
Petrol (normal) 42950 0,802 at 1567 C
Alcohol 20050 0,790

(ethanol, 85%) o
Camping gas 45700 0,58 at 15° C

(butane) 0
Propane 46200 0,51 at 15 C

Notes: 1. A1l calorific values are the Tower values, ie.
corrected for moisture condensation.
2. Specific gravity is temperature dependent.

Sources: Eindhovense Olie Centrale (Eindhoven 0i1 Centre),
Shell Information Centre, Rotterdam
Gist Brocades, Den Haag.
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APPENDIX 5. ESTIMATION OF FUEL CONSUMPTION FOR COOKING

In this appendix we present a simple theory to convert the power and
efficiency test results obtained from water boiling experiments into
fuel consumption estimates for specified cooking tasks. The theory,
in particular, will assist in understanding our claim that the Ppip
plays a vital role in determining the fuel consumption for many
cooking processes.

A5.1. Theory.

The energy required to cook n food ingredients in a medium m can be
conveniently split up into four component parts.

( i) Energy required to raise the medium to the cooking tempera-
ture from the ambient.

Ee,m = MaCo,m (Tmye = Ti)s kd (A5.1)

where M, = mass of the medium, kg. o
Cp,m = specific heat of the @edium, kd/kg.” C
m,c = cooking temperature, C o
i = initial (ambient) temperature, C

( ii) Energy required to raise the food ingredients to their cooking
temperature from the ambient.

Ec,F = - T;)s kd (A5.2)

"e,5 Co,i (Troc

CGu, M 3

=1

The symbols are the same as in (A5.1). Different subscripts
are used to denote different quantities. We would Tlike to
draw the attention to Tp,c the cooking temperature; it can
be different from Tp,c (see Verhaart 1982 for a discussion

in connection with the preparation of French fried potatoes).

(ii1) Energy required in the production of watervapour
Ec,e = MeH kd (A5.3)

Me has to be determined by weighing the food and medium before
and after cooking.

The water vapour could be formed either from the medium (when
it is water or milk or such other dairy product) or from food
ingredients (in particular vegetables, meat and fish have large
quantities of water in them). Thus most of the cooking processes

will involve the production of water vapour whatever the cooking
medium be.



- 115 -

( iv) Energy absorbed by the chemical process that accompanies

cooking.
n

Ec,e = = MF,i KF,i kd (A5.4)
i=1

where K 4 is the chemical energy necessary for the con-
version 6f raw into cooked food.

Thus the total energy required for the completion of a cooking
task is given by

Ec = Ec,m + Ec,F + Ec,e + Ec,c (A5.5)
The fuel necessary to accomplish this task is given by
E
Mf = — (A5.6)
n B

This expression shows that Mf is reduced by increasing n, but
also by reducing Ec. Both these can be to a great extent influenced
by the stove design.

In the expression (A5.5), Ec,c and Ec,F are independent of the
stove design being determined by the quantity and chemical/physical
properties of the food to be cooked. However Ec,m and Ec,F are
strongly influenced by the stove design as the discussion below
will demonstrate.

We will restrict the discussion to situations where water is the
cooking medium.

In fact water is the principal cooking medium for a large number

of dishes prepared in the world. The maximum temperature that one
could expect in the cooking process with water as the cooking
medium is 1000 C at atmospheric pressure. The cooking recipes
practiced around the world call for holding the food mixture at

or around this temperature for a certain period. The period itself
is determined by the temperature (higher temperatures are possible
with pressure cooking and thus Tower periods) and the type of food
cooked. The periods, as far as we understand now, are the lowest
for flours and highest for dried beans. The energy supplied during
this period fulfills two purposes: the chemical energy needed for
cooking and to make up for the heat losses from the pan to see that
the food mixture is maintained at boiling temperature. The former
requires chemical data and is known to be small, compared to the
other energies involved in the process. The latter is dependent
on]io many factors and we will provide an estimate for this in what
follows.



Fig. A5.1 shows heat flows into and from the pan located on the
top of a stove. The bottom of the pan receives heat while the 1id
(or top surface of the food mixture when there is no 1id) loses
heat. The pan side is a more difficult question. The pan side

for the stove designs considered here is covered by the rising hot

o o \

ik

>

B

L SRS M ustusanted

]
[}
L
i
D)

Fig. A5.1 heat balance on the pan

gas column from the combustion zone. This gas cools down as it
rises due to two reasons: heat transfer to the pan and entrainment
of cold air from the surroundings. It is quite possible that at
some point Yp along the pan (see figure A5.1) the temperature will
fall below tRat of the pan. Thus the pan side below Yp will receive
heat, but above Yp will lose heat. Exact location of Bp is too
cumbersome to estimate and we will be satisfied with some ball

park estimates.

De Lepeleire (1983) estimated that the heat loss from an aluminium
1id will be 700 W/m2. Noting from figure A5.1 that the temperature
difference driving the heat transfer will be Tower for the pan side,
and further that not all the area of the pan side may be Tosing heat,
the pan side heat loss may not be higher than 350 W/mZ. On these
assumptions table A5.1 has been constructed for the heat Tosses from
the different pans used in this investigation.
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Table A5.1 Heat loss estimates from pans

S1. Pan size (cm) heat loss
No. diameter height (watts)

1 14 7,5 22

2 16 8,5 29

3 18 10,1 38

4 20 11,0 46

5 24 12,6 65

It is instructive to compare the figures in this table with Ppyin
values in table 3.1. The lowest value recorded for Ppin in that
table is for the pool burner, Optimus 77A, and it has a Pypin of
160 Watts. At about 50% efficiency, this stove pumps 80 Watts
into the pan. This stove uses a 16 c¢m pan whose heat loss is

29 Watts according to table A5.1.

The 16 cm pan is just sufficient to cook about 0,4 kg rice. The
chemical energy required to cook rice is about 170 kJ/kg (Geller
& Dutt, 1983). Assuming the cooking takes } an hour, this corres-
ponds to about 37 Watts. Thus the total power required to cook
this rice in this pan is 66 Watts while 80 Watts are pumped into
the pan. This situation can be considered acceptable.

On the contrary if we consider Primus 505 it has a Ppjn of 840
Watts and uses a 20 cm pan. Again with an efficiency of 50% it
pumps 420 Watts into the pan. Heat Tosses are 46 Watts from Table
A5.1. It can cook about 0,8 kg of rice (as determined by the pan)
which means about 74 Watts for the chemical conversion. Thus 120
Watts are necessary for cooking, but 420 Watts are supplied to the
pan. The extra 300 Watts are used up for simply evaporating the
water.

The above situation has a second consequence. In order to obtain the
same quantity of cooked food, one needs to start with a larger
quantity of water to make up for the loss of water by evaporation.
This additional water needs to be heated to boiling temperature.

If one were to compute the energies consumed by the two stoves (see
below), it turns out that Optimus 77A uses 804 kd/kg of cooked rice
while the Primus uses 1490 kd/kg. This forms the basis of our empha-
sis on Ppax/Pmin ratios.

This also shows why the chemical energy for converting raw rice to
cooked rice can be neglected. 1 ka of cooked rice has only 0,4 kg
of raw rice. Thus the chemical energy used for producing 1 kg of
cooked rice is 68 kJ. It is 8,5 and 4,6 % respectively for the two
stoves concerned. Such low powers as 160 Watts is quite hard to
realize in an average stove with a Ppax of 1.5 kil or so. Thus we
neglect this in our further work.
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Note that Ppax does not enter into the fuel consumption calculations.
It only determines the heating period, ty p, given by

Er,h

max "max

Thus the total fuel consumption for cooking rice is
My = Mp,h + Mp,s kg

For Tentils and vegetables mixture, a similar procedure leads to
the following formulas

Pmin.3600
M],S =5 kg
Pmin. .mi
Yi,s = min.3600.nmin kg
H
Ev,h = [(1,7 x1 +y1,5) Cpw * x1Cp 1 + x,Cp y]
. (T100 - T4) kJ
E1,h
M1,h = kg
nmax B
E1,h
Y,n =
Pmax "max

My =My, + My

The specific fuel consumption is calculated on the basis of the
so-called water equivalents of all the foods cooked.

Total quantity of cooked food is

C Coh.1 C
= Xp GLLI X1 P>l Xy p.Y
o C c

+ 1,7 X1 + 1,13 Xp
p’w p,W

Total quantity of fuel used is
M¢g =M. + My
Thus the specific fuel consumption is

Me
SFC = —6——- kg of fuel/kg water equivalent of the food cooked.
.F
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This value provides a convenient comparison for different food
types and stoves.

In order to use these formulae we need to know the C values for
different foods. These are reproduced from Geller & Butt (1983)
in Table A5.2.

Table A5.2 Specific heat of selected foods (a)

Food Moisture content | Specific heat (b)
(wet basis) (kd/kg0 C)

Rice 10,5 - 13,5 1,76 - 1,84
Flour 12 - 13,5 1,80 - 1,88
Bread 44 - 45 2,72 - 2,85
Lentils 12 1,84
Meat 39 -9 2,01 - 3,89
Vegetable o0il 1,46 - 1,88
MiTk 87,5 3,85
Carrots 86 - 90 3,81 - 3,93
Onions 80 - 90 3,60 - 3,89
Potatoes 75 3,51
Apples 75 -85 3,72 - 4,02

This is the basis on which the results of table 6.8 have been com-
puted. Three meals have been used in the table according to the
pan sizes. These are indicated in table A5.3.

Table A5.3 Meal quantities for fuel consumption calculations

in TabTe 6.8
s1. | pan meal rice | Tentils | vegetables | cooked
no. | size | design | kg kg kg food
cm. ation kg
1 24 I 1,5 0,75 0,75 4,6
2 18 Il 0,75 | 0.4 0,4 2,4
3 20 I11 1.0 0,5 0,5 3,1

The cooked food quantities are all water equivalents as defined
earlier.

A5.3 Siwatibau cooking test results and present method of
computation

. We shall present a comparison between the result obtained from
the present method of calculation and the cooking test results of
Siwatibau (1981). She carried out cooking tests on several meals
with several stoves. We shall pick one meal (Indian 1) and one
stove (Hong Kong 10 wick). The ingredients for the meal were:



Rice
Potatoes
Onions
Garlic
Curry powder
Cooking 011
Fish
Water (for
rice)
Water (for
tea)
Water (for
curry)

(rice, fish

(o]
O

970 m1l
1950 ml

140 m1
curry, tea)
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The fuel consumed for this meal on the Hong Kong 10 wick stove
was 164 ml or 1464,7 kcal (6122 kJ). This wick stove was stated
to have a maximum efficiency of 29% as determined by the water

boiling test.

The energy for cooking rice:
the water quantity used for cooking the rice is known. But Siwatibau
does not provide the final quantity of cooked food. If we assume

the ratios similar to ours prevail in Fiji as well,

Yr,s

Energy taken up by the steam

Energy

supplied by the stove

0,97 -1,13x 0,381
0554

wou n

o u

Energy to heat the rice water

mixture

Yr,s X H
0,54 x 2257
1217 kJ

1217 /n
1217/0,29
4198 kJ

(0,381 x 1,8 + 0,97 x 4,18)75
304,1 kd

Energy supplied by the stove for heating
the rice-water mixture

304,1/n = 1048 kJ

Energy to heat the fish-potato-water

mixture

Energy supplied by the stove

potato-water mixture

(0,305x3,5 +.0,110x3,5 + 0,14x4,18)75
153 kdJ

for heating the fish-

153/0,29 = 527 kJ
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Assuming that a third of the water got evaporated during
the making of curry,
0,140

i

Energy for steam formation x 2257
3

105 kJ

1

Energy supplied by stove for
steam formation

10

105/0,29 = 363 kJ

1,95 x 4,18 x 75
611 kd

Energy to heat the tea water

Energy supplied by stove to
heat the tea water = 611/0,29 = 2108 kJ

We ignore the other ingredients involved in the cooking process
as insignificant from the energy point of view.

Total energy supplied by the stove to accomplish the cooking
task = 8244 kJ

This is 2122 kJ or 35% more than the experimental value. We believe
that this dis a reasonable-agreement since:

( i) the final weights of the cooked food were not given by
Siwatibau, and

(i1) we had to make a guess on the specific heat of fish (made
on the basis that the major consistuent of fish is water).

We will finally estimate the SFC for the Hong Kong wick stove.

It turns out to be about 43 g/kgof cooked food. Compared with the
entries in Table 6.8, it behaves something like the Lark. A ,
word of caution here would not be out of place. In the Siwatibau test
about 1/4 of the total heat supplied by the stove was taken up

by the heating of tea water. This does not bring the concept

of Ppin in the picture. If this had been included in the meals

for which Table 6.8 has been computed, then the SFC figures would
have been much lower. Let us consider the Lark stove to illustrate
this point. If 2 kg. of water had been boiled to make tea, the
additional fuel used would be-37,5g. The total fuel used for the

meal 11 + tea would be 75 g. The SFC would then be 17 g of fuel per
kg of cooked food. In other words neither a single value of
efficiency nor SFC is adequate to describe the fuel consumption
characteristics of a stove. Hence our statement that three quantities
are required: Pmaxs Pmin and n. Efficiency is taken to be invariant
with P.
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