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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



- 11 -

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.
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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 (%)
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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




