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1. INTRODUCTION

The diaoov.cry of fire has beoen sn important
facter in hunan eivilisation, developaent and achiewenents.
Alded by the application of fire, scientific advanocement
has sade tremendous strides. | Pire has slways bsen
associated vith the yreparation of feod, religion and
rituals. In the Upenishads { )' fire has been sddressed
as & inower and rewarder ef all deeds, as revealed by the
tmounét

%0 Fire ¥ knowing as thou do, all ocur deeds
lead us by the good path for the enjoyment .
ef the fruits of our deeds"..

From the priaitive san's use of stones for
making fire and roasting meat various cooking devices hawe
been invented, to utilise differeant types _of fuels such
as1 fireweod, saw-dust, oharooal, eoal, ooke, kofmn.c.
ges snd electrioity. As Lokanathan (1959)% points out,
firewood is still thes largest single mi'oo of domestic
heat in the Indian kitchens, Both urban and rural. ‘

The kitohen is the heart of the work plass of
the homq saker, where she carriss on the day long astivities.
In spite of all changes of medern 1life in India, the



primary function of woman is still to leck after the
home, as Gandhi t‘le), envisaged.

Devadas (1962)% explains that lecking after
the home does not msan the home makers being confined
to ths domestic chores inside the heme such as cooking
and cleaning, but fulfillin: cany duties as home maker,
acther, farmer, wage earner, and community worker.
Acoording to Uppal (1960)’ wozan is msats partaer sharing
his u',dms 1ife, working perhaps longer and harder
hburs than hia., The home msker easn bes halped to give
more time for several oonstructive activities in whioh
she is being called %o participate as a ¢itisen, 1f ways
are found to recuce the time spent by her on household
work, ohiefly oooking.

This brings ocut the need for dettsr management
of the rescurces in a family. Hanagement as defined by
Knovles (1946)® ana mallory (1956)7 is getting the most
from faaily l1ife by vise and judiclous:use of the finsaeial,
human and materm resources o achieve the goals: sst.
Judicious use means deriving aaximns advantage with minimma
expenditure. Iz relation to neal management, ‘nt use of
resources depends upon the skilly, iantelligence and the
notion-aindedneass of the hoae aaker, as well as ths type
of equipient she uses for cooking. Of all the pisces of
squipment in the kitchen, the *chula’ or *stove’ iz most .
important.



The traditional type of ‘chula’ used for
oooking in the Indian homes has nwny disadvantages such
as waste of hoat and fuel, auoke and irritation teo the
eyes. As aju (%9'53)e sugzests the solution to those
problens Lies ia the ewolution of a cooking stove
vhich is siaple, inexpensive and capable of utilising
heat efficiently. Various efforts are being made in
this direction im our oountry throuzh several sagencies.
BRany typss of smokeless *chulas’® have deen dovelopes in
recent yoarse The Gram ssvikas and Hukhya sevikas who
are woriing as wvoman extension workers ia Community
Jevelopaent 3locks have boven trained ia the use of the
saoseleoss *chula® as one of their targets in home
iaprovesent. cversinoe the Comminity Development
Progruame vas started im 1952, these workers have been
endeavouring to introduce the smokeless *chulas® ia rursal
hoxes. However their atienpts, as pointed out by
Coldwell gt al (1359)7, nave been isolated, witheut sn
integrate.. purpose of genoral improvesent ..ef the household
premises. :

Randas {19‘58)'Fa points out that moat of the
mokeles: *chulas' need furthor improvement in the dli'action
of reducstion of fuel consumption, naximum heat utilisation
and proper outlet for smoke. As an extension worker,
the investigator had many oppertunitises te wvisi$ rural
arease. Her observations in the village homss had sttmlate.d



her to study the factors fawouradble for the construction
and use of smokeless *chula' ani to develop & smokeless
‘cmla’ the operation of wvhich will be saay and simple
fer an average homs maker in any part of Indies.

Therefore this study wvas undertaken to evaluate
the consiructional features of the existing smokeless
‘chulas®* and to develop the "Isproved Chula®™ based enn an
understanding of the shortommings of the existing ohalas
and the present 4ay needs of the home makers. 18 is
hoped that this study will help te eliminats the nuisanece
of smoke in the Indisn kitchens and enhanoe the managerial
ability of home makers.



I1l. REVIEW QF LITERATURE

Bee (1962)'" sbserves that the *onula’ or stove
is the part and parcel ef the home and the aain devioce
oooupying important role in the kitchen activities. 1%
has been used since the beginaing of eivilisation,
undergoing as such evolution as sankind itself
{valley 1960)‘2.

The working of & *chula' includes the souroes
of energy nanely fuels, their comdustion and utilisation,
in stoves, use in food preparation and prineiples eof
asnagenant. The prometion of the Improved *gimla* is
dependent on the agencies and extension serviees aveilable.
These aspoata are reviewed in the followving pages.

Ae _30urees of Roergy Used for Spekilgs

According to Trivedi snd Shalt (1961) ' the
sources of the heat are sun, interior eof earth orust,
mechanical, chemieal, elestrical and snergy released
during change of state. Znorgy is odbtained from fuels
vhich say be classified ag domestic and ocommercial,
prinsry and secondary eor sclid, ligquid and gas.

Aecording to Lokanathan (1959)2 cowtang, firewcod, charcoal
and kerosene are the domestic fuels and, seftoske, gas



and electticity are the commsrcial fuels used ia India.
The conmunption of eattle dung is higher in ruralf:r« and
% million tons of coal eguivalent ef dung are burnt
overy year inm the Indian villoges, corresponding to 300
million tons of wet ocowdung which could be converted
profitably into manure. Henoe eowdung should not de
used as fuel socording to Rmo (1962)'1,

As pointed cut by Sharma (1353) '¥ 16 crores
cubic feet of firewnod is produeed ia our countiry annually,
and hardwood trees such as *babul’ (jcacia arabiga)s
*Samarind® ({smariodus indiem)s *irul® (Xylis rpa),
*sal® (3hores robusts) end ‘neea’ (Agadirachta indica)
vhigh givo lasting snd unifors heat, sare preferred feor
household purposss. Stam (1961)% cauticns that in arta
regions, the ocoumon use of dessrt shrubs for household
cooking, deprives the land of fodder on vhich animals
aight be maintained. As & supplement stalks of ocotton,
reigran, sorghum and sugareane be gasse are wvidely used.
A report aof ‘ationsl Council of Appnc'a Soonomic Research
(1960) '® views that 1n order %o supply flreweod, planting
of trees, rchabilitation of village tamarind ani mango
groves vhich vere depleted ssriously during the last wer
are undertaken. Capribam (1960)'7 remorks that firewood
used is rural hones give dense smoke and hsuge recoumsnds

the rovisien of smckoleas *chmula’ for hsalthy and cemfortable

living. Charcoal is obtained vhen wood is destructiwely

|
v - "




distilled or by inoomplete burning of wood. It is black
and burns readily leaving liitle agh and emitting no smoke,
according %9 cartington t‘l957)‘8.

Kerosene is & mineral oil prepared for illuminating
purposes. 1§ iz distilled frem petroleum or any orude
aineral oil with flash point high ancuzh (150°F) to mske
its use safo for domesiic omployment { )‘9. Kerosene
18 videly jreferred im urban areus being quick and cleamn
te operate. iThe proportion of korosense to other fuels
used for cooking waries from place t® place but in rural
areas &t 1s used only for lighting, Lekanathan (1939)2,

In order e stop the usage of cowdung as fusl, substitutes
%4 need to de promoted. Ons such attempt has come frem
tho fegional (essarch Laboratories { )2° et Hyderabad in
their ssokoless fuel ‘kolsit'! whioh is efficient in being
smokeless, scot free and economical vith the bdurning period
long, burning easily controllable and yielding hijher
proportion ef radiant heat. |

Kemalaveni {1962)21 stl;oue; the saparioruy
of sattle dung gas in saving time, money aind energy as
comparod to firewood. Rae (1962) Y points cut that cattie
dung gas plant bas limitation as 1t ean be used only when
eattle dung is available ia plenty.

Avery (1955)22 states that electricity is the
cleanest and the most convenient souroe of heat, whicgh




farnishes quickly and convenientiy. Krishnamachari
(1960) 2 tndicates that 1t is mot yet available in remote
villages and is still very expensive as fuel.

Avery {%955)22 points out that the use of
infra=red rediatien in cooking was introduoed recently,
and apprepriate equipment has been designed according te
Beveridge gt al (1956)24. iHowewr 1t will take time %o
be used by a common household.

8;lar energy is the radiant energzy frem the
sun. Telkes {t958)25 points out that solar enerzy oen
be oconsentrate’ by using reflectors or mirrors, and the
heat is utilised in solar oven vhere food can bs oooked.
Varslaksimt (1963)2 states that solar snergy mobilised
in an owven is effective to maintain constant temperature
and does not require much attention during cooking.

Saurr (1963)27 opiass thut the time has come
for the nuclear power t0 satisfy the world desand for
energy, and the mwlear fuels contain-en emormeus  °
sonoentration of energy per umit of weizht .hut at present
notvtMnthoM9fmmm



Be_Cooking Stoves.

‘i cooking stove is & closed chamber in whioch
heat is produced by woed, coal, coke, kerossne or gas.
The history of the cooking stoves specially those using
fire wood, in the variocus parts of the vorld makes an
interesting study.

1. _Stoves Around the Werld:

A great similarity is seen in the strusturo of
stoves using fire wood all over the world, although they
differ 40 some ways scoording te Singer (1961)%3, 4 few
axre described bsiov frem the literature svailable.

SEXpts valley (1960) 2 states that in anoient ERgypt,
the stove consisted of & horisontal astone laid flat on two
or three vertical stones to form & cavity in which fire

was 1it and beking acocemplished.

ISaly;  According to Hllasost (195T)P the Reasn kitohen
eonsisted of & huge brass sauldrun keps on hesrth fire

t0 supply hot m.m:mmmro} oooking foods.
The steam and smoke vere oarried sway through the roof,
wall vents and ohimney.

Ibe Capibbean Countrys  Haglund (1958) % reports that
the *Dover Stowve® is used in the Caribdbbesn ceuatry amd is

less comaon than epen fire sides. The epen fire stove is
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uwnsuitable due $o its ameke and risks of inhaling oarbon
monoxide. Theugh kervsens and charcoal are available,

the most common fuel used in rural areas is wood which is
least exponsive,

Japan; Yanomato (1956)" describes the 'Kamado®' Japanese,
traditional open oooking stove, made of clay. It conmmes
more firewood, feor the ocolleotion of wvhisch much time and
ladbour is spent. Therefore, it is inefficient. One eof
the achievemeats of the Japanese Home Improvement rrograame
is the introductisen of the nev Manchurism *chula’s It has

" the radiant heat space, saintaining heat for a lonz timse.

Indonesias  Singer (1961)2 reports that in the old
stoves made of fired adlay vith saw dust, rige husiks and
aghes, the heat eamnot be utilised fully as it is sa open
steve. The nev models have & good bearth, closed at the
frent by & flat stone and at the top W the cooking pots.
The flue for the flame and fumes fern & oontinuation ef

' ths hearth. Acoording to Singer's study,” new stoves as

Mumimmofdwhﬂ;ing .tvoot:t!rnpot
seats in which the smoke is directed towards the chimney.
Chimnowy works as an outlet for smoke.

¥est and Zagt Jawms singer's (1961)% desoription of
the stoves used in vVest Jawve shows that they are ocsastructed
with cenent and earth {Figure 2), Vood is used fer fuel.
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FIGURE 1|

FAO / SINGER (SMOKELE ss) S TOVE

Q- COOKING POT SEATS.
b. FURL FEEDING rov Ty

C- NOLE FoOR Al
s. CHIMNE Y R INTAKE

e- Cohip .
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FIi&URE 2
STOVE USED IN WEST JAVA
a POT SEATS WITH CHARCOAL d.STORAGE FOR CHARCOAL

b- COOKING WITH WO0O0D €- WORKING TABLE

C- STORAGE FOR Woo0)b §- FUEL FEEDING MOUTH

FIGU RE 3
COOKING WITH WOOD COOKING WITH CHARCOAL

_ STOVES USED IN EAST TAVA
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They are diffioult $o keep clesn due $o smoke. The

stoves used in Sast Java (Figure 3) are made of roock, and
charocoal is used as fuel (Singer ﬂ&i)m.

Ba)i: The stoves in Bali are made of cement. They
oonsist of & working tuble with three er four pot seats.
Stoves are quiek to construct, easy to clean and give

good ventilation. Coconut weod is used for working

tabls, the surface of which is plastered with mud {Figure 4).
Coconut tres and dried branohss are used as fuel.

Sumatraj stoves in Sunatra, shown in Figure 5 are aade
of earth and lime mixed with sugar. They are mobile and
economical, with goed veantilation. vood is burnt as fuel.

Zhilippinesy  Jurade (1955)72 reports that the native
stove is an apen fire type, vithout any mesuard frem
fhames and highly inflamable materials of *Nipa' and *Bamboo’s
Clay stoves, charooal stoves are 0osxaon. nqon' type of
sokeless stove sade of alay or cament and uud with c!nnq
is an improved firewoed stove acoording to,}‘auet:o (W’jﬁ)”.

Koxoas The EKerean stove has & radiant hwat space of
12 square yards. 1t asaintains the heat throughout anight
when used to prepare three meals & day, says Ysmamato
(1956)3,

2 "Chulay’ in Indiag

, The *chula® is defined as & cooking fireplace ox
astove by iaju {1953)8. .
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FIGURE 4
STOVE USED IN BALI

. COOKING WITH WOOD
FUEL FEEDING MOULUTH
WORKING TABLE

- STORARGE OF Wood

-GN -

FIGURE 5

STOVE USED i SUMATRA

15 ¢
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Rae (1962)'? describes the ordinery *chula
(figure §) as a horse shoe shaped structéws made of mud
to protect the flames against drmight. OCuruswsay {1955)“
sentions that it is semi-gylindrical wall with three
projections to support pots. Senetines it is extended on
the sides to provide second pot ssats, naking it efficient
in the utilisation of heat. Raju (1953)% states that tho
open smoky *chula’ ¢all fer frequent blowing, osusing
fatigue to ths persen in additien to the nuisance of smoke
and soot. In India several Sypes eof smokeless ‘%Bhulas’
are in uso to avoid such defects,

Rl e Smpkelesc 'Chules's

Kunarapps (1948)” reports that in a smockeless
*oala’ the fleme is directed through & control led
passage, rendering the kitchen smoke free mmd vaste of
heat. Raju {1953)8 states that smokeless ‘ehula’ is &
dovice svolved to kesp the kitchen frie frem smoke te
afford hygienioc envirenment and to sawve fuel. Devadas
(1961) 7 nhas peinted cut that with the imtroduction of
nev typs of smokeleas *chula’ the farm housevife has dbeen
able to cconomise the fusl and maintain ¢lean amd healthy
kitchens. itaju (1953)2 designed & smokeless *chula’ in
the Nydrabad Ingineering Research Labsratories in 1946,
to evolve sinple seientific devices to improwve daily



a- PROJECTIONS
b- MUD WALL

€- FUEL FLEDING
» MouUTH

FIGURE 6
ORDINARY CHULA

Q-COOKING MITH NOOD
b-PROVISION FOR HOT WATER
C-FUEL FEED/ING MOVLTH
d-CHIMNEY

FIGURE 7

SUDHARAR HUR SASTA CHNULA
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domestio 1ife of a planned village homs.  Ali {1953)37
coasider that the design ef the Rajw *ohula’ exhidits a
rare ocsmbination of efficliency, simplicity and low cost.
Bagori { )% noted that mcoording $o the eaperiments in
She Sarwedaya Aghram the Raju ‘chula’ was completely
sackeless. cfforts were usde in dewveloping s smokeless
*ohula' in Nagsnwadi, ‘ettery Department, Vardha in 1947
as reported hy Kumareppa (1948)”. R:pcriu;nh vare
conducted in 1955 in the light of previeous findings te
improve the smoksless *cimla’ further at pettery seotion
of Gandhi Niketan Ashram, T.Kallupatti. <The prisary
objesct was to regulate the transuissien of ssoke from the
stove vhich resulted in the propagation of more improved
and portsble type of smokeless 'chmls' (Ouruswamy 1955)°%,

2ebalven (1948)7° describes = mmokeless *cimla’
design in the 3ngineering ULepartasnt, Agrioculture Iustitute,
Allshabad with four pot seats, the first two for cecking
parposes and mlutuloforhotm(!:lm?)o he
vater pots are inside the flue pije upto" the neck so-as to
allow the full utilisation of ths hot gases escaping
threugh it, Dampers sre used te regulate the flame.

The Ssmndhan *chula’ was developed in Kelhapur
in 1956 under Community Dewelopment Programme to satisfy
the demands of Haharashtirian methods of cooking. ll‘oro

i €cchomi @

(1956) % recommends that the smokeless *chula‘i as it
aininises fuel conmumptien Wy 25 per ocent.
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Randas (ﬂﬁ)‘o reporss that the develepment of
the KT *ohula’ as the result of the experiments earried
out in Bakshi-ka~Talad Training Centre (U.P) with different
types of smokeless *chulas’s {The comparative efficieney
of *chulas’ under similar laboratory conditioans were
determined. Two workable designs found best wers ploked
up for final experimentation st rlanning lesearsh and
Mtiﬂn Institute, and KT was proved to de the best for
general adaption in Uttar Pradesh.s Comparing the
efficiency of Magan 'chula' with erdinary ‘chula’, vith
regard to amount sf time taken for cooking, elesning the
utensilas and quality of the cooked foods, the Magen *chula’
proved to be superior in Hemalatha's (1962)“3 study.

Thas the ideal smoksless *chula’ viewed by Rao
(1962) " ahould be simple and suitadle for esoking methods
vith provision to heat waten to bake, and to wars food dy
best utilisation of heat. IS should have mmoke directed
out through ochimney, the fismes not eseaping cutside the
pot ssat, and the soot deposition only al the bottom.:
) § 3 mamtmmmumansngmtum
logs of firewood, Af necessary, and adaptable for lecally
available fusl and material.

-
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The main parts of the snokeless ‘chula’ are a closed
hearth, flus snd a chimney.

Ihe Hesrth is the area $o hold the burning end of
the wood and the embers, giving the flams encugh roon to
grov and 1s alse called the fire plass by Rme (1962)'7,
This has au epening ealled hearth door or stoke hole Wy
Singer (1961) 2 or fuel feeding mcuth. A shutter for the
fusl feeding mouth serves as & oontroller to allow free
air insids. A ciroular plate of iron dars placed at the
first pet seat in the fire place is called a grats sod
funotions to suppert firewsod and permits ash to fall dowm.
Curuswazy (1955)>% gtates that the grate seperates the ash
tray from the fire place. Raju (1953)3 deserides the a
grate as helping the wood to stand im inelined position
making it conwvenient for the removil of ash and aiding in
ventilation. Ash cutlet or ash pit is construoted at the
base of hearth to fagcilitate the removal of ash wvhen neces~
sary. At the top of the hesrth is the pluoe to:put ‘uten~
sils ealled eocking holes by Singer (1961) 2, pot seats ty
2a0 (1362)' nd noles by magn (1953)°.

The Flug is the passage providing the heat between
the pot ssats. It must be designed to oconcentrate the
flames md the fumes at the pot ssais defors they are
earried out of the stove. Asosssaries for the flue are



the dmmper, & squarc metal sheet of iron eor galvsnised sheet
used te regulate the drmught inteo the flue acocording to
Rendas (1956) "0, and the baffle wall is vertically plsced
ia the flus at the ceuire of second pot seat for the better
distribution of heat, and serves as s mrdle for gases %o

b 11ifted and transnit more heat towards the pet aecerding

te Raju (195%)% and Ramdas (1958)'0,

Ihe Chisngy is the chief feature of smolkeless 'chula’
to direct smoke sut of the kitchen. Kumarsppe (194)
peinted sut thet chimmey should go plercing the reef of tie
kitohen, mct md one feot adbove the roof. Rajw (19592
sugpested a cover at the %op, called covwl, for protescting
og%ivk vain,  Matthev (1949)4% and varland (1951)47 eod nae-
gonm gt al (1953)4 explained the chinney as ‘when the fire
is 14ty air in chianey gets wvarned, m... boo.-u dighter
“;tmnpmdum. viieh in turn drsws in nore alr
from the room'. Thus the movement of air is dne to the
difference in veight of the flus. The draught is botter

drmm vhen the chismey is tall wishin limits. A1l {1955)>7
recometuds the minimm height fer chimney as 3.6 metres

vhereas Siager {1961)a proposes § metres vith oowl om.



Acoording to Cauley (1955)%% ana vartax (1960)*%, drsugnt
supplies oxygen and keeps fuel burning, and snoke is ex~
pelled. TFmult in the chimney { )*7 draught may result is ‘
sluggish fire, poor performance ef the apuliance, and escape
of moke and flames into the rooms. The main czuses for
such dsfects are due to the twpo high fire place opening or
4% being toe large or irregular in shepe.

and Tr or at:
A knowledge of the prineiple of combustion helps to
understand the working of the smokeless ‘chula’.

Combustion as defined by Morse (1947)48 is the rapid
chemical union of fuel with oxyzen, accompanied by the
releoase of substantial quantities of heat energy and an
ignitien temperature is necessary to initiate combustion.
Cauley (1955)45 pointed out that a continuous supply of alr
is necessary for combustion. The temperature at which the
production of heat is sccompanied by the production of light
is known as the kindling temperature. Gl.llly { 1955)  and
Bogert {1953) 4 report that other by-products of sombustion
are mmoke oconsisting of steam, carbon dioxide, st;ot and ashes,
being the incunbustidle material. Frmls and Moree (1959)°°
mention that fire may be extinguished either by withdraw 1l of
ths contact between oxygen and the fuel or by lowering the
tenperature of the burning material below the kindling tam-

perature of the reacting particles.

Heat, thus produced by combustion is transferred from
one part of space or bdody to another, by thres methods -~



nasely, ecnvestion, condustion mad radiation. Osborn(1929)>'
defines conweetion as the transfer of heat by the sctual
movemant of the heated dody, & property shown by liquids

whon hested. Whitzan (1951)72 explains conduction se that
heat floving fiom & body at a high temperature $0 ons at &
low tmmperature, vhen thess $wo come in ocontaot. Radlia~
tion is the process by vhigh heat energy is tranmmigted
throush veoum, Bleek and Little (1956)%%

Ceoking involves application of heat in two ways,
naasly, wet methed eof treatasent mich as bdoiling aad steam-
ing and 4ry methods of treataent such as frying, roasting
snd baking, Aykroyd ot al (1963)7%. The results ef the
Diet Surveys carried out in India by Indian Comnecil of
Medieal Research (1951)7° indieste that ceresls and nillets
are saually bdoiled to the consistenoy of cocked rice, er
to a thisk fluid resembdling well ocooked *porridge’ ia the
form of grusl. Millets are ococked also as coerse chagga--
ties (unleavened bread or "Roti') or boiled slond with
pulses, the flour paste is nade into balls nd steamed.

- Pulses are boiled or roasted and made inte paste. Aykroyd
ot 8 (1963)%4 reperts that vegetadlesjnay be eooked using
minimm mount of water, the cooking water used in either
soups or gravies. The vegetablo may be out, added imme~
diately to the water vhieh has already deen brought te
boil and evcked within a shert time as possibdle.
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Child {1914)°° remarked that ecoking might de made
easy through uss of proper kitchen equipment. Pond {1946)37
stressed thag presparation md serving ¢f meals, srr=ngsoent
of the equipment snd supplies in the kitohen should be «
erganised. Efficiensy ( }7° defined as the ratie of work
produced to the energy expeaded, oan ¥e msasured in teras
of speed, agouragy or Guality, effeet end satisfaotion.
According te Nash {1957)77 1% may e attained in the kitoben
by redusing waste, labou¥ and fael. Fuel waste is often
due to wnsuitadle equiyment. Menon {1962)%0 points out
thas work dene with inproper equiynsnt gives riss to frue-
tration and unhappiness. On the other hand, work well
dome is satisfactory mad rewarding vhich helps in detter
nAnegment.

» } 3 ¥ o

Devadas (1958)%' viovs thet Home Selence extension
carries knowledge from oslleges, iostitutions snd ladoras-
tories to rural homes in & form essily an_i.-uauo and
spplicablo Wy fsmilies. She further.states that eommunity
gives dirsotion for educational and scientific research
threugh its needs and dexands. mtnv;mu
being oarried on by Orum sevikas, a village lewel vorker,
who are required to construect a smokeless ‘ehuia’ depend-
ing upon the sise mad type eof the fmmuily, the type of
stajple feod and fuel used.

Nehsatah {1958)52 opines that Gram seviias hawe &o
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stinulato the desire md drive for creating better and
healtiier bomes in rursl fumilies. Rmo (1952)%' oon-
sdders that the efforts should de nade by Gevernaent and
Social Service Agensies te see that the improved ‘cimlas’
find vide scosjdance. Hesidences built af Government
cost or aid should have am {mprowed *elmula’ incerporated
in a funotionally designed kitchen, ss Sengal ( )57
stresses the eonstruetion of the smokesless *cimla' in
evwry houss. Fauilies should bde given finaneial or
technical assistanee to install Improved ‘ahulas’ ia
their homes. The wvomen in the villages should Y en~
couraged %o take interest in adepting deSter liviag
Mniquop suited So their traditions aad customs and
discarding dad customs $o help women $0 move forward
tovards advaneed woaanisod according te Lam {1962)54,
Oram Hahila Handeis {1962)%% may try through demonstra-
tioms and bWy condusting classes in the betterasnt of
home managenent.
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I11+ SELECTION OF THE REFERENCE *CHULA®.

In order to select the Reference 'ehna'.
the folloving steps were undertaken.

A+ Swaluation of the amokeless *chula' by
Makora.

Be Appraising the information available in
puablished literature.

C. Construction of the three *cimilas’,

De Comparison of the three *chul as'
oonstmucted.

In erder to elicit the opinion of homdmakers
about *chula’, ten families in *Rahatgzosn® {Amaraoti
District), and 15 families in *Kalappanajckenpalayem
(Coinbatore District) who had smokeless ‘chulas’ in°their

® The designation Reference *chula’ is purposely
given to the *olmila’ selected o serve as reference in this
study for the eoanstruction and comparison of the Improved
‘shula’ developed by $he investigator.
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hooes were interviewed with the help of an interviewv
sshoedule developed for the purpose given in Appendix X
The interviev schedule ealled for information on the
type of amokeless *chulas’ used materials used for their
osnstruction and evaluation of the causes for using er
not using the amokeless 'chulas’y and the types of fuels
used,

2ight out of.the ten homemekers ia Rshatgoan,
and 32 eut of 15 lm-anora in Kalappanalckenpaleyom
village vere regularly using the snokeless *chulas’y while
the remaining few used it oocasionally. The hﬂ*aakors
were not awars of the type of nmme of the smokeless
‘ohula' used by them and just oslled any smokeless *ciula’
as ‘Megan chula'e

The material coumonly used for constructing
the smokeless *chula' was & mixture of mud, hay and
cowdung, and found to be satisfactorye The evaluatien
of the smokeless ‘chulas’ in terns of the advantages as
pointed out by the homemakers is susmarised in vehle I.



TARE X

BVALUATIOH OF THE SMOKELESS *CHULAS®* BY THE umrfuxaa.

.
Number of H ors
mentiocning
Peints - Total
Rehatgaon Ilp:{ml cken
=
%+ Twe items oan be
cooked at a time 8 10 18
2. Saves time 7 12 19
3. Absence of smoke 8 10 18
4. Clothes and hands ] 8 )}
are clean
5. Freedom froa soot 5 8 13
6. Consumaos less h ] 3 6

firewood

As can be seen from Table X, thh—*nkm
using the smokeless *chula'’ wers aware of their saving
of time, and enjoying freedoz frea soot and smoke.
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The evaluation of the amokeless *chulab'® in
fora of disadvantage as pointed out by the five homemakers

who were using the smokeless *chula’ ocoasionally was
as follows.

The smokeless *chmlat ¢

Has more than one pot seat and ve do not need
more than one pot sent.

Is difficalt to conatruot and opcrat.o.
Cannot be used to bake *Chappati’s
Cannot be used wvith rubbish as fuel.
Consunes more firewood.

It is not adbsolutely smoke free.

The fuels used for the smokeless ‘chula’ mo
21200 Pire wood by 13 familles, agricultural wvaste suoh;
@8 dried branches, twigs, dried leaves, anld mne-sugar
baggasses by three families and both agcording to' the
availability by four families. .

The above evaluation of the smokeless *chula’
by the homemalkers was helpful in testing the utility eof the
smokeloss Yochula' in the study.



A t t4
Literature,

The refersnoces availadle in the literature en
the coustructional details of the smokeless *chules’’
vere studied. The sumnary of the infornatien collected
is given in Tadle 1I.

® Henoe ferth the term 'chmla' is used to designate
smokeless *ohulas',
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Out of the amokeless *chulas’ mentioned &n
Table II three suokeless 'chulas’ namely *Samadhan®, 'BKT*
and *Raju’ vere sclested for construction and further
study &a order to seleoct one smong them as the Reference.
‘chula‘'. These three *ohulas’ were chosen because
their inventors and users hawve strossed several advantages
vith regard to thsir perforaances.

In S$he construction of the three solected *cilulas’
some features wers found to be comson to all the three in
the literature roviewed; while others were different.

The common features were aixture of red clay, cowdung and
hay used in the proportion 10:2:¥ respectively. Ths olay,
cowdung and hay were mixed vith just enough water aat to
ebtain a mouldable paste and kept for three days ia the
shade to ferment. With the vet mixture a platferm vas
coustructed to the dinensions speeified and alloved to set
for a day. The platform was narked with ihe dimension

of the pot-seats with chalk. * . v

With a suitadble iron cutter, the c'lq was soooped
from ths mark up teo the pote=seats.

The pot—seats vere then conrected with eash other
ocutting out passages or flue large enough for the flames to

Croas.
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The daffle wall was also cut out where ths design
ealled for it. Zach *ehula® constructod was allowed to
dry for 30 days.

The Distinguishing Featuress

1. Zhe BKT ‘edla’

The details of ths construction of the 'chula’ are
given in figure 8,q-b The first pot-seat and the second
pot=seat were corved ocut. Fuel feeding mouth {c) vas
scooped out. The flue {4) which is the passage connecting
the two pot-seats was oarved. The chimney (e} was oade of
ga¥vanised iron and the chimney bese {f) was carved sloping
tovards tho fuel feeding mouth. The cowl (g) vas placed
on the top to proteot the chinney,. The dupu:s vars
provided, one plain square {(h) between first and ssocond pot
sckt to aot as & control, for transfer of heat betveen them
and to avoid free sscape of smoke. The second perforated
damper (l\‘} wvas plaged between the second pot seat and
chimney bLase, to retain hot gases for a lqn&ar time u fa
flue. The baffle wall (1) wasarected at the second pot seat
so that the flames would strike the pot and the smoke would
fiad its way to the chimney.

The construction of the Samadhan *chula' in the
steps out lined for "XT' is illustrated ia Figure 9. The
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variations wvere that it had three pot ssuts, height was more
and the placement of the .ot ssats was net in a straight lines
The plain dampers wvere used.

R d at

The *Raju Chula® is shoun in figure 0. The construection
of daju *Chula’ iz in the same line as thog of KT 'chula’
exeept for tha following differences; the height is less,
third jost seat is laorger specinlly provided to utilisze
the hest from escaping gases tc houtl waler. The bottom of the
*Ghala? is slightly raised f-om working place to faciliit=te
the plasing of firewood in an inglined position to perm:§
the sir circulztioen,

On these lines three’chulas® were construcied in a
reom sgalast a wall in & line, faelng in the same directien
$o aininise variaticns due o air curreats, teaperature
and humidity. '

The dlumeter of the first pot zeat vas kept identiocal
in all the *ohulas' th:t is 1% cas. se ap t‘o have_ this
fagtor eonstant, The dimensiens for the respective features
were proportionately computed, )

The construoctiocaal details of thros *chulas’ are
given in Table III.



TABLE 11X
THE CONSTRUCTIONAL FEATURES OF THE THREBE CHULAS

L.
Samadhan KT Raju
NI S TG R NS I NS NS S A N 1 S RS

¥« 1nside cayacity (nls) 3§00 1800 6800
2+ Length (em.) 76.0 54.9 65.25
3. Helight (om.) 23.0 20.5% 15. 25
4. Breadth {ou.) 53«5 2.0 43,00
Ss Diameter of first pogt-seat{om.) 13.0 13.0 1%.0
6o Dianater of second pot-seat(om.) 10.%6 10.72 12.7
Te Dimmeter of third pot-soat (en.) 9.5 | $51 22.0
8. istance betwsen the first
and second pot-seat (om.) $0.16 7.6 7.6
9« Plameter of chimney base {am.) 10,00 10.00 10.00
10. Height eof chimney (uo) 2 30.0 230.0 2%30.0
11 Number of dampers 2 plain {f plain 1
4 perforated

12, Sumber of baffle walls 2 at 1 at -

saooad Second

and third. pot seat

pot.. seal .
13, ‘fumber of jrates 1 %11 11
¥4. Provision for hot-water : £% SR T} | Present.

b s L e o s o e o

The inner capaci$ies of the *clulas' given im Table 11X
% vere measured by filling ths entiro fire place and flue vith

puffed rice up 0 the bvrim noting ths volume of puffed rice in
uilflitres.




The ocomparisou of ths performences of the three *cohulas’
involved.,

%e Sel :ction of the material aad equipment,
2+ Standardisation of the procedure.

i1a order to maintain the ‘aloric value released in these
experiments, firwood vas obtained from a single *neea’ tree
in the can,us, The *noem' tree vwas chosen as Sharma (!959)-“
has reported thot 18 is comuzonly used for fuel, The logs vere
out into pleces of 18" x 3" approxim.tely, dried ia the sue
for two months and stored im & 4dry Jlace, The reanining fire-
wvood ohips wore collestod and stored #o de used for start-
ing the fire. |

The equipment used in the study ocnsisted of threc sets
of alumainimm pots, each set having thrse pots identicsal ia
size, sha s, and weight. D=tails of thelr dimsasions and
veights are given in Appendix Il. .

The yots used ia & set were so aefect.od' as to" bo sdequate
to cock one mead that sup,lisd for a family.(thres to five
persons) %00 to 600 za. of cereals snd 720 gm. ef sulses
in asccordance with the allowances recomiended by Aykroyd
(1963)%4.  :aeh pot was provided with & 11d, with provision
for inserting the thermocaster,

The other squipnent used {n this study coasidted of,
a pair of scales with tvo firewood and residual charcoal,



T S T - — -

38

A set of standard measuring cups, zraduated in millie
1itres for measuring water, snd a measuring oylinder of
50 nl. capoeity for measuriag kerosdne.

A time=plece and & stop-wntch roocording the tinings,
L
and four thermomaters with the range 6 C teo 150° to

register the termperature of water were prooured.

Soft red soil and ash were sifted, mixed in equal
qiantities and used for cleaning utensils. Five grams lot
of coconut fibre vere made inte bundles for sorubbing

JULPOSBERe

Soft wvater (Siruvani) vas used throughout the study
as 4% can be ameasure: ocorrectly, ocnstint ia its quality,
and temperature oan be detsrained eisily. Appendix 1I1I.

2¢ Standagiisatioa of crocedures

The experiments were alvays started with the ‘chulas*
at room Seuperature at the same time in the morning. The
initial teaperature was obse. V4 and roteds

a) Heating of water:s The vater vus ho;ztod in the 4c1nn
and dry pots. The pot on the fi-st ot seat vas filled with
1500 al. of vater, oo the seeond jot seat with 1650 al.
1itre and on third pot seat with 3500 nl. of water.

b) Measurement of Firewvood: Bofore atarting the ed~
periment six pieces of firewcod weighing around %500 grams
eaghy were woighed and used for o~ocking. A8 the end of the
experiments the pieces of firewood remaining were withdrawm, .
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the burning ends disledged nd extinguished by using

sand. The remaining stumps were waighed. The difference
between the initial :nd final waight save the veight of
firewood consumed. The live plecas @f clnders wers collected
from the inside of the suoksless *chula'’ by means of tongs
leaving the ash inside, put into a uetal enatainer, and
coversd loosely to put out ths fire, and weighed after

25 anioutes, as cinders could be further used as household
fuele Ihe firewood equivalent of the cinders wus ostimated
by using the *Conversion table' used by Wational Jouncil of
Applied Reonomis Research (195?)’«;

G Lighting the *ghulas's For standardisation of the light-
ing of *chula’ three logs of firewood cad 50 gms. of chips

vwere plage in ths fuel feeding mouth and 12 sillilitre of
kerosene was poured o8 them. ihe snips were, 14t with a
Batch stick, and 90 seconds ufter iighting the fire, the
utensiis were kept eun the pot-seuss.

Ia order $o nmaintain a steady flame throushout the ex-~
periment periedical pushing and rearriuging ef firewood

invards vas donrne.

2, Cloaning the Utenaila: Fer washing one moistened (oconut
bundle dip.ed in 20 grams of the clsaning sixture vas used to

sorud each set of pots. The jets were scrubbed first inside,
and then cutside syecially at the bottom. The serubbing was

gountinued until ths utensil was fyee frem spot nnd these rinsed

vigth wvater. The utenails over ouch *ghula® wvere vashed
separately.
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Before starting the experimants, all the necessary
squipment ' and materials were keyt ready near the smoke~

less *ohulas’,
2] sequgnge; Sequence of astivities involved were

4) Allotment of the pots for jot-geats.

18) Filling the pots with specified volumes of water
111) Lighting of *chulas’

iv) Henting water

v) Naaguroment of firavood

vi) Clesaning the utensile,

1) First pot-seat vas a capaeity ¥500 al. and azoond
pot seat 1650 suitadble for cereals vhich are usually cooked

in larger azounts in Indian Femilies: -,

ii) Pots were filled wigh water.

111) The Saardhan 'chnla’ wvas lightad first. Five minutes
.fter the lighting of the T *chula' the Raju chula vas
lighted and 90 secnnds after lighting cagh *chula' pots
for the first, sscond and third pet s.eatia. were :laeqd
successfully, and the time noted after, al:l the three pots
vere kept 1a their places. )

Iv) The time taken for the water ak the first pot seat to
start bolling, and the temporature »f water at the time
in the othar pot seats were noted for the three *emulas',

¥) Immediately aftor waves the firowood and the live cinders
wvere taken out and extinguishe:! as per the standardised
Jrocedure, and their weights neted. e
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vi} The utensils were cleansd acoording to the stand-
ardised procedure.

Time taken for the water $o cna to boil oa the first
pot-seat of the three *chulas® is sumn~rised in Table 1V,

TABLE IV

TIME TAXER FOR VATER TO START BULLING AT FIRS? £OT 8342
OF THE THRSE CHULS

SRR R R A AN IR £ R R SR S TR N e
Time taken in ninutes Analysis of amsan
Replicates. difference
Samadhan KT Raju
S (B8) K&

RSN LS SIS St

¥¥

% ae 42 35 43 SeBe = 8,5

2. e 41 3 " ' HeSe = e.,
e o 41 52 4 ReB, = 3-0; ’
L P 40 0 33

Sensnm ———
Maan 41.0 325 40—-1

Deol = 4,01
De05 = 276 . *
from fable 1Y n"';e be noted {(41.0) that the average

time taken to boil (41.0) water maximm inm oase of Sazadhsn
*ohula’ and ainimwm iR ciwse of KT (32.5 ninutes.}) The
differences detwecn the Sandhan *chula’ and BKT *chula’,
Inju *chula’ and BIT *chula’ were sigrificant as$ one percent
level vhereas the difference between the samadhan *ghula‘

and Raju *chula' was not significant as shown in :ppendix IV,



¢

42

TABLE ¥

FUSL CONSUMED 1Y BOILING wWATER AT PIRST POT S3AT OF
SAMADHAN *BKT' AND 'RAJUY CHULA

PRESERSERS R SRR e S

“ Veight in (granms :ga.’l‘z:ah
Replicates “Temdhan KT  Aaje Difference

RSN IS IR T3 S M e RS T S I IR R A S SR R S A S

AX

1. 925 300 1050  ReB = 0,17
24 875 320 1000 ReS = 0.03“
3. 880 790 957  SeB = 0.09
4 8% 70 I3
Mean 892.5 300,00 972.5

DU RIS 522 TR 3 TRE T B OIS TS 2T TR T X RN SR T AL TR IRtss

N}.G‘I -» th
D005 = 0,003

Table V indicates thut the average fuel ccnsumed was
lowest in case of BT ‘chula' amoug the three and maximun
in cuse of Raju 'ehula’, The difference in fuel co-sumed
vas signifiesat between the Raju sud BT, Raju and jamadhan

and Samadhan snd BXT at one per ¢siut lavel as shown om

Appendix V.

It is interesting to note that fuel ecoasumption was
not directly propertionq) ito the time consumption iV beiling.
Saving of signifioant time and fusl may be attribuled $o the
costruetional features of BEI. lesnce IKT was selected as
®RAFERERCE CHULA®,
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IV TESTING DIFFERBNT VARIABLES WITH THE REPERENCE
* CHULA®

In ordar to determine the areteria for the develop-
aent of an Improved *ebula’ the Roference 'chula’ was used
$o test the different variables such asy

1« Reight of chimney,

2+ Use of grate,

3« Use of baffle wall,

4, Size of the first pet seat,
and 5. Height of the 'ohwmla‘;

The experimenis were conducted on the Reference
*chula® by beliling water =t the first pot-seat, as the
basis for comparisone osach experiment vas repeated four
times, varylog one aspect at 2 time, keeping the other

factors, constant,.

All the procassesy lighting, use of pet seat,
quantity of water, in seguence were, as per the standardised
procedure. The d:ute recorded and thé i;rformandh ef $he
Reference ‘eula‘ was azsessed in torms of, the time taken
to boil water in the first potwseut, fuel consumed and
temperature of water reached in the second pot-seat.




44
Hesults and Discussion

i &h
The heights of the animney variod te be 230 cme.

320 cum, and 410 cas. respectively. As msntioned by Rae
{1962)" aad Raju (19‘53}8 there is rtobotzmiﬂo chimney
height but chimney should go two feed the roof. Singer
(1961} sroposes the chimney height of 4 meters. Im this
study, effect of viryiagz $he heights is prosented sre shown

in Table ¥i.

TABRLE VI

SFF3CT OF VARYING THR CHIMNSY HEIOHT OX THE P RFORMANCE
OF THE RJTFIRSHCE *CHULA®

e ea
Yariables Timo taken Fuel con~ Tenporaturs
in Chimney in minutes sumed in roaghed in
ht.(in cm.} in First gr-ae Seqond pot
rot seat saat *C
250 (a) .75 2820 74
320 (®) 26,25 T155.9 d i
410 (c) 27.5 760.% - .
“nalysis of ) '
Hean es DOWOY < 3,08 D001 - L0fh5
DiHrene D3.05 =« 2,14 DO.0% - JOM2
O o o R a=Dd - ’SQ w.‘ a~-h e 2D
a=Q - fe25%* f=g - GQhe
o-d e 0.5 o-b - JO%

The reasulta prosented in Table ¥1 indicate $hat a% the
chinney height of 320 cms. the time token was the lowest
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and highest at 2% cms. Ths difference in time taken to

boll wvater in the first ot-seat vas signifisant dbetween

the heights 2%0 cns. and 320 ows.; 230 cms. aad 410 cums. but
not significaat betveen 410 cmus, and 320 cas, iegarding ths
fuel consumption the difference at height 320 cms., wvas the
lovest among the three heights. The difference in fusel
consumption at the heights 230 cms, and 38 oxns., 230 cms. und
4% oms. and 410 cms. and 320 cms. were all significant at
one percent level, Details of duta are given in ippendix VI,

Thus the chimney height between 320 aad 410 cms., may
be considered as suitabdle.

2._Use of Grateg.

Comparison wag mide em the Reference *chula' with and
without grate ia the fire place under tho first sot-seat,
‘hen the grate was used in the *chula' bhlowvin: vas needed
only once fer heating waler as against four times in *chulat
vithout grate. The aver:ge time raquired to start fire vas 90
seconds in $he formsr as comparsd te the 210 seoconds imn the
latter. Thus the use of the grate facilltoted she lighting
of tha smokeless *chula'y pr-bably bacause the grate per-
mittad free movesent of the alr ciroul:tion, as against the

restricted circul:tion 4m its absence.

3s Use of Baff{le wWall.

The Reference *chula’ vas tosted with and without buffle
wall a§ the second pot-seat kzeping all the other featuros
constant. The results obtained are given ia Table ¥Il¢



TABLE VII
EFFRCT OF BAFFLZ WALL ON THE PSHFORMANGCE OF TRE
RIFZRSNCE'CHULA?®
Time taken fn Fuel=weight Time taken in
Variables ainutes im in groms. minutes ia
First pot-seat 3econd pot seat
¥ith Baffle
wall ,1.?5 320 3‘0”
Without baffle
vall 3%.75 820 40.9
Fe Value Momidierrerenco 227,10
8

Table VII indicates thut the time tuken %¢ boll water
o the seoond pot-seat was 34.75 minutes with the baffle wall,
and 40.9% minutes without the baffle wall. The difference in
the time taken was statistiozlly cignificant a8 one percent
level(sppendix VIi.) The data slse show: that baffle wall
does not in any way afiect the fuel consumntion and time taken
to poil wvater at first pot-secat. The pracgnce of the baffle
wall appeared $o direct the flame more afviatogeously towards
the second poteseat, as noted by iamdas (19%?)‘0. Thus ia
the same amount ef fiu-l useds; heat is detter utilized ia the
socond pot—-seat with the baffle wall,

5 L ‘irst ¢ Seat.

Two variables for the diameter of the first j,ot-seat
%5 oms., and 19 cms, were tried im tho teference *Chula'y The

results odtuined are presented iam Table VIII;



TABLE VIIX
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SPFECY CF THE DIAMTER OF FIRST 20T SEAT Of THE PSRFOB=
MANCE GF THZ RIFEREZNCS *CHULA®

IR SO “Sl

L -

Variables Time taken Fuel consumed Temperature

in dia- in Minutes in Grems .oached in
meter segond pot seat
15 one. 22 5%51.25% 63.2%

13 oma. 2 827.% 75.00
F.Value 24.5% 170, 30e -

Yable VIII indicutes that the first pot-seat with
15 oa. ‘diameter took significantly sors time und cousumed

more fuel to boil water when comparsed &g the 1§ om. diameter

level,

vith regard 80 $he temper :ture ef water at second

pot seat, 1§ can ds soen that at larger the dimeter of the

first pot seat, the lesser was the he2t jrovided to the
vater on the second pot seat, and temperature 5%,25%°C. as
against 75°C wvhen the diameter of ﬁ.nt. pot seat being

13 oms. However this vould have been dus to the longer time

the pot vas kept oa the pot seat while , ihe vater im first

pot seat was brought te boil,

However for housshold cooke

iag 13 oms. diameter appeared suitable bdeocause of the size

of pots noeded for ocooking.

Larger diameters

are bound %o

be of use for larger families. Details of data are in

Appendix VIil.

2¢ fHieight of the ' hula‘s

The results obtained with re:urd $o thc variation im



the heights of *chula’ are given in Tadle IX,

TABLE IX

EFPECY OF THE HZIGHT OF CHULA Of THE PiRFOINANCE OF
TNE RSPERENCE CHULA

S e ——

variables in T%n in Puel consuned Tamperature
Heights minutes in graoms ieached in
(in oms,) Jecond pot seat
ml:-
16.5 (a) 33.5 321.25 7125
20.% (b) 31.T5 T80.T5 T2.%
24.5 (o) 46.5 338,75 3.6

Yariation in mean D0.01 = 228 DOO! w 28.4%
«t Difference D005 @ 2,28 D0L05 = T4

Cea m Tos a~bd s 40,50t
o=b = 14.75"*0=-D = 53,000
a~h = T.75*%0-n s 17.50%*

Table IX indicutes that the time takea and the fuel
consumed is the lowest at the *chula’ height 20.% The
time taken to voil water is significontly loss at the 20.§
om, height than at 24.% om. and that .ct.?.éd ez, The differeuce
in time taken in significant at the helsh;. of *chula’ 24.%
and 20,5 om. With regard te fuel consuaption the difference
is highly significaat at the heights 16.5 om. and 20,9 omp
and 24.5 om., and 0.9 on. wvheress between 24.5 snd 16,5 cm.
at 5 percent level. This may be attributed $o the ;roper air
ciroulation at the *chala' heignt 20.%5 cm. than at other
two :eights - Appendix IX,
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From the results of thess series of axporiments
on testing the v:riables vith leference ‘emula’y, the
optimum dimensions for an Impreoved *chula’ wvere

Helight of chimney = 320 om,

Diameter of the first
pot seat - 13 oma,

Height of the chula 20.50ms,
Baffle wall at the second pot seat and graie

at the first pot ssat are nescessary.



Ve DEVELCPING THE IMPROVED *CHULA®

On the dasis of the results obtained vith the

‘laference *chula' of the periorsances vhich were tested

with several variables, the Improved ohula was designed

to inolude the constructional feagtursas given in Table X.

TABLE X
PARTICULARS OF TRE SO NSTRUCTION IRPROVER ASD IBFSRENCE
SCHULAY

nie CCRRINDY i i

%« Length {om.) 68.% 54.%

2 Helight (0‘0) 20.% 20.9%

3« Broadth(oca.) 30.9% 23.0

4« Dismeter of first ,ot seat(cm.} 13.0, 13.0 13.0

5. Dismeter of 3econd pot-seat(en) 1%.0 10.72

6. Dismeter of Chimney base {(om.) Te& T.6

7. Distance between first and

seccnd poteseas {om.) 10.0 7.6
8+ Distance betwoen second pot~- *
seat and ohinnsy base(om.) < T.6 . *T.6
9. Height of ohimney (oa.) 320 320
10. Janpers % plain f Jlain
% porforated

11, Baffle wall | 1

t2. Grate t -

13« Shutter for fuel feeding mouth % -

14« <sh outlet . | -

15. Hotwater device Attachod -

R - e
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From Table X 1% may dbe notod that She Jdimension of
the Inproved and the eference *chula’® vere idential in
height of *chula* dimeasion of tha first poi~sent, diameter
of chimney base, distsnce between sesond pot seat amd
chimney bass, aad chimney height as shown in Figure (11},

The special features of the laproved *chula’ aresw

Two level first pot seat (&) 13 om. and
15 ome. specially ocastructod fo bucking
*ohappatti® as it allows more surfaga of
tava to de oxpesed to the flames and even
the distribution eof hoat. Figure (12)

wz&%m had the suze dia-
weter as {or the st poteseal

A (7«5 cte X TS« cm.} opening

was e in the sidc wall near the srate to make
removal of ash convenisat and to Add in
ventilation

3n ugfn; A square notal sheet (k) was amed

0 close the fuel feeding mouth which could
be adjusted to the desirsed huight, Lo regulate
the supply of air and thus the speed of com-
bustion as required, and to help the home
n:ker to adjust cooking zceurding to the con~
veniense.

Grutes To keep the weod in an :ncldned
poﬁifon. to supply 2ir from belpw and to
have room for ash, srate (i) was fixzed 4 -om.’
above the base.

Daapers were avoidod to minimise the required
agecssories of ‘chula' to aveid enmplication
is constructions

Bense, uoi e el
ng ng was th: very speocial foature

of the Inproved *ommla‘, Taking into cca-
sideration the need for hot vater in & home,
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F.'IGURE - 11

THE IM PROVED C HuLA

Ficure - /2.

THO LIEVEL. POTS SEA‘T
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and the best utilisation of the eso:ping hot gases from
fchula' a oontainer was fixed around ths chimmey so thad
conviction ecurrents pussing throuzh the chinney would be
used o heat water, It was placed 23 oms above the
surfage of the 'chula‘, Humphrey {19‘5‘3)“ and ~eddril )67
sSate that ccastant supply of hot water is essential for
labour saving home, threuzh effeotive cleaning and wash-
ing of house hold equipment and clethes. 5oil water is
useful for sterilisaticu of foeding equipacnt and drinke
ing. The need for hot water for bathing Jurposes in
oold liorth or mountain regions is known %o all,

SUSsestl o8 for success of Chulas

Sonstrugtions
“, Feasurement must be earefully followved,
4y Finishing to bs done when the *chula’ is et
Jevies 18 to be held by & pl:tform,
Inner pessage sho.ld be sacoth,
e leakage im the ohimney,
and Chimney should be straightly scactedy

yses e
‘ot-seats always to de clesod by pots,
dater to be preseant iz the davice,
Fuel . fesding mouth to be kspt shut,
Cleaned when cold, :nd brushed with aixture,
fresh cowdung, soil sad waser,

and Chianey should be ecleunad periodiczlly.



¥l ZVALUATION OF THE P3FOMANC: OF TH3 IMPROVID
*CHULAY
The performance was tested with refersnoe to
A) Heating water,
B) Cooking four preparitiois.

q Heating Jaters
water was brought to boil on the Inproved and the
leference 'chulas’ agcording $o the standardisation pro=-

cedure and resultis odtainsi sre meaxtioned Table XI.
—¢AB LE XL

SOMPARISON FOR TRE 2SRPOMMANCS OF THE INPROVID AND THER
RIPBREACE *CiULAY

W IAIEAREPE SIS AN SRR TR TGS IR AR B RSN LR SRR I SR IR s

Tenperature
— Time taken Fuel cuasumad on Second
Type of chila in minutes Ege potesent,
R 2 BSWIBRNE L0 B0 S RERID IR IR SRR NS 2T M R W ANN IR I IR AR TP 12 2 A NS
Inproved chula 51.% «3% 89.25
defesrence chula .5 0.320 T74.5
¥. Value T — ° $56.4 »+

Table XI indicates that the tims talken to .01l wvater
in the Improved ‘chula' was higher th:% is, 31.95 cinutes
as against 29.5 m.nutes in Reference 'chula'. The difference
oa fuel consumption vas .01 kg. lass ia the Imyroved *chula’
vhen compared to the Referance *chuia’s. So far as teaparature
reached in the second pot seat is concorned, it wss 89.2% 9§
in case of the Iaproved ‘chula' as 2gainst 74.5 *€ in case of
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the Heference *8hula’ which may be attribuied to the
constructional features of the Ezgroved *chula’ whieb
enables the witer to rwceive more heat and ‘o ula® as & whole

srovas to dbe more sfficient. {(Appendix X)

whon the hest utilized by water was omlcul atod, it
vas found that the heat received in the Improved *ashulz’
{8 higher that is 233 caleries per graa of fire vwood as
againgt 217 calories i tha iefersnce *‘chula’y Thus it
is proved that Is roved *chula’ sxcolls the parformsuce

of the ieferencs *chula’,

Yok i 2088
This includes
e “election of itema to de cocked,
2 furchase of food,
3. Standardisatisn of equipment and ocoking .rocedure
$a ‘ocording observation,
end Se Judging the palatability.

The selection of the items of food pjreparation ves
besed on the commen dlets and prevailing Methods of enoking
fa Indian homes, such as boliling, simaesrimg, baking =nd
frying, Aykroyeé {!965}5‘. The Lsems selectad for enniing
axperinent were * rorridge * * Cholam ' ' Chapatti *
*Sundal®and * Kootu' as in Appendix XI, XIX, XI1ke XIV
respectively.

Cholam was sslacted as it is the ataple foed sereal
next to rice i Indta. sadhakristmarse (1956}%® records
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the consumption of sheleam is 13,8 ozs. per C.U per day

4% is consumed in the form of *ioti*, *Kali* and *.orridge’s
t2arridge' is commonly made of ragi rice, whea§ flour and
_cholem flour which is & simple preparation couven in Indim
and requires siamering method of cooking, Gopalan (1;3‘58)-69.
Ia the urvey conduoted, the smokeleas *chula’ vas raferred
as unsuitable for uaking *Chappaties’s It wns scleoated as
& representation of pan baking ag adaiy Dosa, used all
over india; Khoala, {1963) 70. Pulses are used in the
form of *Sundal’ in many parts of India and involved the
method of boiling as per Gepalan (1956)%7,

A leafy vegetadlce was included, as it is used in all
the regions being im expensive and easily awvailable znd of
high nutritive value. Cooking greens ‘iu ninimm amount of
vater 14 the bost method agcording te the recipe dy IMR
{1?9935‘ was selected.

1 curche K )

The teotal juantities required $o ccok of 20 stanisrdirsed
preparatinns, was calculuted on the basis of tite moals sslected
as showa ia Appendix NI,

Additicnal utensils needei for ccoking ixperineats
vere carefully selected as #8 be identical in all diuensioas.
Jetuails are given in Appendix 11,

L)

In order to standardise the size of cholam *Chappyasti?
& special rolling board was deviced {Figure 12)« 1% wes






58

FIGURE- I3
SPEG!AL ROLL!NG BOARD

A. CrrcurLar DePRESSION
B . ROLT..ING -P‘N

C . CrLeAaTs
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22 om. in dimention. A circular degression of 1i.t on.
diametor was made 4t the centre. On either sides of this
eiroulsr depression cloats vere fixed, 4 os. thidk(TFig.12).
A Collophdne sheot vas out inm & circular shape and kepd

on the depressiocn over w:ieh the chappattl doughl was
rellsd to avoid stiockiag amd facilitate the ranoval of
*Chappatti® from the rolling board.

Cooking over the Reference 'chula’ and Improved *ehula’
were plaaned to bde carried on sizmultanecusly. Taking into
consideration the recipes, the atiention and the time
ncoded, the frequeney of the use pi the utenslls, the
desirable terzyerature at wvhich a particular recelye vas to
be cooked, the sequence of the order of socking ouoh item

was determinedy ag ghown in Table XII,

TABLE X1IX
20TATINY OF SEQUEBNCIS USED

WU 3 ST W T 1R O AT N I AR SRR I 7 S IR BTN A SR A

Replicates Firat pot _seat . °
Improved *cimla‘ Reference K chula*
B TRENONE S L R T IR M I T IR IR ISR T R D I Iy TR S S R TSR, S TR S S RS A
1. *3undal® *Chappati® Cha pati “undal
2. ‘chappts’ 'sundal'  Gundal Chapgpatt
. ‘sundal’ “Chappast’ Char ati Sundal
4 'chaspats’ *sundal'  Sundel Chappatt

TR IR ST AT SR YRR R 2SR AT AL SR N T SRR RIS I IR SRS R (R EE A SR T TR TG IR TR TR
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Table XII indicates that two soguencos uvere followed
over the chulas vigth the differsnce ef four ninutsa to start
and order of preparation im sescond pot wvas kept the same «
‘Borridge first kootu next. Thnoughout the cooking experiment,
each met of utensils was rotated in their use o doth the
*chulas® in order to equalise any d4ifferencs that may be
existing in the utensils. 7The device as was filled vith
105 litre of water defore startiage Jocking was coaasnced
every day at 8 a.m. 80 that the completic: of cooking over
both the *chulas' eoincided the termination a% the time
ccnvenient for the .anel of judges for scorings

iitensile were washed azccording $o stand rdised procedure
and the time of cleaning the pots was notods

4o necording of Observations.

During the experiment the activities 28 blowing and
fluome, zdjusting of wood to maintain flame, tapping of wooly
Surning eof 'ehappatu; and avoiding osoape of suoke and flanme
ecuing out from fuel feeding month vere carricd out.

Foods vere presared and the fodlowing aa.taaailoc'tod.z
a) Time of cooking tuken for ezch preparation
b) 'tumber of times of blowiniy adjusting wrod,

tapping of wood and to avoid eccupe of smoke and
flame.

e) ’I%arature reached by 10,5 litre of water ia
the device socon after the ccoking was over,

and 4) Tim tuken to clean utensils

£ Judginz the Palasabilitys

Sweetasn and Macleller (1954)1‘ defiusd palatabdbility as
the relative acceptadility or ajpeal of & food.

A}
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*Cholam Porridge®, *Sundal’, *Cholam Chajppail® aad
tiootu' were appraised for pslatability for comparison eof
the Improved and the Referencs 'chula’, 3ocore oards vere
developed for each of the preparation im relation to
aypearance, colour, doneness, taste, teozture oy consistancy
and smell fo the foods cooked usin: both the cmokeleas *chulas'® .
Samples of soore-cards are giwen im Appsndtix XVe XVI4 XVII
XV1il,

Four judges of standards specified by Low (‘955)1“'
with previcus experience of scoring foods, of the same
educrtion ond tralning constituted the tasting panel. (
(Appendix XIX)e ALl She judges, were familisr with 'Chappatis®
and Ats qualities.

A saall portion of *lerridge'y 'Iuadal' and 'Hootu®
ccoked over the Improved ‘chula® weas served on a jorecelain
plute marked *A’, and the other series cooked over Refarence
‘ohula' were marked '3', Ons Chappatti wes cut imto six equal
pleces ia the triangle shaps so th ¢t 22eh plees woudd be
& representative portions and sides ef.m t:hap‘;tt. The

order was reversed, ) .
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The results obtained with the Improved *ohula’ und
the ieference 'chula' {a terms of cooking °Porridge's
*Sundal®y *Chajpati i's *io08u® ead heating wvater im four
replicates are anaiysed and discussei under

%e Time Xanagement and attention required in
naintaining fire

2. MKoney mansguaent
and 3. Palatability of foods tocked

Yo iimg Hanigecent: :

The nanagement 1is digcussed im rolatiom to {a) ocooking
and heating water {B) cleaning $he utersils (@) st:ention
raquired,

&) Iime for eooking and hoaping waters

The total time taken $e onck *Porridge’y *Sundal?y *
fCholan' '‘happati®, 'Kootu' and $& heat 10.5. litres of
water on the Improved *chula’ and tho Referencs ' hula' is
given in Iable XI1X.
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TARLE XII1

TCTAL TIMT TAKSE FOR COCKIRG *PORRIDGE', 'SUNDAL'
*CHAPPATI'y *RUOTU® AND HaEAT1se ¢ATLR 44 THE I ROVID
ARD THZ ZEPERENCE 'CRULA®

L

Tine taken in Difference
finures
Noe Itoms ‘ot-seat gL Sel  reference
cnula Chula
ARSI R 2 XA AL IR THRERI RSN I NS
t. "Sundal’ First 4045 42,0
2. '’orridge’ Saeond 22,0 26.0
3. *Chappati® First 22.5 23.0
4o *"Kootu* 3:eond 41,0 47.0
e . Total 12540 138.0
“m each Chule 63.0 69.0
For handliiag
the utensils 75 0.75
Total timo taken
en euch 'ehula' 63.TH 69.75
S5¢ Time taksn for
Hesting ater 00«09 ° 34,90
Tetal Tiwme 6307{5 403.75. 40.90
I RINXTESES ST E YR . et ”'55 -‘

WIS TOEERSAREREEENESMES IS AR T T I S0 S SRR S Tttt

From Table XIII, it caza be notad th:t eaoch item of
preparati-n cooked on the Iaproved *ahula’ takes less Sime
thas on the Iefersnce ‘omla’, 1Ths total difference acw unts
for 40 mioutes that 1s 38455 per cent wvhich is found significant
at one perecnt level when analysed statistically, as shown im
Appexdix XX
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The reason for significant saving of tisc oan de attrie
buted to ths higher umount of heat availadls that is 39.25%C
in sec-nd ot ssat o. the Improve ‘ehula' o8 against T4.5°C
temperature available in second pot-zeat of ths -eference
‘stmla’ as shown ia Table XI. Ihe higher ten.srature of the
second potessat of the Improved fchula’ may de aftrib.ited
to the construotion of passnge sloping tovards first pot
saat linking first and sscnnd pot seat whioch madc easy fer
the flames to reach the second potes2at,. Ansther reason may
bs ths height »f the baffle wall which was 3.5 ome higher
in the Improved *shals' than in the “efsrence *chula’(5 om.).
The third redascn may de that the srate :sed in the case of the
Iaproved 'ehila' which perwits the ash to be renovad greater
ventilation to ald comdustion,

o extra time was taken over the Improved ‘chulas’ to
heat water as hot water was the hyeoroduet of $he ccoking
process. Bul ia ense of Reference 'chulat vater had to be
hoated directly in a aintlar scagalnsp whiéh neoded the
extra time of 34 minutes to heat uatfy uule 60°Ce

2l Time Isken Io Cloen Utensiles )

The pots and the water device usel ower the Laproved
and the 2, ference telulza® were olesaned saparately using the
standard procedure given ian Table XIV,
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" TABLE XIV
TOTAL TIMZ TAKZN TO ;LIAB U 4sSILS

A AAPDERENSS NS W SR ISR NSNS B X 3SR BRIRGITIE S TS 2 5 SN ITHWRE NRE ISR SRS

Time taken ia Mtnnﬁu Seving of rersentage

Iime In of time
Re licates |, .. oved Referenos  :iinutes saved
*ghulsa’ Yghula' (B« A)
a== RS THRNESOESS SIS STR SN S I
| 5D T30
2 8«15 T30
s 5.18 T.33%
4 5«20 T35
Average %18 T«32 .14 29.23

DEESBESSESESOERENRNNET S-S SNSRI SRS SRS SRR S B N 3 WS

F=3060 « sigaifiecant at one percent level.

Table XIV indicates the tims $akan to clean utensils used
over the Improved chula ves 29.23 percent less than the time
taken for cleaning utensils used over the ieference dhula.
Hovever ths difference of 2,14 ia total time minutes vhea
statistioally ansnl(;isod, vas ﬂ»sni;;icant.. a,l;hongh %‘ aeant
considered saving,energy and time, as shown ia 4. endix XxI.

A i a
Differences im the number of special tasks performed
during the use of the Improved *chuln’® znd the Raferense’chula’

such as blowing, adjusting wood, tayying wood, are given ia
Ithlt XXIle



TABRLS XV

ATTZENTION REJUIRSD DURING COOKIRG FOUR FRSPARATICES OVER
THE *INPROVED® :ND TH3 "H.FZRBACS CHUbiA%e

SV MRS RS AR IR -3 S RN IR NSRRI IR IR
Average No. of Times ittended

Activity Improved !‘chula’iefersace *chula’ Pifference
SRS ABBEWWEIEA SIS A LS SRR RS LRSS Y IRSCE B I X I G I I BRI W

Blowing G5 5 2.0
Adjusting of iood 425 1329 9.0
Tapping of vood 4.0 4.75 8.75

Table XV indicntes the diffeorentc in attentien required
during cooking over the Improved and the *.ef srence chula',
The attention required is leas for the Improved ehule because

better ventilation,

Adjusting of wood and tapping were dcne to dislodge
the cinders from burning fire and %o maintain & constant
flame, and ia case of the Improved *chula' shutter fixed to
the fuel feeding mouth helped in :ven burning requiring less
adjustment, S .

H n n X n °

Noney managemont is discussed here in terms of saving
through fuel consumption.

Data regarding the fuel consumed for occking *Porridge’s
*Sundal®, *Chappati’ and Kootu' and heating 10.5 litre of
vater over the Improved and ths ileference *chula' are presented
in Table XVI,
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TARLE XVI
FULL CONSUN3D FOR COMKING FOUR 2iEPARATICES AND
H.ATIRGS
' Total ving of
£y 4 ¥ Sa u o
Replicates r‘;’:. "’“wé-@;—é—%;—' DL “erens ftromd
: chula culs - “:ﬂg.';
{3} (B}
E ] 232 1.34
2 1.14 1.72
3 1+34 1.74
4 4219 ted2
Hean Te 24 1230 56 45

e e e i o ]

P = HaFe o

From ta!’:h XVI i can be scen that ths saving of fuel
use of the Improved ‘chula’ was 45 percent, vhich was
statistically significant at cne peroent 10131. 28 in
Appendix XXX

This s>ving vas primarily dus $o the uu.ct hot vater
dovice which helped tc utilise the hoat of flue zases vhersas
in case of the leference *chula’ water hus $o0 be heated
diroctly by consuming extra fuel,

.cal.enl'shd in terus of momey i saving of wmoney vas
!n!'hﬂ-?. por deing 45 per cent over th:t of ths ieference
*onula' for prepuaring simple four prejerations. As
Kamelaveni (1962)2 states th-d the larger the ameant of




foods ocooked grsater is the time spent on ocooking. Im
joint families or dg households, the use of *shula
wvould resul$ ia great saving of fusl and oost.

As Sanyal {1964)."3 has reported, a$§ present & total of
100 millious to of firewood is being use im our countiry.
Henoe & saving of 45 per cent of fuel over ths best of
the smokeless *chuls’ would add sudstantially tovards the
national saving.

3e ¢:\atobilily of Cooked Foods
The total scores obtained forithe *.orridge'y 'sundal®,
*cholam oherppati® and *kootu® zre zZiven in Tadble XVII.

TAILR IVII

TOTAL SCORE OGBIAIEED FOR POWB PREP\ZATICHS OVER THE IMPROVED
AXD THE REFIRTHCE SHULA

Total score

freparation Yaproved <eference Differences
Cholam Porridge . 21.54 s 1F.60 . 334
Sundal 22,99 15.1:2 06.32
Cholam Chappatti 22.29 14.1‘,': 07.54
Kootu 21.42 17.97 345

RIS AN R RN N R AR R SR R B TN SR E TN

Dagta mtod‘ in Table XVII iadicates that the total
scere 18 higher im case of the Isprove f*chula’ thaa the
‘eference 'chula’e The difference in the total scere
obtained over the Inproved and the Reference the 'chula’ ig
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the lovwest in oase of *cholam yorridge’ and the highest ia czse of
cholsa ’Chawathtﬂz Lavel of siinificence iz shown in Table XVIII,

TARLE XVIIX

LEVEL OF SIORIFICANCS FOR THE PALATRBILITY OF PORRIDGE,
SUNDALy CHAZPATTI AND K0OTU

L . e " ————— - - "
2 ) Jear-
enge Colour Doness Ta-8s Texture Samell

vorridge - - . " ' 2 -
Suandal e e - % 13 e
Chajatti -8 ; &% *a =8 as e
Kootu = bd - Ll - L

#% 3jignifioant ad one per cent level
® Bignificant al fivs per cent lavel,
= %o signiftoany difference,

Table XVIII, I{It ia seen thal the diiference im patatadility
is signdficant st m percent level is case.sf *suandal® aud
*chapatti?s In ea*u of *orridge’ the ‘.do:iupsn and tdsle are
significunt atﬁn; sercent lavel and toxture at one percent
level, 1In cass of *keotu' appearsnce, taste snd smell are
highly sigaifidsni cur Improved *chuls® than She Refer-:noe
*ohula' other quallitlas befng signifioznt « a8 five per cent
level. {(iA.pendixz XX1I), The donen:ss, tigk seasistancy of
* ‘orridge’ were mignificantly batter iu ouss of the Improved
*chula' than the Referencs 'chul:', whish may de atiributed to
the temperature 89.25°C in case of the Inproved *chula’ as



7

against T4.5°C. A% this tuporgtnro. a smooth consistoncy
due to uniform gelatinisation is attained is case of the
Improved *chula', As stressed by Swoetoan and Hackeller
(1957) 72 and Stanley and Cline (1950) 77, (Appendmx XXIIT)
Por *sundal® differsnca haotwsen quid 4y of ajpjearance,
colour, donensss taste, $sxture and moil were sigullicant.
The reason may be atiributed to the high and ooastant
tenperature viiah is responaible for the _rcper donecaess
of ‘suadal®e (XXIV)wijppendix.

The difference between score for aAplearanoe, donensss,
taste,; colour, texture and smell were frund to be significantly
better at onc percent level for the improwsd ‘chula’s The
bigger pot-seat made for bakiang *cholam', ' happatti’ had
helped in even distribution of hsat. I% nceded co.ustaas
rotating of *Tava' on pot-cezt for sven o.king eof *Chapoatti'y
As Stanley and “line (3990)79 poiat ont slow roasting causes
ths large proportion of stareh te bs chinzed inte dextrin to
develop fluvour.(Appendix XiV)e

In cese of 'Kootu' ajypearance, doBagsee, taste, colour
and smell were significantly bettor which may be attributed to
the tims taken to cock 'Xootu' whioh was lea.t over the Improved
*ohula®* than over the *Referenoce *chula’ which is the importaat

facter im maintaining the colour of thi sroons as stressed by
Devdas (1953)7‘. ChPPEND XXvi)
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¥II SUMMARY AN CONCLUSION

The advant zes and disadvantages of smokcless
*ghula' were elicitod from 25 rurzl homo n kers
from two aiftmnt states of Maharashtra nd Madras,.

Constructional feature of the most successful of
the oxisting smckeless *chula' wvore ajpralsed
from availablc 1iter:iture and three *olulas®
namely *DKT', *Raju' and *‘Samadhan' wvers tested,
The *BKT *chula’ was selesctcd as & Refercnoe
*chula' bdocausze of its maximum saving of time and
ninimsum of fusl oconmumption,

Variables such as height of the chimney, use of
grate, use of daffle wall, size of the first pot
seat and height ¢f the *chula' were testod vith
the Hefarence 'chula' and optimum eonditions for
satisfactory functioning vwere determineds

An lnproved *ohula' was developed with & mpecial
hot vater devico and tesied agginaf 1eference
tchula'e The perfo m'noe was .tea.ted in tems. of
tims manasenent, fuel consmmed whils cooking

four simple selected preparations nzmely ! orridge’
*sundalty *¢halam chapatti’ and *kootu'! coolied
over 18, and then palatability.

The finding of the oxperiments ,roved thst the
Improved *chula® wvas siperior §8 Reforencs ¥chula'

Time saved in toras of ococking was 33.5 Jorcent,
and cleaning utensils was 29 peroents
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and Fuel saved was 45 peroent whicsh would
directly result in saviang of fuel cost,

Aver:ge palatability of the four prejarutions were
superior %o those socked over the Reference *chula’,

The use of Improved *chula®’ may be promotsd success-
fully throughs

Construction of sackeless *chula’ $o de »nder-
tazen by Housing Co—operative :ooiclies glaging thege
Ychula' in the markets

vemonstrations ¢f corract techniqus of construction
and #se, turough ths exteasion workers such as Gram
Sevikas and Mukya Sevikas.

Convineing the home makezrw @f the superiority of using
smokeless *ohula’ and by relat:ng the inportance of
snokeless *ohulag' ia the bettering of home life,
vhile teaching its use.
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AP°BEDIX X

SRI AVINAGHILIN-AX BOME SCIENCE OCLLEGE, COIXBATCRE,
INT:RVIER BCHEIWLED OF SMOKELESS CHULA

) ¢
Sat. ASHA 3. NI¥KAR,

Name of the faaily head
Oecupation of the faanily heead

Pull Address
Comnosition of the fanily Jeint/3ingle
3.%0, [Nane Sex Age Relation ‘ccups= “onthly Other
tion income narti-
eulars.
GCeneral meal Mecnug
orning .
F'.ﬂiﬂg - . « °
Smokeless *
Ty~e of smokeless chuls Use: )rdinary/Snokel ese/
‘ Stove/Chagri/Klectricity/

7asplant eny other:
Overall sise #i 0f the chula used Length Bredth
Hel ght



Diseription of the Chu.a Bane

Tot seats Disnesters Devth
st
nd
3rd
4th
Chimey height NManeter material uged-
Curves if any Locaticm

{inside/ utside). Any trouble

daterial Used in ¢ nstruetion of the Chuls
Yuéd/mizture of aud, strsw, cowdungz/Briecks/
Ceaent/:iny cther

MNel useéd vood/Twige/Cowdung/Coal/
Any other

Sacke Crestas toc much smoke/much notc/ll}ght or
1ittle sroke/megligible saoke/mot at all

The ‘Chula‘’ is used becsuse
Y+ It saves tinme
2. I8 consuzes leas fuel
5. I% gives mo snmoke

4. It inorcanes the effieiency of
the home naker

ratings

S. It does mot require fan or blow °

6. IS gives ot water at all times’ .
7. I% keeps food hos for a lomg time

8, It 18 easy t0 orerate *

9. 1% is nore enfe

10. Any other reasca.

ARV
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The Chuls is not used becauses {ratings)

{?) 1t does mot funmoticn well

{2) 1t gives too nmuch smoke

€3) 1t eonsumes zuch time

(4) I8 does not have snace for bsking cha-ntis
(S) It 1s difficult to ecomstruct or re-air

(6) It oocunies wore a~ace in the kitchen

(7) 1t requiresd fen or blow

{8) 1t consumes =ore fuel

{3) 1% h;s more erokiny seats than required
{10) Any other reasun

Vivs
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APENDIX - T
QUANIITIES OF FOODS AND FURL PURCHASED AND STORED

Foodstuff aantities Stored
an— S— — — —
Cholam 28,0 Kilogrmm
Bengnl Grea 7.0 hd
Grosn Gram Dhal 4.0 .
Jagsery 3.0
Salg 0.5 -
Firevood 2 aaands
Fire wood chips 2 Kilogrem
Kerossas 3 Litre
Agh 0.5 Kile
Red Soil Q.5 ° Kile
Cooomut Fibre ‘20 . Gas.

- -
In order te keep the quality of the food stufis constants

dry previsions vere purchased ia one lot, oclsaned, stored ia the

metal oontainers with close fitting lids; and labelled. Vegetables

required were bouzht daily.




APPERDIX -1

ARALYSIS OF VARIANCE POR THE TIME TAKEN 10 BOIL WATER AT FIRST
POT-SEAY ON *SAMADHAN®, *IXT*, AND
*RAJU* CHULA

Sources of
variation 4f Sum of squares Nean square F.value

- A W A En A g W TH A AR s OV W MR ah W G G W D o AR A G G O @ WD O

Betwveen sets 2 182 91 . 29,25 =
Within sets 9 a8 _ 3.1t
Totl 11 210

AFPENDIX L o
ARALYSIS OF VARIAHCE PCR THE FUEL CONSUMED TO BOIL WAZTER AT
FIRST POT~SEAT ON *"SAMADHAN®, "BKT', AND "RAJU' CHULA.
& A A G WY AR AR W T G N O G W R S G W Gk W AP R U AR W W EE W S W

Sources of
Variation af Sum of Squares Mean Square P.valus

Biltvoen sots 2 ' 0.074 ' 0,057 64,91 *»
Vithin sets 9 0.0052 .@.0005;? ©
Total 11 000'32 .

”’--Q‘--'-.’----‘$---- - W W e A W O A W U e

Xt



AP ENDIX VI

EPPECTS OF VARYING CHIMNNEY KERICHTS ON TH: PERFORMANCE OF
THE REPERTNCE CHULA

Repvlicates Analysis of
Yariables Yean Mean
Keight- in 1 2 3 ¢
e Time Taken in ¥inutes Difference
220 (a) 32 32 3 30 31.7% Do.01=3.08
& - b=5,50 e
410 (o) 29 4 27 F44 7.5 & - c=4.29 *»
Q - M-!’
Fuel Comsumed imn Sracs
2% (=) 840 800 850 790 820.0 Do.05=, =,02
chi'- ' ?==.°4
&~ b=,08 *8
320 (b) T44 738 5 T3 735.% & - o=,08 #=
410 (o) 768 760 765 143 760.5 ¢ = =, 0% =&
Tenperature Reached °C im./3eecnd TPot-3est
2% (a) ™ 4] ™ ™ "
320 (b) s ki 78 78 77
410 (o) 16 ki [} ) 80 T8

Xij



APPENDIX V11 q

EPFECT OF BAFSLE WALL ON THE PiRPORUANCE OP THE REFPERENCE
CHULA

Replicates

Variables 1 2 —- 4 Mean ¥.Valae
Time Taken in minutes in

Pirst Pot-seat,

¥ith Baffle wall 32 32 33 3 31.7%

¥ithout Baffle
wall 52 %2 $2 31 51.75

Fuel consumed in Grans

wWith Baffle wall840 800 850 T90 820 Mean difference

being Zero ¥
Without
Baffle wall 8% 820 800 810 820 was not

cal eulated

Tae taken in Jinutes in 3goond Pot-seat

i

With Baffie wall 35 35 » 34 34.75. °227.1 =

Without Baffle
wall 40 41 41 40 *40.5

** Significant &t one percent leva

X\




APPENDIX - VIT. 4

ARALYSIS OF VARIANCE OF THE EFFECT OF BAFFLE WALL ON THE

PERFORMANCE OF THE REFERENCE CHULA.

.

Sources of as

Variation Sum of Square Mesn Square ?. Value

Within Sets 6 1.75 0.9

- A D W B W D AN W AR G A Y A A D A A G A N Gk ED A e @R AR W A W
[ ]

#% Significant at one percent "l.eﬁl: . °

Xtiy




APTENDIX VIII

EFF:CT OF THE

DIAMET R OF FIRST PO2-SEAT ON THE PFRPORMANCE

OF THE REF'RENCE 'CRULA'
Replieates
Variables L] 2 -] 4 Xean ¥.Valae
Tine Tokea in Zin:tes
Planeter 15 om 23 2 25 20 22 24 .50
Diameter 12.5 em. 29 27 0 30 29
Muel ecnsumed in Grams -
W
Dianeter 15 onm. 550 %00 5%0 525 531.25 170.3 =
Dkametor ‘2:7 Olle B’W 800 390 m 821-5

Tennerature Resached in Sgocnd Pot-sent

Hdaneter 15 om. 65 60 64 &4 63.25
Sources st juwm ot P Mean " e
Memahen uares S e Squene M .
Tivne Taken Bebucen Sk 99 ) 24 . 5”
ibthir SC”"S 2’Ll € » 4 o
Fue | 3¢ forerin Sefs 175328-125" ' 115 5’231. 125~ rio -3
- Aoithin Sebs. @13 (€ te32-79

XN



ATPENDIX IX

EFFZCT OF VARYING THR EEIHT OF THE CHULA OF TAE PRRFIRMANCE

*h

Height of Tiae Taken im “"inutes Variatica im
Chula in mean mean
Cm. 4 2 , 4 Pifference.
“os (.) " " ’8 ,8' ”o, Do.Oi -5028
N.Oﬁ '2.28
20.5 (b) 32 32 33 3 31.75 8~ as T 8o
Qe = Puif,TS o
24.5 (e) 48 45 46 47 46.5
8= 775
Tael Consumed in Crems
16.5 (=) 820 8%0 82% 8% 821.2% D001 = 285,45
M'OS - ’001‘
&R« bes 40,50
20.5 (») T80 780 725 TI3  T80.75 o0 - b= 53,00 »s

24.55 (o) 345 8% 835 945 838.7% e~-aw 17,50 »

Temperature Reached in Secopd Jot-sgeat,

16.5 (a) T M T2 T2 TS
20.5 (®) ™ TS T2 T2 T2.8
24.55 (o) “ TS TS T2 T5.6

* 3ignificant at five percent level,
a8 Significant at one vercent lewvel.

Vi




APPEIDIX X

COMPARISON FOR THR PIRWOEMANCE OF THE IMPROVED AND
RIPERENCE CHULA

Tine taken in mimutcs
- — Mean ¥ Value
| 2 b3 4

Isproved 32 33 M %0 NS T

Reference 3 23 % 29 2.5

Pasl consused in kilegrams

Inproved 81 .81 .81 .8 .81

gfemease o2 ez % e 2
Tenperaturs reached ia * ° . *
sscond pot seat .

i-hll 90 90 83 89 8925 337.31%e

Aeforence 75 7 T 16 T4.75

AV i



APPRNDIX -2XT:°
RECIPE FOR CHOLAM ? PORRIDGE'

No. of servings z 3.
Time of cooking t 22 minutes.

Ingredients Amount

Cholam flour 85.2 Gms.

Water 750 ml,

Jdaggery (powdered) 75 Gms.
Method:

4s Boil 500 ml. of water.

&+ Make a paste of cholan flour with 250 ml¢é of
oold water.

3+ Add the paste slowly to the beiling water
stirring all the time to avoid lumps.

4. Cook for nine minutes.

5. Add Jaggery.

6. Cook for four minutes. o . .
T+ Remove from the fire and serve hot:

X\

N




APPENDLX - XiT-
RECIPE FOR SUNDAL Ny

Ho. of Servings: 3%
Cooking times . 41 minutes

S i m’ i
- Ingredients . . . . Amount
_ Bengal graa 171 Gms.
water 130 N1,
Salt 4 Gms,
Grated Cooonut 15 Gnas.
o i S
Methods: °

%« Soak bengal gram in one litre’of water for eight hours,
2. Boil 130 ml. water in the pot. )

3¢ When the water is brought to boil, wdd the scaked gram
Cover and cook it for 34 minuts,

4. Add salt and grated coconut apd mix vell
5« Remove from the fire after 3 mimites.

xX



APPRIDIX - XWR
RECIPE FOR CHOLAM *CHAPPAYI®

No. of mervings ¢ %
Tine of baiing s 22 mimntes.

Ingredients Amount
Cholam flowr 600 dun.
Vater 500 =l.
Salt 2 oms.
—
Nethod:

1. Neat water te 55°C.

2. M4 salt and hot vater to the sifted flour aad
make & dough.

3. Divide into 6 equal parts.

4. Teke one part, knead it for 3 minutes and then rell
it on the relling board to fit in the circular
depression.

5. Transfer 1§ to *Tava'.

6. Smear water ever the ‘chappati® after 13 seconds
and tarn after 70 sesoonds.

T. Xoep on other side for 120 ssoonds. -

8. Baks it on cindars fer completion of-beking for
four minutes, one minate on edges and three
minutes on sidos.

Xxi



No. of servings 3 3.

APPENDIX - XY
RECIPE FOR 'KOOTU!

-

Time of cooking & 41 minutes.

—av— .
’ Ingredients Amount-‘
Amaranth 250 Gms.
Greengraa dhal 85.2 Gms.,

Water for eooking 750 ml.
Sals 5 Gms.

-

Method:

%
2,

50
4.

5.
6.
7.

Boil the water.

Clean and wash the dhaly add it to the boiling
vater and cook.

Meanwhile, wash and cut the Amaranth.

When dhal is cooked for 26 minutes, add the
Amaranth to it.

Cook for 8 minutes.

Add salt to dhsl and keep for $wo minutes.

o L] .
[

Remove and serve.

XX il
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APPENDIX XV

SCORE CARD FOR CHOLAM *PORRIDGE!

Note: The gualities of the produet are listed in the

seore card.

Please taste the samples one by ons care-

fully and tiek againat the quality that describes the

given sample best.

Please take sip of water before

Judging the next sample to remove the taate of previous

sanple, The Jjudges are requested not $o discuss wvhile

scoring.

Quality of
Product

Description

Sanples Points
A B

Appearance

Celour

Doneness

Taste

Consistency

Smell

Excellent
Good
Faiy
Poor

Hatural
Dark
Light
Very pale

Well cooked
Overcooked’
Underoooked
Unecooked

Excellent
Good
Pair
Poor

Natural
More thiek
Less thiek
Watery

Pleasant
Raw
Charred
Burnt

bt AT R

.
e
.

e

Speeial commentss

Date:

XX4(1

Signature of the Judge.



APPINDIX X VI

RE CARD FOR ‘SUNDAL'

Note: Under each heading some qualities are given.
Please taste the samples one by one ocarefully
and tick againat% the quality that desoribes

the given sample best.

Flease take a sip of

vater before Jjudging the next sample to remove
the tasie of previous sample. The judges are
requested not teo discuss while scoring.

Qualisy of
Products

Desoriptien

impl; Points

Appearance

Colour

Doneness

Taate

Texture

Smell

Exoellent
Good
Fair
Poor

Browa

Pale browm
Greenish brown
Dark browm

Well cooked
Overeooked
Undereocoked
Uneoocked

Excsllent
Good
Fair
Poor

Yery sof$

Soft

Slightly tough
Tough

Pleasgant

Smell of raw !sundgal!

Burnt smell .
Smoky

AR P ARV SRS SR S NWER SR

Special commentss

Dates

XK 1Y

8ignature of Judge



APPREDIX - XVIT
SCORE CARD YOR CHOLAM °CHAPPATI®

Sotes Under e¢asch heading some gqualities are glwen.
rlease taste the smmples one ohs oKX~
fully and tick against thwe 1ty that des-
eribes the given smple deat. leass take
a sip of water before judging the next sasmple
to rencve the taste of previcus sample. e
Judges are requested not to discuss while

scoring.

L
Quality of Sample
Products Desoription i B Points

Apperance Exsellent
Good

Fair
Poor

Colewr Natural brown
Even spots
Many charred
bdrowm spots
Pale dull spots

Doneneas Vell baked
Owver baked
Underbaked
Raw in eentre
o en the xides

Tante Exosllent
Cood
Falr
Poor

Texture Seft
Very soft .
Tough .
Brittle

Smell Pleasmt :

No sell
Charred mmell

Smoky smell

BREE BRAD BRUE @ NUS @ 3 Ve S e

3pecial comnentss

Dates Signature of Judge



APPENDIX - XNMITC
SCORE CORD FOR 'K00TU?*

Notes- Under cach headin: some qualities are given.

Pleass taste the zamples one by one carefully
and describe the givun sample dest,
take a sip of water before judging the next
sample to remove the taste of previous sample,
The judges are requested not to discuss while

scoring.

’lease

Quality of
"roducts

Description

Semples Pointas
A B

Appearance

Colour

Doneness

Taste

Texture

Saell

Excellent
Good
Fair
Poor

Katursl colour
Slight dark colour
Slight pale colowur
Yery dark colour

Oreens and dhal
Properly cooked
Dhal mot properl
Bothe not properly
Greens over cooked

cooked
cockasd

Excellent
Good
Faiy
2oor

Soft and smooth
Very soft

Too watery
Slimy

Pleasant

fiay smell

Burat saell
Smoky c=mell

ANVIS SRS SRHWNE AN R SRWe SIS

Special commentst:

Date

XXV

Sigmature of the Judge.



APPERDIX - XX
RESULTS OF TRIANGULAR TEST

Judges Repliocates Total

T 2 3 & 5

* T 1 1 L | 4

2 S T SR S 5e

3 R TR SR S 4

4 : | . * » ;|

5 T+ 1 1T 1 3 5e

6 Tt 1 e & 9 3

7 L I I A 4

8 T 1T + 1 1 G

® Judges who were chosen for pannel.

XX VI(



APPEEDIX - XX

ANALYSIS OF VARIANCE FOR THE TOTAL TINE TAKEN FOR FOUR
MREFARATIONS AED HEATING WATER.
A A DN WA S WD WG AR N Ah A A WA WS e W W W W

Sources of
variation 4 Sum of squares Mean aguare f.Valwe

Betveon sots | 5160. 125 3160. 125 244%.T*
within seta 6 T« 750 1.29
Total 7 3167.375

Significant at one poroent level

XXxY i



APPBNDIX . XXU
ABALY3IS OF VARIANCE FOR THE TIME TAKERN T0 CLBAR UTENSILS

LA R 2 2 R R R R R P R R X R A
Sources of

Variation df  Sum of sguares lean square F,value

L A X L L A = L 2 2 2 2 2 2 & & 2 L X R X E LY RELEL S ¥

Between sats 9.180 9.180 18360 *» -
Jithin sets 6 0,003  0.0005
Total 7 9.18%

LA B B 2 B L F R 2 2 2 2 2 2 E X L X X R LB X 2 2. 2 % 2

XXX



