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X* ZXTRODUCXIOV

Xke dlsoonn ef fir* has beta an important 
footer in human civilisation* development end adiiewunts* 
Aided by the application of fire* scientific advancement 
has aade tremendous strides. Fire has always been 
associated with the preparation of food* religion sod 
rituals* Xn the Upanlahads ( fire has been addressed
as a lenowor and rewarder of all deeds* as revealed by the

»

followings

*0 Fire t knowing as thou do* all our deeds 
lead ms by the good path for the enjoyment . 
of the fruits of our deeds'1*

From the primitive ma't use of stones for
asking fire and roasting meat various eooking devices haws
been lamented* to utilise different types cTf fuels such

• • . *sst firewood* sawdust* eharooal* ooal* ooke9 kerosene* 
gas and eieetrioity* As Lokaaathaa (1959)^ points out* 
firewood is still the largest single souroe of domestic 
heat in the Indian kitchens* both urban and rural*

the kitchen is the heart of the work plaoe of 
the home maker* where she carries on the day long activities. 
In spits of all changes of sodern lift in India* the
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primary Amotion of w o w  la still to look aftor the 
hone* aa aandhi (1940)* envisaged.

Devadae (1962)* explains that looking aftor 
the hone does not aaan tho hone makers being oenfined 
to the deBoatio chores inside the hone such aa oooklng 
and cleaning* hot fulfilling many duties as hone maker* 
■other* farmer* wage earner* and community worker.
Aooording to Uppal (I960)* «ooa& la man* a partner faring 
hia arduous life* working perhaps longer and harder 
hours than him. The hone maker ean he helped to give 
nore tine for several constructive set1Titles in whioh 
she is being called to participate as a oitison* if ways 
are found to renuoo tho tine spent by her on household 
work* ohiefly oooklng.

This brings out tho need for hotter aanagenent
of tho roeoureea in a folly. Banagenont aa defined by
Knowles (1946)* and Mallory (1996)* la getting the most
fren folly life by wise and judicious- use of tho financial*• •
human and material resources be achieve the goals* set.

nJudicious use neons deriving aarlmnn advantage with niniaon
t

expenditure. In relation to seal aenegonent* boot use of 
resources depends upon tho skill* intelligence sad tho 
aotion»aladoflnoas of tho hone maker* as well as the type . 
ef equipment she usee for oooklng. Of all the pieoee of 
equipment in the kitchen* the *chula' or ’stove* is most 
important.



V

3

The traditional typo of *ohula* usod for 
oooking in tte Indian homes has many iiwdvaatages suofa 
as waste of heat and fuel* smoke and irritation to the 
ayes. An 3a£u (1953)® suggests the solution to these 
problems lies in the evolution of s oooking stove 
which is staple* inexpensive end capable of utilising 
heat efficiently* Various efforts are being aade in 
this direction in our country through several agencies*
Many types of snokeless *ehulaa* have been developed in 
recent years* The Grss sevitas and Mukhys sevikas who 
are working an woman extension workers in Community 
Jovelopueat Blooko have boon trained is the use of the 
smokeless f chula* as one of their targets is home 
improvement* ^versince the Community Development
Programme was started is 1932* these workers have been 
endeavouring to introduce the smokeless * ehulas* in rural 
homes* However their attempts* as painted sot by 
Coldwell (1959)*# have been isolated* without sa

ointegrate ! purpose of general improvement of the household• • .
premises*

Raadas (1959)*® points out that most of the 
smokeless *ehulas* need further improvement in the direction 
of reduction of fuel consumption* naximnm heat utilisation 
and proper outlet for smoke* As an extension worker* 
the investigator had many opportunities to visit rural 
areas* Her observations in the village homes had stimulated
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bar to study tht factors faisiratt* for tho construction 
sod u m  of aaoksloss * obula* oad to develop ft noktlM* 
•dslft' tho operation of which will to oa«y and simple 
for an average homo anker is any part of India*

therefore this study was nndortafcon to evaluate 
ttoo oonstruotional foaturos of ths existing snokeless 
’ofculas* and to develop ths "Improved Chula" basod on an 
understanding of tbs ahortoomings of tho existing otanlas 
and tho grossnt day Roods of tho hone makers* it is 
hoped that this study will holp to ellalnato tho nuisanso 
of aoko in tho Indian kitohons and enhanoo tho managerial 
ability of hone aakors*

/



XI. K8TX3 V QT LXmATimS

Baa (1962)^ obtemt that the *ohula* or store 
is the port and parcel of the hens and the main device 
occupying Important role in the kitchen act It! ties. St
has been used since the beginning of civilisation* 
undergoing as auoh evolution as nanlrlnd itself 
(tfoLlsy I960)12.

n »  working of s #ohula* Includes the aourees 
of energy naoely fuels* their oenbustien and utilisation* 
in stoves* use in food preparation and principles of 
aanagemont. The proaction of the Improved *otula* la 
dependent on the agencies and extension services available. 
These aspects are reviewed in the following pages.

At .3391999 t f  flMUBT Vfffl flir g W llf t
o

According to Trivedi and Shah 
aouroes of tike heat ere son* interior of ea^th oruet* 
mechanical, chemical* electrical and energy released 
during change of state. a&ergy ia obtained froa fuels 
which say be classified aa domestic and nowaroial* 
primary and secondary or solid* liquid and gas.
Aooording to Lokanathsn (1959) eewteng, firewood* charcoal 
and kerosene are the domestic fuels and* aeftoeke* gas
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•md elect tic ity m  the oooaeroial fuels used to India*
The consumption of settle tong is hl^er in ruralj&rea and 
35 million tone of ooel tqoivalent ef dung ere burnt 
every year to the Indian villages, oerresponding to 500 
million tons of set oowdung whloh oould he oonverted 
profitably into tuaarc* Heaoe oowdung should not be 
used as fuel seoording to Has {1962)*\

As pointed out to Shares (1959) ** 16 ereres 
cubic fast of firewood is produced to our country annually, 
and hardwood trees such as 'babul* (ftcacia arablca)*
'tamarind* (xsmarIndus todioaU •irul* (Xvlia aarlooor&aW 

(SHoess rotoste) and 'nece' (toedtratota indies) 
which giro lasting end uniform heat, ere preferred for 
household purposes* Stam (1961) cautions that in arid 
regions, the ooomon use of dooert shrubs for household 
oooklng, deprives the land of fodder on which animals 
sight to maintained* As a supplement stalks #f ootton, 
redgram, sorghum and augarsans be gasse are widely used*
& report of National Council of Applied Soooeaio ttesehroh
(I960) views that to order to supply firewood, planting 
of trees, rehabilitation of village tamarind and mango 
groves which wars depleted seriously during the last war 
are undertaken* Caprtham (1960)*^ remarks that firewood 
used to rural homes give dense smoke and heaee recommend* 
the provision ef smokeless 'tools' for healthy end comfortable

e

living* Charcoal is obtained when wood la destructively

e
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distilled er by incomplete taming of wood. 1% is black 
and burns readily leasing little ash and suit ting no sooke* 
according is Partington (1957) *8.

Kerosene is a mineral oil prepared fbr llluoin&ting 
purposes. Xt is distilled from petroleua or any erode 
aineral oil with flash point high enough (150*F) to sake 
its use safe for doaestio oaqdoyaent ( Kerosene
is widely preferred in urban areas being quick sad clean 
te operate. fhe proportion of kerosene to other fuels 
used for cooking varies froa place to place but in rural

oareas it is used only for lighting* Lokaaathan (1959) •
In order is stop the usage of oowdung as fualt substitutes 

need to be proaotod. (ta such attempt has ooae froa
<3̂the Kegional research Laboratories ( ) at Hyderabad in 

their ssokcleee fuel *kolsit> whloh is efficient in being 
smokeless* aoot fro# and economical with the burning period 
long* burning easily controllable end yielding hi|0*er 
proportion of radiant hast.

• * • . • Kaoslavoai (1962) stresses the superiority
Of cattle dong gas in saving lias* aonsy and energy ss
compared te firewood. Kao (1962)** points out that esitle
dung gss plant has limitation as it can bo used only when
cattle dung is available in plenty.

Avery (1955) ̂  states that electricity is the
ecleanest and the aost convenient oouroe of boat* whloh

o
 ̂̂ c.TttasoisJf-------
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fimliha^ quickly and conveniently. Kriahaaa&eharl 
(I960)2* indioatw that it la not yet availabl« in r a » U  
villagM asd la atiU very expensive aa fuel*

Away (t955)22 palate oat that the use of 
lnfrtwred radiatlen in eooking m s  introduced recently* 
sad appropriate equipment hoe been designed according te 
Beveridge (1956)^, However it will take ties te
be used by • o— ton household.

Solar energy is the radiant energy free the 
sun. Tslkes (1958)2* points eat that solar energy osn 
be concentrate- by using reflectors or nlrrors* sod the 
heat is utilised in solar own Shore feed ean bo cooked. 
faralaJcatad (196J)* states that solar energy eoblliaed 
in en oven is offeetive te oaintain constant tenperature 
sad doss not require ouch attention during eooking.

Schorr (1963)*^ opines that the tloe has ooos 
for the nuolear power to satisfy the world, doennd for 
energy* and the nuclear fuels contain -an 'eaoneous 
cenocatration of energy per salt of weight jbut at present 
not within the reach of the eooaon oacu
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Cooking Stoma*

A eoekiqg atom la a dosed ohaaber in which 
hoot is pnduoid her woed* coal* ook«9 kerosene or gas*
Ihs history af tbs oooking atoms specially those using 
fir# WMd« la the various parts of the world ashes an 
interesting study*

1>Stom* Around the worlds

A groat similarity It soon in the struoture of 
stoves using fire wood all onr the world* although they 
differ in seas ways according to Singer (1961)** A few 
are described below from the literature available.

agypti Valley (I960)*2 states that in saoisnt Egypt* 
the atom consisted of a horlaoatal stooe laid flat on two 
or throe vertical stones to fora a cavity in which fire 
woo lit and baking wooespllahed*

It air» Aooording to Sllaeott (1957).® the Stun kitohoa
e

consisted of a hugs brass eanldnm kept on hearth firs
m

to supply hot water* and a square hearth for seeking foods* 
The steen and moke were serried away through the roof* 
wall mate end chinney.

The Caribbean Countra Hagluod (1958)50 reports that 
the * Dower Stem* is used in the Caribbean country and is 
lms ooonon than span fir# sides* The open fire atom is
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■ailtable due to Its naolre m*d risks of istallBg carbon 
sonoxlde* Though kerosene sad charcoal ore m l l A l e f  
tho aost ncnmon Axel used la rural areas is need which Is 
least expensive*

Jaaani Inuatlo (1956)*' describes the ’Kenado* Japanese* 
traditional open cooking stove* sade of day. Xt ooosuaes 
sere firewood* for the oolleotion of which out oh tise and 
labour is spent* tterefore* it is inefficient* One of 
the aohlevopeata of the Japanese Hose Xsprovenant .ftrocrw— e 
is the introduotien of the new Manchurian * chain** It has
the radiant heat space* saintaitting heat for s long tise*

Indonesia* Singer (1961)® reports that in tho old 
stoves sade sf fired day with saw dust* rise husks and 
ashasi the heat cannot he utilised fully es it is is open 
stove, fhs now sodols have s good hearth* dosed at the 
frent by i flat stone and at the top by the peeking pete*
The flue for the flcne end fanes fern n oentinuation sf 
the hearth* According to singer's study*' new stoves as 
shewn in Figure 1 ere nods sf day having two or‘three pet 
seats in which the anoke is directed towards the ohlsnsy* 
Chisnewy works as an outlet for anoke

test and Seat Java* Singer’s (1961)® description of 
tho stoves used in Vest Java shews that they are constructed 
with cement and earth (Figure 2)* Wood is used far fuel*

\
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Tl«y are difficult Is keep dean due to smoke* The 
stoves used in £ast Java (Figure 3) are nade of rock, and 
charcoal is used as fual (Singer 1961)29.

M i l  The stoves in Bail are made of cement* They 
oensiat of a working table with three er four pet seats* 
Steves are quick to construct, eaay to dean and give 
good ventilation* Coconut wood is used for working 
table* the surface of which is plastered with mud (Figure 4)* 
Coeonut tree and dried branches are used ae fuel*

Sumatra! stoves in Sumatra* shown is Figaro 3 are made 
ef earth and lime mimed with sugar* They are mobile and 
economical* with good ventilation* Wood la burnt as fual*

j’hllipoineat Jurade (1955)^  reports that the native 
stove is an open fire type* without any safeguard from 

Thames and highly Inflamabie aster lain of •Hips* and ’Bamboo'* 
Clay stoves* oharooal stoves w e  season* * Mayen* type of

msmokeless stove mads of day or cement and used with ohiney#
is an improved firewood stove according to .Fablers (1155)^.

e

iereai The Korean stove has a radiant beat space of 
12 square yards* It maintains the bsat throughout night 
when used to prepare three meals a day* says Tamamato 
(1956)51«

The * chula* is defined as m cooking fireplace «r 
stove by 3tJo (1953)8*

\
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Jg---Tfef. flrdlpare »ohuia»t

Bap (1962)^ dtterlbM tbo ordinary #ohula* 
(figure I) at ft hurta shoo shaped itruoMra aada of and 
to protest tba flaaaa against draught* Ourusvaay (t955)^ 
aentions that it is a— I ayllndrleal wall vlth three 
projections ta support pots* Saaatlaas it la extended an 
tba aldaa ta provide ascend pat aaatav making it efficient 
in tba atillaatlon of bant* Raju (1955)® atataa that tbo 
apan smoky *fltaftla< aall far frequent bloving, eaueing 
fatlgua ta tba par nan in addition ta tbo nulsanoa of anaka 
and soot* Xn India several types af aaekalaas hbolat' 
ara in use ta avoid aueh dafoots*

KL— gw. ’gfcttMli.

Kumarap pa (1148)^ reports that in a smokeless 
*otaaia* tba fleaa is diraatad through a aontrol lad 
passage* randaring tba kitoban aaoka fraa and vasts af 
hast* Raja (1555)® atataa that smokeless *ahala» is a 
devlee evolved ta kaap tba kitchen frka fraa anaka ta

a

afford hpgianio environment and ta save fuel* Dovadasn
(1961)*® baa paintad out that vlth tba introduction of 
nav typo of anakalaas 'ctaiila* tba farm bonaavifa baa boon 
Ala ta aoononiaa tba fual and naintain olaan and healthy 
kitchens* itmf* (1555)® designed a saokalosa *ehnla' in 
tba Hydrabad Snginaarlng aaaaaroh Labaratorlas in 1946* 
ta evolve aiapla aaiantifia darioaa ta improve daily
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dOMMtio life of « plumed village hone. All (1953)57 
ooneider that the design ef the Raja *efcula* edilbitc ft 
rare osftbination ef effleieney* siaplleity and lew oeet« 
Sagori ( noted that aeeordlng to the experiments In 
the 3ereedsya Aahran the Raja • chula* was completely 
smokeless. Efforts were made in dewelepiog ft smokeless 
*oiaaia* in Hagaznradit Rettery Department* Vardha in 1947 
ae reported by Kuaarappa (1948) aftperlaents were 
eendueted in 1999 in the light of previous findings te 
improve the anokeleas ‘chula* farther at pottery Motion 
ef (Sandhi Riketen Aahraa* T.Xallapattl. The priaary 
object wan te regulate the tranaaissien of saoke free the 
stove which resulted la the propagation of eore improved 
and portable type ef anokeleae vehole* (Ouruawamy 1989)^**

Pahalwan (1948)^* deeoribee a anolrel eea * stale* 
design in the &sgineering Department* Agriculture Institute* 
All ahabed with fear pot seats* the first two for peeking 
par poses and tbs lent two for hot water (Figaro 7)* The 
water pots ere inside the flue pipe nbto* the nee|t eo*&s to 
allow the full utilisation of the hot gases eseapiag 
through it* Deeper* are used te regulate tbs ftan*

The Sasadhan *ohula* m s  developed in Kolhapur 
in 1994 wider Coassnlty Development Frograana to satisfy 
tha dassnda ef Haheraehtrian sethode ef oooking* Heret C’CĈlO/7-’l coj
(1996)40 recommends that the aaokeleas *cbulaV\ae it 
ai nisi see fuel consumption by 29 per oent*
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Bandas (1953)'® reports that the devalepaent of 
tiM K I  *olxila* as ths reault of the aysriiaots oarrled 
ost la 8akdd*ka4alal iraiolag Centro (t»f) with different 
types sf voiceless *ehulasv* {h» ooaqparative efficiency 
of 'dulse* wider similar laboratory oondltioas were 
determined* Two work Vie designs found best were picked 
up for final experimentation at Planning Researeh and 
Action institute* and X T  was proved to be the best for 
general adaption la Uttar Pradesh* Comparing the 
effieienoy of Megan 'denis' vith ordinary *chula*t vith 
regard to amount of time taken for eooking* cleaning the 
utensile end quality of the oeoked foods, the Kagan *ohola' 
prosed to be superior in Haaslatha's (1W2)^a study*

Thus the ideal smokeless *ohola* viewed by Roe
(1962)** should be simple sad suitable for seeking methods 
with provision to host watom Is bake* and to were food by 
boot utilisation of heat* It should have sacks directed 
out through chimney* the flames net escaping eutslda the 
pet seat* and ths soot deposition only af the bottom**a
It should not need blowing and should retain beat to warm 
logs of firewood* if necessary* end adaptable for locally 
available fuel and material*

v
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c 81fferent Pccignationo Olvonio

The b*1b parts of tbs anekelese * chula' ara s olosed 
hearth* fins and s ehianep.

Tha Hsarth is tbs arss to bold tbs burning and of 
tbs wood and tbs cohere* giving tha flass sneugh rson to 
grow and is also oaiisd tbs firs plane bp Has (1962)
This has on opening oaiisd bsartb door or stoke hois bp 
Slagsr (1961)23 or fhoi feeding south* A shutter for the 
fuel feeding south servos os s controller to alios free 
air inside* A circular plate of iron bars placed at the 
first pet seat is the fire pleee is sailed s grate end 
functions to support firewood end peraits cab to fall deist* 
Ouruesaop (1955)^ states that the grate separates tbs ash 
trap from tbs firs plaoe* ftaju (1953)3 describes the s 
grate as helping tbs need to stand in inslinad position 
aakiag it oonveniont for tbs rcnovsl of cab and aiding la 
ventilation* Ash outlet or cob pit to constructed at the 
boos of hearth to facilitate the renoval of sob when neooo* 
carp* At the top of the hearth la the place to .‘put ‘ute«*- 
aila eel lad cooking holes bp Singer (1961)?* pot easts bp 
aao ( 1 9 6 2 ) and boles bp 8ajn (1993)®.

tbs Flap is the passage providing the boot between 
the pot seats. It Bust bo designed to concentrate the 
flense nod the ft— > at the pet seats before tbcp are 
carried out of the stove* ieoeaeariee for the fine are
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the tamp*r* t square natal shnl tf Iron «r galviBlaM sheet 
and to regulate the draught into tto fiat seoording to 
Raidas <1958)1°f and tha baffle mil la asrtisallp planed 
la tha flat at tha aaatra af second pot aaat fbr tha bat tar 
distribution af hast# and aarvaa as a turdla far paws to 
ba llftad and transmit aora hast towards tha pat aaosrdlng 
to Baja (1955)® sad Raudaa (1958)10.

c w i y y  is tha shisf faatura of asakalaas • chula* 
to dlraat m oka out of tha kltehee. Kaaarapp* (1943)55
pain tod aat that ohlauap should go piercing tha roof of tha 
kltohon* araat sod ana foot above toe roof* Hajn (1955)® 
suggested a sonar at tha top* eailad esdt far protesting 

-jfi^ rain. Matthav (1949)42 ai* Wariand (1951)45 and Har-
gonna g|, al (1955)44 explained tha dilaur as *when tbs firs 
Is lit# air In ohianagr gats warned* appends* bsaasss lighter

a

and rlass np tha ohiaapt whieh la torn draws In aora air 
tram the rasa4. Thus tha aeonsawi af air Is daa to too
dlffarenas la weight af the fine* Tha draught Is bettor

»

drawn ehsa tha ehluuaj Is tall within Units. Ill (1955)^ 
reoossenda tha alnlaan height for ohlanep as 5*5 metres
whereas Slagor (1961)® proposes 4 metres with sand as.

\
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According to Cauloy (1955)*^ and Yart&k (1960) draught 
supplies oxygen and keeps fuel burning* and smoke is ex­
pelled. Fault in the chimney ( draught may result is 
sluggish fire* poor performance of the appliance* and escape 
of amoke and flanes into the rooms. The main causes for 
such defeots are due to the two high fire place opening or 
it being ice large or irregular in shape.

°l Cqabuntion and Transfer of Hoati
1 knowledge of the principle of combustion helps to 

understand the working of the smokeless * chula*.
Combustion as defined by Morse (1947)^ ia the rapid 

chemical union of fhel with oxygen* accompanied by the 
release of substantial quantities of heat energy and an 
Ignition temperature in necessary to initiate combustion. 
Cauloy (1955)*^ pointed out that a continuous supply of air 
is neesssary for combustion. The temperature at which the 
production of heat is accompanied by the product ion of light 
is known as the kindling temperature. Cauloy (1955) ̂  apod 
Bogert (1953)^  report that other by-products of aoabustion 
arc maoke consisting of steam* carbon dioxide* soot and ashes* 
being the inoumbuetible material* Francis and Mores (1959)^° 
mention that fire may be extinguished either by withdraw ! of 
the contact between oxygen and the had or by lowering the 
temperature of the burning material below the kindling tem­
perature of the reacting particles*

Hast* thus produced by combustion la transferred from 
one part of space or body to another* by throe methods
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n wanly* oonwaetioa, eonduetion m i  radiation. Osborn( 1929)** 
dofinoa connection as tho transfer of beet by the actual 
a o n m t  of tho hoaiod body, * pro party shown by liquids 
whoa heated* tffcltoan (1951)^ aapiaina conduction ao that 
boat flowing fha a body at a high teaporatare to ono at a 
low toaparatora* whan thaao two ooaa in oontaot. Radios 
tioa la tha prooaaa by whioh boat energy la trasaaittod 
through wooune* Blank and little (1956)**.

Cooking inwolweo application of boat in two ways* 
naaely, wot aothod af troataaat ouch as boiling and atcao 
lag and dry aothoda of troataont aaoh an frying* ronatlag 
and baking* Aykroyd || ||, (1965)^* 11a m aul to of tho
Diot sorvoyo earriod eat in India by Indian Coo noil of 
Medical Ranoareh (1951)** iadioato that oaroaln and ailleta 
are nnually boiled to tho canalstenoy of ooefcad rioo* or 
to a thiok fluid resembling wall oooked * porridge* in tho
fora of gnaoi. Mill at o ara oooked alao an ooarae ohappn

• ^ •

tioa (unlearened broad or *Roti*) or boiled don^f with 
pnloaa* tho floor poato in nado into balls lad steamed*
?ulnon ara boiled or roastod and aada iota poat®. Aykroyd 
at al {1965)^ raporta that wagatabla^nay ba oookod using 
■lniora noaat of water* tha oooklng water aaad in either 
aaupa or gravies* tha agatatU asy ba oat* addod \mn 
dlately to tho water whiah has already bean brought to 
boil and cooked within a ttoort time am possible*
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Chili (1914)56 remarked that cooking night he main 
•ngr through uno of proper kiUhon equipment. fond (1946)^ 
stroaaed that preparation and Barring of meal a, arrsngnoont 
of tha equlpnent and supplies in tha kitahaa aheuld ba *  
organload. Sffia&anaj ( J*® defined an tha ratio of work
produced to tha energy expended* oan he aeaaurad in tame 
of speed, accuracy or tnlitgr, affeot end astinfaetiea. 
Aoaordlng ta Vaafe (1937)" It a*V to attained in tha kitahaa 
by reduolag vesta, 1 shout and ffeai. Fuel vaata la oftan 
daa to unsuitable equlpaent. Maaon (1942)®® points out 
that vark dens with improper oquipnont gives rlaa to frta* 
tration and unhappiness. On tha othar hand, vark wall 
dona is satisfactory and rewarding dddi helps in bettor 
management*

? ftnrrTnrr lr T r i^ n  Vr 7«  tff
Devadas (1958)®* rUne that Hone ssienoe extension 

earriaa knowledge fires oollagea, institutions and lahora- 
tories to rural hones in a foa easily asainliable ant 
applicable ky families* Ska further .’states that aoaamitya
gives diraatieo far «due«ii<Ail and solanti fie research 
through its needs and demands* The two way proooae in 
being carried an by arm sevikas, a el Hags level worker, 
who are required to construct a miralana *shula* depend- 
ing upon tha else and typo of tha family, tha typo of 
staple food and fuel used*

Bshan 1 ah (1958)®2 opines that Cram seel*ae Inn to
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otiaulaio tbs dtvln and drift tor omtlag totter and 
toaltbier toMi in rural faailiso* Boo (1^61)^ oon* 
titon that tha af farts Should ha aada to Oavernaoot and 
Saoiol Sarrlaa Aganoios ta aao that tha laproni 'Suita* 
find uida aeaaptanoa. Hasidanoas built at Oowarnaont 
aoat ar aid should hava an lapnovad 'abul a' inSorgoratad 
in a fuaotloaally daalgnad kitchen* as Sahgal ( 
strassas tha aanstruatias of tha aaokelese 'Sula* is 
asary houas» Fanil iaa should ha given flnaooial or
taahniaal asalstanaa ta install la proved *ofcolae’ la 
thair hosas. Tha wonan in tha vlllagas Should ha ao- 
aouragad ta taka intarast in adapting hattar living 
tashniiguss suited ta thair traditions and oottou and 
disoardlag had oostens to help ussan to nova forward 
towards advanced woaanhaod aaoordlng ta tea (19d2)6 .̂ 
Q r m  Hah 11 a Hand ala (1962)*® nay try ttowtt dewon a tra* 
tlana and bp eonduating elasaaa in tha hattaraeot of



xxx« s&lectxok or the rsfrrshcr * chula*

In order to salaet the Referenoe *otaula*
the following atapa vara undertaken.

k* Svaloftkioa of the mmkeleee #obula* by

B* Appraising the information available la 
published literature.

C* Construction of tha three >8baltt,»
0* Comparison of the three * ©hulas' 

oenstnuoted.

Xa ordar to alioit tha opialon of han^nakars 
about 'dnla't toa families la ^ahatgoan1 (iaaraoti 
District)* and 1$ faailias la *KalappaoaiokenpalajM 
(Coimbatore District) who haul aaokelesa* ydailas* in’ thalr

* Tba designation Rafaraaoe * dial a* ia purposely
given to tba *obttla* sslaotad to cerve as reference la this 
study for tba construction aad comparison of tha Improved 
*obula' developed hr tbs investigator.



h m s  wore latwrirnd with the help of an interview 
•ohodulo developed for the purpose given in Appendix X* 
The interview schedule sailed for information on the 
type of sookelees *ohulesf uso4 material* used for their 
oenstruetion and evaluation of the causes for using or 
not using the noteless * ofaula*'» and the types of fuels 
used*

Sight out of the ten homemaker* in Rahatgoen* 
and 12 out of 1$ homejnakers in Kalappanaiekenpaleyas 
village wore regularly using the eaokelese •ohula*** while 
the ronaintng few used it oooasionally* The homemakers 
wore net aware of the typo of none of the smokeless 
'efcula* used by then and Just called any n o t eless *ohala* 
as *Magan efcula**

The notorial ooomonly used for oonstruotiag
the saoteless * chula* was s  sixture of sudv hay and
oowdung* and found to he satisfactory* The evaluation
of the smokeless *ohulas* in terms of the advantages as

; •pointed out by the homemakers is summarised in Valle X*
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TAS.S X

EVALUATION OF TttS SMOKELESS •CflULAS’ SI THE RGM

Points
Boater of H Motioning OM|nftkera

Total

1* Too iteas oan be eooked at a tiao • 10 18
2. Same tiae T 12 19
ft Ateonee of moke 8 10 18
4* Clottea and hands are oloan 3 8 15
f* Freedoa froa soot 5 8 13
4* Consumes loss fireeood 3 3

m

6

• •

As oan bo soon froa Table X* the 'heae^akers 
uaing tba aaokeleaa *obula* sere aware of their oaring 
of tixaet and enjoying freedom froa soot and sacks.



The •valuation of the smokeless ’chulM' in 
fora of disadvantage as pointed out by the flm homemakers 
who « m  using tin awkeltti * chula* occasionally was 
as follows*

The aaokelesa * chula' «

Has sore t|u ona pot Mat and wo do not need 
sore than one pot seat.

Is difficult to construct and operate*

Cannot he used to hake *Chappell**

Cannot be used with rubbish as fuel*

Consumes nore firewood*

It is not absolutely saoke free*
m

The fuels used for the smokeless * chula' wore 
j fire wood by 13 families* agricultural waste roob 
as dried branches* twigs* dried leaves* and cane-sugar 
baggssses by three families and both according to* the 
availability by four fanUioa*

The above evaluation of the osokelese * chula* 
by the homemakers was helpful in testing ths utility of the 
smokeless * chula' la the study*



1» k a a n l— X of thq IttfOttaati

Tho n f t r n o N  mllabl* in tho litirtture on 
the oonotructiooai dotailo of tho oaokeloss *obnloo*# 
wtr« otudiod* A o  sonoary of the information eollootod 
io givon In TaUo 11*

i

• Honoo forth tho torn *ohoXa* io osod to dooignate
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(M  of the aokeless *chulas* mentioned is 
Table XI three smokeless *dnilas* namely •Swaadhan** *3KTf 
and *ReJu* vtn selected for construction end further 
study i» order to seleet one among thee as the Reference*
*chule** Those three *ataulao* were chosen because 
their inventors end users have stressed several advantages 
with regard to their performances.

fit,Ssfi& j& ateSB LSiX % to.£<&satert ’A M ™ * *

Xa the construction of the three selected *ohulas' 
some features were found fee be oosson to all the three in 
the literature reviewed| while others were different*
The aoonon features were six tore of red day* oovdung and 
hay uasd to the proportion 10s 2s 1 respectively* The day, 
oowdung end hay wars mixed with just enough water aad to 
obtain a aouldahls pasts and kept for thro# days to the 
shade to ferment. with the vet aixture a platform was 
oonstruoted to the dimensions spssified and allowed to set 
for a day* The platform was marked with toe dimension 
of the pot-osat* with chalk* .

With a suitable iron cutter* the clay was scooped 
from the mark up to the pot-seats.

The pet-seats were then connected with eaoh other 
eutting out passages or flue large enough for the flames to
cross*
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D m  baffle wall waa also sat out where the design 
sailed fer it* ^aeh *ehala* constructed was allowed to 
dry for 30 days*

The Distinguishing Features*

l. ZUm WLt »Chula*

the details of the oonstruction of the * chula* are 
given in fignre Sfq b  The first pot-seat and the second 
pet-seat ware carved out* Fuel feeding south (e) was 
scooped out* The flue (d) which is the passage connecting 
the two pot-seats was carved* Tbs ohianey (e) was aade of 
gafewanleed iron and the ohianey base (f) was carved sloping 
towards the fuel feeding south. The cowl (g) was plaead 
on the top to protect the chimney* The dampers wars 
provided, (me plain square (h) between first and second pet 
aeht to aet as m control, for transfer ef heat between than 
sad to avoid free escape of notes* the second perforated 
damper (h|) was plaead between the second pot seat and 
chimney base, to retain hot gases fer a longer tiae is 4a

m •
flue* D m  baffle wall (ft) was erected at the second pot scat 
so that the flaaes would strike the pot and' the amoks would 
find its way to the chimney*

T*T * Chula* i

The construct ion ef the Sasadhan * chula* in the 
steps out lined for *MT* is illustrated is Figure 9* The
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»
variations were that it had three pot seats, hoight was sore 
and the placement of the L+% seats was not la a straight lines 
The plain dampers vers used* *

Ths *la|s Chula* is shown in figure 10* The eonsiruetios 
of 3a$u •Chula* is in the same line m  that of 8KT ’dteiia* 
dZMpi for the following differences! the height is less, 
third post seat is larger specially provided to utilise 
the heat fro* escaping gases to ha^t water* The bottom of tho 
•Chula* is slightly raissd f oa working plaoe to facilitate 
the pissing of firewood in an inclined position to pera t 
ths sir eireulatlofu

Oa these lines three*ohulas* were constructed in a 
room against a wall In a line, facing in the sane direction 
to minimi ee variations due to air cur reate, temperature 
and humidity*

«4

The diameter of the first pot sent was kept identical
w

in all the *ohulas* th«t is 13 cas* so. a» to have this• •
factor sonstaat* lhs dimensions for the respective features

e
were proportionately computed*

The constructional details of three ’chulas* are 
given in Table III*
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tug coasraucTi^Ai mTURBS o f the t h r u  chulas
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Samadham BKT Raja

1* Inside capacity (ala) l}£ ~ 0 0 6$oo

2« Length (sou) 76.0 54.6 65.25
3« Height (em») 23.0 20.5 15.25
4* Breadth (cm.) 53.5 29.0 43.00
5* Diameter of first po^t—aeattem.) 13*0 13.0 15*0
6* Diameter of second pot~seat(aa.) 10.16 10.72 12*7
7 m  Diameter of third p o t - s e a t  ( o a « ) 9.5 *il 22.0
8 «  Distance between the first and second pot-seat ( o n * ) 10.16 7.6 7.6
9. Diameter e f  ohlamey base (ecu) 10.00 10.00 10.00
10. Height ef chimney (<su) 2 30.0 230.0 230.0
tU dumber ef dampers f plain 1 1 plain perforated f
12* dumber of baffle walls 2 atsecond

and third*pot.s o ? t 
•

1 at Second 
pot seat

e

-

1li dumber ofjrates 1 m 11
14. Provision for hot-vater III Mil Preset

The inner capacities at  the *ofculas* g%wen la Table III 
were measured by filling the on tiro fire place and fine with 
puffed rioe up t o  the brim noting the volume of puffed rloo in 
aillrlitres*
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Pi fiiffMfn 9 t w a rn  HtortatJ.qftaW*
The oMptiriton ef the p w f o m & O M  of the three •chulaa* 

involved*
t* deletion ef the Material and equipment#
2* Standardisation of the procedure*

V  Minimi irf m  r t ir l‘1 mlrrrrit
la order to maintain the alorle value released in these 

experiments* firvood was obtained from a single fneea* tree 
la the campus* The fnaem* tree was ehoeen as Shexma (1959)** 
has reported that 1ft is commonly used ter fuel* The legs were 
out into pieces of 18” x 5* approximately* dried la the sue 
for two months and stored ia a dry place* The remaining fire* 
wood ohipe were collected and stored to be used for start­
ing the fire*

The equipment used 1m the study consisted of three sets 
#f aluminium pots* each set having three pots identical ia 
si^e* shape* and weight* Details of their dimensions and 
weights are given in Appendix II*

ee eThe pots used ia a set were so seleeted as to* he adequate
tto cook one meal that supplied for a family* (three to five 
persons) 900 to 600 gfu ef cereals soft 220 gas • ef pulses 
in accordance with the allowances recommended by Aykroyd
( 1 9 6 3 ) 'aeh pot was provided with a lid* with provision 
for inserting the thermometer*

The other equipment used ia this study consisted of* 
a pair of scales with two firewood and residual oharoo&l*
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A set of standard measuring ©ups* graduated la mlLli* 
litres fer measuring water* and a measuring cylinder of 
$8 ml* capacity for measuring keroedne*

k time-piece a«3 s stop-watch recording the timings* 
and four thermometers with the range ®# C te 130* to 
register the temperature of water were procured.

Soft red soil and ash were sifted* mixed in equal 
quantities and used for cleaning utensils* Firs grams lot 
•f eooonut fibre were made into bundles fer scrubbing 
purposes*

Soft water (Sirswani) was used throughout the study 
as it can he measure, correctly* constant in its quality* 
and temperature sen be determined easily* Appendix III*

2* standardisation of xrocedjmi

lb* experiments were always started with the *ebulae* 
st room temperature st the same time in the morning* Iho 
initial temperature wee observed mad noted*

. • *
s) Heating ef waters The water w&s heated la the clean 

and dry pets* The pet on the first pot seat was filled with 
1500 ml* ef water* on the second pet seat with 1630 ml* 
litre and on third pot seat with 3300 ml* ef water*

b) Measurement of Firewoods Before starting the ex­
periment nix pieees of firewood weighing around 900 grams 
•aoh* wore weighed and used for oodicing* At the mod of the 
experiment* the pieces sf firewood remaining were withdrawn*
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the burning ends dial edged nd extinguished by using 
send. The remaining simps were weighed. The difference 
between the initial aad final weight gave the weight of 
firewood consumed. The lire pieces «f olnders wsrs eolleeted 
froa the inside ef the smokeless •chula* by means of tongs 
leaving the ash inside* put into a taetal container* and 
covered loosely to put out the fire* and weighed after 
2$ caloutes* as cinders could be further used as household 
fuel. The firewood equivalent of the cinders was estimated 
by using the vConversion table* used by National Council of 
Applied Seonomie Research (1953)*

C. Lighting the *ohulas*i for standard last ion of the light- 
ing of *ohula* three logs ef firewood sad 50 gas* ef chips 
were placed in the fuel feeding south and 12 sillilitre of 
kerosene was poured on them. The snips were* lit with •
■ateh stiok* and 90 seconds after lighting the fire* the 
utensils were kept sa the pot-seats.

In order to oaintain s steady flam throughout the ex­
periment periodical pushing and rearranging of firewood 
inwards warn done.
0. Cleaning the for washing one moistened coconut
bundle dipped in 20 grams of the Cleaning mixture was used to 
sorub each set of pots. The pets wsrs scrubbed first inside* 
and then outside specially si the bottom. The scrubbing was 
continued until the utensil was f3ree from spot and these rinsed 
with water. The utensils over each *ehula* were washed 
separately.
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Before starting ths experiments, all the neeeasary 
equipment and materials vara kept ready near the smoke- 
laaa 9obulas*»

m) Saoueneai Sequence of activities involved vara

i) Allotment of tha pots far pot-seats* 
il> Filling the pots with specified volumes of water 
ill) Lighting of *0)10 10 0*
iv) Halting water
v) Measurement of firewood
vi) Cleaning the utensils*

i) First pot-seat was a capacity 1500 al* and aaooad 
pot seat 1650 suitable for cereals vhloh are usually cooked 
la larger amounts la Indian
11) Pots were filled with water.
ill) The Samrtdhan *chnla* vas lighted first* Five minutes 
fter the lighting of the 9KT *chula* the Rain ehula was 

lighted and 90 seconds after lifting each * ehula* pots 
for the first* second and third pet seats were 'laced 
successfully* and the time noted after* all the three pots 
were kept la their places*
Iv) The tiae taken for the water at the first pot seat to 
start belling* and the temperature of water at the tiae 
la the other pot seats were noted for the three *chulas‘*
V) Immediately after waves the firewood and the live cinders 
were taken out and extinguished as per the standardised 
procedure* and their weights noted*
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vi) The utensils ware cleaned according to the stand­
ardised procedure.

Tiue taken for the water to onae to boll on the firet 
pot-seat of the three * ehulas' Is euzaanrised in Table XV.

TA£I*S XT

txms t& tm  foa M ktm to s u m  m h u m  m  first pot ssat
OF THE THESE CH1JLIS

Replicates.
TIm  taken in tainutes Analysis of aean... . differencenee ad hen SET la$u
(S) c m m W m_^T

u «« 42 35 43 S.B* m 3.5
2. 41 33 41 a.s. m 0#5
3. •* 41 32 40 S.B. * 3.00
4* *• 40 30 33

Mean 41.0 52*5 40.5

B.®1 » 4.01 
D.05 • 2*76

Froa fable IT it'to be noted (41.0) that the average 
tlae taken to bell (41*0) water saxitsns la e^ee of Saatadhaa 
•ehola* and aiulstui in o tee of SET (3?»5 alnutee.) The 
differenoee between the saadhaa •ehula* and BE? *e>mla** 
lalu *ohula* and BIT * chula* were significant at one percent 
level whereas the difference between the saaadhan *chola* 
and Raja *ehula* was not significant a* shown in appendix XT.
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TA3L3 T

P9m. CONSUMED Iff B0ILX33 VkVM AT PI3ST POT S34T OH 
3AHADHAH ' M V  AHB »8AJU* CHULA

Weight in (grams Analysis of HeaauvfigWvol Samadhaa DRY rtaje Difference
**

1. 925 300 1050 »-B » 0.17w-X
2. 375 820 1000 B-S • 0.03
5- 389 no 957 S-B « 0.09
4* 330 no 975

Heaa 892m 5 990.09 9T7.S

00.01 - 0.005
DO.05 - 0.005
Table V indicates that the average fuel consumed was 

lowest in case of M t  * ohula* asoag the three and maximum 
in case of Raju 'chula*. The difference In fuel consumed

9

was significant between the Baja and .MX# Hsju s d  Samadhaa 
and somodhan and B5CT at one per cent level os shown on 
Appendix f«

It is interesting to nets that fuel consumption vaa 
sot directly proportional to the time consumption ‘9 boiling. 
Saving of significant time and fuel say he attributed to the 
constructional features cf SET* Hence M t  woe selected as 
"B5F3KSBCB CHULA**
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IV TESTIH0 DIFFERENT VARIABLES WITH THE R3FSHEHCB
* CHULA*

la order to dot ermine the creteria tor the develop* 
sent of aa Improved *ehttla* the Reference ’Chula* was need 
to test the different variables srach as|

1. Height of chimney*
2* Use of grate*
3# Use of baffle wall*
4* Size of the first pot seat* 

and 5* Height of the * chula* |

The experiments were conducted on the Reference 
*chula* by boiling water at the first pot-seat* aa the 
baais for comparison* iiaoh experiment was repeated four 
times* varying one aspect at a time* keeping the other 
factors* constant*

All the processes* lighting* uso of pot seat*
quantity of water* in sequence were* am per the standardised

; •procedure* The date recorded and the performance of the 
Reference *chula* was assessed in terms of. the time taken 
to boil water in the first pot-seat* fuel consumed and 
temperature of water reached in the second pot-seat*
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and Discussion

kJfrteftrt Q f etymon

The heights of the shlansy varied is be 230 cms.
320 cms. and 410 ess* respectively* 4s mentioned by Has 
(1962)11 and Raju (1953)8 there is no specific chimney

cibovtL
height hot chimney should go two feet(the roof* Singer 
(1961)*® proposes the chimney height ef 4 meters* In this 
study* effect of varying the heights is presented are shown 
is Table YI.

TABLE YI

3FF3ST m  t m n m  t m  chimsit hsioht os yes f ̂ fgbka ĉe
or m  tEFaBSYOi * chula.*

Variable* 
in Chimney ht.(in cm*)

Time taken 
in minutes in first 
Pet seat

Fuel con­sumed in 
gr«ms

Temperature reached in 
Second pet seat *0

230 (s) 31.75 320 74
320 (b) 26*25 735.5 s 77
410 (c) 27.5 760.5

•
e • *

.nalysie of •

Keen ** DO*01 * 3*03 1X3.01J)i14-ti-ehU- DO* 05 * 2.14 DO. 05 - *o#a
*i;.. -îsse <>*b ** 5i50« a-b - *0u *•e-e ** 4.25** a-c - .06**o»b ** 0*25 ©~b - .03*
The results presented in Table YI indicate that et the 

chimney height of 320 cms* the time taken was the lowest
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and highest at 250 cm©. The difference 111 time taken to 
boil water la the first pot-seat was significant between 
the heights 250 cas. and 520 cas** 250 cas* sad 410 cms. but 
net significant between 410 aas. and 320 one* regarding the 
fuel consumption the difference at height 520 etas* wae the 
lowest among the three heights. The dlfferenes In fuel 
consumption at the heights 250 case, and 520 cas*» 250 can* and 
410 oas. and 410 cme. and 520 eras, were nil significant at 
one percent level* Details of data are given la appendix VI*

Thus the chimney height between 520 and 410 oos* msy 
be considered as suitable.

2. Use cf Grate.
Comparison was"made cm the deference * chula* with and 

without grate la the fire plaoe under the first pot-seat, 
hen the grate was used in the * Chula? blowing was needed 
only ones for beating water as against fowr times la *ohula* 
without grate* The averse tine required te start fire was 90 
seconds la the former as compared te the 210 seconds la the 
latter* Thus tile use of the grate facilitated the lighting 
ef the smokeless *ehula*y probably because #the grate per­
mitted free aovenent m i the air elreal tion* as against the 
restricted circulation la its absence*
3* Use of Baffle Wall*

The Reference *chula* was tested with and without baffle 
wall at the second pot-seat keeping all the other features 
constant* The results obtained are given in Table VIZ#

w
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TABLE VIX
EFFECT OF BAFFLE VALL OS THS F31FORMAlfC§ OF TIE

RSi’ERiNCS* CHULA*

Variables Tine taken to minutes to First pet-seat
Fuel—weight in gross. Tine taken to minutes to Second pot scat

With Bafflewall 31.75 320 34.73
Vithout bafflewall 31*75 820 40.9

F« Value Msan difference 
is 0 227.1**

Table YII indicates that the tine taken to boil water
on the second pot-seat was 34.73 cloutes with the baffle well# 
and 40*$ minutes without the baffle wall. The difference in 
the tiae taken was statistically eignifleant ad one percent 
level ̂Appendix VII.) The data also show* that baffle wall 
doss not in any way affect the fuel oonsuaution and tine taken 
to boil water at first pot-seat. The yoNrgnee of the baffle 
wall appeared to direct the flan* more’ afv^ntageously* towards 
the second pot-seat# as noted by ftandas (1f§8)^. Thus in 
the ease amount «f fuol used# heat is better utilised to the 
second pot—seat with the baffle wail*
4. sue of the First t̂ ot Seat.

Two variables for the diameter of the fiist pot—seat 
15 oaa. and 13 oms. were tried to the deference *Chula% The 
resulte obtained are preseated In Table VIIS^
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SFF8CT OF t m  DIAK.TSB OF FIRST & T  SSAT 08 TH3 PSSFOH- 
MAHCS OF THE SSFEREMCS * CHULA *

TASLB V I I I

Variation in dia­
meter

Tine taken in Kinutee
Fuel consumed 

in Crams Temperature eaohed la Aeoond pot soat

15 one* 22 551.25 63.25
1 5  omn. 29 827*5 75*00

F*Value 24*5** 170.5**

Table fill indicates that the First pot-seat with 
15 cm. disaster took significantly acre time and consumed 
aere fuel to boil water when compared be the 15 cm* diameter 
level* Vith regard to the temper tore of water at second 
pot seat* it can be seen that at larger the dimeter of the 
first pot seat* the lesser was the heat provided to the 
water oa the aeoond pot seat* and tenper&ture £>3* 25*C. as 
against 75*C when the diameter of first pot seat being 
15 ass# However this would have been due to the longer time 
the pot waa kept on the pet seat while # she water la first 
pot seat was brought to boil* However for household cook­
ing 13 cos* diameter appeared suitable because of the size 
Of pots needed for cooking* Larger diameters are bound to 
bo of use for larger families* Details of data are in 
Appendix VIII*

5^ height of the ■Jhula**
The results obtained with regard to the variation in
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th« htlghit of • chula* are gitan la XaU« IX.

TAHUt IX
sffsct of ncs height of cauLk os m i ?srfo:®a»cb OF

TKX Ĥ SaSBCE CHULA

Variables in 
Heights (in cas.)

Taisn in slnutes Fuel oonsuaed is grass
i

Temperature Reached in Desond pet ssat

16#5 (a) 39.5 321.25 71*25
20.5 (b) 31.75 780.75 12*3

24#5 (o) 46. 5 338.75 73.6

Variation in seen DO.01 * DO. 01 m 23.45#1 Difference 00.05 • 2.23 00.05 m 10.74
C-a * 7** *-b • 40.50**o-b » 14.75s* o-b ■ 53.00**a-b * 7.75**o-a « 17.50**

Table XX indicates that the ties takes and the fuel
consumed la the lowest at the •chula* height 20,3* The
time taken to i>oil water is significantly less at the 20*$
wu height than at 24*5 as. and that at. 16*5 ecu The difference*
la tiae taken la significant at the height of * Chula* 24.5 
sod 20*5 ee* kith regard to fuel oonsuaption the difference 
is highly significant at the heights 16.5 os. and 20*5 om| 
sad 24*5 cm. and 20.5 cm. whereas between 24*5 and 16.5 on. 
at 5 percent level. This stay be attributed to the proper air 
circulation at the *ebula* height 20.5 ea. than at other 
two heights - Appendix IX.
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r*

Pwt the n w l t s  of these oorloo of ssp^rliMts 
on tooting tho T riable# with inference *ohulaf 9 the 
optimal dimensions for an Improved * ehula* were

Height of ahlaney •  320 «*
Diameter of the firstpot neat - 13 ou.
Height of the ehula 20»5oms«
Baffle wall at the seeoad pot seat and gr«4r

at the first pot seat are neoessary*



V. DSVSLCPI1VQ THE IMPROVES » CHULA*

Ott the basis of the results obtained with the 
Reference * chula* of tbs perforasness which were tested 
with several variables* the Improved oftula was designed 
to inolude the constructional features given in Table X*

TABLE X
PARTI COLAO Of t m  0&SSTRUCTI0# IMPROVES Am  RSF8RSB0*

•CHULA*

t#Sti Constructional Deference
ohula

t* Length (on.) 68.5 54.5
2. Height (an.) 20.5 20.5
3* Bread th( on.) 50.5 29.0
4* Diameter of first pot seat(on.) 15.0* 18,►0 13.0
% Disaster of Second pot-seatCaa) t%0 10.72
6. Diameter of Chinney bass (on.) 7*5 7.6
7. Distance between first and seoond pot-seat (on.) 10.0 7.6
8* Distance between seoond pot- e

seat and ohianey base(onu) 7.6 . -7.6
9. Height of ohimney (on.) 520 320
to- ampere t plain 1 plain
ft* Baffle wall t

7 perfo; 
1

12. Orate 1 •
1* Shutter for fuel feeding mouth f •
14. ih outlet t *
15. Hotwater device Attached -
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Fre* Table X it may be not ad that the <ii»«nsion of 
ths Improved and tho eferencs 'chula* wore Idor.tlaX la 
height of *ohula* dimonsioa of tea first pot-soat* diameter 
of ohimney base* dietanee between second pot Beat and 
ohlaaey base* and ehisney height as shown in Figure (11}*

Xhe special features of the Improved #chula* are*~
Two level first pot seat (s) 13 cm* and 13 oak* specially ocastructod fo backing 
'ohappatti* as it allows sore surface of tava to be exposed to the liases sad even
the distribution of heat* figure (12)
Xhe second uot-eeat (b) had the sace dia»» meter as Nor ths f ir s t  pot—seat
Ash outlet Cl) (7*5 ca* x 7.5. am.) opening was sude in the side wall near the grate to sake removal of ash convenient and to aid in 
vsntilation
Shutter* A square metal sheet (k) was as«d 
to dose the fuel feeding south whieh could be adjusted to the desired height* to regulate the supply of air and thus the speed of oom- bustlen as required* and to help the hose Biker to adjust oooking according to the oon- 
venienoo*
Orate* To keep the wood in an inclined 
position* to supply air froa belpw and to haws room for ash* sprats (i) Was fixed 4 *os.a above the base*
Dampers were avoided to minimise t)te required accessories of 'ohula' to avoid complication is construction*

M  ,!**« simultaneously during oooking was th very speoial feature sf the Improved * ohula'* taking into con­sideration the need fo r hot water in s hose*
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and tho boot utilisation of the seeping hot gases fres 
*oiiula* a container was fixed around the ehinmey so that 
conviction eurrents passing through the chlzansy would bo 
used to heat water* Xt was plaoed 23 eo* abowe tbs 
aurf&oo of the *Chula*, Huophrey (t?50)^ and -eddi.il ( 
abate that constant supply of hot water is essential for 
labour sawing hoae* through effeotiws cleaning and trash­
ing of house hold equipment aad clothes* Beil water le 
useful for sterilisation of feeding equipment and drink­
ing* The need for hot water for bathing purposes in 
oold north or aouatain regions is known to all*
Sumotl no for success of Chulai

Construction!
. Beasuresent oust be otrtftUy followed* 

in Finishing to be dona when the * chula* to \*ot 
Jawioa is to bo hold by t pltfon»*
Inner passage should bo aoooth*
So leakage to the ohiaoey* 

and Chisney should bo atrsightly erected*
/ • .  •Uflgt

•et—seats always te be dosed by pots*
Water to be present in the dories*
Fuel : feeding south to be kept shut*
Cleaned when oold* aid brushed with mixture* 
fresh eowdung* soil and water* 

and Chisney should be cleaned periodically*



n  SVALOATIOlt OF TH8 PSRF&ldMJICS OF TH3 IMPROVED
♦CHULA*

The performance was tested with refersnw to 
4) Boatlog water*
I) Cooking four preparations*

a) Heating ^atert

Water was brought to boll on the Improved and the 
deference * chulas* aocording to the standardisation pro*
cedure and results obtained are mentioned Table XX*~r/?0 te ja ^
SQKPAHlSOIt FOR THS PSHFCaKAHCS ©F M S  m m B fW  km  THB

BHFBHSSrCZ *Cf!ULA*

Typo of chula Time taken 
in minutes

Fuel consumed 
kg*

Temperature 
sal Second 
poWseat*

Improved chula 3 U * *31 39.25

Reference ohula 29.5 0*320 74.5

F. Value T • m

• • 
e

34.4 **
e

e

Table XI indicates th.it the time taken to oil water 
in the Improved *ohula* was higher tb 4 is* 31*5 minutes 
as against 29*5 « mutes in Reference ’chula** The difference 
on fuel consumption waa *01 kg* less la the Improved * chula* 
when eoapared to the Reference * chula*. So far as temperature 
reached in the second pot seat is eoneomedf it 89* 25 °C 
In case of the Improved ‘chula* so against 74*5 *6 is case of



til® Hsferenes fttmlav vhiofa n y  be attributed to the 
constructional features of the improved *ohuia* which 
enables the water to receive sore heat and ‘aula* as a whole 
proves to be sore efficient* (Appendix X)

When the heat utilised by water was calcul at?d, it 
was found that the heat received Is the Improved * chuli’ 
ie higher that ie 293 calorie® per gran of fire wood as 
against 217 calories to the reference * Chula** thus it 
is proved that improved 1chula* excelIs the performance 
of the aeferense * chula'*

a).
This Includes

1# f election of items to he cooked*
2* inirchase of food*
3* Standardisation of equipment and cooking procedure 
4« ’̂ cording observetioa* 

and 3* Judging the palatability.

II election of the Items to be Cooked*
the eelaction of the items of food preparation was

•* *based on the common diets and prevailing fcethods sf cooking 
to Indian hones* such as boiling* simasrtitg* baking *nd 
frying, Aykroyd (1963)**. The item® selected for evoking 
experiment were * Porridge * * Chelae ’ J Jbapatti 9 
* Sandal* and * ftootu* as In Appendix 11* ill, XIII* XIV 
respectively*

Choi am vaa selected ae it ie the staple food cereal 
next to rice in India* adhakrishnarso (1936) records
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the consumption of efaelaa is 13*3 oss* per C*C per day 
It is consumed in the fora of *doti** •Kali* and * porridge**
* 1*3 1’ridge* is coamooly made of r&gi rice, wheat flour and
oholom flour which is a simple preparation eotsoon in India

69and requires simmering method of cooking, Qopalan (1958) •
la the urvey conducted, the smokeless *ohula* ess referred 
as unsuitable for making •Chappaties** It was selected as 
a representation of pan baking as adai9 Doaa, used all 
over India) tthosla, (1963) M m s  are used in the
fora o f *$00181* la many parte of India and involved the 
method of boiling as per Gopalaa (1956)^®*

A. leafy vegetables was included, as it is used in all 
the regions being is expensive sad easily available and of 
high nutritive value* Cooking greens in minimum amount of 
water in the host method according to the recipe by ICMR 
(1939)^* was selected*
2) purchase of foods*

The total quantities required to cook of 29 standardirsed
o

preparations, was calculated on the basis of Ute meals selected
e ee

as shown in Appendix MI.
o

3L.StunAng-dlsation of ,QUg»snt u>d Coolly Procedure.
Additional utensils needed for cooking jxperLoeats 

were carefully selected aa to be identical in all dimensions* 
Details are given in Appendix XX*

In order to standardise the size of oholaa *Chappatti* 
a special rolling board was devioed (Figure 12)* It wso
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A circular depression of 15*122 oa. in disentioa. 
diameter was mads at the centre. On either aides of this 
eiroul&r depression cl oats were fixed* .4 ca* thiak(Flg.12). 
A Cellophane sheet was out is a circular shape and kept 
cm the depression over wnteh the ehappattl doaghr who 
rolled to avoid stlotlog and facilitate the removal of 
•Chappatti* from tho rolling hoard*

Cooking over the Reference ’ohula* sad Improved *ehula* 
were planned te he carried on simultaneously* Taking into 
consideration the recipes* the attention and the tine 
needed* the frequency of the use pf*the utensile* the 
desirable temperature at which a particular reeeipe woo to 
ho cookel* the sequence of the order of cooking each item 
was determined, as shown in fable XII.

TAShS XII
HOTATIM OF S&WfXCS 0$8D

Replicates First pot seat
Improved ‘chula* ileference 'chula*

1.
2.
3.
4.

* Sandal* *Chappati*
* . . I  i *Chappti Sandal
•  *  *  *Sundal Chappati
* Chappatl* * oundal *

Chappatti mdal 
Rondel Ghappatl 
Chat at! >undal 
Sandal ohappati
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Table XII indicates that two sequences umre followed 
over the chulas with the difference ef four minutes to start 
and order of preparation la second pot vaa kept the ease • 
‘0orrld|e first 'kootu' next* Thoughout the c oking experiment* 
each set of utensils was rotated la their use ot both the 
* chulas* ill order to equalise any differenee that say be 
existing in the utensils* The device as was filled with 
t©*5 litre of water before starting* Cooking was commenced 
every day at 8 a*m* so that the ecnpletio ef cooking over 
both the ’chulas* eoinoided the termination at the time 
convenient for the panel of judges for scoring*

IItensile were washed according to stand raised procedure 
and the tine ef cleaning the pots was not'd*

4* eoordlrm of Observations*
During the experiment the activities am blowing and 

flame* adjusting of wood to main tain fl^&e* tapping of wooA * 
turning of chappatti* and avoiding escape of smoke and flame 
easing out from fuel feeding month were carried out*

Foods were prepared aad the following* data .coll oc’tedi
m) Time ef cooking taken for each preparation
b) Humber of times of blowing* adjusting wood*

tapping of wood and to avoid escape of smoke and flame*
•> T * *  -*rature reached by 10*5 litre ef water is the device soon after the cooking was over*

and d) Tins token to olean utensils
r  sludging the Palatabilltn

5weetaan and Kackeller (1954)71 defined pala lability as 
the relative acceptability or appeal ef a good*
V
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*Cholaa Porridge*# *Sandal*, *Cholaa Ohappati* and
* iioota* were appraised for palatability for comparison of 
the laprcved and the Heference *ebula*« :oore oards were 
developed for each of the preparation in relation to 
appearance# oolour# donsnsss# taste# texture or consistancy
aad saell fe the foods cooked using; both the smokeless *chulas* « 
Saepies of soore-eards ars glees is Appendix XV# XVI# XVXX 
XVIII.

Four judges of standards specified by Lev (1955)^  
with previous experience of s earing foods# of the s a m  
educmtloa sold training constituted the tasting panel. (
(Appendix XIX). All the judge## were faadUar with 'Cfcappatls* 
and its qui^ities.

A snail portion of * Porridge*» ’Suadal’ and ’Knots**
©coked over the Ieprovei * chula* was served on a poreeelain 
plat# narked *A#. and the other series cooked over Reference
* cnala* were aarked *B*. One Ohappottl was cut lute six equal 
piece# ia the triangle shape se th t each piece would be

fa representative portion# and sides of the Cbapati* The
mm •

order was reversed. . *
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t- IMPflOySP W t *
The results obtained with the Improved *ohula» md 

the iefereooe •ohula* is terms of cooking • Porridge* * 
*3undal*t 9Châ >p&ti *£©otu* ead beating water Is four
replicates are analysed and discussed under

1« lime Management and attention required in 
maintaining fire

I* Money man*g»aent
and 3* Palatability of foods cooked

1* 4 tms y«aQ ̂ «aoot»

The management is discussed is relation to (a) oootcing 
»ad heating water (b) cleaning the utensils (s) attention 
required*

*> lime t o r cooking and heating water«
The total time taken to cook * Porridge*• *Sundal** *

* Choi as' ’ ?happati*« *Kootu* and to beat 10*5* litres of 
water on the Improved * chula* and tfeo Inference • "hula» is 
given in Table U l U

V
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TABLE XIII

TOTAL TlHS TAK38 FOR COOKS# •FORRl»a»*t *8030X1, • 
’CKAJfPATI'* *XOOfU* AX& H S & T l a J  tfATM  < M  TBS d  R0T3B
k m  t m  :Upsh2 ;c3 •cioia*

rise- *♦ r,t oken ininures Difference
no* iteas i'oc—seas ■Improved

onuia t.ê erenosChula

1. *Sandal* .'first 40.5 42.0
2m * ferriage* Saeoad 22.0 26.0
3. •ChappaU.* ^irst 22.5 23.0
4* •Kortu* 3 -eond 41.0 47.0
5* *•*■! 12o.O 138.0

Cm each Chula 63.0 69.0
For handling the utensils 0.75 0.75
Total tiae taken en each 'steals* 63.75 69.75

5. Tims taken for Beating ater 00.00 * 34.00
Total Tlse 63.75 *103.75’

•
40.0
38.55 *

Froa Table XIII* it esa 7 8 £ 
! k

that eaoh ties of
prsparati n cooked on the Improve! **ftuia* takes less Alas
than cm the Hcftraace ' chula*. the total liffereoe* aoe anti 
for 40 at notes that is 38.55 per ©eat which is fouml ei«nifleant 
at one pereaat level when analysed statistically, as shewn in 
Append lx XX
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The reason for significant saving of time can be attri­
buted to the higher amount of heat available that is 39*25*C 
in see- ad pot seat e the Improve ;ehola' against 74* 5* S 
temperature available Is aooond pot-eeat of the oferenow 
• Chula* mm shown la Table XI* The higher temperature of the 
second pot-seat of the Improved * chula' may he attrib ited 
to the construction of passage sloping towards first pot 
seat linking first and second pot seat which made easy for 
the flames to reach the second pot-seat* Another reason say 
ho the height of the baffle wall which was 3*5 eat* higher 
in the Improved ’chala* than in the Heferesso * ehula* (3 ocu). 
The third reason may be that the grate ised in the case of the 
Improved * steals* which permit* the ash to be removed greater 
ventilation to aid combustion*

Uo extra time was taken over the Improved * Chula* to 
heat water as hot water wan the byvpretuet of the cooking 
process* 3ut in ease of Reference * chula* water had to be

which needed the 
upfo 60°S* .e

Oker the Improved
separately using the

hosted directly in a similar container 
extra time of 34 minutes to heat water

The pots and the water device used 
and the inference * chula* were cleaned 
standard procedure gives in Table XIV*
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T*BI»S XIV
TOTAl TIMS T«S» TO ^^01 Uf J25ZI£

B3SI
Beplieates

Tiae taken is Mlnutee Saving of percentage--------------------- - 1'iae la of tiaelaproved Referenoe Minutes saved •ehula* * chula' (B - A)

1 5*® 7.50
2 5.15 7.30

5 5.18 7.53

4 5.20 7*35

Average 5.18 7 * M  2*74 29.23

P-3060 «* significant at one percent level.
Table XXV indicates the ties taken to dean utensils used

over the Improved ehula ess 29.23 percent less than the tiae
takes for cleaning utensils used ever the Reference dhula.'
However the difference ef 2.14 Is total tiae alnutes when#
statistically analysed# was signi ficant* Although it aeant

o r * •
considered savingsenergy and tiae* as shewn in Appendix XXX.

s

Attention swired la Maintaining First
Differences is the nuaher ef special tasks per for— a 

during the use of the laproved *chula* 2nd the Reference'chula* 
such as blowing* adjusting wood* tapping wood* are given is 
iahle XXI.

V
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TAILS If
Aitamos HS^yiHSD dbrihg seeixgi r«ia nsMsitzon of3a
THS *ISPHOVS&* HD TH3 • Ĥ FIBglfCS CHULA*.

4eUvlty ifwagt So« of Times Attended
Improved * chula* deference 'chula* Bifferen<

Bloving 0.5 2.5 2*0
Adjusting of »ood 4*25 15*25 9.0
Tapping of Wood 4*0 4*75 $•75

Table IV indicates the difference in attactics required 
during cooking over the Improved and the *uef srence chula**
The attention required is leas for the Improved thula because 
better ventilation*

Adjusting of wood and tapping were dens to dislodge 
the cinders ft©* burning firs and to maintain s constant 
fla*e9 and in ease of the Improved * chula* shutter fixed to 
the fuel feeding mouth helped in von burning requiring less 
adjustment* •

2*. honey Mas ses* att
honey management la discussed here la terms of saving 

through fuel consumption*

D»ta regarding the fuel consumed for ocoking * Porridge'# 
*Sundsl*t 'Chappati* and Kootu* and heating 10*$ litre of 
eater over the Improved and the deference * chula* are presented 
in Table XVI*
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TAILS Xfl
i w a  consumes m  scncxxa yost m m i n a s  aid

Hepllenten - r^.gssmofl .ys.Improved>©f©rence Btfohula
{*}

e'*ila
(B)

t 1*52 1*94
t 1*14 1*72
5 1*34 1*74
4 1*15 1*82

Mean 1*24 1*30

Sari Of of 
firewood in ?«p* 
eent^ge

• 96 ♦5

f * tf*f& **
From Table XVX it can bo soon that the earing of fuel 

uee of tbe Is proved 'ohula* v&e 45 percent, vhioh wan 
statistically significant at one percent level, ae In 
Append!K 111

e

This airing wae primarily due to tbe use of hot water 
device which helped to utilise the heat of flue gaees whereon 
In oane of the deference *cfcula» water ban to be heated 
direotly by eonamiag extra fuel*

Calcul ated la terse of seney I n  saving of seney wan 
*U3‘duP* per being 45 per cent over th t of tbe Reference 
* ohula* for preparing staple four preparations* An 
Kaa&lavenl (1562)** states th t the larger the amount of
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foods oooked greater is the tlas spent on cooking. Is 
joint families or big households* the use of * ohuls? 
would result to great saving of fuel and cost.

As Sanyal (1964)^ has reported* at present a total of 
138 alii ion* t o 5of firewood Is being w m i  to our country. 
Henoe a saving of 4$ per cent of fuel over the best of 
the smokeless * chula* would add substantially towards the 
national saving.

7he total ssores obtained forjthe * ̂ rridge* * *sundal*9 
* eholam oh»ppati* and *kootu* are sjiveo in Table XVII.

TA3LS HI!

T O M  SCQfiE O B M X S D  POE F09B «8PASAfI€RS QVS8 SH8 I» PROVED
a$& the Rsr&tmgs chula

Total score
preparation improve!•chula* t clarence♦chula* BifTerences

Chelae Porridge . 21.54
e

/ 17.60 . 5.94
sandal 22.39 15.72 06.52
Cholaa Cbappatti 22.29 14.75 07.54
Kootu 21.42 17.97 3»45

Data presented is Table XVII indicates that the total
soere is higher to ease ef the Zsprove *chula* thaa the 
reference *ohula*«, The difference to the total score 
obtained ever the la proved and the deference the * chula* is
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the lowest la case of *cholaa porridge* sad the highest la ease of 
oholaa •ChappathtU Level of significance is shows In Table If 111#

TABLE XTIH

im m  of sidsmcAscs t o  ths M h i m x u t r  m  t o b i d q b ,
SUWJAL, CKAmm abb i & m

Appear- 
•nee Colour lioness fa-sts Texture Snell

Porridge * * ♦ • •* **
;:undsl •• *♦ ** •• •* ••
Ghapatti *• #* *• ** **
<OOtU »* • * •# • ••

** Significant at one per cent level
* Significant at five per cent level*
• 3e significant difference*

Table XYII1 , it is seen teat the difference in patentability 
is signigiesat at joae percent level la case .of *suadal* end 
'ohapatti9* In case of * porridge* the ‘donsaess and taste are 
significant at five percent level and texture at one peroeat 
level* la cane of * Woo to* appearances taste and m i l  are 
highly signifies! cur laproved *cbula* than tee Hefer moo
* ehula* other qualities be&ng significant - at five per cent 
level. (Appendix XXIX)* The doneness, tide conelstansy of
♦ or ridge* were significantly better 1ft case of the laproved
• chula* than the Reference *ohul**, white may be attributed to 
the tasperature 39*25®C la case ef the laproved 9 chula* as
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against 74.5*C. At this temperature. • smooth consistency 
due to uniform galatinination la attainad is easa of tho 
Improved *chula** As stressed fay SwootTan and Haokeller 
(1957)7* and Stanley and Clino (1950)^. (Appendsx XXIII)
For *aundal* difference between quit ity of appearance* 
colour* donanaas tasto* texture and moil were significant* 
ihe reason may be attributed to the high sod constant 
temperature whiffe is reepon si bio for the _<reper doneoeoo 
of •suadai** (mf)-Appendix.

The differenoe between score for appearance* doneneso* 
taste* colour* texture and saoll were f'Hxnd to be significantly 
better at one percent level for the improved •chula*« The 
bigger pot-moat made for basing •eholam*, •-happatti* had 
helped in omen distribution of heat* It needed constant 
rotating of *Tava* on pot-se&t for even s iting of * Chapjatti** 
As Stanley amd "line (9990) point oot slow roasting causes 
the large proportion of atnreh to ba etiuiged into dextrin to 
develop flavour*(Appendix XXV)*

o

In eeoo of 'Kootu* appearance* doneoeso* taste*ccolour
eand m i l  were significantly bettor which nay be attributed to
othe time taken to cock *Xootu* which was less over the Improved 

*chula* than over tho *Reference •chula* which la the important 
factor la maintaining the colour of thi; groans *s streeoed by 
Sevdas (1958)7*.

w
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?IX SUMMARY A 30 C ORCHIS 108

1t The ad van t < 30s and disadvantages of smokeless 
• ehula* were elicited fro* 2$ rural hose n- kers 
from two different states Of Maharashtra and Madras*

2* Constructional feature of the most successful of 
the existing smokeless ’ehula* were appraised 
fros available literature and three * ohulaa* 
nasely •BKT*# ’Ha^u’ and ‘Sasadhan* were tested*
The *BKT * ehula* was selected as & Seforcnos 
•ehula* bo cause ef its maximum saving of tins and 
ainiaus of fuel consumption*

fur Variables such as height the chimney* use of 
grate* use of baffle wall* size of the first pot 
seat and height Of the #ehula* were tested with 
the Heferenoe * ehula* and options conditions for 
satisfactory functioning were determined**

4* is improved ’ohula* was developed with a special
hot water device and tested againstf teferanoe

• •• •

’ehula*. The psrfo mnoe was tested in terns of 
tine management* fuel oonsused while cooking 
four simple selected preparations namely * rorridge* 
’eundal’* ’eholao eh&patti* and *kootu* cooked 
over it, and than pal at ability*

&» the finding of the experiments proved that the
Improved ’ehula* was superior to Heferenoe ’ehula*

rise saved in terns ef oooklog was 33*5 percent, and cleaning utensils was 29 peroentf



and Fuel saved was 43 peroent which would directly result In saving of fuel cost*
Average pal stability of the four preparations were
superior to those cooked over the Refer®no© *chula**

The use of Improved •chula* nay be promoted success- 
fully through*

Construction of noteless * Chula* to be under­
taken by Housing Co-operatire ;ociet*?s planing thege 
* chula* in the market!

demonstrations of correct teohaique of construstion 
and ts% through the extension workers such as Gram 
Sevikas and ttukya Sevlkam*

Convincing the home makers of the superiority of using 
smokeless *ohula* and by relating the importance of 
smokeless *ohulad* in the bettering of home life* 
while teaching Its use*
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sax ATiMA^jbii ijai k k s  nmmtct collet^  ooiubato® .
IIT ^ n iS  8<SBTXJLSB Of 8M0XILISS CBSLA

A^BHDIX X

BY
Sat. ASHA B. BlJffKAR.

Raoe of tho faaily head
Oeeapatloii of the fa ally head 
Full Address
Ooanoeltioa of the faaily felnt/single

S.Bo. Hobo Sex Ago Relation Occupa- loathly Other
tloa incoue narti-

eolare.

General aeal Meant 
Morning
evening #

Sookeleoe
Tyoe o f oBokoleoe chuia Ueeo Ordineury/Snokeleee/

Stove/Chagri/flectricity/ 
insolent any others

Overall nine oi o f  the Chula need Length Bredth

Height

Vi

I



Disasters
SlaerlptloB of the China 

T*ot seats 
lot
2nd
3rd
4th

dimity height Disaster notarial
Curves if arty Location
CiBalde/stalde). Any trouble

used-

Material Deed is o entrustIon of the Chain
tud/alrture of *udt straw, oosduBg/Brlek^ 
Cocsont/ABf otter

Fool used Wood/Tsigs/Oowdung/Cosl/
Any othor

Snoke Greats* too nueh SBOke/suah snoke/slight orlittlo sEake/aegllgible saoke/aot ot oil/

The * Chula* io uood because
1* it oaves time
C* Xt OOBSWSOO loos fUol
5* Xt gives BO saoko
4* Xt lBoreaoss the effielency of tbs hone rancor
$• Xt does sot require fan or bios 
€• Xt gives hot water at all tides* 
fm Xt keeps food hot fbr a long tine 
8* Xt 1b easy to operate 
9* It is aoro sofa 
tO* Any other reason.

ratlags



|Batlags)The Chaim la act am <J fcaeauaat
ft) It does aot function wall 
(2) It gives too ouch cooks 
|3) It consumes Jiuch tlaa

p(4) It does not have an ace for baking absentia
(5) It la dlffleult to construct ar reair 
(4) It oocu 'ies core s^aoe 1a the kitchen 
(7) It required fan or blow
(8| It consumes sore fuel 
(9) It h$s aoza cooking neats than required 
f10) Any other reason



F4!
H

•s»
«a
Meo

m
•4
2
BQ

a

■H
3*

W

I
i

i

M «* M •M M
M •h  n

M J2o
H «  H •M W

H #
:i .1 M • 8 Ct M 09

••
JS

o
« 34

8 O***m

*ca 34
9 o

£ SKN 30
9

£ * •

i* 2 t

2 »

o N
o -41VO s

e £ £

*
d
e
H
&

V-H*Ooe
$
■g«2
•4
*2
9
£

i

1 i 9■H
S3 1H•Hs i 1

g
£ £ I mX9»

t

Hr



quantities m  foods and fuel purchased ahd stored

Foodstuff Q nM tlli«8  S tor ad

Choi as 23*0 Kilegran
Bengal Oran 7.0 m

O r e m  Oran Dhal 4*0 m

Juggery 5.0
Salt 0*5 m

xllWDOU 2D naiads
Firs wood ohips 20 Kllogras
Kerosene 5 Litre

Ash 0*5 Kilo
Rod Soil M  * Kilo
Cooonut *‘ibre *200 . Quo* *

Xu order to keep the quality o f the food stu ffs oonstantf 

dry provisions vara purchased to one lot* ©leaned* stored Xu the 

natal oentainers with alesa fittin g  lid s* aad labelled* Vegetables 

required were bought daily*

x

kI



APPENDIX -Ox

ANALYSIS OP VARIANT POE THE TIME TAKEN TO BOIL WATER AT FIRST 
POT-SEAT OB «SAMABHAN% * « T %  AND 

•RAJU* CHULA

Sour098 of variation Of Sun ef squares Mean square F.value

Between sets 2 1ST 91 29.9 •*
Within sets 9 m 5.11
Total 11 210

-

APPENDIX 3C
ANALYSIS OF VARIANCE PCS THE FUEL CONSUMED TO BOIL WATER AT
FIRST POT-SEAT ON * SAMADHAN* y •3KT** AND •RAPE* CHULA.

Sources of 
Variation df Sub ef Squares Mean Square P.value

Between sots 2 0.074 0.097 
• |

64.91 **
Within sets 9 0.0052 0.00057

•e

Total 11 0.0792 •

| "**•**»



AT* BMDIX Tl

KFFJECT3 OF YAKYIHG O il Ml FT HSXGHTS 01 THE PEBFORSIAICE 01

TH1 BSf^TTICl CHULA

Reolieatea Analyeie of
Yariables
Haighta in on.

1
Tima

2
Taken

3 4 
in Minutea

Mean
Difference

220 (a ) 32 32 33 30 31.75 5o.01-3.08
320 (V 28 27 24 26 26.25 Bo.05-2.14a - b-5.50 **
410 (o) 29 27 27 27 27.5 a - c-4.25 **

a » b-0.25

Fuel i i • Q. la  Graae

230 <•) 840 800 850 790 820.0 Bo.05-. -.02 So.01—. : -.04a - 1^.08 **
320 (b) 744 738 735 713 735.5 a - a».06 **
410 (o) 768 760 765 749 760.5 a - b».03 **

Tanmerature Reach ad *0 in.'Seeend Pot-3eat
230 (a) 73 73 75 75 74a

320 (b) 75 77 78 78 77
410 (c) 76 77 79 80 78



APPBHPIX Y II

EFFECT OF BAFfiE WALL 0* THE PiBFDiEIABCS OF THE REFEREMCE
CHULA

1
Bnplieataa 

2 3 4___ Mean F.TalasV WTlIftwlVB *
Tima Taken 

First
in minutes in 

Pot-seat*

With Baffin wall 52 32 53 5® 51.75

Without Baffin
wall 52 32 52 51 31.75

Fuel. consumed in Grams

With Baffin wall840 800 850 790 820 Mean different
being Eero F

Without
Baffin wall 850 320 800 310 820 m s  not

calculated

Tian taken in Sinates in Second ?ot-a eat

With Baffin wall 55 55 35 54' * 34.75 . *227.1 **
Without Baffin

wall 40 41 41 40 •40.5

*# Significant at one percent lav (A

X»< t



APPSHDIX - 3ZE q

ANALYSIS OF VARIANCE OF THE EFFECT OF BAFFLE WALL ON THE 

PERFORMANCE OF THE REFERENCE CHULA.

Sources of Variation df Sun of Square Mean Square F. Value

Between sets t 65.975 65.875 227.7 **

Within Sets 6 1.75 0.29

Total 7 67.625

** Significant at one percent level



APPBWBII T i l l

i m C T  O P U S  DIAM23F* O? FIRST FOMENT 01 T O  P3T10RMAIC*
OP ?HS REFFRSICI ’CHULA*

Variables t
Replicates
2 5 4 Mean P. Value

Time Takes la ’ia tea

Diameter 1$ ea 23 20 25 20 22 24*5**
Diameter 12*5 ea* 29 27 30 30 29

fuel consumed ia Grama

Diameter 15 ea. 550 5©0 550 525 551*25 170.3 **

Diameter 12.7 ea* 870 300 350 790 827*5

Temperature Readied is Second Pot-seat
Diameter 15 at* 55 60 64 64 63.25
Diameter 12*5 ea* 78 76 73 73 75.00

$6L,xes si- 
V f d / y v

'TciktUs. (3>efUj-ceio Scfo

5u U/\ of- 
5 cjuuy-ej

19

vf.

I *

Pve CiK, 
S^UQK.

I f

;\f<v
-+l>

i ^ r

Lv'if S<?k C • H I t

Cĉ sû t/
''U j if |K T e fc> -

n $ }z & i2>'
6H3 IT

llj T*8 -<2i' n o  3

XtT

1



A^paroix u

BF72CT 07 YARYIl} TBS HFI JHT OF THE CHULA OH THB P*HFjR**AHCH
» MlJL

Haight of Tlaa Takaa la "Inutaa Yarlatica la
Chula la aaan aeaaOn* 1 2 3 4 Btff aranea.

16.5 (a )

20.5 (b)
41 41 58 58‘ 59.3 Do.01 -5.28 

Do.05 *2.28
52 52 55 50 31.75 a • mm 7  aa 

a - b-14.75 **24.5 (e) 48 45 46 47 46*5 a * b- 7.75

ltoal Coaanaad la Jraaa

K .S  { . ) 820 810 825 830 821.25 Do *01 - 28.45
DO.05 - 
a -  b •

10.7440.50**
20.5 (b) 780 780 785 773 780.75 a - b * 56.00 **

24.55 (a) 845 830 835 845 858.75 a -  a - 17.50 •

Taaparatura BcaohaU
•

la ftaeond jot-aaat*
16.5 (a ) 70 71 72 72 71.25
20.5 (b) 75 75 72 72 72.5*
24.55 (e) 74 75 73 72 73.6

* Significant at flr« par cant la r a l. 
*• Significant at oaa parcant lm l*



A » ® 7 ) D C  X

comparison j m  tss r& a ttm iX Q s of ts i W B m rm  m b
&&2BKSC3 CHULA

Chola Tine taken in  mlnutee Moan W Vale*1 2 1 4

Improved
tfnla 32 53 31 30 31*5 7*

Roferaoooohtila 30 29 30 29 29*5

fool consumed in kllagra

Improvedohula •81 •87 •81 •81 •81
Befaroneealala .32 •82 •88 •82

o

Temperature reached la eeoond pot Mat
.* • • •

•

Improvedohala 90 90 83 89
•

89*25 337.31**
Reference(riula 73 74 75 78 74*75

>.v it



RSCIPB FOR CHOLAM •PORRIDGK*

Vo* of servings « $•
Time of oooking t 22 minutes.

AFPSNDIX ~ 3 L > :

Ingredients Amount

Choi am flour 85*2 Gms.
Vater 750 ml.
Jaggery (powdered) 75 Gms.

Methods

i* Boil $00 ml* of water*
2* Make a paste of oholaa flour with 250 ml^ of oold water*
3* Add the paste slowly to the boiling water stirring all the time to avoid lumps*
4* Cook for nine minutes*
$. Add jaggery.
6* Cook for four minutes*

e 9
7* Remove from the fire and serve hot;

AYH>



appendix - irrr; 
RECIPK FOR SUN DAL >

No. of Servingat 5 
Cooking times , 41 minutes

Ingredients Amount

Bengal gram 171 Oms.
Water 130 Ml.
Salt 4 Oms.
Orated Cooonut 15 Oms.

'

Methods
Soak bengal gram in one litre* or water for eight hours. 

2. Boil 130 ml. water in the pot.
3* When the water is brought to boilf odd the soaked gram CoYer and cook it for 34 minuts.
4* Add salt and grated eooonut aftd mix well
5« Remove from the fire after 3  minutes.



kFp b i d i x - ZXR
KKCXFS FOR CHOLAM #CHAfPATI*

la* of servings t %

Time of bat ing t 22 nlcutas.

Ingredients Aaouttt

Ctolan floor 600 0as*
Voter 900 si*
Salt 2 ten.

Mattedi
1* Im ( vittr It »*C.
t  A M  salt a M  tost w U r  It the tifIM flow « l  Mkt a ltt(h*
5* Divide into € m u l  parts*
4* taka ana part* knead it for 9 ninnies and than roll it on tha raillag board to fit la the elrealar depression*
I* Transfer it to #fevo*.
4* Sneer voter aver tba * ehappatl * after 19 saeonds and tarn after 70 saeonds*

9 a

7* Keep on other side far 120 seoonds* •
t* Bake it on eindare far oonplatlon of hairing for fear simitar* oaa ainata an adgaa and throe adnutes on aides.



APPENDIX " 2 E  
RECIPE POR *KOOTU«

Ho* of servings | 3.
Time of eooking § 41 minutes.

. •

Ingredients Amount

Amaranth 250 Gms.
Greengram dhal 85*2 Gms.
Vater for eooking 750 ml.
Salt 5 Gms.

Methods
#• Beil the water*
2* Clean and wash the dhal* add it to the boiling water and eook.
3* Meanwhile, wash and out the Amaranth.
#* When dhal la cooked for 26 minutes, add the Amaranth to it.
3. Cook for 8 minutes.
6. Add salt to dhal and keep for two 'minutes.

•* • eT* Remove and serve.



APPfflfDIX JS L
SCORB CARD FOR CHOLAM 1 PORRIDGE*

Hotel The qualities of the produet are listed in the 
seore card. Please taste the samples one by one care­
fully and tiek against the quality that describes the 
given sample best. Please take sip of water before 
judging the next sample to remove the taste of previous 
sample. The judges are requested not to discuss while 
scoring.
Quality of 
Produet Description Samples A B Points

Appearance Sxeollent 4Good 3Pair 2Poor 1
Colour latural 4Dark 3Light 2Tory pals 1
Doneness Well oooked 4Overoooked 3Undercooked 2UneookeA 1
Taste Excellent 4Good 3Pair • 2Poor * • .1
Consistency Hatural • 4More thick 3Less thick • 2Watery 1
Smell Pleasant 4Raw 3Charred 2Burnt 1

Special commentsi

Date t Signature of the Judge.



APHHDIX KVT 
SCORS CARD TOR *S8HDAL*

Note* Under eaeh heading some qualities are given* H e  as# taste the samples one by one oarefully and tick against the quality that desorihes the given sample heat. Heaae 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.

Quality of Produots Description Sample 
A B Points

Appearance Sxoellent 4Good 3Fair 2Poor 1
Colour Brown 4Palo brown )greenish brown 2Bark brown 1
Doneness Well cooked 4Overbooked 3Undereooked 2Uneooked 1
fasts Sxoellent 4Good 3Pair 2Poor 1
Texture Tory soft V 4Soft e* * .3Slightly tough * 2Tough 1
Smell Pleasant • 4Smell of raw * sundal* 3Burnt smell - 2Smoky i

Spools! comments*

Dates Signature ef Judge



A fim x z  -ssm
3C0H3 CABJD F08 CHG&AM *CH*PPATI*

toUi Under eaah heading eoee quail tiea ere glees* Please taste the sample* one tar one eare- fully end link against the quality that das* eribea the glean saapl# beet. Pleaaa take 
a sip ef water before judging the nest staple to remove the taste of previous sample. The judges are requested not to disowns tails aeerlng.

Quality ef Products Description sample 4 B delate

Apperanee &xeellsnt 4Good 5fair 2Peer 1
Colour natural brown 4Sven spots 5Many eherred «brown spots 4m

Pale dull spate 1
Doneneaa veil baked 4Otar baked 9Underbaked 2Raw in eentre *sr an the aides v
Taste Staeelleut 4Good 5Fair 2* w t
Texture Soft 4Tory soft e* • • * 3Tough • 2Brittla t
Snell PXaasMt s 4So auall 9Charrod auall 2M i l %

Special eoamentss

Oates Signature ef Judge

x* v



APPENDIX -^OLC 
SCOBS CORD FOB »XOOTU*

Note*- Under each heading i o m  qualities ars given.
Pisans taste the saaples one by one carefully 

and describe the gifts saaple best* Please 
take a sip sf water before judging the neat 
saaple to renove the taste of previous saaple. 
The judges are requested not te discuss while 
scoring*

Quality of 
Preduets Description Sanples 

A B relate

Appearance Excellent 4deed 3Fair SP e w 1
Colour Natural colour 4Slight dark colour 3Slight pale colour tVery dark colour 1
Donesess Greens and dhal 4Properly cooked

Dhal not properly cooked 3Bet he not properly cooked tGreens over cooked f
Taste Excellent 4Good 3Fair f

Poor # 1
Texture s'Soft and snooth .e 4Very soft • 3Too watery 2-liny t
Snell Pleasant 4Raw snail 3Burnt saell tSnaky snell t
Special consentst
Oats Signature of the Judge*

XX*‘



APP3IDIX - 33X 
RESULTS OF TRIANGULAR TEST

Judges
1

Replicates 
2 3 4 5

Total

t t 1 4 • 4 4*
2 4 1 t 4 4 5*
3 1 * f 4 4 4
4 f # • • 4 2
5 4 t 1 1 5*

6 t 1 * • 4 3
f 4 4 4 * 4 4
8 4 4 4 4 4 5*

* Judges who were ehosen for pannel•

XX'YI'



ARAL ISIS OF VA3XASCS FOft THB TOTAL TIMS TAKES FOR 7009 
JmSFARAXIQIfS Ago HEATIffO WATER.

**»******»■****

Sources ofvariation df Sa* of equarea Ke« equare f.Vale*

ApFSiDIX

Between aota f 

within sets 6 

total 7

3150.125 3160*125 2449*7*

7.750 1*29 .

3167.375

Significant at ora peroent lewd

XVYitJ



APPENDIX

ANALYSIS OF VARIANCE FOR THB THUS TAKES TO CL3AX OTSIfSILS

Souroos of 
Variati on df So b  of aquaroo Moan squaro F.oalno

m m m  m m  m m m m •  • • # # # • #  m m m  m  m  m  m m  m  m m  m m m

Botvoon sots 1 9*180 9.180 18560 **

tflthin aato 6 0.005 0*0005

Total 7 9.185


