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L. INTRODYCTITION, v

In & owe, the Momssaker sarries cut various agiiv-
ities sush as: mying, storing, cooking and serviag M}i
household eleanings lmmderiags; entertaining zuests and
earing for the ehiliren and the other mmabers of the fam-
11y, Among these activiitias, cookinz occoupies am import-
ant plage, since it is osncorned with jreviding nutrit-
fous and tasty food t0 ths membders of the fumily and food
is basic $0 hewlth and happiness. B

The homencker spends T0 peor cemt of her vorking time -
ia the kitohen, which iz tie centre of ocooking activite
tu.‘ However, the kitchems of most howes in India are
sasky, dark and eumdersome $o work ia. As Baju (195?)2
says, “"India: kitchens are wery o.r'm suffoonting ehnad-
ors of pungeat smoks vislenlly irritating t0 the eyes,
nose and lungs and 2leo %9 ths tenper of the housevife®.
fherefore cookiag is sonsidered as drudgery by some home-~
makers. Im order 10 make cooking pleasant, Jasy and
effieient, saving in teras of energy, $ime and money,
the kitohen sheuld be 30 construcied and orgunissd, that
paysical and sental straia involved im cooking is sinimmm.

A good kitohea should facilitate the sfficient ocarry-
“4ag out of functions such ass clsaming and ocooking of .
food; storing of food, fuel and utensils and vashing of
uteansils. In arder te oxrry on these astivities smoothly, - ~
proyer spaes, fagiliiles ard squipment nesed to de prov-
ided. The egquisment in the kitshen sauld include ocook-

Y N .



ing utensils, tools, cleaning squipments, containers for
foods, grinding devices and 'chula'. or *adupu'.

Most of the aetivities in the kitchen revolwe around
the chula. An efficient chula should de smokeless, oon-
sume ainimum fuel and easy to operate. The chulas commonly T—

—_ -

used in Coimbatore area and most othsr sarts of Madras,

Andhrs Pradesh, Kersla and Mysore States are mads of 4if-

ferent materials, sueh as, mud, baked pottery, bricks and ~

osmont and have oney two or three pot seats. 7There are

many defects ia these ohmilas, such as: absence ¢f & prop-

erly chaanelled sxit for smoke, high fuel conswmption and

diffieulty in oontrolling and aaintaining & steady flame.

.The average Indian cannot go for gas or slestricity for

cooking purposes, as his per ocapita ingome is only s 291. 53. .
However, as Ourusvemy (1957)‘ conments, *I§ is strange _

that until somotinme ast, the ovens vhieh ocoupy & key pos=

ision in our family iife had not been given due investi-

gation®, Therefore attenpts need to be aade to deowelop .

efficient chulas, with vhich charcoal or firewood oma be

used ag fuel. somo such efforss have been made during

recent years bWy Rural ixtension Centros, Gram Sevikas

Training Centres,  onmmnity Development rrogrammes, the

Khadi Gramodyog Commission and ocertain individuals. Con= -

-

-

® Chula is the Hivi squiwvalent for the Tsatl word “aduput, . -

vhich means, the weking fireplace. Throughout this study

;lbo word ‘ehula® has bdeen used t0 indicate the cooking fire-
ase. v




sequently, mmokeleas chulas of different types, as
mentioned by amdas (1951)5. such as Raju achula,
Nysore type, tawah type, Nagan ohila, Bah type,
Hill type, - ratapzarh type, 3akshi-ka-Talad type,
have been developed and romoted., The designers of
each of these have sointed ocut the several advant-
ages Of stheir particular =mokeless shuls, over the
ordinary ochula.

These advantuges have not yet been estadlished
by seientific sxverimsnts, nor have they deen poule
arised adequataly %0 be adopted for use by larger ’
seotions of people. This study is therefore m'
effort %0 compare the ordinary ota.aln. oommonly used
in Coimbatore Distries, vith a well-known tyse of
suokeless ochuls, nsmmely, ‘the portable Magan shula'
made by the potsery seotion of $he Gandhiniketan
Ashram, T.Xallupatti. The points of comparisom ares
the amounts of fuel and time oconsused for cooking a
standardised lunch, ease of working and the tise
faken $0 elean the utensila after cooking. I¢ is
hoped that the findings of this study will #0 & long
way towards the popularisation of the inexpensive,
bus effiocient portable Hagan chula type of smokeless
chulas.

I



II. REVIAV OF LITARATURR.
a) Wm .
All the fusls mre combustible and have & kindling

teaperature. Combustion is defined by Duxug(1952)6
as, "oxidation that is 80 rapid and vigorous that light
and easily evident heat are emidted®, 3ladk and Conang
(3956)1 state that, “"the substance catohes fire at &
temperature known as kindling temperature®. Acocording
to Dening (1952)‘.. the kindling teaperasure depends
upon the followingie (1) the nature of She mterial,
(44) She finenoss and subdivision of the material,
(811) ooncensrasion of oxysen, ami (iv) the rate at
vhich fresh oxygen is supplied.
8) Ine Nature of the Material:~ The kindling temperaturs
for substames vhich are wolatile is_lower than the sub-
stances which are no§ wvolatile. For exampley the kindling
tenperature for phosphorus and gasoline 4s such lover than
that of wood and coke. T
11) Ihe Finensas of She Jubdivisien of the Materialse A°
finely divided material such as powdared magnesium, pres~
snts nore surfaee for exposurs to oxyyen in the air and
go%e oxidised more rapidly. Therefore 1% gets kindled
at & lover teaperature than a coarsely divided material
such a8 & slad of magnesium.
111) Cengentratien of Uxygens~ All combustible materials
oatch fire at a lov temperature when the oxygen oontent
in the aiy supplied 0 them is at & higher concensration



’ -
than wvhea lowver, -
iv) Ihe iate A% <hioh Fresh Oxyzen is Supplisds~ Blaek
and Conant (1954)7 explain that in order to asaintain
combustion, a dontinuous sipply of fresh oxygen is -~

essential. If the oxygen supply is insuffiasient, in- T
oomplete comdustion will rosult. Jarbdon monoxide and -
partsicles of ocarbon vhioch are the products of incomplete
ocabustion, will eseupe into the stmosphere in the form

ef smoke. .

The heat that ias liberated from any fuel is maxiauas -
when combustion is ocaaplets. Thorefore complete comd-
ustion should e achieved in order %6 0oblain the maximum
fuel valus and te avoid saoke. For combustion %o be
oomplete, it is neceasary that the desnign of the haating
pland 1s such that & eontinuous supply of fresh oxygen
is naintained.

») Ihe Ixoes of Ordinacy Chulas in Uses

In South India, the ohulas used are aade of various
aaterials such as mud, bdaked clay, stones, bricks and )
oemenl, The deaigns are generally as follows:

1) ihe One cot Seated Chula, 7The one pot seated shulas
as shovn in Figure t usually consists of a solid botton
and a 7 iaches high ssai-gylindrical wall forming a pot
seat, 94 inches in diameter with a & inches wide opening -
at the frong, oallad the 'mouth? of the chula. It has -
three aspherioal projections of one ineh heigh$ on the

top edge $0 hold the utensil, as well as %0 permit the



FIGURE .| FIGURE . 2
THE ONE POT SERTED THE TWO POT SERTED

FIGURE .3
THE THREE POT SEHNTED
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FIGURE . 4
THNE THREE POT SEATED
R. MOUTH D. SECOND POT SEAT

B. PROJECTION E. THIRD POT SEAT
C. FIRST POT SEAT F. FLOOR OF THE CHULR
G. SEMI CVLINDRICRL CHULA
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flemes t0 jass out of the chula, to surround the utensil.
18) Ihe Iwe fot Janted Chule, The two pot seated chula
as shovwn ia Figure 2 4s a one pot seated chule, with one
of its side valle, usually the right wall, branched to
provide another Dot seat usually 4.5 inches in dianeter,
vhigh also has three projections to support the segond
utensil placed on i,
$11) Ine Three iof Seatad Gwia, The shree pod seated
chula as shovn in Figure 35 is again the two pot seated
chula vhere a third pot seat is provided dy branching
the side wall of tho first pjo§ seat or the second pot
seat.

e) Morking of the Ordinary GEMle.

The fuel usdd for the ordlnat:y shula is moatly
firewood whieh is placed at the mouth of the chula and
lighted. The utensils with the cooking medis are placed
on the projeations 0f the pol seats. The flagees energe
oul and partly escaps into the air through the space
between the bottoma ¢f the utensils and the pot seats
and partly surround and heat the utensils and the food
placed in then. Ia she case 0f the two 08 seated ohuiu.
the fiames pass through the conneotion bosmn. the firast
pot seal and She second Jot seat and reach the second pod
seat to heat the seeond utensil placed on 8. Likewise,
in the three po% seated chula, ths third utensil gets
heated by the flames vhich pass Shrough the oconnection -
Detween $he mecond pot seat und the third pot seal.

£
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¢) Ime Disadvantages Of the Ordinary Gwle. )
vhen She design and working of the ordinary ohulas ]
are sxamined An relation %0 the prineiples of ocombustion,
many defeots are evident as listed belovws-
1) Jmoke nuisance,
i1) Fuel wastage,
411) Hacape of heat into the kitahen,
and Av) Accumulation of ash. )

1) Spoke Nuisanogi= In the ordinary chulas, combustion is
not eomplete besause the smount of air supplied is in- -
sufficient and henoe the goncentration of oxygen aviiladle
is lisited. Thersfore much mmoks is produced. The design
of the ordinary chula is sugh that there is no proper exis
for the smoke. Tharefors, uoko..lnltcad of being chann-
slled off into the sutside atnosphere, gete asocumulated
in the kitchen and Blackens the sides of the ulensil, the
walls and ceilings of the kitchen. As pointed out by
Devadas (1960)3; smoke is not & desirable jroduct begauss
it is injuricus 0 the eyes and causes disocomfort to the -
homemaker. The smoke obatructs even the illumination and .
ventilation of the kitehen, )
44) Fugl das 1= As mentionsd earlier due 0 inocomplete
combustion of the fuel, unburnd carbon particles and
carbon monoxide escaps in the forms of smoke &nd sool,
froma the ordinary ehula. Thersfore the fuel is not util-
ised fully, resulting in large wastages.

144) Lscmpe of Meag into the Xijeheni« Dus to the projeote



ions on the pot seats in the ordinary chula, much space
§s left betwesn the bottom of the utensil and the flanmes.
The heat from the flames escapées into She room through _ '
these spaces in the form of oonvection currents and radi-
ation, warsing the kigchen unnecessarily and making it .
uncomfortable §a an already hot oclimate, 7This also acoent-
uates the fuel wastags, sinoce the amoung sf heat esocaping
into the kifonsn has no$ besn utilised for heasing the
utensil,
iv) lation of Aghs~ Another dofect inherent in
the design of the ordinary chula is, that the ash gets
collected in the place mean§ for the live ocoal, settles
dovn as & covering layer on the burning fusly therebdy
outting off the ocontact betweon the fire and the air,
that is thes oxygen content. As has already been pointed
outy oxygen is necsansary to maintain’ combustion and in
i8s =bsence the combustion decomss interrupted, In order
t0 start ocombustion agaimg blowing air by means ef & hlpu
pipe 4s commonly resorted to. Such blovwing habis lesds -
to veakening of lungs and oconsequently disesses of the
respiratory tract. )

@) Garlier Attespts to Avoid Swpke.

wooD and commnleng (194!)’ postulatey; Shat the fore-'- -
runner of the fireplace might have bssn the fire which .

-
the American Indians had in their teepees. The teepee

*The teepes was & tent in whioh the Ameriocan indians ]
ilved. They did their ocooking aleo inaide the teonpes.

-
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had & hole at 4ts poak for the smoke to pass oule .
Harous (1921)'° goseribes tne Roman Kitchen as having
the hearth buily of masonry, which had above 4% =
vindow as smoke outlet. In spite of the window, smoke
and soot oonbinued %0 agcumulate in ths kitchen, making -
48 far froa satisfessory. Raju (‘951’): describes the -
attenpts made in India for the removal of amoke from
the kitehen by providing an arch and flue over the
chula. These oconsiruations tner;ulod not only She bnt].d--
in; costs without solving the problem, bud also presented -
S0MS nev prodless, such as, fho scot forming spongy mass-
es on the archas and falling Anto the osooking utensils,
the long narrow flue. hardbouring insects, whioh drop into
the cooking uwteasils and the diffioulties in cleaning.

f) Ine distory of $he Swoksless Chule in Indise

Raju (1957)2 reports Shas in 1946, The Hyderabad
ngineering lassarch laboratories had undertaken ressearch
to make the ordinury shula "more scientific, efficient
and eoonomiocal®, Following carefully the experiaents ;n .
the direction ef controllod combuation carried ou$ by
The Hyderabad :nglnesring Hesearsh Laboratories, the
pottery assction of the All Indin Village Industries
Assooiation, Maganwadl” proceedsd by various experiments

*Naganvadl near daridha, the headquarters of The All Indie
Yillage Industries Association, ;;ot the mame f{rom the

late Maganlal Gandhi, Osandhiji's nephew, who waas very -
much dewoted %0 village industries.
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to evolve & smokeless chulu (Kumarappe 1948)“. Tnis
smokeless chula came $0 be knowa as "Nagan Chula'

Mving desn developed at Magarnwadi. 3inos then wvarious

other workers have designed differeat patterns of smoke-
less chulas as emmerated by lamdas (1958)5.

8)

132 Distincaishing T
Figure 4 presents the section through the smokeless
ehula. The different parts of the smdkeless chula are:

The pot seats A and B the fusl feeding mouth C3 the
combustion chamber D; the ash pit 2; the grating ¥ Il}ldi
supyorts the fire wod and lets the ashes jpass through
it to get ooliscted in the ash pit and also serve as the
additional inles for fresh air, as the air ean come in
through the ash p;t and grating, intc the combustion
chaaber; the chimney bame (3 the ohimmey H through wvhish
the smoke esoupes into the outside lt.-olpb‘ro; the grad-
fent J, which is provided in the connection between the
pot seats A and B in order to reduce the volume of the -~
space in the seeond ot seat and theredy improwe the
utilisation of heat theroes the baffle wall KX provided
ia the pot seat B, which regulates the passing of flames

An the diraction of the gradient.

Ihe distinguishing features of the smokeless chula -

are the follovwingi~
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i) Absenoce of saoke nuisance,
111) Absence of radiation efheat into

the kitchen, -

ad iv) Crovision for ash removal.
1) Absange of Smoke Nulssnget~ As the smoke coaing ous
of the last pot seat jasses out into the atmosphere
through the ohimney bdess and the chimney whioch serves
a8 he saoke cutlet, there is no swoke nuisanags in the
kitchen,
11) 1 3a t= The oonstruction of the daffle wall
and the gradient in the flue passage and $he mnuqt;ont
modifieation in the wlumes of the spase for combustion
in the seoond pot sdat, fad litate more complets aomb-
ustion than in the case of the ordinary chula. Tarther
they aid ia better distribution and utilisation of the
heat evolved, thus leading to a greas saving of fuel.
1i1) n tio eat into K g
As the saokeless ghula does not have projections on ths
pot seats, the utensils fit tighily, leaving no spaoe
betvwesn the Dottoms and She pot seats for the flames to
esgape ous of the em&;ﬂw;{:&)‘ sonbustion being carried
ous in & nore enclosed space, the wvasteful radiation of
hent into ths kitchen is awoided.

iv) Erovisionfor agh Remowplt~ In the case of the suoke-

less ghula, ash pit is provided which facilitates the
acllection and emsy removal of ash. As tlie ash daes not
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form a layer on the burning logs, more somplete combuat- ~

ion is aleo effected by ensuring better cgoatuot betwesn

the burniang logs and ths oxygen An the air mpplt_od; tlmg

in the case of the ordinary chula. -
B) J

lmmdas (‘958)’ desoribes the oxperiaents carried out
with dif{fereat ssokelsass chulas at The idxtension our Traim= - -
ing Cenltre, dukshi-ka~Talad, Lacknow, under the susplces -
of the Plaaniug -eavarsh and Action Institute {(PeReAdl.)
vith the objeot of ocuparing their xerits. ZIThe nolu.iau
chulas included ia that study were, Raju type, Kysore Lype,
tavah type, Hagan ohula, 3ulendshan type, Bah {+gra) type,
rratapgarh type, Hiil type, three Dakahi-ka-ialad chulas
naasly A-C Sypa, i-) tyse and L-ahaped type wnd Desi chula
{(ordinary ohula)e <hile $he eoumon f?duro of all these -
saokcless chulas is the chinney base with its amoke outlety

~

they varied in their diasnsionz, numbar of 8 seats and

S ar—

their alignment aad tho other asjects, suoh as the gradi- -~

ent bhetvwesn thw poi asals, dampars and baffle walls.
Appandix 1 sives the spesial features of some of the smoke-
less chulas insludod in the study, as dascribded by jamdas
(1959)3,

The series of experimints somiiotad By Pefebe i« wore- B
to note (1) the tiae tuken and firewood consumed for boil-

iag 1000 oo of water and cooking varying quantities of
rice and pulse, and (1i) the time taken to consme -



12 chhataks of fusl and the oonsequent rise im temper- -
ature of definite quantities of water on the different
ot seats.

The results of these ex.eriments indicsted that

o !

the 23.K.T ~ A type smokeless chula was the most satis- -
fagtory of all the ohulas used in the experisent, bdeing )
ocomplstely smokelans and consuming the least amounts of
time and fuel. A further dstailed study of the spesial
constructional and funotional features of B.K.T - A type
ssokeless ohila seems t0 be necded. -

The repor$ of anothor experimsnt carried out at-
The 3Itawah Pilot .10ject is given by Barkat Farasina
(1950‘2. The azpor}nmt was garried on, to find out
the eorrect specifications for a smokeless chula, whieh
will give maximua c¢ificieney with miniasum fuel consump-
tion. As & rasuli of that sxperisont a chula whose
dimeasions ara given in Appendix I, with two pot seats, -
vag found to be suffisieat for an average village home. —~—
1% vas algo found that fixing the flue pips at right . . -
angles to the oat l2% of the second pot seat and having
the flooy of the sagond 360% seat zgradunlly sloping up--
vard from the first pot seal, vors advantageous.

1) lsgorvange of Fuel Saving,

In 1956, The National Council of Zoonomic Research |

was requested ;3' the Hinlstyy of Commerce and Indusiry, -

.Ouo chhatak is 9qual $06 two ounces.
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Government of India, to study the problem of domestio i
fuel supplies, as their consumption ocontribdutes about
60 per cent of the Setal energy consumption in India
(Lokanatban 1359)%7. Table I gives the domestie fuel
consusption in urden and rural areas ia million tons

of coal oqutmmt..
TABLE I.

DOMESTIC FUBL CORSUMPTION IN URBAN XD RURAL ARZAS IN
MILLION TOHS OF COAL BQUIVALRSET. .

Puele Urban, rural. Total.
Coal. * - 2.0
clectriotity. 0.2 - 0.2
Kerosens. 0.3 - 0.3
Dung. 4.0 35.0 9.0
Firewood. ’ 3.5 . 42.0 BHeS
Total. T 1.0 97.5

From the figzures ia Table I, it oan be seen that .
firewood oconstitutes the major pwpor;ton of ths domestie
fuela, both in rurai and urbdan areas and dung comes next.
Ihe smount of dung burnt as fuel in India vill produce,
$f used as a manare, aboul anlne aillion tons of food
grains every ysar. 4 larger proportion of dung is used
in rural areas tham in urban areas. The widespread use
of dung as fuel has many disadvantages. It deprives the
s0il of valuavle and inexpensive natural nutrients.
Inerefore, The Hational Council of :oconoaic Research

o et

.Ono ton of coal squivalent of a fual refers %o the .
amount of snergy as liderated by a ton of ocoal.



recommended that ¢ow-dunz consumption as domestic fuel
should be dissoouraged.

Ia the oaso of firswood also the losa is great.
Master (1959)" states that "with the rapid inoreass
of population and iodustries, the demand for land and
forest yroducts increased so rapidly that forests wvere
cleared at a fast pace and the land stripped naked. One
oould even sse tne resultsnt effects of soil erosion
with deep gullies and creviges, the siliing of valuable
reservoirs and river souths, drying up of perennial
sgurces of water.... the large scales destruction of -
foreats affested adwvorsely, sven the uluﬁu in many
parts of the eountry”.

The use of firewood aund dung .tn large aaounts 1is
not desiradle in the interests of national sconomy. In
arder to Save firswood and dung, Ihd Couneil of Teonoaie
Researsh suggosts the substitution of firewwod and dung
in the oity Ly comaersial fuslis, such as korosene and
gas and the replacement of dung by firewood in the
gountryside, until such time as inoreased productivity
enables the villages aled o0 use ocoousrcial fuels. '

This suggestion to srovide the countryside with
firewocod in ardor £0 replace cospletely the dung used
for fuel can de ixplemented in two ways:

{%) To cut down more trees, accelerating de—
forestation vith all its disadvantages, mt.oh -
undoubtedly will net be a desirable solution,



and (2) To find wethnods and devices t0 use orly
ajinimia asounts of firewood By individual
households, since vhatever guantities of
firewod are saved by the individual house-
holds, will counstitute a positive saving to
the wvhole conmunity. Introduction of the
smokeless chula on 8 nationvide basis will

resul$ in significant firewood saving.

>
-t



I11. EX2RRININTAL PBOCZDURE.

Ihe experiusnsal proocedure in this study consisted

ofs~
(a) seleoction ;f squipmats and materials,
(®) Standardisation ef methods,

and (@) Cenducting the experiments.

(a) Jelestiem of Ieuiments and Naterials.

The equipmentis and aaterials inwlved in this study
were (1) ohulas, (11) utensils, (iii) measuriag dovioes,
(4v) food materiais, (v) firewood, aad {vi) cleaning
materials.

{1) Zhulas. . .

1) Ordinary Chulas The ordinary chula seleeted for
this stwdy, shown in Figure 2 was sade af baked clay.

It consisted of a ssven inches high seal eylindrieal
wall, with an epenin: of 3.8 inches in the front for
feeding firewood and three projsstions of ens inch .
heizht on the upper rim te supsort the utensil. The
sesoond pot seut, §.5 inches in diameter with three
srojections §0 suppert the second utensil, vas formed .
by the branching of the right wall ef the first pot
seat wvhose diameter vas 5.3 inches.

2) Smokeless Chulas 7The smokelsss chula selected
vas the 'portable Kagan Chula' with the dimensions —
glven in Figure 4. This chuls vas wade of baked oclay, -
obtained from the postery section of GCandhiniketan



Ashran, T.KXallupatti, Madurai District. In this model
the different parts of the chula, namely the pot seats,
chimney base and the smoke outlet pipes are separate
as shown in Figure 5. These parta were assembled in
the spacs allotted for the chula in the experimeatal
kisshen.

Deth the ordinary amd smokeless ohulas vere kept
side by side in the kitshen, facing east, at a dist-
ancs of 10 inches frow cagh other und plastered with
s mixture of oement and 1ime as shown in Figure 6.
(14) Utensils. TIwo ideutiocal eets of brass utensils
vhich were tianed {nside, each eonsisting of three
utensils as shown v Figure 7, vere selected for
oooking the standardised mmatiom. In each set,
the utensils were narked A, B, ¢ and wers used $o cook
the sslected food ,roperations namely beans, rice and
dhal respectively. They were as identionl as possidle
with regard t0 the naterial of whioh they vere mde,
sise, shape, surface, arsa and weight. The exact
4isensions ¢f the utensils are given in Table II.

-
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(411) Newsurin< Deviops: The following measuring devices

were selecied for use is this atudy:- )

1) For veighings For weighing rice, bouns, green gram
dhal, tamarind, firewood, chareol and wod ebips, a balance
vith five pounds espacily wvas eeslectad.

2) For Neusuriag Velums: For zessuring voluse of water
and ash & msasuring cup vas used. i seasiring oylinder
gradaated up to 100j a0 for measuring the koresens uulhod-
for igniting the chula vas also used.

3) For Measuring Tias: For msasuring tiae, & stop watoh —
and a tise piece were used.

4) For Measuring Temperature: For asasuring the room
temperature and wvuler teaperature, ; Centizrude ithermometer

{0°C = 110°C) wan ised. '
(4v) Zeads Selapted Lor Sooking:

1) Foods and their Quantities: Ride, green gram dhal
and freuoch heuns were sslasted for cooking in this study
because,; meals in Sousth india gensrally eonsist of a cereal, ~
& pulse and & vegetable., The quastities of these foods |
taken for ocoking vers oaloulated on the basis of & days .
requireaents for & faaily of three adults, taken from

Health Bulletin - 23 (1962)'% as shown in Table III. .

/—1—&\\



TASLY XIX.

QUANTITIZS OF FuODS RIQUIRD FUR A FANMILY OF THRIR

ADULIS FOR A DAY.

Foods.

Cereals:
iHioew.
nagt.
wheat ﬂ.ﬂf ]

Pulsen:

Green gram dhal.
Red grem dhal.

Creen leafy wvegetallies:

Cabbage.
Soriander lgavu.

Rool vegetables:
Carrot.
Jther vegetadles:

Frenoh beans.
Fruitss

rapays.
Sugar and jaggery:

Sugar.
Jaigery.

Vegetadle oil and ghee:

Giangelly oil.
Ghee.

Fish and meat:

-
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All thae foods ingluded ia the menu were those
commonly used by the awverage middle class families.
The days menu was then planned as showan in Tadble 1V,

utilising the quantisies given in Table I1I.

TABLR 1V.

THE DAYS MU FOR A FPAMILY OF THRIZ ADULTS.

Heal.

Menu and foods used in ouncaa. .

Breakfast:

Coffee:
UEAT .
Milk,

N~

Rioe. .

Green graam dhal.
Ghee.

Beans ( oriyal).
Carrot (Salmd).
Coriander {chutney).
Milk {ourds).
Pappays.

s
WHUOORNNS [ BN

o~

Tea:

Eichidis
itedgran dhal.
tice.

Teas
Milk.

Sugar.

L Y

Chapathi:
7heat flour.
Cabbage (:oriyal).
Fish.




From the days menu given in Table 1V the lunch
wvas sslested as the Ltypionl aeal for the oooking eox-
perinents in this study. Among the Lteas listed for
the lunch, rioe, green gram dhal und fremoh bLeans wers
selected as the other foods namely ghee, carrot, salad,
ocoriander leaves ohutney, ourds and papgpaya did not
require ocooking. The quantitises of the foods #0 sel-
sated for ocooking were:

farveiled rioe. 14 Junces.
Frenoch beans. 9 Ounces.
Sreen gram dhal. & OJunces.

2) Purchase and Storage of Foodss It was eatinated
that 40 meals would e oocoked for _l‘t.maatdumuon and
experimontation. The quantitiaes of foods selacted were
ocalculated socordingly, purehased in one lot, olsaned
and stored ia dry tia containers. The smounts of rioe
and dhal thus stored were 10 and 4} Msdras measures
respscotively.

As french ceams could aet da stored for any length
of tims, 18 cunoces-the smount regquired for cooking oa
both the chulas for & day-were bought on each day eof
experimentation.

{v) Firewood: Krisina and Zeamasvany (t?}!)“ report
that ocalorifie wilue of woods depand upon their cheaioal
composition and the qualiiy and nature of dejosits of

* Ome Nadras measurs is equal 0 Gignt cups. .
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During the preliminary sxperimenss, thres logs of fire-
veod of apyromimsately 14 feest in laagth sad 3§ inohes
ia thickness vere found to give & fairly stesdy flame
vhen ocompared with two iogs or four logs of sisnilar
sise. logs of the suns sise were %siccted, sings the
amount of surfaoe of the firewood axposed teo oxygen in
the air makes n differsnoe in kindling temperature and
ia the rate of buraing as seationed on page, « The
three logs were veighed and the inftinl wei:ht noted.
The luge were thea placed with their tips ocrossed Lo~
gether. The orossed gosition alloved good efiroulatien
of air, as the space betvesn the logs was greater thaa
that when the logs vers placed next 'w or over such
other. Two oumous of wood miu_u.rc tivn plased over
the orcasing of the logs, seven millilitres of kerosers
poured over themi and lishted with a sdtoh stick to start
the fire. Two minutes after stariing the fire, the
utenuils were kapt on the pot asats and cookimy was
carried out aceording ta the atamdardised procedure.
(81) :xeinguisbir: she Fires- In order to oalculate

ths amouat of firewood umsed, the burning lozs had to

be sxtinguished, afier the completion of covking. Yor
that puryoss, the rocedure stacdardised wvas as followe
Aftar the utenails vare removed from thas pot seats on
conplation of sooking, the burning logs were taken out
and puashed into a small heap of sand which was constant -



for all ths experiments, %@ extinguish the fire. The "

1ive charooal pleces left ia the chula were alse taken

out, put in a sasll alumintum uteasil and coversd $o

be oxtinguished., Aftor ma hour, the logs were removed

from the sand shaken t0 remove the pisces of charcoal

aticking (e their snds. These scharooal pleces vere

added to the utensil in which the liwe characoal had

besn ieft sariler. Tho reumsining logs and the charcosal

80 gollacted vere weighed separately and $he veights of

the logs and the charonal vere moted. The amount of

firewood consumed was obtained by subiracting the final

weight of the logs from the tattul_ual;ht.

(414) Gooking of Jeansi~ Deans im a good source of

vitaain C, contailhing four nuggr;u' of it per ounce

(Aykroyd 1956}’5. Therefore any uzathod used for cook-

ing of beans should be such that will help to retain

the visamin S. As jointed out by Fltoh and Prancis -

(1955)" the acoking water and time should be kept

siniaur $0 avoid the loss of wvitamin C. -
For cooking zreen vagetajles iHalliday and Noble .

{19}9)*8 doseribe two general methods, whieh help to

malintain their oolour. The first one ia the open ketile

method, vhere the va-etadle &m dropped Latn dolling -

salted wvater, whigh is taken in quantities adequato te

cover all parts of the wegstadble sompletely. The boiling
is oontinued until the wegetable bHecomes tender, prefer-

_ ably without & lid, to allow ths volatile acids to pass
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off 4in steasn. The seocond and more recent msthod ias )
pressure cookiage. In this study the open katile method
vas used for oooking the beans.

A seriesof preliminapy experisents vere ocondueted
with both ihe ghulas for deteraining the amcunts of
vater §0 be add~d to, the tizs %0 be alliwed for codk-
iag the boans and the pot seats on vhioh $0 be osoked.
Rine ounces of beans were out into § inch pleces and
oookiag on the sseond pot seat of each chula vas tried
first out it took a long time to ¢o00k and gonsequently,
thaey lost ooclour. Henoe cookiag them on the first pot -
seat was adopted. . :

ixperinents vece eonducted Q&dag beans with 1,

1 and § cups of water over the _crilmry ghula. It was

observei that the amounts of tize taken for eootmg'

vere 17, 13 and 20 mirutes respectivély. In the caae

of the smokelass shula when 13 cups of water wers used 7

the oooking tise was 18 minutes, when 1 gup was used

it was 19 ainutes and whan § oup was usad it was 20 .

sinutes. vhen the vooked beans were examingd it vas .

observed that the samples cooked wvith 3 eup of water '

for 20 minutes in both instances were most satisfactor-

i1y oooked, on the first pot seat. -
With theme findings the procedure stadardised for

eooiking beans on Yth shulas was as follovws: DHeans werse

wvaghed and out into § inch pieces. In Utensil A, § ayp

*The time taken for 00OKing means the amount of time
taken after the water rasused doiling with beans. .




of water wis placad on the first pot ssat. whan the e
water started Wwillag thie eut deans were added. hen

the water rasumed bolling slong with beans, the tioe

was noted and aftor twenty ainutes of bolling, utansil

A was removed with oookes beans froa the fire.

{iv) Jooking of nlgei~ ~rarboiled rice is s good source

of vitaain B, and nigotonic acid, having 60 milligrams

and 1.1 aflligrans of sagh respectively in one ounce.

Hence any cooking method sbould bs such that the loas

of thase nutrientis is avoildad. Aykroyd {(1941-42) 19 -
states, "the losses on woking despyend o & great extant

on vhether cooking water is discarded or not.”

Sweatman and il.gkellar (19‘3’:4)2é racomsend using
only the amount of water which gﬁi be abasorbaed so that
none vill b lefi to de discardad and the saxizum amounts
of nutrients will de jressrved. Therefore in this study
rice was cooksd with just sufficient water.

A sories of exjperiments were gonducted $0 arrive at -
the mzount of wator $0 be add:d und time to be allowed -
for ocookiag 14 ounces of riee. From the atarting tias .
autil the beans wers osokad and rewoved, utensil B with
wvater for cooking rice was placed on tiae seoond pot ssat.
When the uteasil i with 200ksd beans was removed from the
first pot soat, uteisil 3 was transferred t0 the Tirst i
pot seas. Using T, 6, 63 and 63 oups of vatsr for cook- -
ing rice on the ordiasry ohula sxpariments wers conducted

and it vas obesrved that the amounts of tize taken for _



ooeking wvere 33, 5, 385 and 40 minutes respectively.
Siailarly ia the oase of the amokeless ochula 6, 53 and
%¢ cups of vater were used and the amounts of tine
taken for oooking were obssrved o be 45, 43 and ¥
minutes respectively. vhen the cooked samples were’
exanined the sample eooked on the ordiaary cmla for
40 sinutes using 64 ocups of water and the sample cooked
on the smokeless chula for 43 minutes using 5% cups of
water were found t0 d¢ most satisfagtory. The differ-
ende in the amounts of vater needed may be due to the
reapid evajoration in the case of the ordinary ehula as
compared to the smokeless chula.

Ia the amnse of ‘he ordinary ofu;ala. after 40 minutes,
boiling on the first pot seat, utensil B with rice almost
cooked, vas retransferred te the second pot seat and kept
there till the dhal got ovoked im utensil € on the first
pot seat.

In the eass of the mmokeless chula after 43 minutea
boiling, the aooked rice wvas remowwei from the first pot
seat along vith ths sooked dhal from the second pot seat.

Thus the standardlsed method of osoking rioe used in
this study vas as followsi~

The utensils B of set 1 with 6} cups of vater and
of set 11 vith 93 cups of water ware placed on the seocond
pot seats of the ordinary chula and saokeless chula
respgectively. Jhemn beans wvore removed from the first pot
_ seats, the utensils for ~ice wers iransferred to the first

—



pot scat from the seoond pot seat. Ihe water was brought -
to delil. Im the msantioe rice was vashed, drained and
added t0 the bolilimg water, ‘hen the water rasumed bou-_

iag vith the rice, the tine was noted. In the case of

the ordinary ehula after 40 miautes of boiling, utensil B
vith rige was vetransfersd to the second pot seat and

kept there $ill the dhal in utensil & was ocooked on the
first pot seat. Them both utensils 3 and ¢ vere removed _

froa the fire. 1In the osse of the smokeleass chula, after
43 atnutes of boiling,utensil 3 with rioce from the first

0% seat wvas removed along vith the ocooked dhal in utensil _

¢ from the seeond pot seal, .

(v) Goeking 2f DiMli= The customary wethod of boiling
dhal with necessary amount of \m.to!.' was employed to cook
six ounoes of green gram dhal. 7To arrive at the corresot
amount of wvater to be addod and the amount of time to ba
alloved for cookiang, & serios of experiments wvas conducted.
In the case of the ordinary chula, until the utensil 3
with rice was retransferred to the assoond pot seat, utensii
¢ for oooking dhal was kept on thwe second pot seat. vhen
the utensil B with rice was retransferred to the seoond
ot seat, utensil € was truasferred to the first pot seat.

While the water vas bilug boiled, dhal was washed, drained -

ia & colander and added (0 the water when 4§ started doil-
ing, noting the time. ix,eriaents were ooanduoted using 2§,
2y 1§ and 1} aups of wvater and the amounts of oooking tiae
were obacrved to e 22, 20, 1% and 17 minutes respeotively.
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shen the samples were exumined, the produet cooked vith
tve cups of water for 2 minutes wvas fouad t0 be the
aost satisfaotory one.

In the case of the mmoksless omula utensil C vas
kept on the seeond ot seat itself till 1% was eooked
and removed. Using 2%, 2, 1} and 1§ oups of water
experinents were waduetsd:"ooonm dhal. It was obaserved
that the amounts of oooking tiane vere 28, 25, 22 and 23
ajinutes respsotively. ¥Yhen the samples vere sxamined,

-

-

the produst odained, when 13 ocups of vater were used
and ocooking time was 23 minutes, vas found %0 be +he
wost satisfactory. as the dhal and rice were oovoked
simultaneously over ihe ssgord and ﬂrﬂ pot. ssats, both
vere removed Sogether. '

With these findings, the procedure standardised for
auoking was as followsie )

in the ense 0f the ordinary chula until the utensil °
8 with rice wvas retransferred to the seoond pot seat, h
utensil G vith \we gupe of vater for cooking dhal vas -
kept on the seoond pet seat. vhen the utensil 3 was re- -
Sransferred o the seeond pot seat, utensil C was traas-
ferred to first pot seat. when the water Boiled, the -
washed and drained dhal wvas added and she dhal vas allowed -

to be cooked for 20 s.nules and thea ramoved from fire
along with utensil B with rice from the seoond pot seat. )
In the oass @f the smokeless chula the dhal vas -

oooked on the second pot seat itsslf. One and half ocups



of veter wesre brought 16 boil and the vashed and drained °
dhal was added to i, moting the Sime, After 23 aminutes
the utensil C with oooked dhal wvas removed {rom the !!rt.-
along with utensil 3 with cooked riee.

Ihe following tadle explsias the position of the
utensiles A, B and S during cooking of beans, rioes and
dhal owr the ordisary and smokeless ohulas.

TABLE V.

THL POSITION 97 THS UTSHSILE A, By, C JUAING THE COORING

OF 32433, RTCB AXD DHAL OVEZ THE UADINARY AND
MK L3S CHULAS.

Utensil on mcnsu‘on -

fypes of S%eps in ocvoking. the first the second
chula. P08 seal. pos seat.
Ordinary vhen the gooking was Utenail A Utsnsil B
shula, startei, for beans. for rice.
After Heans were Utenslil B Utensil C

oooked and removed. for rioe. for dhal.

From vhen rice was Jterail ¢ Uteasil B
alnost eooked %11l for dhal. for riose.
the end of ocooking.

Smokeless when the cooking was Utenail A Utensil 3
chula. started. for beans. for rice. -

Aftsr the beans were Utensil B Utensil € .
coaokei and reaovesd for rice. for 4hal.
till the end of ocook-

inge

As can be seen in Takle V the numbsr of steps in
eooking involved with the use of ordinary chulu wvas throe
vhile it was only two in the ocase of the smoksleas chula.

it may be 0inted aut that the utensils were not
covered during eocking, because opan ocooking is praferrad
_ in the case of beana 10 allov the volatile acids to pass



off, and in the oaxse of rice and dhal, water bdoiled i
over during eooking, if kept coweresd.

The cooked riee, dhal and beans were not ssasoned
ia this study, siioce the objeative of comparing the
time taken with both ohulas eould be iohieved even with-
out seasoning, wvhich in any case would hava introduced
wosther variadle in the study.
(v1) Judgiog voe cabatebllity of Cooked foodgs~ vhatewer
may be the equipment used, and method of cooking suployed,
the oooked produst shouid be jalatable. Thersfors it vas
eousidered neeessary t9 judge the palatadility of the
cookad rioce, d.:al and deans in this study.

Bason (1939)2" classifies the methods of testing the
palatadility of fhods as 'sub)acti;n' and ‘objective’.

By the subjeotive methods, the quality is determined

largely through sense orgaas and is aXfesctad by the

opinions of the judges who taste the foods. By the odjsot-

fve methods ihe quslity oan be determined by means of -

various measuring deviocss, such as o62lour coaparators

tu compare the eclour of two products and photographs $o -

eompare fluffiness. Oensrally spesking, such mechanieal

doviees for asasuring a given quality of food are expens- -

ive and take time to periost. |
ihe subjectiive matinds are satisfagtory vhen the \

purpose is to detect the differasnces in quality and when

the differsacss in quality are obviocus as in this studyy

For subjeeti v tests, score eards are dewelojyed for the
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use of the judgus 0 rate the produets. 3eoring con-
sists of ecvaluaiing on a pre-established numseriocal

basis, single or comdianations 0f quality faotors of &
food produect.

1. Seore Cardss~ There are many varietios ef ssore
cards for different foods and different purposes. In
this study, a dseseriptive soore owrd was developed and
usedy where euch quulisy t0 be tasted is gruded, nmot in
teras of numerical values, but by adjeotives as suz-
ssted by Hason (1’9"59}2‘- vhile oomputing the results,

a numerical value vas asstsnsd $0 eagh of the adjcotives. _
The socore oard developed in this study, given ia Appendix’
XLy was on a five point seale, and ':!n adjectives dos-
eribing the qualily were given in a form of cheok list
5 aake the mechanios of scoring as easy as pouiuc for
the judges who are dusy with ether work. The following
charastoristios were 2o de udjadged, using thia soore card:
iiloe - Ap earance. -
Saell.
Texture. y
Tastes
Dhal - Texture.
Suell.
Taste.
Beans - Texture.
Solour.
Seclle
Taste.

2. Judges:~ 7The desirable aumdsar of judyges depends

to some extent upon the purpose of scoring. lowe (1955}22

expresses, "A ssali panel of high sensitivity and ability
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to differentiate perceptions may de praferadle $0 a
large panel of less sensitivity®. Henee, & panel of
three experienssd judges vere requested to soore the
foods.

3« Methods of Jaditngn- As proger enviromnment and
good lighting are two of the conditions necessary for
sound seoring, & well lighted room vhere ihe environ-
wual vas condueive for eoneentratios vas ssleoted for
carryinz out the scoring. The oookei rice, dhal and
beans vere served immeiiately after ocooking was comp~
leted on uniform wihite porcslain quarter plates, oane
ftem in sach, i{n identical quantities. Un each plate,
one teaspoon was placed. Yoods mr; sarved as the
Jadges were 'arﬁving; to avoid qxp;mro to alr, and to
maintain the warmness of foods. Judzges weres ssated
comfortadly and st a gsonsideradle distance from eseh
other, so that facial exjrsssions of one judge would
net influsnce the judiement of others. As recommended .
by Lowe (1355)”. saah judge was given & glass of water
and was requestad to rinss the mouth before tasting
sagh sample; $0 rexovwes the flawour of one sample vefore
the second vas tasted.

(vi1) deshing Lhe Utensils After Cookingi= The smounts
of soot acoumuluted and deposited on the utensils used
for ocooking over the ordinary chula and the smokeless
ochula were found o differ from sach other. Ia the case
of the utensils plased on the ordisary chula, the de-




L)

position of s03% wus much greater than that on the
utonsils placsd on the ssdkelass chula, in which case,
only A thin layer of 200t vas seen on ths bottom of
the utensils. In order to find out ths difference in
the amounts of time inwolved is waaning the two sets
of utansils afier ocooking, the following progedure was
adopted.

After soms jroliminiry exporimants, the amounts of
the cleaning saterials uscd for cleaniong utensils after
eooking were staiiardised as given in Table VI.

TA3LY YI. .

AGINTI J¥F SLiARING #aTsdlAlS USTD POR CLIANING UTZNSILS
AFTzZR COOKIAG,

s8h in  Tamarind Cooonut Vater in

Usensils, P in Oun- fibre gallons.
Qes. Mis.
Utensils used on /3 /2 . 2 13
She ordinary elmla.
Utensgils used sn 1 % 2 © 4%

the smokeless chula.

The ash uscd in the onse of the utensils from the
smokeless chula wis less than the amouat used for utensils
from the ordizary chula because the oot deposited on the
utensils from the amokeloss chula was much less.

Nethod:~ The untensils wers emptied of the cooked contents
and placed ia the sink, A cup of wvater was spriakled on
thea. Using part ¢f the ash they were scribbed with the
aid of the coeonut fibre 0 remove the scote Then ash
and tamarind were applied and the itensils vere scrubbed




for the seocond time $ill they hecame bright and clean.
rinally they were rinsed thoroughly with water. This
srocedure vas follswod for both the sets of utensils -

using fresh amounts of cleaning aaterials for each sct.

The time taken for the first sorubbing, for applying

tamarind and ash for the secon ascrubbing, and for the

final rinsing was stsndardised for each set after a

series of preliainary sxperimeanss, as glvean in Tudble VII. _
TASLE VIii.

TH3 STAHDARDIS L AWANTS OF TIME 10 ¥AGH THI TW) 34TS OF
UTZi81LS AFTE: CWKING. .

et —

Jtensile m 01 atmnils used on

.
»

the ordinary chula. the smokeleas chula.

First soruddinge % . 2

Applying tamarind ] ] ]

m uh.

3e00nd sorubdinyg. 5 : 2%

Xinsing with water. 2% 2
fotad. 24 8

The total tiam takan differed from zuoh other, as the
utensils used on awkeless chula sollected much less soot
thaa in the case sf the utsnails used on the ordinary chula
aad hence nesdad muach leas tize in szorubdbing.

(o) Jandugiing the /xosriments.
£4) creliminacy crqparciion: Two batches of food ingred-
fents euch batch ornsisting 'ef nine ounces of fresh french
beans, 15 ouncss of rise and siz ounces of green grom dnal
- were taken for oookia; on eash chula. -



wvater and plaged in a colander to % drained. when the .

vater ia utensil B degan %0 boil, the rtoo from the

ocolander was added. The tine was mm, when the vater

in ucensil B rosuned boiling along with the rioce, forty

minutes after vhioh the utensil was re-triaansferred to -

the sesoond pot sesat and utensil ¢ vas plaad.oa the

first ot seat. +hile the rioe vas getting ocooked om

the second pot ssat, the dhal was washed with two cups

of wvater and plaged in & oclander. +hen the water ia

utensil € degan t0 boil, the washed dhal from the ool-

ander vas added. vhen the wataer vith the dhal resumed

boiling in utensil J; ths tinme was noted and 20 minutes

aftervards, both the utensils B and ‘G vere removed from

the fire, motin: the final time tz(b)‘. At this staze,

the cooking of tha foods was m.plotc and the amounts

V(0" an4 45(0)""" of firevood and charcoal left ve-

hind respectiwly were caleulated as deseribed on page o« .
The time consumed for ocooking was then calcoulated -

by subtrastin: the initial time t,(o) from the final . .

tize ¢,(0).

(“}3{»’ Saskiac a5 Saokaleas Chmle: 7o the utensils A,

By C of the jet II three-quarter cup, five and three-

quarter cups and onrne and & half cups of water were addod

o (0} is the starting time of cooking on the ordinary
chula.
"vz(é) is the wetdht of firewood left behimt after cooking
in the ordimary chula.
mﬁ,(@) is the veli ht of charcoal left behind after 000w
ing the ordinary chula.




resyectively. The initial veight ﬁ,(t)' of the firewocod ~
vas acted. The bdeaans vere vwashel, drained im a ocolandsr

and cut $ato half fach pieces just before lighting the

saskeless ehula. —_—

The =maokeless chula was lizhted in ihe same manner
48 the ordinary chulm, 15 minutes after starting the
ordinary chula, in order to coineide with.the time q@f-comp- ]
letior of oooking, for weth the chulas. After two mim~
utes of lighting, the utensils A and B vere kept on the
first and second 0% ssals :espectively and the time of
starting, that is the initial tine, t,(s)” vas noted.

¥hen the water in utensil A otarted boiling, the

cut pileces of heans iiere added. Vhen the water with the
beans started doliing again, tho»t'iu was noted, and

after 20 minmates, vhea the bears were completely oooi;od.
ulensil A vus removed from ths chula.” Utensil 3 vag
sranaferred fros the sscond pot seat to the first pot )
seat and utensil C was placed osu the sscond }ot seat.

Rice was.vashed as i1 the oase of the ordinary shula,

and vhen the water in uiensil 3 started boiling, the -
washed, drainsd rice was added, and the time noted. The
dhal vas also washed as in the ocuse of the ordinury ehula _
and added to utensil ¢ vhen ths water in it starisd bdoil-

*4,(3) 1s the {altial weliht of fireweod used in the mmokes
less chula. .

nt‘(s) 1;‘ ltha starting tine of oooking on ths amokeless
ocbhula.



ing and the time noted. orty three minutes after tiw *
wvater started boiling with rice, both the utensils B

and € containing riee and dhal wvere removed froa the

first and seonnd pot sents respectively noting the

final tine t’(l}‘. The logs and charooal wers put off

anl their weights ¢,(5)  and wy(8)""" resjeatively

vere noted as in the cuse of the ordinary chula. The
amounts of time and firewood oconsumed were also oalou-
lated as 1o the cass of the ordinary chulas.

(1)
foods cooksd on the ordinary chula and ths amokeless

chula vere served to the juiges for tasting as descrided -
on page (e . '

iv)
was over,; the foods were removed from the utensils snd

After tanting

the utensils were washed using the standardised amounts
of cleaning materials and prooceiure, as desoribed on page
The tise consumed for washing each set of utensils was

noted. .

(w) It

Sentsg: In the above sxoerinents, 4t vas observed that
in the case O0f the swokeluss chula, dhal got acoked

-

® t,(8) is the tine of completion of ocoking on the smoke- |

less ohula,

e iz(i) is the weiht of firewood left behind after the
ocooking on the smokeless ohula.

sne y (3) is the weight of charooal left after the eooking
in the ssokels ss chula.

-

-

—-—
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eompletely vhile 4% wvas on the second pot seat, vhereas °-
in the case of the ordinary chula, even the water for
dhal did not Bil. Thersfore this experiment vas mrto.a
out t0 find out the actual smounts of hsut available at
the first and second jot seats in both the chulas.
Tvo clean utensils of almost identionl dimensions, - .
shape and veight made of the sams material (brass) wvere
taken. Ia each of them 10 cups of water wvas placed. A
thermoneter was hung with its mercury buld izasrsed in
vwater, in sach utensil. The initial temparature of the
wator was noted before starting the ohula. }
Three pounds of firewood were taken, oconsisting of
three logs of ayyroximately equal sile and the chula was
lighted as descrived on jege>7 . i'h- two utensils vere
plaged on the first and seoond pot seats respectively.
A% the end of every three minutes, the temperature
ef the vater ia doth the utensils was noted. The three -
minutes interwval was selected in order to get & fairly -
large numder of readings to indicate the trend of the -
rapidity of water 3etting heated. .
The sxperiment was rejeate: thres times on each -
chula duna&tng’ the time of cooking every day; that
is, on the first day, the smokel ess ahula was ussd in . —_—
the morning and the ordinary chula vas used in the after~
noon. On the next day, the order was reversed, using -
the ordinary chula in the moruning and the smokeless chula
. in the aftermoon. This diternation was sffected in



order 0 aianinise the changes due 0 clizatisc condit-
ions.

The heat available at sach pot seat was oaloulated .
by adding the hoat gained by the utensil and the heat
gained by the water in the uteansil, vhen its temperature
was raised from the initial value to the final vilue.

Edsar (1950)” points out that if the mase of the
utensil is m,, the speocific heat of the material of the
uteasil is syy aud the increuse in temporaturs is .3
then thes heat Zained by the utensil is qc‘t,. Sinilarly
if the muss of watsr in the utensil is M,, iis specific -
heat 8‘ and the inoreass iu .tnwa:,turo !‘; then the '
heat gained by the water is N,3,T.. Then the heat availe
able 2% that ot ssat will de .

Bytity * NS Ty

In this case as the ifncrease in teaperaturs for both

utensil and water in it is the ssae, the adove formala |

By be writien as =
(a‘a‘ » a,s,}t
vhere & is the imoresase in temperature of both the autensil
and the waler. As the specifie heal af vater is one, the
formila can be sinjlified as (1101 + Hy)te
The adove prooedure ia adopted to calenlate the heat
available at sach ot seal separately.



© IV, RESYLTS .MD DISCUSSION

The results aud discussion in the folloving pages
‘include the total tise cOnsumed and fuel censumed for
cooking beans, rise and dhal, tiss consumed for washing
the utonsils after woking, palatadilisy of the cooked
foods and tha heat avalladbility at different pot seats
of both the chulss, Ly which the suitability of the
ordinary and emoksless chulas as cooking devices was
studied.

() $i9e Zousused for Gooking.

- From the resdings of the exyerizsats recorded in
Appendix Tii the total time taken for ovoking beans,
rioe and dhal ower Both the ordinary ehula snd the caoke-
less chula s glven in Table ﬂii; ‘

TABLE VIII.

TITAL TINT TA Y 792 COuRING B:ANS, RUSE AND DHAL OVER
TH:I TWO THULAS.

—

' M ten.
Heplicates. yroaey dhala. ﬁ%ﬁt&&uﬂ. Difference.

1 F3.20 84.00 14.00
P 101,93 87.20 14.00
3 IT7.00 83.00 14.00 —
¢ 93.9 85.00 14.50
Average. - .37 84.19 ~ 18.92

These figures ziven in Table VIII were statistically
analysed %0 find tha P ratio. (F is a ratio of the wvari-
ance betwesn the experimontal variasbles and within rep-
llcates.) (Snedocor 1246)2%, 1f 2, the probability of

™



TABLR Xi.

ANALYS1S OF VARLAYCE FOR THY FUSL JONSUMLD FOR COUKING
OVER IHE 7w CHULAB IN FOUR RBS/LICATES.

Source of  Sum of Degres of Nean square. .
varistion. squares. fresdoa. - -

Between 441.6424 1 441,6424 F = 299.80 .
ohul as. . -
vithin rep- 8.8184 6 1.4637 ? < 0%

licates.

Thus the stutistiocal ap,raisal revealed that the .
difference was very signifioant as indioated in Table XI.

The saving of firewood in the case of the smokeless
chula vas 14.87 cunces which amounted %o 30.74 per cent :
of ths fuel consumed by the ordinary chula. This saving . -
of the firownod mey Ye attridusted 0 the more efficient
utilisation of heat in the smokeless ohula than in the
ordinary chulae 7Tw0o possible fastors whieh aight have .
facilitated the affecsive aunuumnef heat are: (1)
Groat availadility of heat due to the mintaisation of
loss of heat dus $0 radiation caused by the projections -
on the pot seats and (i1) Detter distridution of heat
betwesn the pet semis. Although the heat available at
the firat pos seat of the ordinary ahuls vas higher than
that available at ths first jot seat of the smokelesas T
ohula, the heat available s the second pet seat of the N
smoikel 0ss chula was mugh higher than that available at
the seoond pot seat of the ordinary chula as showm on
pege(i « Cnild and Niles (1937)% have shown thut when
-onoe water starts boiling the amount of heat required - —_



e maintain the Wwiling poins is much lower than that
required to bring 4% S0 Boiling. Therefors the applie-
ation of large quamtities of heas, after wiling has
oowneneed is superfiusus, the heat being unutilised
resulting in wastage of fuel. Such applioation besides
being wvasteful in serms of fuel, may lead t0_the boiling
over of the foods beonuse Of She enhaneed rate 8f beiling.
In the case of the ssskeless chila, though less heat was
available at the first pod seut as oompared %0 $has of
the erdinary ohula, that amount of heat was adeguate $o
Wriag che water e wolling point and maintain 4§ doiling
for the completion of the cooking of rice. This prineiple
explains alss the ocooking of the M eonpleted on the
second pot seat Ltwelf en the -okolm amnla.

Thus the distridustion of the amount of availadle
heat between the two Pt seats of the ‘mokeless chula wvas
aere favourable fer cooking ries and dhal than that of
the ordinary chula.

Cost of the Firewod: On an average the firewood
utilised to enok the stundardised meal, vas 48.% ounces
in the case of the ordinary chula and 33,50 ounces in the
oase of the maokeless dwila resulting in a saving of
14.87 cunces as showm in Table X. Assmming that three
moals a day are gooked for a family the saving per sonth
would be -

14.87T x 3 =2 30 » 83.59 pounds (in 30 days).
icueulating at the rate of 4.37 Naye ~‘mise per pound

.4
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TASLRE XII. e
TIMZ QUNSIMGD IN WASHING THX UTENSILS.

g e
T { I i~ Fva 7 (T — e 16 T

1 2%.75 8.00 1%5.75
2 “.m 7.1’ 1 6. 5
3 24.90 8.00 . 16.50
4 24.00 8.00 16.00
Average. 24.06 T.94 16.12

These figures in Table XII were statiastioully analysed
and Table XIII shows the analysis of variance applied %o
thes, )
TABLE XILI. .

ANALYSIS OF VARIANCE -OF Tiizx TIME CONSUMED IN wASHING THB
UTRNRILS IM FOUR ABrLICATES.

Source 0f varias~- Sum of Degree of Mean

ion. squares. fr«do-n square.
3etween schulaas. %519.70838 | ‘$519.7088 F » 9069
within replioates. 0.3438 6 0.0573 P< 0%

The analyais of wariance indicates that the F ratic
is very signifiocant as ia shown in Tadle XIll. The tias
saved Shrough the use of tho smokeless shula was 16.12
ainutes on an average and this amunted to 66,80 per ocent
of the tine wnsumed for washing the utensils ussd on the
ordinary chul'a.

(4) 2adatadilAdy of the Foods Cookads

The a0ores awnrdesd dy the panel of judges t0 the
beans, rice and @hal are given ia Appendix IV and _m::-

* 4sed in Table X1V, )

Y|



TABLE XIV,

AVERAGE SQORES AWARDED TO THE FouD3 COOKID ON THE ORDINARY
AXD SMOKZLESS CHULAS,

Sgores
Food. Qualities. Jrdinary Smokelass
ghula., ___ ghmle,
Rioe. .
Appearanee. 3.9 . 4.90
Smell. ‘09‘ 5.00
Texture. 4.0 4.58
Taste. 4.16 4.49
Total, %6.18 18.07 .
Dhal .
Texture. 3358 #¢58
Saell. 4.83 $.00
Taste. 3.8Y : ‘0.58
Tosal, 12,24 “Q“
Beans. )
Texture. N g, 8 25
coloure. - ‘-OO 4-00
Smell. . %$.00 $5.00
Tagte. - . 4.5 4.25
Total. %7.%0 17.50

The figures in Table XIV show shat .the qualities of
the products gosked over the smokeless chula sare superior

$0 those of the produgta gooked over the ordinary chula.

Table XV gives the sumsary of the levels of signifie-

ance of the difference bdetween the wvarious qualities of
the foods cooked over che ordinary chula and the saokeless
chula,



TABLE XV, °

A SUMMARY OF Thi MAVELS OF SIOAIFICANCE OF THR DIVFER-
ENCHEE BSTWEEN SC)RS orrggx VARIOUS QUALITIRS OF THR
D3

Qualisy. .
r.iom o -
Rige. 26.72 Very signifieant,
Appear- (0,097 Kot siznificant, .
ange.

Texture. 7.637 Sigificang.
Taste. 335.01 Very significant.

Dhal. 52.89 Very aignifiocans.
Texture. 13.95 .
Ssell. 0.919 Mot ficant .
Taste. 34.26 Vory significant

Deans.

Texture. Caloulation of significance lsvel does not
Celour. arise ai there is no Adifferenge in the acores
Smell. obtatned by the various gualities of beans
Taste. oookad over ordinary chula and smokeless chula.

As revealed by the statistical appraisal snd indioated’
in Table XV the difference besween the ‘scores for texture
ef rioe cooked on BOth She chulas ie significante The Aiff- -
erence detween the scores for taste of rice cooked on ﬁotp' N
chulas is very signifieant: In the case 8f the texture and
taste of dhal the differences are found to be very nmutto;nt._

vhen the scores 9f the total qualities of foods cooked

on the Swo chulas were analysed statistiocally 4t vas found

——

that the differences are very significant in the case of
rios as vell as dhal, XIn the oase of beans the analysis
of significanoe level did not arise as there was no differ-
enae betvaen She soores #dtained by bewns cooked over both



the chulas.

The reasons for the superior qualily obtained by the
rice and dhal vhen gooked over the mmokeless chula, may be
attridused 30 the suitadilitsy of slow heasing for cooking -
ssarches and proteins aa jointed out by Todhunter (1958)26.'.
In the sase of starches, slow hsating also heljpe to develop -
a pleasing flavour and a slightly sveet taaste due %o the
partial conversion of staroh to sugar. In the case of )
sroteins, the higher the temperature of acooking the harder
they beoome dus to coagulation. Thersfore unse of lov temp-
eratures is gonarally recimasnded for euoking proteina.

“) 1 S I % SR A . A by M43 8 ¥ :l.f, ‘i. T '

The detailed record of all remdings involved in the
experizsnt on hoat avallability at different pos soass of
the chulas s given in Apoendices V and VI. The amcunts -
of sime taken for 10 cups of water 0 de wiled at aiffer-
ent ot soate of the ordinary and smokslses chulas are -
given in Table XVi.




TABLYT XVI.

TABL: SHOWING THE ITIHG AT VvHICH THZ WATZR BOILEID ON THE
FIRST AN SECUND 20T SRATS OF THR ORDINARY CHULA AND THR -
SMUKELGES SHULA.

Reyliocates. _, ,
pot seat. pot uat. pot unt. pot nn-
1 20.50 Never 28.T9 54.00
boiled.
2 20.00 Hever ﬁo” 95-00
bodled, :
3 19.5%0 Never 30,00 54.29
botled.
Average. 20,00 2.7 540‘L

From Table XVI 4% is seen that the temperature of
the vater oa the ssound o0t seat at'nho oxdinary chula
did not doil and from Appendix V 1; is soen that the
temperature did not rise by abdove 3.5°C even at the end

of one hour. .

As t0 the actual amount of heat availadle, Table
XVII, gives the total B.T.U.” available at the different
pot seats at the end of sighteen nimtu.“

® 3.7.U, (British ‘hermal Unit is the quantity of heat
requirsi to raimse one pound of water through
one degreo ahrenheit.

*» Bighteenth aimites was taken as the upyer liait be-
cause the tinme at whioh water boiled on the
first pot seat being 19.% uinutes in one of
the replicates, falls in the seventh alass
fatervul wvhich is from the 19th ainute $1l1l
the end of the 21st minute. Therefore the
last eompleted oliass interval is the sixth
olass futorval - from fifteenth to eighteenth
minute. Ihorefore &ighteenth minustes wvas taken
as the upper limis.
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From the Tuble XVII, i% can be ssen that ths actual
amount 9f head available uf:ratnt at the first pot |
seat of the ordinary chula being $53.58 B.T.U. on an aver-
age. The smount Of heas available at the first pet seat -
of the smokeless chula is only 7.66 5.T.U. as contrasted
with the 187.0% 3.T.U. available a$ the correspounding see- -
ond pot seat of Sthe asmkelaoss chula,

As mentioned on jage:ss:the higher amount of the heat
avallabl: at the seeond pot seat 0f the smokeless chula
than at ths seoond pot seat of the ordinary chulahad been
responsible for the saving of time and fuel effected in .
the oase of the former, ' )

(£) Jther Jbservations

Table XVIII giveas the amounts of charcosal e¢ollected

from the ordinary and smokeless chulas as desoribed on

page

TABLR XVIII.

CHARCOAL LuFT ASTSa CLUOKING IN THE ORDINARY AND
SMOKELI3S CHULAS.

- Replicates. -
1 4.00 1.90 2,50 ) -
2 435 1.90 2.7 - .
3 4.50 1.00 5.50 -
4 9.00 2,00 %5.00
Average. Sedd 1.50 2.9¢




From Table IVIII it is asen that the average mu;n T
of oharooal lefs in the oase of the ordinary chula was
4.44 ounces and 1.5 ounces in the case of the swokeless_
chula. The exocess of charcoal left im the case of the
ordinary chula may bde dus %0 two faotors. FYirstly, the
firewood eonsumed in the saas of the ordinary chula vas
14.86 cunces mors than that in the =wkeless chula.
Therefore, the mmount of charsoal left might have been
larger. Secondly, the incomplate combustior ia she ord-
inary ohula would have resulted in a large amoung of

ahargoal left umburnt. )

The smoke coming out of the ordinary chula, accumu-
lated in the kitahen omusing irrit;nuu %0 the syes and -
nose, vhereas no mmoke wvas found esoaping cut eof the
gmokeless chula into she kisohen.

In the oase of the smokeless ohillv, as the flaaes~
were not surrcunding she utensils, the hotnoss fel$ by )
the hands while removing the utensils vas less than in.
the case of the ordinary chula, in vhieh case, much care .
had 10 be exercissd in order to avoid the flases soorch- -
ing the hends. '

The rioe ocooked in the amokeless chula had the
graios relatively bigger and loosely packed in compar- -
fs0on $0 the rioe esoked on the ordinary chulas. 7The
charring of foods at the bottom of the usensils during
oooking was greater in the cuse of the foods cooked sver

. the amokeless chula, ' .



Vo SUMMARY AHD CONQLUSION,
fe  The ordinury chula vhioh is commonly usod for cook-
ing in most homes in India has defects such as the
absence 0f a properly chanelled smoke exit and soot
agoumulation around the utensils. In order to remedy

4

L

these dafectis, attonpls are being mde $o evolve more il
efficient and inexpensive types of smokeless chulas.
However seientifio evidence avail able regarding the .
various advantages alaimed by the designers of these -
chulas is nezligidbla, 7This study on asone amagenent

aspects 0f the ordinary emula and saokele ss chula in -

terns of their effioiency as oooking devioces vas Shere- .
fore undertuken. . .' T T
2, A baked clay two pot sesat ordinary chula and =

portable Maga: ssokeless chuls wers selsoted for the

study. T ) _
3« Rioe, dhal and beans were cooked on She chulas and

the amount of time takan for cooking, fusl esnsusmed,

the tize taken for oleaning the utensila after oooking

and the quality of the foods cooked were oompared. -
4, The amount ¢f S$ime saved in ocooking the three '
foods by the use 9f the smokeless chulm averaged 14,12 s
minutes and emounted to 14.2% per oens of the tiae taken -
over the ordinary chula.

5« The mmount of fuel saved by the use of the smokeless . T
chula vas 14.87 cunces and this smounsed %o 30.74 per -
oent of the smount of fuel consumed by She ordinary shuia.



6 The amount of time saved in washing utenails dy ~ ..
using smokeless chula vas 16,12 mimutes which amounted

%o 66,8 per sent of the amount of time Saken in wvashing

the utensils used over the ordinary ochula. )

7. From the analysis of varianse of the scores avarded -
by the tasting penel 6 the ouvoked foods it was revealed
thas the quality of ries and dhal oooked over the sxoke-
less chula van Tory »ignilficantly superior to the guality
of the rios and dhal oooked over ordinary ohula. The )
difference betwesn the scores of bYeans cooked over ordine
ary ehula and smokeless ¢hula was not sigaificang.

Bs The exyeriwnt oconduotéd $0 find the sotual amounts. -
of heat available as the du'tcroat'.pot seats of the -
chulas revealed ihat the amount of heut available at the
first pot seat 0f the ordinary chula was higher than Sha¢
availablie at the first pot seat of the smokeless chula.,
The amount of heat nvailsble at the second pot seat of .
the ordinary chula was wvery lov when compared $o the _ -
amount 0f heat awailable at the second pot ssat of the . _

saokel ess ahula.
In oonalusion, it oan be saild that the portable

Magan saokeless ohula 18 superior to the ordinary ohula
as regards the wvarious management aspects studied.
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SCORE CARD FOR RIQE, DHAL AND B2ANS,

Dase:

Soorer:

Rindly judze and tick against one quality vhieh dea-

APPINDIX 1I.

eribea thw produet best under sash heading. .

-

Sample 1.

Sample XIX.

Rige:

Appesaranee.

Texture.

Grains separate.

Une or two grains
stioking togetner,

Orains atsioki 0~
gother in smal

lumps.

Orains stioking to-
fo!-hu' in big
ps.

smell of wall oooked
rioe.

Smoll of unoocked
rioe.

31iaht foreign smell,
such ua burng or
mnked s

Fairly strong foreign
mell.

Very strong foreign
onell .
Vell oooked.

Pairly well cooked.
314ghtly under
coeked.

31izhtly over cooked.
Ungooked.
Jveroookod.

Y/

\‘\

w



Tasts.

Dhals

Texture.

Saell.

Taste.

Beans)
Texture.

Very good.

Very bdad.

Yell oooked.

Fairly wvell oooked.
Just oooked.
Slightly umeroosoked,
31ightly overcooked,
Uneooked.

Uvergoooked.

Smell of well cooked
dhal o

Smell of unoooked
dhal,

Slight-foreign saell,
such as burnt or
suoked . .

Fairly strong fereign
enell.

v N fo ~N
ragyy rons forelen '

Very goode.
Oood.

land.
Bud.
Very bad.

Well osookod.
Pairly well eooked.
Just ocooked.

3lightly under
oooked,.

8lightly over
o0o0ked .

Unoookod s
Over oocoked. -
VI



s

Colour.

3aell.

Taste.

Ratural green.

Almost natural green.
Pairly greenish.
314.shtly brownish.
Brown.

Snell of well ocooked
b8 ans.

3mell of unonoked
beans.

3li5hi foreign amell,
such as burnt or
soked.

Fairly strong foreign
saell.

Yory si$rong foreign
sasll.

Very good.
Goed. .
Rland.

Bad. -

Yery- bade

Other comaents.

- -y
..
W
.
Sample I, Sample II, T
—__
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AVEEAGE “CORZS AWARTED T¢ THE FUODS CUuoKED O THR .- .

APFERUIL IV

ORDINAHY AN" -WOKELE -~ CHULAT,

Item

Jrit nary
Chula

A W e B AR W IR W W T W W B W W S W W T WD W Ak A W R R AR S e Y,

1. Rice:

c) Textures

d) Taste:

2. Dhal:
a) Texture:

¢) Tastet

a) Appearance! “eplicate 1

2

: 3

&
rtoplﬁcau b §
- 3

" ¥
neplicave 1
* 2
N

&

" 3

» Y
‘tnp,l..icaso g
. 3

&
wpy.ut.e :
. 3

&
r!lpy.cat.c %
. 2

3.66
4.00
hel3
3.65

Total E

‘-'nﬁkolg;;'-
vhula
400 |
b33 .
.

b 00 -

4.3% -
both -
A—B':“_.lz ) -




&

£

APPERTIX IV Contdi~

Iten

@ w W W W W W S W W AR WS W W

Ordinary “mokeless

Chu)

vhula *

4 W W o W& W W > > W

3. Beansi
a) Texture: Replicate 1 heo33
" 2 b
- 3 4,66
. & b
Toﬁal 160.99
b} colowr: iieplicate 1 botb
* 2 [N
- ’ &
» b 3.33
Total 15.99
€) "mell: .eplicate 1 5
| z 5
- J 5
- . & . 5
Total X
d) laste: xeplicate g \. 4,66
&
. 3 (8
. & L.33
Total 18739
; X1

b
bobt e
b.66

3.66 .

A

16.98

3.66 T _
4o33

15.9¢ .

rere
. & »

A\ '\
W AW

I



