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DTRODUCTIOR 



lo INTRODUCTIOB 

'Ibe dairy industry is developing at a rapid rate in our 

country. Almost 1n each st.st.a in our C01111f.ry dairy dewlopmnt in 

organiaed eector ia taking plaoe. th the a:ii:pansion of dairy industry 

and other industries apart. tran -chaniaatian of agrimJ.ture in our 

country and mobility ot people.a 1 the enal'gy ocmsmptiml bu alao increaaed 

\,Nman:lom1]T. Thou.gh thl3 Ocmn"DMnt 1s taldmg all nece&llllJ'Y steps to 

enhanoa the gen ration of b.ydal/thenllal. electric power- and oil/coal. 

q;pl.oration to met tba imsreaaiDg Umand ft>r llOl"8 emr~ which ia a 

neoaaaiw tor a fast. clin'eloptnc natian, yet. tbs irdustq haa to be 9Wtrgy 

conac!Ou. In the recent past a lot of aphaaill baa been 1'1'9n to dnelop 

ftitlble •chaniaa and .... ta for utllis1ng altel'Dati've amrgr sauroaa 

IN.eh aa Hlar ••l't!:Y, b19g .. .U ~ pomr ate. 

Due to the scarcity of f'\iel/oil, the d 1ry ard rood processing 

iladutry whioh ....,_. a large aamlt ot nch f\ials far processing their 

produata, hAml to beocm am:rsr aonaoioua. Ot.herviH due t o constant 

inareue in prioea ot hal; the prooeaaing oo.t v1ll also on increasing 
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in the SaJllB proportion. '!his will. resu1t in great hardship to t he 

public because a stage wou1d came lihen the prices oi' neceasal'T c<l!lllodi­

tiea such as Jll1l.k will be beJ'ond their purchasing power. Therefore, to 

avoid such a situation, alJ. naceasary efforts have to be made to conserve 

enarfG' to the mo"•• extent poaaible in processing. :e have to collect 

a lot of data on energy consumpt.1on !or manutacturing indigenoua lllilk 

products such as khoa, F,ee ani pall881" etc. ThB varioua heat losaes 

during processing have to be eatiJllated ao that necessary precautions 

and modifications ~ be made in the processing equipients/techniques 

t o minimise h at losses so as to achiave mrgy conservation in processing. 

'l'he indigenoua lllilk products like khoa, .gbee rurl pauter etc • 

.re 111atJUfactured normal.ly in jaclc~ted Tats as batch process. 'lb re r e , 

to make tbe59 proces 111a continuous, hygienic and econcm1cal.1 it is 

absolute'.4r necessary to design and dawlop the continuous quipmcnt f or 

manufacture or these products. As t he rmr material is 0 be he tad during 

processing or theae products, tharerare betore desigJrln t h continuous 

equipments a lot. of information is to be callected ns ard the beat and 

nov characteristics of thee• produat.s. 'l'he heat transfer coefficients 

o! 1.fterent prod\lcta V&ZT with temperature, canposition, ~ical and 

thermal properties of the products at various stages ~ s sin • 

wry little 1ntonaat1cm. 1a :vallAble 1n liter :tW"e on ha t tranafar 

and he t tr-.uwtar cm.i-acteriaUca Qf iJxli&lmoua milk products. 

The 001l8mllption of ccnnntional 9ftlJ'87 SOlll'OH has increased 

oonaid9rabl7 elm to aut.miaation and •chaniaation ot T&riw. prooaa••· 
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lectric.al or t hermal energy is required 1n e ach stage of _mill product 

processing. 'nleretore; the utilisation or techniques f or enera conser­

T ti0n is WIT ea98Utial f ar keeping the prooeaeing cost to t he minimum. 

Energy conservation can be achined by nducing t he beat loeaes and by 

increasing the e.ttic19nt use of the waste heat. '1he opt1misat ion of the 

available resoureea and sustaining reasonable lewls of e cona:rl.c acti _ ty 

will hel p in emrg:r conservation. The energy conaenati on technique 

proposed to 'be adopted must be teebnically and econcmi1 cally' teasi ble and 

should not confiiat with the present mode or p r ocess ing . 

There is very little information aTailable on the ener gy 

requireiwnts f or indigenous da1ry product.a . '.ibsrer ore, i t is neces sary 

to first collect enough data on energy reqv.1.rements and losses during 

processing of khoa; gbee and paneer. 'lben various alternat ives can be 

adopte f or energy conservation as suggested belows 

1) 

2) 

By nal.uat.mg \be ene!'g1 utilisation e t ficienor of if arent 

))l'oeitatring plant.a ar procaNing tedmiqm• mi then opting 

the proaesa vhi oh ia llOSt ene1"17 •fficiant. If nae .. aary, 

certain lllOdUioatlona bl t.b8 pi-oe1asiJ'lg teabnique u;r be ... 
To oval te th enar gr l os s during 

techniques to min:bai.IM> the SUM 0 

tol.lowlns aN _ 111- or • major •MrO oceN1"Tation aaanre• 

11hiah OOll1d be nal11&'94 11114 -4opt.a4 by da1J7 1shan171-
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1) Condensate heat recovery • 

. 11) Heat. recovery/recycla ot hot water from pasteuriser. 

111) Beat. recovery trom emauat a±r/nue gaaes. 

iT) Heat recovery frm vapours. 

v) In:nllati.on or process equiµ'Jlents, pipe 1.ines .:md 

buildings. 

vi) Heat recovery !ram ref'rigerat.ion plant. 

vii) Upgrading the e fficiency of proces:i and service 

4tquipqentf. 

rill) Util.isation of alternative energy sources nanely 1 solar 

energy 1 energy fr gobar gas. 

FT OF MEAT T lS 

In dairy processing, the heating and cooling of the product 

is t o be don1 a~ dit'f'e~ stages du.rag it.a manufacture. Thus t his is 

on or the most important unit oper ti.on in dairy proces sin • The heat 

tranater takes pl ce by all th three aod a i.e. nduction, convection and 

radiation. In olid dairy produata sUdl a11 cheese, pimeer, butter etc. 

twat trans.far takes place by c nduction. In liquid products such as h e, 

fluid lllilk, llh9T etc. the heat transfer mq take place by convection or 
' 

by canbination of cOllftction and radintion. Howo-.er , within th fluid 

milk heat transfer by convection is, more iredcminant in ca:iparison t o 

camuct.1 n. The heat transfer by ccmvect.ion 1ithin th fiuid is depe ent 

JnlJllP; itator to. 

are uod tar th• fluid to nov durin oceseing the phenm1non 1a known 
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as f r eed convection beat transfer . However~ ti' the f1uid flow is caused 

by densi ty difference due t o the temperature gradient t phena:encm 1s 

lcracr.m u hae or natural convecticn. Du.ring conversion of nilk to khoa 

and paneer and cream t o ghee 1 the filrld product 1a heated thus the beat 

t r ansf e r by comect1on is aore predaninant in these cases. 

The heat t ransf: r by eoineetion f'rcm a so1 1d surf ace t o nuid 

is denoted by's 

•• .• ...•.•• .. . . •.•••. . • • . • ••.••• . • (1 . 1) 

The v alue af he far these products. can be eternined either 

by rayno~ 1 a analogy or by dillensional ana'.cy'sia . The te chnique of cililen -

siohal analr-;is is convenient t o be adopted f r formul.at ing the 

relations for t hese pr ucts. They are given belovs-

irical 

Nu = c (Ra )m (Pr)n - (Forced coineetion) •••••••••••• (1. 2) 

= c ( .)m - ( :itural conv:ection) • •• •• • ••• • •• (1 . ) 

re , c, ia and n are const ants whi ch 

data. 

valuated i'r<ll!l expsrilllental 
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2. ·:VIBW 01' Ll'l'ERA'l'UHE 

2.1. INTRODUCI'IOH 

The energy crieis is an universal phenmmon and :ndla-

bility of nan..renevabl.e cmrgr sources is 1bd.ted. There t ore , there is 

necessity _or critical evaluation of tbs enargr Nquirementa; 1osaaa end 

oonservati teobniqnas or the var1.oua unit operatiana 1n a prooesoing 

plant. ban the process ing •quiJ1119Dts wore designed, the e~a was 

pl ntli'ul.1 bawever now i t is becomilJg e na ive to oper at curront 

nor ey coats ell 1ncre 1ng contiauaualy aDd 'l1fl17 taw:b tba peak in 

near f'utu • nee, th various unit operations in a dairy plmit must be 

crit.~a;Lq ~e~ in tarma of nargy requi:rolll8ftta. 

rgr anal.ye1s ot operiition or the production or kboo, 

and pamer is ueM. in two :respects1-

1) Ii prorldea qa.amit.at.iw WOI'lla'\'-• m energy l"8 nts 

ot .- 1n dH~ th• •DIU'IJ" pntrating and daliwry s;rst.ea. 

2) It naluat.a tbll JIGdaa or Ulal"llJ louea and llff.ll'O&obu adapted 

'1114 8\lft88ted bT ditf8rent Wl'Dra an •mrv oouenat.icm 1n d.a1r7 prooeadq. 
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N3 GI RS!JJ ffill.IENT , Im T AND CO lfN T Tu 
TECHlWJJES IR DAIRY P C!lSSDIG 

ne rgy Consumption 

To carry ou the energy conaenaticn phencmena t he total 

ener consumpt i on an wall as t he sources of heat los ses ahmild be 

knoim. 'lbe f.ollO\fing information in this respect is available 1n t he 

literature. 

YJ.iJJk (1977) -studied the energ COnawilPt.i.an delzydra-

tion procee ee o! milk 8Jld. .found t hat 

1a about 587 KCaJ./kg va.ter evaporated aJJd for ~ dryir.g ~ Kcal/kg 

water n apora.ted.. 

. . 
~ chval'.•tzb3rg (1977) inwatigated the ner gy requirenents 

fo 11.Clllid f concentr tion as iven bel oi 1-

Product Annual · ater . ne r gy 
production evaporated required 
billion lba billion ll>a trillion 

BTU 

Skia ailk o.4115 0.26 . • 08 

Gordenaed llilk o. 1~e ).~ 1.4 
··va.porated Wk 0,291 4.70 1. 7 

bq 0.82 l).27 ,)2 

D1"f llboll a1lk o.on 0.29 0.12 

Dz7 'bllt ter milk 0.0)8 0.28 o.n 



• 

8 

GcliBl ~978) carried ou:t an extensi-ve study on the energy use 

pro~ tn Indian Dair7 Industl')", as shown in Tabl.e 2.1. Davis (1980) 

t~·. t~ ~rooassing 8D8rg needed on a fall we~t basis is o.60 MJ/kg 

~ procea•d• whereas E1sy (1980) found it to the range or 0.99 MJ/ 

lit:ro milk. 

AB tar ' as 2,ndigenous dairy products are concerned, very 

l:ilnited' information is available regarding energy require!lilnt in khoa, 

ghee and panaer making. Shalll Das ~ !!;:l• (1976) has studied steam require­

ne~t in pa• Clarification from cream and butter. 'nley observed that 

steam requirulent varias as 11101Btura per cent in butter varies f'rOlll U.S 

to 16 • T?1' awrage steam conSUJIBd is reported to be 0. 48 kg/kg butter 

and 243 K~/kg gbee. Abichand~ (1978) conducted tha .feasibili ty studies 
' 

on ~CJt cbnt.act heat exchanger tor clarification or ghee f'r~ bnttel' 

using not nitrogen gaa. He obse.rved 132 Kcal/kg butte?' n elariticat.ion 

temperature WU 1J5°C., It is alse> reported t.hat the ~am am electrical 

enel'gy ~nt in cont1nnous ghee making machiDQ per kg butter are 

0.35 kg and 0.01. it, respectiveq. 

Pand;ya (1978) report.Gd tb&t in creu butter mt.hod, the st.au. 

rac:N.irenent VU'ia• tr<m 0.34 t 0~39 kg/kc butter, o.42 leg/kg ghoe and 

2. 19 kg' ate~ •ter evaporated equiYalent \o 184.S, 216, 7 and lhh2 .S 

lcal rupect.1ve~. Be a.:Lao obael"ftd that the •1-ctr1cal lrld thermal 

aneztgy required f or comertint Jllllk into ghH 1n dittarent nathods are 

aa tollona-
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Table 2.1 a .Energy Use Proflile in the Indian Dairy Industry. 

Source ~ Energz: Use 1n BTU/LB Milk Proce_sse!l 
Pl.ant A Pl.ant "B Plant C Plant n Plant E Plant F ., 

Direct Energy 926 . 804 - 3,637 3,086· e - I 
• 1,818 3,309 

Boiler 255 l 446 3,187 1,899 1,298 - ~ 2,571 i: c 
Klectric1 t7 11 ' 

669 ' 351 437 1,181 ... 517 734 ~ ' jJ ... n 

water Er I 4 u. n Ji~! ..... 2 L 6 ~ 13 5 3 5 .. ... • ... 
" 

Indire!=t Ener~ 

Packaging >i1' ; I 0 • 
\ 176 '" 246 386 ~; 1,269 841 

rl 
Transportation 281 143 268 123 1-- 247 284 . 

I !"l ""' Procurement 
'"""" 170 r 135 t 225 100 ""'.., 170 195 . -i 

""' .._., . 
Di•tribution > ill 8 43 23 77 83 . H 

•" '"' Proce•s Ene rgy 
.. , 

1,207. 1,123 4,152 3,597 3,335 4,389 

Plant Manutacturtng Plant Manufacturing 
'J ~ 

A Std. milk, toned milk, J 
~~ n - St d . milk, tonad ·milk, -

double -toned milk. 
.. lassi, ghee . . 
"' .. 

c - Milk powdcn-, butt~ r, ghee. . D - Milk po,«ler, butter, ~bee, 
fluid milk. , 

B Milk powder, buttorf gh oe, fluid- F - RabL food milk powd er, -0 - flu d milk, butter, ehee. milk, obecse , baby ood. 



Craam lNtter •thod 

lC 

1710 !'.cal/kg gbee. 

132S Kcal/le gbee. 

414 Kcal/kg ghee. 

Kregendl"a Kumar and Verma (1983) investigated that the energy 

re~ ror khea aking 1a l.06 to 1.3 kg steall/kg milk and for 

conwrting batter into gbae it is O.S9 to o.68 kg/kg butter. 

Energr Loss 

consiclerabl.e amount of beat is lost during JtaDU.facture of 

dair)" products. The mnjor sources of heat leases are buildings, equiJJD'nt 

surf'a0!9 1 pipe lines and hot water. Studies aimad at determining t he 

magnitude of' energy loasaa 1n dairy processing are hlportant because they 

can be us d t o dnelop, energy conservation proirramm . 

S1111p11on (1953) reported that ~ 16. 7 per cant d the ateaJD 

supplied to t he atatiOll&l"T retort vaa used 1n beat ing the can and contents. 

'i'ho remainder vu lost as f'Ouwat 36.4 per cant paaaed out of' venta, 

16.4 per cent. waa uaad to mat the retort and Cll"lde8, 11.2 per •nt was 

ued to baa\ the oonden•ate in• b bottm at the nta:rt., llDl 19.3 r 

oent vu lon through radiatioa, . 

Rippen (1974) obaerwd that a a1l'lgl.e-pam window will lQae 

1.13 BTU/br-tt2 oJ: g1.ua par l°I'. He also obeened that a b 2 inch 

uninsulatad •• pipe of 100 tt. 1aacth operatSq at 100 pai v1ll loea 

orted 14 par cant 

emrgr lo• in a dniry vu <tu to heat loa•• trca bQ1l in a. Ooel (197 ) 
' 
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obael"ftd that ~beat lossea ..trom dair7 ~ildings ranged from 2.6 to 

21.6~ or boil.er energy- conSU1ilpt1on. 

Da'99 et al. (19'1') obe&rved that t11e heat 1.osaes through ---
ellhast ab' wre 24. 7% ot tota1 heat added to a sprq ar-;....er ~ Rao ~ !!· 
(1916) has studied that the heat losses from preheater-) cool.er 1n different 

f'ood processing plant.a. 'lbe beat 10&1'98 in condensate was 13.6 to 21. 6"' 

and loaaes from equi~ by eomrectiaa and radiation was 2.0 to 2.8 • 

Rao et al. (1976b) observad that beat iosses with hot water 
~-

varies trom 13 to 22 per cent. Flink (l.97n ) r$ported that about 20-90 

Kcal/kg of water removed of heat is lost wi exit air f'r a spray 

dr~r arid 2-7 Kcal/kg of water removed with exit product f'rOJ:l a drum 

John (1977) reported that a 30 allon jMlo3ted pan, 'Ulll.agged, 

taking steam at. 60 psi, lost beat equivalent to 10 lb staam/hr, through 
I I 

it.a bare j~t. 0 

Ooel (1978 ) obael"9'Eld t.hat energ:r losses thrcugh steo 

condena91te1 heat . loues tr<111 un1nsuJ. :tad steo pipe• t.otal losa f'rca 

hot w ate:r cteaa and from pasteuriser are 840, 85 and l,2S4 Jlillion B'IU/ 

lb ot lllilk processed. TM obaened Talues or dil'.f&rent energy losses in 

o~ (19S4) bu av&l.uatAad sOJM dilEriaional equations a8 

giffn below to tind out the beat loaaas. 



Table 2.2 : Energy Loss~s _i n Indian Dairy Plants. 

Source " Energy Losses in Milli on BTU-.. . -
Plant A Pl ant B Plant c A>i ant D Pl.ant E Pl.ant n 

~ '' -
Boile r c ondensat e 840 989 11,935 567 28,612 . 3,102 

- (7. 9 ) (7.6) (7. 9) (2.7) (7.4) (7.9) . - l Pa ste lll"izer 8.. n 324 - 76 151 Z'l 833 46 
(3.0) (0.6) (O.l) (O.l) (0.2) (O.l.) 

• Vapour s .,,, .- ~ l.k - -: I 2,336 361 11,312 649 .... . ::. ., 
(1.5) {1.7) (2 . 9) (l.6) 

f I' 
'' ;:.1 ~ 

St eam pipe s n 85 . '¥1 125 59 195 117 
(0. 8 ) co. 7 ) {O.l) (0. 3 ) (0.1) {0.3) 

c..: 11, r 

3 10 15 46 8 -Milk pipes - n 11 i 5 . 
' .I ... J 

~ l . 
.# ' Equipment s ' I N . A. • ':ti 1,539 1,284 9,652 l,400 

' '·' -• (0.2) (l.O) . . (6. 2 ) (2.5) {3.6) 

Tota l l, 254 l ,192 16,096 2 313 50 650 5 322 
(ll. 7) (9.2) (10.6) h1. 2 ) c1t1>. cb.5> 

• Number s i n par enthesis aro percent ages of tho corresponding losses expres sed 
in boiler ene~gy basis . 

N. A - Not avai lable . 

(N.B. - Pl ease r efer table 2 . 1 on page 9 f or plants ; A, B, 
C, D. ll and F ) 

~~ 
~ 



HorisQJltal 
cy'l. ind.er 

Vertical 
c;rlJ.n:ler 

Hor-iaqntal. 
a;v'linde.r 

Vertical 
ey'lizldar 

Equatipn 

For Pr~ss Equip:Bnt 

h ::: o •. l.S ( A T)l/'.3 

For Steam Pipel.1.na 

13 

Range of val;idity 

(2.1) 

.. 

.. (2.4) 

Rao aM Kats (1976) ha~ pl'Qposed a COJ11PUter pr~amne , nax:ied 

SRV to estimate heat losses .f'rOll building, equipmnt surface, bot water 

and steam pipes. Singh (1977) .outlinod a net.hod f or account ing energy 

losaes durin sterilisation. Singh (1970) i'onmlated the energy accounting 

process to find out energy requirement as rell aa losses. 

2.2.J. rq ReCIOV917 am Conservation 

~ conoapt ot emrgy conaenation contributes towards allevia­

tin tlto eneiv dllua. Con8ervation ot emrgy in food produoticn, Jll"O­

oessin.g and transportation baa been the subject or aewral. s tudents. 

2.2.).l. 

On acoount ot repnaratian, there 1a •aving in beating and 

cooling •diua. 
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Wabhols (1957} has studied the heat energy requireloont in 

di..ff'erent types or pasteurizing equipmants with or lfithout regeneration 

and observed that. the steam requirement vaa 37 1 25 and 20 k g at 65 1 75 

am 80% regenaration• 

Aniree (1976') observed 300 kg st.e~ and 220 k g ste~ 
•' 

at $5 and 68ar regeneration for a 4400 L/br cheese milk pasteurizer. 

Heckenbu17 (1975) obse~d that using a beat pump with a 3 beat _exchangers 

can save 21 to 2$ per cent energy. 

Leistra (1975a} reported that by i.nstwing a pre-he ting 

section and larger regener ation section in a 40,000 L/br n: r.ss . pasteu­

rizer s aved 2780 tons of steaiii per hour in a cheese plant. 

Rippon (1975) has reported that whon the regener tion 

efficiency increased from 80 to 90%, the ateam l!"ltqUirenmt is i"educed 

to b.al.f. 

Rill• ~ ~· (1977) has repo-rted the reduce:i steam con t ion 

tram 264 kg/hr to 189 kg/bi- b:r :im1:Naa1Dg :regexer,ation upto 90 in 10 1000 

L.f\lr HTST plant.. 

Rippen (1977) haa reported a conai~rable ensrgy saving by 

collecting ateaa condensate. The condensate obtained at 195°F, fr 

HT T pasteuriser, 1a stored in ui 1.n5ulated Umk at 130° 

1lalh water or ae teed water ot boiler, 

us as 
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Varshl'iey !!:_ :?:_· (1979) has de OO. d a reg:maration section 

of a IITST. crealll paateuriaer with 70'/. regeneration efficiency •mich saves 

40% energy or Rs.210 per da;y. 

Evaporation and Dryings 

Jelison ~ al. (1975) observed that o:& of the stea1:1 requirem nt 

can be s ved with a two stage compressor attached to a multi le effect 

evaporator, This c.ou1d be increased to 90 - 100 when_ cool ing water from 

the carapressor engine waa ·used to preheat the milk supply to the evaporator. 

Kessler (1978) estimated that under optional condi tions 

mechanical vapour campression in evaporator plants can give the same 

energy saving a.a would be achieved by increasing th9 number o.f effects t.o 

15..· 

orlok (1978) obaerwd that the thermal. ec.onOIIV" can be 

achieved by recovery surplus heat f'l•om sterilised milk by ueans o.f' a beat 

Varebney (151'78) reported that use of machanical vapour 

ompnseor th 'si!lgle er.tac\ n.poratoi- 18 9 times mon econ.u.cal in 

energr ~lit tha'il a 4 ettect naporator. Ile al.ao observed that 

it :a twr att.cst evaporator :La uaed to concentrate 111.lk to 6mt llOisture, 

iso laal./k water rnpor.d ill l'9q\lired whereas 1n conventional spr~ 

drJ'er, it 1a 1200 JCoal/q •ter evaporated. 

Annan (1979) obaorvad th t. beat recovery by p h &ting the 

ingoing air to a dr1ar uaing outgoiq air in, an dr to air heat exchanger 

and Hw 20 - 2S steam conawiptian. , 



1.6 

et.~. 

naw;(l979) :9ported that steam c~tion in a t wo stage 

drying plant is 15 - 20 lower aa compared to equivalent conventional 

:Jprq drying. 

Vautrin (1979) observed using hot wate·r instead of steam in 

cheese Jllaking and recayery of candsnsate from evapctrators can saw 20 -

Qiristetlear (1982) reported that a three effect evaporator 

with a beat pump gives energy saving of 98% and iatar saving of 94 

compared with a aingle effect evaporator used without a heat pump. 

Heat Reccrrery .tram hlyt 

. laistra (l975b) reported sa~ in ste or about 2780 t /yr 

and savings in refri geration (~lhey cooled t o S0 c ) of 2 2 million Kcal/yr 

by m ans or heat embange 'betwen cheese milk and whey. 

Bertay' (1977) di scussed about the possibUities f or S"ving 

ener by beat recovered !'rOJU concentrate whey ( 66°~) and !'ram the 

con:iensate of atelUI &'ftporate .tram t he whey (700C) , is ueed to beat the 

incaming vhq f'rom S to 48°c. Kaltonec:kar (1980) reported t hat by inst all-

1ng ·• heat •~r baton whey cooler, t he ha t in t he whey is t r ana­

.f9rred to ,.,_aa 'Whey is cooled to 21°c. 'lbe amount of hea t extracted 

trcn whey is 2.32 Jlllllicm lcal/dq, 

Beat RaCCRery !ran bhauat ilrt 

Vlil'15bnV (197~) ~It. at..d t.hat. he t. f'r~ ellhawrt air 

be recov red by uaing he t. pump or dah\unidU'iar and cond neer coil. 
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} It has been observed that by expanding l 

worth of primary fuel can be saved, 

et electr ical energy 6 KW 

~f. g,_( 

Dave~ (1979) ext.racted beat f'rolll o:lbaust ilr reducing its 

temperature fpom 80,.. ioo0 c and recovered heat is transferred to ail­

entering t he :eyer increasing its temperature tron 10-20°c to 6o-Bo0c. 

A 30~ s aving in primary energy is achieved . 

Heat Re covery by Condensate Rsut ilization1 

Rippen (1974} observed th.at ret urning steaJn condensate t o 

the boiler is economica1 from watb treatment stand point and the h i · er 

temj:>er ature is a fuel saver. He alao observed t.h t increasing feed water 

temper ature about ll °F, by condensate ret urn, often improves boiler 

ef fici ncy by i i . 

. . . 
According to I •• F. Annual Dull t in (1977) -1'.tsin the 

temper ature of boil.er feed ll4ter, 'tJ1" condenaate ret urn, by' 6°c results 

1n a 1% reduction 1n f'Ual bill. 

Rao and Goel (l.977} have suggested recycl of condensate 

either back to boilar or to he.at input Yater can reduce the irect 

Rippen (1974) imestigated ' that. it procesias do not require 

Nall t amperaturea in axoasa of 240°F lov ateu pres11Ul'9 should be . 
Considered, }le also 8\li&e'"d that one· Of the main i tua f TOuring l ow 
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pressure rrte.8Jll is eost reduction and !ue1 comnmption reduction. Th.a 

~.arat.ive CQ&ta f or operating l ow eamu-e and h igh pressure steaa 

gemration has bee.n observed to be 3 •. S doll.8"/1000 lbssteam and 6 .0 

doll~/l.000 lbe steam.. 

Rippen (1976) reported that a fiuid milk plant in Michigan 

State curtalle energr uae by more than 13% by reducing the stean prescure 

t o about SS psi. 

2.2 •• 7. Insu.lation. ot Steam ~ 1 

Rippen (1974) reported that heat losses are gener~ reduced 

"lfith 1 to 2 inch of insulation on a steam pipe. In terms of money value 

the about 7S eco~ can be achieve by only l inch insulation. 

2. 2.3.a. For Indigenous airy oducts 1 

Sharma~ al. (1978) designsd one sl.ectricnlJy heated direct 

contact heat exchanger and found thnt the energy required is lowered by 

about n Kcal/kg butter aB camp d t o conventicrull mthod. 

2.3. HSAT IS TICS 

The knowledge or therul properties and h t trans.fer charac­

teria ics or dnirT producta is the bas ic DllC88sity tor des . of d iry 

equip9nt11. Jith the variation 1n working par.-ten vis. mpar ture 

and evaporat1on tha \berml propert.ias of da1rr product.a vary. A. "IT 

little 1nton11.tion 1a aYailable re ard1ng th heat tranater character~ 

• au! • llsan 

. ' 
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(1977) worked on the heat trans.fer character istics of a product on the 

design o.f equipmDnt,
1 

To get an 1.dea regarding heat transfer characteris­

tics of khoa, gbee mn paneer 1 it is necessary to have knowledge about 

he t transfer coefficients of qairy product as well as of the heating 

111diuma. 

He t Transfer Coefficient of Condensing Steam 

For . al.moat all parts of geomet:ry enough information is avail­

able on the beat transfer coeff icient of condensing steam. 

Nuualt (1916) baa given the correlation for heat ~anaf&r 

coeff icient of pure condensing steaJD. 

For vertical tube1 • ••••••••• (2.S) 

-~ . 2 l/4 
h.D llY • ~ .. g. hrg l 

For horiaontal tube : - a O. 72S -
K ~.,Al ( tsv - t 8 ) 

••••••••• (2. 6) 

3 2 ' ]1/4 h.L l L • t .. g. htc.Sin e . 
Fo-r inclU.d 81ll'fao111 • 0.9,4 • • • • • • • • (2 • 7) 

It K~ Ctsv - t 8 ) 

'lbe equation ot ~aa!Jw' tUa can ensation on a vertical pl.ate 

giwn b:r Nusselt (19l6) wu corrected by shenov (1 S6). The edified 

equation ia given ua 

Nu • o.1cn [
I• ft (tr -fv>·~·t' 11/4 

1.p. Ctn - \ 8 ) 

••••••••• (2 . ) 

SparrJ:IW and ar.11 (19S9) haa COl"ncted th • tion inn b:r 

Hua lt (1916) tor 'Yepwr oondllna t.~ m a horuontal pipes 
I ' 
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•••••••••• (2 . 9 ) 

:hare C = o. 73~. 

ll'8D (1961) has corrected Sparrov and Gregg's (195~ analysis 

tor vapour drag on the interf'ace and obta1md the present ly accepted value 

ot 

c .. 0.728 

Msnbard and Ilrlr (l9n) b a r eported the heat transfer 

ooerticienta t or condensing steaa en sphere in lall1nar f ilJl condsnsat.icn 

••••.•.•• (2.10) 

Ieng . (1913) has reported the beat transfer coef'ticient for 

lrua1nar film condansaticm over 8J>heree for Prandtl nmnber between a.OJ 

.t o 100. 

• ••••••• (2.11) 

C • 1.098 - tor upper stagnation point. 

C • 1.012 - t or ~r 11 onr r haJld.B.pbere . 

c • o.803 - tor 
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Thennod1nallic lill!P"B&iOll for Heat Transfer in Free -
.Ccmvection . 

In natural convection beat transfer, the now of fluid is 

rednoed by ift'er'!lloe 1n fiuid densit)' influenced by temperature gradient 

and the develOplllant of n bno,yant foroa. Under these conditions , the fluid 

motion iB &.sari.bed in terms or the Qruhof number (Gr.). 

3 2 B.g.L • f • 6 t 
··~··········<2 .12) 

The ft'ee CCllTGction iD the fbrm Of dinmai. WsS& quanti.tie& 

18 given as om group aa a fUnction of at.her o dimnsionle ss groups. 

Thus Nuu elt number is a !Unction or Graahot number and Prandtl nuinber • 

••••••••••••• (2 .13) 

NUaelt (1916) has verified this equation in his e~bamt 

an the natural cooling of horisontai cylinder in ataospheric air. 

Baaed an •asuramants ot tbs temperature of the air at 

various locat1ona1 Scbaidt 8111 Bickman (19)0) diarived the "ollCNirtg equa­
tion tor abort plate loss than 2 f9et high, 

111u • o.s2 car.Pr.) 114 ••••••••••••••• (2.1.U) 

ling Clm> baa recOllll8nded the toll.ow nsi<lllless 

equaticm tor the beat tranaftr coettiwnt in th natural comectian 
I 



!here, 
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a C •••••••• (2.15) 

X • 3.S x 107 to iol-2, C z:: 0.13, n = 0.333, 

L ~ 3.S x ]!)7 .to irfa, C c 0.55, n z:: o.2S 

For a block, the heat tranaf'er coefficient is exprassed by some equation 

but the charactor iatic l engt.Ji ' L' is t aken as 

1 l 1 -=- +-- ••••••• (2 . 16) 
L L Tertical . L horison\81 

Eckert (1951) derived a theoretical relation for vertica1 

pl anaa 
1 

••••••• (2 .17) 

'lh1s equatim apaea with •JCP&rimantal resulto for gues and liquids. 

Por turbalntt, free carrreation cner a w rt.ical pl , cbrt 

(19Sl) baa dllr1ved the equatica., 

i.11 2/S 
Nu. 0.024[ ;:u. ;;v;~ ....... ( .18} 
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Thia eqa.ation aatilifies the e:xper imenta1 data at Grasho! 

nwaber more than iolO, 

MeA.das (1954) o'bt.ailwd extaaiw data f or tree comrection. 

Tb8 ftlues rm- the •onstanta ra•e 1ided bT bbl in the lhla•lt. •s equation" 

Nu. • C ( Pr~ Gr. )lil are belOW' f or vertical pl.ate and cyUnder . 

~ c • 
icP to io9 o.59 l/4 
io9 to io-12 0. 12 l/3 

ore than iol2 0. 13 l/3 

For horiaont al cy1.inder at uniform temper ature 

Plate 

Upper lllll"flial mated, 

Uppu IUl"h• bllatecl, 

Lawer INrf&OI blilated., 

c • 
0.53 l/4 

o. 13 l/3 

Or. Pr. 

lrP to 2x107 

c 

o.S4 
blo7 to JxlolO o.14 

)xl.@ to )xlolO 0.27 

• 
1/4 

11' 

l/4 

Van O. Pol Uld 1'Ul'm1' (197)) reported tile 'beat tnnar.r 

aoettioient in bee ocmecrt.1.Gll ovn a wrtioal U 8Mpped chmnal aa 



r' 1/4 I.fun = 0.:195 (Gr.Pr.) •••••••••••• (2.19) 

Since the film coefficient f or free convection to a vertical. 

plate d~rs trom that to a horisonta,1. p1ate, it is easy to llllderstand 

that the film coefficient for i'ree convection to . an inclined pl ate v1.ll. 

varr with the angle of inclination. 

Tung and Oetting (1969} atlld1.ed heat. transfer coetticient in 

case of inclined pl.ate, hot side dawn, the average value of the lalllinar 

!ran convection haa'ti tiranar.r coetti.ciant to air is given by equation. 

ttere, 

Nu = o.48 ( l + Cosoe) 
2 

(Gr • .c )l/4 .. 

~ - ang"le or 1nc11natioil. 

•••••••••• (2 . 20) 

stew.rt, J~ (1981) did experiments for beat transfer -coetticient 

Oftr incllJiad cylinder ror angle = 0 to 'iO°' . 'lbe heat transf9r coe!f'i-

c1ent can be obtained by the relation. 

n n 10.2s 

Coa .c )Oi2S - TJ 
•••••••• (2.21) 

Al-Arabi and alman (l.960) bu stuiled the heat tr3Jl.sf9r coefit­

cient 1n laminar tree conftotion over inclinad ey'l.inder. Tb& genaral 

eqqat1an tor ~ bH t trana.ter tor all angle betWHn o t o 90°, 1a 

gift1l 'bT equ.atioll. 
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tJu.i.. o,~ - o.48.8 ( .m~>l.03(0rL Pr . )W l/12(Sin# )0. 7S 

••••• • ••• (2 . 22) 

Al- !\rabi and Kham1a (1982) has detennined the a-terage and 

l ocal heat tra:nator by natural comection f'rom the outside suri'aee of 

isothermal ey1.1ndeFa oi' di!terent diaBtera and lengths at d.ifi' rent 

inclination 1n both l aP1nar and turbul.ent r egiona . The imsr e Nuasel t 

DUlllber 1n J am1nar natural come ct ion 1a given by 

+ ...2:_ (Sin t9 )1.2 
. 12 

i'or 1.08 x ].04 ~ Gr ( 6.9 x JI} 

••••••••••• (2 . 21) 

and 9~88 x w7 5 GriPr ~ ~arL-.Pr)er 

~ turbUlont rogion oi' 1,08 x irfa ~ GrD ! 6. 9 x l rP an:l 

( OrL Pr) Cr ~ Ort • " 2. 9S x iolO t # t h• r ange oi' angle O to 9a°. 

~re, (Ori, >r: • 2.6 x w9 + i.1 x w 9 

Cr • Critical. 

Qaoola _.t Ccll'n1llb (1982) M9 at1adia4 ffte conftcti w heat 

Va!'lale!' ft'aa a a&l.ld aph9ft to --am.n tlu1d of GP.'No. be\veen o.~ 

Nil • 2,0 + 0.39 c >
0
•42 

tar o.oJ ~ ~. ~ so 
' 

Pr •• 0.12 

••••••••••••• (2 . 2h) 



• 

• 2,0 + o. 75 (aa)0•2s tor 36 s a.a $ 12Sooa 

so $ er ~ 12Soo 

0.10 ~ Pr ~ 1'X> 
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AJlato an:! 'i'ien (1972) hall dnel..ope an ap1r1cal. rel.etion f or 

natura1 connction trm i.m Uother1la1 sphere to water a.a 

••••••••••••• (2.2S) 

Y!l@lll (1960) hall developed that tba relation far natural c:cn­

w ction beat tnnsf'er from spl1ere to ataosphere of mtinite -extent. by 

equat1.cin. 

•••••••••••• (2 . 26) 

2.3.3. Heat Transfer Coaf'ficiant 

Ve'f7 llttJ.• Snf'anut1on 1a available gn beat transfer c::harac> 

teriatica 1n tree conYe ction t or dairy producta. 

~pl.Ha !i !!.• ('1962) invest ted the t or 

baat tnlUl.fV abarutariat1cs tor 19v da1rr producta and has given aepar te 

eqaatlon Int.he fm'll ot lu•lt nmiier, RaJnold number and Prandtl lNllber. 

He hu al.90 Pren a •blgle equation f or diffarent tJpes or d.airy" products. 

p 
z • 

r )-0.8SJ) 

o.l&67 

, •••••••••• (2.27) 



B• ~tat 

D • {% tat)0.364 

I!: • %SN? 

F • o.8 C%sNF)4 (% Fat)0•165 

P = % total solids 

N = 2 .S4 log ( 'fslW) - 1.04 

o ~ 0.97 log (% rat) + 0.94 
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Vino8l"adO'r (1962) baa studiad baat transtar coeffi c ient in 

cooling system of high butter fat areaa thin la;yer am observed t he BaIDB 

to be l50 - 27S Ical/a2~0c. Modification in the system 1s <lone by 

providing jacketed channel with scraper rotar arrangement which gives the 

value of film coefficient more than 1000 Kcal/rl--ro:. 0 c. It shews eonsi-

darable ~rwenent in the cooling r ate of high f'at cream am other vi.scOWI 

dairy product.a. 

Shillo and Zol.otion Yu (1973) haa studied the coefficient or 

heat transtor 1n plat o evaporator using water as test liquid at bolling 

temperature or So, SS, 60 and 6S°C. The coefficient inarual!es lr.lth 

h\arealll!I in the pl'981111"9 on the steaa resulting rrcn evaporation or the 

liquid mi vith • inCIJ/9 ... 1n the t.emperature dif'torence bet ween heating 

s.,._ all VVM (lVlS) .t.Uliled ~ .. d agnqotion heat 

'tl'amftJ' elw'ioMM.atice- of bu.tt.r during it• 0Clll'91'81an into ~·· '1be 

obHrved tlla 00o4ffioient of wtter vaxy vith tat pereentap. The Nusaelt 

tJPe equat1cma ct.ftloped "" 



84 - 86% fat - Nu= 0.00975 Re0.89 Fr.o.4 

87 - 86% rat ·- ?lu = 0.0042 Rel.01. Pr . 0.4 

9S - ~% tat. - Nu= 0.00106 ne1 •lO Pr.o.4 
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••••••••• (2.28) 

••••••••• (2.29) 

••••••••• (2. 30) 

Agrawal.a and Ojha (1976) st'Uliiad the heat transfer coefficient 

1n single tube single ettect falling film B"IUPOrator. The heat transfer 

coetticient increaaes with mcrease m preheating temperature and with 

decrease m t emperature ~ference. · Heat transfer coefficient for milk 

were just hal.f or sucrose solution under similar conditions. 

Konst.antinav {1976) baa obael"'99d the beat transfer cooff icient. 

during boiling of skim milk, whey, sugar solution 1n cloaed circuit 

channels rit.h natural circulation. At variC111S ccncentr tion or milk 

(10, 30, 50%) an various heights of the solution in circular channel, 

under atmospher ic aJ¥i vacuum condition. The heat transfer coei"ficient 

drops with increasing concentration of the liquid being evaporated. 

Verma and Verma (1978) developed the equation iven below 

to determine the tree comectian heat transfer coefficient of buffalo 

m1JJc during agitation. 

• ••••••••• (2.~l) 

Rajendra EUll&l' a Vel'll& (1980) haw studied ti1lll cgefficient 

ot baat t.ramfV of Jdlk during cooling. b equatiana dineloped for 

di.1'f9rent t.:Jpea ot milk are -
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0.239 llu = 0.104 (Or. Pr.) - for skim milk. • •••••••••• (2 . '32) 

Nu= o.545 (Gr. Pr.)0•302 - f or standard milk ••••••••••• (2 . '33) 
(3.5d fat) 

ih1 = o.486 (Gr.Pr.)0.306 - f or cow milk •••••••••• (2. 34) 

Nu= 0.241. (Gr.Pr.)0•246 - f or buffalo Jdlk. • ••••••••• (2 . 35) 





). OBJECTIVES AND S<Xlff: 

3.1. OBJJ CTIVES 

toll wing a 

The objectives of the present work are to stlldy the 

1) To aatiaata energy cCllUIUlllpt.ion in proaaesing of 

khoa, gbaa and pa1111er~ 

2) To id-.ntif')' and eats.ate energy losses in proces sing 

operaticns or khoa11 gbee and panaer. 

3) , . . To evaluate the groaa tbal'lllBl energy requiranlnt tram 

milk productioll to i"inished product, tor khoa, gbea 

am pa.DMl" • 

4) To study the teaaiblli_t7 at &DBZ'D" omuiel"fttic:G 

~ ocmsidering teahnolaciaal and accmaaical 

Upl~ 

S) To stq Ula beat tranaiw eharutariat,~• or ailk 

duriq ~ brt.o khoa. 
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6) To study the heat transfer character istics of cream 

during conversion into ghee. 

'!here is moessitQ to design and dfnelop equiµnents for 

continuous manufacture of khoa t ghee and pa.near. In 11ost of t he daL7 

p1ants 1n the country these products are manufactured as a batch process . 

For designing of suitabl heat exchangers; t o be used in continuous 

eQu:ipnenta, the information an energy requirerent, beat l osses, heat and 

flow characteristics of these products have t be st ie thoroughly. 

There 1s very few doCU111Bnt.ed infomation, on any of' these aspect.s , avail­

able in the liter ature . 

The present study' is for col:!ecting data on emrgy require-

1118~t, heat losses, heat transfer cbarac:teristica a.rd feasibility studies 

on 1"8Utiliaatian or. the condensate learlng the prooessing vesssl. The 

_data is coll.acted with variation in &tee pre.ssure to exactly tmde.rst.and 

t.he impact ot same on cmll'all. energy consumption and lossea etc. 'lbe 

information collected an heat transfer cbaracte.riatioa or khoa , ee and 

prmeer will prove to be ry u.ae:t'Ul. in opt:imiaing the design or heat 

exchangers t o be used Jior ~ae prQl:luc:ta. The effect or application of 

suitablo insulaticn on th~ pipes and waael etc, will be helpf'lll in 

design and lqvut ot tboee eq\11plmlt•• 'lbe intormaticm collected in the 

pr01ent ·atuey will prow beneficial in atte.pt.a to be ll&de in th dairy 

indu.try t or oonaan t1on of enargr • 

....... 





'lbe e:xpariments for studying t..'1e steam consunirtion, he :.t 

losses, condensate reutlliaation, temperature distribution and heat 

transfer charac:terietics tor kboa, ghee and panaer processing were carried 

out in a jacketed stainless steel veacl.e. The e<mplete e:xperimental aet 

up baa been shown in !l'1gure 4.l. The now of steaa was regulated with 

the help ot valw (1) prOTided in the steam line. Pres::."UI"8 gauges (2) 

and ('J) wn prOYided to •uure the steam pressure accurately. Air V1mt 

ftlw (4) vu prorld8d tor l'GOV'ing air and nan-oonderuJ&bla gases fl'ca 

the qata during Udtial stage• of operation. A staaa trap {S) and t ;ro­

V"7' valw (6) ware proridad 1n the candanaate lim tran the vat to the 

oondanaate collection tllllk (7) on which one graduated water lewl 1Diica­

tar (B) .nd air-1'ent (9) ware prari.ded. The condensate f'r<lll th• storage 

tank ._. plJlliPlld vith tb9 help ot pump (10) to th• vapcrlser (11). Valft 

(12) _. prorided in the l:im 'be\_. the pw1p and vaporiser to re11'2late 
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FIG. 4 .1. SCHEMATIC DIAGRAM OF THE EXPERIMENTAL SET- UP 

1,4 ,12 ,15 .17 - Va lve 9, 16 - A ir vent . 26 - Millivo lt meler 

2, l - Pr essure gauge 10 - Pump 27, ~ 6 - Energy meter 

S - Steam trap 11 - Vapor izer 29 - Se!ec tor sw itch 

6 - Two way valve 1L. - El&ctric hea ter '30 - Sw >t c r> Doc rd 

7 - Conoensote 18 h 22 - Thermocouple 31 - Wo tr merer 
·.cli'!c t iQn ton k 
1 ;ns u tared I 2"3-?ane! ooa rd 

8, r3 - Wa ter level indicator 24 ,25 - Dia l thermome ter 





t he ncr.1 o_ condensate . :at_,r l <Jvjl in::i ic.it r (11) ·.J~ F'::rid::l ir. ':re 

va orizer t o i;w .:;urc tl ~ J. eval c;i' c0ndcns 11;;:, , 

was prcvit ed t o heat tho con•lcnsatc f 0 1· c cl'!VBrtin-'. into i;;tc an. -· '.C st,~ 

f c,., v;ip rizor iG t ,:Jken to the !ll.'lin ot-:}"; line anrl ' valve (15) ' las 

pr ov i lorl in lx!t•-een <'o r e , i a.tin ~ t ho _r · of steam frn1 "' e aro i ze r . 

U r - by- J.Ss ve?Jt (111) on , rit h valve (17) n pn,viie in t he stc .::ir, 

line .rm '. vaporizer to the l'l:lin sts w 1:'..ne , 'hermocou:rles (1R),f1ri) , 

(20 ) , (21 ) anri (22) re r c r rcvid0'1 to l3asur.: thi tampr'l ura c f' s tc"'.!'l , 

product t cmpe:cature .::1t di ~ erent l 'JYCrS ~urine; i: r ccesEing , t en e r -.tu.r -

of otean 3Il 1 con'lenscte l cn vinr; the V'lt, teL:pe ' '.lture of ccn ns:i.t c · ui· ::.ng 

. !'.3!1e 1 bo::rd 

(2 ) ui~' 1 'i.'.l thcrmmri!! t a r ( 2'i ) .'.lJ1 ! (;:'~) , :li ·it-!.l : fill i - - ol t - rntor 

(2')) , e n.,; :y- 1~te (27) and (W ) m-1 ;,;.::Lctc.- S''i tcl: (27) · . .. :-e :-"·cv ::. J.,.d 

t .I . J i+cJ-. bear·\ (10) ~f s u::>cll f o, C<-nt:·o1::n· ur , he ·•t : r , r 'l-ivolt -

rot•r e t c , 

for the s c ot' nccw cy one rattri.'- t ' (~l) · s '11.:c ~~·c· ri j,J in t 1'.c 

syst .-;m "or compv·ison 'll'Ul " ccur::it J JOO'! u_· ~nmt ~ . 

4.2. 

The specifications of tho instr'l ;onts u · 'o~: .JX"'tlrin:mts 

unl calibration aN gi ven ool .1: -
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i) i al Thermaooter 

11) •ake J APS IN 

Type obe type 

Range 50 to 200°c. 

b) !lake ESK1J 

Type obe type 

!Uinge o to 15o0 c. 

ii) i ital Thenn011eter 

Make Vaiseshika Jl e ctron 
Devices. 

Sr. No. 1017 

Range 0 to 2 oc 

Supply 9 volts . c. 

ill) i gital l ill.i-volt eter 

ake Apl b 

cdel 1007 

ci!lion o. m. JllV. 

+ mv. 

Maim 210 T/50 Hs. 

iv) Emrg:v- Meter 

Make T RS & NTS 
LTD. 

Type n<2 (S e phase 
2 wire) 



Volts 

Frequency 

REV / ' 

llake 

Mains 

Inaccuracy 

vi) ssure Gauge 

a) Make 

b) Mal<e 

vi.11) Tullu PWlp 

240 

5 ( lax 10) 

50 Hz. 

1200 

K and .o !ZN 

BDUl 

35 

115/ 220 v, -15~ 2~, 
50/ fiO Hz. 

o. 3 ; fsd max. 

U. P.o.- . c. 

Dourdon P tt~rn 

O t o 3.5 kg/er} . 

.It:BIG 

Bourdon ' s at ent 

0 to 7 .o kg/cm.2 • 

oshn 

u •• National. e a •• Ltd. 

o.C'.> 

7.5 .. 



6 

Volts 2'30 

L .H. • 364 

1.x) Vaporiz r 

alee 

' C - 212 

2 . 

r ase ' in le. 

x) Variable Resistance Heater 

lake c ision Scie Lf'ic Co. 

Sor . i • l -12 

240 • , C/DC 

ewer c:ns t'on 550 watts. 

Mnk tic .a ct.ri c 
• Ltd. 

Hodel rNS/l 5 

c:J. • 2.5 

O t 150 watta . 

C/DC, 
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METHODS 

4.3.1. Steam Cons'lllilption in Khoa , Ghee ani Paneer ?rocess ing 

The steam consumed in khoa, ghe and panger ~rccesd.ng YJaS 

neasured by colle cting c ndensate l eaving t he jacketed v at dm i.ng 

proca s s i.ng. The co densate was colle cted in t he insulated st orage t.:.nk , 

to whi ch condensate flows under gravity and t he .Low ·.:a s re . ::.ted by 

observin t h W:-lter l evel in'iicator at re , ar intervals . ':h ste am 

pres su.--e , steam tell!f'0 r ture 1 and condensate te erature l eaving t he 

vessel re also observe • Dur ing each trial the ste :m pressure 1ras 

kept constant . 

4.J.2. Condensate Re covery and Reutilization 

'llen su fici ent amount of condensate v~s accuoulated in the 

colle ction tank, art.er masuring the condens te r s.t ure , it as 

pumped to the v orizer . The condens te as he ate in t 12 v po:·i zer . 

\hen th ste p :-essure in the vaporizer attains t he de I pres sure , 

t h in s ply 1.:is s to,PfEld 

inine he :.1t 

stean from vap r · r is su. l ied 

t the vat . The er roces .; in ~ of kh an ee was 

carrie out by supply of steam ft'ccm v porizer . 

Tb mQS\l1'9nl8nt of eratures t ntl rs oi't 

product waa one ~ calibr ted the oco lea, ' ch has 

ccurate and instantamous J:1BABllrl'lll11&nt. It is eas;r to uso 

nu t. 1nacoeaa1ble position. Copi-r-const.:mtan (22 

ued tar the th I'llOCouplaa. 

) 
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4.5. CALm TI N OF TllE moouPIE 

Paraf'tin oil was used for calibration of thermocouples . The 

t'Used junctions of the thermocouples, bulbs of mercury-in- lass- thermometer 

and probe of digital. th rmometor were clnmped together at the sams he ight 

(ll'ld . rsed in the oil . Th tc:nr..:inals o t h t hernocouples ~.iere le to 

the d~ital m1lli-voltmster through the selector switch. Tue millivolt 

re corder was also connected to t he mill i volt tooter . The oil is heated 

r a u:i.lJ.¥ by v iable herit r provided f or this r pose . Obso.rv tions \ re 

t aken urin heating as well as 'luring cooling. The cal i ation cunes 

' re drawn 111.th mean vnJ.ue . .\ll the the ocouples u se , for me sur ing steam 

temper ture 1 product temperature 1 co ens ate - r tu.re; dur the s t u.c:tT 

calibr ted and calibr tion curves were drmm and one of tho oirves 

i s sho·,m in Figure h.2 • 

• 6. LOC TION 0 THii OCOUPIES 

•ro study th temperatur iatr ibut i on during he t ing , f our 

th ocouples re arran d at o.5 C111 , 2.5 cm, 4.5 cm cm, spec-

tive~ from t ho bot t an \:i tl hel p of ort. '7be arl'tll'l 

o nwcou les was in ouch wcy t they be t at pro 

plaaee en required. Thia t cilitated required amount or :i t tion 

neoes sary ur kh , 9 and pane p ce::i .. in«. 

4.7. 

'ftl9 groe energy OOILS\lllpticn tor ld;loa, "1 • and 

prooHeinl haa been didd•d into two part.a u gi°"" belCM 

nt 





12 0 

100 

OU 
80 

CV 
'"-
::1 ...... 
0 60 '"-
Q.I 
0.. 

E 
CV 
I- 40 

Milli volts 

FIG .4 .2 . CALIBRATION CURVE OF THERMOCOUPLE 



4. 7 .1. 

4.1.1.1. 

Gros s •ne r gy = 

Indirect l ne gy 

19 

Indire ct ~nergy {required fer-- milk 

product ion) 

+ 
Direct .:::n rf]{ (required for procesdng) 

He t froc Animals : Th energy content of nil.k , just after 

milkine; , was measure by :re:isur:i.ng the b 

tho tei:r 1ratura of milk. 

temrerature of anima1.s and 

1. 7 .1 . 2. Trans ortation .':nergy1 Th ne P.Y" requi.NI or trans ortation 

of milk frCl'!I farm to processing plant ras estimated. 

4:/ . 2 . irect 3nerq 

The heat en rf!3 required or khoa, ghae and anaer roces"ing 

war e est imat ed •1ith the hel p of th observe d ta. 'i'ba cun o ste 

required \13.S calcul tad in term of per kg nilk , per kg khoa, per g gh e , 

per kg p 

e t ta 

er and 1-er ke wat r v c1p te • The similar values h boan 

in terms of he at units als • The he t l os s dur kbo 

and p er , due to convection and r a iation, fr-om pre ct sur ce 

and ith co en snte re 

t l os s o t ner was 

losses \IC'8 cal.cul tad ns ho· 

4.6. S VING :m T 

0 s iJ1la to • 'i'h 

in n~ . 

'lhe a.vine in a con tion ur 

ted by coll cting t he oond nsate an x circul t 

the ota1 pe n -

con t ion and 

cul -

it in th st.e 
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through vaporiser. In due course of tiliie, the whol e system was t urned 

into a loop of direct reutilization of condensate in the form of steam. 

The per centage saving in energy reqW.remnt f or steam generation in 

Vaporizer over the boiler was calcuJ.ated. These tr ial s were repeated 

by insulating t he steam line ·1ith asbestos rope . 

4.9. - CUL TiuN F iIBAT T lS F.:": CO~FFICLNT 

7he heat t r a.11sfer coef icient during conwr sion of rnilk into 

kho and cream into ghee i.rere termined s sh in .\ppend.ix- B. Tue 

tllllount of he at transferred and tompe_ ature of prod •cts ·rere recorde • 

The v l ues o v iscosit• , ensit y , thermal c ctivi ty , specific heat 

and coe icient o t hermal expansion ware taken f'rom avail ab e lit er ature . 

4.10. PRO UCT ANALYS IS 

e f ollmring analysis of products rere carried out uring 

tho s tudy: -

4.10.1. Fat Contont Of ilk and ere 

Th fat c nt ant of milk and ere 
u 

thod a.s scribed in IS1122u ( nr t -,.Ir) 1 77 . 

4.10. 2. oisture Cont ent of \ilk, Kho and Paneer 

e moisture content o l'lilk , kho 

wight of 111 i sture iBc 

cleaning, drying and cooling properly• n 5 grams of a 

by Gerber 

etermined 

r 

was t en 



1n the disc and after taking ,ieight , it was kept in hot air oven, main­

t ainad at 100 :!: i 0 c i'or 2 - 3 hours . Af'ter drying , the weight was t.:iken 

in. Thon fron the observations percentage moisture in milk , khoa and 

paneer as ca culated as ; 

.,_ - JD.... 
% moisture = ----z __ 

.,_ - lll 

••••• •• •••• •••••• (4.1) 

' be , 

m = i ght of empty disc. 

m:i_ = wight of disc pl us sampl e 

~ = lfilight or disc plus sauple after c1ryj 

4.10. 3. ·1oil:i t ure Content of Cre 

The moist ure determination of cream waa earried out by gravi-

m t ric thod usin hot air ovvn 311d procedure as described in IS :769-196l 

waa followed. 

The moisture con nt of ee wns determine s described 1n 

IS I 3508-1966. 

4.11. 0 .. RV TI M 

The obsorvntions taken for ner gy consumption, beat lea s , 

n ate recovery, condens utilisation for t tn1:mer11:ture 

diat.ribut i uaed for conv raiori of Jl1l.k into kbo h d 

The •illll type of ob tions t n for at conll\Dllp icn 

r :ture distribution uring c nion or ere into h 

._ tabul t.ed 1n Table• 4.4, 4,S and 4.6. 



The observations taken tor steam consumption and temperat ure 

distribution during conversion of milk into paneer have been t abulated 

in Table 4. 7 • 

The observations for condens te recO"tery and reu t ilization 

tor khoa and ghee have been tabulated in Tabl e 4. 8. 



Ta.ble - 4.1 

5 k g . Khoo - 1.080 kg. 

Pat ~ - 6.6 No!sture % - 29.6248 

·1oisture ~ - 83 .324 

Sr.No. Time Steam St eam Corde nsa t e Temper a ture of pr oduct during Bulk 
pre ss lll'e temp. heating at dif'fere nt layers(q;) t emp. 

(min) (kg/cm2) (OC) (kg ) (OC ) T1 T2 T3 T4 (OC) 

l.. 0 - - - - 30.25 30. 25 30 .25 30.00 3().12 

2. 5 0.50 119. 50 o. 67 116. 50 81.25 31.00 80.96 80 .73 80.98 

3. 10 0.50 1.19. 50 0. 67 116.50 8!J . 72 89.70 89 .25 89.05 89.4~ 

4. 15 0.50 119. 50 0 . 67 116. 50 99 .73 99.55 !J9.25 00 . 99 99.39 

5. 20 0.50 119.50 0. 67 ll.6 . 50 108 . 36 108. 21 108.00 107.95 108 .13 

6. 25 0.50 119. 50 o. 67 116.50 115 .75 115.75 115.36 115 . 21 115.46 

1. 30 0.50 119.50 o.67 116. 50 115 . 79 115.63 115.45 115 . 35 115.55 

8. 35 0.50 119. 50 0.67 116 . 50 115. 95 ll5 . 75 115 . 62 115.49 115. 70 

9. 40 0.50 119. 50 0. 67 116.50 115.99 115.83 115 . 80 115 . 75 115. 84 

10. 45 0.50 119.50 o. 67 116.50 116 .05 115. 96 115. 83 115. 79 115 . 90 

Tl' T2 , T3 a nd T4 a r e tl~mpe r.1tures a t 0 . 5, 2.5 , 4.5 and 6.5 cm f r om 

the bottom, r P- spP. ctlve ly. 

Surface 
t emp.of 
vat(Oc) 

85.75 

95.74 

107.73 

114. 95 

116.75 

116.80 

116.95 

116.98 

117 .oo 

t="' 
w 



Table - 4.2 

-~· KbM Pneuaiag Milk - 5 k g . Khoa - 1.280 k g . 

Fat ~ - 6.6 Moisture ~ - 30.2695 

Moisture ~ - 83.084 

Sr. No . Time Steam Ste am Conden§ate Temperature of product during Bulk Sur.race 
press~e tem~. Amount Tem). neatine at differ ent la~ers~ 0c2 t emp. t emp.of 

(mi.n) (kg/em ) (OC (kg) (OC Tl T2 T3 T4 (OC) vat (OC) 

l. 0 - - - - 30.50 30. 40 30.36 30.35 30.40 

2. 5 0.75 121.35 0.82 118.95 83.52 83 . 23 8.'3 .00 82.92 83 .16 87.35 

3. 10 o.75 121.35 0.82 118.95 92. 56 92 . ::l5 92.00 91.95 92.21 98.46 

4 . 15 0.75 121. 35 0 . 82 118 . 95 102.35 102.12 102.00 101.98 102.11 109.37 

5. 20 0.75 121. 35 0.82 118 .95 110. 95 110.~0 110.73 110.56 110.78 116.35 

6. 25 0.75 121.35 0.82 118.95 118.53 118.25 118 . 20 118.05 118.25 120 . 20 

1. 30 0.75 121.35 0.82 118.95 118.63 118 . 54 118 . 36 118.24 118.44 120.25 

a. 35 0.75 121. 35 0 .82 118.95 118.74 118.62 118.46 118.39 118.54 120.39 

9. 40 0.75 121.35 0.82 118.95 118.79 118.75 118.60 118.45 118.64 120 . ~9 

T1 , T2 , T
3 

ani T
4 

are t emper a tur es a t 0.5, 2 . 5 , 4.5 ~nd 6 . 5 cm 

from the bottom, r espectively. 

g: 



Sr.No. Time 

(min) 

1. 0 

2. 5 

3. 10 

4. 15 

5. 20 

6. 25 

7. 30 

Steam 
pres su~e 
(kg/cm ) 

-
1.00 

1.00 

l.00 

1.00 

1.00 

1.00 

S t eam 
t emp. 
(OC) 

-
J.25. 00 

.l25.00 

125 . 00 

125 .00 

125.00 

125.01) 

Milk 

Table - 4 .3 

5 k g . Khoa - 1.180 kg. 

Fat '"' 6.8 Moisture % - 29.6341 

Moisture ~ - 82.3214 

Condensate 
Amoun~ Temp. 

(kg ) (OCJ 

Temp Prature of product during 
heat~ng at diffe r ent lavti rs(0 c ) 

T1 T2 T3 T4 

- - 32. 50 32.50 32.0b 32 .00 

1.12 120.l.5 86.65 86 . 45 86.23 86.05 

1.12 120.W 95.36 95.21 95.00 94.95 

1.12 J.20.15 108.74 108.68 108 .45 l.08.21 

l.12 120 .15 116. 36 116. 20 116.05 116. 00 

1.12 120.15 119.95 119. 83 119.74 119.64 

1 . 1? 120.15 119.99 119. 95 119.86 119.73 

Bulk 
t emp. 
(OC) 

32 .. 15 

86.34 

95.13 

108.43 

116.15 

119. 79 

119.88 

r 1 , T2 , T3 and T4 a r r. t c inp PraturP.s a t 0.5, 2 .5, 4.5 a nd 6 .5 c m 

from the bottom, r e spectively. 

Surface 
t f!mp.of 
vat{ 0c) 

89.70 

99.60 

112.46 

119.31 

ll~.89 

119. 95 

i=­
\f\ 



Gi•&wa.iWI '!'_able - 4.4 

.... h ....... Cream 5 kg. Ghee ·- - - 2. 280 kg 
Fat ~ - 40 Moisture '{, - 0.0943 
Moisture f;, - 52.837 1 

Sr. No. Time S t eam St eam Conde n§ate Temper a ture of produet during Bulk SW"faee 
pressu~e t em)• Amount Tem~ . heating at differ ent l a,rers(oC) t emp. t emp . of 

(min) (kg/cm ) c0 c (kg ) c0 c T1 T2 T3 T4 
coc:) vat(oc ) 

l. . 0 - - - - 37 . 50 37 . 50 37. 25 37 . 00 37 . ~5 38.50 

2. 1.0 1.00 1 25.00 1.12 120 . 15 89.50 88 . 75 88.25 88 . 00 88.50 98.50 

3. . 20 1.00 125.00 1.12 1 20.15 96.00 95.95 99.43 a5 . 25 95 . 65 109.36 

4. 30 1.00 1 25.00 1.12 1 2 0 . 15 110.75 110. 3 5 109 . 7 9 109 .70 110.14 115 .45 

5. 40 1.00 1 25.00 1 . 12 1 20.15 119.94 113 . 76 11:< .10 112 . 75 113.39 120.35 

6. 50 1.00 125 .00 1.1 2 1 20.15 120.00 119.81 119 .63 118 . 23 119. 65 120. 40 

7. 60 1.00 125.00 1.12 l ?.0 .15 120.02 120.00 119 . 95 119 . 74 119. 93 120. 99 

a. 70 l . DO 1 25 . 00 1.12 1 20.15 120.03 120.01 119 .99 119 . 7 9 119 . 95 121. 73 

9. 80 1.00 1 25 . 00 1.12 1 20.15 120.04 120.0~ 1 20 . 00 llG.99 120.0l 121.93 

10. 90 1.00 125 .00 1. 12 120.15 1 20.09 120 . 05 1 20 . 02 1 20 .01 1 20.02 1 21.95 

11. 100 1.00 125 .00 1.12 1 20.15 12 0.09 120.06 120.05 1 20.01 120.04 122 .00 

1.2 110 1.00 125.00 1 . 12 120.15 120.10 120.07 120 . 06 1 20.02 1 20.05 122 . 95 

13 120 1.00 1 25 .00 1.12 120. 15 120 .12 1 20 . 08 120.06 1 20 . 04 1 20.07 1 22 . 99 

14. 130 1. 00 1 25,00 1.12 1 20.15 1 20.13 1 2 0 . 08 120 .07 1 20 . 07 1 20 .08 123 .00 

T1 , T2, T3 and T4 are t P,mper a t ure s a t 0. 5 , 2 . 5, 4 . 5 and 6 . 5 cm ~ 

fr om t he bottom, r en pP-ct i vel y . 



Table - 4.5 

Cream - 5 kg. Ghee - 2.400 ltg. 
Fat ~ - 42 Moisture ~ - 0.129 
Moisture 't. - 50.3728 

S r.No. Time Steam St eam Condensate TPmper a ture of product duri ng Bulk Surface 
pressu~e te~ . A.mount Tem). hAatin g a t di!'~erent la~r s (°C2 temf· temp.of' 

(Jilin) (kg/cm ) (OC (kg ) (OC T1 T2 T3 T4 
(OC J vat{OC) 
-

1. 0 - - - - 37. 25 37 .00 36.50 36.50 36.80 38.45 

2. l.O 1.50 128.50 1..34 1 22.50 90 .15 90.00 89. 85 89.50 89. 87 100.53 

3. 20 l.50 128 . 50 1.34 1 22 . 50 98 .75 98.45 98 . 23 98 .01. 98.360 111.50 

4. 30 1.50 128.50 1..34 1 22 . 50 113. 65 113.53 113.00 ll~:1 . 95 ll~ .28 118.75 

5. 4 0 1.50 128 .50 1 .34 122 . 50 120.57 120 . 25 120 .00 120.00 120 .20 120.85 

6. 50 l.50 128 . 5 0 1 .34 122 .50 120.62 120. 50 120.35 120.25 120.43 126.00 

7. 60 1.50 l.28.50 1.34 122.50 120.71 120.65 120.55 120 .. 45 120.59 126.05 

8. 70 l.50 128 .50 1. 34 122.50 120.80 120."16 120.73 120. 62 120.72 126.08 

9. 80 1.50 128 . 50 1.34 1.22 .50 120.81 120.80 120. 7 9 120. 75 120.78 126.15 

10. 90 1.50 l.28.50 1 .34 122.50 120 . 85 120.~2 120.80 120. 80 120.81 126.23 

11. 100 1.50 128.50 1.34 122.50 120. 91 120. 85 120.83 120.82 120.85 126.31 

1 2. 110 1.50 128 . 50 1 .34 122.50 120.95 120.93 120.89 120.87 120.91 126.40 

T1 , T2 , T3 and T4 ar e tempe r atur es at 0. 5 , 2.5, 4 .5 and 6. 5 cm 

from the bottom, r espectiv8ly. 
i::-
-..! 



Sr. No. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Table - 4.6 
..... .s. ... - -..... fl ... Cream 5 kg. Ghee 2 .150 kg. 

Time Ste am 
pre ssure 

(adn) (kg /cJ112) 

0 -
l.O 2.00 

20 2 .00 

30 2.00 

40 2.00 

50 2.00 

60 2.00 

70 2 .00 

80 2 .00 

Fat ~ - 40 Moisture - 0.0995 

Moisture - 51.3928 

St eam Conde nsat e Temporutur~ of product during Bulk 
t e mp. Amount Temp . heating at diff~rant lazers( c2 tomp. 
(OC ) (kg) (OC ) Tl. T2 T3 

- - - 35 . 25 35 . 20 85 . 00 

130 . 05 l. . 876 126.75 93 .73 9:1 .43 93 . 20 

l~0.05 l. 876 126.75 99 .99 99 . 85 99 .73 

130.05 1.876 126. 75 115.34 115. 25 115 . 00 

130. 05 1.876 126. 75 120 .05 l.20 .01 120 .00 

130.05 1.876 126.75 120.07 120.03 120.00 

130. 05 1 . 876 126. 75 120 .15 120 .00 120 .05 

130.05 1 . 876 126 .75 120 . 23 120.18 120.14 

130.05 1. 876 1~6 .75 120.36 120. 21 120. 19 

T1 , T2 , T~ and T4 ar~ t "'UJpPruturc ut 0 .5 , 2 . b, 4.5 und 

. 5 cm from the bottom, re spcctiv ~ ly. 

T4 (OC) 

35 .00 35.12 

93.05 9::1 . ~5 

99.54 99.77 

114. 95 115.13 

119.95 120.00 

119.99 120.02 

l ?0 .02 120.07 

120 .09 120.16 

l ?.0 .13 120. 22 

Surface 
t emp.of 
vatC 0c) 

38 . 65 

102.72 

113 .53 

120.75 

126. 67 

126. 95 

127.00 

127. 05 

127. 65 

13; 



.-.~aJw· 
~ l'roceaiD9 

Sr. No. Time S t oam 
pre ssu~ 
{kg/ c111 ) (min) 

l.·. 0 -
2 . l 0 . 50 

3 . 2 0 . 50 

4. 3 0. 50 

5. 4 0. 50 

6. 5 0 . 50 

Mil.k 

F 

Table - 4.7 

5 kg . 

6 . 8 

4o1sture f, - 8 2 . 5213 

t eam 
t e mp . 
(OC ) 

-
ll'J . 5 0 

119 . 50 

119 . 50 

119 . 50 

119 . 50 

Conde nsat e Amount -- ~~om • 
( ke) c0 c) -

- -
O. L'.34 116 . 50 

O. l.34 116 . 50 

o. L'.34 116. 50 

0. 134 116 . 50 

0. 134 116.50 

Paneer 

Mois t ure 

0. 850 k g . 

54 .372!> 

Temp~raturc of produc t during 
hcatlng a t d iffnr ent l ayer s (0 c ) 

Tl T2 T~ T4 

30. 5 0 3 0 .'1 9 30. 45 30. 4 0 

40 . 55 '10 . 25 40 . 25 40 . 00 

49 . 37 49 . 23 4 9 . 00 48 . 95 

62.90 6 2 . 65 62 . 4"/ 6::? . 36 

7 9. 95 10 . a:~ 79 . 8 0 79 .75 

81.55 8 1 . 47 81 . 35 81 . 2:l 

T1 , T2 , T
3 

und T4 a r e t Arnper a ture n at 0 . 5 , 2 . 5 , 4 . 5 a nd 6.5 c111 

f r om the bot tow, r e specti voly. 

Bulk 
t emp. 

30. 46 

40 . 23 

4 9 .13 

62. 59' 

79 . 80 

Bl. 40 

....-'-0 



Ta ble - 4.8 
a..nat:U-1 

Conde nsate Recove ry a nd Reut111zation. 

Sr. Product S t eam S t eam conde nsa t e Conde ns a t r t emp. St eam f'umpinp: enerpy El ectrical en ,,,rgy 
o. pr'3 - l.e <i.vi.ng o.f va t in s torap,e tank from _ 

ssure vapo- v:ithout With Without With 
(kg / 0 Without With riz<'> r 
cm2) (kg ) ( C) (kg ) C0 c) i nsul.a - insul.a - insula- insu- insula- insula-

~ithciu1' W.it!l tion tion tion l a tion tion tion 
Jaa&1at.1.oa iaaulatioll (oC) (oC) (kg ) ( Kl•H~g ( K\.!H~g)( KWH/kg ) (KWH/kg ) 

xio-4 x io-4 

1. Khoa. 0 .50 6.03 116.50 5 .86 117.75 89.35 90.55 1.~4 8 . 855 8. 280 0.588 0.585 
(96.0) (96.50) 

2. Khoa 0.75 6.56 118.95 6.39 119.89 91.75 9?.8~ 1.64 9. ?24 8.643 0.584 0.580 
(96.75) (97.35) 

3. Khoa 1.00 6 .72 120.15 6.59 120.95 94.25 95.50 2 . 24 D.016 8 . 807 0.575 0.573 
(97.30) (97.95) 

4. Gh e e 1.00 14.56 120.15 14 .05 120.95 94. 25 95.50 4.48 9.073 8.755 0.593 0.590 
(97.30) (97.95) 

5. Ghee 1.50 14.74 120.50 14.35 124 .02 97.30 00.25 5. 36 8 .995 8.757 0.590 0.587 
(98.50) (99.35) 

6. Ghee 2. 00 15.01 126.75 14.65 127.65 98.95 99.65 5.6~5 9.064 8.846 0,589 0.585 
(99.25) (99.97) 

7. Paneer 0. 50 0.67 116.50 
(96.0) 

• (Va lue s in pa r e nthe s e s a r P for corid fl nsat o ) ~ 
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5. " ULT D CU&> N 

s.1. c.RGY CONSUMPT ION , R3AT LOS ~s , CO ~ S TB Rl CCJV& 
D UTILIZAT I N IN KHOA P CSSS ING 

s.1.i. Enargy Consumption an He t Losses 

The trials of kho.:i making have been t an rith k ilk per 

b· tch. The ste(llll pressure uring the e r imnts have boan varied bet en 

0.5 t l . 0 kg/ w 2• The ob rv. v ue f cond ns te colle cte the 

n used t o calcul. the e r c t i on , 

ioont an ha t losses by convection 

fr product surf'noe an i th th condens :te . The ount of s 

CQ!l rocoss1n ollk into kh a v ioa fr 1 . 206 to 1. 

k, S.S ~1 t o S. 94 k,g/ka kho , 1. 778 to 1.76 2 k 

vaporated. The heo.t supplied varies fr 

ailk
1 

601 .4 ) to . S. n 7 Kcal/kg khoa i o11.s21 t o 1154.747 c I 

k vat.er ev orated. Th t otal heat lo• a var-r fr 9. 91 

Th• loaee• 



Table - 5.1 

Energy Consumption a rxi Heat Los ses in Khoa Proce ssir.g . 

Sr. l:o. Particulars 

l.. Heat supplied by steam ( Kcal) 

2. Kg steam / ki< milk 

3 . Kg steam / k« khoa 

4. Kg steam/k~ wator evapora t ed 

5. Kca l / kg milk 

6. Kcal/ kg khoa 

7. Kcal/ kg wat e r evaporat~d 

8. Heat utilised for proce s 31rl 
( Kc a l) 

9. Hea t loss by conve ction and 
radiation {Kca.l) 

st~am p re ssure (kg/cm2) 

0.5 o. 1:;, 1.00 

3891.762 4238.081 4349.147 

l. ? 06 

5.583 

1.567 

l.:n2 

5 .125 

1.74 1 

1. 344 

5.694 

1.784 

778 .352 847.616 869. 8 ?9 

3 603 . 483 3311.000 3685 .717 

1011. 8?7 1125.129 1104.747 

2354.673 ?31~.829 ?.308 . 892 

167 .869 153 .404 112. 379 

10. Heat los "3 f r OIZl product surfac e 1.89. 9026 475,0097 602 . 262 
( Kc a l) 

11. Hea t loss with coudensa.te(Kca l) 1179. 317 1289. 837 l.325 . 613 

12. Tota l beat l oss (Kca l) 1537.088 19lis . 250 040 . ?.54 

a t 

(kp/c m2) 

Q.5 0.75 l.O~ 

60.504 

4.313 

4 . 879 

30. 302 

39. 494 

54.737 

3 ,619 

11. 208 

0 , 434 

45 . 

53 .088 

2 . 583 

13 . 847 

0.479 

6 . 611 

' .I\ 

"" 



f'ran roduct surface 4. 879:6 to 13 .Bh7 ~ an with candens a.te . 102 i to 

30.479%. All. these values regarding stea:i consumption and be '.lt losses 

at dti'fc rent steam pressures have been shcnm in Table S .1. 

The total .imount of steam consumad or processing 5 k milk 

to khoa varies fr 6. 03 t c 6. 72 kg and 5. 86 to 6. 59 leg "th insu.la tad 

'.lJll pipe , wh nth • ste re sure v ies fr o.5 to 1 . kr)r:n.2 . It 

haa oo observad th'.lt · th msu.late ste pipe 2 . 19 to l . 91h1 le s 

ste is require over uninsulated _ ipe . The steam c ~Lon increas-s 

Tith the increase in ressu.re . :bis has been re ressnted in 5.1 . 

The percsntage steam sav-inc with insulated . ipe has been h in Fic.mre 

5 • 2 . The var i01.Cs nercen ge he '\t losses inCll!e ae with the increase in 

stc ressure , exce. t beat los s fue t o convsction anri ra iatian. H 

r ntage heat utilisat ion decreases with the increase in s te 

pressure . The percentage heat utilization varies f'ran 60 .Soh1: to S . OP 

thB results h s •. 

s.1.2. covery and 1' utilis tian 

r , 

The condena te have be n collected llilrl heated in e v ori.ztr 

1.rad pni sures . 'i'ha b:l t los s "th the 

coroe s 45 . 685~ o 47. 77 of th to al t 

o.1.lable 1n t rcentage e r s by reutilising 

th 

ste s 

v r v 181 tr 2. 2 2 t quire-

nt nrie• fre9 o. 761.hS to o. 79 2 t eal/kg con naate th lectrical 
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47 30·5 14 5·0 62 

45 304 12 4 .5 60 

43 30·4 10 4·0 58 

41 035 8 3. 5 56 

3 9 3 0-3 6 JO 54 

37 30·2 4 2·5 52 
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STEAM PRESSURE ( Kg/Cm2 ) 

0 --. O/o Heat utilized for process ing 
A -+ O/o Heu t loss by convection & radiation 
G --+ O/o Heat loss from product surface 
x ~ O/o Heat I ass with condensate .. --+ O/o Total heat loss 

FIGURE 5·3 °/o HEAT LOSS AND 0/o HEAT UTILIZATrON 
VS 

STEAM PRESSURE (FOR KHOA) 
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Table - 5,2 

C:nergy Conse rvat i on IO.th Condena r te !' u t iliz 'lt icn \rit h 
Vaporizer and with Insulated team Pipe in Khoa Proces sing. 

·r . ?lo. Part i culars Steam pres sure (kg/cin2) 

a.so 0.75 1 . 00 

1 , Steam temper ature (-0 c) 119 . 50 I 

2 , team/ Ccn1 ns te f or r oces s in (k ) 6. 01 

121 . 35 f 

6.S6 
(6. 1 ) 

125. oo 

fi . 72 
( ~ . 59 ) 

3. ~ s av in in t ot al s team consump­
t i on with i.'1Sulat ed steam pi pe 

4. Steam from boiler (kg) 

5. Stealll from vaporiser (kg) 

6. % steam savin 

7. Temp . of steam & condensate j ust 
camin out of ke t t l e ( 0 c) 

8. He at enorgy · i t h ste and 
condensate (Kcal ) 

9. Condensat e t emp. in s torage 
t ank (°C) 

1 • He t r.ri h condensate (Kc ) 

11. -. s aving of heat los e with 
condcmsate il1 Hon 

12 . ing ner requiromant 
(Kcal/kg) 

(5. 6) 

2. 1319 

4. 69 

22 . 222 

116.5 & 
96. 0 

<111.15 
96.5) 

2. 591 

4. 92 

1.64 

25.ooo 

118. 95 .. 
96.75 

(119,P9 
97 . 9t ) 

1.934 

.u 
2. 24 

31. 1)3 

12 .15 ~ 
97 . 10 

(120 . 9~ £:. 
97 . ~) 

1179.317 12 9.837 1325 . 613 
(1149.845) (1260. 564) (1103.965 ) 

89. 35 9 • 75 94. 25 
(90.55) (92. ) ( 5.50 ) 

51 .7 0 601. 0 6 1.16 
(5 0 . 71. ) (59 .181) ( 29 . 3h5) 

45.6 5 46. 66 47.778 
( .155) ( 17 . 0~ ) (11 . 

o. 761!1 
(o. 1120) 

0.1 12 
(0 . 7~ 2) 

0. 775 
(0 . 757 ) 

13. 'l e ot r i cal. ener requiremnt in 506.120 5 2. 561 
v orizer (Kcnl./kg) (503 .690) (499 .4 ) 

14. Total nar lIY' roqu.i mant or ate 506.8 2 5 1.355 
neration in v p r imer (Kcol./k£) (504. 402) (5 .5 l. ) 

15. 615.S 6.049 

16. 17. 647 
( • So) 

l.8 . 29 
(l. • 751) 

.. V UC B in i 0 the P 

.7 7 
. 9 

pipes • 
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Tt:.b le - 5.3 

erpy c onsumption ar,d Hea t losses it. Ghee Froc e s !l ir. f! . 

3 r . :.o. Particular s 

i. Hea t aupplied by ste a m ( Kc a l) 

2. Kg s t eam / k v cream 

3. Kg steam/ k g gb 

4. Kg steam/kg ~ater e v apo r a t e d 

5. Kcal/ k g cream 

6. Kca l/ kg phce 

7. Kcal/k~ vnt~ r evaporat~d 

8. Heat u t il.L for prOCC 'lSir1r; 
( Kc a l ) 

9. lieat l~se by c onv ection and 
radiatlor. ( Kc a l) 

10. Hea t loss f r om product . burf~ce 
{Kcal) 

t eam pre ssure 

1. 00 l . 50 

94P3 .151 9555 •. 820 

.912 2 . 948 

6.385 6.Ml 

5 . 536 5 . 859 

1885 . 230 1 911 . 160 

'11?2 . 061 4381.590 

3569. 780 3778 .715 

1717 . 847 1668. t.36 

5~1.922 083 .778 

311.990 4574 . ~74 

(kg/cm<: ) 
-

_? .00 

97:18.157 

3 .06? 

6.981 

5.896 

1947 . 2::10 

4b:?8 . 440 

- ~792. 220 

1689. 769 

.,27. 760 

-718. 274 

l l. Heat los s vith co~densate ( Kcnl) 2871.392 2927.1318 3002 .750 

12. Totul heat l oss (Kcal) 7705.304 7&85.38 .. 8048 .784 

f., of steam hea t 

St oam pre~sure ( kg/cm2) 

1.00 

18.230 

5 . 538 

45 . 759 

30 .471 

81. 769 

1.50 

17 .459 

4.016 

47. 871 

30.631 

8 ? . 519 

2.00 ·-
17.352 

3 .657 

8.451 

30. 834 

82 . 652 

~ 



57 

3.3657%, !ram product surface 45 . 759% to 48 . !J.51 ;;, and ui.th cond nsate 

30. ll71 to 30. 834%. All thesa values regarding steam consumption and 

hea:t los ses at different pressures have been shoun in Table 5 . 3. 

The tottl amount of steam consumed for processing 5 kg cream 

into bee variea from 14. 56 kg to 15. 0l k and 14. 05 to lh. 65 kg w:i.th 

insulate steam pi pe , when the pressure varies f'rOl'il 1 . 00 t o 2 .oo krr)r:m.2 • 

It has been obaerwd that 1. )027;; to 2. 19 4:, l ess s am is required with 

insulated steam pipe over uninsulated steam pi pe . The steam consumption 

increases rith the :i.ncre se in pressure . This has been represented in 

igure 5.1. The percentage steam saving \ri.th insulated pi.pa has been 

shown in Figure 5. 2. 7ha various percenta heat lossas increase "th t he 

increase in steam pressure , except he t 1 ss due to coIIV ction and radiation. 

Hot ver , the rcentage h at utilization decreases i th t he increasa in 

pressure . T'ne pere>m heat utilization varies fran 18 .210~ to 17 . 152i . 

till the results :w been plotted in igure 5. 5. 

5. 2. 2. Cond nsnte r..acovery and utilization 

"be condensate have been collo cted and h ate in t he v p rizer 

or ~ r ting ste at desired pressures . The ha t los s wi h condensate 

ha been reduced from 47 . 791"' to i.9 . 462% o the total he t avail bl in 

the condens te . rcentage nergy saving by re-utili zing co ns te or 

na atin steaJll varies rran 17 . 2002% to 1B. cxn5'. All tb shave 

5. • 'lbe rocntage steam s rlilg varies from 

energy requirement vari: s f'l•an O. 77 to 

• 779 cal/kg cond n te ;ind th electrical ner 
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A ---. 0/o Total heat loss 

FIGURE 5·5 °/o HEAT LOSS ANO 0/o HEAT UTI IZATI N 
vs 

STEAM PR ESS UR ( H 
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Table - 5 . 4 

i!:ne r gy Con · r vaticn with Condensat e f{dutil · zaticn ·.rith Vaporizer 
and with Insulated ;;;tealll Pi pe in Ghee ~ lak ing . 

Sr . Mo . Part iculare St e am pr essu...-e (kg/cm2) 

1.00 

1 . St eam temperature ( Oc) 125 . oo 

2. St eam/condensate far pr oce 3s in , (kg) 1 4. 56 
(14. 05) 

3 • 1' savin in t otal ste am consumption 
rith insulated steam pipe 1. 502 

4. Steam from boiler (ke) 

5. team fr om vaporizer (kg) 

6. ~ steam saving 

7. Te • o c;team &. coni ensatc just 
c inG out of k ttle (OC) 

8. li t en r gy u th stealll and 
condensat e (Keil) 

9. ConJensat9 t emp . in st r aga t 
(OC) 

10. 08 

h. !.i.8 

30.896 

120 .15 L 
97 . 30 

(120.95 (.,: 
97 . 95) 

2871. 392 
(2780. 077) 

% . 25 
(95 . 50) 

1 . 50 

12R . 50 

J.4. 1u 
(1 1.i . 5) 

9. 8 

5. 36 

16.3636 

12 .so ~ 
98. 50 

(124. 02 e,,. 

9/. 35) 
2927.131 
(2862 . 627) 

97. 10 
(9 • 5) 

2 . 00 

130 . o5 

l..~ . 01. 
(14. 65) 

2. 39 

9. 3 5 

5. i;2s 

17 . 4750 

126. 75 l. 
99. 25 

(127 . 65 l: 
99 . 97) 

3002 . 750 
c2 uo.565) 

9 . 95 
(99 . 65) 

10. !I t -rit h c n ensate (Kcal ) in 
stor"' tank 

172 . 28 14 4 . ~02 1485. 2395 

11. % s avin , o he t loss with 
condensat reutilizat ion 

12. in oror requirement (Kcal/ 
k ) 

13. El ctric eror requirement in 
v por zer (Kcal/leg) 

14. Total enorgy roqui.r nt or ate 
ge tion in v poriz r (K /kg) 

15. iler f o 
c /k ) 

16. ori r 

• Value in 1.deo the 

(lJlu .775) (1409. CR7) (l 9.872) 

h7. 791 
(4 . 2 ) 

0.1 02 
(0.752 ) 

510. 254 
(5 7. 99 ) 

m.o 5 
(508 .7 I ) 

7.194 

17 . 2002 
(17 . 571 ) 

l.i • 96 
( I . 251) 

0.7715 
(0.75 ) 

507 .5~ 
(505 .2 8) 

508 . 32 
( 5.99 ) 

. 292 

17 .7 5 
(18.16 ) 

u . 462 
(49 . 6U5 ) 

0.779 
( . 7HJ7 ) 

SQf.. 5 
(501 .714) 

501. 79 
(5 4. 5) 

. 778 

l A. 00 
(lR. 9 ) 

a. 



Varies f'ram 506. 5 9 t o 510. 254 Kcal/kg. By using nsbestos rop!! · sulnti 

on the steam pi pe , t h pe centage nergy s with v::i.porizer varies rr 
17 . 571 to l . 469 • Hence , 0. 370% re anar ~ c.on be sa in 

v oriz r , provided t he steam pi pe i insulated. Tua ~nor inpu or 

PUlllpi.ng the condensate t o v izer, h at th con nsn or steam 

narat i on and t he c parative v l uas f r g~ne at.int st.a by 1'la w t r 

h ve been shown in T ble 5. 4. It i s observe that the re is definite 

increase in percent ge energy s vi.ng nn:.I ane inputs in tilisin 

the condensate by rovidin proper insulation on t.h steam r i. • 

5. 1. N ~. GY C0 ING 

The t rials of panear making h been taken ~ rit.h 5 k milk 

pe r batch. The steaJ11 pros sure uri.ng e e~ ia!nts has be n • c; k rj cm2. 

The observed value s o con ens te collected h.:ive -n used to cal ate 

the energy consumpt ion, st.eat1 require nt an e t losSls con ct.ion 

r a1iation , heat l oss from product sur a w'¥i with co ens te . Tho 

am consumed for pr 

kg/kg milk d o. 788 ·g/kg pane r . The 

Kcal/kg nilk and 500 . 727 cal/kg pan r . 

lo s 1 4S . 221l . The losses ua o CO! 

trom pro uct $UI'face is 12. l 

th~s vnluas ar ing io 

pr ss1n bnvo .5. 

S.4. 

'lba avera value of gross th nnal 

e r i s 0 . 1'\4 

. 481 

a?t t o t 1 he t 

i .. 1 • '\02 • 

OS s r 

ner input or khon is 

102.l,.2 Kc l/kg milk considering inputs 1n milk pr uction and pro 
I • I 



Tab1e : 5.6 s 'Snergy Consumption and. Heat Lossos in Paneer Processing 

Sr.No. ParticuJ.ars 

1. Heat supplied by st ~am (Kcal) 

2. 

3. 

4. 

6. 

6. 

7. 

a. 
9. 

10. 

K steam I kg milk 

Kg s t eam I k g panee r 

Kcal I kg milk 

Kcal / kg panee r 

Beat ut111.zad for processing (Kca l) 

Beat loss by convection and 
radiation (Kcal) 

eat loss from product surface (Kcal) 

Heat loss ~1th condensate (Kca l) 

Total beat loss {Kcal) 

Steam pres.aura 
O. 50 kg/cme! 

4 32.418 

0.194 

0.788 

86.483 

508.727 ~ or steam beat 

279.191 64.565 

11.899 2.751 

52.612 

131.035 

195.546 

12.166 

30~302 

45.221 

~ 



IndirecJ Energy + Direct.Energy ---+ Gross,Energy 
... f t f ., 

~ 
137.2 K cal/kg 

Khoo Processfng 
831.93 Kcal/kg 

milk 

~Cooling to 
10 °c /Ghee Processing 

310. 80 K ca., "!:I 

(Heat is extracte:i)// milk 

9.3 Kcal I kg 
OU 
N -

180 Kcal I rl~ . 
/k 

Processing 
86 .48 Kcal/kg 

milk 

FIG. 5.7. GROSS ENERGY CONSUMPTION 

1021.23 Kcal/kg 
milk 

500.10 Kcal/ kg 
milk 

275 . 78 Kcal/kg 
milk 
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Similar . age value of rosa thermal eneri:;y input _or ghee 

and pane r are 500.1001 Kcal/k milk and 2 75. 78] Kcal/k milk , respect ivel y . 

S.S. 

s.s.1. 

All these results have been shmm in F'ieure 5. 7 . 

T !P~ R.J TU "' DIST IBUTIOU CU. 3S ~ R KHOA, GF".!. 
AND PA...lra~R 

Khoa 

The time temperature di~tribution curvus at differdnt 1<1Y3rs 

of p oduct during khoa processing have be1.m sh01 As the 

quantity of milk taken during trials have been only 5 k per batch , t."iere f ore 

t he l:zyers t hich temperatures h ve been iooasured wera very close . The 

variat ion in ta rat u.re bet /Elen t he top and bottom layer is bahreen 0 . 211 

to 0.67°c. The small i fference at di feront 1 r s in i cat es proper 

heating an a i ·ati on o the product dur khoa J.lcill • 

s.s.2. hee 

'lba tille te rature di stribution curves at different l~s 

o pr oduct ur gl1 e processing have sho· in Figure S.9. As the quan-

tity of cre wn t n during tr h ve be n only S kg r b tch , there 

the l eyer t ' i h te tures h ve been ne sure were very clo e . 'lho 

variation in temper ature tween th top ani bot t011 l r is bet en 0 . 06 

to l .5ooc. 'l'ho mall diffaN nce at different l vers in icates r er 

itation of th product ur ing hee l!lllking. 
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5. 5. 3. Pane er 

'lb t.i:ce te n ture di stribu i on curves at i i or ent l ayl! r s 

0 pr uot uri.ng paneer processing have shOlin in _gure 5.10. AB t he 

quantity o milk tah"en during trials have be n only 5 k r batch , 

therefore the l~rs at ;ffii ch te r tures h:ive been me 'l 

close . 'ihe v ariation in te rature betwean the t op and bctt on r is 

bet\ieen 0.15 to o.55°c. The mnall difference at . ferent l cyers , 

in ica s oper h ating and agitation of the product during er ma1c · 

5. 6. 'i' l IS . er t C'Ii.;ii TI~ DU KH , p, uCu :rn 

'Ibe time te -eratw- dat collectd dm· prcces ing f 

milk into kho have boen an:il.y e to determine t he f - coe f ici ent s of 

he t t ransfer of cl · deront st s during c nversion of milk in o khoa. 

The t lloo t n f or process tiilk to khoa vari s bet on 0 minutes to 

45 lllinutes en the steam pros sue is varie from l to o.5 kg/o.n2• 'Ihe 

cone ntr tion of milk i s varying with t dur kh process 

There f ore, f or determination o heat transfer coefficient s , the thermal 

r operties have to be taken for each stage separately. The viscos i ty , 

cifi c he t , thermal co uctivity ani coeffici ent of the:rma.l e i on 

vi:u:u s h ve bJ n ta.ken rran :v able literat ure f or o cul tiODS . '!be 

v u of film coeff ic nt f or c n cti on h t transfer during 

pr ing h :ve n f oun to 181.07 75 , 51. 5596, 90.0406, 1 2. 08051 

164.9092 oal/m2~ hr.; 0 c t an inte 

o lhtS lt nuo r h n termined for 

h :ve n found t o be 1 . 0212 , 7 . 2902 , 64.1770 , 

t h 

.SiOl, 
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value of Um coaf'i'icient f or convection heat transfer during ee making 

h :ve been f ound to be 73.042 , 19.755, 67.394 and 72.7704 Kcal/ m2-hr-°C 

at an interval of ten minutes, respectively, 'Ihe average val ue of Nusselt 

number have been determined f or all these intervals and have been f ound to 

be 91. 7906, 31.434, 114.599 and 125.ll5 • respectively. The variation of 

Nu.saelt number with (Gr . Pr.) have been shown in Figure 5.12. The Nussel t 

type equation in the f orm of 

Nu = C (Gr . .)m •••.•••••••• (5. 7) 

have been developed for different stages during conversion of ere to 

gli e given belawi 

T im:l interval Developed e t iona 

0 to 10 :utes Nu = l .01005 (Gr . . )0.19 04 ••••••••• (5. ) 

10 t o 20 tes :: 1 . 127l.i9 ( r . . )o.795 ••••••••• (5 . 9) 

20 to O millutes u = 1.53720 (Gr. Pr . )0•39990 ••••••••• (5 .10) 

10 to 40 Jiliru.tea u = 1 . 15027 (Gr. Pr.)0.14047 ••••••••• (5 .ll) 
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6. s RY CON 'LU ' I N 

6.1.1. 'Ibe cost and demand or vari ous ener~ sources such as oil , 

co , hyd l/t.1'iermal electr c l p 01'13r ara incre.ising. Thus the industry 

has to bacane ner consci and a pt ener . conservat ic.n tochni "s 

t pr •ide s re11ef on tha na gy require nt . h da-'"Y in ustry , 

o:hicb con a lot of thermal oner for heat · and c olil the 

P uct during proca aing , has o think v ry se ri usly on ner quire -

nts for tla?lufacture of d i f "tJront r ucts and adopt sui able asui s 

to consa1 tr sGllle to th max:i:Mun1 p s sibl e xterrt. . 'i'h equipn:snts 

requirod or .. nt 10us roctl s s ing o ind nous milk r ucte h vo t 

be pro ienic an e con ica1. 

0 tilil t l e eat exch rs to ch 

equ.iJ1119nta , th in!'onn :ti on ene requirements, nri s l s s d 

h t and ov c.l-taracterie i os o these products h w t be coll cted. 

i on, 

ere i e 

t 1 

lildto in!'ormntion va.11 ::1. on 

t 0 ury rr 

e 



Kumar and Vernia (19 3) obaarved that t he steam raquire=nt. for kh oa ar.d 

ghee making were 1 .18 kg/kg LliJ.k and o. 635 kg/kg butter . _a:ndp. (197q) 

mant ionl3d that steam required in ghs e pr Qcessin was o. 16 g/kg bu ter 

and 0 . 42 kg/kg ghec . o ~ al . (197~ studied varicus heat l csi;es from 

cook r •s sur ace by convecti n and r adiation and losses wi t r tr.e conden­

sat e wh i ch re o se rve to be 2. 0 to 2. 8 '~ and 11. 1"2 to 21 . 6 "'. , ras c­

tively. Rao and Goel (1977) suggesto that ncyclin c the ccmdens te 

t o the boiler can reduce dire ct energy by l.2'\. ippen (197Y) re orted 

that 13 "': nergy can be s ave by low pressure steam in da.i:ry roces sin • 

6.1.3. The present study was undertaken to e stimate ener cy- require-

mant , est i mation o heat l osses by convect i on ll1l radiaticn , losses from 

product surf ace , loss · t h the condens· te , re covary o heat fror.:i t h 

cond ns_t f or nargy conservation and to study the heat transfer 

character istics during p ces s f kh a , · er • 

• 1 . • The t hodolo,;y ntlop d f or energy c1,.-nse."Vatkn as direct 

ut il z tion condens w by he ting the sa!llB in vapori r . "'he 

heat transfer ch r i tics stu·lie h ve been use 

empi r i c rela i on siJnilar to th se develope by sol 

Y (1971) or oth pro ucts . 

.1.s. '!be oll 

the :.i:ver 

k ailk , 2. 987 k 

re ot iwly. 

resu.l ts rer obtained durin th st 

ate con~tion h~• been f O\Uld to 

an. o.134 ki/k1 milk or khoa, 

1. 27 ~ kg/ 
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6.1 . 5. 2. The a.wraga amount of t otal heat los9:?s during prccos _ · 

have en found to be 43. 052 .S , 82 . 210;, and 45 . 2 l ,~ of total h at plie 

uring khoa, ghe and panGer p · cessing, respect i vely . 

6.1 . 5. 3. It has been observed t lat by direct reutilizat i~n of conden-

sate , t hrough a vaporizer , s aved an average r 25. 25c; h. l 5 ~ o 

tot al steam requirement during r ceas in of khc and .!:'e, ras;:e ctively • 

• 1 . 5. 4. It has also baen obse rved that by reutilis · 

aver age of 1 . 692·: an 17 . f-Ol f. ener can be swad f er 

con ens:i an 

ner t i on 

- or khoa and ghea , respect1 ely, in camp.:irison t o e ner us in 

boil.er. 

6 .1 . 5. 5. Dy insulating the steam piPJ uith asbestos rare the B!l.ving 

in st r equiromonts and 1mergy r quireimnt in poz iz.Jr _or s tem 

geror at ion fro c n ensa ha been found t o be 2. 376,, an O. 3 9"'. les 

2. 950,.j an o. O~ l s f r , ee , ove r unin 1 tei s t e 

pi , ro ct · v ~. 

.1.t'. •• It has bean obs rved o th te:apsr ture di t . ibution 

Clll s thnt h v ·i ion of o t he pro eta d rent 

1 r s ur proces i not ieant. 

6.1.5. 7. h t tr tor 0 r icients of l!lllk and c in 

0 raion or khoa am gh been lt 

t ions h velopsd or a ch 1 



6.2. CONCLUSION 

The f ollowing conclusions have baen drmm frcm t he resent 

invest i gation: -

l) It is comm nded that l ow pressure steam should be 

used to minimize t he steam requirement heat l osses . 

2 ) It has been established t hat t he va orizer can be 

ef e ctival use for reut .. iz~tion o eon ens te . 

3) 

Th ene r s aving incraases by converting cond nsate 

to steam in v porber. 

The e pi r ical relations developed can be u sed f or 

deai gninP, the heat exchanger s f ar proces sin o khoa 

arxi ghee . 



a:IAPTER 7 



7. suoo STIONS R row , . RK 

1 . The now and heat t ransf r char o.cteristias indigenous 

milk pro1ucts shoul.d be st ie extensi vely . 

2. 

ment 

Study sboul.d be carried out to collect data on ena r require -

losses dur manufacture of ind. enous milk products ith vari.a-

tion in operation parameters such as quantity of products , size of vat and 

vat vith and without insulation. 

St lils on various techniques for condensate reutilization 

carri ut. 

• ne r gy co rvat ion in ice e 

ch rr be c ried t . 

s. s s ould c ri d out on ch 11 in pr ces chniqu.es 

ce or c ti . 
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AP~ll - A 

Type of J:dlk = Bui'f al.o milk 

Initial te 

Final te 

ilk 

Fnt % 

Moisture 

r ture (t1) 

r ture (t
0

) 

= s.o kg 

= 6.6 

= 83.32'1 

= 

c: 

urf'aee temperature of vat(t._,) = 
TiJJB of operation = 
'.' tar evaporated (~) = 
Temper ature of ateaJll. (t ) "' s 

' team pressu~ = 
Te r ature o,f team 
1 aving v at = 

= 

Khoa = l .o8o kg 

Moisture % = 29 . 62'1 

1 .12°c 

.9 °c 

109.8S0 c 

US minutes 

3.84627 k 

119~So0c 

o.so kg/aaf 

.so0 c. 

96°C · 

'The analyais of ~rgy Vas carriad out by heat and mas.a balance o 

Heat o stelJll ( ) + Heat 
o f' initial produa (Op) .. 

' ' 

Heat ut ilised in proces ( ) 

+ lleat losses to convection 

& radiation ($0 t i;.) + Heat loseea 

tran product surface ( 8 ) + 

Re t losses with ste nd 

cOJ'ldenaate l artnc the vat 

••••••••••••••••• ( -1) 



- ii -

(1) Heat energy entering with steam: 

Amount. or steam 

Heat energy ( Q ) s 

= 
= 

6.03 kg 

6.03 x l x (ll9. So+S25.9) Kca1. 

= 3891.762 Kca1 

(2 ) Initial Heat of Product: 

S x o. 7 x00.12.-0) 

= lh0.058 Kcal. 

) Heat utilized in Processing: 

= 5 x 0.74 x(108.13-0) + 3~2S x o.591 x(lJ.5 .9 - l .13) 

+ 3.84 627 x $40 Kcal. 

= 2494.731 Kca1. 

1) Heat losses due to oonvectiona 

II 7 6. 636)8 Kcal 

U) Hlat loHH due to rad1ationa 

• (J" • ~.A ~T,,)4 - (Tl )41 z ~Kcal 



- 111 -

• 4. 9 x l0-8 . x 0.7 x 0. 29029 (109 . 85 + 27 )4 -

(35 + 27 )4 x 45 Kcal 
60 

• 91. 23272 Kcal. 

at.al hont l osooa due to convection and r adiation (Qc r ) 

m (76. 6 618 + 91. 21272) Kcal 

= 167 .8 91 Kcal 

Heat losses "1th steam and condensate l eaving the v t 

( &+-0) 11::: Heat 1th condensate (65% of t ot al steam consump-

t ion) at 96°c an heat • .. rit h steam ( 5% o t otal 

ste iUn consumption) at ll6.5°c. 

a 3. 9195 x 96 + 2. llOS (ll . 5 + 0.5 x 52 ) Kcal 

m 1179. 3173 Ical. 

ss fl' ct n f ste l e ving vat, x = o.S) 

bstitut all th e vn.l~s in e tion ( . 1) 

.. 91.762 + 140. 0')8 

= 21!94. 7 1 + 167. 9 + a + 1179. 17 • 

• 
• • • 189. 9026 Kc.:il 

• Heat loss an pToduct s\D'taaa • 189.9026 Kcal 
•• 

w QJIO\lnt of heat utllbed for proaeaaimg 
• 2494.7 1 - 140. (1.)8 
• 2 S4.67l 

iJlilar 0&1culat1ons re carr d out for de rmin ener 

he t oa a for COSS 



= 

= 

"' 
team tamp, (ts) • 

r oe temper tu.re 
or v t (\,) = 
Heat gninad by 
llilk .. 

= ... 
Rate of b t .. 
tr s r,Kcal/hr. 

... 

Hare , .. 
,. 

u • 

• 

.! 
u 

s 

K •• 4 t • 
s x o. 74 x ( o. 
. ol 2 Kc • 

XS 
2 s .184 c l/hr 

U. ~·A 

0.261.io m2 

•••••••• ( . l) 

L.M.T.D. • 62 . 1 

Q 
• . •t.. 

l 6.9709 Xoal/m2-hr-o 

........ ( . 
CalCNl. ucu for 1t1• d$ t1la ooettioi nt (h ) 1 

.pm.re • 

f 
\ 
\ 
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Steam te111peratura • ll9.50°C 

The properties of ste11111 at me an temperature of ta + t w 

2 

119.50 + 85.75 °o 

= 

. . 
re , 

• • 

• 

= 
2 

= l 02 . 625°c. 

:: 95 • 2 / m.3 

= o. 6781 kg/m3 

= 58S.5L5 x 10-3 Kcal/m -hr- 0 c 

= 0.2867 x i o-6 m.2/sec. 

= 537.027 Kcal/kg 

• • • • • • • • • • (B.:J) 

g = 9.81 m/se rl-

D = 0.41 m 

• b,,. 0 • • 
9. 1.x( 600)2x(9S8.82-0.67 1)16 7.027x(0.41)3 o.: 
S85.ShSXt0-3Jd:>.2867x10'"6x36CX>x(119.S S.75) 

3 o • 
• lz( 600)2%(958. 2-0.678l)i537.027x(0.41) S S.ShSxlO"" x<>.803 

• 

0 

• he• o.41 58S.5hS~3:z0.2861J1C10-6x3600x(ll9. S-85.7S ) 

Subetituting th se val\lls 1n equation (D. 2) 

1 • l - (!_ + I )) 

~ u ha i'1 



• 
•• h 

p 

- 111 -

• l 
l 

+ 

• 5.5878 x 10"'3 m2-hr-0 c/Kcal 

a 178.9591 Kcal/Jf-br- oc 

2 x 10-3 

18 

The Jlh7si.cal propart s or lrllk 

• • • • 

s 

e 
)l 

2 

D 

.4 t. 

• )le•· 
~ 

0.985 + 30.12 
2 

= 

= 

.. 
= 

= 
• 

.. 

• 

O. 74 Kcal/kg. 0 c 

1019 kg/ 

0. 99xl.0""3 .c/aec 

0.537 C&l/m-hr-°C 

char ristic 

• l ml ci • 

ter or vat .. o.41 • 

-i_ . {85.75 - SS.SS2) = 0.19 °c 

o. o-3 x (IX) x 0.74 

o.S37 

6.1722 

.... ~. ,. 2. ( )) • .4 t. 

}12 



• • r . • 

- 1"1 -

• 4 • 

• (9.97 rP) x 6.1722 

• 6.1577 x lolO 

.. 17 • hO. L.l 

.s 7 
• l 6.6~5 

136.6 ' .. 
C{Or . • )m 

0(6.157 x iol-0)111. 

Sbd.larly, calculations re d t or otb r 

d f or otoor trials o kho pro ssinu nnd a 

t ha values of o and m. are dot rminod iv u 

Nu a C( . Pr . ) 

Lo Nu n Lo C + m. Lo ( r . Pr . ) 

proooaaing. 

,, 

int ls 

lotte 


