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CHAPTER I

INTRODUCTICN




1, INTRODUCTION

The dairy industry is developing at a rapid rate in our
country, Almost in each state in cur country dairy development in
organised sector is taking place. With the expansion of dairy industry
and other industries apart from mechanisation of agriculture in cur
country and mobility of peoples; the enargy consumption has also increased
tremendously. Though the Govermment is taking all necessary steps to
enhance the generation of hydel/thermal electric power and o0il/coal
exploration to meet theé increasing demand for mere emergy which is a
nocessity for a fast developing matien, yet the industry has to be emergy
conscious, In the recent past a lot of emphasis has been given to develop
suitable machanisms and gagets for utilizing altermative emergy sowrces
such as solar energy, biogas and wind power ete.

Due to the scarcity of fuel/oil, the dairy and food processing
industry which consumes a lavgs amount of such fuels for processing their
products, have to become energy consclous, Otherwise due to constant
 inerease in prices of fusl, the processing cost vill also go on increasing



in the same proportion, This will result in great hardship to the

public because a stage would come when the prices of necessary camodi-
ties such as milk will be beyond their purchasing power. Thersfore; to
avoid such a situation, all necessary efforts have to be made to comserve
energy to the laximm extent possible in processing. ‘e have tc collect
a lot of data on energy conmsumption for manufacturing indigenocus milk
products such as khoa, ghee and pameer etc, The various heat losses
during processing have to be estimated so that necessary precautions

and modifications may be made in the processing equipments/techniques

to minimise heat losses so as Lo achieve energy conservation in processing.

The indigencus milk products like khoa, ghee and paneer etc.
are namufactured normally in jacketed vats as batch process, Therafore,
to make these processes contimuocus, hygisnic and econamical, it is
absolutely necessary to design and develop the contimuous equipment for
mamfacture of these products. As the raw material is to be heated during
processing for these products, therefore before designing the centinuous
equipments a lot of information is to be collectad regarding the heat and
flow characteristics of these products. The heat transfer cocefficients
of different products vary with temperature, composition, physical and
thermal properties of the products at varicus stages during processing,
A very littls information is available in literature on heat transfer
and heat transfer characteristics of indigenous milk products.

1.1, CONGEPT OF ENSZRGY CONSERVATION

The consumption of conventional energy sources has increased
considerably due to automisation and mechanisation of various processes.



Blectrical or thermal emergy is required in each stage of milk preoduct
processing, ‘Therefore, the utilization of techniques for energy conser-
vation is very essential for keeping the proeessing cost to the minimum,
Energy conservation can be achieved by reducing the heat losses and by
increasing the efficient use of the waste heat. The optimisation of the
available resources and sustaining reasonable levels of economic activity
will help in energy comservation, The energy eomservation technique
proposed to be adopted must be technieally and economically feasible and
should not confliet with the present mode of processing,

There is very little information available on the encergy
requirements for indigenous dairy products. Therefore, it is necessary
to first collect snough data on energy requirements and losses during
preocessing of khoa, ghee and paneer, Then variocus alternatives can be

adopted for enargy conservation as suggested below:

1) By evaluating the enmergy utilisation efficiemey of diffsremt
procesging plants or processing techniques and then adopting
the process which is most energy efficient, If mecessary,
certain modifications in the processing tecimique may be
made,

2) To evaluate the energy losses during processing and adopt
techniques to minimise the same,

© The following are some of the major energy conservation measures
which could be evaluated and adopted by dairy industry:-



i) Condensate heat recovery.
_i1) Heat recovery/recycls of hot water from pasteuriser.
111) Heat recovery from exhaust air/flue gases.
iv) Heat recovery from vapours,
v) Insulation of process equipments, pipe lines and
buildings.
vi) Heat recovery from refrigeration plant,
vii) Upgrading the efficiency of process and service
equimments,
riii) Utiligation of altermative energy sources namsly, solar

energy, energy from gobar gas.
1.2, CONGEPT OF HSAT TRANSFER MECHANISH

In dairy processing, t.hé heating and cooling of the product
is to be dome at different stages during its mamufacture. Thus this is
one of the most important unit operation in dairy processing. The heat
transfer takes place by all the three modes i.e. eonduction, convection and
radiation, In solid dairy products such as cheese, paneer, butter atc.
heat transfer takes place by conduction, In liquid products such as ghee,
fluid milk, vhey etc, the heat jt.rmhr nay take plaes by convection or
by a conbination of comvection and radistion, However, within the fluid
milk heat transfer by convection is more predominant in comparison to
cmducticn.‘ The heat transfer by convection within the fluid is dependent
on the type of the system, If external forces such as pump, agitator ete,
are used for the fluid to flow dwring processing the phencmencn is knowm



as forced comvection heat transfer, However, if the fluid {low is caused
by density difference due to the temperature gradient the rhencmenon is
known as free or natural convection., During conversion of milk to kheoa
and panéer and cream to ghee, the fluid product is heated thus the heat

transfer by convection is more predominant in these cases,

The heat transfor by convection from a sclid surface to fiuid
is dencted by:

Q = he A-Q(Ts - Td) .c-o--.oocn-.-..-..o.-o.-no-o..o-.(l-l)

The value of h‘= for these products can be determined either
by keynold's analogy or by dimensional analysis. The techmique of dimen-
sional analysis is convenient to be adopted for formmlating the empirieal
relations for these products, They ars given below:-

fa = ¢ (h)‘ (Pr)n - (w m“m) o...-n-ooo--(loz)
M o= e (Or, Pr.)" - (Natural comvection) sieeessseses(le3d)

Vhere, ¢, m and n are constants which are evaluated from experimental
data.



CHAPTER 2

REVIEY OF LITERATURE




2, RLVIEW OF LITERATURE

241, INTRODUCT ION

The emergy crisis is an universal phencmenon and the availa-
bility of nonerenewable energy sources is limited, Therefore, there is
necassity “or eritical evaluation of ths energy requirements, losses and
conservation techniques of the various unit operations in a processing
plant, then the processing equipments were designed, the energy was
plentiful , however now it is beccming expensive te operate at cwrrent
energy costs which is inereasing contimuously and may touch the pesk in
near future, Hencs, the various unit cperations in a dairy plant must be
critically analysed in terms of energy requirements,

A Energy analysis of operation of the productiocn of khea, ghee
and paneer is useful in two respectsi- '

1) It provides quantitative information on emergy reeuirements
ﬁmp#%&-wym&cﬁbﬁmm

2) It evaluates the modes of energy lcsses and approaches adopted
‘and suggested by different workers on energy conservation in dairy processing.



2424 ENZRGY RSQU [REMENT, HEAT LOSSES AND COWSZRVATIOH
TZCHNIGUES IN DAIRY PROCESSING

242414 Emrg_cmmticn

Te earry out the énergy conservation rhenamena the total
energy consumption as well as the sources of heat losses should be
knoim, The following information in this respect is availiable in ths

literature,

Flink (1977) studied the energy consumption during dehydra-
tion processes of milk and found that energy required for spray drying
is about 587 kcal/kg water evaporated and for drum drying £1° Keal/kg
water evaporated.

Schwartzberg (1977) investigated the energy requirements

fer 1iquid food coneentration as given below:-

Product Anmmal Water Znergy
production evapcrated required
biliion l1bs Dbillion lbs trillion

BTU

Skin milk ((RAN 0.26 3,08

‘Condensed milk ‘ 0,758 3.68 146

Evaporated milk 0,291 a0 1.87

Vhey i 0,82 13,27 3.32

" Dry whole milk 0,071 0,29 0.12

" Dry butter milk 0,038 0.28 o1




Goel (1978) carried out an extensive study on the energy use
profils in Indian Dairy Industry, as shown in Table 2,1, Davis (1980)
found that processing energy meeded on a raw weight basis 4s 0.60 MJ/kg
milk processed, whereas Elsy (1980) found it to the range of 0.99 MJ/
litre mﬂk.

As far as indigenous dairy preducts are concerned, very
limited informaticn is available regarding emergy requirement in khoa,
ghee and paneer mgking. Sham Das gt al. (1976) has studied steam require-
ment in ghee clarification from eream and butter, They observed that
steam requirement variss as moisture per esnt in butter variss from 11.5
to 16%, The average steam consumed is reported to be C,18 kg/kg butter
and 213 Keal/kg ghee. Abichandani (1978) eonducted the feasibility studies
on direet contact heat exchanger for clarification of ghee from butter
using fot nitrogen gas. He observed 132 Kecal/kg butter when elarification
temperature was 115°C. It is also reperted that the steam and electrical
energy requirement in contimious ghee making machine per kg butter are
0.35 kg and 0,01 KVH, respectively.

Pandya (1978) reported that in cream butter method, the steam
requirement varies fram 0,34 te 0439 kg/kg butter, 0,42 kg/kg ghee and
2,79 kg stean/kg water ovaporated equivalent to 1045, 218,7 and 12,5
Kcal respectively. He also cbserved that the electrical and thermal
energy required for converting milk into ghee in different methods are

as followss~-



Table 2.1 : Energy Use Profile in the Indian Dairy Industry.

Goel ,197p

Source Energy Use in BTU Milk Processe
Plant A Plant B Plant ¢  Plant D Plant E_ Plant F
Direct Energy 926 804 3,637 3,086 1,818 3,309
Boiler 255 446 3,187 1,899 1,298 2,571
Electriecity 669 351 437 1,181 517 734
Water 2 6 13 5 3 5
Indirect Energy
Packaging 0 176 246 386 1,269 841
Transportation 281 143 268 123 247 284
Procurement 170 135 226 100 170 195
Distribution 111 8 43 23 77 83
Process Energy 1,207 1,123 4,152 3,597 3,335 4,389
Plant Manufacturing Plant Mamufacturing
A - Std, milk, toned milk, B - 3td. milk, toned milk,
double-toned milk, lagsi, ghee.
¢ - Milk powder, butter, ghee. D - ¥i&§dpgﬁaf,bﬂttertﬁh°e’
E - Milk powder, buttertogg?e. fluid- F - ?rizb df:]ﬁf(’méigtgg:fd:;;e.

milk, checse, baby

0



1c

Deshi method - 1710 Keal/kg ghee.
Direct cream method - 1325 Xecal/kg ghee.
Cream butter method - 1Al Keal/kg ghee.

Mregendra Kumar and Verma (1983) investigated that the energy
requivement for khoa making is 1,06 to 1.3 kg steam/kg milk and feor
converting butter into ghee it is 0,59 to 0.68 kg/kg butter,

2.2,24 Energy Loss

A considerable amount of heat is lost during manufacture of
dairy products, The major sources of heat lcsses are buildings, equipment
surface, pipe lines and hot water., Studies aimed at determining the
magnitude of energy losses in dairy processing are important because they

can be used to develop emergy conservation programme,

Sampson (1953) reported that omly 15,7 per cent of the steam
supplied to the staticnary retort was used in heating the can and contents,
The remainder was lost as follows: 36.4 per cent passed out of vents,
16,4 per cent was used to heat the retort and crates; 11.2 per cent was
used to heat the condensate in' the bottom of the retoert, and 19.3 per
cont was lost through radiatiom,

Rippen (1974) observed that a single-pane window will lgse
1,13 BTU/hr-£t2 of glass per 197, He also observed that a bare 2 inch
uninsulated steam pipe of 100 £t length operating at 100 psi will lese
1,250,000 BTV in 2l hours, Helamma (1975) has reported 1) per cent
energy loss in a dairy was due to heat losses from buildings, Goel (1978)




1

cbserved that the heat losses from dairy buildings ranged from 2.6 to
21,6% of boller energy consumption,

Dave et _al. (1979) observed that the heat losses through
ezhaust air were 24,73 of total heat added to a spray drier. Rao et al.
(1976) has studied that the heat losses from preheater, cooler in different
food processing plants. The heat losses in condensate was 13.6 to 21,67
and losses from equipment by convection and radiation was 2.0 to 2.8%,

Rao et al. (1976b) cbserved that heat losses with hot water
variss fram 13 to 22 per cent. Flink (1977!) reported that about 20-90
Keal/kg of water removed of heat is lost with exit air frem a spray
drier and 2-7 Keal/kg of water md with exit product from a drunm
drier,

Jorm (1977) reported that a 30 galion jacketed pan, unlagged,
taking steam at 60 psi, lost heat equivalent to 10 1b steam/hr, through
its bare jacket.

Goel (1978 ) observed that energy losses through steam
condensate ; heat. losses from uninsulated steam pipe, total loss from
hot water steam and from pasteuriser are 840, 85 and 1,254 miliion BTU/
1b of milk processed. The observed values of different snergy lesses in
Indian Dairy Flants are shown in Teble 2,2,

MeAdams (1954) has evaluated some dimensional equations as
given below to find out the heat losses,



e
Table 2.2 : Energy Losses in Indian Dairy Plants.

Source ' ’ Energy Losses in Million BTU*
Plant A Plant B Plant C Plant D ~ Plant E Plant D

Boiler condensate 840 289 11,935 567 28,612 3,102
- (7.9) (7.6) (7.9) (2.7) (7.4) (7.9)
Pasteurizer 324 76 151 27 833 46
y (3.0) (0.6) (0.1) (0.1) (0.2) (0.1)
Vapours ] - - 2,336 361 11,312 649
(1.5) (1.7) (2.9) (1.6)
Steam pipes 85 a7 125 59 195 117
(0.8) (0.7) (0.1) (0.3) (0.1) (0.3)

. Milk pipes 5 3 10 15 46 _ 8
Equipments N.A, 4 1,539 1,284 9,652 1,400
(n.2) (1.0) (6.2) (2.5) (3.6)
Total 1,254 1,192 16,096 2,313 50,650 5,322
1.7 (9.2) (1d.6) l.2) (A1)  dals)

* Numbers in parenthesis are percentages of the corresponding losses expressed
in boiler encrgy basis,

N.A - Not avalilable,
(N,B. - Pleage refer Table 2.1 on page 9 for plants; A, B,

¢, D, B and F)
Goel
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Geametry Equation Range of validity

For Process Equipment
Horizontal

cylinder © h=08 (2T 19¢arr <102 L, (2.1)
Vertical A
* wiiter =022 (a Y3 2a0l¢ orrr.g10 L. (2.2)

For Steam Fipeline

Horigontal 0.25 3 o

oL inder h =027 (a %2 j0%¢arro530® L (203)
Vertical

cylinder h=029 (aM"F 10%<ar.r.c10® .. (2.0)

Rao and Katz (1976) have proposed a camputer programme, named
CVSRV to estimate heat lcsses from building, equipment surface, hot water
and steam pipes, Singh (1977) outlined a method for accounting emergy
losses during sterilization, Singh (1978) formmlated the energy accounting
process to find out energy requirement as well as losses,

2,2.3. Energy Recovery amnd Conservation

The concept of emergy comservation eontributes towards allevia-
ting the energy dilema. Conservation of emergy in food producticn, pro-
cessing and transportation has been the subject of several students,

2.2,3.1,  Pasteurigsation:

On aceount of regeneration, there is saving in heating and
cooling medium,
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Walzhols (1957) has .studied the heat energy requirerent in
different types of pasteurizing equipments with or without regenmeraticn
and observed that the steam requirement was 37, 25 and 20 kg at 65, 75
and 80% regeneration,

Andree (1974) observed 300 kg steam/hr and 220 kg steam/hr
at 55 and 68% regeneration for a 4100 L/hr cheess milk pasteuriger.
Heckenbury (1975) observed that using a heat pump with a 3 heat exchangers

can save 21 to 25 per cent energy.

leistra (1975a) reported that by installing a pre-heating
section and larger regeneration secticn in a 40,000 L/hr #.T.5.T. pasteu-

riger saved 2780 tons of steam per hour in a cheess plant,

Rippen (1975) has reported that when the regemeration
efficiency inereased from 80 to 90%, the steam requirement is reduced
to hal!’.

Hille et al. (1977) has reported the reduced steam consumption
from 26 kg/hr to 189 kg/hr by inereasing regemeration upto 90% in 10,000
L/hr HTST plant.

A Rippen (1977) has reported a eanaidarablo energy saving by
conocung stean mu.te. The condensate obtained at 195°F, frem

HTST pufmn‘im, is ltorod in an msulatod tank at 130°F and used as
wash water or as feed water of boiler,
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Varshney et al. (1979) has designad a regemeration section
of a HIST eream pasteuriser with 70% regeneration efficiency which saves

403 energy or Rs,210 per day.
24243,2, Evaporation and Drying:

Jekson et al, (1975) cbserved that 807 of the steam requirement
can be saved with a two stage compressor attached to a mltiple effect
evaporator, This could be inereased tc 90 - 100% when cooling water from

the compréssor engine was used to preheat the milk supply to the evapcrator.

Kessler (1978) estimated that under optional conditions
mschaﬁical vapour compression in evaporator plants can give the same
energy saving as would be achieved by imcreasing the umbér of effeects to
15,

Morlek (1978) observed that the thermal econory can be
achieved by recovery surplus heat from sterilized milk by means of a heat

exchanger,

Varshney (1978) repcrted that use of mechanieal vapour
compressor with single effect evaporator is 9 times more economical in
enargy requirement than ‘a h effect evaperator, He also cbserved that
if a four effect evaporator is used to concentrate milk to 607 moisture,
150 Keal/kg water evaporated is required whereas in comventional spray
dryer, it is 1200 Keal/kg water evaporated,

Amon (1979) cbserved that heat recovery by preheating the

m air to a drier using outgeing air in an air to air heat exchanger
and save 20 - 25§ steam conswmption,.



15

¢~é,s_¢
Dave  (1979) reported that steam consumption in a two stage
drying plant is 15 = 20% lower as compared to equivalent conventional
Spray drying.

Vautrin (1979) cobserved using hot water instead of steam in
cheese making and recovery of condensate from evaporators can save 20 -
25% thermal energy.

Christerser (1982) reported that a three effect evaporator
with a heat pump gives energy saving of 987 and water saving of 947

compared with a single effect evaporator used without a heat pump.
24243434 Heat Recovery from vhey:

Leistra (1975b) reported savings in steam of about 2780 t/yr
and savings in refrigeraticn (whey cooled to 8°C) of 232 million Keal/yr

by means of heat exchange between cheese milk and whey.

Bertay (1977) discussed about the possibilities for saving
energy by heat recovered from concentrated whey (£6°C) and from the
condensate of steam evaporated from the whey (70°C), is used to heat the
incoming whey from 5 to 48°C. Kaltemeckar (1980) reported that by install-
ing a heat exchanger before whey coolery the heat in the whey is trans-
ferved to wateras whey is coolad to 21°C, T™e amount of heat extracted
from whey is 2,32 million Kcal/day,

2.2.3.4s  Heat Recovery from Exhaust Air:

Varshnay (1978) investigated that heat from exhaust air may
be recovered by using a heat pwip or dehumidifier and condenser coil,
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It has been observed that by expanding 1 KV ef elsctrical emergy 6 K
worth of primary fuel can be saved,

eb.al
Dave ((1979) extracted heat from exhaust air reducing its
temperature from 80 = 100°C and recovered heat is transferred to air
entering the dryer increasing its temperature from 10-20°C to 40-80°C.

A 30% saving in primary energy is achieved,
2,2.3.5. Heat Recovery by Condensate Reutilization:

Rippen (1974) observed that returning steam condensate to
the boiler is economical from watér treatment stand point and the hisgher
temperature is a fuel saver, He also observed that increasing feed water
temperature about 11°F, by condensate return, often improves boiler

efficiency by 1%,

According to I.D.F. Annual Bulletin (1977) -rvising the
temperature of boiler feed water, by condensate return, by 6°C results
in a 1% reduction in fuel bill,

Rao and Geel (1977) have suggested recycling of condensate
either back to boiler or to heat imput water can reduce the direct

energy use by as much as 12%,
2,2,3,6, Use of Low Pressure Steam: -

. Rippen (197h) investigated that if processes do not require
stean temperatures in excess of 240°F low steam pressure should be
considered, He also suggested that one of the main items favouring low
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pressure steam is cost reduction and fuel consumption reduction, The
camparative costs for operating low pressure and high pressurs steam
generation has been cbserved to be 3.5 dollars/1000 lbssteam and 6.0
dollars/1000 1bs steam.

Rippen (1974) reported that a fluid milk plant in Michigan
State curtailed emergy use by more than 137 by reducing the steam prescure
to about 55 psi, '

2:24347. Insulation of Steam Pmi

Rippen (197h) reperted that heat losses are gemerally reduced
with 1 to 2 inch of insulation on a steam pipe., In terms of monsy valus
the about 75% economy can be achieved by only 1 inch insulation,

2:.24348. For Indigencus Dairy Froducts:

Sharma et al, (1978) designed ome slectrically heated direct
contact heat exchanger and found that the emergy required is lowered by

about 71 Keal/kg butter as campared to conventicnal method.
2,3, HEAT TRANSFER CHARACTSRISTICS

The knowledge of thermal properties and heat transfer charac-
teristies of dairy products is the basic necessity for desigm of dairy
equipments, With the variation in working parameters vis, temperature
and evaporation the thermal properties of dairy products vary, A very
little information is available regarding the heat transfer characteris-
tics of indigenous dairy products, like khoa, ghee and pameer, “ilsen
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(1977) worked on the heat transfer characteristics of a product cn ths
design of equipment. To get an idea regarding heat transfer characteris-
ties of khoa, ghee and paneer, it is necessary to have knowledge about
heat transfer coefficients of dairy product as well as of the heating

mediums,

22310 Heat Transfer Coefficient of Condensing Steam

For:almost all parts cf geometry enough information is avail-
able on the heat transfer coefficient of condensing steam,.

Nusselt (1916) has given the correlation for heat transfer
coefficient of pure condensing steanm.

3 2
hek L7 @ %eg. hoy
For vertical tube: | — = ol9h3 —‘——_—} 0-0.--.-..(2.5)
K K (g, = tg)

2
D’. € “eBe hm l
LK (tgy = tg) )

ooou-o-..(2-6)

h.,D
For horizontal tube : T = 0,725

13, ¢ 2, g hygeSin

v h—.l:- = 0.93!‘[ .]' ..o--.oo(zo")
1"01" inclined surface: T K (t“ i’ t')

The equation of laminar film condensation on a vertical plate
given by Nusselt (1916) was corrected by Roshenow (1956), The modified
equation is given as:

g. Pg(!f‘cy)'hl{"!',] sesseneae(2.8)

Sparrow and Gregg (1959) has corrected the aquation given by
Nusselt (1916) for vapour condensation on a horigental pipe:
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e s (249)

T, = C [ ey (o~ es).hf'g.n"]
Ko (b, - tg)
“hare c = 0.733.

Chen (1961) has corrected Sparrow and Cregg's (1959 analysis
for vapour drag on the interface and cbtained the presently accepted value
of

Lienbard and Dhir (1971) has reported the heat transfor
coefficients for condensing steam on sphere in laminar film condensation
- ;

. 1/
g, (ef -eg)- m0D3 I

Ml = 0.185 [
KR (tgy = t,)

338548354 (2:10)

vhere, he = By + 0468 QT

Yang (1973) has reported the heat transfer coefficient for
laminar film eondensation over spheres for Prandtl mumber between 0,03
to 1m-

= ._. " [z. (e, -e!);h,g.lﬁlm‘

.....-..(2.11)
K.‘ (t" - tﬂ)

Where ,

¢ =1,098 - for upper stagnation peoint,

€ =1,032 - for average Wu, over wpper hemisphere,
C =0,803 = for average Mu, over the entire sphere,
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2,342, 'mamm.ﬂd.c Expression for Heat Transfer in Free -
Cenvection

In natnral convection heat transfer, the flow of fiuid is
reduced by differ-nce m fluid density influenced by temperature gradient
and the development of a buoyant foree. Under these conditions, the fluid
motion is deseribed in terms of the Grashof mumber (Gr.).

B.g.L3. 02. ot
@, = 5 .............(2.12)
A

Tha free comvection in the form of dimensionless cquantitiss

is given as one group as a function of other two dimensionless groups.
Thus Nugselt mmber is a function of Grashof number and Prandtl mumber,

M = € (Gr,Pr.)" sussansinnststiely)

Tusselt (1914) has verified this equation in his experiment
on the natural cooling of horigontal cylinder in atmospheric air,

Based on measurements of the temperature of the air at
various locations; Schmidt and Beckman (1930) derived the follewing équa-
tion for short plate less than 2 feet high,

Mu = 0.52 (m‘.?f.)m .Il.'.'..'..l.'(z.lh)

King (1932) has recommended the following dimensionless
equation for the heat transfer coefficient in the natural convecticn
for;nrthdplﬁnqvﬁﬂrhum
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3, (’fz-g.k (b, = t,) (J‘ Qp\

h = c [ 2 J .-----00(2015)
Re Py Kf

a h._e_l‘ = C.X’
Ke
"hl‘e,

X = 3.5 x100 to10%2, ¢ = 0,13, n =0.333,
X = 35x107 to10%, ¢ = 0.5, n=0.,25

For a block, the heat transfer ccefficisnt is expressed by same equation
but the characteristic length 'L' is taken as

i 1 1

+
L L vertical I horizcntal

sasssne(2:16)

GBekert (1951) derived a theoretical relation for vertical

planes

hﬁL Prf 2 m o
—‘_; = o.m [0. r] (Pr.f m'ot) o-o-ooo(s']-?)

This equation agrees with experimental results for gases and liquids,

" For turbulent, free convection over a vertical plans, Bekert
(1951) has derived the equatiom,

1.17
m = o.ozh ani : sssesns(2:18)
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This equation satisfies the experimentzl data at Grashof
mumber more than 10100

Meadams (195k) obtained extensive data for free comvection,
The values for the constants recommended by him in the Nusselt's equation,

Ma = C (Pr.ar,)™ are below for vertical plate and cylinder.

@r.Pr, c n
10* to 10° 0.59 1/4
107 to 1012 012 1/3
More than 1072 0.13 1/3

For herigontal cylinder at uniform temperature

WPy s =
10* to 10° 0.53 W
109 to 1012 0,13 1/3

For horigontal plate at wniform temperature

Flate Gr.Pr. c n
Upper surface heated, 10° to 207 084 Wk
Upper surface heated, 2x107 to 3300 0,1 13
Lower surfaee hsated, 3:0° to 3a0%° 027 A

Van De Pol and Tierney (1973) reported the heat transfer
coefficient in free convection over a vertical U shapped chammel as
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Wy = 0.595 (Gr.pr )4 ersessencess(2.19)

Since the film coefficient for free convection to a vertical
plate differs from that to a horizontal plate, it is easy tc understand
that the film coefficient for free convection to an inclined plate will
vary with the angle of inclination,

Yung and Oetting (1969) studisd heat transfer coefficient in
case of inclined plate, hot side down, the average value of the laminar
from convection heat transfer coefficient to air is given by equation.

Mu = 0.48 ( 1‘.%.2';“) (&;,-e)l/h cseseesess(2:20)

3

= ‘angle of inclination.

Stewart, J¥ (1981) did experiments for heat transfer coefficient
over inclined cylinder for angle = O to 90° . The heat transfer coeffi-
cient can be obtained by the relation.

Muy,

T s = 0505 [ WAl

(0. Cos « )02 —]
essesnes(2422)
Al-irabi and Salman (1980) has studied the heat transfer coeffi-
WhiS I Senchuar. Suge convection over inclined cylinder, The el
equation for average heat transfor for all angle between O to 90°, is
given by oquation,
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= G 0.75
Ty 0460 = 0,488(34n 0)1'03((}2'L h,_)l/h—vlﬂz(.,in @)
o-.-.....(2.22)

M~=irabi and Khamis (1982) has determined the average and
local heat tramsfer by natural convection from the outside surface of

isothermal cylinders of different diameters and lengths at different
inclination in both laminar and turbulent regions, The average Mussslt
mmber in laminar natural convection is given by

My = [29 - 2.3203m0)%%] (o) V2 x (o )

+ = (stne )2 . cesinrease(2.23)
for 1.08 xthS GI'D { 609!105
and 9,68 x 107 L arprr < (GrpePrige

In turbulent region of 1,08 x 1044 r < 6.9 x 10° and
(orp Pr)ge & Orp Pre & 2495 x 100 for the range of angle 0 to 90°

‘hers, (G, Pr)gr = 2.6 x 107 4+ 1.1 x 107
Gr = Critical,

Gecola and Cornish (1982) has studied free comvective heat
transfer from a sélid sphere to Newtonian fluid of Gr.No. between 0,05
to 12 500 and Pri0,72, 10 and 100, The result cbtained for average Nusselt
muber in above studies is given by equatien

for 0,06 & G‘c‘ﬁf'\'s"
Pre = 0,72

N = 2.0 -+ 093, (al)o.hz '.l...'..l...(z.zh)

-
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and W =204 0,75 (#a)%%° for 36< 52 § 125000

50 § & £ 12500
0,70 Pr < 100

Amato and Tien (1972) has dewveloped an empirieal relstion for
natural convection from an isothermal sphere to water as

25

M = 2,0 4 0.5 (Ray)®* At

Yage (1960) has developed that the relation for matural eon—
vection heat transfer from sphere to atmosphere of infinite extent by
equation,

hD = 2.0 + oom (B‘D)o.zs .o.o.-o--.oo(2-26)

2.3.3. Heat Transfer Coefficient

Very 1little information is available on heat transfer charac-
teristics in free convection for dairy products,

Peeplass et al, (1962) investigated the foreed comvection
heat transfer characteristics for few dairy products and has given separate
equation in the form of Nusselt mmber, Reynold mmber snd Prandtl mumber,
He has also given a singls equation for different types of dairy products.

K ( W/pr08)2 = 0,11 ne%395 esesnesasa(2:27)
iners,
R )
0,467
P
BJNe4B,0




B= % fat

D= (% ta.t.)o’u’h

E= % SNF

F=0.8 (GNP (% Fat)0-165
P = % total solids

¥ = 2,54 log (%SKF) - 1,04
0 = 0,97 log (% fat) + 0.94

Vinogradov (1962) has studisd heat transfer coefficisnt in
cooling system of high butter fat cream thin lgyer and observed the same
to be 150 - 275 Keal/m2-hr-°C, Hodification in the system is dome by
providing jacketed 'chamel with scraper rotar arrangement vhich gives the
value of film coefficient more than 1000 Keal/u®-hr.®C. It shows consi-
dsrable improvement in the cocling rate of hizh fat cream and other viscous
dairy products. '

Shillo and Zolotion Yu (1973) has studisd the coefficient of
heat transfor in plate evaporator using water as test 1iquid at boiling
temperature of 50, 55, 60 and 65°C, The coefficient increases with
increase in the pressure on the steam resulting from evapcration of the
1liquid and with an inarease in thc temperature difference between heating
stean and boiling liquid,

Sayana and Verma (1975) stuiled forced comvection heat
transfer characteristics of butter during its comversion imto ghee, The
observed film co-efficient of butter vary with fat pereentage. The Nusselt
type equations developed are
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8l - 86% £at - Mu = 0,00975 Re089 1y Oob veeeseana(2.28)
87 - 86% fat - Nu = 0,0042 Re™*% pr Oek ecennsse(229)
95 = 97% fat - Mu= 0,00106 Rel*10 pp,0-k cesencaee(2:30)

Agrawala and Ojha (1976) studied the heat transfer coefficient
in single tube single effect faliing film e;;porator. The heat transfer
coefficient incroases with inerease in preheating temperature and with
decrease in temperature difference. Heat transfer coefficient for milk
were just half of sucrose solution under similar conditioms.

Konstantinov (1976) has observed the heat tramsfer ccefficient
during boiling of skim milk, whey, sugar solution in closed circuit
chanmels with natural circulation, At various ecncentratiom of milk

(10, 30, 50%) and varicus heights of the solutiom in circular chamel,
under atmospheric and vacuum conditione The heat tramsfer coefficient

drops with mm'waasinz concentration of the liquid being evapcorated.

Verma and Verma (1978) developed the equation given below
to determine the free convection heat transfer coefficient of buffalo
nilk duwring agitation,

Wu = 0,55 (Gr Pr,)%2? srnsesvene 24N}

Rajendra Kumar and Verma (1980) have studied film coefficient
of heat transfer of milk during coolings The equations developed for
different types of milk are -



Wa = 0,104 (ar.rr.)%*2? - for skim milk,

Mu = 0,545 (or.Pr.)0*3%2 _ for standard milk
(3.,5% fat)

W = 0,486 (Gr.?r.)°'3°6 - for cow milk

M = 0,21 (Gr.Pr.)0 286 - zor burfalo milk.

et
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-.ono~-'oc-(2.32)

0..0---.-..(2.11)

a.-o..ooo.(zqzh)

....000'00(2!35)
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3. OBJECTIVES AND SCOPE

3.1,

following:

OBJECTIVES

The ebjectives of the present wark ars to study the

1)

2)

3)

b)

5)

To estimate energy consumption in procassing of
khoa, ghee and pansers

To identify and estimate energy losses in processing
operations of khoa, ghee and pameer.

To evaluate the gross thermal onergy requirerent from
milk production to finished product, for khoa, ghee
and paneer.

To study the feasibility of energy conservation
techniques considering technological and economical
aspacts,

To study the heat transfer characteristics of milk
during eomversion into khoa,
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6) To study the heat transfer characteristies of cream
during conversion into ghee,

3.2, SCOFE

There is necessity to design and develop equirments for
continuous manufacture of khoa, ghee and paneer, In most cof the dairy
plants in the country these products are mamufactured as a batch proeess.
For designing of suitable heat exchangers, tc be used in contimucus
equipments, the information on emergy requirement, heat losses, heat and
flow characteristics of these produets have tc be studied theroughly,
There is very few documentad information, on any of these aspects, avail-
able in the literature.

The present study is for collecting data on energy require-
ment, heat losses, heat transfer characteristics and feasibility studies
on reutiligation of the condensate leaving the processing vessel, The
data is collected with variation in steam pressure to exactly understand
the impact of same on overall energy consumption and losses etc. The
information ccllected on heat transfer characteristies of khoa, ghee and
paneer will prove to be very useful in optimising the design of heat
exchangers to be used for these products, The effect of application of
suitable insulation on the pipes and vessel ete, will be helpfal in
design and layout of these equipments, The information collected in the
présent study will prove benmeficial in attempts to be made in the dairy
industry for comservation of energy,

FHRNE
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L. MATSRIALS AN MSTHODS

4.1, EXPERIMENTAL SET-UP

The experiments for studying the steam consumrtion, he=zt
losses, condensate reutiligation, tempsrature distribution and heat
transfer characteristics for khoa, ghee and paneer processing were carried
out in a jacketed stainless stecl vessle, The complete experimental set
up has been shown in Figure lL,1. The flow of steam was regulated with
the help of valve (1) provided in the steam line. DIressure gauges (2)
and (3) were provided to measure the steam pressure accurately, Air vent
valve (i) was provided for removing air and non-gcondensable gases from
the system during initial stages of opsration, A steam trap (5) and tio-
way valve (§) were provided in the condensate line from the vat to the
condensats collsetion tank (7) on which one graduated water level indica-
tor (8) and air-vent (9) were provided, The condensate fram the starage
tank was pumped with the help of pump (10) to the vaporiser (1l1). Valve
(12) was provided in the line between the pump and vaperiser to regulats
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FIG.4.). SCHEMATIC DIAGRAM OF THE EXPERIMENTAL SET-UP

1,6,12 15,17 - Valve 9,16 - Air vent. 26 - Millivolt meter
2,3 - Pressure gauge 10 - Pump 27,28 - Energy meter
S - Steam trap 11 - Vaporizer 29 - Selector switch
6 - Two way wvalve 14 - Electric heater 30 - Switen noerd
7 - Condensate 18122 - Thermocouple 31 - Wattmeter

collection tank N
nsulated !} 23 - Panet board

8,13 - Water (evel indicator 24,25~ Dial thermometer
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the flow of condensate, ‘iater level indieator (13) was providsd in the
vaporizer to measure the levsl ¢f condensate. o elsctrical heater (1h)
was provided to heat the condensate for converting into steam. The stecan
frow vaporizer is taken to the main steam line and 1 valve (15) was
proviled in betreen for resuiatinc the flow of steam from the vapeorizer,
Adlr-by-pass vent (14) alonguith valve (17) wns providad in the stean

line fron vaporizer to the main steam Jine, Thermocouples (1R),(19),
(20), (21) and (22) were provided tc measurs ths temparature cof steam,
product temperature at different layers during processing, temrerzture

of steam and conisnsate leaving the vat, tempsrature of condensate Auring
pwping and temrerature of steam leaving tha vaporiger. I ranel beoard
(23) with 1i2) thermometer (20)) an! (2%), di-ital nmilii-volt-roter

(26), encry-meter (27) and (28) and sclocior switch (29) were provided
for ieasuraent of tsmperaturcs ¢: stean in main ripe lins and cf
conlensate in condensate storage tank, for neasurements of millivoits and
"', 57itch board (30) was used for ccntroliin: yump, heatsr, nillivolt-
meter ete, s the onergy consumption by the puwp was vory lass, hence
for the sake of accuracy one wattmeter (31) s alsc previded in the

system Tor comparison and accurate measurerents,
e SFSCIPICATIONS OF INSTRMIENTS

The specifications of the instruwsents used for oxreriments

and ecalibration arc glven below:-



i) Dial Thermomezter

a) Make
Type

ttange

b) lake

Tyre
Range

11) nigital Thermemeter

lake

Sre Noe
Range
Supply

i) Digital !illi-volt Meter

lake
Medel
Precision
ange

Hains

iv) Energy Meter
Make

Type

3L

JAPSIN
Frobe type

50 to 200°C.

ESKAY

Prcbe tyre
0 to 1500(:0

Vaiseshika Tlectron
Devices.

1017
£0 to 200°C

9 volts Nn.C,

Apladb

1007

0,01 mv,

+ 99,99 mv,

230 V/SO He.

METERS & INSTRUMENTS
LTD.

TK2 (Single phase
2 wire)
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Volts - 240

Arps - S (ilax 10)
Frequency - 50 Nz,
REVS/KWH - 1200

v) Milli-volt Recorder

Hake - KIFP and 7CNEN
Type - BD3
Hains - 115/220 v, -15% + 203,
50/40 Hz.
Inaccuracy - 0,39 fsd max.
vi) Fressure Gauge
a) Haka s UnPoG-EuCo
Type - Bourden Pattermn
Range - 0 to 3.5 kg/cmz.
b) Make - FIEBIG
Type - Bourdon's Patent
Range - 0 to 7.0 kg/em’,
vii) Selector Switch
Make - Toshniwml
Points - Twelve golden tipped.
viii) Tullu Pump
Make - U.P. National Mers.T.Ltd,
HePy - O'G

Head - Te5 ma



uee

Volts
L.H,.P,

ix) Vaporiger
Hake

Type

Sr.No.

KW

Thase

x) Variable Resistance lleater

Hake

Cat. Noc,

Ser, No.

lains

Fower conswption
xi) Wattmeter

Make

Hodel

Class

flange
Supply

36

230
36l

INDIAN ESQUIRLENT
CURPORATION

Jul - 2732
530
2.

Single,

rreeision Scientific Co.

10-3-12
240 Vv, AC/DC

550 watts,

Automatie Cleetrie
Pvt, Ltd,

wWs/1008

2,5

0 to 150 watts,
Ac/nc,
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h.3. METHODS

4o3.1. Steam Conswaption in Khoa, Ghee and Panesr Frocessing

The steam consumed in kheca, chee and paneer rrceeescing was
measured by collectinz condensate leaving the jacketad vat during
processing, The condensate was ccliected in the insulated storage tunk,
to which condensate flows under gravity and the flow was reruwlated by
cbserving ths water level indicator at remular intervale, The steam
pressure, steam temperature, and condensate temperature lesaving the

vessel ware also observed, During each trial the steam pressure ms

kspt eonstant,

ke3a2, Condensate Recovery and Reutilization

‘hen sufficient amount of condensate was accurmlated in the
collection tank, after measuring the condensate temperature, it was
puped tc the vaporigsr, The condensate was heated in the v :porissr.
When the stean pressure in the vaporiger attains the desired rressure,
the main steam suply was stopred and stean frem vaporiger is supplied
to ths vat, The remaining heuting for processing of khoa and ghee was

carried out by supply of steam from vaporiger.
liehse MEASUREMENT OF TEMPRATURE

The measurenent of temperatures at different layers of the
product was dene by calibrated thermocouples, ~thich has advantages of
accurate and instantaneous measurement. It is easy to use thermocouple

aven at inaccessible pesition, Copper-eonstantan (22 gauge) wire was
used for the thermocouples,
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4.5, CALIBRATION OF THERMOCUUPIE

Paraffin oil was used for calibration of thermocourlies., The
fused junctions of the thermoccuples, bulbs of mercury-in-glass-thermameter
and probe of digital thermometer were clamped together at the sams height
and immersed in the oil, The terminals of the theimoccurles were led to
the digital milli-voltmeter through the selector switch. The millivelt
recorder was also comnected to the millivolt meter, The oil is heated
gratually by variable heater provided for this purpess, Cbservations were
taken during heating as well as luring eooling., The ealilration curves
were drawn with mean value, 111 the thermocouples used, for measuring steam
temperature, product temperature, condensate temperature; during the study
were calibrated and calibration curves were dravm and one of those curves

is shom in Pigure 4,2,
liebe LOCATION OF THSRMOCOUPLES

To study the temperature distributien during heating, four
thermocouples were arranged at 0.5 any 2.5 emy L.S em and 4,5 em, raspee-
tively from the bottom with the help of a wooden support. The arrangement
of thermocouples was made in such a way that they can be put at proper
places vhen required, This facilitated required amount of agitatiom
nocessary during khoa, ghee and paneer processing,

BaTe OROSS SNGRGY CONSUMPTION AND HEAT LOSSES DURING KHOA,
GHEE AND PANSER PROCSSSING

The gross energy conswmption for khoa, ghee and pameer
pmmmmummommugmmm
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Gross Energy = Indirect Energy (required for milk
prodnction)
4+

Direct inergy (required for proeessing)

47410 Indirect snergy

47.1.1.  Heat from Animals: The emergy comtent of milk, just after

milking, was measured by measuring the body temrerature of animals and
the temrorature of milk,

MaT4142, Transportation inergy: The energy reocuired for transpertation

of milk from farm to processing piant was estimated.

h-? 24 Direct Smrg

The heat energy required for khoa, ghse and pamser processing
were estimated with the help of the observed data, The amcunt of steam
required was calculated in terms of per kg miik, per kg khoa, per kg ghee,
per kg paneer and per kg water evaporated. The similar values have been
estimated in terms of heat units alsc, The heat losses during khea, ghee
and pancer naking, due to convection and radiation, from preduct surface
and with eondensate were cnlculated separately and thus the total percen-
tage loss of heat emergy was also estimated, The steam comsumption and

lossesware calculated as shown in Appendix-A,
h.d. SAVING IN STGAM CONSUMPTION

The saving in steam conswption during processing was calcula-
ted by collecting the condensate and recirculating it in the form of steam
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through vaporiger. In due course of time, the whole system was turmed

into a loop of direct reutilization of condsnsate in the form of steam.
The percentape saving in energy requirememt for steam gemeration in

Vaporizer over the boiler was calculated. These trials were repeated

by inswlating the steam line ith asbestos rope.

149, CALCULATIUN OF HEAT TRANSFAR CULFF ICIuNT

The heat transfer coefficisnt during conversion of milk into
khoa and eream into chee were determined as shown in Appeniix-B, The
amount, of heat transferred and temperature of products were recorded,
The values of viscosity, density, thermal coniuctivity, specific heat

and coefficient of thermal expansion were taken from available literature,

.10, PRODUCT AWALYSIS

The following analysis of products were carried cut during
the study:-

4.10,1, Fat Content of (ilk and Cream

The fat content of milk and cream were estimated by Gerber

I2
method as described in I5:1224 (Fart -, @) 1977,

1.10.2, Moisture Content of }ilk, Khoa and Paneer

The moisture content of milk, khoa and paneer were determined
by gravimetric method, The weight of moisture disc was taken after

cleaning, drying and cooling properly. Then 5 grams of sample was taken
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in the disc and after taking weight, it was kept in hot air oven, main-
tainad at 100 4 19C for 2 - 3 hours, After drying, the weight was taksn

afain, Then from the observations peresntage moisture in milk, khoa and
paneer was ecalculated as :

m -n

% moisture =

.o.-ooo.--c-o-c-n(hol)

n = weight of empty disc.
m = weight of disc plus sample

o, = weight of disc plus sample after drying,

4410,3, Meisture Content of Cream and Chea

The moisture determination of cream was carried ocut by gravi-

metrie method using hot air oven and procedure as described in IS:769-1961

was followed,

The moisture content of ghee was determined as deseribed in
1533508-1965,

hell. SERVATION

The ohservations taken for emergy consumption, heat losses,
condensate recovery, condensate reutiligation amd for time temperature
distribution used for conversicn of milk into khoa have been tabulated

The similar types of cbservations taken for steam consumption

and temperature distribution during conversion of eream into ghee have
boen tabulated in Tables Lily lyS and lie6e
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The observations taken for steam consumption and temperature
distribution during conversion of milk imto paneer have been tabulated
in Table }4.7.

The observations for condensate recovery and reutilization
for khea and ghee have been tabulated in Table L.8.

SRR



Table - 4,1

Ghservations:— () - 5 kg. Khoa - 1.080 kg.
Process-
z‘ Fat £ - 6.6 Moisture & - 29,6248
Moisture % - 83.324
Sr.No., Time Steam Steam condensate Temperature of product during Bulk Surface
pressure temp. heating at different layers(®) temp. temp.of
(min) (kg/em2) (°C) (xe) (°c) T,y o g Ty (%)  vat(%cC)
1. - - - - 30.25 30.25 30.25 30,00 30.12 -
2. 0.50 119.50 0.67 116.50 81.256 31.00 8C.96 20,73 80,98 85.75
3. 10 0.50 119,50 0.67 116.50 89,72 89.70 89.25 89,05 89,43 95.74
4, 15 0.50 119.50 0.67 116.50 29,73 99,56 09.25 28,99 99.39 107.73
S. 20 0.50 119,50 0.67 116.50 108.36 108.21 108.00 107.95 108.13 114,95
6. 25 0.50 112.50 0.67 116,50 115,75 115.75 115.36 115,21 115.46 116.75
y 30 0.50 119,50 0.67 116,50 115.79 115,63 115.45 115.35 115,55 116.80
8. 35 0.50 119,50 0.67 116.50 115.95 115.75 115.62 115.49 115,70 116.95
9. 40 0.50 119,50 0.67 116.50 115.99 115.83 115,80 115.75 115.84 116.98
10, 45 0,50 119,50 0.67 116,50 116,05 115,96 115.83 115.79 115,90 117.00
and 6.5 cm from

Tl’ T2, T5 and T, are temperatures at 0.5, 2.5, 4.5

the bottom, respectively.

en



Table - 4.2

m Milk - 5 kg. Khoa - 1.280 kg.
Fat % - 6.6 Moisture £ - 30.2695
Moisture £ - 83,084
Sr.No, Time Steam Steam ___ Condensate = Temperature of product during Bulk Surface
pressuge temp. —Amount Temp. heating at different layers(°C) tgmp. tempéof
(min) (xg/cm<) (°C (kg) (oc T, T, T4 T (°c) wvat(°c)
3. - - - - 30.50 30.40 30.36 30.35 30.40 -
2. 0.75 121.35 0.82 118.95 83.52 83,283 83.00 82,92 83.16 87.35
3. 0.75 121,356 0.82 118.95 92,56 92,35 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 0.32 118.95 110.95 110.30 110.73 110.56 110.78 116.35
6. 25 0.75 121,35 0.382 118.95 118.53 118.25 118.20 118.05 118.25 120.20
7. 30 0.75 121,35 0.82 118.95 118.63 11%.54 113.36 118.24 118.44 120.25
8. 35 0.75 121,35 0.82 118.95 118.74 118.62 113.46 118.39 118.54 120.39
9. 40 0.75 121.35 0.82 118.95 118.79 118.75 118.60 118.45 118.64 120.39
Tl’ T2, T3 and 'I"1 are temperatures at 0.5, 2.5, 4.5 and 6.5 cn

from the bottom, respectively.



» Table - 4.3
Cbservations: B

m M.‘” Hilk = 5 k{!. Khoa - 1.180 kg.

Fat % - 6.8 Moisture & - 29,6341

Moisture £ - 82.3214

Sr.No. Time Steam Steam Condensate Temperature of product during Bulk Surface
e pressure temp. - Anount Temp. heating at different layers(®C) temp. temp.of
(min) (kg/em2)  (°C (ke) (ec T, T, T, Ty (°c)  vat(°c)

1. - = - - 32.50 32,50 32.0b 32,00 3215 -
2, 1.00 125.00 1,12 120.15 86.65 86.45 86.23 86,05 86.34 89.70
3. 10 1.00 125.00 1.12 120.15 95,36 95.21 95.00 94,95 95,13 99.60
4, 15 1.00 125.00 1.12 120.15 108.74  108.68 103.45 108.21 108.43 112,46
5. 20 1,00 125.00 1.12 120,156 116.36 116.20 116.05 116.00 116.15 119,31
6. 25 1.00 125.00 1.12 120.15 119.95 119.83 119.74 119.64 119.79 119.89
Ts 30 1.00 125,00 1,12 120.15 119.99 119.95 119.86 119.73 119.88 119,95

Tl’ Toy To and T4 are tcwmperatures at 0.5, 2.5, 4.5 and 6.5 cm

from the bottom, respectively.



Table - 4.4

Gbservations:

Ghee Processing Cream - 5 kg. Ghee - 2.280 kg
Fat £ - 40 Moisture & - 0,0943
Moisture % - 52,8371

Sr.No. Time Steam Steam Condensate Temperature of product during Bulk Surface
Kmount T 7 heating at different layers(®C)  temp. temp.of

ressure temp. em
(min) gks/bm ) (°c (xg) (°c T Ty To T, (°c) vat (%)
1. 0 - - - - 37.50 37.50 37.25 37.00 37.35 38.50
2. 10 1.00 125.00 1.12 120.15 89,50 88.75 88.725 88.00 88.50 98,50
o 20 1.00 125.00 1.12 120.15 96.00 9b.95 99,43 05.20 95.65 109,36
5 30 1.00 125.00 1.12 120,15 110.75 110.35 109.79 109,70 110.14 115.45
5. 40 1.00 125.00 1.12 120.15 119.94 113.76 113,10 112.75 113.39 120.35
. 50 1.00 125.00 l.12 120,15 120.00 119.81 112.62 118.23 119.65 120.40
7. 60 1.00 125,00 1.12 120.15 120.02 120,00 119,95 119,74 119,93 120,99
8. 70 1.D0 125.00 1.12 120.15 120.03 120.01 119,99 119.79 119,95 121,78
2. 80 1,00 125,00 1:32 120,15 120,04 120,03 120.00 119,99 120,01 121.93
10, 20 1.00 125,00 1.12 120,15 120.09 120,06 120.02 120.01 120,02 121.95
11. 100 1.00 125.00 1.12 120,15 120.09 120,06 120.05 120.01 120.04 122.00
12 110 1.00 125,00 1,12 120.15 120.10 120,07 120,06 120,02 120.05 122,95
13 120 1.00 125,00 1.12 120.15 120.12 120,08 120.06 120,04 120,07 122,99
14, 130 1,00 125.00 1,12 120,15 120,13 120,08 120,07 120,07 120,08 123,00
&

Tyy Tpy Ty and T, are temperatures at 0.5, 2.5, 4.5 and 6.5 cm

from the bottom, respectively.



Cbsexrvations:

Table - 4,5

Ghee Processing Creanm - 5 kg. Chee - 2,400 kg.
. Fat % - 42 Moisture % - 0.129
Moisture £ - 50.3728
Sr.No. Time Steam Steam Condensgate Temperature of product during Bulk Surface
pressure temp. Amount Temp. heating at different layers(9C) temp. temp.of
(min) (kg/cm<) (08 (kg) (°CY Ty Ty Tq Tq4 (°c) vat(oc)
1. 0 - - - - 37.25 27.00 36,50 36.50 26.80 38.45
2. 10 1.50 128.50 1.34 122,50 90.15 920.00 89.85 89.50 89.87 100.53
3. 20 1.50 128.50 1.34 122.50 98.75 98.45 28.23 93.01 98.360 111.50
4, 30 1,50 128.50 1.34 122.50 113.65 113,53 113,00 11,95 117.28 118.75
5. 40 1.50 128.50 1.34 22.50 120,57 120,25 120,00 120,00 120,20 120.85
. 50 1.50 128.50 1.34 122.50 120,62 120,50 120.35 120.25 120,43 126.00
- 60 1.50 128.50 1.34 122,50 120,71 120,65 120.55 120,45 120,59 126.05
8. 70 1.50 128.50 1.34 122,50 120.80 120,76 120.73 120,62 120.72 126.08
2. 80 1.50 128.50 1.34 122,50 120.81 120.80 120.79 120,75 120.78 126.15
10, 20 1,50 126,50 1.34 122,50 120.86 120,82 120.80 120.80 120.81 126.23
11. 100 1,50 128,50 1.34 122,50 120,91 120,856 120,83 120.82 120.85 126.31
12, 110 1,50 128.50 1.34 122,50 120.95 120,93 120.89 120,87 120,91 126.40

T1) Ty T, and T4 are temperatures at 0,5, 2.5, 4.5 and 6.5 cm

from the bottom, respectively.

LT



Table - 4.6

::"*““‘I Cream - 5 kg. Chee - 2.150 kg.
Fat % - 40 Moisture - 0.0995
Moisture - 51,3928
Sr.No, Time Steam Steam Cordensate Temperature of product during Bulk Surface
pressure temp. Amount Tenp. _heating at differsut layers(9C) temp. temp.of
(min) (kgxb.z) (°%) (xg) (°c) Ty Tg Tq T4 (°c) vat(°c)
y O 0 - - - - 35.25 35,20 35.00 35.00 35.12 38.65
2. 10 2.00 130.05 1.876 126.75 93.73 95.43 93.20 93,05 93.356 102.72
3. 20 2.00 150,056 1.37¢6 126.75 99.99 99.85 99,73 029,54 99.77 113.53
= 30 2.00 130,05 1.876 126,75 115.34 115.25 115,00 114,95 115,13 120.75
S. 40 2.00 130,05 1.876 126,75 120.05 120.01 120,00 119.95 120.00 126.67
6. 50 2.00 130,05 1,876 126,75 120,07 120.03 120,00 119.99 120,02 126.95
" 60 2.00 130,056 1.876 126,75 120,15 120.09 120,05 120,02 120,07 127.00
8. 70 2.00 130,05 1,876 126,75 120.23 120.18 120.14 120,09 120,16 127.05
2. 80 2,00 130,05 1,876 126.75 120,36 120.21 120.19 120,13 120.22 127.65

1
6.5 em froam the bottom, respectively.

T, Ty, Tg and T4 are temperature at 0.5, 2.5, 4.5 und



Table - 4.7

Gbservations:
Paneer Processing ;) - 5 kg. Paneer - 0.850 kg.
Fat £ - 6.8 Moisture £ - 54.3725
Moisture ¢ - 82,5213
Sr.No. Time Steam Steam Cordensate Temperature of product during Bulk
pressuge  temp. Amount Tomp.  heating at diffarent layers(°C)  temp.
(min) (kg/omb)  (3C) (ke) (oc T T, T T,
1. 0 - - - - 30,50 30,49 30.45 30.40 30.46
2. & 0.50 119.50 0.134 116.50 40,55 140,25 140.25 40,00 40,23
. 2 0.50 119,50 0.134 116.50 49,37 49,23 49,00 48,95 49,13
- 3 0.50 119,50 0.134 116.50 62,90 62.656 62,47 62.36 62,59
5. 4 0.50 119,50 0.134 116.50 79.95 79.83 79,80 792.75 79.80
6. S5 0.50 119,60 0,134 116.50 81.55 slL.47 81,35 8l.23 8l.40

Tys Toy Tg amd T4 are temperatures at 0.5, 2.b, 4.5 and 6.5 cn

from the bottouw, respectively.

6"



Table - 4,8

Condensate HRecovery and Reutilization.

Sr. Product Steam Steam condensate Condensate temp. Steam  lumping energy Electrical energy
Ho. pre- leaving of vat in storage tank from .
g;:"e rrT Ry ViPo~  without With Without With
ché) (k 2 °c) (xg)._, £%C) insufg- insula- insula- insu- inecula- insula-
- PP Wi tion lation tion tion
inmslation tion tion
insulation (°c) (oc) (kg) (KiH/kg  (KWH/Kg) (KWH/kg) (KWH/kg)
x10'4 x 10-4
1. Khoa 0.50 6.03 116.50 5.86 117.756 89.35 90.55 1.24 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 92,83 1.64 9,024 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 0,016 8.807 0.575 0,573
(97.30) (97.95)
4. Ghee 1.00 14.56 120.15 14.05 120.95 94.25 95.50 4.48 9,073 8.756 0,593 0.590
(97.30) (97.95)
5. Chee 1,50 14,74 120.50 14.35 124,02 97.30 98.25 5.26 8,995 8.757 0.590 0.587
(98.50) (99.35)
6., Chee 2.00 16,01 126,75 14,65 127.65 98,95 99,65 5.625 9.064 8.846 0,589 0.585
(99.25) (99.97)
7. Paneer 0,50 0.67 116.50 - - - - - - - = -
(96.0)
* (Values in pzrentheses are for cordensate) \
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5+ RUSULTS AND DISGCUSSION

S.l. ENERGY CONSUMPTION, HSAT LOSS8Sy CONDENSATE RECOVERY
AND REUTILIZATION IN KHOA PROCSSSING
543, Energy Conswmption and Heat Losses

The trials of kheoa making have been taken with © kg milk per
batch, The steam pressure during the experiments have besn varisd between
0.5 to 1,0 kig/am®, The observed values of eondemsate collected and the
tampsrature measured have bsen used to calculate the emergy consumpticn,
steam requirement and heat losses by convection and radiation, heat loss
from product surface and with the condensate, The amount of steam
consmed for processing milk into khea varies frem 1.206 te 1.3k kg/kg
milk, §,9833 to 5,6940 ke/ka khoa, and 1,56778 to 1.78423 ke/kg water
evaperated, The heat supplied varies from 778,352 to 849,829 Keal/kg
milk, 360,183 to 685,747 Keal/kg khoa and 1011,827 to 115L.TL7 Keal/
kg water evaporated, The total heat losses vary from 39,1947 to LA,A17,




Energy Consumption and Heat Losses

Table - 5,1

in Khoa Processing,

Sr.

No, Particulars

Steam pressure (kg/cm?)

0.5

0.75

1.00

1.

W
.

4,
5.
6.
7.

Heat supplied by steam (Kezl)
Xg steam / kg milk

Kg steam / kg khoa

Kg steam/kg water evaporated
Kecal / kg milk

Keal/ kg khoa

Keal/ kg water evaporated

Heat utilised for processing
(Keal)

Heat loss by convection and
radiation (Xeal)

Heat loss from product surface
(%Xcal)

Heat loss with condensate (Keal)
Total heat loss (Keal)

3891,.762 42335,081

1.206
5.583
1.567
778.352
2603.,483
1011.877

2364,673
167.869

189.9026

1179.317
1537.088

1.312
5.125
1.741
847.616
3311.000
1125.129

319,829
153.404

475,0097

1289,.837
1915.250

4349,147

1.344

5.694

1.784

869.879

5685.717 % of steam heat

1154.747 Steam pressure (xp/om?)

0.5 0.75 1.00

2308.892 60,504 54,737 53,088
112,379 4,313 3,619 2,583

602,262 4,879 11.208 13.847

1325.613 30,302 30,424 30.479
2040.254 39,494 45,262 46,611

¢s
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fram product surfacs 4,879% to 13,8477 and with condensate 30.302% to

30. o
479%. A1l these values regarding steam conswmption and heit losses

at different steam pressures have been shom in Tabls S.1.

The total mount of steam consumed for processing 5 kz milk
o khoa variss from 6.03 tc 4.72 kg and 5.86 to 6.59 kg with insulasted
Steam pipe, when the steam pressure varies £ram 0.5 to 1.0 kg/an®. It
has been cbserved that with insulated steam pipe 2.819 to 1.93L% less

steam is required over wninsulated pire, The steam comsumrtion increases

with the inerease in pressure, This has been represented in Fizure 5.1.

The pereentage steam saving with insulated nipe has been shown in Ficure
5.2, The variovs rercentage heat losses inceease with the increase in
steam pressure, excert heat loss fue to convection and raiiation., However,
the percentage heat utilisation decreases with the increase in steam

pressure, The percentage heat utiligation varies fram 40.504% to 53.080%,

A1l these results have been plotted in Figure 5.3,

Selele Condensate Recovery and ieutiligation

The condensate have been collected and heated in the vaporiger
for generating steam at desired pressures, The heat losses with the
condensate have been reduced from US.685% to L7.778% of the total heat
available in the condensate, Percentage energy saving by reutilising
condensate for gemerating steam varies fram 17.647% to 19.737% Al these
results have been plotted in Figure %4, The pereentage steam saving
with vaporiser varies from 22,222% to 33.333%, T™he pumping emergy require-
ment varies from 0,76145 to 0.7932 Keal/kg condensate and the electrical
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Table = 5,2

Sk

snergy Conservation with Condensite :eutilizaticn rith
Vaporizer and with Insulated Steam Pipe in Fhoa Processing,

orelo, Farticulars

Steam pressure (kg/cm?)

0,50 0.75 1.00
1. Steam temparature (°C) 119.50 / 371,35 4 125,00
2. Steam/Condensate for processing(ke) 6,03 6456 AeT2
(5.86) (6.39) (4.59)
3. @ saving in total steam comsump-  2.019 2,591 1.93L
tion with insulated steam pipe
4e Steam from boiler (kg) L69 .92 s ls8
S« Steam from vaporizer (kg) 1434 1.6 2,24
6o % steam saving 22,222 25,000 33,333
T. Tewp, of steam g condemsate just  116.5 & 118.9% & 120,15 &
caming cut cof kettle (°C) 9640 96.75 97.30
(127.75 & (119.R9 &  (120.95 &
8. Heat energy with steam and 11794317 1289.837 1325.413
condensate (Kcal) (1149.8L5) (1260.564) (1303.965)
9. Condensate temp, in storage 89.35 91,75 9h.25
tank (°C) (90.5%) (92.83) (9%.50)
10, Meat with condensate (Keal) 538,780 601,880 633,36
(530.713)  (593,183)  (629.3L5)
11, 7 saving of heat loss with 45,685 164663 L7.778
condensate rautilization (%5.155) (h7.056) (18.243)
12, Pumping energy requirement 0.741L 0.7932 0.7753
(Kead/kg) (0.7120)  (0.7432)  (0.7573)
13, Blectrical emergy requirement in 506,120 502,561 495,043
* vaportser (Keal/kg) (503.690)  (h99.186)  (493.1é7)
1), Total energy requiremant for steam 506,882 503.355 495,819
gemeration in vaporiser (Keal/kg)  (S04,L02)  (500,521)  (L9L.225)
15, Energy required in boiler for 615.5 A16,049 Q7,703
stoam generation (Keal/ks)
Ener with vaporizer 17647 18,293 192,737
Wy - aving, (Buaniy) (18.050)  (18.753)  (19.9%%)

# Values insides the parentheses are of insulated steam pipes,
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Enerpgy Consumption arnd Hezt ]losses i1 Chee Frocessing,

Sr.%o. Particulars Steam pressure (ke/em)
1.00 ___ 1.50 :ﬁ:ég___
. Heat supplied by steam (Xcal) 94£3,151 9655.820  97738.157
- 2, Kg steam / kg eream 2,912 2,948 3,062
3. Kg steam/ kg ghee 6.385 6.541 6.981
4, Kg steam/kg wzter evaporzted 5.536 5.859 5.896
5. Kecal/ kg cream 1885.230 1911.160 1947.230
6. Keal/ kg ghee 41°2,961 <4£38l.590 4528.440
7. Xeal/kg water evaporated 3569,.780 3778.715 I792,220
8. Heat utilised for pr?32:i§nﬁ 1717.847 1668.436 1689.769
9, Heat loss by convection and 51,922 182.778 227.760
radiation (Ycal)
10, Heat loss from product .earfzce 4311,990 4574.474  4718.274
(Keal)
11, Heat loss with condensate(Kenl) £871.392 2927,1318 3002,750
12, Total heat loss (Keal) 7705,304 7885.382 8045.784

£ of steam heat

Steam preesure (ke/eme)
1.00 1.50 2.00
18.220 17.459 17.352
5.5638 4,016 2,657
45,759 47.871 48,451
30,471 30.631 30.834
81.769 82.519 82.652

95
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3.3657%, fram product surface 45,7593 to LB,14517%, and with condensate

30,4715 to 30,8343, 411 thess values regarding stean consulmption and

heat losses at different prescures have been showm in Table 5,3,

The total amount of steam consumed for processing 5 kg cream
into ghee varies from 14.56 kg to 15,01 kg and 14,05 to 1h.65 kg with

insulated steam pipe, when the pressure varies fram 1.00 tc 2,00 kr'/cm2.

It has been observed that 3.50277 to 2,3984% less steam is required with
insulated steam pipe over uninsulated steam pipe, The steam consumption
increases with the increase in prassure. This has been represented in

Figure 5,1, The percentage steam saving with insulated pipe has been

shown in Figure 5.2, The various percentage heat losses increase with the
increase in steam pressure, except heat loss due to cornvection and radiation.
Hdowever, the percentage heat utilization decrsases with the inereass in
pressure, The percentage heat utilization varies from 18.230% to 17.352%.

A1l these results have been plotted in Figure 5.5.

542424 Condensate lecovery and lieutiligation

The condensate have been collected and heated in the vaporigzer
for generating stean at desired pressures, The heat lcsses with condensate
have been reduced from 47.791% to 49.462% of the total heat available in
the condensate, lercentage energy saving by re-utilizing condensata for
genarating steam varies from 17,2002% to 18,003%, A1l these resuits have
been plotted in Pigure 5.6, The percentage steam saving varies fram
30.896% to 37.475%, The pumping emergy requirement varies from 0,773 to
0,779 Keal/kg condensate and the electrical energy requirement in vaporiser
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Table = S.li

Lnergy Conservation with Condensate Rautilizaticn writh Vaporizer
and with Insulated stean Pipe in Chee llaking,

Sr.No.  Particwlars Steam pressure (lkg/em?)

1.% 1‘50 2.m
1. Steam temperaturs (°¢) 125,00 128.50 130.05
2. Steam/eondensate for processing(kg) 14.56 17k 15.01
(1L.05) (11435) (1h.65)
3. ¢

saving in total steam conswmption
with insulated steam pipe

3.502 2,805 2.398
ke Steam from boiler (kg) 10,08 9.38 9.385
Se Steam from vaporiger (kg) 18 5.36 5.625
6e % steam saving 30.896 36,3636 37.4750
Te Temp, of steam & condensate just 120,15 & 122,50 & 126,75 &
caming out of kettle (©C) 97.30 98.50 99.25
(120495 ¢ (120,02 & (12765 &
97.95) 99.35) 99.97)
8, Heat energy with stean and 20714392  2927.131  3002,750
condensate (Kcal) (2780.077) (2862.627) (2910.565)
9+ Condensate temp. in storage tank 9’,1.25- 97.30 98,95
(°c) (95450) (98.25) (99.65)
10, Heat with condensate (Keal) in 1372,28 1434.202 1485,2395
storage tank (1313.77%)  (1409.087) (1h59.872)
11, 7 saving of heat loss with LW7.791 18,996 49 k2
condensate reutiligation (48.283) (19.251) (49.6:5)
12 inr cnergy requirement (Keal/ 0.7002 0.773% 0.77%
i~ i (0.7528)  (0.7530)  (0.7407)
599
Electrical energy requirement in 510,25k 507.554 S0R, 59¢
- vaporiger (K g) (507,993)  (505.238)  (503.73L)

nt for steam 511,035 508.328 £07.379
Mo ;og‘a:?oz.\gmmvgpﬁﬁr (Keal/kg)  (508.748)  (505.991)  (504,L95)

15, Bnerry required in boiler for £17.194 A1R,292 A18,.778
stean generation (Keal/kg) ‘
16, # Bnergy saving with vaporiser 17.2002 17.78% 18,003

(17.571) (18,163) (18, 169)

# Valuos insides the parentheses are of insulated stoam pipes.
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varies fram 506,599 to 510,25 Keal/kg. By using asbestos rope insulation
on the stean pipe, the percentage energy savine with vaporiser varies fram
17.571% to 18,4695, Hence, 0,370% to 0,139% mere snargy can be saved in

vaporiger, provided the stean pipe is insulated, The emergy input for
punping the condensate to vaporiser, heating the condensate for steanm

generatdon and the comparative values for generating steam by feed water

have been shown In Table 5.4, It is observed that there is definite

increase in percentage energy saving and energy inputs in rewtilising

the condenmsats by providing proper insulation on the steam pire.

5¢3e ENIRGY CONSUMPTION AND HiAT LOSSSS IN PANSER PROCISSING

The trials of pameer making have been taken ith § kg milk
per batch, e steam pressure dwring the exreriments has been 0,5 ka/om®.
The observed values of condensate collected have been used to caleulate
the energy consumption, steanm requirement and heat losses by convection
and radiation, heat loss from product surface and with condensate, The
average amount of steam conswmed for processing milk into paneer is 0,13
kg/kg milk and 0,788 kg/kg paneer, The average heat supplied is 84,483
Keal/kg milk and 500,727 Keal/kg panser, The average amount of total heat
loss is L5.221%, The losses dus to comvection and radiaticn is 2,7517%,
from product surface is 12,164% and with condsnsate is 30,302%, A1
these values regarding steam consumptien and heat losses during pancer
processing have bsen shown in Table 5.5,

Selie QROSS ANSROY CONSUMPTION

The average value of gross thermal energy input for khoa is
1021.23, yoq1/kg milk considering inputs in nilk productian and proeossing.



Table : 5.5 : Bnergy Consumption and Heat Losses in Paneer Processing

Sr.No. Particulars gfggmkg;gzgure

, Heat supplied by steam (Kcal) 402,418

2. Kg  gteam / kg milk 0.134

e Kg steam / kg paneer 0.788

4, Keal / kg milk 86,483

5. Keal / kg paneer 508.727 £ of steam heat

6. Heat utilized for processing (Keal) 279.191 64,565

7. Heat loss by convection and 11.899 2,751
radiation (Kcal)

8. Heat loss from product surface (Kcal) 52.612 12,166

9. Heat loss with condensate (Kecal) 131.035 30.302

10. Total heat loss (Keal) 195,546 45,221
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A1

Similar average value of gross thermal emergy input for chee

and paneer are 500,/001 Kcal/kz milk and 275,787 Yeallke milk, respectively.

All thess results have been shown in Figure 5.7.

5.5. TEMPIRATURE DISTRIBUTION CURVSS TOR KHOA, CHSE
AND PANESR
555.1- KhOa.

The time temperature distribution curves at different layers
of product during khoa processing have been shown in Figure 5.8, As the
quantity of milk taken during trials have been only £ kg per batch, therefore
the layers at which temperatures have been measured wers very close. The
variation in temperature betwsen the top and bottom layer is between C,27
to 0,67°C, The small difference at different layers indicates proper

heating and agitation of the product during khoa msking,

50502. iﬂ'lﬂ_‘

The time temperature distribution curves at different layers
of product during chee processing have showm in Figure 5.9, As the quan-
tity of cream taken during trials have been only S kg per batch, therefore
the layers at vhich temperctures have been measured were very close, The
variation in temperature between the top and bottom layer is between 0.06
$o 1.50°C, The small differvnce at different layers indicates proper

heating and agitation of the product during ghee making,
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5-5.3. Pmer

The time temperature distribution curves at 1ifferent layers
of protuct during pameer processing have shown in Tigure 5.,10. As the
quantity of milk taken dwring trials have been omly S kg per batch,
therefors the layers at which temperatures have been measured were very

closa, The variation in temparature between the top and bettom layer is

between 0,15 to 0,55°C. The small difference at different layers,

indicates proper heating and agitation of the product during paneer making.

Sebe HEAT TRAMSF:R CHARACISRISTICS DUAING KHOA PRUCLESING

The time tewperature data collected during processing of
milk inte khoa have been analysed to determine the film-coefficients of
heat transfer of different stages during conversion of milk into khoa,
The time taken for processing milk to khoa varies between 30 minutes to
45 minutes vhem the steam presme is varied from 1 to 0.5 kg/em’, The
conecentration of milk is varying with time dwring khoa processing.
Therefore, for determination of heat transfer coefficisnts, the thermal
propertiss have to be taken for each stage separately. The viscosity,
specific heat, thermal conductivity ani coefficient of thermal expansion
values have baen taken from available literature for calculations. The
average value of film coefficient for convection heat transfor during
processing have been found to be 181,07475, 51.5598, 90,0406, 132,08051
and 16,9092 Keal/m?-hr-°C at an interval of five minutes,respectively.
The average value of Nusselt mumber have been determined for all these

intervals and have been found to be 130,0272, 37.2902, 64,1770, 93,5301,
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O
120,027, reapact ively, The variation of Musselt mmber with (3r,r.)

have been shown in Migure 11, The Nusselt tyre equation in the form of

M= € (dxr Pr,)R

.-ol.ns-q-.-b(Lul\
have been develeped for different stagee in khoa processing, are as balow:

Time interval Developed equations

0to S minutes - Nu = 21,0025 (Gr.pr,)0053

o-----n.-.o("o:\

5 to 10 minutes - M = 1,086 (ar,ir,)20 36

‘ODQIQOUOOQ(ﬁti)

10 to 15 mimutes = Mu = 1,0512 (or.rr.)2'2

Seserannees (;t"l)

15 to 20 nimutes - N = 1,0035 (‘n-.n-,)o'o995

o.onoo-o;.o(r:nt;)

20 to 25 minutes - Nu = 1,015) ((}r.rr.)?og‘

ououoo.o-o.(,‘.{‘)

SeTs HEAT TRANSFER CHARACTERISTICS DURING GHER PROCES: INO

The time temperature data collected during processing of eream
into ghee have been analysed to determine the film coeffieients of haat
transfer at different stages during comversion of cream into ghee., The
time taken for comversion of cream into ghee varies betieen A0 minutes to
130 mimites when the steam pressure varied fram 2,00 to 1,00 kg/am’, e
concentr:tion of cream is varying with time during ghee making. Therofore,
for determination of heat transfer coefficients, the thermal properties
have to be takem for each stage, separately, The viscosity, specifie
heat, thermal conductivity and coefficient of thermal expansion values
have been takem from available literaturs for ealeulatioms, ™e average
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value of film coefficisnt for convection heat transfer during ghee making

have been found to be 73,042, 19.755, 67.39L and 72,770l Keal/me-hr-°C

at an interval of ten mimutes, respectively, The average value of Nussslt

nunber have besn determined for all these intervals and have been found to
be 91,7906, 31.43k, 114,599 and 125,115, respectively. The variation of

Nusselt mumber with (Gr.Pr.) have been shovm in Figure 5.12. The lusselt
type equation in the form of >

Nﬂ=c (Q'.Pr.)m Qo.--t-c'ovo(SO")

have been developed for different stages during conversion of cream to

ghee are given below:

Time interval Developed equations
0 to 10 mimtes M = 1.00005 (ar.re,)0" 700 .......(5.8)
10 to 20 mimutes o = 122719( Gr.Pr )0 795 .......l(5.9)
20 to 30 mimutes u = 1,53720 (ar.Pr.)0 30 . cee(5220)
10 to 40 mimutes M = 1,25027 (or.pry)0 W80T ... (5.22)
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6, SUMMARY AND CUNCLUSIONS

6.1, SUMMARY

6.1.1, The cost and demand of varicus sneray scurees such as oil,

ceal, hydel/thermal eleetrical powsr are increisine, Thus the industry
has to became emergzy consciocus and adopt energy conservaticn techniques
to provide some relief on the emergy requirsment, The dairy industry,
which consumed a lot of thermal anergy for heating and cocling the
product during procesging, has to think very sericusly on anergy require-
ments for manufacture of different products and adopt suitable measures
to conserve the same to the maxirmm possible extemt, The equipments
required for ecntimous processing of indigenous milk products have teo
be designed to make processing more efficient, hygienic and economical,
To optimise the dimensions of the heat exchangers to be used, for such
equipments, the information on erergy requirements, varicus losses and
heat and flow characteristics of these products have te be collected,

6,1.2, There is a very limited informaticn available on emergy
consumption, heat losses and heat recovury fram ecndensate in processing

of indigencus milk products, such as khoa, ghee and paneer, lirigendra



&

fwiar and Verma (1993) observed that the steam requirement “or khoa and
ghee making were 1.18 kg/kg uilk and 0.635 kg/kg butter. Tandyn (1979)
menticned that steam required in ghee proeessing was 0.35 ko/kg butter
and 0,42 kg/kg phee., Rao et al, (19769 studied varicus heat losses from
cocker's surface by convection and radiation and losses with the conden-
sate which were observed to be 2.0 to 2,87 and 13.4A2 to 21,617, respoc-

tively. Rao and Goel (1977) suggested that racyelinec of the condensate

to the boiler can reduce dirsct emergy by 127, Rippen (1974) rerorted

that 137 energy can be saved by low pressure steam in dairy processing.

64143, The present study was undertaken to estimate enercy require-

mant, estimation of heat losses by convection and radiaticon, losses from
product surface, loss with the condsnsate, reccvery of heat from the
condensate for emergy conservation and te study the heat transfer

characteristics during processing of khoa, shee and paneer,

6alohe The methodology adopted for emergy cemservaticn was direct

reutiligation of condensate by heating the same in a vaporiger, The
heat transfer characteristies studiied have been used in fermulating
empirical relation similar to thcse developed by Nusselt (1914) and
Yang (1973) for other products.

6els5e The folloving results were obtained during the stwdy.

61.5:.  The average stean consumtion has been found to be 1,275 ke/
kg milk, 2.987 kg/kg oream and 0,13 kg/kg milk for khoa, ghee and pameer,

respectively.
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651.5.2, The average amount of total heat losses during prcess.ing

have been found tc be 43,0525, 82,2105 and 45,221 of total heat supplied

during khoa, ghee and pancer processing, respectively,

641,5.3, It has been observed that by direct reutiiizaticn of conden-

sate, through a vaporizer, saved an average of 25,257 and 3.,1857 of

total steam requirement during proeessing of khea and ~hoe, respectively.

6elsSolss It has also been observed that by reutilising condensate an

average of 18,4927 and 17,4017 enerzy can be saved for steam zemeration

for khoa and ghse, respectively, in comparisen to the ensrgy used in
boiler,

641.5.5, Dy insulating the steam pipe with asbestos rope ths saving

in steam requirsments and energy requirerent in vaporiger for steam
generation from cundensate have been found to be 2,376 and 0,369T less
for khoa and 2,9505 and O,40L% 1sss for ghes, over uninsulated steam

pipe, respactively.

6.1.5,6. Tt has been observed from the temperature distribution
cwrves that the variation of temparature of the proiucts and differemt

layers during procsssing is not signifieamt,

6¢1.5.7.  The heat transfer coefficiemts of milk and eream during
conversion of khoa and ghee, respectively, have been found and Yusselt

tyre equations have been developed for each stage of processing,



642, CONCILUS 10N

The following conclusions have bsen dArawm frem ths present
investigation: -

1) It is recammended that low pressure steam should be

used to minimige the steam requirement and heat lcsses,

2) It has been established that the vaporizer can be
effectively used for reutiliigzation of eondensate.

The energy saving increases by converting ccndensate

to steam in vaporiger,

3) The empirical relations developed can be used for
designing the heat exchangers for processing of khoa
and ghee,

i



CHAFTER 7

SUGGESTIONS FOR FUTURE WORK




T+ SUGGESTIONS FOR FUTURE ORK

1, The flow and heat transfer characteristies of indizenous

milk products should be stuiied extensively,

2, Study should be earried ocut to collect data on en2rgy require-

ment and losses during mamfacture of indigenous milk products with varia-

tion in operation parameters such as quantity of products, sige of vat and
vat with and withcout insulation,

3. Studies on various techniques for condensate reutilizaticn

should be carried out,

L. The stulies on energy conservaticn in service equipments,
such as refrigeration plant and beiler should be carried cut,

Ce Studiss should be carried cut on changes in process techniques

nacessary for energy conservation,
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APFENDIX - A

ENERGY CONSUMPTION AND HSAT 10SS8S IN KHOA MAKING

Type of milk = Buffado miik

Hilk

Fat 2 = 6.6

Yoisture § = 83.324

Initial temperature (ti) =
Final temperature (t,) =
Surfaes temperature of vat(t) =

Time of operation =

Vater evaporated (m,)

Temperature of stean (ts)

Steanm pressure

Temperature of steam
leaving vat =

Temperature of condensate
loaving vat

5.0 kg

Khoa = 1.080 kg

Hoisture % = 29.62h8

30.12°C
80,98°C
109.85°C
45 minutes
3.8h427 kg
119,50%
0.56 kg/cn?

115,50°C

96°¢C

The analysis of emergy was carried ocut by heat md mass balance.

Heat of stean (032 4 Heat
of initial product (Q)) .

Heat utiliged in processing (Q,)
4 Heat losses due to convact‘ian
& radiation (Q,y) + Teat losses
fron product surface (Qpg) +
Heat losses with steam and
condensate leaving the vat

(w lv-.o.-tc-‘uoo.c-(bl)



-ii -

(1) Heat emergy entering with steam:

Anoung, of steam

Heat ensrgy (G)

6.03 x 1 x (119.504525.9) Kcal.

- 3891.762 Kcal
(2) Initial Heat of Product:

Qp = M.S,A%t.

L}

S x 0,7 x(30.12-0)
= 140,058 Keal,

(3) Heat utilized in Processing:

O = mese (A%)+m 5 (at) +mg by

= 5 x 0,74 x(108,13-0) + 3,258 x 0.591 x(115.9 - 108,13)
+ 3,84 627 x 540 Keal,

= 294,731 Kcal.

(4) Heat Losses due to Convection and Radiation:

1) Heat losses dus to convection:

0 = Moly (ty - tg) x 5 Kead

= 158 x 0,29029 x(109,85 - 35) x g‘*‘ixm
0

= 76,63638 Keal

11) Heat losses due to radiation:

gou e galmghe o 2 Ere
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= 19 x 2070 ,% 0,7 x 0,29029 (209,85 4 273)% -

(3 4214 x U5 Kead
60

= 91,23272 Keal,

Total heat losses due to convection and radiation (Qe + T)
= Q4+ Q
= (76.63638 4 91.23272) Keal

Heat losses with steam and condensate leaving the vat

(Qm) = Heat with condensate (&5% of total steam consump-
tion) at 96°C and heat with steam (357 of total
steam eonswmption) at 114,5°C.

= 117903173 Keal,

(Dryness fraction of steam leaving vat, x = 0.5)
Substituting all these values in equation (A.1)
s 3B91.762 + 110,058
= 2L9L,T31 + 167.869 + %‘ + 11794317,

Qg = 1899026 Keal

* Heat loss from product swface = 189,9026 Keal
. r

Now, actual amount of heat utiliged for processing
= 2191607’1 - lhO.GB
= 235L.673

gimilar ealculations were carrisd out for determining emergy
conswiption and heat losses for ghee and paneer precassing.



AFFENDIX - B

HEAT TRANSFSR COBFFICISNT uF NIIK DURING KHOA MAKING

Tyre of milk = Buffale nilk
Amount of milk = S kg
Initial
tamperature (ty) = 30,12°C
Final
temperature(t,) = 80,98°C
Time interval = 0 to © minutes
Stean tamp,(tg) = 110,50°C,
Swrface temperature
of vat (t,) = 85,75°C,
Heat gained by
milk = MeSed te
= % x 0.7h x (80,98 - 30,12)
= 188,182 Keal.
Bate Of helt = m
transfer Keal/hr. e o
= 2258,184 Keal/hr
Q = u..\z.dtn .-o--ooo(nol)
Hore, A, = 0.26L0 12_
A& = L.N.TID' = &-hh‘z
v & Q 22584184
Azo ‘\ 0.26’10 x62.hh92
- 136,9709 Keal/n?-hr-°C
: & of eue(0y2)
" 4 = RIS S senen
v hy By K
Caleulations for stean side filn coefficiont (hy):

Steam pressurd

0450 kt/enm?



Steam temperature - 119,50°%

The properties of steam at mean temperature of Va * Y,
2
119,50 + 85,75 °C
2

= 102.625°C,

?fl = 958.82 ka/m

vy = 0,6781 kg/m’
Ky = 585,518 x 1072 Kcal/m -hr-°C
‘5 = 0.2867 x 1070 n?/sec.
hee = 537.027 Keal/kg

.

ooh=°o803 [

0.2
e(le - 2. hfg.D3J 5

Ko P (4,- £ ) csssenene(Bi3)
where,
g "~ 9081 E/ucz
D = O-lll m

0.
hge 9., 81x(3600)%x(958.82-0, 6781)x537. 027x(0. 11 )3
ce M= = 0,803
o 585545530730, 2867:.0~6x3600x(119,5-85,75)

0.
; 985, 515x107350,803  9,81x(3600) (958, 82-0, 6781)x537,027x(0. 1)

. 0.1 585 4545 x10-3x0,2867x10~0x3400x(119. 5-85.75)

= 118,395 Keal/n®/hr/°C.

Substituting these values in equation (B.2)
Wae BTl W

S



= 1 -

i =)
W9 g

= 5,5878 x 1073 nz.hr.°c/|(c‘1

«ehy = 178,9591 Keal/w’-hr- C
The physical properties of milk st mean temperature of

80,985 + 30,12

2 = 55,552%
¢ = 1582070 per O
S = 0.74 Keal/kg,°C
e = 1009 kg/w
R = 0,9922073 kg.n/see
x2 = 0,537 Keal/m-hr-°C
D = characteristic diamster of vat = Q,l1 m,
4 = 9.61 ./”‘2.
4y = 4, = (85.75 - 55,552) = 30,198°C
3
® i -ap ,—.-'-.- Rz 0.99:10' = 1@ x 001"
& ]2 00537
= 6.,1722
!-l- 2.(3)30 at
.. = —————

»?
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w 1802520709 ,81 (1019)2x(0, 1) }x30,108
(0,99 x 10-3)?

9,976 x 107

v s OroPr. (9.976x107) x 641722

6,1577 x 1080

. E WD = 178,9591x0,h1 = 136.63%
K .
2

0,537

M =  O(Gr,Pr,)"

136,63 =  0(6.157 x 1000)®

5imilarly, calculations were done for other time intervals

and for other trials of khoa processing and graphs are plotted from vhich
the values of ¢ and m are deternined as given balow:

M = O(0r.Pr,)™

Log, Mu = logg C 4 m. Log, (GrPr.)

Similar, caloulations vere deme for ghee procassing.



