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ABSTRACT : The performance of platetype (HTST) milk pasteurizer was analyzed in acommercial dairy plant having installed
capacity of 1.0 lakh lit./day. The purpose of the analysis was to determine the regeneration efficiency and utility usage includes
steam, chilled water and electrical energy, inthe milk pasteurization processing line. In thisdairy plant, the experiment was carried
out and resultsin 89.34 per cent regeneration efficiency achieved. Theoretical and actual steam consumption was determined at
rate of 155.72 kg/hr and 156.48 kg/hr, respectively. Chilled water utilization wasfound to be 25.11 m?® /hr i.e. 2.36 timesthan milk flow

rate. Power consumption for milk pasteurization was found to be 16.09 kwWh per hour.
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I NTRODUCTION
One of the most important requirements of modern
dairy industry isto be able to control the temperature of
products at every stage in the process. Heating and

processing operations. Pasteurization of milk is one of

and is performed by heating of every particle of milk to

at least 61°C and holding it at that temperature for 30 :

minutes, or heating themilk to 72°C and holdingiit at 72° -
. passages for the product and for the heating or cooling

- medium, and terminals which form the head or end of
. theplate stack and providefor piping connections(Sahay,
- and Singh, 2001).

C for 15 seconds and subsequent immediately cooled at
temperature lower than 5° C. The primary purpose of
heat treatment is to kill all micro organisms capable of
causing disease (Ahmad, 1985).
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There are two genera type of pasteurizer, one is

- the batch type and another is continuous type or HTST.
. Plate heat exchangers (PHE) are one of the most widely
- used heat exchanger for a variety of purposes in dairy
cooli ng arethereforeva‘y common Opera[ionsin thedai ry industry include pasteurization (fOI’ mil k, cheese-mil k, ice
. cream), raw milk cooling, and heating and cooling for
most common heat treatment process in dairy industry : Dy-product (yogurt, cream). They are highly efficient,
. compact, low in cost, versatile, sanitary and easily

cleaned. It is made up of aframe or press, a number of
gasketed plates which are arranged to form flow

The performance of HTST pasteurizer i.e.

- regeneration efficiency, heating and cooling medium
- requirement, directly affectsthe overall performance of
D.A. Chaudhary, Department of Dairy Engineering, SMC College of Dairy pI aIetype heat exchanger andit reducewith time. dueto
- heat transfer fouling and poor operation and maintenance.
. Some methods are used to improve the efficiency of PHE

- by removal of theadditional heat resistance of thefouling
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layer and reduction of pressuredrop in the process plant.

Thiscan be accomplished by incorporation of necessary
compact design and their excellent heat transfer -
- at 4°Cfor final packaging. Generally 1°C chilled water
. or brineiscirculated in the cooling section. Selection of
- holding tube is mainly depends on the capacity of
- pasteurizer and holding time.

coefficient characteristics required for pasteurization
purposes. The current study puts forward a performance
evaluation of Platetype (HTST) Milk pasteurizer.

Process description :

In HTST Milk pasteurizer, the milk is pasteurized -
. Theprimemover electric motorsare employed for proper
- operation of the agitator by converting electrical energy
- into mechanical energy.

through plate heat exchangers which usually comprise
four stages, i) pre heating or regeneration i) heating, iii)
holding andiv) cooling.

Regeneration section:

The milk at 5° C is fed into regeneration unit by a
centrifugal pump. The cold milk is heated in the -
- flow rate, ii) Physical properties of the milk, iii)
. Temperature program, iv) Permitted pressure drops, V)
- Cleanability requirementsand vi) Required running times.
pre-cooled to 18°C by incoming cold milk at 5°C. This :
saves heating and refrigeration energy. The processtakes :
placein aheat exchanger and iscalled regenerative heat -
. pasteurizer is defined as ratio of the amount of heat

regeneration section by outgoing pasteurized milk. Inthis
section, the coldincoming milk isheated to 55°C from 5°
C by outgoing pasteurized milk, which issimultaneously

exchange or, more commonly, heat recovery. As much

as 90 — 92 per cent of the heat content of the pasteurized
- regeneration. Regeneration efficiency was cal cul ated by
. (Gosta, 1995) using thefollowing formula:

milk can be recycled.

Heating section:

From regeneration unit, the warm milk is pumped
by using booster pump, to plate heater where milk is
heated at pasteurization temperature of 72°C by ahesting -
medium. Hot water, vacuum steam or saturated steam
at 100° C can be used as heating media. In HTST -
pasteurizer, hot steam, however is not used because of :
high differential temperature. The most commonly used :
heating media are therefore hot water or vacuum steam, -

although practically no vacuum system are delivered calculated both theoretically and practically asfollows.

© Theoretical calculation:

today.

Hot water system:

product to the pasteurization temperature.

Holding tube:

From heating section, the milk is then passed to :
holding tube where there is no any heat exchange take -

place.

- Cooling section:

From regenerative cooling, the pasteurized milk is
then pumped directly into cooling section whereitiscooled

Theedectricd energy ismainly utilized by centrifugal
pump for transferring the milk from one place to another.

- Design aspect of HTST pasteurizer :

The necessary size and configuration of a HTST
pasteurizer depend on many factorsincludes i) Product

M ATERIAL AND M ETHODS
The Regeneration efficiency (RE) of a HTST

supplied by regeneration to total heat |oad assuming no

RE_ WXC(0-0)

= 00
W X C (05-6,)

where W-Mass flow rate of milk in m*/ hour
C-Specific heat of milk in Kcal / kg°C

0, - Inlet temperature in °C

0, - Temperature leaving regeneration sectionin °C
0, - Pasteurization temperature in °C

Steam consumption during pasteurization is

Steam requirement is calculated from heating load

© of milk and isratio of heat duty and enthalpy of steam

Steam is delivered from boiler at pressure of 6- 7 - corresponding to its pressure.

bar. This steam is used to heat water which heats the :

Heat duty (Q) of milk is the product of mass flow

rate, specific heat and temperature difference.

Quik = Weane X T X C (0,-0,)

where Q ., - Heat duty of milk in Kcal / hour

W ... - Mass flow rate of milk in m¥ hour

P, -Density of milk inkg/m?

C,. - Specific heat of milk in Kcal / kg °C (For
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milk is C,3.89 kJ/kg °C).

0,-Temperature |eaving regeneration section in °C

0, -Pasteurization temperature in °C

Steam requirement is cal culated by using following
equation as given below.
_ Qmin_

)\S

where W__ -Mass flow rate of steam required in
kg/hour.

Q. - Heat duty of milk in Kcal / hour

A -Enthalpy of steam corresponding to its pressure

Wsteam

- Then steam consumption per hour was cal cul ated.

— Daily steam consumption was calculated by
multi plying average steam consumption with processing

- time.

— Daily milk processed was noted by the flow
meter and al so checked by scale providedinsidethesilos.
Cooling media requirement is calculated by using

- energy balance. Chilled water requirement is therefore
- calculated by using following equation.

Enthalpy of steam was taken from steam tables

corresponding to the steam pressure.

Practical calculation :
— Condensatewas collected at regular intervalsin
insul ated contai ner whose volume was pre-determined.
— Timerequiredto fill up the container was noted.

Whiik X Pmitk X Crmiik (604 -65)

Wew
Pcw X C:CW (ecwr 'et,ws)

where W_ —mass flow rate of chilled water in m%
hour

P, - Density of water in kg/ m?

C.,~Specific heat of water in Kcal / kg °C

0, - Pasteurized milk temperature leaving

4
regeneration sectionin °C

Table1: Performance study of milk pasteurization

S Timt_e M iI_k flow rate Milk temperaturein (°C) Utility parameter
No. Hr:Min inLPH 0, 0, 05 04 05 Steam pressure Ocond (°C) Oaws Oonr
(kg/em?) Abs
1. 00.00 10592 2.20 69.0 78.0 135 3.30 221 71.0 20 6.30
2. 01:00 10800 2.80 70.0 78.0 145 3.50 231 73.0 19 6.25
3. 02:00 10560 3.20 70.0 78.0 14.0 3.20 221 71.0 19 6.25
4. 03:00 10500 3.30 70.5 78.0 138 3.30 2.25 725 20 6.30
5. 04:00 10700 3.20 70.5 78.0 14.0 3.40 2.30 72.0 20 6.20
Avg. 10630 2.94 70.0 78.0 139 3.34 2.25 719 1.96 6.25
Table?2: Electrical energy consumption in milk pasteurization section
Running Rated data Actual eectrical energy consumption/day
Equipments time/day Power Motor Voltage Current Cos ¢ Power Motor kWh
(h:min) (kW) Eff. (%) (V) (A) (kW) Load (%) Energy
Milk PHE pump 10:20 22 85.0 4110 3.89 0.92 2.54 98.01 26.23
Booster pump 10: 20 35 85.0 412.0 6.15 0.92 4.03 98.00 41.63
Chilled water pump 10: 20 5.5 85.7 4135 9.27 0.86 5.68 88.61 58.67
Hot water circulation pump 10: 20 35 87.0 412.0 7.87 0.66 3.84 95.43 39.66
Total 147 16.09 166.19

Table 3 : Specific steam and electrical energy consumption per 100 kg milk processed

Processing Milk Steam consumption (kg) Electrical energy consumption Specific utility consumption per 100
Sr. No. Time processed (kWh) kg milk
Hr:Min inkg Hourly Tota Hourly Tota Steam (kg) Power (kWh)
1. 10:00 105920 150.27 1502 16.10 161.00 141 0.150
2. 10:10 109720 153.33 1557 16.05 163.06 142 0.146
3. 10:30 110880 160.00 1623 16.13 169.36 1.46 0.152
4. 10:50 114030 166.59 1809 15.98 17354 158 0.152
5. 10:10 108712 152.23 1546 16.20 164.59 142 0.151
Avg. 10:20 109852 156.48 1616 16.09 166.20 147 0.151
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0,- Final cooling temperaturein °C
0., chilled water supply temperature in °C
0,,, - chilled water return temperature in °C

following procedure.

current (A), efficiency (%) and power factor.

during processing were observed.

— Current, voltage and power factor of electric -
equipment were measured using power analyzer or digital -

clamp meter.

— Power consumption was calculated using the -

formula
3 phase AC wire equipment : P= V3 VI cos ¢
Single phase AC wire equipment : P=VI cos ¢

where P, V, | and cos ¢ are actual power :

consumption, voltage, current and power factor, - Theoretical steam requirement is:

respectively.

formula given by Bureau of energy efficiency.

P, - Nameplaterflull rated kW 100
fl
Where, p, = Input power at full-rated load (kW)

n,= Efficiency at full-rated load (%)

L oad (%):g—ixloo

ir

used for measuring different parameters.

— Pressure gauge was used for measurement of
steam pressure which provides the hot water for the -
purpose of milk heating up to pasteurization temperature. :

- RTD istemperature sensing element and wasused -

for measurement of temperature includes 0., 6,, 0., 6, - of milk processesis determined by practical method and

0, and 6_ . These all temperature are observed data is illustrated in Table 3.Average steam

- consumption per hour is obtained as 156.48 kg / hr.

e5’ 9cws’ cwr
mentioned in above equations.

— Energy analyzer was utilized for measurement of :

mainly four electrical parameter i.e. Voltage, current, : Theoretical chilled water requirement:

d factor, for th trifugal d -
power and power Of, Tor the centniuga pump an . heat value is 1000 kg/m? and 1kcal/ kg °C, respectively.

other electrical appliance.

Performance calculation :

The dairy plant selected for the study had milk :
pasteurization handling capacity of 1, 00,000 liters per -
day. During experiment, some of themilk aswell asutility :
parameters observed and recorded are given in Table 1 -

- and similarly name plate data and measured parameter
. for centrifugal pumps used in milk pasteurization units
- are illustrated in Table 2. These observation data’s are
Theelectrical energy consumptionisdetermined by -

employed for performance eval uation of milk pasteurizer

. having 10,000 L PH capacitiesand details calculation are

— Rated datamentioned on the electrica equipment -
were noted i.e. the rated power in hp (kW), voltage (v), -
- Regeneration efficiency:
- Averagerunning hoursof al electrical equipment -

asfollows.

For milk, Specific heat is0.93 Kcal/kg °C

_WXC(0,-6) 00
W xC (65-6,)
10630 x 09 (70-2.99)
10630 x 098 (78-2.%)
_ 67.06
75.06

x100=89.34%

For milk, density value was obtained as 1032kg/m?

The actual load of motor was calculated using the : By measurement using pycnomenter.

Qi = Wi X 1 X C (0-0,)
=10.63 x 1032 x 0.93 (78-70)
=81617.99@

hr

Steam requirement is cal culated by using following

© equation as given below.

For steam, Enthalpy = 524.13 kcal /kg at 2.25 kg/

©
During experiment study, variousinstrumentswere -

Qmilk
Wao =
steam )\S
_ 81617.99 _ 15572 ki
524.13 hr

Actual Steam consumption per hourly in respective

For chilled water, assumed that density and specific

Whiik X Pmitk X Crmiik (604 -65)

W, =
Pcw X C:CW (ecwr 'et,ws)
_10.63x1032x0.93 (139-334) _107735.75 _,, ., m?
1000x 1(6.25- 1.96) 4290 “hr

It means that 2.36 time chilled water flow rate is
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required to achieved our task.

Electrical energy calculation:
For milk PHE feed pump, rated power and efficiency -
is2.2kW and 85 per cent, respectively.
Power =V3 VI cos ¢
=1.732x 411x 3.89x 0.92
= 2547.57 W = 2.55 kW.

L oad% — M easur ed power x Efficiency %100

Rated power
_2.55x0.85 %100
2.2
2 167

> x100=98.52%

Utility saving calculation :
Refrigeration load = Wik X pmiik X Crit (83 -84)

= 10.63 x 1032 x 0.93 (78-13.9)
= 653964.14 Kcal/hr
= 653964.14 / 3000 = 217.98 TR per hour

Steam saving =Wtk X Pitkc X Citk (02-61)

= 10.63 x 1032 x 0.93 (70-2.94)
= 684162.80 Kcal/hr

= 684162.80 / 524.13 = 1305.33 kg/hr @ 2.25 - _ . _ .
: Ahmad, Tufail (1985). Dairy plant engineering and

- management. Kitab Mahal Chapter 8,pp. 198-207.
Gosta, Bylund (1995). Dairy processing handbook. Tetra Pak

kg/cm? pressure

Specific utility consumption :

Specific steam and electrical energy consumed per -

100 kg milk processed are shownin Table 3. The steam - gghay k.M. and Singh, K.K. (2001). Unit operations of

- Agricultural process engineering.”Vikas Publishing House
1.47 kg. Whilethe el ectrical energy consumption per 100 -

consumption per 100 kg milk processed was found to be

- kg of milk wasfoundto be0.151 kwWh. Thesimilar finding
- was observed by Kanth (2003). They found that with a
. pasteurizer capacity of 11000 litres’/hour and steam

- consumption and electrical energy consumption was

- reported as 1.6 kg and 0.20 kwWh per 100 lit of milk,
. respectively.

: Conclusion :

Keepingthisinview performance eval uation of plate

- type (HTST) milk pasteurizer has been conducted in a
. commercial dairy plant having onelakh litre per day milk
- handling capacity. The experiment is carried out and
. resultsin pasteurizer having 89.34 regeneration capacity
- i.e. only 10.66 per cent energy required for achieving
- our task. Theoretical and actual steam consumption was
. determined at rate of 155.72 kg/hr and 156.48 kg/hr,
- respectively. Chilled water utilization was found to be
- 25.11 m?/hr i.e. 2.36 times than milk flow rate. Power
- consumption for milk pasteurization wasfound to be 16.09
- kWh per hour. The average steam and power
. consumption per 100 kg of milk processed wascal culated
- as1.47 kg and 0.151 kWh.
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