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Abstract

With the increase in awareness to cost curtailnoéminergy consumption coupled
with the increase in the consumption of the comes#ed and dehydrated food
products, energy management has become indispensalbbdod industries. One
such process of obtaining these food products sniyyloying evaporation in food
industries. The process of evaporation is emplagdtie food industry primarily
as a means of bulk and weight reduction for fluihserefore, evaporation is one
of the most large scale operations in food indudiyergy is the most important
running cost item in evaporation. High energy canption is known to have
direct or indirect impact on climate change. Thesxgting cost of an evaporator
system is mostly determined by the energy thaegsired to achieve certain
evaporation rate. Under steady state condition ¢herust be a balance between
the energy entering and leaving the system. Enesgy be saved by re-using
vapour formed from the boiling product. One of thev ways of accomplishing
such is by multiple-effect evaporation. This pajgeattempted to explain how
total cost of evaporation can be reduced by usindfiraffect evaporator thereby
achieving an economically optimal number of effethés can be proved through
application of heat-balance analysis.
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1 Introduction

With the increase in awareness to cost curtailméenergy consumption
coupled with the increase in the consumption ofdbwiecentrated and dehydrated
food products, energy management has become imdigpke in food industries.
Energy is the most important running cost itemvap®ration The operating cost
of an evaporator system is mostly determined byethergy that is required to
achieve certain evaporation rate [1]. Evaporatioroives the application of heat
to vaporize water at the boiling point [2)nder steady state condition there must
be a balance between the energy entering and tp#wensystem [1]. The number
of effects is equal to the number of evaporatoesiubr multiple-effect evaporator,
steam is used only in the first effect [3]. Thesffistage acts as a steam generator
for the second which acts as a condenser to thieaid so on [4]. Multiple-effect
evaporator is useful when desired concentrationa gbroduct obtained after
evaporation is not achieved and requires furtheperation. The product from
first effect is introduced as feed in the secondpevator and so on till desired
concentration of a product is achieved. The prexpdiharacteristics of liquid
food are an important perspective while designingperation systems [3]. The
present study will show how cost saving can bei@@rout using heat balance
analysis. The study needs to be verified furthengivoth experimental and
numerical methods.

2 Underlying Principle

For heat transfer occurrence, a temperature dropdsssary in each effect.
This implies that the temperature of the vapouregated in a given effect must be
greater than the boiling temperature in the sudogedffects, that is, > T
>...>T, Therefore, the total temperature difference is bettveen the maximum
heating temperature in effect 1 and the lowestirnmpitemperature in the last
effect. This is distributed between the individe#fiects and therefore the larger
the number of effects, the smaller the temperalifference for each effect. This
in turn increases the heating surface requiredheese a given evaporation rate.

For consumer needs we consider all these and m#mr oelevant
parameters to optimize each plant to meet thetdigpecific requirements. With
the cost analysis, consumers are supported to theetbudgets and the plant
performance .Therefore the application of multipteect evaporation is beneficial
for cost consideration as well as energy consumptio

2.1 Heat Balance Analysis
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Fig. 1 Triple-Effect Evaporation Plant Layout
Source: GEA, 2010

Heat balance for the first effect (Fig.1) is givan
Qu=U1A1(Ts- T1) = UiA 4Ty (1)

whereQ; is the rate of heat transfdd; is the overall heat transfer coefficient in
first effect, Ay is the heat-transfer area in first effett, is the temperature of
condensing steam from the boil@y, is the boiling temperature of the liquid in
first effect anddT, is the temperature difference in first effect,Ts{T1).

Similarly,

For second effect and third effect, we have
Q2=U2Ax (T - T2) =U2Ap AT, 2)
Q3 =UzA3(T2—Tz) =UzAz ATs (3)

in which the subscripts 2 and 3 indicate the pataragsimilar to first effect) in
the second effect and third effect respectively

If heat losses are neglected angA,=A; then Q = Q= s,

i.e.,U1A1 AT1 = UAp AT, = U3Ag AT3

or UidTy = UpdT, =U3zATs

orUs /U= AT,/ ATy or Up [ Us= AT [ AT, (4)

We see that that the temperature differences arergaly proportional to the
overall heat transfer coefficients in the threeetf$.
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Considering tha®&; = A, = Az andU; = U, = U3= Us, where W is the overall heat
transfer coefficient for single effect evaporatlat, us find the equivalent heat
exchange areaof a single effect that will evaporate the samarjity of steam
as that of three effects.

Now, AT, = ATo = 4T3

1.€.,4Ts= ATy + AT, + AT3 = 34T,

orAT;=0.334Ts

Also, Q1 + Q2+ Q3 = U1A1 ATy + UAp AT+ UsAg ATz = Up (Ag + Az + Ag) AT43

orQi1+ Qo+ Q3=U; A ATs = Us As4Ts = Qs (considering the same conditions
of single effect evaporator as that of first effeeaporator)

Therefore (A + Ao+ A3)/[3=3 A3 = As (5)

The above equation shows that the evaporation tgpalc each of the three
effects should be the same as that of a singleteéeaporator system with the
condition that they have the same total temperatwop. This analysis can be
extended to any number of effects under the sameitians.

Table 1 Steam consumption and running cost of eahms

Number of effects Steam Consumption (kg Total  running  cost
steam/kg water (relative to a single
evaporated) effect evaporator)
One 11 1
Two 0.57 0.52
Three 0.40 0.37

Source: R. L. Earle, 1983

In Table 1 [5], steam consumption decreases with ititrease in number of
effects. So is the total running cost. However thenimum total cost of
evaporation will be at the economically optimal ren of effects as shown in
fig.2.
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Fig.2 Economically optimal number of effects
Source: Berk, 2009

3 Conclusions

The quantity of steam consumed is inversely pribdgaal to the number of
effects. The capital cost (fixed cost) of a mubhglffect evaporator is
approximately proportional to the number of effedhle running cost (variable
cost) of a multiple-effect evaporator is almost @rsely proportional to the
number of effects. For exact design purposes nmeakstic assumptions meeting
specific requirements are to be made. Trial-andregachniques are followed for
calculation purposes so as to arrive at final gsighed parameters.
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