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18.5 Multiple-Effect Evaporators

Only the case of a triple-effect evaporator will be studied; however, the
mathematical treatment in other cases for multiple effects is similar.

18.5.1 Circulation of Streams

As previously mentioned, the vapor released in the evaporation chamber of
one effect is employed as heating fluid for the next effect. However, depend-
ing on the circulation system of the solutions to be concentrated, different
passing systems are obtained.

18.5.1.1  Parallel Feed
The food is distributed in different streams fed into each of the effects
(Figure 18.124), while the concentrated solution stream of each effect is
gathered in only one stream, which will be the final concentrate.
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18.5.1.2  Forward Feed

The diluted stream is fed into the first effect, while the concentrate stream
leaving each effect is fed into the following effect (Figure 18.12B). It can be
observed that the vapor and concentrate streams of each effect are parallel
flows. This pass system is frequently used for solutions that can be thermally
affected, since the most concentrated solution is in contact with the vapor
at the lowest temperature.

18.5.1.3  Backward Feed

The flows of the solutions to concentrate and of vapor are countercurrent
(Figure 18.12C). The diluted solution is fed into the last effect, where the
vapor has less energy, and the concentrated solution leaving this effect is
used to feed the previous effect and so on. This type of arrangement should
be carefully used in the case of food solutions, since the solution with the
highest concentration gains heat from the vapor at the highest temperature,
which may affect the food.

18.5.1.4  Mixed Feed

In this type of arrangement, the diluted solution can be fed into any of the
effects, while the concentrated solutions can be used to feed a previous or
following effect. Figure 18.2D shows a mixed-feed arrangement in which the
diluted solution is fed into the third effect, while the solution leaving this
effect is used to feed the first one. The food stream feeding the second effect
is the concentrated solution that leaves the first effect, obtaining the final
concentrated solution at the second effect.
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