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Thermodynamics in the Batch Cooker

The Australian Meat Research Cowmittee recently sponsored an
investigation of the physical chemical aspects of batch dry

rendering because little bacic kneowledge of this process is

available. Using a batch cooker their heat transfer studies

provide data that should aid in evaluating and designing new
rendering processes and equipment.

A conventional batch cooker processing principally bone and
offal of sheep and cattle was fitted with temperature probes,
pressure gauges, steam flow indicators and recorders. Processing
time for 8-9,000 1b. of raw material was about 2-2% hours. Heat
transfer coefficients of about 179 Btu/ftzhr F. were recorded
initially which, however, decreased rapidly during the first
half of the rendering cycle to about 60 Btu/ftzhr°F, and re-

mained near the lower level for the remainder of the cycle.

The authors suggested that a phase change in cooker contents
might be responsible for this dramatic reduction in heat transfer.
As water is progressively vaporized the amount of fat liberated
from the solid raw materials increases and free flowing fat
droplets are dispersed in a continuous water phase which is

in direct contact with the heating surface. Eventually, as

more water is evaporated, the fat droplets are packed closer
and closer together until the phase inversion process begins
with the gradual coalescence of fat droplets. Soon fat becomes
the predominant and continuous liguid component in which the
water droplets are now the dispersed phase. Heat transfer then
depends primarily upon a continuous fat phase in contact with
the heating surface which szcondarily transfers its heat
content for vaporization of the woter droplets. This hypothesis
was supported by measurement of electrical conductivity which
paralleled the reduction in heat transfer.



Because of difficulty in ideniifving the phase composition in
a plant cooker, further confirmztery studies were carried out
in a small laboratory cooker chairged with mixtures of tallow
and water only. Overall hesat trasnsier coefficients correlated
well with electrical conductivity ard phase composition of the
emulsions. In the range of up to 5% fat the heat transfer
rate, conductivity and boiling point remained substantially
constant. As the fat content rose +o 87% with continued
evaporation of water the rate of heat transfer decreased.
Conductivity also decreased gradually to the B0% fat level
and then fell rapidly to almost zero at 87% fat, Internal
temperature of the cooker remained quite constant at the
boiling point of water until fat concentration reached 84%
and then it began to rise, eventually approaching the tem-
perature of the heating surface. These data provide strong
support for the hypothesis that the heat transfer rate in
rendering cockers is dependent upon the composition of the
emulsion which inverts during evapcration from the initial
oil-in-water to a water-in-oil emulsion. Details of these
investigations were reported by L. 8. Herbert and T. C. Norgate,
"Heat and Mass Transfer in a Batch Dry Rendering Coocker",
Journal of Food Science, 36, 294 (1971) and L. S. Herbert and
H. Mamers, "Batch Dry Rendering: An Investigation of Heat
Transfer to Boiling wWater/Tallow Emulsions", Journal of

Food Science, 38, 856 (1973).

These results indicate that the oil-in-water emulsion should
be maintained as long as possible for optimum heat transfer
efficiency and corresponding economy of the rendering process,
perhaps aided by the addition of specific emulsifying agents.
The reduced rate of heat transfer also suggests that it would
be advantageous to increase the area of the heat transfer
surface during the latter part of the rendering cycle.






