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Figure B. 1-1/8 bushel pepper container showing dimenslons, percent vent openings, and pallet stacking configuration.
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Flgura §. 40 x 30 cm MUM pepper container showing dimenslons, percant vent epenings, and pallet stacking configuration.
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Figure 10. Top view of 40 x 30 cm MUM container shawing vent hale alignment when con-

talners are cross-stacked (end to side).
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The packinghouse manager
should routinely cheek the static-
pressure drop for each cooling tun-
nel at the beginning of a cooling
evele Lo insure proper fan operation.
This is particularly important when
the forced-air precoolers employ
maore than one exhaust fan for each
precooling tunnel. Twice during
pressure drop checks at one pack-
inghouse [9], one tunnel’z pressure
drop was much less than the others.
A check of the two fans revealed
that only one wag operating because
a circuit breaker had tripped on the
other. Visual observation of the two
fans was insufficient to determine
whether one or two fans were oper-
ating since both were turning at the
aame apparent speed and some suc-
tion was evident when moving the
eanvas, Air was coming in through

The side with the exposed pallet
surface should be placed so that the
exposed surface is inside the forced-
air cooling tunnel. MUM-type con-
tainers can reduce thiz problem be-
cause they cover 90% or more of the
pallet surface [7].

For eMicient precocling, packing-
house personnel must be properly
trained and supervised to insure
that palleis are tightly placed and
aligned when forming the cooling
tunnels.

Static pressure
measurement

The importance of sealing the
openings under the pallets is illus-
trated [9] by measurement of the
static pressure drop across the pal-
lets (outside to inside of the cooling
tunnel), at the center of each pallet
and at the end of the tunnel away
from the fan. With plastic added,
the pressure drop was nearly dou-
bled, Since the pressure varies with
the square of the velocity, doubling
the pressure would result in a 40%
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Figura 11. Example of reduced cooling time by reducing the forced-air cooling tunnel length.
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the top of the off fan and pulled
back through the operating fan,
Therefore, little cooling air was
passing through the palletized
product. In addition, these fanz
were not readily accessible.

A simple, homemade, U-tube
manameter 9] is adequate for pack-
inghouse personnel Lo quickly check
the statie pressure drop at the end
of the tunnel away from the fan and
immediately correct problems ( Fig-
ure 12 An additional approach is
the installation (wired to fan elec-
tric eireuit) of easily observed lights
for each fan, which are on while the
[ans operate. However, pressure
drop should still be checked periodi-
eally, to insure that air is not hy-
pasaing the product,

Temperature measure-
ment/Cooling schedule

Temperature monitoring
Since the goal of forced-air cool-

ing 15 to rapidly reduce the tempera-

ture of the cooled product the cooler
operator must have a method of
measuring the temperature of the
product being conled to determine
when cooling has been completed,
The important management prac-
tice of determining when preconling
has been completed to the desired
temperature has been stressed |8).
Due to daily dilferences in the ini-
tial product temperature, the cool-
ing time to achieve a desived final
temperature may vary, The cooling
time also varies if the cooling-air
temperature cannot be maimntained
during cooling due to inadequate
refrigeration capacity. Another (e
tor which can change the conling
rate i3 the product size, since larger
products cool more slowly than
smaller products, In gencral, dou-
bling the diameter or thickness re-
quires 4 times as long to coal, A
precooling schedule should be devel-
oped for every precooler and modi-
fied as conditions require 8],
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Figure 12, Static pressure drop and temperature measuremant locations.

Recent cooling tests | 1,91 investi-
gated the variation of conling as a
function of bed effect (the effect due
to the depth of the prodact 1 and
height of the earton on the pallet.
The experimental data verificd that
i bed effect does occur. The product
in cartons cxposed Lo incoming air,
close to the air entrance cooled
more rapidly than product on the
opposite side, near the air exit from
the pallet into the cooling tunmnel.
The cooling rate was found to vary
with height of the containers on the
pallet, although no eriterion was
catablished [9]. Additional work is
necded o determine the “best” loca-
tion for sampling temperature.

Temperature
measuring equipment

Dial-iype thermometers are cois
monly used lo measure the product
temperature during cooling, and the
pulp temperature samples are often
taken at inadequate locations, These
thermometers have a slow response
time i minwtesk and limited accuracy.
Also, it is difficult to precisely locate
the probe—the probe may pass
through product and measure air
temperature inside the carton. The
sampling location suggested above
iz inside the cooling tunnel and ol
easily reached with a probe-type
thermometer | Figure 120 To over-
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come these problems, one or more
thermocouples could be inserted
easily into product in cartons on the
inside of the lost pallet before it is
positioned for cooling with the ther-
mocouple leads located outside the
canvas area. An inexpensive hand-
held thermocouple reader could be
used to measure cooling for all the
tunnels. The thermocouple reader
15 accurate and has a fast response
time (seconds). The thermocouples
are durable and can be used many
times. With additional investment,
permanent thermocouple leads and
remote data loggers could be used,

Velocity and flow rate

Velocity and flow measurements
are difficult and require expensive
instruments, however the total low
rate is an important item of infor-
mation. A cheaper and more conve-
mient method 15 to use the manom-
eter mentioned above to measure
the static pressure across forced-air
cooling fans and then estimate the
flow rate using fan performance
curves supplied by the fan manu-
facturer. The performance eurve
estimates the flow rate for various
static pressure operating conditions.

Summary

This publication presents several
methods for increasing the cificiency
of forced-air precoslers for fresh pro-
duce. Recommendations for increas-
ing efficiency with minimal cost and
increased management include seal-
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ing air bypasses (particularly
through the pallets) to force addi-
tional air through producte, im-
proving carton stacking configura-
tions/orientation, and proper tem-
perature monitoring. Modifving
pallet-tunnel length and width alzo
ghow promige for improving effi-
ciency. Recommendations which
require more time and cost include
increasing carton vent apening,
increaging fan capacity, and in-
creasing refrigeration capacity.

Of these three, the design of the
carton with particular attention to
the percent vent openings should
be addressed first. Increasing the
fan and refrigeration capacity
should be considered only after all
the above-mentioned changes have
been accomplished,
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