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SHRINKAGE OF MALT BED DURING DRYING
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A bstra ct The shrinkage of malt bed during
drying was determined experimentally from an initial
moisture content of about 42 % (w/w). Air temperature
and air flow raie 1dun'ng the experiments were 50 °c
and 0.60 kg m™“s™", respectively. It was found that the
dependence of shrinkage on moisture reduction during
drying can be described by a nonlincar equation for
moisture reduction of about 34.5 % (w/w).

INTRODUCTION

Shrinkage of agricultural products dur-
ing drying is an obscrvable phcnomcnon
and it may have a significant effect on
drying rate and temperaturc distribution cs-
pecially during deep bed drying of agricultu-
,ral crops

Scveral researchers [2-5] have reported
that shrinkage of cercal grain is lincarly de-
pendent on moisture reduction. It was ob-
scrved that the shrinkage of malt is not a
lincar function of moisturc reduction, but
the rate of shrinkage decreases with the in-
crecase of moisturc reduction [1].

THEORY

It is assumed that the rate of change of
the shrinkage of a malt bed with respect 1o
the reduction in moisturc content dy/dx
from initial moisture content is propor-
tional to the difference between the maxi-
mum possible y,(7%) and the actual y(%)

shrinkage:

dyldx =k (y,-y) )

where k; is shrinkage coefficient.
The solution of Eq. (1) gives:

Yy =Yy, [1-exp (-k x)]. )

This equation requires the determination
of the shrinkage cocfficient and the maximum
possible shrinkage from cxperimental data.

MATERIALS AND METHODS

The cxperiments were conducted in the
Dcpartment of Agricultural Enginccering,
University of Newcastle Upon Tyne, England,
and the green malt used for these experiments
was obtaincd from Pauls and Sandcrs, Ltd,,
Grantham. It was directly sent from the ger-
mination chamber and was alrcady loaded for
the experiment on arrival.

An aluminium cylinder of 15 cm diameter
and 30 cm long filled with green malt was
mounted on a rectangular box serving as an
air mixing chamber. The wholc sct was placed
on a balance so that the amount of moisturc
removed could be determined at any time dur-
ing the drying process. As the balance was of
the beam type fitted with a balance pan for
counter weights, the effect of a flexible con-
nccting tube could be eliminated. The sche-
matic diagram of the experimental sct-up is
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Fig. 1. Schematic diagram of experimental sct up.

shown in Fig. 1. A stainless steel scale gra-
duated in mm was placed inside the cylinder
to dctermine the change in depth at any
time during drying.

Two runs of cxperiments on the shrin-
kage of the malt bed were performed. The
cylinder containing green malt was placed on
the balance and hcated air at a temperature of
50 °C and at a constant airflow ratc of 0.6 kg
mZ! was passed through the grains. The
scale indicator was sct 10 zcro by the usc of a
counter weight and water in a plastic cylinder.
The depth of the grain bed was noted. A 20 g
weight was placed on the pan containing the
cylinder filled with grain. When 20 g of mois-
turc had been removed, the scale indicator
was again at the zero position. The bed depth
and moisturc removed were noted and an-
other 20 g weight was placed on the pan
containing thc aluminium cylinder. This
process was repeated until the drying rate
approached zcro.

RESULTS AND DISCUSSION

Shrinkage cocfficicnt (k) and maxi-
mum possibic shrinkage (y,) were deter-
mincd by dircct Icast squarcs fitting of
Eq.(2) to the experimental data. The fol-
lowing cquation was dcveloped for the
shrinkage of the malt bed during drying:

S=15.91{1-cxp(-0.0966(M - M))|

(S.E. = 0.6871) )

where S - pereentage shrinkage, M, - initial
moisture content, % (w/w), M - moisturc
content, % (W/w).

Fig. 2 shows that the agreement between
the prediction and experiments is reasonable.
Furthermore, Fig. 2 shows that shrinkage can
be related lincarly with moisture content re-
duction in the range 0-10 % (w/w).
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Fig. 2. Predicted and obscrved shrinking of malt.
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Physically the nonlinearity of shrinkage of
malt can be interpreted as follows. The
shrinkage of a malt bed at any instant during
drying is the cumulative effect of the free
shrinkage of the cells due to loss of moisture
and elastic shrinkage, if any, due to con-
straints on the free shrinkage exerted by the
adjacent cells of the grains in the bed. The
rate of shrinkage of cells in the malt grains
decreases as the moisture content approaches
a low value. This explains why the rate of
shrinkage in the malt bed gradually decreases
to almost zero at a very low moisture content.

CONCLUSIONS

The shrinkage of a malt bed during
drying is, to a good approximation, a nonli-

near function of moisture reduction. Eq. (4)
shows good agreement between the predic-
tion and experimental values and it is better
than the linear relationship proposed by
previous workes.
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