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Resistance to Air Flow through Fruits and Vegetables in Bulk
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ABSTRACT

The resistance to air flow through fruits and vegetables in bulk was an important consideration in
the design of the pressure cooling system.

The amount of resistance to air flow through produce in bulk normally depended upon air flow rate,
stacking depth, porosity, stacking patterns and shape and size of product. But, there was not enough
information relating the effects of those factors on air flow resistance. The objectives of this study were
to investigate the effect of stacking depth, stacking patterns, porosity and airflow rate on airflow resista-
nce and to develop a statistical model to predict static pressure drop across the produce bed as a func-
tion of air flow rate, stacking depth, bed porosity, and product size.

Mandarins and tomatoes were used in the experiment. The airflow rate were in the range of 0.1~1.0
m®/s.m? the porosity were in the range of 0.25~0.45, the depth were in the range of 0.3~0.9m and
the equivalent diameters were 5.3cm and 6.3cm for mandarins, and 6.5cm and 8.5cm for tomatoes. Th-
ree methods of stacking arrangement were used i.e. cubic, square staggered, and staggered stacking
arrangement. The results were summerized as follows.

1. The pressure drops across produce bed increased in proportion to stacking depth and superficial
air velocity and decreased in proportion to porosity.

2. The increasing rates of pressure drop according to stacking patterns with the increase of superficial
air velocity were different one another. The staggered stacking arrangement produced the highest inc-
reasing rate and the cubic stacking arrangement produced the lowest increasing rate. But it could be
assumed that the stacking patterns had not influenced greatly on pressure drops if it was of equal poro-
sity.

3. The statistical models to predict the pressure drop across produce bed as a function of superficial
air velocity, stacking depth, porosity, and product diameter were developed from these experiments.
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Table 1. Physical properties of samples used in the study

. . Ave.
Ave. dia. of | Ave. dia. of Ave. Ave. -
Produce sagl‘gée largest smallest height volume e(%glr;ig;t
umber axis(cm axis(em) cm (em? Cem)
cm
. 1 53 5.0 36 61.3 4.89
Mandarin
2 6.3 6.0 4.8 105.1 5.86
1 6.5 6.2 55 133.9 6.35
Tomato
[ 2 85 7.6 6.7 264.8 7.97
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c) Staégeré:l éirangement

Fig. 2. Stacking patterns of produce studied.
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Table 2. Data of curve fitting for mandarins and tomatoes in bulk with different bed depth{(square stag-

gered arrangement)

Average ) Bed AP/L=aV®
Produce ) Porosity R?
Dia.(cm) Depth(cm) a b
30 339.2 1.89 0.999
. 60 290.2 1.93 0.997
Mandarin 5.86 0.34
83 380.2 1.88 0.999
Average 335.5 1.90 0.984
30 335.7 185 0.998
60 3375 1.87 0.999
Tomato 7.97 0.30
90 338.7 1.85 0.998
Average 337.3 1.86 0.998
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Table 3. Data of curve fitting for mandarins and tomatoes in bulk with different porosities

Average Stacking AP/L=aV® Ergun’s equation
Produce Dia. Porosity
(cm) Pattern a b R? K, Kg R?
0.24 628.6 1.92 0.999 52.1 0.48 0.999
0.29 550.8 2.04 0.998 76.2 0.76 0.999
Mandarin| 4.89 Staggered
0.30 558.4 2.05 0999 | —172.3| 0.98 0.999
Ave. 578.5 1.98 0989 | —2966| 069 0.800
0.35 3131 2.08 0.999 | —3463| 122 0.999
0.38 136.6 2.20 0.997 | —2457| 0.68 0.999
Tomato 6.35 Staggered
0.44 72.5 211 0.999 | —2726| 061 0.999
Ave. 110.8 1.60 0.562 | 14232 0.5 0.785
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Table 4. Data of curve fitting for mandarins and tomatoes in bulk with different stacking patterns

Average Stacking AP/L=aV® Ergun’s equation
Produce Dia. Porosity -
(cm) Pattern a b R? K, K, R?
5.86 0.33 Cubic 254.3 1.73 0.998 856.7 0.52 0.998
Square
' 5.86 0.34 Sta%gered 3355 1.90 0.965 152.4 0.99 0.975
Mandarin
4.39 030 |Staggered| 558.4 2.05 0999 | —172.3] 0.98 0.999
Average 4141 | 201 0938 | 11126 0.62 0.932
Square
797 0.30 Staggered 3373 1.86 0.998 394.8 0.81 0.994
Tomato 6.35 0.35  |Staggered| 313.1 2.08 0999 | —3463| 1.22 0.999
Average 316.3 197 0981 |—21285| 1.15 0.966
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