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Analysis and Modeling of Characteristics of Size Reduction of Grapes
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Abstract

Even though size reduction is of an important unit operation in utilization of bioresources, its useful data
on Korean agricultural products are limited. The purpose of this study was to analyze the characteristics
of size reduction of grape skin, seed and fruit stem and model an operation of size reduction. Among three
components, the size reduction ratio of fruit stem was largest and followed by those of seed and skin. They
increased with charge rate in a crusher. When Kick’s constants for grape skin, seed and fruit stem were
evaluated, the constant of fruit stem was largest and followed by those of skin and seed in the order. For
Rittinger’s constants, the constant of seed was larger than that of skin while that of fruit stem was largest
among three grape components. The models of Kick’s and Rittinger's constants were described in the
forms of exponential functions with a parameter of charge rate reflected by the square root.
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Table 1. Standards sieves for determining fineness of
pulverized materials

US standards sieve Tyler Nominal sieve opening

no. designation mm inch
4 4 4.76 0.187
6 6 3.36 0.132
8 8 238 0.0937
12 10 1.68 0.0661
16 14 1.19 0.0469
20 20 0.841 0.0331
30 28 0.595 0.0234
40 35 0.420 0.0165
50 48 0.297 0.0117
70 65 0.210 0.0083
100 100 0.149 0.0059
140 150 0.105 0.0041
200 200 0.074 0.0029
270 270 0.053 0.0021
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Fig. 1. Size reduction ratio with respect to charge rate for
different components of grapes.
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Fig. 2. Kick’s constant versus charge rate in pulverization
of different components of grapes.
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Fig. 3. Rittinger’s constant versus charge rate in pulverization
of different components of grapes.
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Table 2. Models of Kick’s constant with charge rate for
Compbell grape skin

Model Coefficient of determination
K,=33.02¢ '™ 0.927
K,=155.40¢ 71407 0975
K, =16.05¢ 5% 0.809

Notes) K, : Kick’s constant (kJ/g)
q: charge rate (kg/L)

Table 3. Models of Kick’s constant with charge rate for
Compbell grape seed

Model Coefficient of determination
K, =21.85¢ "™ 0.916
K, =78.73¢ "% 0976
K, =11.99¢ %% 0.777

Notes) Ky : Kick’s constant (kJ/g)
q: charge rate (kg/L)

Table 4. Models of Kick’s constant with charge rate for
Kyho grape stem

Model Coefficient of determination
K, =39.77¢""™ 0.840
K =173.99¢ 2% 0919
K, =39.77¢ 7% 0.840

Notes) K, : Kick’s constant (kJ/g)
q: charge rate (kg/L)

Table 5. Models of Rittinger’s constant with charge rate
for Compbell grape skin

Model Coefficient of determination
Ke=14.11¢7% 0.930
K =68.51¢ 04 0976
K =6.76¢ 119" 0.814

Notes) Kg: Rittinger’s constant (kJ - mm/g)
q: charge rate (kg/l.)
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Table 6. Models of Rittinger’s constant with charge rate
for Compbell grape seed

Table 7. Models of Rittinger’s constant with charge rate
for Kyho grape stem

Model Coefficient of determination Model Coefficient of determination
K,=16.02¢2% 0917 K, =23.81.¢7% 0.839
K, =58.67¢ 74 0.977 K=109.18¢ 24 0918
K,=8.71¢ 2! 0.778 Ko=11.74¢7 1974 0.692

Notes) K: Rittinger’s constant (kJ * mm/g)
q: charge rate (kg/L)

Notes) K: Rittinger’s constant (kJ - mm/g)
q: charge rate (kg/L)

Table 8. Measured and predicted fineness of pulverized grape components

Grape component Moisture cotent (%)

Measured diameter (mm)

Predicted diameter” (mm)

(standard deviation) by Kick’s model by Rittinger’s model
Campbel skin 7.7 0.3517 (2.50) 0.346 0.347
Campbel seed 7.6 0.652” (2.03) 0.639 0.640
Kyho stem 9.8 0.460” (2.39) 0.424 0429

Notes) "The diameters were predicted by using K=ae i

“Charge rate is 0.11 kg/L.
YCharge rate is 0.05 kg/L..
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