KOREAN J. FOOD SCI. TECHNOL.
Vol. 29, No. 1, pp. 65~71 (1997)

AE EME3E 9 ¥ JAH0IHA] 2o

374

R

]
g7

]/kz
K-

A EFE)

Analysis of the Thermal/Mechanical Energy
in Food Extrusion Process

Moon Young Chung and Seung Ju Lee

Department of Food Science and Technology, Dongguk University

Abstract

The energy supplied by motor of extruder, being known mostly to be dissipated as heat, was classified into
two kinds of energy: a thermal energy by heat dissipation and a purely mechanical energy. The thermal en-
ergy was defined as a energy in terms of temperature rise and the mechanical energy as the motor energy
minus the heat dissipated energy. A method to derive the thermal energy and the relative mechanical energy
(the mechanical energy calculated regarding the mechanical energy at the lowest screw speed as zero) under
the condition of constant barrel temperature was developed by which an extrusion case was analyzed. When
extruding corn grits with moisture (27~37%) at low barrel temperature (<80°C), the thermal energy slightly
increased with increase in the moisture content, whereas the relative mechanical energy increased to a great
extent. When increasing the screw speed, the thermal energy was nearly kept constant, whereas the relative
mechanical energy largely varied. It is concluded that as the moisture content increases, the role of the
mechanical energy becomes more effective than the heat energy dissipated from the motor energy.
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Fig. 1. Schematic diagram for the measuring of the en-
ergy in extruder,
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Fig. 2. Graphical method to calculate the heater power.
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Fig. 3. Electrical power of motor when running ex-
truder without feeding at each screw speed.
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Fig. 4. Feeding rate of corn grits with different mois-
ture contents.
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Table 1. Measured electrical power at different process variable conditions and the corresponding energy estimated

by Egs. (1)-(10)

Measured value

Calculated value (klJ/kg)

Moisture Screw

Change Change Change  Change .
content speed Motor Heater Extrudate \ ¢ degreeg of Heater degrceg of Thermal de greeg of degreeg of Relative
(%)  (ipm) Power power temp. energy motor energy  heater energy  thermal mechanical mechanical
kW) &W) (O energy
energy energy energy energy
70 036 049 73 237 - 322 - 91 - - 0
100 039 045 77 257 20 296 26 96 5 -11 -11
27 130 040 040 78 263 6 263 -33 96 0 -27 -38
160 0.44 0.36 78 289 26 237 -26 96 0 0 -38
190 055 025 80 362 73 164 -73 98 2 2 -40
220 058 020 84 382 20 132 -32 105 -7 -19 -59
70 030 052 83 188 - 325 - 107 - - -
100 032 0.50 83 200 12 312 -13 107 0 -1 -1
30 130 036 047 84 225 31 294 -16 109 2 7 6
160 043 039 84 269 94 244 -50 109 0 -6 0
190 049 0.30 85 306 31 188 -56 111 2 21 21
220 053 0.26 85 331 42 163 -25 111 0 0 21
70 026 030 81 271 - 313 - 111 - - 0
100 029 0.28 82 302 31 292 221 113 2 8 8
130 032 0.24 84 333 31 250 -42 117 4 -15 -7
33 160 041 020 85 427 94 208 -42 119 2 50 43
190 044 015 86 458 31 156 -52 121 2 -23 20
220 048 0.12 86 500 42 125 -31 121 0 11 31
70 021 0.14 76 457 - 304 - 117 - - 0
100 024 013 81 521 64 283 -17 121 4 43 43
16 130 028 0.11 82 609 88 239 -44 123 2 42 85
160 0.39  0.09 83 848 239 196 -43 125 2 194 279
190 041 006 81 891 43 130 -66 123 2 221 258
220 045 005 81 978 87 109 -21 123 0 66 324




NETELYBH o

1000
800
w®
<
2 oo
g
o
5
£
§ o
=
00
[
© 0 100 130 160 190 220 250
Screw speed(rpm)

Fig. 5. Motor energy vs. the corresponding process
variables of extrusion.
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Fig. 6. Heater energy vs. the corresponding process
variables of extrusion.
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Fig. 7. Relative mechanical energy vs. the corresponding
process variables of extrusion.
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