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Abstract

This study was conducted to design and fabricate a heat pump that can produce some weather conditions similar
to those of the dry season of the rough rice in Korea, and to investigate basic performances of the apparatus. During
the drying test, the amount of energy consumption and drying characteristics were measured at four different tem-
perature levels ranging between 20°C and 50°C. In the psychrometric chart, the freezing capacity and refrigerant cir-
culation ratio of the heat pump were 173 kl/kg and 49.6 kg/hr, respectively. Therefore, coefficient of performance
was 5.5, which was superior to that of refrigerant R-22 (4.0) in standard refrigeration cycle. In addition, the time
to reach target drying temperature (30°C) and relative humidity (40%) were 6 minutes and 7 minutes, respectively.
Temperature differences between the drying temperature and the rice were 1.5°C and 8.5°C at the drying tempera-
tures of 21.9°C and 48.7°C, respectively. This result demonstrated that the increased temperature of the rice in the
drying section decreased sufficiently in the tempering section. At the drying temperatures of 21.9, 30.7 38.8, and
48.7°C, drying rates were 0.29, 0.61, 0.85, and 1.26%/hr, respectively, which were similar to those of commercial
dryer. In addition, the amounts of energy consumption were 325, 667, 692, and 776 kl/kg, respectively. These results
showed that this dryer saved up to 86% of energy consumption compared with the commercial dryer, which uses

4,000-5,000 kl/kg of fossil fuel.
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Fig. 1. Process air on psychrometric chart
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Fig. 2. Schematic diagram of heat pump
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Table 1. Specifications of the heat pump
power : 2.3 kW

Compressor  capacity : 37112.8 kl/hr at
condensing/evaporating temperature 48.9°C/-1.1°C
Condenser coil : 1/2"x11Rx12Sx400EL
transfer area : 30.8 m’
Evaporator coil : 1/ "><8R><IZS3><4OOEL
transfer area : 16.5 m
Reheater coil : 1/2"x6Rx12Sx400EL
transfer area : 17.1 m®
Blower  POWer: 0.6 kW

capacity : 60 m*/min at 110 mmAq
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Fig. 3. Schematic diagram of the test dryer
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Fig. 4. Dry compression refrigeration cycle of heat pump during
performance test

ZAZb) WE Bt A& AEEglon, 8k
Y424 (CTR-800E, S.Seiki, Japan) A8kt
Az T gz 285 e g2 A EA3166,
tﬁ

HIOKI, Japan)E ©]-&3}] =43
< Ax4a 2 olU A (kI/kg-water)= A

>§8V

23719 2% 30.5°C, AHEE 41.2%004 IH=Z o
=

202°C 2 50.6%°1900H, £ZHFL 62 m/minS. 2 A A X
oF fAsHAl UrERETE whEbA, 971 B AxE 7)o EEA
AZRE AxsEE ALte A3 8,616 ki/hrZ LERTE
Fig. 49 AYS @& Afo]ZoA et o] Wsaze
173. 8kJ/kg°1 om, o] u] Yrj=a-e 49,6 ke/hro] T
ek, AeAldE 552 EEY5AIZ(ASHRAE, 1989)
ol A u R- 2291 A 4,000 HIS =S 3he JERITH

71w L AFETF 19.6°C © 523%Y w I
o] AxF79 ZA(RE 30°C, AHEE 40%)°] A3

of =e3sl= AIZHE Fig. 59 o] & 6%, AUlgEe
7R A2 B vk =0 7 gutE o)
HAx2r 2 I=285}

AZAY & Q71L5E 202-23.1°C B, AdEEE

Yot AXLEE 20, 30, 40 2 50°CE
18-S 4 St Az 7]e] 2x=d
2% 20, 30, 40 2 50°CY W A
29 AzxexE 2 9°C(203 23.2°C), 30.7°C(29.5-31.5°C),

09:',
ol
o
o
X
>,
Ao

———— Outlet air temperature(C)

Outlet air RH(%)

——— Inlet(ambient) air temperature(C)
Inlet(ambient) air RH(%)

60 |-

40 - LIV TSN AN

o —

Temperature(C), Relative humidity(%)

0 L ! L

Operating time ( min )

Fig. 5. Changes of temperature and relative humidity of inlet
ambient air(T=19.6°C, RH=52.3%) and outlet drying air
(T=30.0°C, RH=40.0%) from heat pump



312 A
60
20T
8O b f\ i [ 300
-~ e it 40C
© ! ——— 50C
- !l
g 0 R “Va
® i
5 |
T IV SIANAAAA - AW
o 20 F
£
>
[a
10 |
0 . . . .
0 5 10 15 20 25 30
Drying time ( hr)
Fig. 6. Changes of drying air temperatures during drying

50

40 1 T
o

AV

~

’\_!\/h

.
WA A

s
MV /1‘1/\"'\’ vy
Wtk

3

o
-f§}_.

Grain temperature ( € )

L L L L
10 15 20 25 30

Drying time ( hr)
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during drying
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Table 2. Drying rates and drying times by drying air temperatures
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Moisture content (%o,w.b.)

Drying air temperature (°C) — _ Drying time (hr) Drying rate (%, w.b./hr)
Initial Final
21.9 25.4 16.8 29.4 0.29
30.7 25.6 16.7 14.8 0.61
38.8 26.5 16.3 12.0 0.85
48.7 26.2 16.1 8.1 1.25

Table 3. Drying energy consumption by drying air temperatures

Drying air temperature (°C)

Total electricity consumption (kW)

Energy consumption (kJ/kg-water)

21.9
30.7
38.8
48.7

1.4
29
3.5
3.9

325
667
692
776
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