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Schematic drawing of the heat pump dehumidifier drier.
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Table 1.  Quantity of water condensed and air temperature variation in H. P. D. on inlet air conditions
Inlet air After After Air flow Water Power Measuring
No. evaporator condenser rate condensed  consumption rate
T1(C) Ri(%) Tpi(T) TL(C) T3(TC) Q1(m*/min)  M(g/min) W(KWH/H) Mon., Day, Time
1 20.0 71.0 14.8 10.8 27.9 12.5 29.8 1.16 5, 4, 9:00
2 20.5 82.0 17.3 13.2 30.7 12.7 35.4 1.26 6, 4, 2:00
3 20.0 92.0 18.8 14.4 32.8 12.9 39.0 1.25 6, 5, 7:00
4 24.8 70.0 19.1 16.3 3.1 13.9 34.8 1. 34 6, 5, 10:00
5 25.1 81.0 21.9 18.3 36.5 12.2 41.5 1.34 6, 4, 17:00
6 25.3 86.0 23.3 18.8 37.8 12.2 44.5 1.32 8, 9, 8:00
7 28.3 75.0 23.5 20.7 38.2 13.1 42.2 1.44 8, 7, 22:00
8 27.6 80.0 24.2 20.9 39.2 13.1 46. 2 1. 36 8, 8, 1:00
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Table 2. Comparison of calculated values and experimental values
Calculated Experimental M./M,
Latent Dehumidi- Water Water
No. heat C.0.P. fication condensed condensed
Sensible capacity
heat

q1/q K Ke M, (g/min) M. (g/min)
1 0. 69 4. 42 2.81 44.5 29.8 0. 67
2 1. 06 4. 40 3.27 61.5 35.4 0.57
3 1.50 4. 30 3. 60 70.2 39.0 0.55
4 0. 66 4.41 2.75 4.1 34.8 0. 64
5 1.16 4.39 3.36 63.6 41.5 0. 65
6 1.57 4.29 3.62 69. 6 44.5 0.64
7 0. 87 4.52 3.10 64.6 42.2 0. 65
8 1.18 4.41 3.39 69. 4 46. 2 0.67

KBTI SBBREEZY—IZTEE, 2K -4 —
T4 Y THEURBEKEZI Y 7Ly —8RicBE
LNV ENRETHS. 12, 74 VERBER
BISUEBEEL, 74 viEBRBERBRRE VRS
5IENEFE L. —AHFER L Bak OHER T,
INFL—F —BRKOEMNEE %100%, EBEXNIZ
WBRELERKELTHY, COHLLSEBRET A 0E
BHb.

5. BE—= bR TRREHIC &L 3 BIRE R 1EEE
1985465 H, 6 H, 8 AAKEBE##EL TkE, /I
B LURPKROUNBRER % T 1205, FREBRRH
BELUERIE Table3 D LD TH 5.

(1) RREES LOLBT AL F—
MEBEME/KE24.0, 25.9, 26,90 HEHE KIS D
R#E, NE, BHIX%E, RELVBERETH 510.9,
11.9, 12.7% £ TERIR L 1248, IRFERSRSIL72, 60,
76. 5K ZE L 7. F O OBREEIRERE L, AE,
BN T0.18% /hr, /NET0.23% ./ hr TH - 1-.
COERIRELEN, AIETIZ60%, BETIZ50%
THoltl:HvEBbhs, CRICELEMBBRAET
365.2, /NET567.8, RHIHK T476.1 keal kg-water
ThHotz. REDBHENAKBENI0%LLFTL — bR
¥ THMEIE U 1 BRI 5320 4RSRE B o 12 DIT N, PE,
BHXOBE L, SEEBREL-ONSHREL L F—

Table 3. Experimental conditions and main results
Item Barley Wheat Unhulled
rice
Grain Specific weight (kg/n’) 500.0 726.0 575.0
Initial moisture content
(w.b. %) 24.0 25.9 26.9
Initial weight(kg) 473.4 861.9 1096. 8
Atmosphere Temperature(C) 16.1-27.5 20.0-28.5 26.0-30.0
Relative humidity (%) 42.0-77.0 52.0-95.0 62.0-95.0
Drying conditions Bed area(m’) 0.9%1.1 1.5%1.1 1.8X1.1
Bed height(m) 0.85 0.75 1.1
Air flow rate(m'/s/100kg) 0.027 0. 039 0. 034
R. H. control setting( %) 60.0 50.0 60.0
Test results Drying time(hr) 72.0 60.0 76.5
Final moisture content(w.b. %) 10.9 11.9 12.7
Water evaporated from grain(kg) 69.6 136.7 178.4
Drying rate( % /hr) 0.18 0.23 0.18
Evaporating rate(kg-w/hr) 0.97 2.30 2.30
Total power Heat pump 8.46 40.78 37.22
consumption(kw. H)
Blower 21.08 49. 42 61. 54
Specific power
consumption (kcal/kg-w) 365. 2 567.8 476.1
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Summary

Including the drying efficiency, performances of a pilot model of a heat pump dehumidifier
(H. P. D.) under practical applications were studied in this paper. The results are as follows.

1. It was observed that the total efficiency (7 ) and the coefficient of performance of the heat
pump were independent of the rate of air-flow blowing through H. P. D. (the rate of air-flow
ranged from 13 m'min to 20 i’ /min). The amount of condensed water, however, suggested an
association with the rate of air-flow as shown in Fig. 4 and Fig. 5 (the maximum amount of con-
densed water was recovered when air-flow rate was about 17 m’,/min).

2. The dependency of the amount of water condensed by H. P. D. on the atmospheric condi-
tions was determined and the relationships among the relative humidity, the absolute humidity,
and the amount of the water condensed at the specific temperature were clarified, respectively
(Table 1, and Figs. 6—9).

3. The optimum mixing ratio of the air-flows from inlet-1 and from inlet-2 was obtained, and
the methods to control automatically the relative humidity of drying air were researched (Fig.
10).

4. The Bak’s equations were applied in order to determine the volume of water condensed
according to atmospheric conditions and the temperature in H. P. D., and then the calculated
values were compared with actual observed values. The causes of their disagreements were ex-
amined (Table 2).

5. The pilot model of H. P. D. proposed in this study was applied for drying barley, wheat,
and unhulled rice, while, some practical investigations were carried out to clarify the drying-
performance, energy-consumption-amount and the moisture-content-difference between the upper
and the lower layers (Table 3, Fig. 11).




