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Abstract

A closed solar collector drying system by water exchange was evaluated for the drying
of ginseng. The thermal effiiciency of solar collector, drying efficiency, drying characteri-
stics and preduct quality were investigated. The drying pericd was reduced by one-th-
irds in comparison with typical method. The maximum and minimum thermal effiicie-
ncy of the solar collector during drying period were 14.429, and 4.739%, respectively.

The drying efficiency of sclar collector and control system showed 28.349%, and 13.
45%, respectively; net drying efficiency being 14.8%. The drying rate curve of red
ginseng showed only falling rate period, and its equation was Y=50.7023t.~%438 The
brown color intensity of red ginseng was higher in solar collector drying system than
in typical method, and reductivity by diphenyl picryl hydrazil solution in red ginseng

extract showed similar result to brown color intensity.
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Fig. 1. Flow sheet of solar collector drying
system

Table 1. Specification of solar collector and storage tank

Solar Collector

Storage tank

Outer size : 12756W X 2490L X 90H (mm)
Absorber area : 2.88m?

Absorber plate material : Copper
Surface absorptance : (.92

Surface emittance : 0.12

Max. working pressure : 12kg/cm?
Glazing : Tempered, Low-iron(4mm)
Insulation : Polyurethane foam(50mm)
Tilted angle : 45°

Gross size : 17404 X 2460H(mm)

Capacity : 3500 liters

Tank material : Steel plate (3.2mm)
Heat exchanger : Copper coil(1/2”¢490)
Insulation : Glass wool(150mm)
Operating temp. : 100°C

Operating pressure : 2kg/cm?

Joint efficiency : 0. 85

Corrosion allowance : 1.6mm
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Table 2. Temperature and relative humidities of the collector, convector, control chamber
and drying chamber during drying period measured at 2 p.m.

Temp. of Temp. of Control Drying
Drying period Date collector (°C) convector(°C) - chamb;rH . cham}_;tweg_

Inlet Qutlet Inlet Outlet anrg)), (%)’ L(eomcx)). (%)'

1st Drying Sep. 17 66 76 58 55 58 30 62.5 40
18 45 50 53 51 51 50 53 49

19 59 63 57 52 60 35 62 42

20 64 70 57 52 65 35 67 38

21 66 82 68 61 65 36 68 37

22 62 64 58 54 55 36 67 35

23 54 56 60 56 60 490 63 39

24 21 22 68 65 42 100 45 65

25 20 21 70 67 40 100 46 67

26 66 70 52 48 55 29 59 42

27 65 68 55 47 53 30 58 42

28 58 59 25 44 55 45 57 42
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2nd Drying Oct. 3 50 69 57 52 45 24 46 40
4 22 24 54 50 42 55 44 42
5 23 21 41 36 35 65 38 60
6 23 22 38 34 34 62 34 37
7 23 21 46 42 42 45 43 45
8 23 22 49 43 31 68 40 52
9 28 27 47 39 44 50 49.5 30
10 47 50 39 35 37 65 40 43
11 22 20 37 37 37 65 43 46
12 55 57 40 35 30 65 44 42
Average 43.7 47 52.6 48 47.1° 51 51.3 44
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Table 3. Thermal efficiency of solar collector on Sept. 21 (highest radiation) and
Sept. 25 (lowest radiation) during Ist drying period

Date Hr  HKJ/m?hr) R HRA(KJ/hr) 4t QuCat :%%;—t
9~10 862.48  1.0207 71616. 03 6 5365. 8 7.5 %
i0~11 1230.92  1.0027 99529.30 12 1073L.6  10.78%
11~12 1427.70  0.9935 114381.38 26 23251.8  20.32%
Sept. 21  12~13  1477.94  0.9807  117953.52 25  22357.5  18.96%
13~14 144445  0.9850  114733.24 16  14308.8  12.48%
14~15 121417 0.9871 96647.62 14 12520.2  12.96%
15~16 895.98  0.9916
16~17 581.97  0.9888
Average 13.82%
9~10 347.50  0.9117 25548. 02 2 1788.6 7.0 %
10~11 584.47  0.9026 42541. 04 2 1788.6 4.2 %
11~12 615.46  0.9028 - 4480659 2 1788.6 3.99%
Sept. 25 12~13 598.71 0. 9034 43616.13 2 1788. 6 41 %
13~14 514.98  0.9052 37501. 13 2 1788.6 1.76%
14~15 280.52  0.9186 20779.77 2 94.3 4.30%
15~16 267.96  0.9122
16~17 297.26  0.9006
Average 4.73%

Surface area (A): 80.64m? Flow rate (@) : 213X10-*m3/hr, Density (o) : 1000kg/m?,

Specific heat (C) : 4.1868K]J/kg°C



B KBS FUNT SRR

— 115 —

Fol A depdatel zo], 99 2196l AE 114]
of A 12414 017} 20.32% =24 A4 =k, A
A5l 940l 4] 104 AFo] 7} 7.5% 2 7bg ok
aebA) 9X) o] A 104410l 2] FigBHEE L 13.82%
fgom, HifEo 71 ¢, & sz usign
el 09259 o A= EBEERC) 4.73% 24 9%
Dbd ERE ne T4 ey BREE BE®
of ETMAKBHERES HEs 8 Arhe] %

Hi el A Ghrstgd & o FU5{HE 44.2% R o} o
F ol Aow, HEEC 843 10¥] 2A #
B Ve E KEISTAo, 28 % Am,
HolEEE ] A% Aoz B, 3= 2K
AR HEl Bl AEe 104 39dE &
ZhER o] 14.42%, 7bsg 1049 8oy 7.12% =
A LRI 418 SRR oF2k 4ks et
go A2 Fwelstar.

Table 4. Thermal efficiency of solar collector on Oct. 3 (highest radiation) and Oct.
8 (lowest radiation) during 2nd drying period

’ C 4t
Date Hr  H(K]/m*hr) R HRA(K]I/hr)  4:(°C) QpCAt(KJ/hr):%j-A%
9~10 828.99 1.1184 74764.76 7 6260. 1 8.37%
10~11 1147.18 1.0756 99502. 25 13.5 12073.05 12.12%
11~12 1297.91 1.0635 111309.59 28 25040. 4 22.49%
Oct. 3 12~13 1477.94 1.0415 124127.10 25 22357.5 18.01%
13~14 1444. 45 1.0360 120673.74 19 16991.7 14.08%
14~15 1314. 66 1.0313 109332. 43 14 12520.2 11.45%
15~16 1089.19 1.0297
16~17 648.95 1.0582
Average 14.42%
9~10 280.52 0.8976 20304.73 2 1788.6 8.81%
10~11 330.76 0.8943 23853. 20 2 1788.6 7.50%
11~12 314.01 0.8954 22673.11 2 1788.6 7.89%
Oct. 8 12~13 381.00 0.8931 27439. 46 2 1788.6 6.52%
13~14 397.75 0. 8925 28626. 54 2 1788.6 6.25%
14~15 431.24 0.8924 31033. 38 2 1788.6 5.76%
15~16 297.26 0. 8980
16~17 217.71 0.8962
Average 7.12%
Surface area (A) : 80.64m?, Flow rate (@) : 213.6X10-*m?/hr, Density (o) : 1000kg/m?,
Specific heat (C) : 4.186K]J/kg°C.
Table 5. Analysis of drying efficiency in control Sp. heat of ginseng 0.82 0.82
: C, (kcal/kg)
and drying chamber
— - B Vap. heat of water 573.2 573.2
rying 2, (kcal/k
Control  chamber > (keal/ke)
chamber connected Vol. flow rate 0.13 38.56
collector Qu (m?/min)
. Time taken for 192 120
Weight of 1 . .
eVlVg, (kg)samp e 1.8 490 drying (hrs)
Initial moisture 36.37 36.37 Q1 (keal) 284.94 78678. 82
content (%) Q. (kcal) 2118.50 277624.55
Moisture content 14.32 14.58
fter dryi 7 .
after drying (%) Eﬂicxency( g‘ )(%) 13.45 28.34
Temp. difference 9.75 17.4 2
at, (°C) Net efficiency (%) 14.89
Vol. of chamber (m?®)  0.51 137.2
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Table ¢. Changes of moisture content in middle size red ginseng during lst drying
period from Sept. 17 to Sept. 28, 1981

Collector (%) Control (%) Typical method (%)
Day (date) .

wet basis dry basis wet basis dry basis wet basis dry basis
Sept. 16(0) 36.34 57.08 36. 34 57.08 36.34 57.08
17(1) 29.26 41.36 30.28 43.43 31.58 46.16
18)2) 23.28 30. 34 26. 46 35.98 27.24 37.44
*19(3) 22.56 29.13 25.51 34.25 26.53 36.11
20(4) 18.25 22.32 23.59 30.87 23.12 30. 07
21(5) 16.14 19.39 20. 30 25.47 19.87 24.08
22(6) 15.22 17.95 19.98 24.37 17.82 21.68
23(D) 14.38 16.79 18.41 .22.56 16.21 19.35
*24(8) 18.22 22.28 19.54 18.96
*25(9) 17. 45 21.14 15.58 18.46
26(10) 16.06 10.13 14.73 17.27
27(11) © 15.38 18.15 14.32 16.71

28(12) 14.47 16.92

* denote rainy or cloudy day
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Fig. 2. Drying curves of red ginseng on the
different methods in 2nd drying period
from Oct. 3to Oct. 13, 1981
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Table 7. Comparison of brown color intensity
of red ginseng dried by solar collec-
tor, control and typical method. (%)

Small Middle Large Average

Collector 147.9 132.8 126.2 135.6
Control 121.6 115.3 111.5 116.1
Typical method 100.0 100.0 100.0 100.0
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Fig. 3. Drying rate curves of red ginseng
on the different methods in Ist dry-
ing period from Sept. 17 to Sept. 27
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n=Thermal efficiency (%)
Qu=Flow rate (m3?/hr)

p=Density (1000kg/m?)

C= Specific heat (4.1868KJ/Kg°C)
t=Temp. difference (°C)

H=Horizontal radiation (KJ/m?3. hr)
A=Surface area (m?*)
R=0Orientation factor

DE=Drying efficiency (%)
W,=Weight of water (kg)
1=Latent heat(kcal/kg)

V=Volume of 'drying chamber (m?3)
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