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Development of a Prototype Continuous Flow Dryer using Far
Infrared Ray and Heated-air for White Ginseng
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SUMMARY

This study was performed to develop a prototype continuous flow ginseng dryer with which better product
quality and lower drying energy consumption could be achieved compared with conventional ginseng dryers.
A dryer having both far infrared ray (IR) and heated-air as the drying energy sources was designed and
fabricated. Dryer performance was studied by examining energy efficiencies and dryer performance evaluation
indices (DPEI) during the drying tests of medium-sized four year ginseng roots with IR radiating plate
temperature and drying air temperature in the range of 80~120°C and 22~507C, respectively. The DPEI of
IR/heated-air combined drying was 1/3 of that of the conventional heated-air drying when ginsengs were dried
to the same final moisture ratio. When ginsengs were dried for 12 hours in the prototype IR/heated-air
combination dryer, a linear relationship was found to exist between final moisture ratio and ginseng
temperature. As the drying progressed, drying air temperature inside the dryer was nearly constant but ginseng
temperature was drastically increased during the first two hours and gradually increased thereafter until the
end of drying. With the prototype IR/heated-air combination dryer, the drying rate changed little but the
energy efficiency increased proportionally when the amount of ginseng to be dried increased. Drying capacity,
energy efficiency, and DPEI of the prototype IR/heated-air combination ginseng dryer were estimated to 1,500
roots, 65%, and 3,800 kJ/kg-water, respectively.

F 2 8-ol(Key Words) : 214(Ginseng), H:(White ginseng), €& 4 7 F(Far infrared drying), @554

AZ7](Continuous  flow dryer), AZ7] A5 712+ (Dryer performance
evaluation index)

1. A = e “nFAMrolgt: AR 551 Q)
d, o7& medl4te]l & iRt 453

122 QI4} (Panax ginseng C. A. Meyer)> 2.2 4E 71 Q7] WEeE Azt (5 S, 1994).
i3 (draliaceae) VA4S (Panax)ol £310] 46 Q8 GX & QMAAFOTE T4 WA g
W ot e XA AuiEE ohdAg 22 4 A Fol ded I B¢ FAFE =7 Anaky
2olth. AL A FF, dE, vF, Avdh & 9 gato g SduidAZAlA 24, 7HE,
¥ FANME AdiEn Jdov 53] sEvel gus sgout 1998dREE guelT Az}

o e

O

T 19989 % FH71&7/M8dTy Q] gzt FAHAS
* R RAR BRAS EMREASYTAN (BENSHRHRN

=115~



25U ATE R 253 A2E 20004 48

7FeatA AT ¥
T TR FHE S
A FE kg BFo] AYHE oz LA

Qo] Wautt AP ge @ol B Wkt
of o9 ¥7] WEe] A AHAABAAETO] T4t
AEE dEd A SR Fohd T2 5
N9 Dl FA o Fe AT B of

e FMe T % Z7tekn 9lth

Wikold 4 104 s 4ol st A8,
Av), A4, v, 12 dx, 31, 2F, 23 dE,
TEAE, 2% 59 7}0 & AXR g0l
12% ol&t7t HEE st 4yHA AP A F]
t} o] FolA AzxFHL AL, = F YA
b gol AQHE
AR HE & IF =
BAe Az & biob} FY 5F
59 olRE dAE AFARIE ol £ AT
FaAzo] AEstn QoA F, 1986).

g9 it dFAE (AFFHAX)IME F
2 454 AH HUS o8t BdZIVNE MY
= wAlg A"t givh dRE A4 94F
AR E Fng Tadd o8 e Aukg AXS
TZE D Y AT 45 F -6
T 2old Az U 7159 AFRse} #
A3E Asto} ofg] Rl FIF7E HAETE w2
o] FFg olF: Uttt FY EFY 2EE &
45~50°Ccol® ¢H AY FFEAA ] Azede K
5 349 357 2e8thE 5. 1992).

AEAZ PA L gdtzloz Ax 224U A7}

1l
i_

¢

X gl

r

A
p

Bn ne9 AZFNNE AT B3P HAREY
F4o| AsHE 2oz LA Ak olel me
AeAgdE, AFAZ, AFERAZ, vlo]aR
% Az, 4898 A= % e M2e A=Y
4 A 53 oY FEAEY Az ol
g57) f8 Be A7t APHT gon, I
o B, B BUEY ANAM AzE BL A
FASY AXHA BYL Wb % (&

1990; # &, 1994; & &, 1996; 4 5, 1998).
ek B AfoMe nEAE FA}EA 9
vl 2018 HER 87 A3, HdzE R

2REY ¥ Fe Doy doluxe A
Hoz B

wate MAE AT
Naz W u} Zﬂ}ﬂ% Asaa seic
27)% oy
B %a% dsd0z A48
onl, ARAMA G A= EH} FE
HES Aok & 49 A2IY A% §F
SosE] Aol AXARE HLT F
GFS 2994 Feoz Aasy. Jud
2719 4EAEH ARSHY TS FR 2]
493 A o ARAFL YA 3
sreaeh.

o omle o 32 O A oale Mo

)
ol

B3

2 g 2 Yy
7t HE =

AlEal 98 4 (53718 5 & & 75%)S
19983 9€ Heg&E= Agkdolr AFHO oF 2
T A2 AFE FHF (BA 23-25mm) 442
o224, 7Y F HAH-Aul-dm-AHE stn
B9 FES AAS £ uid A HE, 9%
o) 2@EstE gaa Age) AbgEedch

Lt AR

a9 12 2 439N 44
27 NFFA gazolth fAxE2 o]
of oA -3 299 UxNE

E3 4394 U w5 Ex =Y A
o8 dzAch 4AYH WAtRe EHLRE 2
o 250°C7HA Aol sbEdte HUAZERRE d

HAX PAE ZTAAAY Agle 5~Tem FEE
FA At

Z+ @R A XA 471E FdEe 2 T
712 AMgsted, §7) A9 &7 FHo ZY 3H
Q2kWx 6707 2R FaAlde FYT 97
£ 71g, ¥4¥0® 9EY dxY R TIE 7
Atk (29 2). HAZEZRE FEE FEA g

~116—



Fig. 1 Prototype continuous flow ginseng
dryer using far infrared ray and
heated-air.
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Fig. 2 Schematic diagram of the dryer
interior.
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Fig. 4 Drying curves for heated-air drying
and IR/heated-air combined drying
of ginseng.
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Fig. 5 Comparison of drying curves
between heated-air drying and
IR/heated-air combined drying of
ginseng.
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Table 1 Dryer performance comparison for
varying drying loads

10 roots | 150 roots
Item . .
drying drying
Final moisture ratio 0.19 0.26
Atmospheric air temp. (TC) 219 5.0
Avg. temp. of dryi i
vgo emp. of drying air 563 4.5
()
Avg. temp. of gi t
veg empn of ginseng roo 551 463
center (C)
At heric air humidit
mospheric air humidity 414 80.5
(% RH)
Dryer exhausted air humidity
458 64.7
(% RH)
DPEI (MlJ/kg-water) 103.5 114.1
Dryer energy efficiency (%) 2.3 20.8
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