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Abstract : The freeze drying rate was investigated under various conditions such as pressure
and moisture contents in order to establish the optimum condition for expansion of the
cutted flue cured tobacco lamina. The optimal pressure in the chamber to maintain the heat
and mass transfer was about 0.8torr, When the moisture contents of sample was 50 — 60%,
expanding rate was the optimum condtion and the rate was 67 - 76%. As the thickness of
the sample layers was increased, drying, rate was decreased conversely and this result seemed
to be due to decline of heat and mass transfer coefficients. Differences with the position of
its stalk were also observed in drying rate, and low stalk position leaves of 5 and 3 was the
fastest.
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Fig. 1. Phase diagram for water and represen-
tation of the sublimation process.
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Fig.2. Heat conduction transfer.
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1. Recorder
2. Vacuometer
3. Program controller '
4. High temperature freezer ON switch
5. Low " ” »
8. Vacuum pump ON switch oooo
7. PLate heater ON switch
8. Air compressor ON switch m :ﬁ:“w
9. High temperature freezer select switch
0. Low  # : v ] A : Cold Trap
11. Off switch B : Sampling
12. Tenperature select switch @OOO® bypass
13. Freezing select switch @@@@@ C : Bampling
14. Vacuum evacuation control switch oG Rod
156. Sampling control switch OLGE D : Bypass vacuum
16 . y ’ @6 valve
17. Alarm stop switch E ! Air injection
18. Vacuum control switch @ valve
19. High temperature pressure gauge(high) F : Vacuum control
20, " " o (Jow) valve
21. Low " " * (high) @ G : Plate
22, " " r (low)

Fig.3. Scheme of experimental apparatus.
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Table 1. Change of. drylng rate(/é) with time and various chamber pressure
Ry x107 (g-water/ g-dried material)

chamber press.

drying times (min.)

180

(torr) 20 40 60 80 100 120 140 160

02 1527 2285 2014 1762 782 415 318 187 092
04 1604 - 2447 2268 1630 642 401 252 106 062
08 i7.13 2779 2455 1542 506 226 183 074 041
12 1641 2584 2192 1648 526 402 237 105 056
16 1463 2261 1905 1462 880 611 441 278 101
20 1227 2043 1618 1429 1054 852 502 4.1l

226

NC82:B.1, plate telﬁpérature:-4.6°C, tobacco thickness:10mm
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ltt. 23ez d9E YEAZTA NR3e F
A7t FANANA A ZFEAZI| NN A2REE A
Zto]l oA B2 nENH Y dguj2e] gAG
ArE AFsted AFE 74 55z Ax29)
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Table 2. Change of drying rate(%) with time and various material thickness

R, x107? (g-water/ g-dried material)

material drying times  (min.)
thickness
(mm) 20 40 60 80 100 120 140 160 180 200 220 240 260 280
5 19.16 29.84 2537 1385 434 155 087 051 033 0.17 012 005 004 003
10 17.21 2661 24.83 1452 556 244 182 082 046 031 025 018 014 0.11
15 16.84 2229 18.02 1280 691 514 346 265 201 173 085 061 045 029
20 15.37 1948 1546 11.53 822 6.16 4.52 3.87 305 220 192 153 102 046

NC82:B.1, chamber pressure:0.8totr, plate temperature:-4.6C
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Fol AMA .8 27 WkoH 50%9) FEANE
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717 ol FE & 89 Fo) nHEAAN B} @
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L 02001 J9E F2 d435te] FEAZ
712 AEHE AR FASIHE Ve ol g
@23 YR Fee] 2o L £F FB
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o] L7 A|Zhlo] -80] o) FH e G 4
AEo 2 & Fg5orrt BReS B £ 2
3} i ch(Mohapatra &, 1973). 202 P& =
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Table 3. Change of drying rate(%) with time and various moisture contents
Ry x107 (g-water/

g-dried material)

moisture drying times (min.)

contents
(%) 20 40 60 80 100 120 140 160 180
30 8.21 13.57 7.85 5.03 2.40 1.93 1.18 0.38 0.12
40 12.72 21,08 12.47 7.86 4.19 2.48 1.64 0.68 0.32
50 17.25 27.04 2451 14.70 5.22 312 1.87 0.81 0.45
60 21.61 37.68 31l.04 23.82 9.75 7.33 4,72 245 1.21
70 29.37 52,25 42.35 35.06 18.48 13.62 9.50 6.71 4.73

NC82:B.1, chamber pressure:0.8torr, plate temperature:-4.6°C, tobacco thickness:10mm
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A £2& dh3tn ot dxd dgvd 2
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e & ehtA "o ol FEF R ) A
F7t F92) £E7} A= d(osmotic pressure) 4]
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2 (Katherine , 1977)8] o] &9l &3l 49 ¥ + 3l
ok =¥ dutdone AR B AHFe) W=
HEA FEHUE A 722 (palisade tissue)t A F
Zr(intercellular space)e] 2§ 3| H=ZZ (spongy
tissue)ell H7HE Sl 2J3A B3 o| g o]
veEhdez AAQ B 7Fxzo AF Fd Jbgt
ARA FERHLE HYH(swelling)Ho] ¥ F
(crassula)3 e F ZAHE oz #:3F F=
Atk 24aeA g o] FEES TR o
YE&E F7Eh) 8§ 50-60% FE & &
o] 77t AAF E3ste 84S 2 oE

FRo]l AXEL AW AT IF X8 F 7
HE 2E89 A=r ¢ o4 iR ga #4
& UYeEnfr] W2 Aoz 44E 4= glow 3
SR 70%0A WL 814% s 2 2 JEY
o}, ZokE Hahgo] vstd Hog =EE AA
sted 87E e dol AHES viwEte B W £
& 50-60% 23] BEL 67-76%2 3t Ao
743 AA AW AxFo FAFE AR AF
& Ao g FHHE uholt].

Expansion rate

Fllling Powar [ccig)

4 50 80 70

Moisture amatent. (/) (%)

Fig. 4. Effect of expansion rate with moisture
contents. (NC82:C.3, chamber pressure
: 0.8torr, plate temperature: -4.6°C)
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Hulsture content, (wru)(N)

10

' N 3
Drying time. (hr)
Fig.5, Change of moisture content with
different tobacco stalks position and
drying time. (chamber pressure:
0.8torr, plate temperature:-4.6°C)
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+ G-13
w F. Drying

¥

Filllng Power lcctal}
£l

A.IS u;a B:l C.Il C:S D:s
Sialk positions
Fig.6. Comparison of expansion rate with
tobacco stalks position and treated

process. (chamber pressure:0.8torr,
plate temperature:-4.6°C)
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49 4%E FE AAZH = B3 AT AR w : mass flux of water vapor (g/cm’, sec)
9] 2 2r15Q 71Xl FAHA FrtEke D : effective diffusivity (cm’/sec.)

A Fo| F2 ?&%3}7‘] T @EEE 0|99 Ashiy Cd : concentration of vapor (g/cm’)
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