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Table 1 Experiment conditions
Containing solution Gas tempeorature Gas velocity Wet-bulb teznperature Glass beads mean diameter
Teus (C) Ugas (/5) Ty (C) d, (um)
80 (a) 32, (b) 47 400
Water 160 10 (c) 46, (d) 60, (e) 80 400
NacCl (90g/L) (j) 46, (k) 60, (1) 80 110
220 () 52, (g) 60, (h) 80, (i) 100 400
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Fig. 3 Experimental conditions shown on gas temperature —
steam partial pressure chart

3. HEREEBE
3. 1 FIREROEIEF )Y LOWE (KFE-BEKERE
DFE)

F9. b — (B) & W - itk O30k 1 0 B EE]
EHERAZXATTR T, TRTOLMECEmEICHEE TN Y
AHHTH LT, BRIREE T, b IR E (BNZER) 4
FCTHD (a), (c), () TiL. R BIKITHE SaAE (AT H
LHELIRSTNDIEN DD, — 7, K E A <72
HE, EORIMRERMFIZH T, Fidh O ~DHT
N RTE b LT, SHIC, mBVKZAR RS L7 D (1) T,
fean D RTE L T e L3RI 10D Cross section of ()IZ
IRTEINT, HTAE — R TRKE DK ERHBISRN
Blesndz, BRI COWER S OFIET, oM
BHNER R L OVKIIBEI CO Ky D NIK IR LB B,
LRI OB ~DO X FARBU S B RF T B 205D,
ZI T, RAOBEEA BB T HZ LTI, HTAE —
AFEEER RO BRI 5, fmicLsTEbn
TWDRENT OHFED teZ RO T FERZ KSR T, &
TRIREEDS 80 C DY BH ZEXDIELITITHEL Ty
= 2CTILRE AT H RS 100%E725703, Tyq=47CT

-52 -



ITKAKIET 7 kPa B KA R DNWEZ BT H 237>
BHTATHIEA I REUR T LIZ, ZbDIEND,
RIREICEO T  IREL®mWEGE T, M TEbIL:
o ORISR0 ZORER, T AL —AFK
INEAER TN SHSN TWDHEFES <D LRI D,
SEZ, F—(A) 2T, d,= 110, 400 pm (23T,

WA & E T B O % | 2361 DI /3 A 22 (X6
\RT, MEHOVAEIRIE CIC i 1345 8 ORFEIZX %
WO B AR OME TR L2 DO TH D, XKD,
HIAE — AR B IR EKIRE BT, REdHD
VIR B ITIZEAEPHTHL, RELSMTIZ0.1 FREEL
EEAETAELIR T, 2L, MBI CEE WS )

(8) Tary =220°C, Tye = 60C (h) Tary =220°C, Tye=80C

(i) Tary = 220°C, Ty = 100°C

Cross section of (h) Ty =220°C, Tye=80C

~Ema—————

Cross section of (i) Ty = 220°C, Ty = 100C

Fig. 4 Photos of sample surface after drying (NaCl aqueous solution, d, = 400 pm)
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Fig. 5 Covered area ratio of sample surface by crystallized salt.
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Fig. 6 Distributions of salt contained glass bead packed beds
after drying.

[ZEO BB ATRE e B ACIR ORI DIFEA LR 1T
ITTAFEL TWDHIEERLTRY, 2O ERRKFEL T,
HERESHE D BRI MR X, 30°C T 36.3 g/100g-water,

0.25

140

1 120
0.2

1 100

o
o

1 80

—— T,.=46°C 7 60
—— T,e=60°C

o

Moisture content
X kg-water/kg-solid

1 40

Surface temperature 7sf °C

—— 7,,,=80°C

0.05
1 20
0 0
0 1000 2000 3000 4000 5000 6000
Time t s
(A) Water

100°C T 39.8 g/100g-water QLR FEIZL~T 10%IFE Lo
ZAbAET D30 HARIR L ORI b 572D B X
LD,

3. 3 REEELILLEIBIF IR

WIZ, RBHCE ENDIR IR L L THAL T RID 2OKEE IR
DG L, U TR K E S RT3k E izl
D, FIEFROIREZ e S ONTE BRI E R DR 7=
GKRREAEKTITR T, £, KBITILEKELE LS
RO TE KR EFRIER T L D R 2ok § W S M A
ZNEN—HIELTd,= 400 pm, KUEHEE 160°COEA
DfEFRZETT,

X 71%, REHEY 0z B HES K X kg-water/kg
-solid EREIEE Ty CORFMELERL TN, X7
(A) DKEEGERTIGEIL, Tye = 46°CORETIE t =
2000 s [T T X = £0.04 L72o7-1%12, G KRR HEE
PME T L, R C R EEE N 20 ER L, 33 Co
TR S CRIERE DNTIE —E L2 D W (E SR LI
M) MABIT, T2, Ty = 60°C, 80°C Tl FLEAIHIC
B IC 22— RFR7R B KSR A, WIFIODIRE |
AbRaThole, —Ji. M7 (B) O LT N7 LK%
BERT RO, BB AR Tue = 46°CTIL, KD
BB OIH7RBENMZE—EOXMIXALNT, $DHR
M EFAEDDIT T, ZD1%, 60 CHITIZEIELI#% I
REHRAIZI20 DT e EH (300 FPREEE) 100°CHHT
DIREZERSTZIT, O R UV T L2, — .
Twet = 60°C, 80CTIL, KEEFHTHAIVHIREIL
LEUVMET, AKEFREICIEE —E LR HMN LN,
F7o FREERIE, Ty = 60°COLO D RE )T,

0.25 140
1 120
0.2 L
- 4 100 5
58 o
g a
£ {é 0.15 {80 2
o ©
0 8 —— T,.,=46°C 5
28 Tet=60°C 160 £
2 n 0.1 = D wet™ 8
s —— T,,:=80°C 2
< et 140 &
0.05 a
4 20
0 0
0 2000 4000 6000 8000

Time t s

(B) Salt aqueous solution

Fig. 7 Effects of wet-bulb temperature on moisture content and material surface temperature changes (Tg,s= 160°C)
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Fig. 8 Effects of wet-bulb temperature on drying characteristic curves (Tgs= 160°C)
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Fig. 9 Comparison of constant drying rates.
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Study on Advanced Utilization of Steam for Drying of Porous Material
Containing Salt Aqueous Solution

Hiroyuki [YOTA, Nobuya NISHIMURA

Department of Mechanical and Physical Engineering, Osaka City University

Summary

Closed drying and/or food processing systems have been required for reducing the effects on the environment
and high efficiency. For these systems, heating media has high steam content due to evaporation from the
material being treated. Moreover, high humid air and steam have been wielded in the field of cooking. Also the
superheated steam at atmospheric pressure has been applied for drying as well as cooking.

During these treatments, when the material containing aqueous solution of NaCl as solute, the solute moves to
the surface and forms deposits with the evaporation of contained water. However, the effect of heating media
conditions, such as gas temperature and humidity, on these transport phenomena is not clarified.

In this study, the effects of gas (dry-bulb) and wet-bulb temperature of drying media on drying kinetics,
characteristics and time were investigated experimentally. Glass bead (mean diameters of 110 and 400 pm)
packed beds which contained pure water or NaCl aqueous solution were used as porous sample material. The
material mass and temperature changes were measured and the surface condition changes by salt
deposition/crystallization were observed during drying. From these results, depending on wet-bulb temperature, a
variety of deposits were formed. When the wet-bulb temperature was lower, the material surface was covered
with evenly distributed crystallized salt. In cases where water was contained, the wet-bulb temperature was lower
and the drying time was shorter. In cases where NaCl aqueous solution was contained, the drying time in the case
of wet-bulb temperature of 60°C was shorter than the case of 46°C due to difference of critical moisture content,

at gas temperature of 160°C.
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