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BIC LD B ol bR s 258 E R g L
DL Lic, £, #, BES 2,=4.0, 24,=3.0, 2/, 08k
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b %, 0.2¢ in Eq.(32)
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1.0
081
curved line:
5 06F ‘
E b=1.097, m=14.67
v (>3
2 (used £=293.2K, t=373.2K)
S 04y in Eq.(10)
T 332 3332 3532 373.2

HK]
Fig. 2. Relations among the satulated steam concentration ¢,
(kg/m?] and the sample temperature {{KJ.
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Table 1. Calculated values of the parameter K,x10?
(min-1} used Eq. (35) in Eq. (32).

21,
21, 2.0 3.0 4.0 5.0 6.0
2.0 4.96 6.04 6.73 7.40 7.24
3.0 — 7.15 7.58 8.03 7.66
4.0 - — 7.64 7.90 8.32
5.0 - - - 7.63 8.49
6.0 - - — - 8.29

Sample: potato (2/,{em)x 2/, ({cm] X 2/,=0.5 cm, samples),g,
=50g, P,=187W

1.0
0.8¢

0.6}

Gl-]

04r

straight line:
K=0.05072min™!
J=~0.01559

in Eq.(32)

3. I i

n " i L L A " .
10 15 20 25 30
Slmin]

Fig. 4. Relations among the drying-ratio G[—) and the drying time

Slmin).

Sample: potato (2.0%X2.0x0.5cm samples), g,=50g, P,

=187 W.

—~E LT, X 2, LW 2, %
2.0~6.0cm B2 CHIET -1,
RO EHMLCHLAD K offio
KB L HMIEWE K, & Table 1
=L CRT, £, 2,%x2]
=2,0%2.0, 4.0x4.0 &L 6.0%6.0
KMt AHREEML LT, Fig.
4~Fig. 6 kR, LLEofficks
L, BBoI LD 2.0cm BT
7 B L EHGEIE DRI AN E I
BHARAP LTS, B3 LS KEL
RaTuL b, BIRBENKELL -
Ti»Twb, LnrL, HHEELL
KWARELS D EREZOBRCLBE
Ervig <o Th B, Zhik, B

1.0
08}t
0.6 straight line:
L K=0.08004 min™*
© 0.4r¢ J=~0.09636
- in Eq.(32)
0.2+
0 i i n i L i n i I A L 3 4.
0 5 10 15 20 25
Slmin]

Fig. 5. Relations among the drying-ratio G[—) and the
drying time S(min].
Sample: potato (4.0x4.0x0.5 cm samples), g,
=50 g, P,=187 W.
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1.0 1.6
0.8 0.8
- 067 straight line: T 0.6 straight line:
<Y 04 K=0.07525 min—? <y 0.4 K=0.07615min™"
J==01117 ' J=~0.06782
0.2 in Eq.(32) 0.2 in Eq.(32)
0 0 5 10 15 20 25 0 5 10 5 2 25
Slmin] Slmin]
Fig. 6. Relations among the drying-ratio Fig. 7. Relations among the drying-ratio
G{~7 and the drying time S(minJ. G(~7 and the drying time SUminJ.
Sample: potato (6.0Xx6.0%x0.5cm Sample: potato (4.0x3.0x0.5cm
samples), g,=50 g, P,=187 W. samples), g£,=50g, P,=187TW, ¢,
=25.0°C, £,=20.0°C,
1.0 1.0
i
0.8+ 08+
- 0.6¢ straight line: - 0.6 A K=0.02701 min™!
= K=0,07837 min™* Gy =—0.01091
© oaf © 04 ,
- J=—3.027 ' B: K=0.02600min™!
r in B = ~(.03419
02} in Eq.(32) 02} /
O i H 4 " i 1 X Y O . £ " 2 3
0 5 10 15 20 0 20 40 60 80
S[min] S{min]

Fig. 8. Relations among the drying-ratio
G[—] and the drying time S(min].
Sample: potato (4.0x3.0x0.15cm
samples), g£,=50g, P,=187TW, {,
=25.0°C, £,=2.0°C.

Fig. 9. Relations among the drying-ratio
G(—1 and the drying time S{minJ.
Sample: potato (A: 5.0x2.9x0.33
cm, 3 samples, £,=15.78g; B:
5.0xX2.9x1.0cm 1 sample, g
=16.63 g), P,=50 W, £,=240.0°C, ¢,
=20.0°C, u,=47 cm/s.

1.0
08 AW/
06 ) A K=0.009493 min™!
T ’ J=-0.01145
= 0 B: K=0.01936 min™!
' ol J=-0.03051
C: K=0.03466 min™!
0.27 J=—0.03903
0 20 40 60 80 100 20 140
Slmin]

Fig. 10. Relations among the drying-ratio G[— ) and the drying time S{min]).
Sample: potato (5.0 X2.9X0.33 cm, 3 samples), g,=16 g, P.=A, B, C:
18.2,42.3, 65.0 W, ¢,=27.5°C, ;=25.0°C, u,=47 cm/s.
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OFERICEB L, BE 0.1~05cm OB CKERVHERIZR>TV5LE 2 605,

REOEXOBBEPMRLERY, B2 Sy 1 EH 16g &L, BRLHT (BLARE ,=40.0°C,
PIRERRE £,=20.0°C, Wl #,=47.0cm/s) KBLT, MEMHEHN 50W & LT -7, 2L, X2 X2L4
=5.0X2.9X0.33 £ 3{HE 5.0%29%1.0 # 1 HLE2 CHEET-7. RODEHALTHOAD K ©
il K, i, FhFh 0.02616, 0.02685 min~! 2/ » 72, ShHBOEESE Fig. 9 1id, Lok
BEAGROSE RS2 L, K, OfEiES 0.1~1.0cm O TAELGCERICRLLEZ LRSS, X
B ERBHEEDE K OESEIOMEICE - TETVRVY, ZOBPE-RTHENELR
fon kel s, LL, Biasl, RO THREET-Lok, PLREXLATHILICRENT,
BEI R Z)fJ:EL’C«1 BB > T B b BE 2S5, B CIEXE 0.1 om BELL
Tl+d2 EBNNETH -,

FRIC BT, HEREZFE G LTHEREE L 5RRET - €, EREED, BHE (BREXEXES)
¢, 3.4%34%x0.3cm, 1.5x1.5x1.5cm, 2.7X2.7X0.5cm olfic, EMAEE (AEXES) <,
3.75%0.3, 1.7X1.6, 3.0X0.5cm OIZKEL - THIAIMIEL T B, £z, Boks (1986) 12k 3
Sy 1 WAoo BoEmMBEIES, IHE (—UEE) €, 2.0, 1.0, 3.0, 4.0cm Ok Eh ol E D
WEOWEDLH B, FHOERE, BTN ) ORER, —LORIOK e Eo SRR L, Ml
BIBEHBLTVW S EE2 bR D, EEHOER 08cm R ELBRLCV A0 TEAVHEEL LS, Il
BGREEANE T INBATe AR T S L RFOWEH, BUER L CHRELRBBEE LT, ZObE
SHOBERBMELLTELONR D,

B hoReE MBI OBE LM~ ERE, R 22y ¥4 28 16g (5.0%x2.9%0.33cm % 3 )
LU, BEAHT (ELEE 275°C, INESEE 25.0°C, W 47cm/s) KR LT e, MBI &
18.2, 42.3, 65.0 W LB Tl % 1T -7, NGB EHALTH OIS K OOWEM K, 12, ThTth
0.009119, 0.01991, 0.03515 min~! &/t chHLOFEE Fig. 10 wid, DEofRickss, K,
wﬁﬁm%&ﬂ1&%&&MN@%%TM%%ﬁmﬁ’&f&@LTk%(@aTV6oKw3&K&mu

L BE K Offinini 1 Py S 5BRICAR - T 305, Thé—FT BRI ->TV 5, L
ML, MEEEEFAES LLS EmBB I ERE{T 5L, X024 Tl % ﬁoniék,$umﬁwtﬂ
LTRBENRRZ 54 ¥ LTRHEA NI » T B EE LT 5,

mEH & 42.3, 65.0 W ok LCi s R o KR

Bz, BHECrREG6) &G EFHATHHE £ - Table 2. Calculated values of the
FORER, KG6 KT S N Offix0.574, 1.055, Ky o parameter Ky X 102
{13 0.02095, 0.04500 min=1 iz b, K@D RT S 0 O [min~1] used Eq. (35) in
{i10.788, 1.230, 2 Offiix 0.02984, 0.06538 min~?, ¢ ® Eq. (32).

filiik—4. 845, 4.191C7 7o, Ky Lk O, ThF ty

RAERDAT 2 =5 N 8L 0 OEs s REHE LT f 0. 40 80
LARESWEEFTTEYT S, L2 TIh6DATA—4 4 2,70 2.66  2.63
Ky XU b g ETs2 LxB#CH S, Fig 20 2,63 2.77 2.67
10 OfBOBIRELKELCHHWTE DL I, REED 30 2.58 271 2.84
A5 A —4 N BIOn Offik, B IO T - < Sample: potato (6.0%x2.9X0.35 cm, 3
KEL g T B, MEH T 2K E T 5 OISR samples),g,=16~17 g, P,=50W, ¢,

PR E L, BIROBTICNR » TR &4 5, i £°CJ, ,L°C), u,=47 cm/s
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NEPE LT B LERISHAR A0 5, ERERIIMAE C, BIEREOQMARD b2 <, SHEAR
RGN B NS5 LB 65, KPS T J) & 2 2 2 FIR MBI ER 2 B ISR Tz 72 » TV 325,
PR OWATICH L OB MBS & BT s, RES (1990) RSN B L 512, B
ETL, ABOoPLRENERLTCOERIEA -T2k Y, EEFET S,
ERREEREOHE  HEARELREOHE LMY, R ES Y H4 T 16~17g (5.0X2.9
x0.35cm & 3H) &L, FESGHET (FOE 47 cm/s) B LT, MBHII 50W & LCFfFo7, &0l
B % 30, 40, 50°C, PHIRBORE S 4, 20, 30°C LB A THEE -7, RON WAL TERSE K ©
{HOMIEME K, # Table 2 25%4, Table 2 {2k

i hY R WIEL Ry RIS S e Y
B&, Ko oftins, KGPRECRE, BEEEX R Table 3. Calculated values of the parameter

BT, cheo@Be i uiRick - T 5,

K,X10?(min-1] used Eq. (35) in

ZOREE, BHEOEEBE 2HET 5 &R Eq. (32).
B ENTERE, BIBOBIGER»LEE LT ;
z tﬁ"@%‘r Zlihe b, SHORREGRETH (t:) 30.0 40.0 50.0

»*rUWJ%%‘iﬁi LT B E, R(Q2) CHhiE Sample 4.0) (20.0)  (30.0)
fiofedksic, TULRENLRLTRA RS B carrot 3.06 329 3.34
& L'Curx'fgﬁ BB A » TR B, LB i potato 2.95 3.08 3.06
TR LR SRS IEREET 5, Bk banana 2.80 2.8 3.7

7(\

- ORRI b7 5o o ) ) Sample: (5.0%2.9x0.35cm, 3 samples), g,
REAREOHE TRELOBELH~2R2H

#, BB ECy H1E 16~17g (5.0%2.9%0.35

=16~17 g, P,=50 W, £,(°C], £;(°C), u,=47
cm/s

Table 4. Calculated values of the parameter K X 102(min~1J, Jx102(—] in Eq. (32), £x102(min-1],
#{—1, ¢[—1 in Eq. (39) and start point value S,(min), cross point values G, —J, S,[min].

Sample K J k % ¢ So Gy S

carrot 2.945 —3.471 6. 368 1.119 8. 203 1.179 0.7490 26.61
potato 2.904 -3.390 6.019 1. 083 11.94 1. 167 0.7390 26.61
banana 3.232 ~2.518 7.514 1.194 4.952 0.779 0.7570 24.20

Sample: (5.0X2.9X0.35 cm, 3 samples), g,=16~17 g, P, =50 W, #,=40°C, t4=20°C, #,==47 cm/s

cm E3{H) &L, BEALHT (L 1.0
nui*c. 30°C Flhnedd B 4°C) ML -
. BN BOW & LT T, 0.8f %

REOHE 47, 13 em/s %R C i i j;ragg(lggilsm £q.(32)

o . . " DOF =4 m
HWeEFT - 10 XG0 ALl — 0O oo
ho K ooMIEl K, &, Th* S ol curved line:Eq.(39)
#u 0.02939, 0.02951 min~! {272 - #=, | f=0.06368 min~!
K, OENAERLRET R, B840 02t n=1119
WO 0 P & 20l SRS A2 o T ¢=8.203
%o 05 20 40 60 80 100

HABOBARICH L Tea 2 v iin S{min}

ROMBENINS 2B 8T 5 Fig. 11. Relations among the drying-ratio G{— and the

&, REL (1982, 1990) ZiRENT
LDk, MEORE, BE, #H

WRET BRE BB EER b B,

W, SRR YT A %R

drying time SCmin),
Sample: carrot (5.0X2.9%0.35 cm, 3 samples),

&=16.14 g, P,=50 W, 1,=40°C, £,=20°C, u,

=47 cm/s.
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1‘()' PrTe— L0 P —
0.8 S 0.8 i
straight line:Eq.(32) straight line:Eq.(32)
06 K=0.02904 min~t 0.6 K=0.03232 min"!
v J= 003390 T J=-0.02518
© 0.4 curved line:Eq.(39) © 0.4 . curved line:Eq.(39)
k=0.06019 min™ == 0.07514 min™?
0.2 n=1.083 0. n=1.194
c=11.94 c=4,952
0% 20 40 60 80 100 v 5 20 40 60 80 100
S{min] Slmin]
Fig. 12. Relations among the drying-ratio Fig. 13. Relations among the drying-ratio
G({—) and the drying time S{min). Gl ~1J and the drying time SUmin].
Sample: potato (5.0x2.9x0.35 cm, Sample: potato (5.0%2.9x0.35 cm,
3 samples), g,=16.51g, P,=50W, 3 samples), g,=15.30 g, P,=50 W,
t,=40°C, £;=20°C, u,=47 cm/s. t,=40°C, 14=20°C, u,=47 cm/s.
DGR C, BBIGES B SR YT 5L, B R ¥R 5O THEEET S,

REOEEORVIMILZHE ABOoHEEORVIC L 28 L~ R Y, B 16~17¢g (5.0x2.9x%
0.35cm #3) &L, MWMASLHT (FLHE 47em/s) R LT, MBAHII 50W L LT -7, Rz
A&, Py HA®, Az, BRIRE, BRBRE& L 30,0, 4.0°C; 40.0, 20.0°C; 50.0,
30.0°C B2 T ofe, RO EHHA LB ONS K OEOFIEM K, & Table 3 —% L-OURT, K,
OEPFB OB TR Y, AL, Uy HA4T, AT +OECEr AL RE - T B, K REBE
FCIROLEE, AR, Py A E, SFFRNLT, £RFENSNT, 80.7, 73.5% ThHt, K, Ol
%, BB X - TRV b G, SR ErRL Y BETEEE L bR BN, KREEPKE
WG BIZ R E S R BRHENRG NI, ROESCLLMBHRL TG5O TRV EEL LR,

ERoRBERe, RCOUEHEMLT, v b BIU ¢ OfE2Ry, ERGHINE & HBERINE O -
Gi[~), Slmin) #RDBFHEET »120 AT XA =2 RO~ % Table 4 ZRL, FRF—F LHHA
ERALE L3O R Fig. 11~138 15R$, Simind &, #i Lol LA IM-ch 5, e 3 -
OB T CoR o BREHGEIE R, B O A B, ERERINMLA CoREBF - ¥ L H MR
Lo—FHR AL, S8, MERERNNEZ A b CORRBORN & TERIER 215 2092
BChBHEELLNS,

& El

A 7 v aﬁﬁmm%mi&AW&mkonf,mm(Ah& , 1990) TR Uis, AWFTE
Tk, v 7w ENEAE & B EEGHINRIC SV SR BI T ST & 1T - 0, MM R, WUE L
AR, fE SRR, M%Wﬂg e BT R e BT B RYE 21T - 1o

bk & s, mEE ), SEEE, BE, B ARoMEEE L ERER LT - T, ERHRIE
KB 2 BSEER O A5 A -5 £k T, BHERORTER» B o BER 2 EFIC LoEEET
St G, RHERREOHESLETHAD EH 26N, $i, RBloXkE s, BRokiER,r 65
FEHORBEOTHREYNE 2 oh, HEOAkE S, BREBIGRORHEED L EVDBECHHEELL
iz,

IR AR & 3 oo N Jlcr Ok BRI AR, B0 Ry B A ki, EREHRINEL co R
Fo & LR E O—EN B 2L, S, MEERINN £ 4 by CoORRER oMM £ o TR g
KEBAMENDECHBLELLNS,

ks, KFEO—HE, PR2ZEICABHOESRE (HIUK) kT 5T 23EEKE K &I
R LL%kaéo



156 g B - fl

AP O—ix, PEPEERN2ORY (1989%) £X b0 THB, ki, AP THRLLEFL
v O OMTHREREN NE-6330 B2, BRTFEREBHMORELZI L0 THS, HRIETHGTHE

ERT,

= B £ 5
A D O AR (m2) P, CmEME S (W)
B b (3R(E8), RAO)DAF A—4 Qn @ DEE, BRI a8 (J/s)
c e/ (=] Qs fqulgn (=]
C, CEBo e (J/kg KD WAL R - DRAET
¢y s BBk o SRR S S @y CEBC BT A 8RR (J/m?s)
Ckg-H,0/m?) qy Ly, [J/m2-s)
c FRBNDAG A& I B BB
D, P UB N O KRB RO BN SR R vl PCots (1
{m?/s] S DR (s ), (min)
f D R (16) TRTBIH So CHUE BRI -J/K (min)
G SR TRET AEER () S, Vbmyen/ts (J/m3-K)
Gy E BRI & MRG0 W Si ESRIE IR & R R M o B
ZH0 G O 2 M0 S Ol
g CREoER ke, (g) T S (=]
J P RENDRT A= t CRMORE (K)
K (32 DRT A= F ty DR zZELORE (°C)
K, (K OfEOWIEM iy DR OBRE (C)
Ky, Ks PR36), REBOHDAZ A—F by il REKOEIREE (°C)
k FRBHDSAT A U, CREZEL O (cm/s)
L, te/Dy () 14 RO 4B (m®)
! PRBOREE [m), [em) Wy D KEEEHH (kg-H,0/m?:s)
2L, 24, 2l oL E, W, BEE (m), (em) X tx/l (=)
M, m (R (38), RUODAT p—F ENA TREOBEX, B RE, a0
N, n 1 AG36), RBYDAT 2 —4 MEOMEEE (m)
P (P V (W/m?3) @ Mo SLEER (n?/s)
ERy STl VELY Py DK, (T /kg-H20)
P, PPy (W) 7 DGR (]
SOkt W B R A R BMEEE (W/m-K)
P, CPRJAL ([~ p CEEo®E (kg/m?)
R
o : PIUME, e : FHEE
x ER, EEREELE o BEod
s Bt R
Bl B X m

FEIE— - NEH—, 1982, <A 7 v P EHA LeRGE FARBOMRER L Folic>uC. BAT

B, 29 :587-595.

TREFE— « NEH—, 1990, <~ 7 n i &#FIH L BHTomMEHE. BRI, 37 581-588.
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Studies on Microwave Heated Drying-rate
Equations of Foods

Liang Tong Lu, Kiyoshi Kusora, Kanichi Suzuxi,
Takashi Oxazaxi and Yousuke YAMASHITA

Faculty Applied Biological Science, Hiroshima University,
Higashi-Hiroshima 724, Japan

In order to design various microwave heated drying apparatuses, we must take dry-
ing-rate equations which are based on simple drying-rate models. In a previous paper
(Kugora, et al, 1990), we have studied a convenient microwave heated drying instrument,
and studied the simple drying-rate equations of potato and so on by using the simple em-
pirical rate equations that have been reported in previous papers (Kusora, 1979-1, 1979-2).

In this paper, we studied the microwave drying rate of the constant rate period for the
various experimental conditions, and the drying-rate equations could be determind based on
the simple drying models which have constant rate period.





