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Development of Freeze Drying Analysis Program using Fixed Grid

Jin Hyun Nam , Chi Sung Song"', Charn-Jung Kim"*
Iishin Lab Co., Kyongki-do 482-872, Korea
*Korea Institute of Machinery and Materials, Taejon 305-343, Korea
“School of Mechanical and Aerospace Engineering, Seoul National University, Seoul 151-744, Korea

(Received May 18, 2004, revision received August 16, 2004)

ABSTRACT: A multi-dimensional freeze drying analysis program, which took simultaneous
heat and mass transfer, sublimation of ice and motion of sublimation front into full account,
was developed using finite volume method with fixed grid. The effect due to the motion of
sublimation interface was modeled by an enthalpy formulation streamlined for the freeze dry-
ing problems. The efficiency and accuracy of the program was validated by solving one- and
two-dimensional freeze drying problems frequently encountered in industrial processes. Finally,
the freeze drying processes of cylinder and slab objects with permeable side surfaces were
simulated, which demonstrated the capability of the present analysis program in solving multi-
dimensional freeze drying problems with complex sublimation interface configurations.

Key words: Freeze drying(¥72 7 %), Finite volume method(+ 332 ), Fixed grid(Z3 A A

Cou
Dw. in
Dyin
F
fe(T) :
k

2Nz 4y

DA F3e [mf)

CRE GAAF ARE e BF
cHld [J/kel

. A4 [kg water/kg dried product]
Dol E FAAF [m/s)

P Dy, inpy IN/s]

CEA A

489 HY £271¢ [N/m]

PHAEE [W/m-K]

t Corresponding author

Tel.:

+82-42-868-7372; fax: +82-42-868-7355

E-mail address: scs1675@kimm.re.kr

Ry

k21 k4

P EFE7)e wa GAASE [mYs]

ky=Cy D% KW/ (Cy DY 1yt Ko 1)

D A7) B2aA4 [mY/N-s]

k2= k4=KwKin/(C2 Drgm+Kmxpt)
+(Cor/ tme)

cu A 7)) 22 G4ASF [m¥s]

k3= CZ Dl?),inKin/(CZ Dt?;,in+ Kmxpt)

CAgsY gR/FEE [1/d]
D H B 1A R A [mYs)

K= C(R, T/M,)"*

PER 1A A FaAF [m¥s]

Kmx=3)wKin+yian

D EF7IS FA FAAS [mYs]

Kw= Cl (Rg T/Mw)o's



924 924
L AzEY ¥4 [m]
M 1 B2 [kg/mol]
N A9 A%HE [ke/m’-s]
P cAZEEF U E [IN/m?]
7 des [Wmd
R D AZEY vk E& Zo) [m)
R, 0 714444 [J/mol-K]
7,%,2 ' &¥ [m]
s P28 AFEE
T 2% K]
¢ DAL [s]
y 1 EEE
aala 84
IS FIFE
dh, S EHTE [J/kel
dn, &AL [J/kge)
Ume - BE [kg/m-s]
o : A% [kg/m’]
¥ B-B2 A4 [W/mP-K
ALl X}
0 2713
S A}
0 T AZRA
e DR
HP ;7w
I cAzRgd
I 5 EAYd
n H & 714
w FZ7
.M 2
SAAZE AZES 54T ¥ AFXEA Y
4 582 989 47 $39 FA& 5o A
Aste Azt FAAEE Fote LEX

4
nS&-L
o,

2 ™

N o2

so)n FRHD, o
How %e surdez
o g webq FaAzE A
AER GFAA, FAA 5
8% 5o A AFFS 2ol

nFFe] atHE AEFS U2
H

2 ol

ox
e
e

ot o

e
v
o
o
Loy
ki
ot

N
=~

]
-

Sbonf o B OrE X

N
o d

ol
i
N
I

ol o] AR 14
7} o}, o] A=t
o] g diaf A
o £3 4498 T+
o= do dRE TIHA
2 o] &3 ML AA
o AEHor AEHT
ARPARAE o] &3 sy F
2 tedte AE2S A
HE b dds AuEAAE f 5
o] &3l FAE st ojd, A o
X 7lQste ot axE Z4 4o x4
I ¥ wet W AT A A4
< Frtete Fo 2dge F3d FIL
A olFEtE AAY X 7 e =4
b

il
2

f

14
-

o & mo

[e:]
==

o]

o A%, FIAHNA

Hgz AduE dg9
&(s)o] 94Le Asts W4t got,
A EolAe] dee FHEAE A
FAE &) TFe sAs QoA kP
28U, A9de $AAZ FAHY Mo
2F ERe AZE PAH oI LHRAL
2HE 5 Q= FAFH HIo Aotk 52
Az g FAATFE F&-53Hsorption-sub-
limation) Zdd 7123AYTY 2o o Aad
2 s ojgstn it FAAZR AugAA
o AEHE F oZARE ALY FEFAH
Q00 1} g By TxET ok 2
AAANE o] &% FAAZY FHAA ML
2o, @2 139 BAAZ sdon FeHo
;5.} %Fp] ?\iq_.(l&m)

B A7AAE GAd EH-53 2l Jlx

=
r
hu
[eS K= -]
2w
aL
°

=



IRAALE o8 FEUz HNZ=aPY ML 925

dol, HRAHYH RAAAE olgaa 244
FAAZ HNL2IPL ALHAs. 2RAR
£ o8% AN BRE Fuusto Yasy
t HA oJFARE ol§ o] ue) AR
g7 42 Aol o BEFoITh B dFlAE
DRAAY o|EAAE 4% ANAHE A%
Hastel BHAAE o] 4@ AN RREE A

A =W £33 G Bhe e
el

SAAZY dAAx dAd HE T2o] Fig.1
of A|A=] 9t duEZd GAdM 449 A
ZE JFe FE L dXEdx dAE Fa AA
Hed, old 5318 A3t A= U gL
ATHEZE o] &3 #FTH o3ty AFAE=E F
A 7IH FA sEggEe FFI] Yt A}
FAuE Ay olale HAF 252 A A
Fig. 194 Az&& <3734 93 284 5
Aol B Ax449D= FZ2949(hes F&H
k. A AN g F8 o 2R &
01 AZREA FAge §3L& Filq ity
AzE voz wEQd FAAZ Asg
uel FHEAY Arle $8RFA ol5H
HEo] St Az Fa9A ARE Y

2 92

Upper Heating Plate T
P, =P,

Dried
Region
o
(s=0) | 4 Interface
LN T =Ty, By = f(Ty)
Frozen
Region

NN 9= CFu =T
z=L
", ! 2] 4
9m e g qmr=Fy Tp =T} op)
R =
Dried Cellfr § | |- Sublimation
; |

Sublimation Cell & | ¥

O<s<l) R

Frozen Cell 4. i

=D [

,4......._
N

z=0

' 7‘ orX |,.-R
G =k (e~ Ty 1a)
Lower Heating Plae Tpp
Fig. 1 A schematic diagram of freeze drying
in the primary drying stage.
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Fig. 3 Comparison of fixed grid and moving grid results for one-dimensional freeze drying in a tray.
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