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Visualization of Double-Diffusive Convection during Solidification
Processes of a Binary Mixture

W. H. Chung, J. D. Chung, J. S. Lee and H. Yoo

Double-Diffusive Layer (o] & gAl&)
Abstract

An experimental study has been conducted to investigate solidification of NH,CI-H,0 mixtures
inside a vertical rectangular enclosure. Solidification process is visualized by the shadowgraph
method. Emphasis is placed on the effect of solidification parameters such as the aspect ratio,
cooling wall temperature and initial composition. The aspect ratio shows a dominant effect on the
number and developing time of the double diffusive layers which reveals the relative strength of
solutal convection to thermal convection. Similar flow pattern is observed when the concentration
difference between interdendritic liquid and the pure liquid which drives solutal convection is the
same regardless of the different cooling wall temperature and initial concentration.

e
ot
pasd
o

715 MY i ENdE4e
A D EAR, AFAIAY xol/F
c %= LAME
Le : Lewis4
N ¥y TR F&, dA5F2, &34, AALY, 4
oAk Az & o7l FeA FAEa bzt AAd,
T &% s okt 22 AAddAE AAA dase] gl
Bc T EAARAS 7} wllgoll olol N FHAG AT s g
Br L AAARA T ot 2u e Sadl FubElE dabe] v
A A A widte] B3 FA] dof
BHE X = Feld "4, TAlR o A £
c A4 A, Agsl, #HA, ojFEAAF o T4
e [ FAAH AUEol gt 24 o= EAF7 Aol
Py ———— ol EiE A ARl AL T3
518, Aooen B g A dTFale 7] st ol BA, A=A, A=l o] o &
3, Agdsta 7] A ek T W Aok FEH] gt o] B HZUVE
erglg), SAadeha v Al 2 et FHES s} A= 2AAel ajslo 2 ol shod



AR ETEY $uAEF

FR=d, HE a8
597} o] foixla glort o
Hof FrlelE @A} 9
FrlHozs dEsE 44
T3l o] Fatr)
5 oFshed 1 f-840] sHals
5] ) A5 e dhA
A7t %}‘“ﬁl TR gl
'L}F_ d wAlel A= elA1F
baoke] Akl o]t

2
Ol
—
i)

Sl A ek
o

[T =)
ot i{i
2

e
oo of o
R

Jm

oX

mlo

[3:3

AP

2

el

e
2%
2

1

1

2
i
A
O
L
rlo

>
X
b}

Mo gy =
> H o
F.u-_i

W
‘:‘(L

ox
i
lo
rO
X
e
)
T e

ot pgt Lomjw 32 du A L oo2 o i
)
=
r\:l
44
o
N

s A # ok 3 A
2 djAEA o
37 ol %ol 3ieh )
=49 Lewiss7t 23 EF737]
e A4 BB 4+ 9n, s B
#Aslof 3t7] wlel ojeiztA] Algte] wzmE
T FE3 o) R FRee] $uAAE
2Ad £ 4 v FAEEERD NHLC, NaCOos,
NaCl, Na,S0, K,CO; -carbontetrabormide,
succinonitrile, camphor %) %ol thslo] a9l
o}, o37]A AAE AHAA el nAHAH 2T
5 A0 AV A A (liquid crystal)-§ A& A
Aol B3l HR0aed, F A¢ BF $IL
Aol odgks F7| wlfoll Agg WS shrl 9
= o8y TAAl Uk mE sEY ¥
s e SasRE B A} AgelA vk

S
a
rlo R
bt
off

> I
e d

Ao
H
il
N
>

g
B
a
A
2
=
ol

0

e A% 2EHo2A oFolAtd uF 2
o] A tE AA Lol AL wARel A F
22 oprld 424 FFol T GFE vlAE A
o2 A4s 9 %JVM JoFe FA%L T
Bobe Byoze A5} AU A sl
#4449 g m 2 Ao AAHE B
Ashe A5 Qe 00 o] Folt v

LA F4 wl wEz 9l o]F8AlE (double
diffusive Iayer)-4 AANAGE e 4+ gla A
Aol = ahakA et
o}, A4l g *}%0}04 A = 12} = (shadowgraphs)
Yo g slAate FYPsld 2xet vEE A
B o4 4 gxiut HAdHo 2 oARE &3
A4l o] Z &AL & (double diffusive layer) 2]
A4, Mg (remelting), AAldAe WAz
24 Aoz g AFAHY] BoFE AA 3
4s) ¥ 4 Y& Fdol ek
2 AT F39, 2rivEe W HHesx

441

2.1 AEEX

dzlelewm 429 (NH 3
shA Batr] sl Ad AR A== E Fig 1o v
ehuislch, & AgAA e AEAA, WA, 3
LEEZAN To2 TAHSG oy M
Zo] 34 (He-Ne laser)ol| 4] v}-& =& 3 @ate
2 (beam expander) & #* TFaE o|F I
Agol walslol HedstE AHee APAHL
I}l
AgAd 5 AR ALEE Fig.
Waleh AGAR ofal, 9, #S sinle @
o] e MC ol &$

«1-H.0) &

sHgA,

& sl dassle ¢

F2 T E AEEA,
7tz 2 cm, 10 cmo|iL ol 2 cm, 4 cm, 6 cmE
WA F3e (Fol/F)E =Hslgrch Chris-
tensongVe| ool zrol Abaleld <Fae
4 3telr] glsled Aol 10 cmE F3-3] 2A
stodeh AlgAA e Az FHE Yol Eislx
E sgehrel (BK-7, F7 10 mm) & AL&3ilch
dol Bdsle frelwdd o|F oz A ztsie W
Z AFAH 1070 torn) 2 FA A Feldad
% ukx| s}l o},
4 A 9 3 = (thermoelectric heat
WA, gz FA =] gtk
ARAHEE AgAA] 5 Hrdal T ®
Hatodvh, dAGHZ = 4 @ st A
of dAd-geke 120Wo A stk od7]e] F
FEv AdE 8A/70Vel AHA A= (DC power
supply) & AH&stoict, dAGdHE = FFE= A

A@AAe B3 Aole

2 Aede exiE zAsly] YaE mebo
Qrtel eFRieh webd, ne¥ Zol 4
A4S B, $4 AAEAE D3e)w
Fo) o5 A A Fezeld FEse YA
= #3AZ AP bl dAEA el
# (Toshiba Silicon YG6111) & AF-&38lo] 3 &30l



142 495 - 3% -

He-Ne Laser

Beam Expander

Semi -Transparent
Screen

Test Section

Concave
Mirror

\

Thermocouple

Thermoelectric Module &
Cooling System

MCR
GPIB ﬁ DC Power
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Fig. 4 Flow pattern and shadowgraph image during solidification of a NH,CI-H,O solution for the case of A=

3, C;=27%, T,=0C at t=10min.
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Fig. 5 Flow pattern and shadowgraph image during solidification of a NH,Cl-H,O solution for the case of A=

Ci=27%, T:=0C at {=25min.
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Fig. 8 Time evolution of the shadowgraph images showing solidification of a NH,Cl-H,O solution for the case
of A=3, C,=27%, T.=0C.
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