BN KB
P TR

N R

20044 6A



o|F&A tiFAldA L FF AR
o AT

wREE X 2

=
oW M

o] W& LB WLRE o= RHY
2004%F 64
Bemiel TR MR Rord B

FHEAR
* A

E 2
*
*

F I D

L BUPC 2

2004% 6H



A Study of Buoyancy Effects in

Double—Diffusive Convection System

Nam-Ho Hong
(Supervised by professor Myung—-Taek Hyun)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENT FOR THE DEGREE OF DOCTOR OF
ENGINEERING

DEPARTMENT OF MECHANICAL ENGINEERING
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2004. 6



NOMENCLATURE ---cooceeeeeeeena i iii
LIST OF FIGURES AND TABLE -:ccceveereeremiiiii Vil
ABSTRACT ceereeeeeean e <
[. A B i 1
1 gjrr'. HH7C:)] ........................................................................... 1

2. O BEA] el i e s e 6
2.1 O] A QG h reeree 6

2.2 AT A AL i 6

II. %jﬂ 91-72-)]/\3 gﬂ@' ............................................................ 8
1 7]_3_7413} 7]% Holxé/q ......................................................... 8

2 /1\_?53 q_xé/«é EH@' ............................................................... 10

3 ;ﬂg}o PP 15

4, SR A BH] e 19
I o]%{sﬂ@' @34. tyl_l _‘ﬂ_;‘él— ................................................... 23



- 41

- 46

497 @4

V.

46

48

- 50

M}

#7) 8 8ol

60

__AE

A9A% % 3

VI.

60

61

64

74

VI 2

- 76

™
o

B

- 83



NOMENCLATURE

% (concentration) [M]

m*
of
2‘1_',
rho
k=)
BN
[
3
.y

A=A o]F % [M]

H 0 £ O
o,
L
=
1
=
~
=3
)
=

Cc @ AT BFE T [M]

c 29 55 wd £ 5E 9%

G Wi SARA Y R 2%

D d/dg

D Dufour A5 (= ¢Sy

d fFAS2 zlo] [m]

F  Faraday %<7(9.6485x10" [C/M]
g ZH 7% % (gravity) [m/s’]

h B4 Ad AF [m/s]

I A5 WX (current density) [A/m’]

I, © SHAAF Y X (limiting current density) [A/m’]



Jc
Jo

TR

U m o p TP

&

&

Z z 2 z 2z Z

By

E2Z 2 (mass flux)

[M/m’]

4 < (heat flux) [J/m’]

ue

il

bt

=] SR
-

b
bt

Lewis (= gla) [-]

A [s71

integral scale [m]

o9 A7}

eF= (pressure)

T
o,

r

T

[Pa]

% (conductivity) [J/m-sk]

7 Peclet (= wdfa) [-]
A A 2 (inertia production rate) [m/s?]

e A2 (solutal buoyant production rate) [m’/s”]

<4 Rayleigh (= gpqT/a) [~]

=4 Rayleigh (= gLlayw [-]

Sherwood <+ [—

]

v —



Soret A4 [—]
T @ <X (temperature) [K]

T, ¢ 71Eew [K]

t. o AAdE 2 AAAZE [s]

u

(U, V,W) + 5% w& [m/s]

(ul» Vi, Wi) : —‘?‘;—q’% %Eﬂ% [—]
(X, Y,2) . Cartesian #3%4 [m]
(x,v,2) . FAY Cartesian FH3EA [—]

Greek Symbols

o A A| < (thermal diffusivity) [m'/s]

a
o EAFAASF (mass diffusivity) [m/s]
g ¢ emel d# HIAYAS |

y 0 EEAE] @ AABFASF (M ]
L0 FEA M

AT+ =52k K]

4. sk AAS #ol [m]



D S S

>

RS

e

Soret @¥AF [—]

Kolmogorov o] 2 [m]

Taylor do] 2+¢ [m]
A% (viscosity) [Pa-s]
% 4% (kinetic viscosity) [m’/s]

9 % (density) [keg/m']

_Vi_



LIST OF FIGURES AND TABLE

Fig. 1 Schematic diagram of double—diffusive electrochemical

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Base density profiles with respect gy for &=1O7, =300

and #0.001. pand ,represent the dimensionless density

and the dimensionless vertical distance, respectively - 22

Neutral stability curves for ¢=2100, [&~300 and =0 -+ 27

Critical conditions for §=2100, 1~300 and various , R}

and Rs; represent the critical conditions of the modified

thermal and solutal Rayleigh number «-orerrrerrremieeeeenen.. 28

Critical time with respect to Rs. for various gy and . (a)
=1, (b) =0, (¢) =-1, and (d) =-2, ¢is critical time of

onset dOUble_difoSiVG Convection ................................. 29

Critical time of R=10" with respect to Rs for various

- vii -



Fig. 9 Schematic diagram of concentration field «---oeereeeeerereeeneees 45

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

16

17

18

Experimental equipment of test section ««r--orrrererreeree.s 56

Experimental Set—up ................................................... 59

Limiting current curve with temperature difference ( HQ), :

1.5M, GO, : O.0BIM) seereermreremmmminei 65

Current—time behavior under condition of both convection

and diffusion( HSD, © 1.5M, QS0, @ 0.03M) -weevveereereenes 66

Current—time behavior depending on temperature difference

for concentration of G0,( HS), : 1.5M, G0, : 0.03M)

Current—time behavior depending on temperature difference

for concentration of GS0,( H0, : 1.5M, G0, : 0.05M)

Current—time behavior depending on temperature difference

for concentration of GQQ0,( HJ), : 1.5M, G0, : 0.07M)

Current—time behavior depending on concentration difference

for temperature difference( H30, : 1.5M, 4r=10T) - 70

Current—time behavior depending on concentration difference

for temperature difference( H), : 1.5M, 4r=20TC) - 71

- viii -



Fig. 19 Current—time behavior depending on concentration difference

for temperature difference ( H), : 1.5M, 4r=307C) -+ 72

Fig. 20 Comparison of correlation with experiments «:--oeereeeeeeees 73

Table 1 Critical condition for §g=2100 and [g=300 -wrereeereeeeees 26

_iX_



ABSTRACT

Double—diffusive convection with vertical temperature and
concentration gradients in thermally stratified fluids has been
investigated theoretically and experimently. The initially quiescent
horizontal fluid layer with a uniform temperature gradient
experiences a sudden concentration change from below, but its
stable thermal stratification affects concentration effect in such
way to invoke convective motion.

For the theoretical study, the stability analysis, include Soret
effect, is conducted on the basis of the propagation theory. Under
the linear stability theory, the concentration the propagation depth
is used as a length scaling factor and the similarity transfer for
the linearized perturbation equation. The newly obtained stability
equations are solved numerically. The critical time to mark the
onset of regular cells are obtained as a function of the thermal
Rayleigh number, the solute Rayleigh number and the Soret effect
coefficient. For the experiment study, cupric sulfate—sulfuric acid
solution confined between two horizontal copper electrode was
used. The change of thermal and solutal buoyance has no influence

on the range of voltage for limiting current. Due to Soret effect,



the onset time of natural convection is delayed as the stabilizing
thermal buoyance decreases. Also, it is found that the shrinkage of
the wunstabilizing solutal buoyance makes the onset of natural
convection retard.

From the results of this study, the stable thermal gradient
promote double—diffusive convection motion for a certain value of
the Soret effect coefficient. And there is represented to the newly
following sherwood number for a double—diffusive convection

system.

g — —0.0TMRs—Te - Ra) "
1—1.491(Rs—Le - Ra) ~*
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Table 1 Critical condition for g=2100 and [g~300

R a Rs¢ R a Rs¢
0 | 0.53 20.65 0 | 053 | 20.65
1 | 081 43.32 1 | 079 | 36.76
5 | 0.97 88.27 5 | 095 | 66.46
: 10 | 1.06 | 130.97 ’ 10 | 1.04 | 93.34
50 | 1.31 | 391.51 50 | 1.25 | 248.01
100 | 1.45 | 668.79 100 | 1.40 | 406.09
0 | 0.53 20.65 0 | 053 | 20.65
1 | 0.77 29.56 1 | 077 | 2151
5 | 0.96 42.78 5 | 0.87 | 20.61
o 10 | 1.07 54.40 - 10 | 1.04 | 15.97
50 | 1.39 97.34 50 | 1.14 | 13.10
100 | 1.57 | 132.91 100 | 1.25 7.91
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Fig. 3 Neutral stability curves for g=2100, 1~300 and =0
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(a) =1

Fig. 5 Critical time with respect to Rs. for various gy and . (a)
=1, (b) =0, (¢) =-1, and (d) =-2, g is critical time

of onset double—diffusive convection
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(b) =0

Fig. 5 (continued)
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Fig. 5 (continued)
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Fig. 6 Critical time of Fa=106 with respect to Rs for various
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