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Effect of Adiabatic Sidewalls on Natural Convection in a Rectangular Cavity
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Abstract: In this study, we investigated the effects of adiabatic walls on natural convection in various rectangular
cavities experimentally and numerically. Heat transfer rates were measured for cavities with and without adiabatic
sidewalls by varying Grashof number from 1.53 x 10" to 1.01 x 10". Some typical test results were successfully
simulated using FLUENT. In the case of very narrow cavities, where the adiabatic walls were very close to each other,
it was difficult to perform experiments; therefore, FLUENT simulations were performed. The existing heat transfer
correlations for rectangular cavities were well predicted by the experimental and numerical results. As expected, the
effects of adiabatic walls were restricted to the very narrow region near the walls. This study was carried out during
the development of an analogy experimental method in which heat-transfer systems are replaced with mass-transfer
systems using copper sulfate electroplating systems. The results of this study provide theoretical background of handling
adiabatic walls during the design of test facilities.
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Nu : Nusselt number
Nuy  : Nusselt number using H (h;,H/k)
Nup  : Nusselt number using D (h;,D/k)
Pr : Prandtl number (v/«)
Ra : Rayleigh number
Rap  : Rayleigh number using H (g8A TH?/av)
Rap : Rayleigh number using D (gB8A TD?/av)
Sc : Schmidt number (v/«)
Sh : Sherwood number (h,,D/k)
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AFH© Rag™ > Ay > Ray”’3d ol el g Haas
Bejan®ll ¢J&}H, 4,7} F-3ko] AR Wl 4y > Ray” A A 8} T(Table 1).
o] ool W ddrtelo] ATt YT FolA Al WA, AREEE U] AFA T el A 4] EE
HAA FAOR FAEE AT FEAL 45 = Axol vl&] vl$- Yok Drew SOl 98t ARz
HHA O 7] dEe Zo]EA "ok o] 9499 4 e AA dEdH o] g3s aefgttd
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Table 1 Correlation according to author
Author Range Correlation
Hsich 1 < Ay < 20, Ray < 1.4x10’ Nuy = 0.321 Ra5?* A, 009 pp0058
and Wang"” 1 < Ay < 20, Ray > 1.4x107 Nuy = 0.321 Ral? A, 009 py0-053
Seki® 5 < Ay < 475, Rau(An) > 4x10" Nuy, = 0.093Ral)?
Markatos Ray"™ > Ay > Rag'™, 10° < Ray < 10" | Nuy = 0.082Ra)*
and Pericleous” | Ray "> 4y >Ray™, 10" <Ray <10 Nuy = 1.325Ra%5
Laminar, 4y = 20 Nuy = 0.1731 Ra517
Laminar, Ay = 40 Nu = 0.1865 Ral**
0 Laminar, 4y = 60 Nuy = 0.1731 Ra5;*%®
Xaman"”
Turbulent, Ay = 20 Nuy = 0.0857 Ra);>"*
Turbulent, 4, = 40 Nu ;= 0.0635Ra;**
Turbulent, 4y = 60 Nu = 0.054 Ra’;**°
Pr 028
© < Ay < =0.22( 1/4
Catton 2 Ay 10 Nuy=10 22( (O.2+P7")RaH) Ay
. 2.8x10° < Ray <2.8x10" Nuy = 0.196Ra A, "?
M. Jacob'® . . ,
2.8x10* < Ray <1.55x10 Nuy = 0.072Ral* A, "?
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Table 2 Dimensionless groups for analogy systems

Heat transfer Mass transfer
Nusselt h,D Sherwood h,,D
number k number k
Prandtl v Schmidt v
number « number D,

Rayleigh | ¢3A 7H®| Rayleigh | gH® Ap
number av number | D,v p

10.5 4
Rayleigh number = 3.645 X 10"

CuSO,=0.1M, H,SO,=15M -

AR ~ 1 (H/L = 6/6 cm) /

Electrode type : 11.8 X 6 (cm?)
n

/

9.0

7.5

6.0 4

—m
454 i;‘[;t"l"'/.’. ;
- i

(mA/cm®)

y

-

3.0

e

T
0 150

T T T T T
300 450 600 750 900

Potential (mV)

Fig. 2 Typical limiting current curve

=, 7 Aa"E e ge] JhEsith ol & o] &
st dAY FAE BEAAY FAR T I 9o
2 ®gste Hag & Uk oy EAAEA
of A A9 FAYS #AE Table 20 YEL
WA EZALS o] g5t AAWFE =A
 Ae A Aol aEHE FH o Fol
5 1508 Y282 H2e Ray TE Y= T
A FHG ARPoA FutEE HAEAG®Y
£ AATE 5 Ak

23 MI|E3AH

2 ATl A= she
zZh oA glom HlaA
HEgAE AdAdF 94
A3 2] (H2S04-CuSOy)
= AR&ete] Heke Avbetd FEollA ol

o] WAEo] &Fow olFata &F Tl
AAE Aol HEE=wdd ol =L 7t
A8 W (Heated wall)o] a2 Ag® o]

I o 2

oo & 2 orlo bl

7] % Z 7 (Electroplating  system):  Levich!¥<]]
Y% Q3L Selman?} Tovias' ol 2l&l] A7)
2 AeEo] dAA dxdGe] g o] &
Chung,(m Kangm)ﬂ-, Ko(”)% 757]5%74]%

J

lo

a

i

olgste A dds EAE & des A9
AolgAor st FAIE o83 17
EAEUIEA Wi 2y AR AR
Chung"”e] =3l #A18] A|Al o 3]

24 BAEFIIHY

A e HFddEAss HH 2=
A fAleEe] g Foixin. @ 7=
A& ol&ste] sdAYATE 7 Wl &
SRy FEele] FREE 4] ot
olef &2 A= AMFIINY AHEo® <ld
A a8 & sdek

A7V Eg A A= Abelel Q17bd W SiAkE
7M7Y S48 A5 wEAl S ¢
ol SIS @2 ZElolES-(plateau) Gl

Tdsl=d o]& A A F(Limiting current)2} gk
thFig. 2). °ol& Tgol&o] oA dxs
ofr FAE = Aol R &Fo R o]Fd}
+ AR FA w27 wie dAskE dd
ojt}. A Fol o]2WH FFHEHoA 9 FE o]

2 FEE 002 FHEE F 7] w2 (el
A EAAGA G (Mass  transfer coefficient), /i,
B s% G $AAF UXE(Limiting current
density), [, T2 AA T}
(1—t,)1I;
By = e (1)
TLFCb
3 ME
3.1 A EX|

AAE A9 FAsh 29 H2E Fg
Bt AE FAE olgdE A ZFH
W ool TeFTa Sl FHOE

3o 1}
F=%0]

SER



A2 EW AATFAA ZH

Table 3 Test matrix

W (m) 0.005, 0.01, 0.03, 0.06, 0.12
H (m) 0.12 ~ 50
Ray 2.99x10" ~ 2.11x10"
Pr 1956 ~ 2094
Gru 1.53x10" ~ 1.01x10"

Arrangement : Both open & close, Half open

e -
| vV A
—
Dual Display Multimeter ?
Cathode J ==
| Hay
Power supply Data L‘igger
5
R
Anode =)
I §
ilf
=

\\/

Fig. 3 The experiment equipment and system circuit
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Fig. 4 Arrangements of cathode
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Table 4 FLUENT simulation Test matrix

H (m) 0.12 0.50
0.0001, 0.001,
0.005, 0.01,
0.003, 0.004,
W (m) 0.03, 0.06,
0.005, 0.01,
0.12
0.03
Ray 2.91x10" 2.11x10"
Gry 1.39x10° 1.01x10"
Pr 2094

" Top (Adiabatic wall)

Heated wal I RN Il Cold wall
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1 Hsieh and Wang Experiment (at Pr = 1956)
....... Catton 2 Both open
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7 B i
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=7, 0 A | i Rt A ——o
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Fig. 6 Test results at Pr 1956
x Hsieh and Wang Experiment (at Pr = 2094)
s (e Catton 2 Both open
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-- Markatos and Pericleous o Both close
-Seki
- Xaman
= Y
b e
A=0.12 A=0.2 A=0.5
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Fig. 7 Test results at Pr 2094
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& Bothopen ¢ Halfopen O Bothclose
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= 600
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8 & a a &
0
Z 5 ~Gr,=15
200 ™ T
0.01 0.1
Width of cavity (m)
Fig. 8 Test results according to width of cavity
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g Hsieh and Wang
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Fig. 9 Nup according to width of cavity at Gri=1.39x10°%,
Pr=2094, H=0.12m
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I Hsar:h and Wang
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100 : FLUENT simulation
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Fig. 10 Nup according to width of cavity at Gri=1.01x10",
Pr=2094, H=0.50m

2.5x10™
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—— Wall shear stres
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1.0x10™ 4
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Fig. 11 Wall shear stress according to width of cavity at
Gri=1.39x10%, Pr=2094, H=0.12m
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