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The Wave Stability of the Nonparallel Natural Convection Flows Adjacent
to an Inclined Isothermal Surface Submerged in Water at 4°C

Young-Kyu Hwang and Myoung-Ryun Jang
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Abstract

A wave instability problem is formulated for natural convection flows adjacent to a inclined
isothermal surface in pure water near the density extremum. It accounts for the nonparallelism
of the basic flow and temperature fields. Numericl solutions of the hydrodynamic stability
equations constitute a two-point boundary value problem which are accurately solved using a
computer code COLSYS. Neutral stability results for Prandtl number of 11.6 are obtained for
various angles of inclination of a surface in the range from —10 to 30 deg. The neutral stability
curves are systematically shifted toward modified Grashof number G=0 as one proceeds from
downward-facing inclined plate(y<0°) to upward-facing inclined plate(y>0°). Namely, an in-
crease in the positive angle of inclination always cause the flows to be significantly more unstable.
The present reults are compard with the results for the parallel flow model. The nonparallel flow
model has, in general, a higher critical Grashof number than does the parallel flow model. But the
neutral stability curves retain their characteristic shapes.
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650 3 o4 -

s s
1.0 . »
- -
R e -
(10" ',/ ——— parallel flow
054 o —— nonparallel fiow
0.0 v T T U
30 G 50 60

Fig. 5 Neutral stability curves for the nonparallel
and parallel flow models in (G— 8g)-plane

Table 1 Critical values for parallel and nonparallel
flow model

Parallel flow Nonparallel flow
ar B G* ar B8R G*

0.060

—10°}0.5185| 0.050 | 46.788|0.6488 55.047

0°[0.5782 0.055 0.063 149.295

0.059
0.064

41.88010.6795

10° | 0.6356 37.636 (0.7683| 0.069 | 44.304

0.073
0.071

20° 10.7283 33.657)0.8516 39.734

29.691|0.8688

30°|0.7734 0.064 35.181

Gep e, AAbztel —107, 0%, 107, 20°, 30"
W HBYPsEe AS A Grashofse AH
46.788, 41.880, 37.636, 33.657, 29.6912 vHEhik
Aab v HYF359 A= A7 55.047, 49.295,
44.304, 39.734, 35.1812 slHozH AMHo =
£ 94 GrashofZ ~}zch, zzlz ®F /59
ALE Hgdw5Y Asuc FAUASE A5
7 e Fabg G W7 Folxlw Ao
Elytct, Grashof4-7} 58~652] oA v]asle]
¥ol, Axze] 07, 30" 4 o HAREFY AE o
747} 0.2185~1.2807, 0.1829~2.19119] =4
, 2832 B2 27 0.024~0.102,
0.019~0.1469] HE Z+=dl udidled v|HP{F5
o A% ar¥ 47 0.3325~1.1271,
0.2733~2.1097¢] W&, eElL Be A7
0.0349~0.093, 0.0274~0.1429] ¥ S sz
a2t Azl whE EAE] 54 F A%t
< 7L Holm 9t

RPFE A FULPTAY FAY ojAY

[o]
T
=
2

4 9 F

Ho] A 443 Grashof4
o B Eel Badeh,
7]'/‘?‘:—_} -1 —‘—‘lT‘sc}' EE%
2 shubsiA 4 Hlceh ol wdx F A
AAZ TARA oHF7] HslAdE EUEEA 75
o] A=A g8 FHE 2A AAsHe} sjmnz
;& 317t 0433‘4

v H Y5 A A (15,
o] g% AFR3Ix L%(é‘
Velux] ok dE)o] FHEh o] d¥e=z F
Hotgd A ¥AH olfFtol e o BE
598 GolA FHYFEY o B TN vIH A
Hoz Z 7+ sHAc (Fig. 4 % Fig. 5 =) 2
o2 vHgF59 4SS AR5l vis A
Hog AL Y nd: AAT + W dEd F
oty AAFHol shedtet, 2y v F {5
= :Iing.ﬁ- 9] 7A9¥} ul-z%é]o] AgHog
o EBaslne A4 of & o ge] wiky,
CPUAIZtE o 453,

AA el g Fe ety Ae Fig. 69 Fig. 7ol
233}, Fig 6olME F G— a9
o veplgm, Fig 7dlde G- ol
Jehdch, QA Grashof4E G*g velie] G
<G*ol 7% mzke =R, G>G* ABE F
£% mAe g¥E ZE3ch Table 149} 2
o] At7toll W& olA Grashofs+ ‘4’ whgkoz
Aol Aol B4E AAHA pa=, =
Yo s golAe ek @ebA A7)

ez AgeldsE $5E A4 ¥R

G7t 7+ o 23
o)FA e BY FHEol
of Haf Ha FHe

a) ~ (15.c)ell A o 3
PPREe At

o, o J

e}
dAFAE

3, ‘=’ dgke g 7| goAA e ARG = A
£ o4 4
14
300
2.0
20°
1.54 10°
[8 £ Q°
1.0 -10°
0.0
20 40 50 60

G

Fig. 6 Neutral stability curves for the nonparallel
flow models in (G — ax)-plane



-9
@]
refs
2
b
3
32

€ A4 5 45 vy AddFe] gy A4 651

Table 2 Neutral stability results of az, Bz and G
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