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Development of Disturbances in Laminar

and Transition Regions

of Free Convection Boundary Layer Along
a Vertical Plate
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Kazunobu JYojIMA and Kosiro IKE

Abstract
The downstream growth of velocity and temperature disturbances in the laminar and transition regions

of the free convection boundary layer along a vertical plate with uniform heat generation in the air was

experimentally studied, using a fine thermocouple and LDV. The beginning and end of the transition

were determined by the vertical temperature distribution on the heated plate, which was maximum at the

beginning and minimum at the end of the transition. Modified Grashof numbers at the beginning vary

widely, but those at the end of the transition can be approximated by about 5X10'2. The maximum

intensities of the streamwise velocity and temperature across the boundary layer reach maximum at the

end of the transition and become roughly half of each streamwise maximum intensity at the beginning

of the transition.
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Fig. 2 Temperature distributions on the heated
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F w54 N3 218 Wi
[ Grx*3 . A ° )
- Grx*2 o A o ]
13 A . ._
10 E er*3 . “.. A .‘ A:A..‘ 3
r . .‘}Oi‘. .‘. & : ° .':'
= - _0.0 ?
I~ A . L QA
1012:'_ e a AQAA c’A 0_:
FGrx"2 e a%0 g0 Tt o
_ o A i
i T A om om Fujii——-»ﬂ-
1011 - . o -~ 4
- ? o Mahajan| 3
[ — Tw at X=-016m ]
| - T S TS |
15 20 25 °C

Fig. 3 Modified Grashof numbers at 2nd and 3rd
transition points

BRARBADOYRHO—FZ2RT. HENHBRERFERD
BRBOKRELILIEL S < T 572088 Y 13 mm TR
INTHEN, WFhoMZEWT Y Grx* RADH i
BREZLLCITBROPETH Y, B0 DB 4 ]
DEBRT -5 L 0BIHL7,
Fig. 4 IZI3 PSR EE 2 % 715 T, Grx* 252,75
10°L 1.58 X 10" D43 (358 — &R A £ 0 Ll (@i
B) DA E, 3. T6 X 102D G138 8BRS L 0 Tk,
RZEBBAOME,ICER (BB O9fitRT. E
#RIE Grx*A51.58 X 10" DEBME & [7 U &b % 5 2 Tit
HLULRBROBMEMRZ/RL, ERMEE R —8T 2.
FTEBNERIL EHERBOM S A HmL,
BREET—WE T L, LIRS I HOmE 22 6],
AL 13, BRKEE DM EE 3¢ Y 1kt
LTIHTEREMCELT IR HEE L Twh 3,
Fig. 5 {2 (ISRAEEE DELILIE & 4 2 7R, (GE813
R Fig. 6 L[H L)Grx*5%4.68X10°%2.69 X 1011004y
HIEERIED T Hi %, 1.67 X 10205 F6 138 —BHEA &
DL I FRM GBI oafmit, 7.0X102059%
REZBRALNVE»CTFRODHEERT. B

I FLR T B A



104 (306) wA BKIE - ik #E - EM ST -mB - RAFEN
I 1 1 T | | 1 ] T T i 1 1 T T ' L] 1§ 1 T ‘lllll
Aw W/m?| X m Grx *

07k al 112 0.285| 2.75x10° B

' al 109 0.828| 1.58x10"

06 S | 108 | 1.748] 376x107| |
f N 366 | 1L.17x10%|
£
- Numerical -
o) Solution

o) _

o o
o el

o
N |+1||| ]
50 100 150 200 250
Y (mm)
Fig.4 Mean streamwise velocity profile

T 1 T T I 1 ] 1 T | T 1 T T I 1 T T | |llll[l
0 15—_ ° N a Miyamoto.X:3.6§m _
. - 1
L OA%& OA AQA A AAA A . Grxx=117x10
~ [ £ ° ° ]
§ Y 5 A N
E 0.10F& o A =
= 'mEbD g i
IS 2| o A .
_o.'. o i
0.05 o _
:%63. o 5 e i
-g (900. ® o) ° g 14 ) Ay
L ® Y4 _
o u} o
0 [T A N YT N (NN WEEE SN TN TR AN Y NN S S NN MU SN SN S O O W |
0 50 100 150 200 250
Y (mm)

Fig. 5

Vol.41 No.2 (1991)

Intensity profile of streamwise velocity
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Fig.6 Dimensionless intensity profile of temperature fluctuation
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Intensity profile of velocity in the Y direction
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