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A Study on the Characteristics of Cylinder Wake Placed in Thermally
Stratified Flow([])
— Turbulent Dispersion from a Line Heat Source —

Kyung-Chun Kim and Yang-Beom Jung
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Abstract

The effect of thermal stratification on the turbulent dispersion from a fine cylindrical heat
source was experimentally examined in a wind tunnel with and without a strong temperature
gradient. A 0.5 mm dia. nichrgme wire was used as a line heat source. Turbulent intensities, r. m.
s. value of temperature and convective heat fluxes were measured by using a hot-wire and
cold-wire combination probe. The results show that the peak value and the spread of the vertical
turbulent intensity for the stratified case are far lower than those in the neutral case, which
indicates that the stable temperature gradient suppresses the vertical velocity component. All of
the third order moments including heat fluxes measured in the stable condition have very small
values than those of the neutral case. This nature suggests that the decrease of scalar fluctuations
in the stably stratified flow is mainly due to the suppression of the turbulent diffusion processes
by the stable stratification. A simple gradient model with a composite timescale which has a
simple weighted algebraic mean between dynamic and thermal time scale yields reasonably good
numerical values in comparison with the experimental data.
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Fig.1 Schematic of the line heat source

dr-_oT\:_oé

24w

oX

Az ofy
o

555 el A3t

32 4L FAFEATSI
Model 1054A)& o] &3} guz], a‘szioﬂ PR |
4]+ DANTEC =+ 55P6]1 X3 adAzaus 4
L3tgcl, 259 242 DC _\1%1\2]‘63 L5 & A3
292 x83lgon, 2% 24 AAe W2y =
AEE DANTEC ==
o] &35}, F marel RE gRzEAo =
¢ FAZ ol TolAn, £ A4 24¢ 1mm o
stz =4 °}°°i LEst £ ATE EA]o =43
AFE Lghdoez A% ol

[+

= []
S

L
e

olF&
oP“E}

& *‘?aow Ad A¥LETle 200°c/m °]
@ N2 2.46019 {5 BTEE
s, Rese 58.5 F=o|rt,

3 EHE Y oREel sS4

FE FAYYol Y FALL FAUAE 5

Ao o547 A% tFe Eol YA

o Jge WA "ok AFFold ¥ ool

debdAl g 454 435529 A% dAwe
Eod

el Arlel Auhsi,
6}: L]-.rar/(-‘ B_,] 5—_/&]-3',}. H]

i} A4 B

o2 A% HFLEd WHE FUSEY A &
FEAE 1For A FFLIYAL Hehin
W dddes 433 559 A BFese
T FR bl AL Fohn AelAE Ba
3 a5 w}aw AR FYRED 43

E
Flg 3& B‘anl-fgko{] i) WFEEo} HFL
Eol g FHuEY wiskE: Yehhzn 9low,
x/d=100214 2 < H7 gmmel Hds YF%
7o AgAFolct, £59 5o g FHuE
=T FEwES 4545 oﬂxi H] &3} 7]%7] %
7]—0}2]\:} xg% =q 78’

Foi4g & 4 geh

Fig. 4= x/d=1000014 AHF%9 Hi£=z
60
006090 : neutral
so000 ¢ stable
30+
=
NE
~30F
-60

T/T,
Fig. 2 Mean temperature profiles

| S — - | ST
0.8 1.0 0.8 1.0

20
161 .
1]
5 o
_I2r g °
N 8
S
s gl
§ eeeee : b, (neutral)
00000 ; stable)
-y anmen; b, neutral)
4| ooood ; b, (stable)
0 ! ) . L
0 500 1000 1500 2000 2500
x/d

Fig. 3 Development of mean velocity and tempera-
ture half width



AAEHFH Fo AFFR SAol i A7) 1303

oy

( )/U, x 100

~

26’0 -30

L

30 60

0
z/d

Fig. 4 Distributions of the velocity intensities

0.8

00060 : neutral
esseo ; gtable

0.4

8 /AT max

0.9 55" ~30

0
z/d

Fig. 5 Distributions of the temperature r. m. s.

2L
r_;\_g
L
s
Hu
ol
trt
N
L
<
fo
2’2

L
il
i
hul
=
!

do o ol du
ot fi o

AR AN = 2 ebstel

o

Fig. 5% x/d=1000914 2= r.m szt 6%
A LEFNY Ao F3HA5H] b At

A AR AERFD AS TR ool A o

< vepie v $ZE 2olch ook
A LdRALd 27le HEXETH o
1 +

o

B3l oft o 30

SRR
[o o]
ot
-3
o
al
o
2

ooeoo ; neutral
eoooo ; stable

=005 g5 —50 ] 30 60
z/d
(a) u—correlation

0.0
=4
=
X -0.5
‘2" ~rof
)
~
> Thsy ooeeo : meutral
x sooon ; gfable

~%-%60 =56 ) 36 )

z/d
(b) u— @ correlation

0.8
8 ooo0o ; neutral
— soooa ; giable
x .
&
<

~-60 -30 o 30 60

z/d
(c) u— @ correlation

Fig. 6 Variations of the second-order correlations
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