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A Study on The Characteristics of the
2-Dimensional Jet

Kyung-Hoon, Kim* Sang-Kyoo, Park**

Abstract

Free jet was investigated experimentally and numerically in range of Reynolds
number from 9900 to 21000.

The working fluid was air; the mean velocity components and turbulent quantities
were measured by a hot-wire anemometer. In numerical computations, the governing
partial differential equations of elliptic type were solved with conventicnal k-¢€
turbulence model.

The measurements show that the jet increased linearly in flow direction, and
that similarity for each turbulent quantity such as Reynolds shear stress, or turbulent
kinetic energy was revealed in the fully developed region. The computational results
show good agreements with experiments.
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Fig.1 Schematic diagram of experimental appa-

ratus.

1. Turbo blower 2. Flexible tube
3. Coupling 4. Plenum chamber
5. Nozzle 6.Guide plate
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Fig.2 Structure of free jet flow and coordinate
system.
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Fig.3 Block diagram of hot-wire anemometer
system and data acquisition.
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Table 3. Boundary condition of free jet
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Fig. 4 Variation of half width along the center-
line.
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Table 4. Experimental Jet Characteristics 1

INVESTIGA- | ASPECT | SPREADING {VIRTUAL
TOR RATIOS | RATE (k) ORIGIN(C)
Gutmark'® 38. 46 0.109 -2.0
Krothapalli®! | 16.7 0.109 -2.5
Heskestad'?! 120 0.11 5.3
Bradbury'"! 0.109

% Author 15 0.103 -3.4
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Table 5. Experimental Jet Characteristics 2

ASPECT | SLOPE | KINEMATIC
INVESTIGATOR | patios | (K1) | ORIGIN(CI)
Miller, Coming'®’ 40 0.167 —1.56
Gortari!'®! 48 0.24 4.53
Heskestad'*! 120 0.364 5.3
* Author 15 0.12 -0.74
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Fig.5 Variation of the axial mean velocity along

the centerline.
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Fig.6 Axial mean velocity profiles in the X,Y
plane. (Re=2.1x10%)
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Fig.7 Lateral mean velocity profiles in the X,Y
plane. (Re=2.1x10*)

4-3. RAFEROILX|

Fig. 8 & ALift#EE A& Vebd 2 dolth
POEEY AN 2] {k=1/2 (v "+v H+w ) E XY
ol =73k o] WA ¥ w 7k Yo WEy

By ol 2R AN BThE s k- 1/2

1
2
K/Um o Exp
os b — caL
o8}
BW
.04
.02 |
ol .
20 40 80
X/0

Fig.8 Distribution of turbulent kinetic energy a-

long the centerline. (Re=2.1x10')



F=HLITUHA A6Y A4z 1980. 12

(Wi+2vh)el Aol sl HHE u v 2 2H Al
A9k X/D=3074A Aab Fote tg X/D =
3001% RHE dAGE FASF dAHoR F
7ysbe AES Jehz itk olv EBHIE A
ALEE NG A= F7FstAIR X/D>20904 &4
HE HORERBAME Ao 9438 &8 &4
ke AL uijdt o] -9 AXtANE 4PA
o} F3F YAE B Fa gk

Fig. 9+ Wighih Walol whebr] ALIRES A A
2 ekl 9ot fiBhfh st weia HAH
3oyl X/D=3001A K-El= GHEhh sl @
Qo] AL Yl glen, Y/b=0.75 F
o A ME AL o3t BLTCEB) NI grol A
7} 5];1 Y/b=20lA A<l xEgefdl] o]2 A ®rh
ol AL BLIMEE Y JEIRE N ¥R B w)
<} éol Y/b=2wol BHFEH FAZE €
= AL dFsheRe] Bk jiiBhih e ~7F°ﬂ u}
g A AZE S8t de A
2 des gy e RAE ¢ 1 8haL
/D=3001F & shte] FHoz E’és}—t—
2 vjFo] HARFHEHEANA A=
&e FATE Golre Aist A3}
g @ 4 Ak

l‘ll‘
°nd
L

.09

X/0=10
X/0=20
X/D=30
X/D=40
X/D=80
X/D=70

2
K/Um

.06 1

«x + 080

.03 G O o g
a a
qQ
®
.’h\MQA.__._

1 2 3
Y/b

Fig.9 Distribution of turbulent kinetic energy in
the X, Y plane. (Re=2.1x10")

4-4 BLFRE
Fig. 10& Bk ol whela 249 Bl

9 BEm e SEERE S UEbd "ol
zh vk s E BEEe X/D=257H1& ALifss
Bt 43 Z7iste] X/D>2501% HEEe AY
dAsitirl dzxixgoz FtHFE ez
ok, PEG a2 BT R 7 X/D > 25 of
FolM LS Bole A & X3, 5
REFFES X/D>2501 5 2H 41 Y22 ¢
F itk B 479 HOREEE 348« 4
Z) &= Gutmark!® 40D, Miller!® 40D 2}x Kroth-
apalli'” 30D o)A YA grgt. ¥He A
CRFHEEC 48 A3 9A =237 B

b tges we 399 ¢ & Ak
.4
>
Y a {Wum
E .az t o {WUm
¢
“ 24t
»
c o o o
§ ET-N BBBBO s} o ° @
a
[ -}
)
F oe}t o
[}
(=]
o
ao 60 20

X/0

Fig. 10 Variation of the turbulent intensities al-

ong the centerline. (Re=2.1x10*)

Fig 11, 12 ifishiih 2 st whebs @5t 5
Hia ALFEE S Jehd 1gelth Fig 11& #h
6 ELREE 7Y X/D =307 e dA F7het
7} 30D ol Foll= REERstel Bl HEME
& wolu vk MEHe FAEHECH EUtRE S
Aako] 7ZsbAl et Y/b=0.75 ¥4 Hd
oz vepgde o & ok 183 Fig. 129 8
FH i BLIREE = X/D=3071A A3t ghe] ARG
7} B OB X/D=25014 REE LMt

< yehin 8§ hito] FARTE Y/b=0.75

011*1 ZaA dojutirt 1 oo A dadt
v F3E dehiz ok



.3
{7/ um 0 X/D=10
.24 | @ x/D=20
O X/D=30
LT DA + X/D=40
o
’1BEL3#€#'%000§?& % X/D=50
¢o® g 0 O o & X/D=70
a D%
12} o 2.
¢ ,%
-
.o8 I B
+§%
atw
o
1 2 3
Y/b

Fig. 11 Distribution of axial velocity fluctuations
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4-5 RLARBIETFE

Fig 132 /g ® el webs S Gl
B S Jepd 2gelt). X/D=307A% At
Z7hsttrr BRFEE ] §45 % X/D>200]
Zole Ael Wslglol MALMES ol Utk BFH
of HFAMeNA EliIIEENS EY e e
W] Y/bel Aelzt Frtehel wep dab Frlete]
Y/b=0.75%-200A Huigtel A= S &
4 dEd, g7l FEE S Hgkel Jehd
e RS A7 o 2ds FAE & 4 o

5. ¥ G

2KIC &5 A3t Reynolds 4 9.9x10° -

2.1x10* Weelx Bmrgiel &3t J&s) #fE

MBS ol e 488 4k

1) BHMERie 43 Agxos Zrlkshd, A
{REEFL S 25DoA HA =T

2) i FEEEE = mEhlhel BARlel & M
LitEe wolm low FARBRARES Y/b
=0.75%-20l| A vfERGTE

3) BLAAE, ALFSTEES 2 BLIEE WA
o] Bxe X/D=3001A FE Ltk e] Vel
=2

4) BRERAIAN E2k- e nd-g AVES FHEEE
EEA S Ay RN Afel& Roli Ao

U, el sEeE iR e HEafEe &
U3} Aok
B B X R
1. Ribeiro, M.M. and Whitelaw, J.H.,

“Statistical Characteristics of a Turbulent
Jet”, Journal of Fluid Mechanics, Vol 70,
Part 1, pp.1-15, 1975

2. Heskestad, G., “Hot-wire Measurements in
a Plane Turbulent Jet”, Jownal of Applied

Mechanics, pp.721-734, 1965



Bz Rgesx AW A4% 1089 12

. Miller,

“Lateral
Jet

Boundaries”, The Physics of Fluids,
Vol 14, pp. 1309-1311, 1971

S.C., and Champagne F.H.,

“Orderly Structure in Jet Turbulence”

and Gutmark, E.,
Motion of the Two-dimensional

. Wyganski, [,

. Crow,

Journal of Fluid Mechanics, Vol. 48,
pp. 547-591, 1971
_ Kotosovins, Micolls E., “A Note on the

Spreading Rate and Virtual Origin of a
Plane Turbulent Jet”, Journal of Fluid
Vol 77, pp.305-311, 1976
David R., Edward
W.., “Static Pressure Distribution in the
Free Turbulent Jet”, Journal of Fluid
Mechanics, Vol.3 pp.1-16, 1957

_ Bradbury,L.J].S., ‘The Sturcture of a

Self-Preserving Turbulent Plane Jet”, Journal

Mechanics,
and Comings,

of Fluid Mechanics, Vol.23, Part 1,
pp. 31-64, 1965

 Gutmark,E., and Wygnanski, L, “The
Planar Turbulent Jet’, Journal of Fluid
Mechanics, Vol.73, pp.465-495, 1976

. Krothapalli, A. , Baganogff, D., and .

Karamcheti, K., “On the Mixing of a
Jet”, Journal of fluid
Vol 107, pp.201-220, 1981

Rectangular
Mechanics,

51

10.

11.

12.

13.

14.

15.

and Fiedler,H., “Some
Measurements in the Self-preserving Jet’,
Journal of Fluid Mechanics, Vol 38, part
3, pp.577-612, 1969

Looney, M.K., and Walsh,J. J.,

and Turbulent Characteristics of Free and

Wygnanski, L.,

“Mean-flow

Impinging Jet Flows”, Journal of Fluid
Mechanics, Vol. 47, pp.397-429, 1984
Hussain, A.K.M.F., and Ramjee, V.,
“Effects of the Axisymmetric Contraction
Shape On Incompressible Turbulent Flow”,
Jorunal of Fluids Engineering, pp. 58-69,
1976

Liley,D.G., and Rhode,D.L.,
Code for Swirling Turbulent Axisymmetric

“Computer

Recirculation Flows in Practical Isothermal
Combustor Geometries”, NASA CR-3442,
Feb., 1987
Patankar, Suhas V.,
Transfer and Fluid Flow, Hemisphere
1980

J. Cervantes de Gortari and V.W.
Goldschmidt, “The Apparent Flapping
Motion of a Turbulent Plane Jet-Further
Experiment Results”, Journal of Fluids

Vol. 103, pp. 119-126, 1981

Numerical Heat

publishing corperation,

Engineering,



