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Experimental Study on the Centerline Flow Characteristics

1. A &

of Jets
A E 4

Dong-Sik Kim

(Abstract)

The flow characteristics on the centerline in case of
free jet, sudden expansion jet and impinging jet have been
investigated. Centerline flow behaviors and similaritis with
mean velocities, turbulent intensities, shear stresses, isotropic
structures and turbulent kinetic energies on the streamwise
direction were looked into and compared with three jets. The
results show that mean velocities have represented potential
core and decayed with similar gradients. The turbulent intensities
and shear stresses were presented peak values in the self-
preserving region, and then they were in decay. Aeolotropy in
the mitial region were possible returmed to isotropy patterns with
asymptotic approach in the downstream region. It has been
found that the turbulent kinetic energies for the three cases
of jet existed in the similarity and they coincided with
(yaussian profile.

Key Words cenlerline flow characieristic, turbulent
decay, turbulent kinetic energy, similarity
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intensities along the jet centerline

13 T4 Hol== Ad$9
A #HeolEE Ae-§3 i ¥ (Reynolds shear
stresses)& YEFWH Fig. 694, AFEAIG=
AEEHE] Ay AEo dHiAdE A9
$2 FAR Wdsgon], x=7~11d o)A
W3- s AAEUACt. FEYRALF A=
Y AAd F 7 s el A 7}“ QYO T oA
Aol fdojAe] GFHAANL 27199 oF 4d~
12d Atolol A o]m] cjr}g= o] Fojz Ao 7 9
T At FEFATONA 9 A E HMo|nH

 Fig. 39 & E BE¥oA Hi=uls} 7o
TEHY o] YehtE 08H H20A Ui
Ae&8 el #4 Mo & Aoz el x
ULt 16d ©)F &hirolAl o] ZAeka vjas)A] v
@ale] & w), 7)o ey 2 eddyd A So)
Mol A fulslm 1 o] 93|e AlgR
AEHeg2 dadge Ado] &4 sHog
e E£3, Sk A FME 2 S
A9l SEEANTY YHASSY A7)
Sl AR A9 Mo HEA R H 3} Zo] -
GA A2 g A we #AFE A5
A ol E wdgo

Mum‘uﬂn@

g

v U’

| oA
0¢ / i n\:*ﬂ'n‘d/n\f?)) qb'&”“-o—o
0 d ; l; l:l IIII' 14

FFig. 6 Comparison of centerline Reynolds stresses
along the jel centerline

wALG e WE FAMN fEe AR
¥t WA Isotropy) %2 w3tz 9,

g UHAE udl WMARG URAE yo
Aatel 1= 22) o® HsYe W 2A9g

Fig. 70 Z=A|8%ct AFFEAMF & 42230 A
& 50 WRAE udiel d3dA A%
HE}
°l

ﬂ'u

gte] x=4d o|H Z7]geolA vSWAo] L
w7 o, z}rm%cgag_; A42 = | A7

THIE og Hol SutAo] 3EEolz )
c Aos fddnt F8uAIFE x= 4d B

it o8 YER AR x= 7d
v 4% Aozl AP e
2 M gAdel AfEAR Y v o an, §
Ao RO 3|l go] A[FEAF ASLH z
A ez o, oleft HAL F3g i
AbFrel SR o kAl Wk v Elo)

- 391 -



wAHTFE FAA RS e A9A A
HidE WMSZE FHAA G97A O el 5AZF Ao I MeAd S MRl FEYE
UElLaL 9l Ao fhddnh FEFANFE AZE A7 Eg) v aF w Ad] 15de] 9
FHEARE u oF vel A7 wshA AdAste Aftem Wi EEoluAle AfEARG W
wOEUA A RECR FUY 4w o) Wigel F¥sl 4w Yol wug
Uil FEEW dFgoletar kst A= xol U Zio] ulE AEQL A7) BAERLo) A
A Qokth AT bR wupe} o], ZI|d el A wAElaL U}
M BAT a3 AHdeg Qs b5
gol oprlsionm ol F Wit® WiraEt ¥ §
:M-lal APz AgHe wet SRy P2 [
2 TEY e S HelY. .
Fl
e i
| §
' 0
B 24
’ , j‘:‘\x% rﬂpﬂ,,ﬁ‘* fo0pan Laga
y | R Fig. 8 Comparison of centerline turbulent kinetic
HJ ;{Q‘D '“' _Tﬂ“&gfﬂwl 5 energies along the jet centerline  Oifree jel,
0 4 8 12 16 20 24 (rsudden  expansion jet, Alimpinging  jet
o - —Gaussian distribution
IMg. 7 Comparison of isotropic behaviors of centerline
turbulence along the jet centerline #HiLA = x=9~12do|A] dolxtr}. A7 wE
PRl A A A2 fAHE B o)
45 A i s A A FEAY R e FoHE R 73 o] A
THACAM e v EEoyA] WEHAYSE AEHEAN FaE oA dii-ie] oy A7}
Fig. 89 ZASIAT. P =FT2 A A Aol &F87la Q3o 58 &, FE¥A
FolA MW E WRAE v Q5w G e SR ARRS F4AA el oy
dx w7t 2717} @ﬁtﬂ.ﬂi HHEEoyR  AdE dAdste] dFE ke W, Z{ AN
(Turbulent kinetic energy)& Uy #o] A9 + HWwWA|gle] glovng 2Fox7} i
a3l o} AM st Eevh 3FRFe AR E AR
o diste] HAMARE 7HAAL o, HEF b
T.K.E = St2-v) Aok S adeel A S HA T
Af AT @B Wk vigds wg O 8 R AL

A2 A, 27|58 A HE S7tsle] Hojx &
UERIE x=7~11d Y-t A E§tejelo] 814w
AAM YA A Eo] shien] FoluyA| S §)
ek go] ok ol F A= A FAME
Fdck shitabi Aol #Akie] vy ofg
Tellgt kg "N a2 o -Fou] A
Haz= SWEgo R x=(6~8)d oA Uojyirt
Stof) Aol A= F700 dSsitzt Fig. 89
WA S Qo R Z|HE FREe| A=

“'\.I

rm EL' o ©

FEY FHS AREA, FRRAL
il FETANFR Sl 7] ,x}fl_.!_%
golol Al FAM FEL FAHOE WA A
et e ARS AU

FUH WdEEE A2Y FANAL de
= oAsE ngen Fauw WA de
WA O U 2 2hal &S vhebdch Sy
9o GRAE ush vel AEe AR

- 392 -



GEE RN B aiaEs A4 Al430 (2001.11)

Abeet F 8] AR E A7 RE %%“ of
7d~9dol A Huo Z7|2 AAEHAeH, FEL
AV FEYE AR Frksinr) o] 949y
ol H74sch dHolse HGEEHo WH
BAge yeldzol(4~5d)7F Ay A7 HEGY
o A K] s AAHEAeH, a o AT
o] A¢ wW3lEo] Za WIHF O R Ho} o
L Y FEsoE ANEHE AR wddH,
‘:’r‘ﬁA SubA Al Fxy|oAle] H|lFH

gl

A& FESIL AV|EEASDNAN sl
FHE 7S gdsAt FREEA A
AR HE N e Hﬁﬁ.ﬂﬁﬁrmltr4
Fe M2 7H9AY X FHE GAe] &
A 85l -

2 IR

1) Wygnanski, I. and Fiedler, H.
Measurements in the Self-Preserving Jet. J
Fluid Mechanics, 38, pp.577-612 (1969)

2) Davies, P. O. A. L. Fisher, M. ], and

M. . The Characteristics of the
Turbulence in the mixing region of a round jet.
J. F. M., 15, pp.337-367 (1962)

3) Crow, S. C. and Champagne, F. H. ! Orderly
structure in jet turbulence. J. Fluid Mechanics,
48-3, pp.b47-591 (1971)

Some

Barratt,

H VL FARE Aol oE AYGFEA
2ol 27)|SEEA sy 283 ‘08w 5438}

B ga7ta s AdF, pp57-66 (1998)

5) Donaldson, C. D. and Snedekar, R S. @ A
Mean
properties of free and impinging jets. J Flud
Mechanics, 45, pp.281-319 (1971)

6) Yang, B. T., Yu, M. H. : The Flow field in
suddenly enlarged combustion Chamber. AIAA
J.,21(1), pp.92-97 (1983)

7) Moon, L. F., Rudinger,G. : Velocity Distribution

study of free jet mmpingement. Part 1.

in an abruptly Expanding Circular Duct. J. of
Fluids Eng.Trans. ASME, 99(1), pp.226-230
(1977)

8) HIHgClE, NIAEvaE), Hypgg— JF Elah o R
BT TR & i o e (B4 2 D28, H AEESRE &
af )R (Bithd), 56(524), 966 (1990)

9) Popiel, C. O. and Trass, O. : The Effect of
ordered Structure of Turbulence on Momentum,

Heat and Mass Transfer on Impinging round
Jets, Heat Transfer(Vl), Hemisphere, 141 (1982)

10) Back, .. H., Roschke, E. J.
regimes and wave instabilities and reattachment
lengths downstream of an Abrupt Circular Channel
Expansion. J. of Appl. Mechanics, Trans. ASME,
A E, pp.677-681 (1972)

11) Donaldson, C. D., Snedekar, R. S. and Margolis,
D. P. : A study of free jet impingement. Part
2. Free jet turbulent structure and impingement
heat transfer. /. Fluid Mechanics, 45, pp.477-512
(1971)

12) Rodi, W. : A New Method of Analyzing

Hot-wire Signals in Highly Turbulent Flow and
Its Evaluation in a Round Jets. DISA Information,
19, pp.9-18 (1975)

13) Han, Y. O., Nam, K. D,, Kim, D. S. : Turbulent
Kinetic Energy Balance along the Centerline of
Axisymmetric Flows, Eng. Turbulence Modelling
and Exp.2, Ed., Rodi, Martelli Elsevier Sci.
Publisher, Italy, pp.497-498(1993)

14) AF4, &8¢ FU 3 F8UBer A}
1= dHREANRS 27IH% 54, digz]As

3| =54, 18(12), pp.3335-3344 (1994)

. Shear-layer flow

(20011 649 264 F 4, 20016 1149 269 zi4)

- 393 -



