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Visualization of the Supersonic Swirl Jet with Annular Stream
Jung—-Bae Kim, Kwon—Hee Lee, Toshiaki Setoguchi and Heuy-Dong Kim

Abstract

The present study addresses experimental results to investigate the details of the near field flow structures
produced in the under-expanded, dual, coaxial, swirling, jet. The sonic swirling jets are emitted from a sonic
inner nozzle and the outer annular nozzle produces the co/counter swirling streams against the primary
swirling jet, respectively. The interactions between both the secondary annular swirling and primary inner
supersonic swirling jets are quantified by the pitot impact and static pressure measurements, and visualized by
using the Schlieren optical method. The experiment has been performed for different swirl intensities and
pressure ratios. The results obtained show that the secondary co-swirling jet significantly changés the inner
under-expanded swirling jet, such as the recirculation zone, pressure distribution, through strong interactions
between both the swirling jets, and the effect of the secondary counter-swirling jet on the primary inner jet is
similar to the secondary co-swirl jet case.
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\.Lv ‘Tangential inlet for primary swirf jet
u Anxial inler for secondary 1o swirl jet
{3 Tangential inlet for secondary swirl jet

Fig.1 Schematics of the dual, coaxial swirl nozzle
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Table. 1 Dimensions of the coaxial nozzle

Flow NPRp NPRs Sgp Sgs | Remarks
CaseA | 1070 | 1.0-50 | 081 | 0.00 | No Swirl
CaseB | 1.07.0 | 1.0-50 | 0.81 | 041 | Co-Swirl
CaseC | 1.0-7.0 | 1.0-50 | 081 | -0.41 | Counter-

Swirl

Table. 2 Experimental conditions
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(a) NPRp=3.0 (b) NPRp=5.0 (a) NPRp=7.0
Fig.2 Shadowgraphs without the secondary stream
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Fig.3 Impact pressure distributions along the nozzle
axis
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Fig.4 Visualization of the recirculation region
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(a)NPRp=2.0  (b) NPRp=3.0

(c) NPRp=7.0
Fig.S Flow visualization showing the under-

expanded dual, coaxial, swirling jet (Nozzle I, Case
A)

(2) NPRp=2.0

(b) NPRp=3.0
Fig.6 Flow visualization showing the under-
expanded dual, coaxial, swirling jet (Nozzle I, Case

(c) NPRp=7.0
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(a) NPRp=2.0 (b) NPRp=3.0 (c) NPRp=7.0
Fig.7 Flow visualization showing the under-
expanded dual, coaxial, swirling jet (Nozzle I, Case

A)
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Fig.8 Diameter of the recirculation zone vs NPRs
(Nozzle I, NPRp=5.0)

13

F 5% 29AE F53d vAe 4%

o
=

ol 9Aste F2Q AE g+, NPRp o 27
Jzge ¢+ A, =T A% F2 2 A&
g JAE Fig.5 o] vlas & w 2A OG5S &
ity o]RAL FAE =Z EFNA F AE
O)AAE Abold] MES] A HAwlo] FFL
oAE A ddo] LR Yo} T AEC
Aol xZ 27 AFAA & A7) gEol
R =
AxlolA 39 A Fad Aae s

Lo

F

4»

ul

p

i

e Rk

NPRs ojak ¢ f
Wk, olakf% ol
#AQol A 3

)
=

x A

2 o

!
&

)

*]

—_

4oy o

5
A .
o
=

e 3L on

o

e o b o e 2

(Case A), AcTIY AFL F71¢ 2
Batn ok Ho AL NPRs R 7%
¢lo] xDe=1.0 F2olA YEpn o]
o A7t ol Hl2=Y £59 BER
| Ytz itk o)Re de FE
ANE AEsRZTo] olRAER
g goletn Az oW

ox M ¢

of z& L 3% M b

4.

rie
2

4 flr

=

> o oft N T

e o

> 2
ae {m -
2N

£

oft

At

(1) Lilley D.G., 1977, “Swirl Flows in Combustion: A
Review,” AIAA Journal, Vol. 15, No. 8, pp. 1063-1078.
(2) Mauchton J. W., Cattafesta III LN., and Settles
G.S.,, 1996, “An experimental study of compressible
turbulent mixing enhancement in swirling jets,” J. Fluid
Mech., Vol. 330., pp.271-305.

(3) Lee K.H, Setoguchi T., Matsuo S., and Kim H.D,,
2004, “An Experimental Study of the Under-Expanded
Sonic, Coaxial, Swirl Jets,” Journal of Mechanical
Engineering Science. (to be published).

(4) Lee K.H, Setoguchi T., Matsuo S., and Kim H.D.,
2003, “The Effect of the Secondary Annular Stream on
Supersonic Jet,” KSME Int. (to be published).

(4) Yu YK and Chen R.H., 1997, “A Study of Screech
Tone Noise of Supersonic Swirling Jets,” Journal of
Sound and Vibration, Vol.205, No.5, pp 698-705.

(5) Champagne F.H and Kromat S., 2000, “Experiments
on the Formation of a Recirculation Zone in Swirling
Coaxial Jets,” Experiments in Fluids. Vol. 29, pp. 494-
504.



