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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/supersonic swirling jets are emitted 
from the sonic inner nozzle and the outer annular nozzle produce the co-swirling and counter swirling 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 Schliern optical method. The experiment is performed for different swirl intensity and 
pressure ratio. The results obtained show that the secondary co-swirling jet significantly changes the inner 
under-expanded swirling jet, such as the recirculation zone, pressure distribution, through strong interactions 
between both the swirling jets and the effects of the secondary counter-swirling jet is similar to the secondary 
co-swirl jet case.  
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Fig. 1 Schematic outlook of experimental facility. 

10

D
e 11 D
s 19r p=
10

r s=
25

30
5

(Unit: mm)

1

2

3 3

(De=8, Ds=15)

1 2

Tangential inlet for primary swirl jet
Axial inlet for secondary jet
Tangential inlet for secondary swirl jet

1

3
2

Dt=7

o

Fig. 2 Details of dual, coaxial, nozzle. 
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Table. 1 Experimental condition 
Flow NPRp NPRs Sgp Sgs Remarks 

Case A 1.0-7.0 1.0-4.0 0.81 0.00 No Swirl 

Case B 1.0-7.0 1.0-4.0 0.81 0.41 Co-Swirl 

Case C 1.0-7.0 1.0-4.0 0.81 -0.41 Counter-
Swirl
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Fig. 3 Flow visualization showing supersonic 
swirling jet (Sgp=0.81).
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Fig. 4 Flow visualization showing supersonic dual, 
coaxial, swirling jet (NPRp=3.0). 
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Fig. 5 Static pressure distribution of secondary jets 
along the nozzle axis (NPRp=1.0). 
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  (A) Case A               (B) Case B 

Fig. 6 Flow visualization showing supersonic dual, 
coaxial, swirling jet (NPRp=7.0). 
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Fig. 7 Impact pressure distributions along the nozzle 
axis (NPRp=3.0). 
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Fig. 9 Length of the recirculation zone vs. NPR.
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Fig. 10 Diameter of the recirculation zone vs. NPRs 
(NPRp=5.0). 
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