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Schlieren Visualization of the 2-D Supersonic Thrust
Vector Nozzle

Hanjin Jeong* - Duwhan Yu* - Seongman Choi**" - Hyunsoo Chang***

ABSTRACT

The thrust vectoring concept has been used for use in new advanced supersonic aircraft. This
study presents the performance characteristics of the thrust vectoring nozzle by visualizing the
shock behaviors with Schlieren method. We performed experimental tests to see the geometrical
effects of the thrust vector nozzle by changing pitch angle and length of pitch flaps. From this
study we could understand the supersonic flow characteristics of the thrust vector nozzle. The
total thrust of thrust vector nozzle is diminished by increasing the flap angle. But there is an

optimum flap length ratio for attaining the highest thrust level and proper pitch effect.
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H: height F: flap
W :width L:length 8:throat & : deflection angle

Fig. 1 Test Nozzle Configuration
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Table 1. Test variants

x| 1 M=1.5 | 15H9 | 1.5H9 0° 0°
R 2 M=1.5 | 15H9 | 1.5H9 10° 0°
HE
3 M=1.5 | 15H9 | 1.5H9 20° 0°
4 M=1.5 | 0.5H9 | 0.5H9 20° 0°
% 5 M=15 | 1.0H9 | 1.0H9 20° 0°
Z3 6 M=15 | 15H9 | 1.5H9 20° 0°
Zol _ . .
7 M=1.5 | 2.0H9 | 2.0H9 20 0
8 M=1.5 | 25H9 | 2.5H9 20° 0°

H9 : Length of the Test Nozzle Exit
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Fig. 2 Test facility layout
=5 79 #F7HAs= 4 (Schlieren)
7S ARESte] sttt A VHE
&317] 9k 4 A2ge A F4d, HHA
£, 2&5AE, Knife Edge, 7I¥lE} 522 T4
Ho}.

3. 434

ik
e

A
3

31 FRIEY P w2 I
Table 12] Case 1, 2, 39 3 %E}E _\‘4 x| 3 &

13 ZA ¥

© AoE F3 Q%U:} Case 1°ﬂ o &
0] X

_.U‘: ZELO

OSL‘
o &
N



2 A BAR A A% A5E FH5 A 152 348 0 FY% @ 4P 2 4
B, A FA% Bd Al Aesel W% ok et Zelst 1504 6% 348 4
= Aol ZFs 7], $ F¥e vl grse 43S Holu ok
- EPeln7l 05,10 9 A% 285 AE #F
e AN EWL wet HERA Fohu wE

R

obgiw ol fEure] 7t wA g
4, 5004 & = 5 ok

Fig. 3 Schlieren visualization for the Shock
angle measurement (Case 1)
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Fig. 5 Schlieren visualization with  pitch—flap length
ratio [Case 4(0.5H9), Case 5(1.0H9), Case

Thrust (N)
/
JaquinN yoe

8001 — pa p 15 6(1.5H9), Case 7(2.0H9), 8(2.5H9)]
Pitch Angle(deg)
Fig. 4 Thrust and Mach number with the pitch deflection 1100+ —m—Thrust z
angle —¥— Resultant Pitch Thrust Angle - é
7 [
o . _ 1000+ i
Figure 404 32 #AZ zto] T7} &5 F z T /
#H oo = 2= Y ANBFO o) 2= o 5 v .\ 16
g 2 = e} 342ds & 5 gk v @ \ c
AHY FARY PHoEH EUE AgsE £ 0O "z
FYuF w29 A% =3 U 2 97 v "%
(=¥
FelA AAF AR B, Al 5 s 10 15 2o 25 g
7balo] wel =2 YR wAsts AAEZAu9 Flap_length (X/H,)
9 ZxE gL FAX =A9%E 533 , ;
o 7 j"‘T ‘4 1A = SA 5% f’JJr Fig. 6 Thrust and resultant thrust angle with the
AES] &x& HA FoEA Ho Ax FYol flap length ratio.
ZarsE 2392 7HHE Ao Ak
ol frv YR sty FEF2 X AT
32 TA1ER ool ke 3 e F3eA Bl 96, 27HE BuHel
FE9Ug =20 AFELL 7FHHA #F AAaE ZYIY FHo] AstHT FHEHT
o AP AP ANELEE SHFoZH W ZAZolu7t 15 9 AL Tl BH
B hostt Fig. 6d1A EW ACIHIZE 05 o wma} wial, A WAEE AT A5



92} wolxA Hol olo] HE oA Lol
A AAA Hol Feo] pas He A
grer i,

I

YRo|x AstE AAF 239
S7 E ] WA &Ao] WA
dEg. A 59 718k8HE

Y £AYEE DAY A9 N3

=
N
-

e e
oo ME )
o

N o
i

S

4.2 =
Y3 ez 2 =SoA FAAEYP A
gzto] F7t F4E FEEL] AAA HL. o
AL A Frte wet =5 Ui X E
Y A9 A=t ARAA HH o= Qlste] &
A= BAAF FATY] A& =3 AA 7] W7ol
o 9= #gzE 20° 4 AS gAZ Lol
o] H] 1503 A HHE3A 5ol AFES 2
1 F AR F 5A A AFFNA
freol AAstA HIEFH7] A HAge] I3
EPAort EATS FA T F AU 73
ZYu|7} 05904 1.5 2 Z713te wiet FHe
Z7telth 9% ZPH] 1.5 oA HE FHo] ¢
2 ATS 89l stk ol @4 AAE
A7} 05904 15 2 Z7tste 4 w59 v
g7 HA ZAsHA =HH, 15 oddAe =&
A=t
o}
S|
3}

R
N
R
Juy
&3
re
on
Ho
=2
Bl
L
)
)
ol
o
e
N
N
o3l
o2
}o\t

B ATE FPRATL /2AT FEE
ez A 2 2AY A A Lo}
S Az

b

D
Ao
ret

1. W.B. Herbst, "Future Fighter Technologies",
Journal of Aircraft, Vol. 17, No. 8., 1980

— 578 —

. "Advanced Exhaust Nozzle System Concepts

Demonstration", Contract F33615-77-C-3094

. G.TJr. Carson and F. J. Capone, "Static

Internal Performance of an Axisymmetric
Nozzle With Multiaxis Thrust-Vectoring
Capability", NASA TM-4237, 1991

. HL. Stevens, E.B. Thayer and ].F. Fullerton,

"Development of the Multi-Function
2-D/C-D Nozzle", AIAA-81-1491, 1981

. A€, AW, FAF, D FYUF w3

A% 2 f% 34 (Investigation of the 2D
Convergent-Divergent ~ Thrust  Vectoring
Nozzle).”, F=F71338t3] 20099 % #1333
FASEU I =73, pp.483-486, (2009)

Theo G. Keith, James E. John, "Gas
Dynamics" , Third Edition, Person
Education International (2009) , Chapter 12.,
pp- 453~490

. NICHOLAS CUMPSTY, "JET PROPULSION’,

Third Edition, CAMBRIDGE University
Press (2005), Chapter 3., pp. 25~30





