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ABSTRACT

Thrust vector control is the method which generates the side force and roll moment by controlling exhausted gas directly

in a rocket nozzle. TVC is classified by mechanical and fluid dynamic methods. Mechanical methods can change the flow

direction by several objects installed in a rocket nozzle exhaust such as tapered ramp tabs and jet vane. Fluid dynamic methods

control the flight direction with the injection of secondary gaseous flows into the rocket nozzle. The tapered ramp tabs of

mechanical methods are used in this paper. They installed at the rear in the rocket nozzle could be freely moved along axial

and radial direction on the mounting ring to provide the mass flow rate which is injected from the rocket nozzle. TVC of the

tapered ramp tabs has the potential to produce both large axial thrust and high lateral force.

We have conducted the experimental research and flow analysis of ramp tabs to show the performance and the structural

integrity of the TVC. The experiments are carried out with the supersonic cold flow system and the schlieren graph. This paper

provides to analyze the location of normal shock wave and distribution of surface pressure on the region enclosed by the

tapered ramp tabs.
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Fig. 1 Mach number contour at the nozzle exit with underexansior

(b) Underexpansion ratio 2.0

ratio variation

wZ T BEH 459 FRE vleltAa U WA
Auph GAEoM, FRE FARS Wil o) 4
Yol Wolx] ke HE ek,

ezl 159 2,090 W) wEET) YHE S5Y
& AR, R4 Qo FAu e Polrk F74ek1
a5 2te] Zolsk ZolA 52 7k T7to] AW =
ehdtt =24 vkl wE ST BHEE B3
sl ofs) G5 WG W &urh WekE|n vpshel 2 91
71 7bsek Eik, Tk 1500 A9l nlsls 4,87t
A FAehgom s 2,09 ASol ulske 5,07
A Z7Felsiet,

Fig. 23 28 ol A 5 sioieel 32
o} TEE HOlFL gt 284 =3 HPRRY U4
T
ZAHo R I FAMOE FE QEO 2L
B3 S GoTR WAEl] MASATE FHAIM, ubA
F258 B3 vslel FA| Gatit o FES YL
o ol WAElo] Hagso] SHFYFOR Sefru,
SaBHE fAE vk oF 3,571 F7Hi

= ol

< o o

¢

SF=FHI A

si3| =24 18, M5=, 2015



7|4 metm AX|X|Q Hatol HE fSSHo| gt 37

2SR E=AFRAE AL 1] F71E 7L,
On—Off WHEE ZFFgAlA SH O 254 e
s Ao w2 FAs] 27}

ARIEHI], AT AGE 284 wEL wE 5T vk}

T
T
S~
Y
Jo

o M=2.88< 7] 9ol =55 A4 23.8 m, =E
2172 46.3 miolt}, Fig, 3& 2% 27CY wf yueteiat

2> L=
wEEol P AFRFY BAS el Ao 3
9% 5 Mpacll 4 oF 5.3 kg/s®] Apaarol wAH ],
2o Z7iatel wet WFhgo] NFHOR Fkack
wZol A WAE G5 AFAL B AN, R Az
fA=o] @, ¢, RE Fo| 244 skt glojof sz
ARARES AR SERAL Al olA ulS Fadt <
Aol
Fig. 4% =527 27 Wslo] whet AHARES el
Q). wZET 7ol F7kstd Wele] AE A
wZETE B9 Wol WEHh ol ek, 2Bl

al

eR

R =

7ol gl et AlFARES: AR Adse A
A~

T

o
of
o

mr X ot N

Fig 5 284 w2 &0 ggdon 4AE U=
s o, W= 9o 19 5o Uehd el

2ol sh9Ao] M| Eojn glon] Ao ofEfl
=]

104

©
1

Mass flow rate (kg/s)
i i

0 I ; I ; I . I .
2 4 6 8 10

Chamber Pressure (MPa)

Fig. 3 Mass flow rate with nozzle chamber pressure variation
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Fig. 4 Test time with nozzle chamber pressure variation
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Fig. 5 Ramp tabs installed at the nozzle exit for thrust vector control
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(@) Shock configuration with the installed ramp tab location
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(b) Surface pressure with the installed ramp tab location

Fig. 6 Shock configuration and surface pressure distribution for
ramp tab
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Fig. 7 Three directional force with the installed ramp tab location
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