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Prediction of the Thrust Center Movement Due To
Rocket Nozzle Deflection
Honam Ok*, Insun Kim*¥,
Abstract
A computation was made to predict the movement of the thrust center position due
to the rocket nozzle deflection. Three dimensional computations were done for the
nozzle deflection angles of 0/1/3 degrees, and the oscillation of aerodynamic
coefficients, not observed for the axisymmetric cases, was encountered. The position of
the thrust center was found to be at -16 mm and -4 mm for the deflection angles of 1
and 3 degrees, respectively, and it can be concluded that the thrust center movement
due to nozzle deflection is negligible. In addition to the computational results, the
mechanism of thrust generation in a rocket engine is described with a brief
mathematical derivation as it is sometimes mistaken. Also presented are some
descriptions on the problem of pressure center definition for symmetric cases such as a
rocket external flow problem and the nozzle deflection case.
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1Y E © 2 (rocket), =ZF(nozzle), W9l (deflection), 2 ZF4J(thrust center),
TVC(Thrust Vector Control), ™3 4 48 F4(pressure center for
symmetric configuration)
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Nozzle Deflection (deg) Axisymmetry 1 3
Value of My Max. My Avg. My Min. My Max. My Avg. My Min. My
Inlet ~1.696E+06| ~1.694E+06| ~1.694E+06 | ~1.694E+06| ~1.694E+06| ~1.694E+06| ~1.694E+06
Chamber Side | 1.827E+00| 7.711E-01| 1.582E+00| 1.324E+00| 1.465E+00| 1.696E+00| 1.612E+00
Chamber Base| 9.499E+05| 9.221E+05| 9.221E+05| 9.221E+05| 9.221E+05| 9.221E+05| 9.221E+05
Threts T () Throat Block 6.941E+05| 7.200E+05| 7.200E+05| 7.200E+05| 7.201E+05| 7.201E+05| 7.200E+05
Nozzle ~2.337E+04| ~2.334E+04| ~2.335E+04 | ~2.335E+04| ~2.331E+04| ~2.332E+04| ~2.332E+04
Sum ~7.562E+04| ~7.564E+04| ~7.557E+04 | -7 563E+04| ~7.553E+04| ~7.547E+04| ~7.551E+04
Inlet 0.000E+00| 0.000E+00| 0.000E+00| 0.000E+00| 0.000E+00| 0.000E+00| 0.000E+00
Chamber Side | 0.000E+00| 2.543E+02| 1.009E+01|-2.924E+02| 2.713E+02|-1.904E+01|~2.788E+02
Thrust; Tz () Chamber Base| 0.000E+00|-2.462E-02| 9.081E-02| 9.679E-02|-5.071E-02| 1.241E-01| 7.133E-02
Throat Block 0.000E+00| 9.981E+02| 9.284E+02| 8.349E+02| 2.837E+03| 2.769E+03| 2.712E+03
Nozzle 0.000E+00| 4.420E+02| 3.944E+02| 3.782E+02| 1.261E+03| 1.208E+03| 1.186E+03
Sum 0.000E+00| 1.694E+03| 1.333E+03| 9.208E+02| 4.369E+03| 3.958E+03| 3.619E+03
Inlet 0.000E+00| ~6.043E-01| 4.909E+00| 7.122E-01|-8.469E-01| 5.399E+00| 8.663E-01
Chamber Side | 0.000E+00| 6.715E+01|~2.610E+01|~9.034E+01| 7.409E+01|-38.513E+01|~7.605E+01
Thrust Moment| o amber Base| 0.000E+00| 1.654E+01| 9.215E+00|~1.175E+01| 1.377E+01| 7.313E+00| ~1.693E+01
(Cl\??;f)r? MyIThroat Block 0.000E+00| 4.631E+01| 3.262E+01|-3.774E+01| 4.394E+01| 3.693E+01|-3.317E+01
Nozzle 0.000E+00| 2.521E+00| 8.368E-01|-9.215E-01| 4.493E-01| 8.646E-02|-1.912E+00
Sum 0.000E+00| 1.319E+02| 2.148E+01|-1.400E+02| 1.314E+02| 1.460E+01|-1.272E+02
Thrust Total (N) 7.562E+04| 7.566E+04| 7.558E+04| 7.564E+04| 7.565E+04| 7.558E+04| 7.560E+04
Thrust Angle (Deg.) 0.000 1.283 1.011 0.698 3.311 3.002 2.744
Xcp from Rotation Center (m) N/A -0.078 -0.016 0.152 -0.030 -0.004 0.035
Inlet 26.655 23.592 25.917 24.671 23.581 25.699 26.571
Mass Flow  |Exit -26.655|  -26.627| -26.625| -26.625| -26.626| -26.625| -26.625
Rate (kg/sec) |Sum 0.000 -3.035 -0.708 -1.955 -3.045 -0.926 -0.053
(% Error) 0.000 11.397 2.659 7.342 11.435 3.476 0.200
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1. Gridgen Version 15 User Manual, Pointwise,
Inc.
2. Fluent Version 6 User’s Guide, Fluent, Inc.
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