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ABSTRACT

In this study, 5-axis machining was proposed as a method for manufacturing a nozzle with a
curved shape, and flow analysis and structural analysis were used for structural validation of the
manufactured geometry. The program used for CFD obtained the internal temperature and
pressure distribution of the nozzle using STAR-CCM+ and used it as the boundary condition for
structural analysis. For structural analysis, the commercial program NASTRAN was used, and
stress was calculated using the von-mises technique. Based on the maximum stress value
generated, the safety margin was 0.78 and the safety margin of the bearing stress was 46.8. In
addition, the creep life was calculated as 9.97 x 1012 hours using the Larson-Miller parametric
method and applying the maximum stress value of 187 MPa and the exhaust gas perfectly mixed

temperature of 463 K.
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Fig. 2 Image of five-axis machining for the nozzle.
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Fig. 3 The grid system used in the simulation.

Table 1. Inlet and outlet conditions.

Stagnation Inlet
Core Inlet | Total pressure (kPa) 146.348
Total Temperature (K) 811.4
Stagnation Inlet
BIyrﬁZ:s Total pressure (kPa) 150.278
Total Temperature (K) 334.8
Pressure outlet
Outlet |Total Pressure (kPa) 101.325
Total Temperature (K) 288.0
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Fig. 4 Symmetry model for FEM.

Hole constraint

Rigid link condition

Fig. 5 Constraint boundary conditions.
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Fig. 6 Pressure and
wall surface.
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Fig. 7 (@) Velocity contours (b) Pressure contours
(c) Temperature contours on the cross-section.
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Table 2. Nozzle performance properties at the cross

section.
T Mach | Area |Thrust
XL PsPal gy | No. | md) | &N)
0 1.32 504 042 | 0113
0.04 | 135 505 0.38 | 0.124
0.17 1.40 507 0.27 0.170
0.37 1.40 486 0.27 0.16
0.69 1.34 468 0.38 0.129
1 1.32 466 04 0.118
1.1 | 1.013 | 420 0.72 | 0085 | 6.6
537 kg/s, 1625 kg/sZ HA HFS 21.62
kg/solth. =& Aol Hld W& HF 54 #
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Fig. 8 The stress distribution and the location
of the maximum stress.
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Fig. 9 Results of the component force at flange holes.
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Table 3. Results of bearing load and stress.

Fast. Bearing Load Bearing Stress
No. (N) (MPa)
1 485.05 17.28
2 432.04 15.3
3 320.95 11.4
4 216.78 7.7
5 264.24 9.4
6 367.92 13.1
7 379.97 13.5
8 223.04 7.9
9 227.24 8.0

Table 4. Results of bearing margin of safety.

Fast. Margin of Safety
No. M.Surr M.SimT
1 74.81 46.85
2 84.62 53.05
3 113.91 71.54
4 169.13 106.40
5 138.36 86.98
6 99.00 62.13
7 96.04 60.26
8 164.82 103.68
9 162.75 102.38
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