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Abstract

The aero-engine nozzle works in the high temperature and high pressure environment, which is
affected by the complex loads. The thermal load and the aerodynamic load are the main factors in-
fluencing the nozzle durability. Aiming at the problem of thermal-fluid-solid coupling for nozzle
affected by high intensive pressure and high constant temperature, on the basis of finite element
analysis, this paper applies ANSYS to build technology roadmap simulating one-way three fields
coupling of an aircraft engine nozzle. Simultaneously, by means of analyzing main coupling cha-
racteristics, the results show the relationship among temperature field, flow field and the struc-
ture in the modal analysis, which has significant meaning in the design process of nozzle.
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Figure 1. Basic structure of turbojet engine
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Figure 2. One-way Thermal-Fluid-Structural coupling principle chart
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Figure 3. Analysis flow chart
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Figure 4. Simplified nozzle model
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Figure 5. Fluid field and structural meshing
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Figure 6. Nozzle Six Vibration modes by no-pre-stress modal analysis
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Figure 7. Temperature distribution of fluid field and structural in the YZ plane
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Figure 8. Velocity distribution of fluid field and structural in the YZ plane
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Figure 9. Temperature load on the nozzle
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Table 1. Structural material properties
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BE/C 9% fkg/m® W IR A /pa THRAEL
0 7935 2E+11 0.32
300 7805 1.75 E+11 03
600 7675 1.5 E+11 0.35

Table 2. Modal data
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4 A% [Hz] B HiF[Hz)
1 910.45 4 944.19
2 910.52 5 1828.1
3 943.17 6 1885.5
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Figure 10. Pressure load on the nozzle
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Table 3. Modal data (flow velocity = 100 m/s)
% 3. IRSHIBCRIE = 100 m/s)

Temperature ‘C Mode Frequency [Hz] Mode Frequency [Hz]

1 911.76 4 945.54

0 2 911.83 5 1829.5

3 944.52 6 1886.5

1 861.48 4 891.44

300 2 861.54 5 1732.5

3 890.47 6 1780.0

1 799.59 4 835.74

600 2 799.67 5 1593.8

3 834.8 6 1662.1

Table 4. Modal data (flow velocity =200 m/s)
= 4. TRSEIBCRIE =200 m/s)

Temperature C Mode Frequency [Hz] Mode Frequency [Hz]

1 911.76 4 945.49

0 2 911.83 5 1829.5

3 944.48 6 1886.5

1 861.4 4 891.21

300 2 861.47 5 1732.3

3 890.25 6 1779.7

1 799.38 4 835.33

600 2 799.46 5 1593.3

3 834.4 6 1661.5
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Table 5. Modal data (flow velocity = 300 m/s)
R 5. IRASHIRGRIE =300 m/s)

Temperature C Mode Frequency [Hz] Mode Frequency [Hz]

1 911.75 4 945.42

0 2 911.83 5 1829.5

3 944.4 6 1886.4

1 861.38 4 891.07

300 2 861.44 5 17323

3 890.11 6 1779.6

1 799.3 4 835.12

600 2 799.39 5 1593.2

3 834.2 6 1661.3
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