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A study on Thermo-Structural Analysis of Supersonic
Nozzle

Kyungsik Kim* - Seol Lim* - Daeseung Kim* - Seunghwan Cho*'

ABSTRACT

The thermo-structural analysis of the solid-fuel propulsion Nozzle is studied to estimate the
thermo-structural safety of the metal nozzle. The thermal load is determined to be significantly
large, Because the metal nozzle in a short combustion time is directly exposed to high pressure
and temperature of combustion gas. Through a analysis result, the influence of a thermal load is

estimated and henceforward a design data of thruster is used.
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Fig. 1 Boundary conditions of Nozzle

Table 1. Thermal properties of SC\M440

Tem Thermal Specific CTE
[E.C]p ’ [k 5) S conductivity heat x10”°
m
& W/m-K| | D/g-K | [1/K]
30 43.344 434.6 1.17
130 42.951 459.6 1.26
230 41.631 483.7 1.33
330 39.663 506.7 1.38
430 37.325 528.8 1.41
530 34.898 549.8 1.44
630 7833.4 32.382 - 1.47
730 29.777 - 1.29
830 27.083 - 1.20
930 24.3 - -
1030 21.428 - -
1130 18.467 - -
1230 15.417 - -

Table 2. Mechanical properties of SCM440

Temp. Young's Poisson’s Yield
[C] Modulus Ratio strength

[MPa] [MPa]

30 212020 1276.5
130 208070 -
230 201990 -
330 193780 -
430 183450 -
530 170990 -
630 156400 0.29 -
730 139690 -
830 127640 -
930 120870 -
1030 114100 -
1130 107320 -
1230 100530 -
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Table 3. Thermal properties of 17-4PH

Tem Thermal Specific CTE
[ ]p ’ [k 7 o conductivity heat x10°
m
& W/m-K] | [/Ag-K | [1/K]
99 10.95 344.90 1.09
203 13.10 44128 1.12 {
345 15.15 537.65 1.17 >
417 17.11 634.02 1.20 . "
505 18.97 730.40 B Fig. 3 Temperature contour of 17-4PH at 1.52sec
615 20.74 826.77 -
702 7827 2242 743.13 - Table 5. Comparison of analysis and experiment at
789 24.00 578.31 - rozzle neck
896 25.48 617.93 -
1021 26.87 657.54 - . Analysis Experiment
1099 2817 697.16 - Material [C] [c]
1199 29.37 736.77 -
SCM440 584.61 -
1299 30.48 737.17 -
1394 3145 - - 17-4PH 400.13 105.5
. . _L_—_ =X 0] e
Table 4. Mechanical properties of 17-4PH SCM4409] Hul2 kv =55 d7olM dx
Tem Young's Poissorts Yield 7} By= A1A 1.52secoll A 16352C7HA] 243k
| e | PR g | om, 270 373 A ¥ AR Folst
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70 194070 1220.2 AN Aa7t EYys= AlA- 1.52secol A 1502.
2 e L 3CAA gehkow], z7ld FAs ded F
169 188440 1124.7 1 el -
220 185400 1089.6 HAp Eol=s FHE UEHT
271 182230 1059.7 SCM4407} 17-4PH9] =+=7% (Melting point)<
315 179250 0288 10323
370 - 10050 Z}7} 1416 C 9 1440Cot A 272 2 u, &
419 - 9752 & 2AE FZ2F A EAVF Jdv A=
470 : 2264 wold, AQ Ao mmaRD o avlbE 2
520 - 808.6
540 - 731.0 o7} ¥t} ol FaAMA AAZZJA LA
&, A4 dazke ex, 87 29 59 295
©° B3 [ o)
3. o 2ot 2 DR £ Ay et s
32 Tz Az
31 Qe 23 2 TR e
Fig. 2 Temperature contour of SCM440 at 1.52sec Fig. 4 Max. equivalent stress of SCM440 at 0.04sec
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Fig. 5 Max. equivalent stress of SCM440 during

combustion
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Fig. 6 Max. equivalent stress of 17-4PH at 0.25sec
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combustion
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