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The Experimental Study of Thermal Stress
at Supersonic Nozzle

Seongjin Kim*' - Hyeokseop Han* - Jaehyock Lim* - Euiyong Park* - Ki Bong Baek**

ABSTRACT

The experimental study of thermal stress in the solid rocket engine nozzle with two different
materials, SCM-440 and STS-630, was evaluated. SCM-440 has lager temperature increasing rate
and higher temperature at the nozzle expansion region than STS-630. Thermal barrier efficiency
and endurance of Zirconia coating were evaluated after making two more nozzles coated by
Zirconica. Both coated materials showed about 70 percent higher thermal barrier efficiency than
uncoated nozzles. Therefore, Zirconia coating using plasma spray method was useful in thermal

safety at supersonic nozzle.
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Fig. 1 Schematic of Small Solid Rocket Motor
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Fig. 2 Nozzle Specimen
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Table. 1 Test Conditions
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Fig. 3 The Temperature Measurement Points
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Fig. 4 Time vs. Temperature Curve at Nozzle Throat
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Fig. 5 Time vs. Temperature Graph at Nozzle
Expansion Region (SCM-440)
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Fig. 6 Time vs. Temperature Graph at Nozzle Throat
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Table. 2 Rate of Temperature Increase

A2 27| 2E35E | Max 2545 E
SCM-440 | 55.88 (K/sec) | 115.935 (K/sec)
SCM-440

] ] 14.85 (K/sec) 71.035 (K/sec)
(Zirconia)

STS-630 2546 (K/sec) | 85.618 (K/sec)
STS-630

. . 15.33 (K/sec) | 97.075 (K/sec)

(Zirconia)
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Table. 3 Thermal Barrier Efficiency

. %7] Thermal Max. Thermal
= Barrier FEfficiency | Barrier Efficiency

SCM-440 0.0% 0.0%
SCM-440

73.43% 38.73%
(Zirconia)
STS-630 54.44% 26.15%
STS-630

72.57% 16.27%
(Zirconia)
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