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Abstract

It is the aims of this study to choose the materials and determine the material thickness of
laminated Rocket Nozzle Wall operating at high pressure and high temperature

The heat conduction analysis of each layer was performed by Crank Nicolson method changing
the thickness and the materials for the input data of Tungsten, Graphite, Alumina, Aluminum

Molybdenum, Plastic laminate.

The results of the study for pressure of 93.5 kg/cm? and temperature of 3000°C in the nozzle
dia. of 40 ‘cm are as follows.

layer thickness material
inner layer 0.635 cm Tungsten
intermediate layer 0.16 cm Alumina
outer layer 1.27 ¢cm Molybdenum
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Thermal . ) Allowable  Maximum
. . Density (p)  Specific heat
Material conductivity (K) o Stress at Tmax Temperature

Calfseccm?°C gm/ce Gallg"C g/cm2 °c

1. Tungsten (W) 0.4795 19.7912 0.0321 0.0 3315

2. Graphite (C) 0.3101 2.3251 0.25 0.0 3315

3. Alumina (Al;03) 0.0103 4.0689 0.20 0.0 1760

4. Aluminum (7178-T6) 0.5167 3.0171 0.205 2812360 343

5. Molybdenum (%% Ti) 0.3514 10.1862 0.06 1406180 1315

6. Plastic laminate 0.0022 2.0760 0.16 . 4570085 93

2ARY =359 712 2 £x274 Rohsenow$® Nartnett(1973)3 Suttonz} Ross(1976)
o] gro gy F2o) o] xZ9 AA =&Y, A2BE, 7h=9 film heat transfer co-
efficient (&¥=) 2 9225 9Z film heat tramsfer coefficient® A3t 1% 39
flow chart®} 7+o] ¢tell 4 K&+ Crank Nicolson® R HFEX-S FIASIA & #Eo F3d
Wl BB BES Kelx FES vlasld HA T4 2 HHE A3t

El =&7d ¥ 2d=d

Description Notation Input data Unit

Dia. of Nozzle d 35 cm

Total wall thickness b 5 cm

Anti corrosion layer thickness a 0.5 cm

Nozzle pressure P 80 kg/cm2

Gas Temperature Tg 3000 o

3500

Ambient Temperature Too 10 °C

Heat transfer coefficient at inside wall hf 0.7030x107* Cal/sec-cm2°C
Heat transfer coefficient at outside wall hB 0.7030x1073 Cal/sec-cszC
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2 Bak ¥ RABTEAS W ¥ 3 (inner layer) ARE A 4w shg el
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Operating Temperature 3000°C 3500°C
Optimal Design Best design 2nd design Best design 2nd design

inner Material Tungsten Tungsten Tungsten Tungsten

layer Thickness (cm) 0.5 0.793 05 1.111
inter mediate Material Graphite Alumina Graphite Alumina

layer Thickness (cm) 1.428 0.159 1.904 1.593
outer Material Molybdenum Molybdenum Molybdenum Molybdenum

layer Thickness (cm) 1.111 1.111 1.111 1.111
Minimum Weight (kg) 291 3.19 3.082 3.938

Fo] A A gtzA (constraint) ¥ ZHFE o] dishe] WHe] HK=E A4 H2A8 (tung-
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