NAL TR-634

NAL TR-634

UDC 533.697:
517.949

L 22 ¥ | TN B T8 P RS

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-634
gD 7y N 2 IV INDRNDETEIZHOWT

B B - E B B x - F B &

1980 & 10 B

AR S SO 5 T A
NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



iR ey b ZVRORNDEEIZOW T

O M OB 2 B B XM BB | A

An Investigation of the Numerical Methods for the
High-Expansion Rocket Nozzle Flow Calculation
By
Kazuhiro NAKAHASHI, Akio MORO and Hiroshi MIYAJIMA

Abstract

This paper is concerned with an investigation of numerical methods for the inviscid flow
calculation of a high-expansion rocket nozzle. A method of characteristics and a space-marching
shock capturing finite-difference method are compared for the calculations of the flow field of a
conical and bell nozzle.

It is shown that the method of characteristics, which is the conventional one for nozzle flow
calculation, is often met with difficulties due to an ill-spaced characteristic net construction in
calculations to proceed downstream, especially in the case of nozzles with small throat radii of
curvature. These difficulties make the computer program complex and increase the computational
time. On the other hand, the finite-difference method with a concept of shock capturing produces
reasonable results within a relatively short time and is a simple procedure compared to the
characteristic method.

As for the transonic flow of the nozzle throat region, an analytical method of Kliegel and
Levine is extended into a more general solution that can be applied, without affecting its
simplicity, to the chemically reacting flow.
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7y = 28mm, 75=7mm 7,= 28mm, 74= 7mm
x (mm)] 7 (mm) x (mm) 7 (mm) x (mm)| 7 (mm) x (mm)| 7 (mm)
0.0 ¥ 14.0 193. 55 107. 56 0.0 W 14.0 193.55 107. 54
3.55 2 14. 97 200. 55 110. 84 3.55'2 14.97 200. 55 109. 83
5. 40 16. 10 210. 55 114.04 5. 40 16.10 | 210.55 113.03
7. 03 17.13 | 220.55 117. 14 7.03 17213 | 22055 116. 14
10. 05 19. 11 230. 55 120. 17 10.05 19. 11 230. 55 119. 17
11.77 20. 27 240. 55 123. 11 11.77 20.27 | 240.55 122. 12
13.55 21.47 250. 55 125. 97 13.55 21.47 | 250.55 124. 99
17. 66 24.27 260. 55 128.76 17. 66 24.27 260. 55 127. 79
23. 56 28.28 | 270.55 131.78 23.55 28.28 | 270.55 130. 52
33. 55 34.91 280. 55 134.13 33.55 34.91 280. 55 133. 18
43. 55 41.19 200. 55 136. 72 43.55 41.19 290. 55 135. 77
53. 55 47. 13 300. 55 139. 25 53.55 4713 | 300.55 138. 31
63. 55 52.75 | 310.55 141. 71 63.55 52.75 | 310.55 140. 78
73.55 58. 08 320. 55 144. 12 70. 00 5. 23 320. 55 143. 19
83. 55 63. 16 330. 55 146. 47 73.55 58. 10 330. 55 145. 54
93.55 68.01 340. 55 148.77 83.55 63.21 340. 55 147. 83
103. 55 72. 66 350. 55 151. 02 93. 55 68. 08 350. 55 150. 07
113.55 77 12 360. 55 153. 22 103.55 72.75 | 360.55 152. 25
123. 55 81. 40 370. 55 155. 37 113.55 77. 21 370. 55 154. 39
133. 55 85. 53 380. 55 157. 46 123. 55 81. 50 380. 55 156. 48
143, 55 89. 51 390. 55 159. 52 133.56 85. 63 390. 55 158. 54
153. 55 93.36 | 400.55 161. 53 143. 55 89.60 | 400.55 160. 52
163. 55 97.08 | 410.55 163. 50 153.55 93.43 | 410.55 163. 48
173. 55 100.68 | 420.55 165. 42 163. 65 97.13 | 420.55 164. 42
183. 55 104. 17 421.718% | 165.65 173.55 100. 71 424.55 165. 22
R T Y —— 183. 55 100.17 | 422.00® | 16565
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3 Po=35kg em®, T,= 3382°K, O /F=5.5,
HOERO L= 140
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