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Semi-analytic solution and verification for large deflection forming

of single-jack semi-flexible nozzle based on elliptic integral
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Abstract:. To improve the analysis accuracy and efficiency of single -jack semi - flexible
(SJSF) nozzles in transonic and supersonic wind tunnels, a semi-analytical solution method
based on ellipse integral {or the flexible plate large deflection was developed. Taking the 0.3 m
cryogenic wind tunnel SISF nozzle as the research object, the mechanical model was established.
Based on the Euler beam theory, the differential formulas of the flexible plate deflection were de-
rived, and the elliptic integral form was obtained. Based on the program compiled using Maple

software, the semi-analytic solution was carried out under Mach number of 1. 15 and 1. 3 condi-
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tions. The deformation contour and structural equivalent stress were obtained. Compared with the

finite element method (FEM) results and experimental measurement, it showed that the elliptic

integral results were in good agreement with the other two results. The maximum error of the con-

tour coordinates was 0. 18%, and 0. 32%, of the nozzle outlet height size, respectively. The maxi-

mum relative error of the equivalent stress was less than 10%, and the elliptic integral solution

time was only 11. 2% of the FEM.

Key words: semi-flexible nozzle; single-jack; large deflection; Euler beam;

elliptic integral

% R T A R S I XTI 3 4 7 4 T bk
B0 AL O FRBET B S A R R A N AL AR
i % 23 PR T S bR R, T L 4 TR AR
QN 3 e vt ES A P N A R
Rosen™ 531 Tt 5t 155 — £ 5 30 50 R BE 45
JESERL T WU B IR A TAE . E 2 ] B Ik
5% 5 & 0 (CARDC) 0.3 m K I XU 2 F& [
T AV L 3% 5 20 R XU, R T B SNk
ZBE WA RE % S8 B 5 b B R 0.15~1.30 /9
SEUTRE S o B SN S BE I A o 3K B AL S R
N S 1 e g W 1 2 ) 0 22 1 BE Al 1) B AR T | 4k
7 S5 30 XU - 45 0 1 2 T Y WD e . SRR S SR
B, A7 R S 22 0 22 1 RE Al 0 R TR RS B S
Uit 3 387 59 M S 3 Il B B 1 9 R R
HNE, W, EBE St 5z s iE il o f2
W g AT R ST I BE AR AR P A R RO
e R SR i AR

0% SR PN B S A R
BB 2R 48 8 0127 A 51 73 i CADAMS) 156 1] 5 3%
L 25 Ft K R 850 0B (NASTRAN) %5 5 (BLA7 H
A BESE T PR RE BRI B )4 O R
P RBEWVE S T W s s R T
AR TF B Chen 25" R H KV ZE #8480 11 2%
BAFWEIE T B SR 2 22 BRI A B T (Y 358 5 A
B 1 . XSRS RS T 2 32 RE WA I
e 55 1 e AR 2 TA] 422 fioh 0 5 LR [R) R 3k Ut 5
BUR R RG34 e et R 4rid 1 T
e REWE A HLA Y 2 ) 2 AT AL, U R B R
MU 41 B 3l 1 5 R G0, W] LA AR A 55 o A B 1Y) A8
L5, AT AR AR (S5 AR N ) I8 B R BK Bl 2
ff 45, H F 2R 2 B R A TR A M R A
IR T 4540 5 8l Z i) A Pl ik A Bt BR i
T E ek BSOS AUAILRL B P R DA K o

T3 — 5 T, B X 2 32 RE I A K $8 FE Bl A ) R
TEJE T 2 M b oR A IR 5 . X4 B i

=t

FNGERE AR B, $ T f SR RE AR B B R AR
SRR B 2R TR T K R SRR ST T SR BE
WA B 2R M A SR A T 1k R RE R A o 2 A
T B, KB AR JUAR] Ry 224~ VINAS T B2 () fE
A UL A B 2R AR AT b i 2 /NG R e
SK e 25 SRS R e AR A < LR 22 . BTLL,
2P BEAT I 8 A2 7R () A0 R 8 o Ak I 12 A i R
PP G2 AL, B L 1R 25 AR T

[ AR 22 R e R EUE AT T K i bt
G A B T 1 ROV SR R O vk LA SR R
T 2 it R R S T A2 B T T
Bisshopp 4 HF5E 7/ AR T A5 B9 G
PR3 M v 405 0 R 80 AR 43 i 5 /0N 8 JE W42 30 0 fie
Z Al A AR 2% . Howell " WF 5% 1T 7 Fl 25 40 2
]V 1T B8 2 0 M 1 B4y % . Zhang 6094
XSV G 1 22 5 A0 A il IR AR T S A
PR A3 i 1%, 0 J 1 R [0 AR 43 1k 1 oK i g
G RN W T B R 2 R AR T o B 1) A [ AR
oG —TE . Xu SR SE T 3 T R R4 10 41
A B R R B R i SR R [ R . Alessandro 48
WESE T [ B 3 AT 8 A B Ak R T A B 2% i [ AR
G

25 b A B R4 O ik RN A g R K B T
FURS B SR MR 04T 1 T (I A 2 22 BE I8 A K %
VI R T G i = K BRI ST . A SCHE T RR
R A ST 3 T RE AR A K e AR B 4y R L O
P9 S LA AR A3 (0 Rk T X 7 B AR L A
FH R T S T SRR T, T R S B B S
2 T2 BESEAE (1) ML ) 2 R A A1 SI2 56 30 00F

1 BYm¥FEHREHNFER
1.1 ZHWARSITIEFRE

E 15 CARDC 0.3 m i i XUl 857 2k 2
BE(STSF )M 45 1Y — 4 45 M ALY | 3 540 45 () B | 7Y
TE2H 1 SR B LA DA R B 28 4 0 e rp 20 A B oy



oo IR A5 < TN IR R 1) B S A S B AR 8 JEE IR 2 i BT R i 5 B E 385

52
RSl
BRBETHFAL
(ST
e
arvALH
U3 e

10.3 m AR XU B3 2 52 BE A

Fig.1 SJSF nozzle in 0.3 m cryogenic wind tunnel
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Fig.2 Mechanism schematic diagram of SISF nozzle

contour component
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Fig.3 Photographs of 0.3 m cryogenic wind tunnel nozzle
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Fig.4 Three different Mach number contour curves
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