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Research on Design and Calibration Method of Semi-flexible Nozzle Contour
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Aerodynamic Force at High Speed, Shenyang 110034, China)

Abstract: Semi-flexible nozzle is a type of flexible nozzle of transonic wind tunnel, which consists of throat
block, flexible plate with variable contour and outlet end plate. The semi-flexible nozzle has the advantages of
short length, few supporting mechanisms, low construction cost, high system reliability and low operation
and maintenance cost, etc. In view of the advantages of semi-flexible nozzle, semi-flexible nozzle is adopted
in 0.6 m continuous transonic wind tunnel and 2.4 m continuous transonic wind tunnel of Aerodynamics
Research Institute (ARI)of AVIC. Taking the semi-flexible nozzle of the 0.6 m wind tunnel as an example,
this paper introduces the design method of the contour of semi-flexible nozzle of ARI of AVIC in detail. The
main contents include the design method of the inviscid nozzle contour with continuous curvature, the
calculation method of the displacement thickness of the boundary layer with continuous curvature, the
iterative design method of the nozzle contour, the design method of the semi-flexible nozzle, and the design

method of contour upstream of the throat block. This paper presents a calibration method of nozzle contour,
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which adjusts the displacement thickness of the boundary layer according to the results of computational fluid

dynamics (CFD) and flow field calibration and effectively improves the accuracy of the Mach number at the

outlet of the nozzle. The results of flow field calibration of semi-flexible nozzle show that the Mach number

deviation in the rthombus region of the semi-flexible nozzle is small, and the flow field uniformity is good,

reaching the advanced level of the national military standard.
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Fig.1 Diagram of area division of nozzle
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Fig.2 Diagram of characteristic lines from some point of flow field of nozzle
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Fig.4 Design schematic diagram of semi-flexible nozzle
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Fig.5 Semi-flexible nozzle of 0.6 m continuous transonic

wind tunnel
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Fig.6 Structural scheme of semi-flexible nozzle of 0.6 m

continuous transonic wind tunnel
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Fig.7 Contour curves of some Mach numbers for two differ-

ent semi-flexible nozzle design schemes
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Table 1 Throat curvature radius and ratio of throat curvature radius to throat height for two semi-flexible nozzle design

schemes

o I =

a . R Ak e A% 5 0 T v R Y . W S Az 2 A% 5 0 T R T
Ma KA % S 4R

M3 fh R 242 R,/ mm WA RY, M E iR R4 R,/mm WA R, Y,

1.15 6917.816 23.94 6 079.209 20.99
1.20 6217.131 21.77 5379.308 18.81
1.30 5332.442 19.34 4 308.388 15.60
1.40 5013.130 19.03 3630.077 13.76
1.50 5109.945 20.50 3181.819 12.74
1.60 5765.414 24.63 2 864.756 12.21

J T B AE B ROR X FL-61 KU 2 22 B w5 45
My AT CFD 5 . X 1/4 W48 JE AT ik
11 CFD P8, A58 I A 5 40 J7 A, 1T 340N
Fluent, jii P B 8 Ky k- (SST) , K I A1 3 11 F0 %
T B A

Ma 0.10 0.21 0.310.42 0.52 0.63 0.74 0.84 0.95 1.05

(a) Ma,,=1.180

Ma 0.10 0.22 0.34 0.46 0.58 0.70 0.82 0.93 1.05 1.17

(¢) Ma,.,=1.319

Ma 0.10 0.24 0.38 0.52 0.66 0.80 0.94 1.08 1.22 1.36

R BEWEE )7 % — 1 CFD 45 R UL K 8, 7
KR CFD IR AR 9, W& TJ7 A0 di iy o
7o 14 F s £ g K A DL P10, A T S
A 22T IX R 21 1 3 S b B S R 20 1 L
K2, THEAEAIREWIME BT J7 A T R

Ma 0.10 0.21 0.32 0.43 0.54 0.66 0.77 0.88 0.99 1.10

(b) Ma,,,=1.223

Ma 0.100.23 0.36 0.49 0.62 0.75 0.88 1.01 1.14 1.27

(d) Ma,,=1.416

Ma 0.100.250.40 0.55 0.71 0.86 1.01 1.16 1.31 1.46

(¢) Ma,,=1.516
B8 PFEEMTE I R —MBUE N DR = B (CFD)

Fig.8 Contour of Mach number distribution inside nozzle for design Scheme 1 of semi-flexible nozzle obtained from CFD

(f) Ma,=1.617
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Fig.9 Contour of Mach number distribution inside nozzle for design Scheme 2 of semi-flexible nozzle obtained from CFD
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Fig.10 Mach number distribution at centerline of nozzle of

some Mach numbers for two different semi-flexible

nozzle design schemes obtained from CFD
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Table 2 Mach number uniformity at center line of rhombic region of nozzle for two semi-flexible nozzle design schemes

obtained from CFD

Bt & B AL 1.15 1.20 1.30 1.40 1.50 1.60
WX LT Sk Ma,,.,, 1.180 1.223 1.319 1.416 1.516 1.617
R B P OL LB TR 2% e,  0.0058  0.0049  0.0040  0.0035  0.0034  0.0034
S ZIE X PO 3 B Ma,,..,, 1.169 1.218 1.311 1.410 1.510 1.610
T EBKPOLA DR TR R%E s,  0.0059 0.004 8 0.0057 0.0059 0.004 6 0.003 2
6.2 ¥XEHRENEMKAE R 4l U 7 50 00 485 L A A 5 T bR 5 1 A T 2 462

0.6 m 3% £ 2 5 75 R XU 2 1 L R fal 1) 4R
T 57 A T A ) S A 0 2R 1 B R A A A, DL A
11, DA B i 45 25 T8 X Hh ol 46 19 5 bk B30 3 ) 1
W33,

BIREEBIERE b, 2t W8 8 m CFD i+ 5
J& WA ZE Y IX Y 7 X B ikt o B AR R, O
Hrbo 2y Sk By St 15 8 B #8e w , CFD
ZER UL E 12~15 1 4.
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Fig.11 Mach number distribution at centerline of nozzle [ [ 4R
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Fig.12 Contour of Mach number distribution inside nozzle obtained from CFD of the second round
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Fig.13 Mach number distribution at centerline of Fig.14 Comparison of average Mach number of rhombic region of
nozzle obtained from CFD of the second nozzle before and after profile modification obtained from

round CFD
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Fig.15 Comparison of root mean square deviation of Mach
number of rhombic region of nozzle before and after

profile modification obtained from CFD
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Table 4 Mach number uniformity at center line of
rhombic region of nozzle obtained from CFD of

the second round

Bt
- 1.15 1.20 1.30 1.40 1.50 1.60
4L
ESIANL
Y
o 1.149 1.201 1.299 1.399 1.496 1.597
LAk
Ma,,.,
X h
L2k 5 ik
\, R 0.000 3 0.001 0 0.001 8 0.002 3 0.001 6 0.000 8
PP
ﬁ§ O
1.71
1.6 = Ma,,,=1.1973
15F --- Ma,,=1.250 4
14+ — Ma,_=1.299 4
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Fig.16 Mach number distribution at centerline of nozzle ob-

tained from flow field calibration of the second round
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Table 5 Mach number uniformity at center line of rhombic region of nozzle obtained from flow field calibration of the

second round

BT H kA 1.20 1.25 1.30 1.35 1.40 1.50 1.60
ZEIB X 4T 3 S iR 5 Ma,,..., 1.197 3 1.250 4 1.299 4 1.348 2 1.396 7 1.490 7 1.595 7
FEIE X P £ R B0 T MR AR 25 oy, 0.004 4 0.006 1 0.004 7 0.004 0 0.004 3 0.005 0 0.004 5
r ] [ 5 A 2 A AR ok T 0.0050 0.0050 0.006 0 0.006 0 0.006 0 0.006 0 0.006 0
0.015 0.008 0
\\././'\I 0.007 5
0.010 - - L
: §o 0.007 0
S 0.005F T 0.006 5
'g Z0.0060}
§ O00or ﬁ 0.005 5t
4 S 0.0050F
-0.005 |
5 < 0.004 5}
_0.010 B 0.004 0 1 1 % 1 1 )
115 125 135 145 155 165
-0.015 Ma,,

1.15 125 135 145 155 1.65

Ma,,

—#-Before correction —— After correction
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ARG
Fig.17 Comparison of average Mach number of rhombic re-
gion of nozzle before and after profile modification

obtained from flow field calibration
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Fig.18 Comparison of root mean square deviation of Mach
number of rhombic region of nozzle before and after
profile modification obtained from flow field calibra-

tion
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