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Experimental study of TRPIV for turbulent boundary layer of
longitudinal concave curvature wall
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Abstract: Turbulent boundary layers with curvature and pressure gradient are widely used in
various engineering applications. A wall model with concave curvature in streamwise was used as
the research object, and the instantaneous velocity fields at two different streamwise positions
upstream and downstream were measured by TRPIV experiment with dual camera size field of
view. Using experimental data from a smooth flat plate as a benchmark, the variation pattern of
the turbulent boundary layer on a concave wall is investigated. By comparing the mean velocity
profile and the Reynolds stress profile with those of the smooth flat plate, it was found that the
mean velocity profile in the concave wall case gradually deviated from the conventional
logarithmic law and that the turbulence intensity was weaker than that in the flat plate case.
Conditional averaging is carried out under the condition of the prograde vortex identified by A
criterion. It is found that the peak of the positive fluctuations above the vortices in the concave
wall varies oppositely to the scale range, while the negative fluctuations below the vortices is
stronger than that of flat plate. The coherent structures were further extracted using a spatial

two-point correlation method and the inclination of the coherent structures in the near-wall
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region to the wall was calculated using an ellipse fitting method. It was found that the scale range

of the coherent structure on the concave wall gradually increases along the streamwise. The

results show that when the turbulent boundary layer is subjected to a combination of concave

curvature and favorable pressure gradient, the difference in turbulence intensity near the near-

wall region and within the wake region increases, along with an increase in the intensity of

vortices in the coherent structures within the boundary layer. With development downstream, the

scale range of positive fluctuations above the prograde vortex on the buffer layer increases, but

the peak value decreases, while the opposite phenomenon occurs on the upper side of logarithmic

region. The trend of coherent structure migration to higher normal height in the curved wall

turbulent boundary layer is weakened, and scale range of the coherent structures grows mainly

towards the downstream side.

Keywords: streamwise curvature; favorable pressure gradient; turbulent boundary layer;

TRPIV; coherent structure
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Experimental study of the effects of confinement on self-sustained
oscillations and noise radiation in three-dimensional open cavities
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Abstract: Flow past an open cavity has been studied extensively, while less attention has been
paid to the effects of confinement due to side walls, which produces rich flow dynamics and noise
characteristics. In this study, the effects of confinement on flow structures and noise radiation in
three-dimensional rectangular cavities are investigated experimentally. The length and depth are
fixed, and five ratios of width/length ( W/L=0.1-0.5) are considered. The measurements are
performed in an acoustic wind tunnel. The pressure oscillations are onset after the wind speed is
greater than Ma 0.03. Once the wind speed is greater than or equal to Ma 0.20, the flow and
noise radiation are dominated by the self-sustained oscillations corresponding to the third
Rossiter’s mode. Furthermore, the present experiments show that the local pressure oscillations
and noise radiation of this frequency can be weakened or even eliminated when W/L is equal to
or less than 0.3 for the wind speeds of Ma 0.20 and Ma 0.25. The upstream OASPLs in the far
field can be reduced by more than 3 dB when W/L decreases from 0.4 to 0.3 at Ma 0.20. By
analyzing the surface pressure and TR-PIV(Time-Resolved Particle Image Velocimetry) results,
it is found that the suppression of the tonal noise is closely related with the changes of the

primary recirculation and some secondary vortical structures by decreasing W/L. In particular,
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the intensity of the primary recirculation is greatly weakened with strong confinement effects, and

the feedback process is not strong enough to produce self-sustained oscillations.

Keywords: cavity flow; confinement effect; aeroacoustic feedback; oscillation suppression;

vortex motion
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Experimental study on flow separation control by flexible serrated trailing
edge based on multi-scale coherent structure analysis
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Abstract: This article reports our recent experimental study of airfoil flow separation control
by flexible serrated trailing edge. The experiments were conducted in a straight-type wind tunnel
and a hot-wire anemometer was used to measure the velocity profile downstream of the two-
dimensional airfoil. Multi-scale coherent structures within the separated shear layers are analyzed
both in the time and frequency domains. The results show that the separation bubble thickness
decreases by almost 5% of the chord length, the flexible serrated trailing edge vibrates and
deforms adaptively and absorbs nearly 20% of the trailing edge shear layer’s energy, perturbation
transmits to the leading edge shear layer, and thus the power spectral density decreases
significantly in the lower and larger bandwidth to reduce the noise. The coherent structures’
frequency and amplitude also decrease notably, breaking and inhibiting the large vortex package’s

transmission obviously in the separation bubble.
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Experimental study on the characteristics of swirl effervescent atomizer
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Abstract: Compared with the conventional pressure atomization and pneumatic atomization,
effervescent atomization has the advantages of high efficiency, economy and environmental
protection, which has attracted the attention of various fields. In this paper, a series of
experiments were carried out on a variable nozzle internal swirling effervescent atomizer, and the
effects of the working parameters, hole structure and mesh number on the flow and spray
characteristics were discussed. The results show that flow characteristics of the atomizer with
different hole structures are basically the same. The change of the air-liquid ratio results in the
change of the liquid mass flow rate under the same working pressure. Flow characteristics are not
affected by the cutting screen, while the addition of the cutting screen induces 3%— 7%
attenuation of the spay mass flow rate of under the same working condition, and the smaller the
cutting screen aperture is, the greater the reduction of the spray mass flow rate is. The
distribution of spray particles presents a single peak structure, and the median mean diameter of
the spray decreases with the increase of the working pressure or air-liquid ratio. Under the same

spray energy consumption, the special-shaped hole structure is more helpful to improve the spray
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performance. The cutting screen is beneficial to the spray performance, but the choice of the mesh

aperture should be made based on the atomizer structure, the working pressure and other

comprehensive judgment; in addition, the addition of the cutting screen reduces the axial velocity

of the spray mainstream to a great extent.

Keywords: variable nozzle; internal swirling; effervescent atomizer; hole structure; cutting

screen; air-liquid ratio
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Experimental study on support interference of single support rod via force
measurement and PIV

REN Fanfan', WEI Lihui, TAO Aihua, LI Yanpeng, YANG Lei, GAO Na,
ZHANG Caicheng, JJANG Jiali, XU Xianghui, WANG Wenda

AVIC Aerodynamics Research Institute, Harbin 150000, China

Abstract: In order to study and optimize the support interference characteristics for the
single support rod in the FL-51 low-speed wind tunnel, the longitudinal and transverse two-step
support interference test of the aircraft in cruise and uplift configuration is carried out for the
three-dimensional support rods with the cross section of 24 ribbed, round and truncated airfoil at
the wind speed of 70, 50 m/s and the support rod pre-deflection angle of 11° (the angle between
the support rod and the axis of the model fuselage is 79°). Based on the study of the support
interference characteristics of the single support rod at the pre-deflection angle of 11°, the support
interference characteristics wind tunnel test of 24 ribbed, round and truncated airfoil support rods
was carried out at the pre-deflection angle of 30° and 60° (the angle between the support rod and
the axis of the model fuselage is 60° and 30° respectively). For further analyzing the characteristics
of two-dimensional support rod flow around and wake characteristics with different sizes and
cross section shapes, the wind tunnel PIV test is carried out. The results show that the
longitudinal support interference of the airfoil support rod is the best, but it deteriorates in the
transverse direction.With the increase of the maximum thickness, the wake vortex of the airfoil
support rod has good consistency, and the wake vortex of the 24 ribbed and round cross section
support rod varies with diameter. For wind tunnel tests that only conduct longitudinal tests or
focus on longitudinal tests, airfoil cross section or truncated airfoil should be selected.
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Table 1 Support interference characteristics measurement test contents of three-dimensional support rod with three kinds of cross section
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Fig. 9 Comparison of longitudinal support interference with different
pre-deflection angles ( wind speed is 50 m/s, flap is 0° )
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Fig. 10 Comparison of transverse support interference with different
pre-deflection angles ( wind speed is 50 m/s, angle of attack
is 8°, flap is 0°)
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Table 5 Support interference differences of 24 ribbed support rods,
round support rods and truncated airfoil support rods with
pre-deflection angles of 11° and 60°
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Fig. 11 Schematic diagram of two-dimensional support rod flow
around and wake characteristics test
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Fig. 12 Schematic diagram of two-dimensional support rods with
various cross section shapes
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Table 6 PIV test content of two-dimensional support rod flow around and wake characteristics
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Fig. 13  The trailing vortex distribution diagram of support rods with various cross section shapes and diameter/maximum thickness of 80 mm

x7 BSHAXHERXAIRNEE
Table 7 The trailing vortex region's front section width of support rod-
with various cross section
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Fig. 14 Wake vorticity diagram of 24 ribbed support rodsat varying
attack angles
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Influence of nozzle wall temperature on plate test in
arc-heated wind tunnel

LONG Yongsheng, YUAN Jie', ZHAO Shunhong, YANG Bin, ZHU Xinxin

Hypervelocity Aerodynamics Institute, China Aerodynamics Research and

Development Center, Mianyang 621000, China

Abstract: In order to study the influence of the nozzle’s wall temperature on the plate test in
the arc-heated wind tunnel, a thermal insulation semi-elliptical nozzle was designed. A plate test
was adopted in the arc-heated wind tunnel with the semi-elliptical nozzle. The bottom of the
nozzle wall was connected with the plate model. The flow extended to the surface of the model
during the test. The surface heat flux and equilibrium temperature of the model under the
conditions of the hot nozzle wall and the cold nozzle wall were measured and analyzed,
respectively. The results show that the enthalpy of the nozzle ranged from 1.00 MJ/kg to
2.55 MJ/kg. Compared with the condition of the cold nozzle wall, the surface heat flux of the hot
nozzle wall increased by 4.7% to 15.0%, and the equilibrium temperature increased by up to
4.24%. In the thermal protection test, the influence of the nozzle wall temperature on the results
of the plate test should be considered, and it is necessary to increase the enthalpy of the flow.

Keywords: arc-heated wind tunnel; heat flux; enthalpy; boundary layer

0 3 = T TR A R R RV A K #t, W5 ZBLAE Hb THT T & A
o7 25 1R 6 . R IORGI 0 2 2 T B 9 7 Hu T i

e FE O RAT B AE R RZE N AT, AR B B AT AR B S B O ity B A4l
FLT R, B AR RE K A G R TR RS2 R OK I A T B 355D BRI B %, AH IR (19 Th 2 A R, RIS 2
S H R AT R R, B EGE RS REVLUE D . fE 50 MW & 21 [1) ¥ #% A RE AR 400 2% 1% K AT #8 (1) )R 0
RS TR Jm 0 A R R P K R A IR B S AR P o TR, 38 AT B S BT BT IR

Wi BEHE: 2021-05-31 ; {£E HHR: 2021-10-30 ; A HHA: 2021-11-22
* JEE1E#H E-mail: yuanjie2005@163.com

SRR BEAHE, S, RIG, . FRSIORGIRMEE B X T BRSSO S 7L (). SERALIR )5, 2022, 36(6): 47-53.
LONG Y S, YUAN J, ZHAO S H, et al. Influence of nozzle wall temperature on plate test in arc-heated wind tunnel[J]. Journal
of Experiments in Fluid Mechanics, 2022, 36(6): 47-53.



48 o

Ay
%

w1 # http://www.syltlx.com

R AT B, WP AR SR A — AR R T B A
I8l 5% L 5 X R R 2, Lh S (R A R
PP BRI A BT E R, s 1 R

(a) KATHIAI

(b)Y HLHIA R ALt e

B1 FiRidEsA

Fig. 1 Plate test technology
ERIFEN S S LG RSP ISy E

S K. HR TR W AR AGRTAR R, — FROR T A B
B < MR AR JF 0 HBEAT R A 2, X2 S BUE
BE T AU 0 8 B AR o fn R 9 5K BOR KA BE
R 2 38 R AR 6 1 2R T U A B AR, A XU
BERE AL AT AR ZE 2. (D, (2)
P74 R BE T A ARG

q=aCh, —hy) (D

he = he + 10 /2 (2)

W GHRI, NI IR R RE, bR S,
ho EETH KRS, h N TIER RS, v SIHE L, r AR E

TE VT BE T K VA (R 2R AT R, AR IR i 08 BRI, T
T VB T B8 B S5 1R, W BE TR FE T v, D
T e B, X5 AT A B RO RE R T R R R B A
Bk o HIF 5T % A VA BE R ARRE X R 56 R S5 A I RS R, 46
AN R ZE B, B A B G RS B R RIORS 40 it
BAHEZEME L.

H AT, th 5 E A xR (LA S, B A
B (R AH S F 7T B /b . 25 NASA Ames H10 60 MW
FL SR (THE) [ 8 7 B 4 T 1 11 1 2 400 [ st 7
7R I H E 950 mm K P B 9 R T
o A T o) T o T A RE, DA A o s 6 B P R
K B, 32 ASLAUL 00 B SRR B, R A 1 R T i HLIUR
T T A R U Ko SRR R 56 1 5 i AF A P AR SO i
1] I A AR [ A, T AU AOL R AT 2R T I A BE 2%
G v =y T S S S SR I AR T S Rl RV
(CARDCOFD-15B HUIR KA [FHA SR A T, {5
B RE THI I B S [ PR 52, xof 0 XA Y % T 4 B VUL
2 TR R P8 U R DL R WA Y T 3 A2 IR
BEAT I 50 B, LAIR A5 W84 A 5] B2 5 0T T B ik 56 A
ELGOEAS AL

1 RKETTE

1.1 REEE

R £ CARDC ] FD—-15B 5K KU 34T
SR FH IR 2 A0 (53 % 5 < AR B8 B AR Y, 4 9
T FAIR S TR IR, 2 A e BRI A [ T A ek S gk
RIS B s 7E 1 100 152 5 45 e 12 T8 P AR B A 2, A
W% A7 L 320 1) B T 2 0 et O BT AR A L R
196 [ e 38 - % ] <) oA 30 mm x 41 mm, W8 H 03
B R ~F8 167 mm x 90 mm, 4 X5k ¥ N 4.
Bl 2 BioR, B o N MEIE BRI Tk B v T B bk IE
B v #AGI D A3 A SO IR SR R KA BESE ) (R
TEWLE Y 5k B, R0 KR BE R B, 25 R R B ¥4 A
SR, BEBRARAE TREE K. TRy
ik B, AR 4 E S5 8, AEE BT B R #GR . K
BN 25 K Ak o 7 RACR: T i s M ) 4 5 5 &
H/E, KEA 334 mm, EE N 10 mm; F&HAR K
SR B AT AR AR, SR Y 25 mm.

Throat section  Divergent section

Structure matrix

(b) kB4t

B2 RHRFHERE
Fig. 2 Thermal insulation semi-elliptical nozzle
W SRR AR 28 3 B A R A AR B, R AR D T
BUR, f 2K AR SR> o BRI, KA R
LA A2 7 1E R 5 4 52 IR T



%6 ] B RO E A R SRR B Bl o P R 1K B ) 52 T 1 4 49

1.2 Wik AFx
ST HERRIIAR SR 56 1SR A48, KU (<2000 KD
B — MR P A IR AT VR IR i T MR R AR B

IE 71, K H Fay-Riddell 2 3 12 18] $ i+ 505K i A 08
(RIFR“F—R 5 7)o F-R A 10 95 Fh 45 £ 24 22
B R e % 328 AR AT At AR I A
L R A Y 2 B e A ) 1AL b, Gl 3 BT

Nozzle

Model 1

\ﬂ.hm@Q;ix

i— |
/
f

:

B3 RREMNKEERS
Fig. 3 Test equipment layout in wind tunnel

I3 % 0 X B TR PR T Gy i 1 =) G P 4 T
R, FENE 2 AN AHEE 10 mm (94> 320 A AL B, WA
5w R ¥ EE B 20 mm, BGR TN Ir-IrRh40
oA o %A M I R IR AR BT A Tk dE R K
R 4 AR HIE T AT AR A e AR OGRS 1 8 TR
PREFTE 1500~ 1900 K [ 3 b5 #E A1 2 F£ N 10.3,

Semi-elliptical nozzle

O #1
O #2
O #3

| v
ST

(TR LT

Total temperature probe Near wall temperature probe

B4 SREENKEREN=ST
Fig. 4 Distribution of gas temperature probes

SRR S AN [ W A R T S X VB A 11 T B T X
it AR B B, S B T SO IR R O R .
B H#1~#4 3 A ADTREE, BAREN I 2 BS 5 mm, 41
4FT7R . AL KA N E A 1.5 mm [ K B850
R PEAR o AR AT 38 e IR A ) 8 i3 S 4 N T3

N T W FEAS [R) W BE T P W P AR R
65 55 0 2 THT ¥ B HAGURR T B T, 1 VA BE ARG T AR R
B b A BN ALK A KB (L E AN 4.5 mm),
B 5 A BT, Af s T B T AR . F-R R

B B o B A B AR ST AR A Y R B T 38 R
AT b 8 R G br e M, b e JE A MRS AR 1% LU
o Vo BERRF AR A R <124 100 mm x 100 mm,
L5 2 A0 [ W A R P SR B, AR 000 T R AT E
WE 5 A4 BT, WS 1~7 NI &S, PLP2AE
VA=

100 mm

40 mm
. 7 1 Pl
v
J51A) -
i P2 3 6 g g
S R
4 N
5
B 5 KEXEITRAEERARIN S

Fig. 5 Gardon gaging points distribution and heat flux

AE A 77 PR TSR K 28 ok e A A 1 U U
W, 2 MBI AR A DL, S IS I AR R 2 R
VFHLIR L o B A BRI R B RSF D 100 mme %
100 mm, J& 2 mm, R A SRR OHREZ, UE
i/ IGAR 12-LO bt & did v+ AR 2R 1 I 5 M) e
fr B ONIE 5 HI AT 3, bt s il v A 0K 1 4
K10.5% + 1 °Co Unl&l 6 Firas, Jib ke, B PY
B A bR A8, 8 TR T B AT RERE 4, LA 22 1 5%
58 o AN Y5 AN ARCE T AR 1R KRR A, LI R
N £ 0.75%TCT Jy # AR B S I il BE DD 9 T I 2
W5 7 BE AT AR AR 2. 34 4, 6. P2 I 5
XF Lo 356 I, v B A IR T AR I A R G AT AR
I AR R AR R Ik i I AR R A B, B R i
BRI 55 o B B IR BB IR S SR A BE A
U0 e B8 AT AR R T 1 4 i B2 3 AT 0 B A

IKRSIH B RL K%@/’ﬂﬂ*}i i s

E 6 MRFEiRaRE&Es
Fig. 6 Thermal insulation plate model for temperature measurement

DR AN [ 2 AR 638 AT 2 300 22 5 il e 4 R
RIRE W, A [R] — 229K 58 BOR T B AU 0 v BE
AR/ NE S TP R S Sl



50 o

) %

i

http://www.syltlx.com

1.3 KRS
£ 1B RBRESE, RE 1. 208

£ b SR A A, RS 3R R B EH F-R
WEHEIRTT . RAPHAR N 3 KA1 .

£1 BIIKRELERESE

Table 1 Average values of test parameters in arc-heated wind tunnel

K& KJE/MPa BAE/(MT » kg™ 3E T /kPa BE AP /(MW » m™) SRR/ (kg e s RIE /MW
1 2.57 1.04 360.76 1.32 6.79 14.53
2 1.98 2.12 277.40 2.86 3.43 15.84
3 1.66 2.55 236.70 3.75 2.45 15.43
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Table 2 Heat flux on cold wall with different total enthalpies and plate temperatures

R T /s AL IRT /K LA/ (KW« m ™) W24 / (KW« m ™) B34/ (KW« m™)
10 309.0 182.0 197.0 180.0
1 300 443.0 204.0 224.0 207.0
W&/ % 43.4 12.1 13.7 15.0
10 293.0 390.0 370.0 380.0
2 300 1096.0 420.0 420.0 430.0
W&/ % 274.1 7.7 13.5 10.5
10 303.0 405.0 418.0 414.0
3 100 1046.0 424.0 456.0 447.0
W&/ % 245.2 4.7 9.1 8.0
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Fig. 10 Variation of total air temperature near wall

15 A B T i, PSR T B IR A T A RS M 4 &1 10 AN

i A S AR 0 S AE Y ) P 35 R FE X b i 3 4 B
AN, R A IO AR RE T 3T AL AT I, B AT AR
TR TR IE T Lt = IR N Ty, B 5 AR
B W A 1~ 35 U5 B A Ty ¥ BE I CRI 9 5K BER A K
A ) BE T B A0 AR I B2 TE T LG £ TR T R
N Ty, 5T 5 AT A TR Ty SRS 18
r 2B K o MR AR AR SRR RS R BT, R AE
1.00~2.55 MJ/kg 76 [l N, W% ¥ 20 0] 87 #8356 45
T 3 TSP 1867 0 FE P B 7E 5% LA .

*3 EEESKSET
Table 3 Variation of total air temperature near wall

T AR /mm
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Table 4 Comparison of average temperature on stainless-steel plate
U Ty/K T,/K T /K Tin/K RIERERE /% HHIRZER/%

1 735 723 648 643 0.67 0.78

2 1127 1084 1034 1004 3.89 2.94

3 1249 1201 1109 1063 3.92 4.23
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Fig. 12 Influence of nozzle wall temperature on heat flux and total air temperature near nozzle wall
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Table 5 Decrease of enthalpy

WRE BIE/MI « kg HHHIKER/(MJ « kg™ BRI LE /(MJ « kg™ ITEESRKER /(MJ « kg™ FRHBRIETE /% ITBESRIE R/ %

1 1.04 0.763 0.726 0.76 4.85 0.39
2 2.12 1.216 1.164 1.16 4.28 461
3 2.55 1.373 1.306 1.32 4.88 3.86
3 & @ i 52 %o W7 Y T T R T AU R O A R SR T v B A
Za

9T T T B T RS T AR R R R,
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It~ A2 % TH T PR RS o F TSR B < A AR ST
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Research on the static aero-elastic sensitivity of stiffness of flexible wing
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Abstract: In order to ensure that the aerodynamic performance of high aspect ratio wing in
cruise flight can meet the design targets, it is necessary to carry out the jig shape design in the
wing design stage. The wing stiffness has a significant effect on the aerodynamic loads, which is
one of the important factors affecting the aeroelastic characteristics. Robustness analysis of jig
shape design with various stiffness properties was conducted based on CFD/CSD method. The
aerodynamic characteristics evaluation model was established with the stiffness value as the
independent variable. The sensitivity analysis of the stiffness was carried out with the wing twist
angle and lift efficiency as constraints. The research results, providing support for the static
aeroelastic evaluation of wing stiffness in the engineering design, show that the vertical bending
stiffness and twist stiffness are the main characteristics that affect the wing twist angle and lift
efficiency. The Jig shape can be frozen with the increasing stiffness ratio less than 1.1. And linear
relationship between elastic aerodynamic derivatives and stiffness ratio is established.

Keywords: static aeroelasticity; stiffness optimization; jig shape design; sensitivity analysis;
aerodynamic loads
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Dynamic boundary layer transition wind tunnel test of blunt cone

ZHANG Shiyu, ZHAO Junbo', FU Zengliang, ZHOU Ping, ZHOU Jiajian, LIANG Bin

China Academy of Aerospace Aerodynamics, Beijing 100074, China

Abstract: The time delay effects of the boundary layer transition movement on the surface
compared to aircraft pitching oscillation should produce serious unstable aerodynamic moments,
which probably decrease the aerodynamic stabilities in the pitch direction, even leading to
unpredicted pitching divergence in the reentry flight of the blunt cone. A boundary layer dynamic
transition test technology of the blunt cone in the hypersonic wind tunnel is improved, using a
gas bearing as support of the test model in order to realize free rotation of the test model in the
longitudinal direction with extremely low damping moment. In addition, an infrared thermo-
graphic system is used to observe and estimate the boundary layer transition distribution on the
model, to study the dynamic coupling phenomenon and interaction between boundary layer
transition and longitudinal rotation of the model. A series of tests are completed using the blunt
cone model of which the half cone angle is 9 degree, to study dynamic coupling effects between
boundary layer transition and longitudinal rotation. As a conclusion, an unsteady oscillation
phenomenon of angle of attack was observed when dynamic boundary layer transition occurred,
and at the same time, the delay phenomenon and delay time of boundary layer transition to angle
of attack rotation were identified.

Keywords: blunt cone; dynamic; boundary layer transition; wind tunnel test; coupling

FRFRZ ZRR R EIEN, 20 RsPRE. A3
T3~ J3HE VAR A Ry P 45 T T 7 AR R

LR RHPGR TR WS B R TR S KRN FEREHEFE N AT 2% 1 RAT T U B0 BN &
MACRE LR, 2 —MERNRSIMEI R . U RATD TR R IR - BEFUR M, 1057 e IR 5 B HE 1

51

Tl

WfsBHA: 2021-09-08 ; &E HER: 2022-01-18 ; FHABAH: 2022-01-29
* JE{E1E#H E-mail: zjbo503@sina.com

IR RAE, BRE, AR, &5 BliEsh A HAR KRR [J]. SRR T1%, 2022, 36(6): 61-66.
ZHANG S 'Y, ZHAO J B, FU Z L, et al. Dynamic boundary layer transition wind tunnel test of blunt cone[J]. Journal of
Experiments in Fluid Mechanics, 2022, 36(6): 61-66.



62 LW W ¥

http://www.syltlx.com

SR M B DA o2, LR Al TR AT 88 AT IR
I AE I R R B2 R AR IE 3 R AR R,
TE R B B8 /IS L 25 09 g i e A2 78 XU E AR 8
W T IX IR ZIW R R AT A E M,
AN SR i

M 20 H 20 70 AEARF) 21 &, & [ S #E
e e P R B i) JT R T R E A, o AR
AN#¥ 45 Ericssion®. Martellucci™ Al #% it 4 0516 45
HF 50 B AR b T B 4RO S L B AT S 0 I A0
o PR ANTC S0 A s o BB = WIT R T R
XF A E VE R S e ATE AT, B AT A5 SRR W] AE /NI AR
AT, BEHE RAT 208 I B R R HE X FR A B 0, 4
PR EALE AT G B, R B TR R E
B A B A e 118G OK s 2 B 45 a) /i R R T 1 B0
Ja . PRAE R BNE AR R BT BE AR e R O B
FoE YRR, HARBE. shfe etk 230 = M) 22 (LI
R 10°RHE B B AaE M T 2 & W EL( Re) A2
TR RE 72 45 B an 1 10 R CEL R, C,, o NS BN B R
EMEFHE, C,  NAB IR ENLE T, a NI,
Ma N 5% Xop M X BT K B 1) T0 B4R % 0 ot
B, o WEMIRANE) o

1.8 T T T T T T T
.16 ﬁ&% Ma=5.0, G=0°, Xo—=0.652

£1.4 ' =0.009~0.012
© 12 \O\W —
1.0 L1
AR
<03 /‘
02 Lo T P19 P—<o
0.1
2 3 4 5 6 7 8910 12 15 20
Re/107¢

B 1 R4ER SREESHEEERTL™
Fig. 1 Variation of aerodynamic stability derivatives of sharp cone
with Re!™

ERwBEAA R, AT R EAL RN
SE PR R W B R, (i SRR E AR
iy AR E PE AL JE 1 RAT B0 1 A 4 HAS B R LA
gz KA R, HARPRAE T LB WF 78 1 Al 42 2 1
BERAT AR AT B 2 PR R AR E R T R
e, I3 L 2 VE A R B R SRR E 1k B R R AT T
T E RN AT SR IZ B RS . SR T AE SRR RAT
AERE, BT AT A R R PR AR, LR
B A DX b i A R HERE IR S SRR G R S
JE KGR AR E H A . SUL RN, JEE
WIS AR S VT RIEs MR E, (155K
b RATIR S EINE 2% o 2% Mz S Holse . T

BEAL B PR X AR/ AR GEHUIRRE JE B v 55 B AL,k
6 25 SRARME S MR 3 25 FE R B S B A

BT BRI, A TR AT SRS A
PR I B A ZBRAERR G IR 3 R
BILFREARK S SRR, WL R RS
5 AT A% 18 Bl IR 5 RSB 7T 32 itk T B

1 KBRS

IR H 5 E el R RO R SO HE LA, RO
Sl P oy 5 S R A AT b B, SRS W SR A A0 il 1 el
BET), 3 BE B g A A S R0 A AR . 7E XU
) F A1 22 2 4T A AR A, T2k 50 B AL 38 gl o o
(i 2 FE IR AN A AR FE 30 A H s R RS R
5] 0 SR B, A S B o R A R 3 2 2808 1) P AN e
BGEVR. R KRG 2 fror, 5 1% & hae
Bl 3 Frso

AR k=471

- / LAY
/ \ T
\AA [ I —

T

R RI BT

P
#

i

=]

B2 RRRGREE
Fig. 2 Sketch of test system

3 RREEEE
Fig. 3 Capabilities of facilities in test system

I RGBT, ARG BARA 2 E . L
FFAVSGLAL R, G B 4 B s o 152 B A 2% B <UL 0K
By, FH T R 3 45 AR B R BRASE, ARk /I RG] 3 £ Bf
(7 AL ok o A TR T A 6 A () S
1.1 R E R XUE

PSR GIB 43992002 7 #7538 XU IR S,
Bl 7R 56 5 5 ) i HSCM-3 4 b 155, 24 M N
9°, P A K ¥ L=421 mm, J& ¥ B % D,=148.3 mm,
k42 R,=8.75 mm, #ifF N R,/R,=0.118( R,
NIEH A2, KAk L/ Dy=2.839. 1 %% F 5% ik
Tk Wil ( PEEKO 1 73 7 A Rk, 28R A7 i T4
GF RS SAEAR. RO R &N S, AR T



%6

R RS FHEZ) S A R 63

BHAERRY
R

(b) BRI

B4 HEEERREE
Fig. 4 Assembly drawing of blunt cone model

TR R AN LT AN L I

U6 A [ AR 2B ORI S B 5 Wt T
JIt (1 FD-07 XU JF & o FD-07 J& — J 8 s i3] =X
e e A AR, DL SO AR A e i A R

5 R R 56 B R ST 9 1880 mmix1 400 mmx1 130 mme.
Wi O B4R N 500 mm, 5 EN 4.0 4.5, 5.04

6.0~ 7.0 F1 8.0, K F B #e W (1) 7 1 U Sy ik 4.
AL 6.0 LA I 1w #OH A KA H 2 E, By m A g
P52 0 5 BB E = A AR . T & D iR N 2000 [
FERUAE, 30 A8 A4k 6 - 10°~ 500, 5 56 B 0] BE F A
I 428 520 mmx320 mm )6 2 3 58 i 0, it
LLANAARAN . BURAL O W& AN TR A
1.2 ZHENH

B HE AR T 1 T B A AR AR I AR B A
/0N, BRSPS Bl BE 5 TR AT RE /DN, 38 f Bl
AP BAE R PR 1R HE 55 o AN SR F moks
I FHJE 1B E Bl B ST Rl R AR D SCEE LI, 12 3)
PH K % 1.0x10° N-m, A H RIS 3 BH JE XF
G 45 I

SRR R E 5 TR . BOE AT S AR AL

AR
/

MR AR RE Sfnes AR K SCFF

B 5 SiFMATEE
Fig. 5 Sketch of gas bearing

SR FH e s R T8 L I U A o, i o A
PRV DA g il AR A2 1) (9 AR RS 0. ME SR 1N
0.8 MPa 1] $2 £ 300 N {42 7] K %, 71
1.3 ZI5MRGIL

SR P B A 2 A1 W B R ) A R R A A R
Ko BEARAT 1IN B R AR J B R R AL A BAFAX
N 5 AR B SR T ) IR R A A 5 AR AT AR, I I8 I A #
fiff SRR AT AL o A, 5 S Y SR T AL 4 AT R R B
A RN R RN E ST . 54 80 G
FE BRI BOR I = B R A L, R A
FOR A 2 38 L B AR T (8 L Se iy P& . KT I
P 2 A A S B B A R AR KRG

R R H InfraTec 2 & 2E 77 ) ImageIR"™ 8325
LIAN G R G (A R0 Ah B A0, i va o
3.7~4.8 um, #H REEE <25 mK, WIEKE N£1.0 K,
K& 640 15 & <512 18 2, K AE %N 100 Hz. 2045k
W52 T NG T S R 41 A 1 3 A ek B, 3
1E i B B BT 1% T T R

2 HEER

21 BAKRSME
TEHEH 6.0 &4 F, TR SHERMER IS
SR, RIS BB 1 TR, Hof, 140 24H
HSERRYE, 3#ANER S RK.
x1 RESHE

Table 1 Inflow parameters of wind tunnel tests

R 75 S /MPa Bk /K L=k vAR=R7 g
14 2.96 506.3 2.43X107
24 2.70 487.0 2.34X107
3# 1.77 460.0 1.70X 107

BRIG H, BEAY N 20000 F BE TR, SR B R BT 4R A
B, MR NEHIRSINNIEN . 2 FHEATESNE
FI R Se At Am 4 B B % Bl o 2l 7 B 4R 3 00 B AR R TS
WIR TR Z WK 6 fros, iR SRV 30~70 C.
BT RV 4R 30 f oy 20, IRV R B R A T &
W AEXTFREE R, T XU R AL B SR .

B 25 B RN JZ 900 B0 25 B 56 1 300 A Bl N TR ¢ ) AR
B 7 Fios . mLLE B, BARTE I KR IR B 14
2AHEPR I ARSI FEZE 7, (HIE 18 s Z 5 H
LT R R IRG IR, B KIRIEZ) 0.6°. 52 4H
b, 3402 Uit 8l 45 3 56 75 300 1 3% 35 Y S R e AR /1
15 s Ja JRME /N T 0.2°0 FH UL AT &0, Bl A R 3 1034 A



N

5

Lo ]

2

=2 http://www.syltlx.com

36 40 44

6 SEEMREIRKEERRIBEER (14118 )
Fig. 6 Temperature graphic of boundary layer transition wind tunnel
test ( 1#test)

ORI ST 194 24K ARG IR .

e R 2 5 MR () Bl A5 AR E 1k, 3 U R 30 £ )

i 4% 1 R A

22 HRXEIEHHEN THRMBESHHHE
BT O B AR/ IR SR AF T, BEE A OR

/N AL TR T X P 8 DX A s U R D T XU T
WX IR o AR SCEN A F PRl s b, i (75 I &

ZLAMREAE Ay, HAENE R 7R R R XA E
M B AR A0 A 18 2 i R BL R -

AR SO I Ll e 4R DX TR A 2 I B e 2 s S
A58 R0 Ay 1 AT MY AT 10 e L IS 221 R A W e R I
JE B Bl AR NS TR A0 132 Bl 3 5 I 8] o ) W s ) i
1] (1 5 A7 200+ S S0 7 A6 2R A A0 s 30 ) 200 A U
{E /A AL Z1, 60 B8 T i 30 0 R 2 R
735 SR 5 A % 9% DX AT 5 72 30 ) 5% et %1, LI

i K BT — B ZAE R R A AE i 2] B R P I %)
g3 0 5 RS b — AN 10 A WA /A A B 2 22 R D i
A NAT ) AT IR ) A AR S B (]

1E By M #E b, T A A R R I
S, BRI ALANE B b iR R . A TCIE
F Canny 12 25 £ 9 B 45 A B H A, o 20 41 il B 1 Ak
TR RS T A 3 BT 0 4% P 3 AT i A B #I T . Canny 14
SR A R R — P A R R K R B FE A T
%07 v 18 I AT R B e, o B R K R
T BE, I B AR SR R AL L THBRIE R 22, TR
B HH T 2K A R L 2 2% . 43 Canny i A6 W &b
R 110 52 e R AR e Bk T R L I 8D, AT
P 2 VR AT AR A9 R X ATk i 20 A S OB B %) - AE
t=14.39 s I, BB A0 £ 3 Bh 30 0 F I 2, ok )
PRIX G W IR AE AT RS 25 t=14.42 s B, PR X )5 I
TR ZHFHER. HIEX— AN, HiRX
2 BN AH 0T T A5 B AR AN £ 32 B B S I TE] A¢=0.03 s.

K bR e T JS I 18] 4 A 7k, g3 A 14.31~
15.17 s 35 5 35 (0 300y K R W B, 3R AT 4543 i it
a3 2 FioR. R, Aty Al At, 53 55 30 £ R AT A
AT ISP B R S B IRD o P S ]l 2 G 1 9 B
71N, ¥ e I (A SE H AR 0.03~0.04 s 22 18] . 5 PR3z B A
Xt 30 £ 38 B R A AL 2 CAG) N & 10 Fis . B W]
A1, M ZE T EAE TR T0°~90°Z (8], 1AL AR A F
B 14 . TEUH IR, BB AR

JRTHT e R 2 17 #E 22 5 A HL T 46 1] = 38 44 4 57— I %) A1 AR ASC I I T8 8] B 9 0.01 s, W A 9 ) B A
VB Dy e JR UG A IR 221, g B AR 2 AE B e o B BT 46 17 A REAETE N Jy i 22 IR A 2250, %0 22 ANl 1/2 A
3.0 2.0 = | 2.0
1.5}
20 1ol 1.0} ‘ M ‘
o 1.0 F 5 05 ,m“w 'MW o ‘ M“\"N‘ “\M‘ n‘mir‘ll ﬂwm Y
~ 0F W — 0t = 0r ‘ \‘ l “ |
3 N ]
05 -1.0}
-Lofy 10}
-2.0 . . : — - -1.5 : : - L -1.5 . .
10 15 20 25 30 35 10 15 20 25 30 35 5 10 15 20
t/s t/s t/s
(a) 1485 (b) 2356 () 3#RL
B 7 SRR R sh g f ik
Fig. 7 Curves of angle of attack in wind tunnel tests
HARIX SR X RIE T
AR T —Hmmﬁﬁi&\
!

t=14.39 s

t=14.42 s



N TR RS BHES) S IR KR I8 65
NN 30 36 10 44 60 64
t=14.39 s t=14.42 s
8 HERMEEEEBERHE Canny HKLE (1415 )
Fig. 8 Temperature graphics and correlated transition-lines solved with Canny edge detector method ( 1# test )
®2 HRBERESTER
Table 2 Delay time of transition area movement compared to angle of attack oscillation
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Abstract: Anomaly detection for wind tunnel balance force data is beneficial to analyze
anomaly reasons, improve test schema and troubleshoot equipment problems. To solve the high
time cost and low-efficiency problems of the manual detection method, a deep learning-based
anomaly detection method is proposed. To solve the problem of no abnormal data, we summarize
the most common abnormal types in the wind tunnel test. For the problem that the dimensions of
data in different experiments are different, a standardization scheme based on statistical
characteristics is proposed. Finally, a deep learning model is utilized to learn abnormal features
and detect abnormal data. Experimental results show that our deep learning-based anomaly
detection method can achieve 81.7% accuracy and 72.6% recall, and has a good detection
performance for isolated jump points and multipoint anomalies.
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Fig. 1 The framework of our deep learning-based anomaly detection method
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Table 2 Anomaly detection confusion matrix
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Table 3 The performance of anomaly detection methods for wind
tunnel test data

J5i%: HEm /% HE% /% F153%/ %
OC-SVM 51.1 £ 1.9 68.5 + 3.3 58.5 + 2.4
IF 42.8 + 1.1 52.7 £ 2.2 47.2 £ 1.0
Deep SVDD 29.5 = 3.8 35.56 = 9.5 304 = 4.5
Current work 81.7 £ 1.7 72.6 £ 2.4 76.9 = 1.4
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Table 4 The detection results of all anomaly types
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A preliminary study of segmented arc heater used for
high pressure operation

YANG Hong', YAO Feng, ZHU Chao, ZHU Tao, CHEN Dejiang

Hypervelocity Aerodynamics Institute, China Aerodynamics Research and Development Center,

Mianyang 621000, China

Abstract: The segmented arc heater is an ideal thermal protection test equipment for having a
wide range of enthalpy. In order to broaden the simulation range of pressure, the analysis method
of the segmented arc heater internal flow is developed. The prediction results match the high
pressure operation test results. To solve the problems in the high pressure test, some technical
measures have been taken the pressure and heat resistance segments are developed cooling is
strengthen and the electrode is shortened. The internal protective measures are studied to reduce
surface oxidation and heat loss of segments. The operational mode is explored to solve the string
arc problem in the high pressure operation test. The operation pressure of the test exceeds 10 MPa,
the operation current exceeds 5000 A on a single electrode, which improves the testing ability of
the segmented arc heater.

Keywords: segmented arc heater; high pressure; electrode
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Table 1 Parameter of foreign high-power segmented arc heater

W P/ MW Hy/(MJ = kg™ po/MPa
Ames THF 42 7.0~46.4 0.10~1.01
Scirocco PWT 70 2.5~45.0 0.10~1.67
AEDC H3 68 1.4~19.8 0.10~19.60
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Fig. 1 Flow diagram of research
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Fig. 10 Schematic diagram of inner shell of electrode

P 5 S T IR (10 3 0 R R A0 X EE ), R e
5 A A TE R AN, FH 45 K 20 ROR R 1) ) 52 24
AN, FFHE K s o B T A A & R A BT 1R JIK
I N EEL ST A 88 DAY T 3 RS R HE AV T e I
333 HEMEERKE

WS B R S S S PR AR R, D PR AIE I BEAE R S
JE R IBAT, X W N BEREAT T AR B k. BRI
TR0 /5 E RS R, 1K B IS AT I, IR
5 Wl 15 A N A S W B 5 IR A (R A
i, IX LA E A H S IR, IR 5 T B AR & 1R b
8o P2 AE 5 AR 5 A Tk A AR 5 W 2
() 8 18 0 A 3 LRI KV BRI o b4, FE RS
KV B B Z 1) 22 A 4 R I RN E RUBR, B R RS B 48
Y R (A

4 HEREBETRERER

SRt S e, 4% MO s B Bk ATl
Mo A, TR T R s I R8s iR RIS AT B 7

R Ty AR IO A s 1) Fe I T ey 0 A e
MLV HNH) IS 45 B AN BT K P 5 2 T AT
N R A — ORI, O RS S e
T AL IR ] 1 75 2L, SN B RS A ) TR AN R
I BC . R IR R T, R R R e
(] 3t /< 7 A, DA A e S 38 AT R 1 5 o ]



%6

Moty . BT UR A2 AT 10 R sCR IO A g A it 7 81

s T ISR AR A 2 BB I 1) R B, A RE AR
SE 5 I/ AR il

FE4 5 1 R =0 R IO #4282 W R AT 2R MK R
BAT PR, B0 1 R R R S AR R, DR THTh
FRAEAT R TR . SeiE 0 R B2 R R T b
ATANFE 4 T AVE B B i, AR AT AR, R BT
7115 %) 10.20 MPa. {58 KB, JF 425 72 b i 3 1 [
PR W kb o AN 11 Rt R LR B, B A
s R e e SN iD= /RN SRR

\

B 11 BENBREEE
Fig. 11 Nozzle internal before and after test
2 2 ORI R DL 4 Py R W R AR Y, R
(S8 E W BT A /D s A PR BRI L R A 5 SR W s 4
it ) > W O/ P AN S T A B A A < K IR 4 AR
AR H ISR
FEL SN A5 1 1 B e IR Bk T E 15 A P UL
JEREINE LS FigAr e B, X m SRS AT A
ARG TF R T K IR AT 0 7C, A 30 Xt
FL L B R B2 RE T, o3 BT B AR A R HL IR R R
BRI o K HLUAL A 0 34 R AR KRR T B AT 3RS
BEB e E. ZehSling REa iz
T2 RN 2 PR (R Z 48 12, R AR R
W45 I S RSE B FTANTR]D o SR A& 5 3G K L AR AU
PRSI k56, R R & ILH] 5200 A. %
R FARBE KT 16 MJ /kg, iB1TIEEL 60 MW,
BRARSBAT N 7 30 so ZRE T XKEBAT
R UM A SRS TR E, AR B R IR
®2 BRERNSHEE

Table 2 Operation parameters of the arc heater

¢ I/A G/(kg s po/MPa
1 1400 0.7 10.20
2 2500 2.4 7.60
3 2800 4.1 6.40
4 3000 4.5 1.80
5 3000 3.8 3.90
6 5200 1.8 1.20
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Research on fluid-thermal coupling simulation of water-cooled
calorimeter and experimental analysis

ZHU Xinxin, LI Zeyu, ZHAO Wenfeng', WANG Hui, YANG Kai, YANG Qingtao

Hypervelocity Aerodynamics Institute of China Aerodynamics Research

and Development Center, Mianyang 621000, China

Abstract: A kind of spherical water-cooled calorimeter including the ball crown calorific body
and the heat shield is developed. The fluid-thermal coupling model of the calorific body and test
water is established. The water temperature distribution characteristics in the waterway and the
influence of water temperature on the heat flux measurement result are analyzed based on the
model and heat flux calibration test. The results show that the closer the water in the waterway
is to the heated surface, the higher the water temperature is and the greater the radial
temperature gradient is. The smaller the water mass flow rate is, the greater the radial and axial
temperature gradients are. So the thermocouple should be kept away from the heated surface and
closer to the central axis of the waterway when the water-cooled calorimeter is designed. And the
water-cooled calorimeter should be calibrated and the appropriate water mass flow rate range
needs to be determined before use. Finally, the test results show that the spherical water-cooled
calorimeter can be used to measure the stagnation point heat flux accurately in the long-term arc-
heated wind tunnel test with multiple heat flux states.

Keywords: stagnation point heat flux; water-cooled calorimeter; fluid-thermal coupling; arc-

heated wind tunnel
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Fig. 1 Principle of water-cooled calorimeter
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Fig. 2 Spherical water-cooled calorimeter section structure
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Fig. 9 Correction coefficient of 20 water-cooled calorimeters
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Heat flux measurement of small scale gap corner at high Mach numbers

CHEN Suyu', DING Tao’, KONG Rongzong'; TIAN Runyu',
LIU Jichun', GONG Hongming" "
1. Hypervelocity Aerodynamics Institute, China Aerodynamics Research and Development Center,
Mianyang 621000, China

2. AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China

Abstract: To investigate the aero-heating environment of distributed insulation tiles on re-
entry flight vehicles, integrated coaxial thermocouples of only 0.3 mm in diameter are utilized to
measure the heat flux at high Mach numbers. Intense interacted flow may prevail in interested
regions such as the gap corner with small curvature radius. This makes it difficult to measure the
heat flux. The curvature radius of the gap corner, height difference between insulation tiles, gap
width, boundary layer state and Mach number are investigated to determine the influence on the
aero-heating environment. Temporal signals are analyzed to obtain fluctuation characteristics of
the transient heat flux. Results show that the inverse step leads to obvious heat flux rise.
Difference in boundary layer state means notable discrepancy in the heat flux distribution over
the gap corner. Higher Mach number induces less fluctuated heat signals and moderate heat flux.
Negative heat flux phenomena emerges under some conditions. Results are useful to TPS design
of insulation tiles, and increase the knowledge of the mechanism of the complex flow induced by
gaps and steps.

Keywords: high Mach numbers; integrated coaxial thermocouples; gap; step; heat flux
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Fig. 1 Schematic of measurement region of insulation tiles
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