2 LA iﬁ

ACTA AERODYNAMch SINICA

xe

IR B VR ECT R il K 2 FL 4 BB BT

LA FZ R—ib ZHKE

Skin friction measurement and drag reduction of porous media under cryogenic and high Reynolds number conditions
KONG Wenjie, DONG Hao, ZHAO Yidi, WU Jifei

BlES'E

LA, R, B —ith, S5 AR TR I BT B R i 2 e LA Bk BT S []. 257l Jy 242541, 2024, 42(8): 84-92. DOI: 10.7638/kqdlxxb-2024.0027

KONG Wenjie, DONG Hao, ZHAO Yidi, et al. Skin friction measurement and drag reduction of porous media under cryogenic and high Reynolds number
conditions[J]. Acta Aerodynamica Sinica, 2024, 42(8): 84-92. DOI: 10.7638/kqdlxxh-2024.0027

TELR L View online: https://doi.org/10.7638/kqdlxxh-2024.0027

TEAT RRRRN R G H S

Articles you may be interested in

SR TR DR AT T R S R

Progress and outlook of plasma—based turbulent skin—friction drag reduction

2358l 12 2AR. 2023, 41(9): 1-19  https://doi.org/10.7638/kqdlxxh—2023.0083

LS A PV A S FLERIR R AP 58 P 1

Heat transfer models for porous media in porous—walled turbulent flows

2R BN SR 2024, 42(1): 45-54  hitps://doi.org/10.7638/kqdlxxb—2023.0084

] 5T WA AR R B A ST 4k

Review of researches on compressible turbulent boundary layer combustion for skin friction reduction

FR 2. 2020, 38(3): 593-602  https://doi.org/10.7638/kqdlxxb-2019.0147

T CH B B TR T R BRGE M L) R %L

Drag coefficients of flows past a sphere at high Mach numbers and low Reynolds numbers

R S12EH. 2021, 39(3): 201-208  https://doi.org/10.7638/kqdlxxb—2021.0051

HETILRRESAA R BEE SR SR EE b7

Numerical analysis of cylindrical circumflow control based on pore scale porous medium

RPN S152E . 2024, 42(6): 96-107  https://doi.org/10.7638/kqdlxxh—2023.0148

T 1) ERATUAT R ) SE 380G T SRR MR A S SRR B BT 5T

Research on few—shot aerodynamic modeling methods for civil aircraft model with wide—range high Reynolds number

R J152E . 2024, 42(8): 6076 https://doi.org/10.7638/kqdlxxb-2023.0208

Huhk: 74)1148 SPE 15 =4 7 B 5 11RO 5T coat WP SN
Hii: 0816-2463375 T,

Email: kqdlxxb@163.com i _ ! '--.. AT Z TG B



http://kqdlxxb.xml-journal.net/
http://kqdlxxb.xml-journal.net/
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2024.0027
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2023.0083
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2023.0084
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2019.0147
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2021.0051
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2023.0148
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2023.0208

5428 55 8l = 5 % Hh ¥ FE R Vol.42, No.8
2024 4 8 H ACTA AERODYNAMICA SINICA Aug. , 2024

3 E 4R S 0258-1825(2024)08-0084-09

REEFIBEHTEEBENNE
K FLI BRB R R

%ijl’ % %LQ’*’ ﬂ—’@l? %éﬁl\_%&*
(1. RS R KR S AL, At 210016;
2. T B R KA LS R 45 4 70 % M b ) 4 B B R sl B =, R A 210016
3. RSB WS R R L SR S B AU, 4iFH 621000)

O I TGRS WO T 2 LA VA ek BEL AR B T BORORE, E 0.3 m A IR 2 2 XU T R TR T JRE 4 B
F7I0 5 Je % FLA R R BELAR 56 o 53 7 S 8 T AN 22 AL A o X3 90 A AT O Pk 3 JE 7 e SR AR R, K ik Bl T T R
T R R4 R BEHE R ) BEAT W& o 45 SRR B BEHEIH J) 28 B0 v B G KT e s 2 FL A T 98 B e B 1 B K
(3G K B i 5 Bl B AR SR I A TR, RG] e M T B 3h, B2 AL SIN, 8 Rk 3 ik ) rARS0E 5 58 B 1, =i
BUE S IREE R TS: 7E DA Ma = 0300, F 5 Re = 7.51x10% R MIE T, = 140K X — WA T R, LA F A
11.4% T3k BEL 28, )25 BAIE T FEAR TR v o 15 40 5% 10 T 456 ) 22 LA\ o sk BEL 92 1) 362 s 9 77 AT 42k &

K FRIR: BENIACURRPE s EEAE PR 7 v v G (RIRIR 2 LA R

FES S V2117 SCHERFRINAD: A doi: 10.7638/kqdlxxb-2024.0027

Skin friction measurement and drag reduction of porous media under
cryogenic and high Reynolds number conditions

KONG Wenjie', DONG Hao" % ¥, ZHAO Yidi', WU Jifei®*
(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
3. High Speed Aerodynamic Research Institute of China Aerodynamic Research and Development Center, Mianyang 621000, China)

Abstract: To investigate the drag reduction laws and the Reynolds number effects of porous media under
cryogenic and high Reynolds number conditions, this study conducted skin-friction measurements and drag
reduction experiments in a 0.3 m transonic cryogenic wind tunnel. Pressure sensors and oil flow devices were
installed downstream of the smooth plate and porous media region respectively, to measure the power spectra of
fluctuating pressure and the global skin friction. It is shown that the skin friction coefficient decreases with the
increase of Reynolds number. With the increase of Reynolds number (increasing the Mach number or decreasing
the total temperature of the incoming flow), the porous media drag reduction ratio shows a non-uniform
decreasing trend. Besides, the introduction of porous media, the low-frequency signal strength of the downstream
pulsating pressure increases, and the intensity of the high-frequency signal is weakened. Under the typical
condition that Mach number Ma = 0.300, Reynolds number Re = 7.51x10° and the total temperature of the
incoming flow 7, = 140 K, the drag reduction ratio of porous media is 11.4%, which initially verifies the
feasibility of the drag reduction control strategy under low temperature and high Reynolds number conditions.
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Fig.1 Schematic diagram of wind tunnel test system
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Fig. 4 Variation of viscosity of silicone oil with temperature
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Fig. 5 Original images of oil flow on a smooth flat surface
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Table 1 Skin friction coefficient of a smooth flat surface
measured by oil film interferometry
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Table 2 Skin friction coefficient of a porous media-coated flat
surface measured by oil film interferometry

Ma Ty/K % /mm C.porous /107
140 248 3.227
0.300 180 232 3.538
220 256 3.769

Ma Ty % /mm Cf,smomh/1073 Cf,theory /1073 WE%—;I:E/%

140 252 4.186 3.917 6.87
0.150 180 260 4.403 4.179 5.36
220 228 4.826 4.530 6.53
140 264 3.782 3.587 5.44
0.225 180 252 4.067 3.887 4.63
220 272 4.233 4.042 4.73
140 248 3.658 3.440 6.34
0.300 180 232 3.942 3.743 5.32
220 256 4.063 3.876 4.82
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Fig. 6 Contour of skin friction coefficient on a smooth flat
surface ( T, =140 K, Ma=0.300 )
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Fig. 7 Skin friction coefficient curves extracted from three

measurements under the same test conditions
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Fig. 8 Contour of skin friction coefficient on a smooth flat
surface with different incoming flow parameters
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Fig. 9 Curves of skin friction coefficient extracted from contour
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