Chinese Physical Society
IR Acta Physica Sinica __

. Institute of Physics, CAS

THESTRFLIAR R PR 1 REBUE IR IR LI R

2% RA g Kk Hioet

Numerical simulation and experimental study on drag reduction performance of bionic jet hole shape
Li Fang Zhao Gang Liu Wei-Xin Zhang Shu Bi Hong-Shi

5| Fi{5 K Citation: Acta Physica Sinica, 64, 034703 (2015) DOI: 10.7498/aps.64.034703

7 2% 1413 View online:  http://dx.doi.org/10.7498/aps.64.034703
23N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/13

AT RERCH B B S &
Articles you may be interested in

[ EENb S TR R 1 = e RN M ik
Experimental study on flow visualization of hypersonic flat plate boundary layer
YH 24,2015, 64(1): 014704  http://dx.doi.org/10.7498/aps.64.014704

J\ 5 A ST 70 FR) R ) o 5 R D LT 2
Drag reduction mechanisms of 8-fold quasi-periodic short groove structures
VP 2E4%.2014, 63(8): 084704  http://dx.doi.org/10.7498/aps.63.084704

T AR Y AR R 7K A R [ ) A R TR /K sk FELBIE 7
Drag reduction on hydrophobic transverse grooved surface by underwater gas formed naturally
PP 22 4%.2014, 63(7): 074702  http://dx.doi.org/10.7498/aps.63.074702

ST 5K 7350 B 7K Bl 45 49 2 T ik BEL FR) 52
Drag reduction on micro-structured hydrophobic surfaces due to surface tension effect
VI3 2242014, 63(5): 054708  http://dx.doi.org/10.7498/aps.63.054708


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.034703
http://dx.doi.org/10.7498/aps.64.034703
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I3
http://wulixb.iphy.ac.cn/CN/abstract/abstract62386.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62386.shtml
http://dx.doi.org/10.7498/aps.64.014704
http://wulixb.iphy.ac.cn/CN/abstract/abstract58871.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58871.shtml
http://dx.doi.org/10.7498/aps.63.084704
http://wulixb.iphy.ac.cn/CN/abstract/abstract58571.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58571.shtml
http://dx.doi.org/10.7498/aps.63.074702
http://wulixb.iphy.ac.cn/CN/abstract/abstract58086.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58086.shtml
http://dx.doi.org/10.7498/aps.63.054708

38 % 4R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

A SR PLIS R BEL M B 3 AS IR S T

% B

X EH KR B

(M RV LRE RS AR 228, ME /R 150001)

(20144 7 A 25 HUH; 2014 4 8 A 18 HIL R &0H )

BB H AR 1) SRS JAE R 806 ik 2 S 2 i R4 B 7 i) AR, A ST AR SRR TR, A SST k-w i
A RS AS [ 555 3L ALK 01 077 A S 2 T R R AT BB AL, I e B A UL 45 R B AT 1 SRR e, 45 2R R W
24 5 L AR 170 PR A 1 K BEANAR N, 3 5 AR TR FX) 377 2 TR S UL AL Ok PHL SR B 5 g 3 2 10 S i £L 4k 9 Y
YT, 2 = 3—5 mm I, JFH 3B ST L FIHE TR R, 2 r = 4 mm IHERBERCR SR, SRR F
9.51%. JRRFHJER: 38 I S L IR A T T E N SR, SR T AR T B L B R A A5, S
A FHRFNEIRR RGN, 3 BT P T (925 1 AR LIS, AT/ BT B 277 IRk F) SR AL A e
BHUEILAE AN, BRAR T v s A6 BE 439, I6 3 1 BE H .

KRR JkFH, SRR, BUERL, LR
PACS: 47.85.1b, 47.85.1d, 47.27.N—, 47.27.nb

1 5 =

BEA 22 0F R R, REVR ) REBOKBR R HY [ Y
bh2E SR T 2 s PR 75 vk U2 T A7 A ek B A
o ) — S E R v, O AR O A AR i 2R T e
BELJ7 T R S 35, VA R R BEL L 137D o L A B
AR R EIFRAG T BIF IR RCR . A&
THRE IS K, Walsh ) 3 % 0k 2 iy Al o iy 2 ik
TR FEAR T VAR R BE ik, A NI A5 52 % £ T AR AL
THREI 5 A H 7 A S i T ek L. S i
Il BEL A BRI F AR X 5, B T A el A
AT AR BE. 5% A2 45 DOV Rt 7 BT pA ] 17 SVt
5B 7 TR AT EL T3, Dl e SR I e L 1 A
A LA AR OB SR SRR, SCHR [11] 7T 11
A A AR RO I R A0 1 S G0 M ) TS IR )
T FE A3 43 A A 35 5 . 22 9 46 112 22 o 1
T AN L O T W 3 A i S 37 24T 1 4
(ETHS, BEADLAS 2 1 Mol 45 M R AL A Ik, 3
HR [13] 20 BT 57 U0 120 A A Jee 1o HEA 1) 62 % A
P AL TSR FLXS i s ARG M. SCHR [14] T3 [5

* ER RIS (HES: 51275102) BB,
T #EVE#E. BE-mail: s310070095@hrbeu.edu.cn
© 2015 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.64.034703

TS AL SR ALREAT T B TE. AR BEREER
SRS TR AT DAL 42 5 W S 0 3 1 FR) I 0 90 A
T, kT /2 100 b L 1 38 0 S AL A LR B S U
FLE B REZ ).

SR FLIE DR e 3 46 A B AT S 52, LAY
R R DO R A ALAL T AT AT,
FUSF PRSI RIS 017 A2 S A0 2 Tk LR P R R i, AR
SR I 73 B e o A ) P R R DA R B R IR S
SLEAAF SRR B 7 A iR A A, i
GRS 3R 2 R A DR BHL AR, S L A
5 BH 770 i 6 e B 7 31 45 SR BEAT SR ISE, IF
AN NEAES

2 {7 E AR AR AR A B 2 5L

2.1 E&pFREE

R4 169 T HEA DR — 5 KA, 7
ARAEE 3 3, 3 2 R R SRR B
I, T BN AT S5 S UK B I
PRI, 0 VP R P L . i R

http: //wulizb.iphy.ac.cn

034703-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.034703
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

RO E L, I A A AR L, 1
BETRRE, IR T WA, R %t KT 1, JKAE
BMEER TR B, F5CH], HEETE, ik
K. SRS, BAEEE 5 b AL AU 4, {2
5K, K BRGNS, IR HEAT IFIRAE . A,
RS A 4 LRI 68 ) R JUL PO WAL T i I 4, K8
REAMIBEREAT Y, TR

BT NI 5 S oL

K1 (MTEL) sk

2.2 HEIEAEN

i P e T v DA A SR Y ) SR U AR
AR 1 R B A A K, DT TE AR T Y £
PR PUAAEE R AT RE R, A SC LU AN RN I
11, K5 W8S B PR R A Tl A D P AR A5 ]
WA E RIS AL, AT AL P AR S F R
D7 AR AT, e B P8 10 R o R T A A R 8 1 A
PR, VRO O AR SRR T R BHACR,, K R
FA )L 2% AF ROOG T 2R T AR e IR, ik 5
B 2 o, B2 o BRI NG R T, TR
A SR AL SR, HBEON: o TT RN

S A

K2 tEEREE

If], L, = 60 mm, yJ7 A A&, L, = 20 mm, 2
JimREE T, L, = 20 mm; $RFLH 06T
ABFRJE L N T T BE AR AR R S5 A m = 15 mm;
S VAR L B 00 B S5 R B S IR L R 1) K FE A
b=6mm, A MNKE N e = 1.25 mm. BEHLHE
JEV =12 m/s, M SHREE v N3 m/s, $HRTT
lF) 5 A8V 7 [ 3 L.

2.3 HHERFLFAR

AR GOV AR R B, R EERIES
Nl 3 o, Hi 3 AT, A SRR A,
T7E FE SR L LA DR T 565 370 R T 7 A 45 BHL 7 (1 5 i,
FESLHT LI T ML AE 8 F A [FIAR RS A
AL, AR5 R TR S Ut LA D BE AR BEAT X B, DA
753 B A S A R B S TRALBAR, BRI SR
LR K SH B 4 Bos, By SRS LA 7
1) e Je 171 J7 1] B AR B SRR A fL— 2

K3 (MTIRE) & o sy

25|

3 AN
3.1 2 HFEMmRIEE

0 (a/:b) +div (pug) = div (Iygradd) + Sy, (1)

R, p NIRRT, w N ER R &K
BNA L, Se NI SCIRI, Te N A HUREL
R T (1) NG ELTTRE. ShE TR R
TIREMIX MR R, KB p NNIREE, wi N, y, 2
7 1A R S 3

R PR S IR

JitE @ Iy Se
BT 1 0 0
BE R u; m —0p/0z; + S;
REE IR T k/c St

034703-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

1.25

6.00

15 ke
) 0.25
| ©
[=] (=] o | ©
=1 S|
© <t
.
'Lﬁz
5% Pk 65 Prefes

10

4.00

35 45 ITEIE
&
8
gl s 3
3| <
75 Prekip4 85 Ml

K4 ARSHRALZIR S

TR F SST k-w B, SST k-w FE AL XF
TR A S Z s M Re i, Ttk
[ 32 5 2 AR PR B R PR BN B I FEAN T R
TIEBL T k K w iz fEan (2) X (3) KPR,
FHCZEE L SCHR [18].

d(pk)  Ouy N
at gy ek
0 ok
+ az; |:(,U+Uk/1«t)axj:| ; (2)
dpw) _ _ vpOui 2
dt O; Fpw
+ (A ouiie)
Bz | MY By,
1 0k Ow
2 (1 — F)) o, il
+2p( 1) Ow2 9z 92, 3)

3.2 MRS RnF &M

FIFH GAMBIT X 1538047 25 1 40 I A% )
55, BRIHRALIX I A S EOA R A1, HAR 5 %
AH 7 BT DX A% 1) 23 T v, JE sk D TG SR PR B IE, 126 Y
2 JRy i RS RS S 808 0.5 mm; 78 65 38 1 Al
SR IS THT P 20T B THI SR FH A% 025 A0 7 55— = I A
JSFSH080.002 mm, PRI R 1.1, y+ A 1.

N W (v = —15 mm) SR HE N Hil 5t
ZAF, N BEE N 12 m/s, i 55 5 N 5%, i B

#7920 mm; VT (22 = 45 mm) R K
O, I 32805 S AL R 38N 1 7t
ZAF, NN 15 m/s, TR AN 5%, it
AR EAARGAT I, IR (22 = 20
mm) FEHREE (21 = 0 mm) XTI 5 40 3
BETH].

B E R RER TR ERENI07C, KA
B 220 9 10~ AR TREE N 293 K. KR AE J7 %1%
PR T H e sR e, B wions =ik Al i i JXL 8 1
%

4 BEEWE
4.1 BRESRTN A

77 25 S 22 T B R o S N
[, B4

O { T R(A-4)

A, n NIRFHER, By G R I Z 7, Fy N5

WMART T2 71, AReiE R IR, A; NSl
AR

SRTFE 7T G5 U F LS R Kot Dk B 50 B B s T, AR SC BT

SEAR TR B IR LTI AR AN [R) AR 1) v 3 B BV

AN, NI BH AT R B3 JT SR EANE], N

TE AR FLIE AR B A B R e kR £ 57, Bfh

] x 100%, (4)

034703-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

A S 7 TR P L 1y 5 LT A, 10
{815 SUR HAT T RURBL R 15, 2 R AT F

n; = n/4;. (5)

B R0 52 BH 0 F AL 3G RGP RE ) f s 22
BT f* Wi oy, Bl F = f + f*, Hf

f= /TdA—;Ti|Ai|, (6)

Fa = /adA* S rara (7)
=1

b, 7 BRI B R /7, A 9 BET AR, 7 N B T
R TT BT I /7, A; 9 EETH S B TTIE AR, o 9 EETH
TS R NE 73, A% DR BE TS T2 35 5 1A D T A,
o JYBETH S B IT N ), Ag* N B HIUR. T iR
ST A B R

4.2 FPRFLISIRRTRBARER A 20

PUBHAR I E N v = 3 m/s A A [ 5 i 4L
TR B9 477 25 S % TR RS 2 P ok BELARR PR R AT 01 9, 13
FGHR AL RN yek BH AR sz ma an 1 5 s, bt
L5 AT, SR FLIR R 1) 5 1) B AN 3L ) J 1)
5 [ 5 AN AR, 3 5 A R 4 28 T S It FL sk BHL &%
TR, B ORUHBH N 8.40%, 1—6 51 A4 iy sk BHL
RCR B0 TR SR AL,

A 5] S 38 FL TSR 1 S0 A T A sk BEL 26 4 1 6
. P 6 AT, 3 B A S dt Lok BH 2SR e
KA AR 2 1.12%.

9
X 8
~
=
=
6
1 2 3 4 5 6 7T 8
it

B5 ARG ECR R
4.3 AN[E1eh 2R A R I 53 5 FL 3 R B SUR
HISZ R

o 5 AR 6 ] 5, 35 AR TR 1 it 28 B I AL
TR R R B 4, 15 3 S A RS SR LA b R P &

5B T7 1) B A5° T ZAE B, T 22 4T 267 1) S
TR AL H PR AE S A b 2 5 IR B IR AR A BOR
FR) it Al e, BT AR SR 3 42 AL AL i A 9 1T R
¥, B B IR S AL IR W & 7 fras, 35 B 5
KA r N3, 4, 5, 6, 7,8, 10, 12, 15, 20, 50 Al

80 mm.
1.15
X
=
= 1.05
=
=
=
=
* 0.95
= K
0.85 . . > . +
2 3 4 5 6 7 8
FRY S
K6  AESHRFLIRI AL T AR 2
)
7
r
| @
K7 BOESRILERSH
10
9 -
8 -
X
~
=
pass|
= 7
= —6—r=3 —p—r=10
6t ——r=4 —pP—r=12
—4%—1r=5 —<—r=15
. —%—r=6 —F—r=20
° —o—r=T7 —B—r=50
—A—1r=8 —e— r=280
4 . . .
1 2 3 4 5
v/m-s~!

8 (TR ) [ ST SHAALXT I AR F52 R

034703-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

[ ST 538 L PR AS T3] i 26 24 42 560405 20 S i R
T BEL 2% SR S e i P 8 s, el IR S AT 4, 24
B AR FE 3K, r = 3—5 mm [ B IE $ i
FLE I PH R R BT R, Mo = 5 m/si, r = 4
mm [ [ 5 25 242 1 9 BHL 28 SR de 0, e R U BEL
KN 9.51%, LbA &AL HIT 1R 3 5 7 28 F2 5 4 £L 11 0k
BHSCR T

5 SLEe I
5.1 SCIg#&

A7 A S 2 THD VA JBE 4% BEL 0 00 1 5T 6 5 8
B fR, 1Z235 8 EEARENRMLS RS, K R
GEANRIG B =30 ARk, IR 5o 62 B T 1 JE 7
SO0 kAR R 38 T AR AT AR T Y R TRk A Bl
BB A e, PN 1 AIE (R A TE A1 5 T
8 N o ie . hT WE LT bRE,
P A1 17 22 T PR e 27 3t A 2 A P R B T 7 A 0 A R
YEBH 77, % FH 7738 i PR AT A% 6 2 HP-10 #UR AR /)
i, B R B SR HEAEE S 2 HERTT
BN SRS R ALK BRIR . EA IR
JIFR R E T IREERAR DG . AR 2
IKEE R IR BT RSN B &, I
SR IR O w2 e N 1 75 T B O i 1 7 S N
1t 11 77, 3 B i 8 9 1 AL 2 4 )
SO L ) SR I TR

MR SLI 2 B FEER S MR RSEA
1700 mm x 560 mm x 1030 mm; HHLEEEIEFE A
0—3000 r/min; ¥ &% 6175 E Y 0—6.3 m?/h, #%
ik B 25 0.01 m3 /h; BH 7 & Y6 9 0—10 N, I
RN 0.01 N.

Ko (MTIRE) A EEE IR R B

5.2 SLIGHEH
SIS R EAMA FEE 0 = 1640 v/min(B V =

12 m/s); FREE v = 3 m/s; WA FAK, H
T R IREE. U6 ik A SO R AR A0 285 SR A R0
3 TN e 2 T B A R 0 A A A ()l 2 AT
(1 15 I S LB SEER FE . ARSI IR B 5 N
SDR13.6 {15 24 Y8 B PE & AF NEEE R KL, HoAk
275140 mm. B 10.3 mm, AFRIE /1°40.8 MPa,
SIS REAE N 100 mm, SR E AN 0.43 kg, N
PRAE S5 90 3 72 T 9 B8 W AR 1) 7 T 52 0 350, AR sk
6 A A S FH I (B 1 4 A DU 3 90 B T R 4R
B ¥ A7 TS ROST A8 5] St FL i A 7 8. A
S5 VAL 2% T S IR ARE A I B 10 P, Bk B 2 B in
X2 s

K10 kA

*£2 BIEHRIILEV =12 m/s\v = 3 m/s HidnsktE
SRS

S BRI BRAGHAAE BUE ik

52
F%5  r/mm

M /mm?  n/rmin~! /m3.h7!
1 3 8.361 1640 1.8060
2 4 8.1838 1640 1.7677
3 5 7.9181 1640 1.7103
4 6 7.7866 1640 1.6819
5 7 7.7264 1640 1.6689
6 8 7.6611 1640 1.6548
7 10 7.6038 1640 1.6424
8 12 7.5726 1640 1.6357
9 15 7.5469 1640 1.6301
10 20 7.5267 1640 1.6258
11 50 7.5044 1640 1.6210
12 80 7.5017 1640 1.6204

034703-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034703

5.3 SLWERSHR

I FH A7 A S 3 2 T I A JEE 5 B 00 3 5 B 2
B 47 5ol I H S 2R TS AL R A A AN [R] it e e 42 [
ST 30 L FRD S5 97 2 THIASE Y 1) R 5 BHL 77, R (4)
AT B3 2 SRR P 2, I 5 BB R 45
BEATREEE, W 11 Fros. B 11 8% 0 = 3 m/s B
A SR AL 3 T 9 BEL AR P ) S5 5 RS U AN B
Bl oA 1 AT, S g SR BUE E B A A
7 1) A2 A a3, B TSI A% - B3R, IRk BE %2 4%
B RGN, UE BT A SCBUE AR AU 45 SR I A
B = 4 mm BB SCR R, SR 2 45 501
9.45% F18.51%, LI 45 R T HUARBIME, KR
Z289.95%. 77 ARSI R ZE W R RIPE T a8 A
T i s 59 A A7 2 TR R IR A4 IR s ] i i i 3, 4t
AT PN 30 PR VA 2ol B2 A A S, AE S AL A L A
BN T 12 my/s, BRI R IR FHL AR SRR
DRI, A SR S 06 45 R 2208 T BUE B A ], o)
Ab, HOE R AL B LT AR A AL, T SE AR AT
2 FLER AR, A 7 %, T IRES B4R
A 75, I LA 25 RA7AE i 2.

9.5

—o— Har
—a— SRR

W/ %
¢
9

7.5

0 20 40 60 80

r/mm
E11 (MTIER) SE s 5 S 4 R th

6 I8 FELR E AT

O Y B THI R A7 A5 S JAe B THT BT 52 1) JBE 45 BH. )
FERPE BTN g M i 7 v N g, HeRik Uy

vy 00,
=ty TG, (8)
X, p R TARREREG iR B VE REG 0, =
Uy + ', BRI T8 v, 2 I 35008 o, 5 Kk 20 FE

T =Ty + T

o M. EEET R R BTN B, EOT
BEM 2 Ja, BT KA A ks A RG4S 5 v
J82 e AR .

Wt 5 S T E (R, SRR AL U A AL R
JS2 738K, O S DL AL AR 2B RE A R AN R T
RE, NI, BHRE A B R, ASC U T N 3
/s A T 5 2 T Pk BEL i A

P 12 73 930 08 T8 SR i A TR I A8 T 55 3 AL
XEFRTE E R R ERE (y = 0). BB 127K, A1
X RIS R I 5, SHRA AL 75
YL T A AL, SIS BT LA T A B
THT T AR TR 27, PELA 17 ey AR e R o B 1 14744
I, A, ARTE R GHR AR BT SRS, R
TERE, SR Lk A7 M, e LT SRR
W AT, AR I AR BB PRI R Y, (643 5
i N RN %R R N E % Y e T SR PR TP
FERRFE KA.

H T S5 3L 10 A7 AR A A5 3 T S IR R T
207 18 LI PO R R A AR, AR E T
MEMEMTEL T E, y = 0, TEANFALE FiEHR
BT 1A B R R AR DL T A B R AR
TR ERBGEAR A (z = -2, y = 0) Fl (z = 2,
y = 0). JeHT RIS AR ML 7 17 _E 0 32 ik
FERA AN 13 o, B 13 ookt y+ 1 AR A Hs.
H ) 13 W) R, 76 SR LB U O I 3 T AR S R R T
R0 AR AR 22 L, T SO L U S B
(09 TR T E B B /N T O AR . SR A A7 AE A0
Ut A% TH] B 3 AT A T BT BT A9 1] L A T R AR
PEFEAIR, B2 T I BHACR .

HEPE/ (m /)
14.0
13.3
12.6
11.9
11.2
10.5
9.80
8.40

fi= 7.00

5.60
4.20
2.80

B 1.40
. 0.70
0.00

K12

Tes

AR

o
a—=FFR s

—————————— . .

(FTIR 5 3FE J et LI (y = 0)

K148 20 = 3 m/s I i 2 1 A i R
T 10 B T B N gk b B R R AL IR Y
r o= 4 mm [ B GESHRUFL. h B 14 R R, AR
TG RN 5 , ESHRAL T W AR T R 26,

034703-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 32 % 3%  Acta Phys. Sin. Vol. 64, No. 3 (2015) 034703

(2)
%514 —o— SR
— A g

TEBEBRIE ) /105 51
TEBEBRIE ) /105 51

200

13 T TEEHVELDT I EREERE AT (a) z =

3.0

2.5

2.0

1.5

1.0

0.5

(b)

—O— i
—A— SR

0 50 100 150 200
Yyt

—2mm, y =0 mm; (b) z =2 mm, y =0 mm

2SR TR FLPIINTE F8 S #0 FRD v BY I 9 X, B S 2 T S

(K~ 2 B R F AR T G 2R, B T ) R L
byl UM

BIR J1/Pa

1000

!875

750
625
500
375
250
125
0
—125
—250

K14 (PITIRA ) BE TR 7% L&

7T % ®

ASCIE I o B e BRSPS R L T8
Pl B AS [F SR AL AR B SRR TS A, FIH SST
-w i B0 FLE AT HUE A, 45 5R R 8 FhA
() S LT AR 350 B AT el SEL SR, 4 26T SR AL s BEL
R B U T T SR AL A R R BIOR SR AL,
I 5 S YL [ 184 DR, TR S A 6o 9 L R R 1 i
R, Hr =4 mm, v=>5m/s B SRR ECH
BRI, e KU 24 9.51%. AR Sl ik 3 4 g
P RH DA S 56 2 B 23 il WU 1 Dl g 3 TR S VR
F BT AR BERELE 7, AR TSR AR SCEUE AL 45
R BE. DR A AR R T RAL R
e RT3 5 040, A 15 30w R TR 32 Y0 Y A 1D 36 5 )N,
SHALR 32 S 2 W JE FE RS R BE vk 27 [A) B
FEERHR BE Yk /)N, BETHI BT J9ak-)y, 183 1 I BH AR

034703-7

1]

[12]

13]

[14]

(15]

[16]

Zhang H, Fan B C, Chen Z H, Chen S, Li H Z 2013 Chin.
Phys. B 22 104701

Mei D J, Fan B C, Chen Y H, Ye J F 2010 Acta Phys.
Sin. 59 8335 (in Chinese) [MFHEA, EHERE, Bl E, 1
77 2010 ¥HEAR 59 8335]

Han Z W, Xu X X, Ren L Q 2005 Tribology 25 578 (in
Chinese) [#hEI, /P, (LEER 2005 FEHE Y5 25
578]

Wang B, Wang J D, Chen D R 2014 Acta Phys. Sin. 63
074702 (in Chinese) [T, W5, BRKHl 2014 P)EE2E4R
63 074702]

Song B W, Ren F, Hu H B, Guo Y H 2014 Acta Phys.
Sin. 63 054708 (in Chinese) [RER4E, {TU&, #HIEH, =
5 2014 Y FR 63 054708]

Tian L M, Ren L Q, Li Q P, Han Z W, Jiang X 2007 J.
Bionic. Eng. 4 109

Lim H C, Lee S J 2004 Fluid Dyn. Res. 35 107

Wang J J 1998 Journal of Beijing University of Aero-
nautics and Astronautics 24 31 (in Chinese) [T & %
1998 AL HIR K ik 24 31]

Walsh M J 1983 ATAA J. 21 485

Cai J S, Liu Q H 2010 Acta Aerodynamica Sinica 28
553 (in Chinese) [#¥4E, XKW 2010 733 )1 % %R
28 553]

Venukumar B, Jagadeesh G, Reddy K P J 2006 Phys.
Fluids 18 18101

Jiang G Q, Ren X W, Li W 2010 Advances in Water
Science 21 307 (in Chinese) [22[58, 1753, 454 2010
KEHEE R 21 307)

Robert P W, Frank C T 1979 J. aircraft 16 701
Matthew J B, Joseph A S, Larry A R 1997 J. Propul.
Power 13 257

Zhang D W, Wang Q, Hu HY 2012 Journal of Aerospace
Power 27 2378 (in Chinese) [#K T4, £, i 2012
B3N 354k 27 2378)

GuY Q, Zhao G, Zhao H L, Zheng J X, Wang F, Xiao L,
Liu W B 2012 Acta Armamentarii 33 1230 (in Chinese)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://118.145.16.217/magsci/article/article?id=18028491
http://118.145.16.217/magsci/article/article?id=18028491
http://wulixb.iphy.ac.cn/CN/abstract/abstract16469.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16469.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58571.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58571.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58086.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58086.shtml
http://118.145.16.217/magsci/article/article?id=14273710
http://118.145.16.217/magsci/article/article?id=14273710
http://118.145.16.217/magsci/article/article?id=14608376
http://118.145.16.217/magsci/article/article?id=17838262
http://118.145.16.217/magsci/article/article?id=17838262
http://dx.doi.org/10.2514/3.60126
http://118.145.16.217/magsci/article/article?id=19123232
http://118.145.16.217/magsci/article/article?id=19123232
http://dx.doi.org/10.1063/1.2166450
http://dx.doi.org/10.1063/1.2166450
http://118.145.16.217/magsci/article/article?id=17903251
http://118.145.16.217/magsci/article/article?id=17903251
http://dx.doi.org/10.2514/3.58592
http://dx.doi.org/10.2514/2.5157
http://dx.doi.org/10.2514/2.5157
http://118.145.16.217/magsci/article/article?id=18931883

32 % R Acta Phys. Sin. Vol. 64, No. 3 (2015) 034703

[(BRTIR, BRI, Rk, A4, %, B, X0 2012 Science and Engineering 22 574 (in Chinese) [Z&275, it
T2k 33 1230] Wi, lgERr, VS 2014 MRS TRERHE 2R 22 574]
[17] Li F, Zhao G, Liu W X, Sun Z Z 2014 Journal of Basic [18] Menter F R 1994 AIAA J. 32 1598

Numerical simulation and experimental study on drag
reduction performance of bionic jet hole shape®
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Abstract

Since the lateral jet in a horizontal stream can reduce the friction of bionic jet surface, a bionic jet surface model is
established by using the SST k-w turbulence model in numerical simulation of bionic jet surface for jet hole with different
shape, and experimental verification of the numerical simulation results is done. Results show that, when the flow length
and span length of the jet hole are kept constant, the drag reduction of the third model with broken-line jet hole is
the best; the broken-line jet hole is simplified to an arc-shaped hole, when its radius » = 3—5mm, the drag reduction
rate increases with jet velocity; furthermore, the best drag reduction can be obtained when r = 4 mm, the maximum
drag reduction rate is 9.51%. Drag reduction is produced because the jet fluid injected to the lateral mainstream field
through jet holes, would change the flow field structure of boundary layer near jet surface, and make the thickness of
the underlying viscous sublayer in boundary layer increase. As a result, the gradient of normal velocity, perpendicular
to jet surface, is decreased, and thus reduces the wall shear stress. Meanwhile, the low speed jet fluid is blocked at the

boundary layer, reducing the sweep of high speed fluid on the wall, which contributes to the drag reduction.

Keywords: drag reduction, jet hole shape, numerical simulation, boundary layer
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