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ABSTRACT

Compared with fixed-wing and rotary-wing aircraft, ornithopter has the advantages
of good concealment, flexibility and better maneuverability. It can be seen that flapping
wing aircraft has great application value. Flapping wing aircraft can be divided into single
flapping wing and double flapping wing. Although the double flapping wing is relatively
complex, the two pairs of flapping wings can flapping alternately to provide better
aerodynamic force, so its aerodynamic characteristics are very good, with good research
significance.

The flapping wing and mechanical transmission mechanism of the aircraft are
designed and the motion model is built. According to the transmission mechanism of
flapping wing machine, a simple coordinate system and mathematical model are
established and the theoretical derivation is made.

The expansion describes the conservation of momentum, the conservation of mass,
the n-s equation and the continuity equation. At the same time, the boundary conditions
of the computational domain are set. The definition and functions of CFD and the specific
operation process of CFD software are briefly explained and introduced. At the same time,
the main operation steps of CFD software SolidWorks Flow Simulation and the software
are generally explained.

Aerodynamic experiments and statistics of experimental data were carried out for
the flapping wing. The flapping wings were divided into two phases: flapping up and
flapping down, and aerodynamic experiments were carried out on the front flapping wings
and the rear flapping wings respectively under the maximum flapping Angle, vibration
frequency and Angle of attack set by themselves. The flow trace of the fluid around the
flapping wing is described, the pressure difference of the flapping wing at a special point
in the flapping period is recorded, and the instantaneous aerodynamic force, instantaneous
resistance, instantaneous lift and instantaneous forward force of the special point are
calculated.The aerodynamic data were statistically summarized, and the higher order
polynomials were calculated by using the data points, and then the simulation function
was drawn. Then the simulation function is simply summarized, the corresponding
conclusion of the flapping wing aircraft is obtained, and the rationality and feasibility of
the flight of the bionic flapping wing aircraft is verified.

Key words: bionic dragonfly; flapping-wing; static analysis; fluid analysis



B B B et 1
L0 5= 0 2 [P TTT 1
1.2 [ Y AMIFFTIIAR oottt 1
L3 I TEPIZR oo see et r ettt sttt 2
1A T TS H LT S oo er et 2

T HIBRAB DI oo, 3
IR IR A AL TR 3
2.2 K SIBHN I P KAIFE BT oo 3
PIRIE =N DN Ay = 4
24 TEEFHTEZ B oot ettt 5
2.5 FNFL TRATER I oot s 6
2.6 ARBEIINGE oot 6

= ANIEEE TR T e, 7
RIS 1A OO 7
RIIENN B Ry g 7 b 15 vk = R 8
RIRIE N8 Oy L= A ) Vs 11 AU 8
B ZEEIINEE oo 10

A R L T s = AT 11
A1 FHTEALFRZR oottt 11
B2 FNFLBHTE X oot 11
NI L W NG 1 % < T 12
A4 FNBIIZE BN TT oot 14
A5 ZRFEEIINGE oot 16

FRE PR ESEI R SIS I T G s 17
ST CFD IUZ oottt 17
5.2 SolidWorks Flow Simulation [&i /" S T2 IR oo, 17
5.3 SZIRMEIR oottt 19
5.4 N R INFITAESLIE oo 19

5.4.1 BTANE ] R AINSITARSZIR oo 19
5.4.2 JE AN RIS oo 22
5.5 FRFF)_EFRBIIRARTZIR cooveeeeeeeeeee et 27

R A RSOV 28



5.6.1 KAT B TF T B 2T oo et e et 28

5.6.2 KAT B BT I TSI R 3T oo 30

R = NPT 32
B oot et e e et e et et e e 33
T T R oo et ettt e et a e e e e e e r—er—ea—eareareanteaaeaaans 35



REPENARAKE 2020 EARR EWET

B—F it

dEe
1.1 BENE

I AT SRR AT DR B HUIRE, @ B A s@Es, AR AR at. B
SANSIHBA RS ARE AT 7, AR B AR R AT RIS . A e 704, 8 A B
SR RSB A3, KRR H Qs s AL, ARF ey, RS E E R
AER KU, BA REFIRSltE . RGBSR PLAMEEIL . kel ), $h3R
RATHAARKMIZHOME. DI AT R0 N BN RNV, XN BRI ¢, (2
P AN AT DI bl SRR 0, Ve AR A B R R AR E Y, RA
REF AT TUR X o RN I AT A BARHE 7 70 2 LA 1-1.

IE AT ‘

_ |

| snEyE | TE K

5 |
| _ | _ _
|gnEse | | peenEvaE | | exormnEveE | wERs | [ owEwE | | enmtEEE |

Bl 1-1 FhE TR KA

;
|

1.2 EASMARIIR

HAT, B3 3 20800 B AR B 2850, /5 i, AR KFEAREL, 4
i sUEEE A ot A RPLEET RS, dEgiit, RARETaRLL. b
. HRAEL S S RGVEANR T BB AT s s B IRy AL 0 B HU R
B Z I AL TRt 5 AT 5T B B (P, RN ETT I, RIS S AT TR 1 s
B R BAE BAR N P2 (38 ) R 0 AERY . [FI, e T, AT IR 2 AR 0 kAT
WEFC, 0. AR IS AN (X T HAl B RN, AP ERI 3D R E I,
R AR D R R A5 SN R T OO A E] AR REAT LA, RS AU HEAT T is 85
APl B XIS SR R R A, Bt T RRIERT LA, I T A, BE T A
FEZBh Z 400 SKRELITTT 1 I HEAR B A2 AT I A2 B s DL, e Mt 9t 1 22 A AR FR b 32
TSI R XH i 0 170 5 25 A SR AR 52, ARG A T3] AR 000 1 7 o i oy 52 Y 22 <30 0 A AT 52
SEAEU), BRI TE I ME ) = R, JRARE A IR TR B, 0 AT A B )
s, R TR RS 05 AR SN R NI 2 el ) 5< &, ) CFD ¥/ FLUENT {5 4= $h 34k

1



REPENARAKE 2020 EARR EWET

gy, X BIRAAREEAT 0T, X HIE K B B DA T SR AT e B (E AR B = 4 A i
WEXUAN B ) 2SR B IR i, TR, Bt e AT R TS AT
13 ARAR

BN AR I BB, XU Sh & T U, SRR R, T
fif 0 BRI Z A 2 S, R PN AR AT B I S2 56 0 Mo R BN BT _E b
RIS ISP B, o I RN 5 B AR B CBE RIS A . PREhAER .
AT SR 1L . BRI T g A, RIS L PR &R
Z I, 3 i AT R B PR, R B AT TR R B e A, 18 RN E AT SR A
Mg, PSR A3 AT 28 KAT S BRI R AT o HARTIE 58 8 5 AT 5 20 B8 G 1
1-2 FiR:

_ . st maBES RS
E.\L:j’l ﬁ&x‘[‘]’%ﬁfﬁjﬁ%ﬁi » i&i:.l'j’fl\*ﬁ' - BE{)’_}*E
A4
FA =SB 5 AR A N8 PR 52 BIRRSEL, AT HITINEER R, STHE
FRENH R EFH X R B ZFNEMESEAER | NARTEER

B 12 BT SR BE R A E R iR

LARBENEENX

A A5 A B ) XA SR A s AR AL A DL R 2 S 3h Jr e A, DA SO B i AT
B R B H ], BEW 1S B — Ll XS0, IR IZAN R W& WUT S BRI AT AT % . [
I th Rt — 20 1A B VAT IR ANEE /L, D92 Ja RN 3 AT SR IR AT TR (ot 1 AR &
IEEE e (ST



REPENARAKE 2020 EARR EWET

BT HIMAEE

2.1 MUEEHa5E R

NITAEBRPAE R SN IZE . WM FURES, R xt S BN UL SR AT fal e it &
SEX AL NIRRT S 20, DU e B 07 R SR, BT A o A [ 0 AT, A v 3 A
EEANR, wahINEAT R Fs s, EAT R REG AT, AR AR ), SEbLtE
2. HUAL S QI 2-1:

B 2-1 Hlbtkzh

22 RBRIEBEHNIERBEAMUBETE

NI RIZEN GO, AWTVOEMT ST RO B, BT S R RER RO
y GEIGLIEAE x Bk, SEE sl O I ETiEse ). Frll, AXERRH, =By Bhizshls
FEON:

y§+cz—d2—2%camﬂx+%):0 (2-1)

Hrpr, (IE|:2k7l',z+2k7l’:|U|:3—7z.+2k7Z',27Z'+2k7Z},k =01...... :
2 2 )



REPENARAKE 2020 EARR EWET

y§+02—d2—2yoccos(37”—aj=0 (2-2)

Hrr, ae[%+2kﬂ,3§+2kﬂj,k=0,l, ...... ;

A yo &R Ty FlAARR
c Moy 5EA O MES;

d—PMKE, KEHN 26mm;
B Oy 5 OX filiz I8 i) 92 £
NTHETNCRIE, &

o

% ={Zkﬂ',z+2k7[i|U|:3—7[+2k7Z',27Z'+2k7Z:|,k =01,...... (2-3)
2 2

X, = (Z + 2k, 37 + 2k7zj, k=01......
2 2

(2-4)
X, 2 X0 2-1) Wisshd iR M haiid e, & X3 (2-2) Wisshidfe
FhE A I
IR, A o B ¢ R RRIEFN:

21t
o=—
T (2-5)
o T——4 %8 3 1 fiee Ji 39
wARIER (2-1) F (2-2), RIAI{RE| R Ry siALrr, Bl y, 5eMci) et & .
y§+cz—d2—2yoccos(2—ﬂt+£j=0,2—ﬂteZ1
T 2 T (2-6)
y§+c2—d2—2y0ccos(3—7r—2—ﬂtj:0,2—7ZteZ2
2 T T (2-7)

X (2-4) A1 (2-5) AT WEE 01T, 20K ¢ NEEL RANTAMESH, 4 =T/4 i,
yo U /IME N d-c; 24 =3T/4 I, yo U KAE A d+e. BRI, FRATTEE] T 5B BB KA =
N 2c.

23 KBESHIEREFTE

kgt BT o, FEXTESE ¢ SR—Frim S, X, [ERIREERE v 5 yo. BB ¢

IR ] t BRAR R

T (2-8)



RPN ARAKE 2020

EAMEET

8y0 -2c—=2 Yo cos(s—”—z—mj——4ﬂcy° sin(3—”—2—7Zt

ot

X (2-8). (2-9) @47 LT, FHK (2-6) FIx (2-8),

2 T T 2

j:Qgﬂezz

T (2-9)
A (2-7) A= (2-9) 43

BRSL, JH2 yo, ATLLSRAGHEE v SEEE ¢ MIEE] ¢ RECCR, R
chcos(zm+”j | 2c*Tvcos? (Zﬂt ﬁ)
T 2 2 2
P +c°—d° -
Tv+27zcsm(+ j Tv+27zcsm(+ j
T 2 (2-10)
chcos(gﬁ—m] | 2¢’Tvcos? (37[—%)
2 T 2 2
3 2a)| ¢4 37 24 O'
Tv+27zcsm(”—j Tv+27zcsm(—)
2 T (2-11)
2L EIR M, ARG, IR AMNEERS c A%, BITIEFEEIEN ¢ KifE B I
AN, [N RIER v FIBE] ¢ BRBOCR . XK, FAUERNTERE— Z1 to BTt B i1

S voo %Lblﬁﬂﬁrﬁi TX’EHEH EHE E’J%HT?JtoXTF”E’JyﬁHJT W N

BEISZ to XENLET y Bl AL FR

i,

4 NEHEXEH
WHAH RS HUN T -
A d—n KR EAZ

z—— R A
NHEALENLE

o— AL
[SEus

AR, AR, IR

d,=d,=20mmz =z,=20

d,=d,;=30mm z, =z, =30

b ey 2
12 - - - -
d, z, o n 3
oG L o N3
34 T - - - -
d, z, o n; 2
w n
P _T2 4
@, N,

WL LA EBESH, AR HEAEBIEE D15

PR OR 2O ST SR oA % A

(2-12)

(2-13)

(2-14)

(2-15)

(2-16)



REPENARAKE 2020 EARR EWET

. n
==l (2-17)

(NN

o, n_l
Rk, v IS RIGEE 1 ek A (RN B D 565 3 ek AWK < &
Feak
1 4
f (2-18)
A f——HNL R e R
Ti w1 1izsh E
2.5 IPEKITER R IEE
BRI R AU S i T a2, B al 3 B FR AL BARBR 3 RAT 28 B AR TN
B 2-2:

& 4
.

K22 FhETATERLSAK

2.6 RNE /L

A BEE B UL SN, SRS LB B BT Hh 3. T S T
S LE BEHUBRSE F IS BN L B EIRAS, AT SN S AT A BHX AR A A
BEREOL, MEAT A 2K0TE . WAL R REEL, BRI PO SRR I SIS ¢ (E R
KeFa; (EIREEY o AR, 3 b0 STERE— I %] o W10 y BHALKE yo: DARTEIEE
&Y o IR, Hh B b S AE SR o I RN 2 SR voo SIS E i e
B R REE 2 5 IV SR SEIR T 78 40 W 4 o



REPENARAKE 2020 EARR EWET

B=F NEFmRE T

3.1 FMRIMEIR T

WE, A POTRES, JF B IR b I AN ST B RS, AR E b . il
BT DL, i E RSB BS S RE S AR B i B B N S s E s RS, IR 2L 2 s RI T 77,
PR, 7EANR T, AR AE Bt AR, B4R AP BN SR AN . (2 515
WESRIGS S K AT SR AN [ - S E SRS A SR KRR 2 7y, SRR S . s, Rl N R A
WK, SBENAR S, w4 st AR R 5T

WL WER TR, 15 RIS SERT IS @B, R

>~ 9 T

N

K 3-1 il AT K 3-2 il s

MRIGIE BRI, HEAT 2 PN, BRSNS IR

K3-3  H4h IR K 3-4  JE N

K 3-5  HLEMALE



REPENARAKE 2020 EARR EWET

32 HNESHBE R EHERE

NI RERHN AT T DT ST, 2N 43R =GR [ LTI A Rl T A5 AN,
HARM EREINE 3-1.

R3-1 PIERRK LTRSS

hEK PR K TR JiK &
JEsZ
(mm) (mm) (mm?) (mm) (mm)
IEDRY 84.7 16.2 13.63 1373.52 184.31 1
Jadh#E 80.1 21.5 10.11 1719.52 200.81 1

FNIRPPRL R B AR TE, B R ST IR, DURBOR I AR GRS, 5 8RR AL %
i, i xt et fJaikd 7 ede 101 FENIN AR 2R BB TERE S AU T 1A 3-6.
EtE 2B B

Kl 3-6 Jel 101 RS %

3.3 $hEEFSIMB RN SRR

S E, HENLAE T7g, EIEFE TR, IEL—ADI3E NPT H 14 H
68.6mN. A T RIEMBHE BESHOM 2 1% CATI I ZESK, K 4 B A AT 5 .
I, FRATO AN BN 22.18N/m? ()3 A ddar, Hhie AhE (1R ) AR L .

FEXHE, NTHESHT, N SolidWorks Simulation . X R BAEHEAT M. J1 N AR
B, AMUERAEARGT FI(E, 10 HA5 AR SRR

B, AT AN EBATRRE RISy, FBRERRE T R, Ko PORE B T Dy i ) R4
W, A E LI HIT RN 0.665mm AT, A 36068 AN HLIG, JE RIS HLIG RN
4 0.939mm Zity, A 22787 MNERITEARVEAN KIS S H 0 R B 3-7 K 3-8; Kil4r &R WL
3-9 & F 3-10.



REPENARAKE 2020 EARR EWET

BlER BRI 1 (20 Bl BB 1 (2HA)
Pt ze s SRS Rt 2Rl SRR
HiFFIE R FFARItS 2 RS
BEhitE %if BEhidE £l
EERHE SEhIT %l PHERHE ST %A
eItk 155 HeRT bk 45
B 0BES1E2 raim BB 01.938805 mm
M 00332587 mm AhE 0.0463402 rmrm
AR = PR =
T8 B1324 e 29505
L Pt 36068 EP=Eal 22767
EASE 59013 BA=EHE 64512
i =tk gL 2 e
i %9 %ﬁﬁg@mﬁn 57
LBl T — —
BALo 10 0 i 0
Jaafitbr =
EBIL) 9 % ’ E e 0
TERPUREATIEIF: 4 3)) | 000012 =R EI RT3 A | 000011

Kl 3-7  FNEFRR N BTSRRI Kl 3-8 FEERR N JEINFE MR

ﬁﬁ‘ﬁv e

< o iuTek]
wEneBTan

K3-9  ATFNE R > HOR K 3-10  JE4MIE MK 7 R E

e/ rkse o tr, TN RGN, fER AR EN TN 1.418%106 N/m?, &
PNE G AR, B RS — R IO 1.403%106 N/m?, 3 /N T A4 RL Y JE IR 58 B2
6*107N/m” HIRPEFR B R ZOR: [FAII, BTHh R R AP RN 1.279mm, J5 bR IHEK
AL 0.8243mm, $h3 AT DULAUARAAIEAT 7047 o B4 BT HAR N 1 AR D0 L T 1 -

mm"*'m W’ ;
=
B 3-11 AT E I8N ) 70 A1 1B B 3-12 i+ 3R 70k 06 A8 70 A



REPENARAKE 2020 EARR EWET

B

SHTED
vl

» o

B 3-13  JE 43R a8 N A A K Kl 3-14  Ja 4 3ES 06 N AR 0 A 14

L IR Tk A B S SR b B AR AR RO B AL AR RO e S
AR RS2 S A BOR, 3 BOZ A 1 HOR N T EUE WK

3.4 KRE /N

T ARE LI AT AT e, SN IT T 8 R 5, SHTIETIREN A AR . Gt
5, FNEE AN, 2RI L 22.18N/m?2, K AR IEAT [ 2 3R N4,
555 JE WLEE 43 W R 7 AR R AT T 4138 Fe [ A 1 48— 3 B 3 /N TR A 5 1 IR EE, 6
AR ESR, R RS RLZIN 1.279mm, A LLZNE, I AT DL 3 0 KR AT 4
Mro

i

10



REPENARAKE 2020 EARR EWET

BNE SEHhESTHEHE

4.1 FIELFRR

N ERRIEE TN, MG — e . ZiashER i R AR bR &, BV S E
TEANEATEREOME B, x FACERNIL W, W oz 2 ATaS R HEE T x 4l
R, e E A R e ), BPRTRIW y B e, BARFNEAI DL R A BR R E
WK 4-1 Pr:

Vv =
Bl 4-1  FRFEEI IR AR 2R

42 FNEBHENX
RNTTE TR CHEE, X B E A © FUd A 0. LLRT N 5
1.0 0 NHNE TS xOy “FH A (0°<0<90°);
2488l @ NFETA L yOz T I (0°<0<90°), Hrf KIshfih oo,

11



REPENARAKE 2020 EARR EWET

x | I S

42 AMFREGLE]

A3 EHIF RO R &

THIEH Re &M RRIEFARMBNFHME I TCENE, S0 100 1 5H% 12 . B
TEEBOR, ARSI, TS AR OR s MR, B RIEERUDN, AR, b
WIS R R . BARR TR 3T ROKI R RO =, AR, 25 hE
K ETRIR SRS A RIS W TH/MOE SRS, 923, Rk
B FIRS), BRARMABERRRE . FHHEIEKRIERA:

ReszL (4-1)
Y7,
P v——RI I ;
n——ARIE BRI R 5
L —RHIE K
TR, R ERE s A 2 s s, R ELL T
§3+dwgﬁ):o (4-2)
ot
Eﬂa_p+8(/)\/x)+8(p\/y)+a( Z):O (4-3)

ot ox oy oz
X EEEE 2000 DL IRARRIR SRS NER, BT HORES T RVR S A KE i (]
Ak, BIE s, Kk

opw,)  olev, ) alpv,)
OX oy oz

IS, XA Rk =, RREEOVEE, e

=0 (4-4)

12



REPENARAKE 2020 EARR EWET

ov
%4__)’4_%:0 (4-5)
oX oy oz

MEATFBE T P54 TR S, ATHEEIRAC, Fr DS A B, T
R A A A B 2 RIS AR € AN AT IR AE A . T XA R E H LR, TR prii
K, WARFEARHE WXEM R M. Oy R scds S EATERAENE, R DA AR E WA AT R
AT, IR AR H AR AL 9 2 A R IN ZI RO HE e AR . IXRE, AT DA Rt S AR
SEH BN BRI 73, LRSI T S IR o 101 E H LA RV AT BA e B
WARBEAT o tir. DL, ARG sl By (e A T e, RIAT & N-S 7 fE Bl E
BT

—+(\7-V)\7=—1Vp+gé3+ﬁA\7 (4-6)
P P

V-v=0 (4-7)

R V—bp ST

A R, gA="V2

DR (mfs), D= Ul 0] 0k, Hod v, vy, v, AR L ()
R

P IR RE (kg/m?)s

W AR TR R

p——— i 3

X @47 AR EMBIRRT, AT

aVX+V avx+%+% ——la—p+ﬁ azvx+62vy+azvz
o lox oy oz pox ploxt oy oz’
%-FV %4_%4_% :_la_p+£ 82Vx+8zvy+azvz _g
ot \ox oy oz poy plox> oy oz’
Ltv aVX+%+% ——ia—p+ﬁ 82VX+82V"+82VZ
ot | ox oz por pl| ox? 2 ot
(4-8)

FEFAR TR 1T, TS R AR TR I 5 _EXRHRAR R S BB AE B 2% A o 19 352
SCHR, TRR, JEFERROLT, WA AL AT 2 AL R SR A AN L S ok
o XFFIR TN S, SMEF R 2RI Wra B R a5, Wit 2
R AT AN R AR L AP

13



REPENARAKE 2020 EARR EWET

Lo WIS XEFREIEGUAR, PR i AU AR 8 R S it i s AR A . PRI, /AT
o DA P S A2 Bl P 54 M T 1 30 A B AT 58 o 36 4 3T Y0 b AR R — 5 mo(xo,y0,20)

HIE L5 vy M v, WIF

v, —vJo (4-9)
15

v, =V, — (4-10)
15

W e——ri B 2 y B E
Vy—51 mo 1] y Fili o3
vr—— ki mo () z Fl 53T
¥ (4-9) Fx (4-100 Al A (2-100 A1 (2-11), BIA[ 152

rERIEA:

2
Tc 13\/2 005(27Zt + ZJ 2c°T 1?/\/2 cos? (zm + Zj ot
0 c2_d?_ 0 =02 .m
15v N 15v o 7y O SZnMeXo
T—2+27Csin| —+ T—2+2zCsin| —+
Yo Yo T 2 (4-11)
2
Tc 13\/1 005(3;[—2:(] 2c°T 1?/\120052(32”—?] ot
0 2 _Hd2 0 — =
15v N Ty 3 2a) 07 creMeo
T2 4 27csin| o -2 T2 4 27csin| > — 2
Yo 2 T Yo 2 T (4-12)
2. ANDLGFE: AR BB 1D AR 1D TSR A
V, =V,
v, =0
v, =0 (4-13)

4.4 F P EMESTHH
SE AN Z BRI 3 08 U, Hedr, BN TR 08 T, BRI RTRE 9 N, 1 {0
7179 Fo HARIML, WIS THIIREON Cr, BEIHTHET) REON Cns BEIE T R ECN Cry X

BN ERIBT

1
—C, V|| dxd
U] [N] [enT, i vag i
U, |=|F|=|C, {Epvzﬂ.dxdy}: ECFpVZJ‘J.dxdy
-u,| |T] |c : ) :
2o ZIdXdy- (4-14)

Horp Ui S i N UABAR R T X Rl 50 s

14



REPENARAKE 2020 EARR EWET

Uy— BB SRR R Y Bl 7
U, — Wk a8 JIEN AR AR 2N Z Bl 70 &

JJ,; dxdy——FH LT

AN RE— AN AR K SE) 8 JU, FIF AT SFRIRTREAIN . P30l 7

FRIERWT:
Tl 1
N | Nt U, dt
j— Tl 1
Fl= jo Fdt |=| ["U,dt
-F Tl 1
Tdt U,dt
! ’ (4-15)
_ECN pvz_U dxdy_
U, | [N 2 5
O 1
U, |=|F |== ECFpVZIdxdy
-u, | (T >
’ ECT,DVZJ.J‘dXdy
L SR (4-16)
HorCy——F 3t 1 25
Cr——THM0 17 ) R %
Cr—— T 7 1 2%

FAlts, BN Z B =058 XYZ B Ai%E,  RIBES (i AT 038 My, T 220 i 1
HiMy: BEIREL T35 My PR T My s BRI 7088 M, P 04 J0 M o

1
" ECMvaz_L[dxdy
{II:A/IY} %CMvaz_gdxdy (4-17)

ECMZpV2 jdxdy
2 z

["M,at

M

M, [=| [ Mt (4-18)
Ty

Mz ]| [ mdt

15



REPENARAKE 2020 EARR EWET

4.5 RE I,

ARFERXAN R AT AL TR bR 22, JFXTHNaI . 1A S 4N RS Jk AT € SO
AR T IR ES RS, AN R AT AR, SRR E B AR sl A1 S g R
(EEQFEFEFEIRE. SRR LR R E R JFHHAT A i M, JFist
BRI R (RN RERANL ) S RN, XA sh Ly wt
frrbibesE, IR e L TRk .

16



REPENARAKE 2020 EARR EWET

BRE REMELWRERTITEE

5.1 CFD /48

CFD (Computational Fluid Dynamics, TR )% A 152X 1R 5 3. E
BRSNS d AR (FEARE TR S E TR shE s E R DL R R S E T ),
RN SE By A ia) @R AT 140, AT 2 N & — A R AR B (940 e o | T 5D,
LS 2 2% R L 50 il i

CFD ¥ HAR B E AR an N B BT

AR E G TR

Wb 5 BOLL R A

<t

=

o i

FEUNEROTE

“he il ZE

TR L A (i Al
7 R e TS

ol I T - i
HHEHERER

% 5-1 CFD 4 #riife &

fE— ML) CFD Hftrf, TZACHRAF R A Xl o0, SRS VIR 21 Il 5 2
PN ORI ZEAF ARG 5 R T FE RS L, AR B kAT AL 2

5.2 SolidWorks Flow Simulation & 4% & 934 25 1

Flow Simulation j&—3X CFD ®f, F£#% SolidWorks FriE . KL, ol UUA KNITHE
VRSN B EOERY, SEEl 7 =458 5 CEFD [ B30, 154 7 —LLmf (A FkS /7. Flow
Simulation 7E>4 CFD #4, 0] DI EARRIRAR SLBRA s, FHM B A2 s ) @l

17



REPENARAKE 2020 EARR EWET

Flow Simulation 1/j E 5256 3 25 1%

LIASIH . IR, FEWUE LRGIEABAL, AR (AR, ik
FERARRSE, DU SISO E S AR S Hosoe in s B s

RIREL):

Rk L3 k2

OGS (emg=) e CGS emeg-s)
FPS Hbs) i FPSHbes)
1P fireibr-s) =4 IPS (in-itrs)
HMM (mm-g-g) L AN (mm-g-g)
Sifrkgs) {3 Slfrkgs)
usa L2 usA

iy Sl(mhg-s) (KR
on sy SARTZOIND THEEE

Esn

Ehfmh P2

b3 s

EE g

[ n

E L]

ek .

G4

v
<
ck-sE) | | Tosee =5 i) el = L)

K53 bRy

<E—$W A L Ll

<@ | [ =0 ] na M:: i
K] 5-4  BRIATRAE Kl 5-5 HIURKA AR ST 254

2. K00 T EE RIS o ARAE S B DU TSRS RN e AR R DN, WSk v R
NS, BET A 2 B RS

K 5-6 MR

38 LT oA BIEINL TR AL T, Feh S ok 2 e Sz AR R
MR o JiRss, IL 520 AN AR T it 26 1

4.5 X H TRE A bR, W H O 28RS B I 23— .
SORMEIUH S5 . WITFARSRARIS = B zh, HEEFSARREEm, i T

FasE o

18



REPENARAKE 2020 EARR EWET

LEITTEIE 5 FoIME. 850 A

459681

459
458

- /\/\/
456317 — — A

=
70 80 90 100 110 120 130 140 150 160

5-7  JiREIAAK AR

6.7 H SR A .
5.3 SCHEHRA

A 7 ERBEAR I RASIIR B, Ok, wia] DU Z AN R AT S AT AR SR 1
N T ITESER . SERMAHIRTHE DL AT S50, SREX T — 52 FWT F0 03— BT #3041
B p 09 AN BORU T AN B, SR RAT A%, RAEL A Rt G 1 RN 25 RE B AN AR
INOUE RGO BARHE TR AL BN BT S BUEIOCHEIN %, #4758, 7S
Flia g R LIRS . HA - 1RIE, ERid i MIAEAF A, PLPHiC i
TSI A
5.4 $NER TR AL

FERTJE PR T AN B, BOE A 00, [FIN, o MR AL E VAT T XOY K
i, HAem TIES, Bk, AR S B s 0~T/4 K 3T/A~T. N 77 fETHA
ANSEEG o, BEE ¢ RYE B KA AT, KA LXLT:

c
tanop. = — (5-1
Dy 15 )
5.4.1 BIfPE[E T F ER A SIS

FEX RN Y 250, IRBIBRDY 50 #R2Z SRR, R RIclED8 Tmm, FEXF L
HIASE S M (R T epriss)D T RE . B9, il TR 21, AHRAEE 5 iR s)

5-8 =0 I F 13 A Bl AR S L Al

19



REPENARAKE 2020 EARR EWET

Kl 5-10  &7T/8 I Al 413 i B i sh i 26 0 A P

G

Bl 5-11 T T BT L A &

W B, R TN REAERSIN, AR R s . IR RE, AHER B
BRI LA T VMR X, NIRRT R0 A IR X, 1Rl 43R T R
N7, ABAEIN R A AT 3

20



REPENARAKE 2020 EARR EWET

AN T AETEATAIA A3 AT & CAT RS SN B, 2 R B3R JLRP 3 IM RS
) P S AT A S AL SR
RS- HIHNRAER KIS 25°, IRBHIHN S0 B ZERT, [~ 3ha) ER TR E SR

JH S (pa)

R THIAR
J&
(m?)
i /ME ISP FIME

0 0.0013 101282.33 101297.19 101292.10
T/8 0.0013 101292.49 101319.52 101310.53
7T/8 0.0013 101292.99 101321.91 101310.62

T 0.0013 101282.33 101297.19 101292.10

R 52 HTANRAESCKANEAIN 250, IRENIIHRTY 50 B2, [N S TR R E S HER

SRS EE (pa)

2% 1] T AR
JE 1
(m?)
f/ME YN “FE

0 0.0013 101317.09 101384.98 101372.20
T/8 0.0013 101323.28 101340.47 101334.91
7T/8 0.0013 101323.67 101340.21 101334.95

T 0.0013 101317.09 101384.98 10372.20

WAL HE ], AR R, RSB Z], BTSN DA U S R sRAE . (A,
W UUER S HER A, IR 2K 2B 71, IEREX LSS N BL AT,
NJE S A A B3N 70 R B

a5, 3 T AT IRAERS E KNS A L IR T K SR 2 B R 2= R s 0 AE
HAATEATE DL, W3R

21



REPENARAKE 2020 EARR EWET

R 5-3 HTNRAESRINEN A 25°, IRBNPAF Y 50 HF2amt, 18 N $hah bR 3 71 3&

. Bris 2= S50 1 B BH g [Z il
’ (mN) (mN) (mN)
0 195 20.4 193.4
T/8 63.5 9.5 46.9
T/4 0 0 0
3T/4 0 0 0
TT/8 63.2 9.4 46.7
T 195 20.4 193.4

EE MR, NTaRitEnE, AANRTRD IR, Bk, SRS Y]
FRIAS RIS 20 B 52 B RO 1) F3 M AR, AHRIR/AN Y 00 BRI, 32380 rR AN Al 18 75 %K
{6, T ICRIEHIR .

5.4.2 [FNEE TR SE T

X JE AR, R T AR MY KOk RIFEIC S TR RN Z], 5

B B R EhIB LG DL, IR B TR

Jwg ;
Kl 5-12 =0 I JE $h 3 Bl AR T ah i £k 3 A K

22



REPENARAKE 2020 EARR EWET

5-13  t=T/8 I Jim +1 32Ji B i (A s 26 31

2l Je/j ‘0’ v
K 5-14  t=7T/8 I $h 34 FE A i sl i 2 3 A 1

5

K 5-15 =T )i 4138 8 B A T st 2 A &

LT SRR N 2 3 B AR s s, R BAHZ I Z A i s K2 1
NJE STt TARGF ROAE SR

23



REPENARAKE 2020 EARR EWET

IR, N VAR AN I AT A AT RIS EE B, R ORO B LRk 3 AN
SR I H s 3 AT Bl et And sk, RN 568 SO =S et it 5. B S AR I

RPN

R 5-4 JRINRAESAINENfN 25°, PRAVIRN 50 A&, [ hhah BRI RS R

JA S (pa)

R THIAR
J&
(m?)
%/ ME iSO FIME

0 0.0013 101291.76 101306.48 101302.71
T/8 0.0013 101309.03 101319.68 101315.69
7T/8 0.0013 101310.29 101320.79 101314.58

T 0.0013 101291.76 101306.48 10302.71

R 55 JRINRAERKANIAN 25°

o IRENIIAN 50 B2, [ I N R RIS R

JAIRSHCHE (pa)

R TH THIAR
JE 1
(m?)
f/ME YN “FE

0 0.0013 101323.84 101365.54 101356.56
T/8 0.0013 101321.74 101335.03 101331.24
7T/8 0.0013 101323.32 101341.76 101331.88

T 0.0013 101323.84 101365.54 101356.56

RIS, Oy 7SS 7 Al S FAEAS RN 20 A $h 3RS

R xk 1 3 A HoA S B AT S5

CUR NG, 75 =0 R %, wEE W maitgol h, sl 7 ShEAFSm CRARRTEL. B

JEBEAR ) B R, L AR i sh RE R A

24



REPENARAKE 2020 EARR EWET

K 5-16  Jm +13 AT Bo i & 18 Bl 5-17  Ja 413 Bt i 1A

K 5-18  Ja 413 5 Bratm i & K K 5-19  J5 413 AT B i i &

Kl 5-20 e 4138 v Bl it 1B B 5-21 a4 3R 5 Boskm i A

Bl 5-22  JE 4 A B R B 5-23 A 3R v B T e I 1

25



REPENARAKE 2020 EARR EWET

Kl 5-24  JE M35 BUsE AR K T 1A Kl 5-25  Ja 413 AT BOs R 20 e 1A

Kl 5-26  Ja 413 Bt i 20 sE K 5-27  Ja AR 5 Brsti i sl sE K

ERUNH S A C S T A REE . ARSBEAEARN BEREERD, 32 E MR
MZHEE—H T2
[FIRE, AR5 S FAEA R 2 (0 B 05 AT 5 I s AE AT V5, R B L B AR R
WSRAERAE T, BARBUE T S B s
R 5-6 JEANRAERRANENAN 25°, IRNIATY 50 BFALIS, [F T Hhah iR B 2k

. BrIs 2= S50 1 W i BH g [Z il
i (mN) (mN) (mN)
0 185.1 22.7 183.7
T/8 53.1 7.9 39.2
T/4 0 0 0
3T/4 0 0 0
TT/8 58.82 8.8 435
T 185.1 22.7 183.7

26



REPENARAKE 2020 EARR EWET

AT R PN A, BATXS . B AR, AT DU, AN ERAE R AP B A K
ITas s T I UL BE 7, T HL, 4R 22 B TR T =0 I 2R
5.5 $ME[E L EhRIASKR
WRAE IS e 3G AR AN BOY T/4—3T/4 DT M hahidfe, #h3E
FE TR LA ahi AT — e A, AT BLB/NMATT 77, R AT B — g (KRt 77 A,
BEXS BB BOBCE SR MR AN B O 250, IRENAIR DY 50 BhzZ, WY 30°. BrikHNsE
R AN S OCHE R S N BN BL A, SRBRD IR SR T R AL
e B RS ks, RS EAN BORERE, X EAMEEGR . HURE SR8
NZHE, W ERPTR.
%57 AOANRAERAKANEN SN 250, IRFIAN 50 FRZLRS, AN 30° M LS R ) )%
Wi 28070 BRI AT Wi 517 71

JE 3

(mN) (mN) (mN)
T/4 0 0 0
3T/8 23.4 15.8 15.3
T2 1144 86.7 75.1
5T/8 33.8 22.8 22.0
3T/4 0 0 0

R 5-8  JEINRAERCKANEAIDY 250, IRENIIARIY 50 Hi2&it, W0 3000 L dhah b 3 1R
WE 2B BRI ATEE ) Wi 57T 71

Ji

(mN) (mN) (mN)
T/4 0 0 0
3T/8 57.8 374 37.0
T2 163.2 123.6 107.2
5T/8 47.6 32.0 31.0
3T/4 0 0 0

27



REPENARAKE 2020 EARR EWET

DA TR N ) N ol B e 29) L I a0 w2 A B W S 5/ a0 T O S =1 ST S S
BB, P S B 0SB S SRR U g DR BRI AT ). 1R T2 MZIRTS,
PRt 7 FE RN R AT T R AT HE Sy, NN ENLRATIRAL A RRIE .

5.6 SLIG AR

BT TS AN B FRARSZIS 8T, ASHERFN, FNEAE U E R 2 IS ARSI
R SIS WLk, R ETFRIIE 2, RS E%%. T HXHh
HOATES CATHE MR T, BX E— & S206 M e ds B0 40 38 AT HudE——= 30
FFATIC R . REEIE R RIS H A SR

B, H Matlab 4K F— 053 EE S 2 m & 4EARPR R, 55 AT LA
GEMESH n 20T R0, IS 2I7E— AN 430 B N 2= 3380 7 50 18] 1Y R 4
KR, REFFER, BREMRIGHTSEIEIREE.

5.6.1 XiTER A IO BIR AT
B XN B T3 T R BT, N 5 =K B S R N 3R T B AT .

200

Qr T T T T T T T T T ’k_
* datal
150 1\ y=-6.1e+02"x° + 3.6e+03"x" - 5.5e+03"x> + 4e+| : A
|\ 1.5e+03*x + 1.9e+02 - y-i?m{rL
|y = 3.4e+04*° - 1e+05*° + 1.2e+05*x" - 6.6e+04™X"F
100 b |\ 1.8e+04" - 26e+03"x + 1.9e+02
=
£
= 501
=
2
T'/_“"
T 0 L
-50 -
*
-100 :

0 0.1 02 03 04 05 06 07 08 0.9 1
T

K] 5-28 RIFNEFT7a K

28



REPENARAKE 2020 EARR EWET

200

\ datat
\ oy T
150 + \ B
\-\ LITFmgssiHsE datal v
%wm- \ YeeRLA ETRENR R HasnitERagsi SR
=50 :,,,,,,\,\;\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] X Y
i S B/VE o 5597
2 of AN ] BAE 10 193.8 ]
A FIE 0.5 ] 40.69 |v
ol \ ] hiE 0.5 9.238 [
E 0] -55.97 []
00 A e E 0.3423 [] 93.13
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 ﬂf 1 249.8
vT
Kl 5-29 Hi4NEF T b K Kl 5-30 Hi4hEF T c B

RGN T I a BIFR, LEAE L AR TR 2 TS Hr 2 0, HAR R #Og
FZAWE . RRIEECAHER AR SR, RIS 2 BCEHT s Bl o b ||, RENTE
—ANEBAN, BTN E T IRER ] ¢ AR . B SRR B AT HE A, BT
HHE W ¢ &,

[FIREI, X5 03 PR EHE i A A0 e B AT o0, N IR .

200

#* £
# datal i

H\ y = 70" +8.60+02*x* - 1.9e+03"x> + 2.3e+03'x7 - 1
|\ 1.8e+02
= 5.2e+04*x° - 1.6e+05°x° + 1.8e+05*x" - 9.3e+04*x> +

150

100

50

HRE T (mND

(=]

J

-50

-100 * 7

-150 1 1 1 1 1 1 1 1 1

Kl 5-31  JEhEFA 7 a Bl

29



REPENARAKE 2020 EARR EWET

200

[ datat]

15018 1 LIFmRISiHES datal P
A1m\\ | e FETRE Al HasEums HEE
Z
£ \ X Y

1% 50 ] BME o[ -63.87 ]
= BAE 10 179.7 ]
- ‘ ] FiaE 05[] 30.54 ]
HiE 05[] 13.36 ]
=T — 1 o o[ -63.87 [
. S L WER= 0.3423 ] 95.37 ]

M0 TT01 02 03 04 05 06 07 08 08 1 the 1 243.6

T
K532 EINEATLHE K 5-33 JEHhET T c B

SHTNRT 0 8dE I, R H O AT R BN, TR B R AR AR AT
TNl A I ARSI 2 Ja S B BRI T . BAR R BCRIA . R B S R LA
FpET a0 by c K.

AR AT R AN, £ RHA B AR T I A 0 71.23mN, KRR
AT E FE 7 68.6mN, 24K, AILARIESNE ©ATER MRS AT, HAKH T Tk
T T=0 W ZIHT )5

5.6.2 XATRERIE NI BIR I

HIBE 737 2R B J1 o &, s WATER AT ERIZ /. Oy 1 ORIE RPLRERS IEH AT,
Xt RAT AR RT3 S I TR R B R ETT 0T o X T AT 413 /N B 2 ALl pe 2 (R Hh 3R A
BEST SIS 1R 2 [a] A BRSPS AR WRT SN B ATEE T a L b B ¢ .

100

* * datal
80| y=-37e+04"x® + 1.1e+05°%° - 13e+05'x" +6.2e+04 . O] |
1.3e+04"x% + 16+03*x - 21

—_—

60
40t
20 *

VN N

-20+

AT ATE ) (mND

_40 I I I I I I I I
0 0.1 02 03 04 05 06 07 08 0.9 1
yT

5-34  HINRATES) a

30



REPENARAKE 2020 EARR EWET

70

60 [ s | 1
ol | IURIEEgsHES. datal v
a0t 1 #ERL METREIA R HesliEirIsiHE R
€ s} \ 1 X Y
H 2 \ ] BIME o] -24.43 [
2 wf \ ] BAE 1] 64.65 ]
= of 1 SEHE 0.5(] 6.429
ot L¥\\ J hiE 0.5 (] -8.186 ]
0 | & o] -24.43 (]
e TR E 0.3423 ] 31.26 ]
o 02 o3 o4 o5 as a7 aa osl mE 1 89.08
uT
Kl 5-35 wi4hERTHE I b 5-36  HiAhEATHE T ¢

FIFE, X N3 EIT 1 AR s B . SR INRIINEY 2 R R B (413
2t 7 5N 2 TR ek KD LSRR S W5 43R 7T a B b B ¢ B

140
* # dafal
1200 _ G 5 i — Bk
y = -5.6e+04"x" + 1.7e+05"x” - 1.8e+05"x" + 9.1e+0.
—_ 1.9e+04"x” + 1.4e+03" - 2:1 |
S 80f 1
=
R 60 1
£
=40+ * 4
x -
o 20} 1
of * * \-\—
1
20 RS S 1
_40 , , s , s , , , ,

0 0.1 02 03 04 05 06 07 08 09 1
)

5-37 Jafh RS a

100

80 r
LIFmRISEHEE  datal v
2% el T TRENR] £ HASaRgHE S
£
=Y \\ ] X Y
E 20l \ ] B/ME o] -22.98 ]
= \ BAE 1] 97.59 [
ooor \ ] FiSE 0.5 ] 1642 |v
- HiE 0.5 5452 ]
20y ] o 0[] -22.98 ]
. R ESE 0.3423 [ 4244 ]
0 01 02 03 04 05 06 07 08 09 1 p =S 1 120.6
tT
Kl 5-38 JEdhEATEE S b El K539 JEFhEATEES) ¢ K

31



REPENARAKE 2020 EARR EWET

St bR SIS FNECHE > A, A HMELS HRT S H B — AN R A IR I R 3 2R
22.849mN, A DIRIEFNE AT SRR IE N Im/s B0 FHIIES €47 USRI R %, [l
DLEH, FERTEEIRIET FAN B (R ) B4 s A AEF 71D .

5.7 KRB

KREEX CFD 72 X PIRELL S CFD A HARERAE AR AT S R UL BRI A 41, [RIR K3k
ViBH 7 CFD #4% SolidWorks Flow Simulation & #f BB IR, J5 8t 43 AT 2%k
ITIAARSRES . 4, BN EJRIT T AN S RS R gt . KRR S s n) b
) s N T N R = s 51| DA M TN T N = W 2 el D AN MV2) < I T 12 SO Ul
AT RSN IR . WS T R B AR RS LA B, 0k T N RAE S E W
TR R R ZE SR, R TR S R SRS . BERERE . BREE TR . B R
115 SRR S S IR T g S s, FERIREEE s, TR AR 2 Ik,
HRSADL BRI, P AR R HIOEE A T T B A O S A

MR 3T E IR AN F A 1AIZ)08 71.23mN, K T3 RAT2R A E
77 68.6mN, ] LARIEFME KATZR AR ®AT, HA R F SRR T T=0 B ZIH7)5. #T
Ja AL —AN WA HCE S BT E A2y 22.849mN, A LURAE PN AT B AEIEE N 1m/s
LIS ®AT. S@WEBIREL, TGRS, FEATHRET FA B ($hE W E
B E R RAER 1)

32



REPENARAKE 2020 EARR EWET

WICESR: MR RATE D N RS AR, X R BIR R AR, (AP E A] DL
AEE AN, SRAEEF R BN JT, BT VB R R R AR A, B IR B TR
ARSCH MR B A SO AT RS, IR NI A BT R RNl J S5 A A, AL
AL RATHS BPIRS R Z S350, SR A SN B RAT 2R & 8 . BRIV B IR IR .

1B I B 225 SR T AR 20 3 AL FE IR DA R A3 BT 732, X 477 0 e XD 3] %A T
FAATHE T . e, R TRAT A A B RAUMAL SN AT R E, R S 4 B
SolidWorks 334742 il J2 32 54}

2EPXT IS ENAIL NG, AL AL bR R A B AT ERHE R . B 1F N
AT J5 A 3RAE — A3 B A BN 18] s (7 A8 B SO pR B, O SO AR SR IR iy 7 A
Hip S,

3B EANEBIM T R AE, S X, BT AEMINEMEL, R AT
TRERRER A . S iR A AR SR — R TN T AR AR B 1 R
SRIE, W ETREER. INEEABEERN, ATLLZES, FEH AT DI E S ERIA AT 4
Bro

45 ANE AT BN T WA PR R, FEXT A WA SRS HOEAT T A4
NT ARG SRR SESS, XRsh S Ehlr e (REARERESE AR shEsFET
2. BeESTHETE) AT AT IR, JRRE RO SRS FIRE, X REN
LAy EHATF R e, HuHoE LA TRR .

505 CFD & . Thfg Ll CFD 3 BARHEAR AR EEAT T SRy BRI 21, (R DR S
Bl 7 CFD {4 SolidWorks Flow Simulation M # 4 £ EHAE LR 545, Xt EHF T
KRG I AR S S ES Y %V 6 W 1 -5 g5 [ B ) U T ) S e A = s 7 I DA G T 1
BAEHRAE CBOEMN R RINEIA . IR, WA THAT T8 %88, W4 T4 E
JE AR R BB 2 1 L, 03 T BRIEARG i g« A8 T It 4 20 BT 485 SR I LA R s SRAE 430 A
FAARRE IR S RS ZE SRR, T T RRER s R RSB ) BRE B . WERT 0. R
I RTEE 1% . XS RIS R AT G a g, JERIAEEE A, R AR 2 S,
E T ] AR BRI 2, PR AL R SO AT 1 B ) B

6.5 o A5t ATE AN EAE—ATIAN KPP IMZ0h 71.23mN, KT 3EEAT
FRME S 68.6mN, A LMRUFFA B RATERIIER ®AT, HA R T+ J1oRIET T=0 B %157
J& o BT JG AN IRAE— A AN B~F I8 AT E J R 200 22.849mN, AT DLARIE Fh 3K AT 88 7E 8% A
Im/s 1L T IIER ©AT. SWEEIIRE, rTUCEH, FERTHERIET BB (hE
] A s R R AE R 71D

33



REPENARAKE 2020 EARR EWET

LR

LASCHTFUR PN R AT 453040 SE 2 (B S A B A b . 20K, 3 nl DUEBLA R 2%
fiti EREAT 5 2 OUSESS, LT RSN AT SR I SRS A S

2AE AT AL b, SR AR

3.0 UK A AN s, WA AR BN MR, KA m A EZESE, A A
THE UTHIRE . MR,

4.8 ] CLop M A AN [FIE 30l R 1 04 AT 2 e 5

5.0] DL AN S A IR A HEAT B SAR S 08,  TREEX AN RIS sl M iR gt AT Xt Ll o iy,
FOUE M ol iz 3R AT RTINS M iR e 55

6.3 T AEL A O AR A3 AT A5 1K) VAT Shalid A 2 AR g Wi sh b AT o b, X HdE AT
ENRIREKN oy, DR BISTAA I . IXFE, ATD Rl kiR 2, i E 5l S8 s ef, &
RS =R

34



REPENARAKE 2020 EARR EWET

S 3R

(1]
(2]

(3]
[4]
(3]
(6]
[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

SRR, U RAT SHLIR UL 1t 5 SRR AT T [D]. PEAE T oREE, 2003.

WRA, W, K, TR, ardfh BRI KT NI MR AU R AR,
2018, 50(03): 289-294.

SRPUE, TR, M. — RO E R B RN RS R U A ST )], U B,
2008(09): 1561-1567.
e e, (A BRI ) ARV ) A 5 AT ST D). W 2RI KK, 2018,
NI, NS, PlE SRR AT SR BT B U AL [T]. AT J1%E, 2016, 34(05): 21-25+29.
78, I FET DR LR 7 AR A A 3 AT S B 505 B[], BHEBTIN, 2012(27): 59-
61+63.

SREL. I BE 25 AN I S R PRI 7T L A s SERE LR 1l [D]. e 7RI Dl K 25#,2018.
SRR, ST HEH I 1 07 A P 3 AT AR ML (1047 PR 7T/ D] 7R 158 kK 2#,2006.
S, a3, AR, D743 AT S RO FE IR B B BOR (D], HLds AHOR 5 R, 2004(6):
12-17

e, JroRtE, MR D AN AT S B S o 5 TRE BT J5AD]. MAs AR, 2005(02):
45-50.

FE . WP E A TSN AT SRR EOR[D]. ARAEKEE, 2011.

FEH. IR UTSRILR B LKD), 46K, 2008.

TG RH, HORAT, eniERs. 2 BRI RINE AT AR I]. M8 154k, 2016(08).

Propulsive device of the flapping wing type[J]. D. N. Gorelov.Journal of Applied Mechanics and
Technical Physics. 2014(6).

Nonlinear response of flapping beams to resonant excitations under nonlinear damping[J]. Orhan
Ozcelik,Peter J. Attar. Acta Mechanica. 2015(12).

Hydrodynamic performance of flapping-foil propulsion in the influence of vortices[J]. Xi Zhang, Yu-min
Su,Liang Yang,Zhao-li Wang.Journal of Marine Science and Application. 2010(2).

HRALES, REEHE, RGl, MilUR]. BN AT A R WB I FU )], W2 2R, 2007,28(2):
275-280.

Rl T, T R AOE SN AT RIBT E[]. WIAEARALL, 2019(01): 47.

TR 7 R AN R AT S R R BB T FE (D). KRN Tl KA, 2019.
Rt ZHERHAN A AR EEME T FE[D]. /R K2, 2017.

35



REPENARAKE 2020 EARR EWET

B

AW A2 AME 7, RAT T TR EEIRSC. EIXBES /I TR E R, 7
EURSE, WAHRATK. BAETGIEERETEIRZ WSS, HExZLETIACD
WHMEIE A, B, ZIMRIRS Tk 7. BR—RNE, £50 R, Rk
G Ii—— O T 2 X F R R ARV EAT AR IE, IR B E R ST IE. 1ER
Mg BESRTE 3 T, RA G AR IAT o ses . 2k, WA KEEZ
XTI BRI . 08, MR SCREI Sl SR . AR M SRS AR, RO EUE I
iz, FEHCOSHINE, REGHCFSIENEEL, B2, KRR Gudi, 1k
VRIS, W C, SRS CRE. FN, EaERE %8557, T
KIS T, AR AR

FEIXHL, SR B A R SO ST SCHR, SRS IX S22 [V YR S5 o35 1,
WH BT AR RIS . B, USSR AR %2, O 7ARA, 72
GAFE R E A AN BAF R Z R, TR,

I8, ek, ANEZN. HTRIFEARACIAR, SR cEst it
A, ERXH, BISSALZIM. FEMEZAMIE. FRIE!

36



