5 Um A EDKE R 2 iR R

NACA0020 Z|HE vk zhJ114 sEH

KRR, MY, LBAY, FRAS, ARV

St

C AR TR E e, 2 b E A S R TR AT )
C_EWRE A, G S @M TRE%, L, 200210, Email: Jzhang_maric@163.com)

BE: Z HA 5% T NACA0020 ¥ E AL A Mk dk, B M TMER 5 EF M A Mo %
R, ARG BRME N X EF, AFREA AR f £ T E & WA IDDES 87 CFD 17
EHFFTERGMRBEATHE, THERHBRNEHRT R E 2R TH W EA R HTH
R, BT HBIERS EEEIL CFD 7 &k B AT T 24T X A B A S A M RE AT B M 4T,
&7 NACA0020, =& W4, IDDES

1 5

a3

XTI AT & BT MOE AR BRSO, AEREA RV L, Hrp R RS
REmHA AR, BRI TRERIZKSh 775, JUHZ RIUA N K sh g Re B 70k BAS L v &
B, TN T AR T T B B 3 A A 3k B DL SR ML A UTIE DA K SRR A F B B AT 148 S 58
BB o AT RD RT3 AL B T R VAT eV R RS A B AR B R Y, A
NACA0020 FEAFEKBN JT I RERAT O TE, 25 HHAEARIBUR R 71, BYEREZA, (A
X H I R e AT R 50, SR EK B I HERE IR, REREL, H— PR
R U e v o 3 2R e B

AT CFD JiiEx e B A AR 7K B 1 REdEAT W 78,  Horh CFD SRR &3 8 H3%
B3 T OpenFOAM HE CFD #2/7 & H £ K IR 4 overFoam-MARIC, 1%Kffa4E
FRE B AR, BeA SO ERNE K A e s, E KRIAIRES R 52 5 R 2L
5, CFD &£ M IDDES iy, #fifRxd 0 B imm st A 20 . A0 585t
NACA0020 EAIFE SOUA B 40°BUH QPR HAT 7THUE TR, X R FAT Tt % e By sk
) MARIC fERYIEAT 7 AHIR) COURITTEED, RIS XS PR R 2L K 3 77 PR BeFRATT AT T3k
OB TT, AR AR BLEX LR B B KB itk Re, R RAHRMTHEL, [Frf@Ed CFD
KA B A, B FE R AR PR S Hin e R, #—Bie&it, H
TRIMERR S, R 5°~40°% 1 N NACA0020 38 CFD 115 45 Rt AT En i, s

- 1069 -



5 Um A EDKE R 2 iR R

W SRET I, LS KB P REIE R & o

xz1 fReBSH

T H FAARL SR i
[ - NACA0020 %4
FETEAN Ag m’ 62.07 0.0686
it hr m 9.45 0.315
I8 e m 6.57 0.219
JER T 5 m 6.30 0.210
TO T 1 5 m 7.59 0.253
B A - 1.438

TSR BB R REOR, T SRR A 1 557 WA+ I A RS 1) 7 5, 6 A R B A 49
T HAMEER, WRPRREEAZ, TR, B, Za A% REAZ. A0
TR 3m/s 57K 5 — 2.

3 HETA

AHEFE CFD 5, {#i 13T OpenFOAM 1 1 8 B W K4 SR % 2% overFoam-MARIC!",
HEZRAIMAES OpenFOAM i KA AL, il 7 R ES TR E 2, i
WA KA kOmegaSSTIDDES, ¥ T 71 f# AR | OpenFOAM 474 ) PIMPLE #3i%, 75
FEEH B ) SRS B IR P A S, AR iy BR S 0 22 ks X, P ks
Hl ZE kg, ORI T A PR W B O 2

4 TR

ZAEEL B )+ DTSR AR G an B 1 B, ForBE B BUR RS R T G OR,  E
53CER[2-3]F Fin i) NACA0012, NACA0024 FefpIRH e M, ST it &, 18
KBUATED e IR IS, BT B X 38 K/, B 2 s m, At 55
AT SR REBCA TSR] 40005k LT S NS, B3 kAl B, BT S B nta
HOLLY, 1E2]F, H CFD WHEMRMIRBLEIME: SCHR[4]1% X — R NACA
FEZL KB 1t ReHEAT T RIS B BB 2T, KB/ NACA MEZBYTE 35° R4 Il 4 o
R, AHSCE AW AR R KR s T WAL, B ST R IR AR T AR Y, 1 ST
T IR B BT A (0 A A LKA I RE B AP R A BB I 5, X 5 AT 17K e

- 1070 -



5 Um A EDKE R 2 iR R

WSS R IXE AR R AERRRE, X T35 92 AR, SR (0 Jir AT TS 1 RIS I it
B R B A RV, R U R R SR R, B ) R ZE AR NI
PR I/NBCE ISR, BRI _E RS A A SR R O I3 ST 07 AN, U R
DITT S RARK, FTCASR BT RN, EX T AP SR, BT A B R R ASE,
It CAANR] i FE AR T s Bt ¥ A BANIR], ASTR]= FE RIS IO AR LT, AN H A S [ s 22 0
Ny ISEEATE FUTH S I R M BUEBL SR, 2SR5 UM (K3 KRS T VA AR 7 Bz 5 Pl
J177 10— BUH E 2 BT 3N RIS OL, (ERARRER M — e 40° DA, BTBLEE K ZUA
X E AT LA R A F 2 FE R TR PERE ™ AR, AR ST R e RE
MR R, HIRECY le6 B, MSEATRIY 1e8 B, o PEREIRMFEATE L

0

120 T T
cFp —i—

EFD —@—

100 [
-50 ¢

80

/IN]

-100

60

Drag /[N]

Lift force

-150
40

-200
20 -

crp —i—
EFD —@—
L 1

o 1 1 I
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

Attack angle / [Deg] Attack angle / [Deg]

K1 7). THRESOA AR £

MIRIAGEFIRT, HEEAE 2 v DR KR T ERE DT R o5, 7R TR AR, e
HRRBAMTH, WS e SUem THIhEER R, WeFRERIREX, s
RErF IR BIHLER, Z e A2, AT ISR —E RFKX, ZEHH.
T B SR A EAE T S B a2t B 3 BRI IR AR s BE 7 v AR Y, 70T
TSN 77 B R AEAE AL BEA AL B, B T 38 R0 00 7% et B I M 1S K, 7EmE B 8l 4
BENE LT B BAE R G, BE A TUA RS i I v A BB ) 5 14 8 B AE
35° L 40° MU N LTFAESIABR AR AE T Bs, A R b A SO B O sG aE, E b
SCRBHB IR B, RN TR, R B A BT A, B SO R
K il B%3), FEHE RIS TR Z N, AR 7% &R EE 5° KA
RS AL E AR AN E, AKX, BRI R E AR,
AT A S FEAEAULE 40° B AR IS, 5—8 NACA HAUAF,

- 1071 -



U A EDKEN A SRSk

B2 AFEZA T KT EE S =

-1072 -



5 Um e EDKE A 2 1R S

B3 AFEZCA T KT R R =

-1073 -



5 Um e EDKE A 2 1R S

\§h§$

=
w

<, "

T commentSR & 2
‘ . RN

ticity M X
vorticity Mag \

0 150 300 " N

vorticity Mag vorticity Mag

0 150 300 0 150 300
-

L b =

B4 AR AN R 3 i i B /KT 9 4 2 1

K 4 25 7 AR ARSI SE R, AT DR B /NSO DURE BT RS o 7 0 9 LU

- 1074 -



5 Um A EDKE R 2 iR R

MIse B,  HAE AN R S5 F AL, BEAE O R3S K5 i s BEIE AT G K, HASRI
T (R B A 22 57 38 s R, R T o 5 [7] P8 AN 389 50 Pt AR SR U RE 2R R e A ] 6 K
IR AN

& % X M

1 Zhang Chenliang, Liu Xiaojian, Fan Sheming. Implementation of overset grid in OpenFOAM and its
application to ship maneuvering. Exeter, UK, 2017.

2 Tasif Tahsinul Haque, Rahman Habibur, Fazle Arafat Bin, et al. Numerical prediction of flow past a marine
rudder. Procedia Engineering, 2017, 194: 59—66.

3 Van Nguyen Trieu, Ikeda Yoshiho. Hydrodynamic characteristic of rudder sections with high lift force. J Jpn
Soc Naval Archt Ocean Eng, 2013, 19: 403-406.

4 Carr Jared, Ferraz Rafael, Gao Songqi, et al. Investigation of the effect of tubercles on airfoil performance.
2014.

5 Miller Steven. Lift, drag and moment of a NACA 0015 airfoil. Department of aerospace engineering, 2008,
28.

Investigation of hydrodynamics of a NACA0020 section rudder
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Abstract: This paper focuses on the hydrodynamic performance of NACA0020 section rudder,
aiming to study the relationship between the rudder airfoil and its lift resistance performance, and
provides theoretical support for the selection of rudder type of actual hull. This paper uses towing
tank test and CFD simulation based on overset grid and IDDES turbulence model. The rudder
type was studied. At the same time, we also studied the comparative study of our own designed
concave airfoil rudder. Due to space limitations, this paper mainly analyzes the NACA rudder
hydrodynamic performance through the flow field given by CFD method.
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