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Studies on Rudders with Flap
(Ist Report : Results of Open Tests)

By Hiroharu KATO, Member
Seizo MOTORA, Member

Summary

This paper deals with experimental results of three types of rudders with flap i.e. flap ratio=0. 5,
0.25 & 0.165. Their dimensions are 200mm in chord, 40mm in thickness and the aspect ratio is
unity. They were tested at a speed of 0.69m/s with a recirculating water channel whose
dimensions at the test section are 1.2mXx0.8m,

The results are as follows ;

(1) Increment in lift coefficient is almost linear with respect to flap angles.

(2) Separation depends only on the angle of the main part and is independent from the flap angle,

(3) Change of the centre of pressure is a function of the ratio between main part and flap angles,

(4) The twisting moment of the rudder stock of a main part can be decreased by selecting the
position of a rudder stock suitably. .

(5) The moment of the rudder stock of the flap becomes larger according to the area of the flap,

(6) Best performance is shown by a rudder of flap ratio=0.25 and of rudder angle ratio (=flap

angle/main part angle) =2, which is twice as good as that of an ordinary rudder without flap,
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Table 1 Dimensions of Rudders with Flap
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Fig.3 Calibration of Three Compornent

Fig.2 Experimental Apparatus Balance
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Fig.(a)(b) Lift Coefficients and Center of Pressure
of a Rudder with a Flap.
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Fig.9 Change of Center of Pressure due to a Flap
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Fig.11 Characteristics of a Rudder with a Flap

AL SCERL V2L TRTNBEDT, FHEREOHABHLLWI K, @ B 525 LitEET
50, BIEMTRV, LI TS TIERAREL LT Bla=1 LU0 2 DB BATCEETLHZ LT b,
FROBRER T2l & D Crp, 2/c OBELOEETFS Fig. 11 ©F3, (a), (b), (¢) XFhFh crfe=

0.5, 0.25, 0.165 DFEHTH %, Bla=0 TR LELBHE DI
DHBELHETAE CoivvThikxlih, ¥t x/cD
BIP B h, 75 v 7 ORMEOFENL {mhb, &
TCHEBRE B DI 7 T v FRECILHBRCE 5 E RO BRI
bRz e ThY X7 I v FOoXEORE eFIED 1
DTHH 5,

OER N BDOEER TR D72 D Cy, Cyr OBLD
BT# Fig.12 wind, Rpo&RE&z Fig. 11 o &R
SIGEL T %0 EREEOMBIROWTIX Cy DEXEL, &
DHEAMEHRIZE—FT DX HRMNBERBATHE L, Cx
DEHEFEIL 2/c OBEE»OLRD B DT, ERBENIKK
ROFEHDERKEZVR, WTFhd AL ERERFOTHS
T ERENG, Cy DEAHEIL Bla=0, 1, 2 DIFETHEL
th, Bla=2 D r &0 Cy OBLITVTHLBELA, B/IME
B 20T ORFOX S Bk B LT\ B,

=7, Cyy XELCRBRIISE 7T v TDOREINKE
{725 & BBHEML, Fl21E cr/c=0.5 DFFIIL Cy &
Cuy OEKMERBEMC Mz A5 2 Bla=0 OBPHFD 2
fEEERR>TLE 5,

Z 2T LD X UHRESRHE DORHEZERE & LTRO X
STefEx %% %,

u CLmax

= CMmax+CMfmax
Eq. (10) o5 T8 bh ot FEHILERBEERD
REIEZRLLTOVEND, LRREVIELEF MR LW

(10)
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Cf/c=0.5 /0/ |
004 G =00/ V/
0.02 / .
Bx=2 // f
Cn O A\ /,
Bix=1 //
~0.04 > A
Pij/)kDINAWTYPE
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Fig 12 (D)

(b) (¢)
Fig.12 Cj; of a Rudder with a Flap

STENTE %o

Fig.11, 12 TR LKA TO £ DOfE% Table 3 g 5o RFD H/lorg. DIEXBFEORED # & D%
FLTWA, 75w 7DAEILOWTIE 0.25¢, 0.165¢ DETCHFITEHY, 0.5¢ DY DIXBHOMEL H TF|
Chbe FLFIULKEID7 T v 7Tk Bla=2 OFR Bla=1 X Y HFF|TH%, 0.5¢, 0.165¢ D7 F » 7D
DI, Frv 7 N1 YBELLIBEDOERTEHD ThRXF v v 7R 0 DBARCII LRI DRHEINTHZ &
NFHEIND, T2k 0.5¢ DREIRT 7 v AR EWLDIFCLOEEY 50T, Curmax. BREVWT L
3 HOTHIIPE BRI DT 5B,

FroEEr 7 oy TR —HOBREBCEEI RS L) BB L, Y v RERIOTERDOEX
CEELT7 7 v 7R EEIRS L) BB ThE, 26 LTOBRIEE~ 2 ¥ MY ChaxtCurmax L /D
L TTBTLRELDNRD, ChHDBED 2, 3 OHIIROWTHERTER S,

AERCEONLERD 7 5 v IO, cr/c=0.26 DT, Bla=2 CHEIENIE, REK, F7 A
<7 PHORIE L B, Cp i 1.65 &, CumextCusmax & 1.4 Cinh, BENCHRER 2.3 T2,

—F, TODX 5 EREDBEROMEYTIRD D cr/c=0.25 DRECOVLT, Bitdk#Hr Bla=1, 2 L LT
ERY TR0l £OMRER, KIKRT, b VEERENERED 40% ThorToL

Table 3 Characteristics of Rudders with Flap (fB/a=constant)

cr/c I G/c 29/c B/ CiLmax Cimax+CuMfmax ¢ l B/ Eora
1 Ordinary type 0.34 — 0.92 0.054+0.0=0. 054 17.0 1.0
I 0.50 0.01 0.40 1.0 1.29 0.045+0.086=0,131 9.9 0.58
m 0.50 0.01 0.40 2.0 1.22 0.013+0.093=0, 106 11.5 0.68
v 0.25 0 0.42 1.0 1.34 0.038+0.016=0, 054 24.8 1.46
v 0.25 0 0.43 2,0 1.52 0.017+0.022=0. 039 39.0 2.29
A 0.165 0.011 0.38 1.0 1.20 0. 037 +0. 005=0. 042 28.6 1.68
wm 0.165 0,011 0.40 2.0 1.33 0.030+0. 012=0. 042 3.7 1.86
astern
w 0.25 0 0.42 1.0 0.80 0.213+40. 041=0, 254 Cer. IV)
X 0.25 0 0.43 2.0 0.53 0.156+0. 047=0, 203 Cr. V)
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Bla=1; (CMmax'I‘CMfma,x) X0.42=0.041
Bla=2; (Cymax+Curmax) X0.42=0.033
Lo, FERORBOFKK IV 22 v X D/MEL %,

6 # ]

7 7 v 7O {ED BHRBRA EAKE L HEH L TR RV ROBRE B,

(i) 77 v 7RXBEHREOMI ACL ZEREOREAIC X BT ACr=constantx B (Eq. (4) BR) THb
BN, FHELT Ty TOMICE v v P2B B L AC, XKE BT B,

(ii) 77 v R LBEFENEOBE dxjc 13 EREL 7 F v 7OREAK Bla TERbLIN, Bla XKEVWEEN
SREH~TRS (Bas. (8) BIB)o

(i) 77 v 7REMOEEE—2 v Cyr FaBIXORBREFNFNBERGIT S, FLT7 5 v 7HkE L
55 e Cyy XEBCHMT 5,

(iv) REDHREDOFHAERBEE LT £=Clmax/(Citmax+Clrmax) &WB L ¢r/c=0.25, 0.165 D7 5 » 7D
FHTPERDYLBOME L D HEEN X &, ¢r/c=0.25, Bla=2 r Licd DIIRERDOHED 2.3 fE5iiinb,

R L ORI EEOMOCEET CRILGHETETWVWTHAL N, 7S5 v 72 o052 2Ly, it
DFEFHCBELUHBENHE L, R ECEFITCHLS,

Kb b ez, FHECBELBIWERWICROERCSILEBE LET %,

42 EEMMTENEEE 48 RE IHESR

43 EEMMTENEEE RIFFPEE PIHRESE

MMEENFEERE INELE SE BE SHRUERE

2 £ X B

1) A.D.Young : The Aerodynamic Characteristics of Flaps ARC R & M 2622 (1953) pp.1~54

2) MHEIEXRE : BcBrhicfto i 5 ZBER oW T, BRBLRTE, 103 5 (18 33)

8) E.N.Jacobs & R.E, Anderson : Large Scale Characteristics of Aerofoils as Tested in the Variable
Density Wind Tunnel NACA Rep. 352 (1930)

4) R. C.Darnell : Hydrodymanic Characteristics of Twelve Symmetrical Hydrofoils, U. S. Experimen-
tal Model Basin Rep, 341

5) BERTE:(75v7) 0bsROEH, MEPERIER, 55 5 (P 4) pp.47~64
6) SFBER : 2&hxFR, HEAM (/B 36)

i) 23

EEL 7 T v TRES L LEOBRICEE CRRIT 5BBOfY Fig. 13 il %, V v7 oJEXRPIRRT
I3BSE, ak BRI Fig. 14 RTX 5%, UTFTZhEhie oL TETHAT %,

Fig.13 (a)

Vv Iy O—BIIBECEEL TS, Vv 2 OWBICEIALEOL 2FNIEEETE %,

'-—*14—"1 £=1.0 2
=0.28 ‘ o i
a ) « M [y '}2,..0‘33 C) £i=0.05
H4=1.05 G L2=10
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N
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3
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Fig.13 Devices of Flap Movement with Links
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60 Fig.13 (b)
} () 2PUTHBRY Y2 DB L Db hICAT 4 ¥
50 / THMAVEL %, & OEBEIIMED FTIC A5 4 FIiou
// T BRICT B L b EL bR Be (2)(b)DEELY v
20 PREDIC T % D CRYER BB TH A 5 2%, KE T BIE L

P y | // L/ WKIC o 5 R A5 B o
(degnee) a//b Fig.13 (c)
30 7

4 EfE 4y 2 BORLENC LT, PEloEIREcEEsE
Bo EREAREEET S LETEIC L b o bhic ) v u, O

/)
20 //%Q/ ﬁﬁﬁ??vfmkboﬁta~7%ﬂb,79yf%@ﬁs
/

Bh, COBBIIBRCIRPRABTE B2, EAOERKS

10 HICLOT Blee BRRRDZENRRETHB, LL h=lg=
0.057, BEw L a=135° KL B=37.3~—32.7° BE
0 0 20 30 40 in b ER ERER
- X (depree) - Fig.13 (d)
b2 , & O LT, DB R,
Fig.14 Angle of a Flap due to Links () X[FURR, EREx Mk R Ll LT, SHUORNLER

HEOENIY Y2 2B UT7 7 v - E DT %, FOENLHE
HEHIC X ) A ARICERS €5, b LMo AT L /M0 2 el Bla=1 OEES, 35k
M Bla=2 ORFEAERINS, Zhid Cy, Cur ©H LTIRENRL 7 5 » 75 B A EEXETL50 LA
CTChHDH, BIEEEDOAREIL (Cumax+Curmex) L D/PXLTI W
LD 4 EOREDOWNT ¢p/c=0.25 L, @, B % Fig.14 0 X 5ikh %, 3HNPHEL, Cumex, &5
wRDIo LOFERE Table 4 KRS o Cumax BERERES LEBOMEIEY RO THELLLDOTHY,
FRBRBELBRINTHDI T 30T, SFLLERNABRRIITEIRGRT T v 7O IHERERDIE X
YEFTHSDZ LIk b, ¥7Fho range of angle DX, FDOEEOEA CFONEAY L CHEEAT S
CEDBRARETH DY, HYUTRIDODTEILEREDL LT B,

Table 4 Characteristics of Rudders with Flap (with links)
cr/e=0.25  G/c=0.01 -

Ruddge;/:tmk Range of angle Crmax Cimax e #/Fora
a 0.42 ax30° 1.25 0.023 54 3.2
b 0.40 ax25° 1.25 0.015 85 5.0
c 0.44 . a<35° 133 . 0.053 25 . 15
d 0.44 a<30° 1.52 0.025 61 3.6 (G/e=0.0)
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