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On a Test of the Steerability-comparison between the two Rudder-models,
a Rectangular Cross-section one and a Streamline Cross-section
one, with the Use of the Wind Tunnel Balance -

Yoshikazu Narasako, Hiroshi Nakavama and Masahiro Irvo*

Abstract

Concerning the characteristic effectiveness of the specially deformed rectangular cross-section
Rudder, built in the ship-building yards in Kagoshima Prefecture, and adopted in Yamakawa and
some other districts, there has been made no researches in ascertaining its merits in comparison with
the typical stream-line cross-section Rudder used far more widely. This is the reason why a test was
carried out on the steerability-comparison between the above mentioned two Rudder-models, a
Rectangular Cross-section one and a Stream-line Cross-section one, with the use of the Wind Tunnel
Balance newly set in our Faculty, the items ascertained are as in the following:

In Rectangular Cross-section Rudder, both Lift Coefficient (C.) and Drag Coefficient (Cp) are
larger than those in Stream Line Cross-section one. But under the usual Rudder angle 10~25°, the
increased percentage of the Lift Coefficient is considerably larger than that of the Drag Coefficient ;
namely, under the biggest Steerability, when Reynolds number is 1.8 x 10, the increased percentage
is 30% ; likewise, when 4.0x 104, it is 23% ; when 5.9x 104, itis 18% ; when 7.8 10%, it is 14% ;
which shows that the effectiveness of the Rectangular Cross-section Rudder is obviously higher than
that of the Stream-line Cross-section Rudder, which also means that the former is superior to the
latter. In this case, it is without saying that the disadvantage in the form of the Rudder Drag is
accompanied inevitably. But, as is to be seen in the following table the amount of the Drag under
the above mentioned Reynolds number is, at its maximum, 24 %, 13%, 10%, 7% respectively. Hence,
the reasonable conclusion that, at least, on board of the small sized vessels operating within narrow
bays and coves, and in which Rudder effectiveness rather than the Navigation speed is necessitated,
the popular use of this type of Rudder might be encouraged more widely than it is to-day.

Reynolds number ACL/C(%) 8 Gp/Cp(%)
1.8 10¢ 30 24
4.0x 104 23 13
5.9x10¢ 18 10
7.8x10* 14 7
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Fig. 1. Open-circuit wind tunnel (Side View)
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Fig. 2. Open-circuit wind tunnel (Front View)

Fig. 3. Open-circuit wind tunnel (Back View)
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Fig. 4. Distribution of wind speeds at the test section
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Fig. 5 Wind tunnel balance
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Fig. 9. Lift and drag of a rudder model
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Fig. 10. Lift and drag of a rudder model
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Fig. 12. Lift and drag of a rudder model
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BERTHVRICHEARBICR TEOBEAMRE S U, BE LK EEEEIC .08 R ic
T HREDEN (RE, RIEK) 2% TRTE
300 rpm ¢ +4.3%, —3.0%
600 rpm T +5.5%, —3.0%
900 rpm T +3.6%, —5.0%
1200 rpm © +3.1%, —3.8%
2) EBHERITOWLT
AR, WREIMH &M Z M 15° Lid C, RKERMICALAL, ZhUBEBHRNEE
55 5. AU Fig. 9, 10, 11,12 THH S L S ICARM TR C, OMIHDZ A 15° HHE
POMBBMEDPZOREFIESHL TS, CCTHIA20°HET—EBIET L TL 35
ZRBHROEANDPSKBHRR L UTHBMB LT HAARERD LSRR LAREL L IHRT
H3. TORHOEMEEIRIZ
300 rpm T # 2 sec, # 2 cm
600 rpm T #7 3sec, ¥ 4cm
900 rpm T # 3 sec, ¥ 6 cm
1200 rpm T #7 3sec, ¥ 7 cm
A LT HARMBHMEICH~T C, C, KEL, 204 C, ORI EH OB
> TRIDREERL, Cp ORMITHIHOBMBE > THROMBICRIZ TR O MERT.
o TABFRMENORTRETINMEDOEATRESETIEELS. MINT—RICED
NTOZHAKEA 10~25° TZORERTHIE, ARSKHEREICH~ST C, 0¥ C)
OGP YKE BRI THRAE2.30 m/sec (L 4 7 X% 1.8%10%) T30%, 5.10
m/sec (4.0X10%) T 23%, 7.45m/sec (5.9%X10%) T18%, 9.75m/sec (7.8x10%) < 14%
DHERL, FERDEME > TL 4 2 VZBORKICHEL > THIR T OB & 2450 5 %
56 ODMhOBE b ABBEIMMENE L VK& ZORENBERTO 3, HTOBE
FEDIMMDEKR & T I AFRFIBEMEEAEIL N, CORBIGROME (L4 2 %) KWL
TROUKRNRK 24, 13, 10, 7% 0#TH 3, (Table 1 £R)

Table 1. Values of AC./C, and AC,/Cj for Reynolds Number

R 2CL/Cp (%) 2Cp/Cp (%)
1.8x 104 30 24
4.0x 104 23 13
5.9% 104 18 10
7.8%x104 14 7
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RIS RMA M 5B, TORIBIGROV 4 7 v T LkhKRhBEK 24,13,10,7% D
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Zzoh3.
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