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T HEKE a re  wveral types of rudders commonly  u ~ e d  to 
achieve a desired coursc-kccping and course-changing 

ahiliry for a surface rhip.  Thc scmibalaticed ruddcr ha5 the 
fixed porlion in the  uppel- part of the Icading edge, as shown 
in Fig. 1 .  I'his ruddcr incorporates balancc arm withour in- 
troducing a vertical gap when the rudder is Laid over.  
However,  i t  ncccssarily incorporates a horizontal brcak be- 
tween the top uf the balance arca and the lower edge u f  thc 
fixed portion; this has a n  undesirable influence on its charac- 
terisricc. Mandel '  perforrncd an expcriment cflmparitig the 
tactical diameters o f  a model alterrialely cquipped with nll- 
movnblc, semihalanced, and balanced ruddcrs with similar 
gcumctric configurations.  He found that the all-movable rud-  
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dcr prodi~ces  thc smallcst tactical d ~ a m c t c r ,  whereas tactical 
diameters produced b!: scmibalanced and balanced rudder5 
have almnst the same  value. 

Close cornparision of [he configurntions nt ihc above- 
nwn~ioncd  three rudder% rhows that rhc all-movable ruddcr 
hac no fixed slructure ahead nt' the  movable portion, whereas 
thc balanced ruddcr has a complcte fixed siruclurc ahcad of 
lhc Icading edge nt. rhc movable pnrtion,  and the  semibdrtn- 
cetl ruddcr has a fixed porlion only ahead o f  the upper pari  of 
the  rnuvablc pol-tiun. Thus  thc tactical dimnetel- curve or [hc 
se~nibalnnccd ruddcl- should lie hctuccn the ~ a l u e s  of the 
other two typcs. But this i s  no1 ~ h c  caac. This is duc  t o  the 
presence or a huri~untal  gap herueer~ I hc h \cd  and ~ n n ~ a b l e  
pol-tinns of the  rudder.  

An experiment has been carricd out using a \mall platc ta 
scal off the hnrizonral gap, as shown in Fig. I .  The  scution 
~ h a p c  u f  the  rudder i q  NACA 001 5. Thc  lcst has heen carried 
out in a low-spccd wind trlnnel with a lesl 5cction of 30x 30 
cm. The freestream vclocity and ambient trmpcriiturc arc 2 . 7  
m/sec and 300 K ,  respectively. Surfacc pressure., tin thc rud-  
der fur various degree? ot-dcflcction angle were rrieasurcd. W e  



I. HYDRONAUTICS VOL. 1 I ,  NO. 2 

Fig. 3 Craph 11f increnve o l  l ift  cnefricienl. 

found thal, due IO  he prekence o l ' t i o r~mnta l  gap, h e  pressure 
or1 the pressure cide of the rudder is reduced, ~ h e r e a s  the 
pressure on the suction side is increased. A typical prcssurc 
dlstributiun fur a deflcctiun angle uf  35' is shown in Fig. 2. 
The pressure distribulior~ wilh gap condition means that the 
small sealing plate is not installed, whereas no gap condition 
means that the horironral gap i f  sealed off by the plate. Equal 

values of clearance have bccn adjusled for h e  l a o  cases 
during thc meaauremeril<. The normal forces for various 
degrees of the deflection angle were calculated, as shown in 
Pig. 3. At a large deflection angle, the improvcmcnt in normal 
force by sealing off the horizontal gap is approximately 6070. 

Flow visualization also has been accomplished for the two 
cascs. Wc found ihai the streamline pattern is improved after 
the horimnlal gap is sealed off. Before the scaling plate is in- 
stalled, (he streamlines near the gap  on the leading edge of the 
pressure side of the lnovnble portion of the rudder are deflec- 
ted upward, wherear the streamlines near the fixed portion are  
deflected downward. After the small sealing platc is installcd, 
Ihe streamlines on both portions of the rudder became more 
or  less horizontal. 

in addition to the improvement nf the nnrmal force 
produced by the small sealing plate, the large variation of thc 
center of pressure of the semibalanced rudder may also be 
reduced. 
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