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RATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH m0-rn 

fo r  the 

Bureau of Ships, Department of the Navy 

SUBMIWE IN THE M G L E Y  FULL-SCALE TUNNEL 

By Bennie W e  Cocke, Stanley Lipson, and W i l l i a m  I ,  Scallion 

1 Tests of a-scalem model of a proposed 153-foot high-speed submarfne 
5 

have been conducted i n  the Langley fu l l - sca le  tunnel a t  the  request of 
the Bureau of Ships, Department of the Navy. 

The t e s t  program included: (1) force t e s t s  t o  determine the  drag, 
control effectiveness, and s t a t i c  s t a b i l i t y  charac ter i s t ics  f o r  a 
number of model configurations, both i n  p i tch  and i n  yaw, (2) pressure 
measurements t o  determine the boundary-layer conditions and flow char- 
a c t e r i s t i c s  i n  the region of the  propeller,  and (3) an investigation 
of the e f f ec t s  of propeller operation on the  model aerodynamic 
characteri  s t i  c s , 

I n  response t o  o r a l  requests from the Bureau of Ships representa- 
t i v e s  t h a t  the basic  data obtained i n  these t e s t s  be made available t o  
them as  rapidly a s  possfble, t h i s  data report  has been prepared t o  
present some of the more pertinent r e su l t s .  A l l  t e s t  r e su l t s  given i n  
the  present paper a re  f o r  the propeller-removed condition and were 
obtained a t  a Reynolds number of approximately 22,300,000 based on 
model length, 

SYMBOLS m COEFFICIENTS 

The symbols and coeff ic ients  used i n  the presentation of data were 
chosen i n  accordance with one of the standard systems given i n  re fer -  
ence 1, A l l  moment coeff ic ients  p~esen ted  have been computed about a 
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model center of gravity which corresponds t o  the ful l -scale  submarine 
cenber-of-gravity location specified by the Bureau of Ships as  9.05 f e e t  
forward of the midlength point and 13,94 f e e t  above the base l ine ,  

la teral-force coeff ic ient  
(+.:.2). 

rolling-moment coeff ic ient  (;.:..) 
pitching-moment coeff ic ient  

(+;3.) 

yawing-moment coeff ic ient  

d ~ a g  force i n  direct ion of r e l a t ive  flow, pounds 

la teral-force component, posi t ive f o r  force act ing t o  
starboard, pounds 

ro l l ing  moment, posit ive when act ing t o  produce heel t o  
starboard, foot-pounds 

pitching moment, posi t ive when acting t o  produce posit ive 
p i tch  (nose up), foot-pounds 

yawing moment, posi t ive when act ing t o  produce yaw t d  
starboard, foot-pounds 

pound-second 2 mass density of a i r ,  
fee t4  

free-stream velocity, f e e t  per second 

length of body (30.667 ft) 

loca l  velocity, f e e t  per second 

angle of attack, posi t ive nose up, degrees 

angle of yaw, posit ive nose t o  starboard, degrees 
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rudder angle, posi t ive when t r a i l i n g  edge deflected t o  
por t?  degrees 

stern-plane angle; posit ive when t r a i l i n g  edge deflected 
down, degrees 

Reynolds number 

static-pressure coeff ic ient  

dynamic-pressure coeff ic ient  

P loca l  s t a t i c  pressure, pounds per square foot 

Po free-stream s t a t i c  pressure, pounds per square foot 

90 free-stream dynanic pressure, pounds per square foot  

C1 absolute v iscos i ty  of a i r ,  pound-seconds pey square foot 

loca l  dynamic pressme, pounds per square foot 

'dr bridge fairwater dorsal rudder angle, posi t ive when t r a i l i n g  
edge deflected t o  port ,  degrees 

MODEL 

The model used i n  these t e s t s  was 115 f u l l  scale and was con- 
s tmc ted  t o  duplicate a s  c losely a s  possible the de ta i l s  of double-hull 
construction such as  bulkhead locations, margin-plate ins ta l la t ions ,  
and so fo r th  a s  shown on Bur3au of Ships drawings fo r  the  ful l -scale  
submarine. Flooding and venting hole dimensions fo r  the  model were 
1/5 scale and the  hole arrangements corresponded closely i n  number and 
location t o  those specified f o r  the fu l l - sca le  submarine. 

Photographs of the model for  several t e s t  configurations a re  shown 
i n  figures 1 t o  7, 
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DATA PRESENTATION 

Drag 

The r e su l t s  of the drag investigation a re  summarized i n  tab le  I 
and drag polars f o r  three of the  configurations a re  shown i n  f igure 8. 
These r e su l t s  indicate t h a t  the drag of the complete scheme-2 config- 
urat ion (D? = 0.00188) i s  63*4 percent higher than the drag of the  
basic hu l l  (D '  = 0.00115) This drag coefficient increase of 0.00073 
i s  composed of increments of 0,00028 f o r  the rear  t a i l  i n s t a l l a t ion  
( f i g ,  2 ) ,  a t o t a l  of 0,00027 charged t o  a l l  flooding and venting 
openings, and 0.00018 f o r  the scheme-2 bridge Pairwater ( f i g ,  7). 
Tests of the minimum bridge fairwater and the  forward-located t a i l  
i n s t a l l a t ion  show t h a t  the complete model drag would be reduced approxi- 
mately 10 percent with these a l te rna te  appendages ins ta l led ,  The 
detai led flow studies i n  the junctures of the  bridge fairwater and the 
t a i l  assemblies indicated tha t ,  except a t  the sharp afterbody of the 
minimum bridge fairwater,  no separation tendencies were evident. The 
attempt t o  reduce the drag of the scheme-2 r ea r  t a i l  configuration by 
extending the chord and reducing the trail ing-edge angle of the thick 
inboard s t r u t  and by f i l l e t i n g  the s h a q  s tep juncture d i d  not r e su l t  
i n  any appreciable drag reduction; t h i s  r e su l t  i s  a t t r ibuted  t o  the 
f a c t  t h a t  the  greater  portion of t h i s  section of the t a i l  was enveloped 
by the thick boundary layer  of the hul l .  

S t a t i c  S t a b i l i t y  

Some of the more s ignif icant  r e su l t s  of the s t a b i l i t y  i n v e ~ t i g a t i o n  
a re  presented i n  figures 9 t o  14. The e f fec t  of the three s t a b i l i z e r  
and diving-plane configurations on the variat ion of the  pitching-moment 
coeff ic ient  with angle of a t tack i s  shown i n  figure 9 and with diving- 
plane deflection, i n  figure 10. Figure 11 presents the pitching-moment 
coeff ic ient  stern-plane deflection curves f o r  a = -0.3' from figure 10 
a s  an a id  i n  rapidly comparing the s t a t i c  longitudinal s t a b i l i t y  of the  
three diving planes. While the  data are not presented herein, t e s t  
~ e s u l t s  show the scheme-2 bridge fairwater gives a small nose-up 
pitching tendency (M~, approximately 0.0002) throughout the a range 
investigated ( 5 . 7 O  t o  -6.3'). 

The variat ions of yawing-moment coeff ic ient ,  rolling-moment 
coeff ic ient ,  pitching-moment coeff ic ient ,  and la teral-force coeff ic ient ,  
with angle of yaw, are  presented i n  figure 12 for  f ive  different  
appendage arrangements on the operational hul l .  The operational hu l l  
i s  defined as  the  basic body with a l l  vent and flood holes open. The 
model configurations were selected so tha t  the e f f ec t s  i n  yaw of the 
scheme-2 rudder, the forward located rudder, the scheme-2 bridge 
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fairwater, and the minimum bridge fairwater may be separated and 
eerg analyzed, e i the r  alone o r  fo r  various operational arrangements, The 

e 
eeega destabi l iz ing e f fec t  of the large scheme-2 bridge fairwater on the  

s 
l a t e r a l  s t a b i l i t y  charac ter i s t ics  i s  very evident i n  the data presented 

ee  
e t i n  ffgure 12. The r e l a t lve  ineffectiveness of the scheme-2 bridge 

B 
e fairwater dorsal rudder ( f i g ,  7) i s  shown i n  figure 13 f o r  two angles 

of yaw, The effectiveness of the rudde: of the  forward t a i l  configura- 
t i o n  i s  shown i n  figure 14  t o  be greater a t  the  higher deflections than 
t h a t  f o r  the r ea r  scheme-2 t a i l  configurations, 

Boundary Layer and Wake Surveys 

The r e s u l t s  of pressure surveys obtained on the hu l l  surface, i n  
the bolmdary layer  a t  the a f t  portion of the hul l ,  and i n  the body 
wake, both a t  the propeller disk and 9 inches behind the model, are  
presented i n  f igures  15 t o  18, The variatfons with yaw of the surface 
s t a t i c  pressures measured along the longitudinal center l i n e  on the 
starboard side of the h u l l  a re  shown i n  figure 15. The sharp break i n  

1 the pressure d is t r ibut ion  occurring approximately 2- f e e t  a f t  of the 
2 

nose i s  caused by a s l igh t  discontinuity i n  the hu l l  surface where the  
nose section, which was readi ly removable f o r  maintenance purposes, 
joined the  main part  of the hu l l ,  Figure 16 presents the boundary- 
layer  veloci ty  prof f les  i n  fract ions of free-stream velocity along 
the a f t  portion of the hul l .  A l l  of the boundary-layer surveys were 
made along the longitudinal center l i n e  of the  upper surface of the 
hul l .  The wake surveys are  shown i n  figure 17 fo r  the scheme-2 rudder 
and 332-square-foot diving-plane ins t a l l a t ion  and f n  figure 18 f o r  the 
forward ta i l - sur face  arrangement. For the former configuration, two 
survey locations were investigated, one a t  the  propeller disk 
( f i g .  17(a))  and one 9 inches a f t  of the propeller disk, These 
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3 s  1a8 r e s u l t s  a re  presented a s  contour p lo ts  showing l ines  of constant r a t i o s  
eeeei of loca l  dynamic pressure t o  free-stream dynamic pressure with the 
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(D e measured loca l  static-pressure coeff ic ients  indfcated throughout the 
wake. 
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Model configuration 

with the 332-square-foot diving plane and 

scheme-2 tail surfaces 

surfaces removed 
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Figure 2,- Scheme-2 f i n  and rudder with 332-square-foot diving planes 
ins t a l l ed ,  
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Figure 3.- Superstructure flooding and venting hole arrangement with 
minimum bridge fairwater ins ta l led ,  . 
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Figure 4.- Main ba l l a s t  tank flood holes with .scheme-2 bridge fairwater 
ins ta l led .  
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Figure 5 , -  Modified scheme-2 t a l l  i n s t a l l a t i o n ,  
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Figure 6.- Forward-located tail-surface arrangement, 
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Figure 7 , -  Scheme-2 bridge fairwater, 
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0 Sasic hull ( tes t  1) 
0 @era%ional hull with scheme-2 t a i l  

surfaces (332-sq-ft diving planes) 

0 Gperational hull with f orward-located 
t a i l  surfaces ( tes t  a) 

Figure 8.- Variation of drag coeff ic ient  with angle of a t tack  f o r  three 
model configumtions. (See tab le  I ,) Jr = oO;. Er = 0'; 6, = 0'. 
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0 Tai l  surfaces removed 
Scheme-2 rudder with 202-sq-ft 
s t a b i l i z e r  

0 Scheme-2 rudder w i t h  332-sq-fL 
s t a b i l i z e r  

a F o m r d  lccated t a i l  surfaces 

Figure 9,-  Variation of pitching-moment coef f i c ien t  with angle of a t t a ck  
f o r  operational  hul l ,  including bridge fairwater ,  with and without 
tails i n s t a l l ed ,  I) = 0'; fis = 0'; 6r = 0'. 



(a) Scheme-2 tail with 332-square-foot diving plane, 

Figure 10.- Variation of pitching-moment coefficient with diving-plane 
deflectfon and a for three tail configurations. = oO; 6r = 0'. 
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(c) Forward-located tail configuration, 

Figure 10,- Concluded, 
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Figure 11,- Pitching-moment coefficient variation with diving-plane 
' 

deflection for three tail configurations. a = -0,3'; $ = oO; 
6, = oO, 
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Operational hu l l  with forward-located t a i l  
surfaces and mini~um bridge f a i m t e r  

Operational hu l l  ~ 5 t h  f orward-lc -ated t a i l  
surfaces and scheme-2 bridge f a i m t e r  

Operational h u l l  with scheme-2 rudder, 
332-sq-f't s tabi2izer  and scheme-2 bridge 

(b) Rolling-moment coefficient, K B  . 

Figure 12.- Continued. 



0 Operational h u l l  
Cl Operational h u l l  with f omrd- loca ted  t a i l  

surf aces 
0 Operational h u l l  with forward-located t a i l  

surfaces and minimum bridge f a i m t e r  
A Operational hu l l  with forward-located t a i l  

surfaces and scheme-2 bridge fairwater 
b Operational hu l l  with scheme-2 rudder, 

332-sq-fP, s t a b i l i z e r  and scheme-2 bridge 
f a i m t e r  

(c) Pitching-moment coefficient, PI@. 

Figure 12.- Continued, 
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0 Operational hu l l  
Operational hu l l  with forward-located t a i l  

0 Operational h u l l  with forward-located t a i l  
surfaces and. ininintun bridge ia i rwater  

A Operational hu l l  with forward-located tail 
surfaces and scheme-2 bridge fairwater 

8. Operational hu l l  with scheme-2 rudder, 
332-sq-ft s t a b i l i z e r  and scheme-;! bridge 
f a i m t e r  

I 
(d)  Lateral-force coef f ic ien t ,  Y p 8  

Figure 12,-  Concluded, 
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O 2&a55 f t  a f t  o f  nose 
(, 80 h u l l  length)  

26.95 f t  a f t  of  nose 
(,88 h u l l  length)  

0 29,29 ft  a f t  of  nose 
(,96 h u l l  length)  

(a)  Effect  of longi tudinal  posi t ion,  a = -0~3'. 

Figure 16,- Velocity p rof i l es  i n  the  bounaary layer  along t he  top center 
l i n e  of t he  h u l l ,  J/ = 0'. 
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( c )  Effect  of h u l l  condition. a = -0.3'; posi t ion,  0 ~ 9 6 2  

Figure 16, - Concluded, 
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( a )  I n  t h e  plane of propel ler .  

Figure 17.- Var ia t ion of l o c a l  dynamic pressure r a t i o s  i n  the  region of 
t h e  propel ler .  Complete scheme-2 configuration with o 332-square-foot 
diving plane. Propel ler  removed. a = -0.3'; 1 = 0 . 
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(b)  Mine inches aft of propeller,  

Figure 17. - Concluded, 
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Figure 18,- Varia t ion of l o c a l  dynamic-pressure r a t i o s  i n  a plane 
9 inches a f t  of t he  propel ler .  Complete scheme-2 configuration 
with forward-located t a i l s ,  Propel ler  removed. a = -0.3'; $ = oO, 
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