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' f o r  t he  . 

Bureau of  Aeronautios, Navy Department 

AEP-ODYlUkIC CHARACTEtiSTICS OF h FLYINGBOAT WU 

By John M. Riebe grid Rodger L. Naeseth 
.~ 

im i nves t iga t ion  was'maiie i n  the Langley 330 YlPET 7- by IO-foot' 
tunnel to  determine  the aerodynam5.c o h a r a c t e r i s t i d s  of a f lying-boat  
hull  of a length-beam r a t i o  of  15 i n   t h e  presence of a wing. The 
Inves t iga t ion  was an extension of previous tests made on h u l l s  of 
length-beam r a t i o s  of 6, 9, and 12; these  hulls were designed to have 

spray and resistance' c h a r a c t e r i s t i c s ,  
. approximately  the 6m.e hydrodynamic performance w i t h  respect t o  

. .  *. , . 
Comparison w i t h ,  the.' previous i n v e s t i g a t i o n  a t  lower length-&= 

r a t i o s   i n d i c a t e d  a'reducti'on i n  mintmuin drag o o e f f i c i e n t  of 0.50 06 
(10 peroent)   wi th   f ixed ' , t r&nsi t ion"when the 'lengthrbeam rat io  was 
extended from 12 t o  15.' " A s .  wi th  the h u l l s   o f .  lower length-beam  ratio, 
the  drag  reduotior; '  w i t l i  8 length-beam 'ratio. of 15 ocourred  throughout 
t h e  range o f  angle of a t t aak ,  tested -and '.the angle  of a t t aok  for minimum 
drag was i n  the rang& From 2a t o  39 .  '&Inoreasing  the length-beam 
ratio from.12 to 15 reduced the'huL1 ' l ong i tud ina l   i n s t ab i l i t y lbp  an 
mount  oorresporiding- to' an aerodyr~im'Zo-oenter s h i f t  of about - percent  
of t h e  mean nerodynsinib ph&d "of the hypothetical f l y i n g  boat.  kt 
an angle df a t t a c k  of 2O', t h e  'value of the: v a y i e t i o n  of ysxing-moment 
coefficient n5th anglg of yaw for c length-beam r a t i o  of' 15 was O.COl&, 
which was O.OOCO? larger thsn %he v a l k  for i length-besm r a t i o  o f  12. 
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INTRODUCTION 
j . " . ... . . . .  

In view of the   requirements  .fpr increased  range and increased 
speed in flying-boat designs,   the  € h e w  of :Aeronautics. N3v-y Department, 
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has requested an i nves t iga t ion  of t he  aerodynamic c h a r a a t e r i s t i c s  of 
f lying-boat hulls as a f f e c t e d  by hull  dimensions  and hull shape. 

One phase  of this invest igat ion,  the e f f e c t  o f  length-beam r a t i o  
on a series o f  hulls designed t o  have no appreciable  chwge i n  hydro- 
dynamic  performance with r e s p e c t  t o  spray and   r e s i s t anoe   aha rnc te r i s t i c s ,  
has  been  presenked in referenoe 1. The results o f  the inves t iga t ion  
have shown that substantfal   drag  reduot ions  can be a t t a i n e d  by extending 
length-beam r a t i o s  up t o  the highes t   va lue   t es ted ,  mmely, E, and has 
indioated that fur ther   d rag   reduct ions  might be obtained a t  still 
higher length-beam r a t i o s .  

The present  investigation,made in the Iangley 3 00 WE 7- by LO-foot 
tunnel, i s  an extension of the models of t h e  series of   r e f e rence1   t o  
a length-beam ra t io  of 15 ( Langley tank model 224). As i n  the i nves t i -  
gation of reference 1, t he  drag and stability parameters include  the 
e f f e o t s  of wing interference.  Throughout the p resen t  paper the 
term "hu l l  aerodynamic c h a r a c t e r i s t i c s "  is used t o  i nd ica t e  hull 
aerodynamia o h u r a c t e r i s t i c s   w i t h  wing interferenoe.  

COEFFICIENTS AND SYMBOLS 

The r e s u l t s  of t h e   t e s t a  & r e  presented as st;andard NACA c o e f f i c i e n t s  
of   foraes  and moments. Rolling-mcanent, yawing-moment, and pitching- 
moment c o e f f i o i e n t s  are given about   the  locat ion (wing 30-percent- 
chord  point)  shown i n   f i g u r e  1. Exoept where noted, the wing mea ,  
the  mean aerodynamic  ohord,  and  the span of a hypothet ical  flying boat 
derived f r o m  the -WBB-1 f l y i n g  boat ( f i g .  2) a r e  used in  determining 
the coe f f io i en t s  and Reynolds nmibers. The d a t a  are r e f e r r e d  t o  
t h e   s t a b i l i t y   a x e s ,  which are a system o f  axe6 having   the i r  origin a t  
the  oenter  of momerlts shown in f f p e  1 and i n  which the  Z a x i s  i s  
i n  the plane of symmetry and perpendicular t o  the r e l a t i v e  wind, 
the  X axis is i n  the  plane ' o f  symmetry and perpendicular to the  Z axis, 
and the Y axis is perpendicular t o  the plane of symmetry. The 
pos i t ive   d i re .c t ions  o f  .the , s t a b i l i t y  fixes a r e  shown in f i g u r e  3 .  

, .  

The p o e f f i c i e n t s  ,and .symbols, are   dofined as follows: 
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CD 
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yawing-moment  coefficient (&) ' 

-z - .. . . .  , . ... . , 

forms a-long-X; Y, and -Z "&ability axes, respeotively, pounds 

r o l l i n g  rnment, about X ax is ,  'foot-pounds 
.. . . 

, .  . .  

pitching mcpnent, about Y axis, foot-pounds 

y a m g  mment, about Z axis, foot-uounds 

. fr0e-str.e- dynamfo pressure, ..pounds per square foot (g) 
wing area of' a --soale model of a hypothetical f l y i n g  1 

10 
boat (I8.24$ Sq ft) (fig. 2) 

hypothetical f ly ing  boat (1.3Tft) (fig. 2) 
wing m e a n  aerodynamic chord of a -ncale model of a I 

wing span of a --sc&le m o d e l .  OF a hypothetical flying boat I 

( 13.971 ft) &ge 2) 
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min imum d rag   coa f f io i en t  based on maximum orass-sect ional  

minimum drag   ooef f io ien t  based on ( ~ o l u m e ) ~ / ~  of h u l l  

area, A, of I d l  

minimum drag   coe f f io i en t  baaed on surface area,  W ,  of 
h u l l  (2) 

rate of ohnge  of o o e f f i c i e n t  with angle o f  

attack o f  h u l l  base line 

rate of chanee o f  yawing-moment c o e f f i c i e n t  with ang1.e of 

Yaw 

of   l a t e ra l - fo rce   coe f f i c i en t  w i t h  angle of 

Subsoript:  

min min imum 

MODEL AND APP-KRATUS 

The lull used i n  the present tests was designed by t he  Langley 
Hydrodynamios Divieion. Dimensions of the hull are g i v e n   i n   f i g u r e  1 
and i n  table I. Hull model 224 is an ex tens ion .o f  the series Freviouslg 
reported i n  reference 1. The present hul l  model (224) and the hulls 
of reference 1 were derived f'rorn a hypo the t i ca l   f l y ing   boa t   e s sen t i a l ly  
similar to the Boeing XPBB- 1 when inoorporating Langley tank model 203 
(fig. 2) . The geometry o f  these hul ls  was v a r i e d   i n  a manner t o   a l l o w  
no appreciable change i n  hydrodynamic xlarformanoe wi th   r e speo t  t o  
spray and r e s i s t anoe   . cha rao te r i s t i o s   ( r e fe rences  2 and 3 ) .  

The volume, t h e  surfaoe area, and  the maxf'mum cross-sect ional  
area o f  the hull were lO,&j3 cubio inches, 4'760 square  inches, and 
130.2 square inches,   respeotively.  The s ide  area was 1985 square inches.  

The hull was constructed o f  laminated mahogany and..stas f in i shed  
with Pigmented varnish. A photograph of  the model i s  given i n  f i g u r e  4. 



The h u l l  was at tached t o  a wing whioh was mounted i n  t h e  
hor izonta l ly ,  as shown i n  figure 5. The wing,which was t he  same w i n g  
used i n  the i nves t iga t ion  of reference I, was set at an angle of 
inoidence of 4" on the  model, had a 20-inoh ohord, and was of the 
NACA 4321 seotion. 

TESTS 

Test Conditions 

The tests were made i n  the Langley 300 W E  7- by 10-foot t unne l  
a t  dynarnio pressures of approximately e, 100,  and 165 pounds  per 
square  foot,  whioh  oorresqond t o  airspeeds of about 100, 200, ard . 
268 mi le s  Fer hour, respeotively.  Reynolds numbers for these air- '  
speeds, based on t h e  mean aerodynamic  ohord of the hypotb t i c a l  
flying boat, were app-ox imte ly  1.20, 2.26, and 2.97 x 10 % , respeatively. 
Corresponding V8ch numbers were 0.13, 0.27, and G.34, respec t ive ly .  . .  

Correct ions 

Blooking c o r r a o t i m s  have been applied t o   t h e  wing and the wing-' 
h u l l  data. The hull  drag €ias been corrauted for horizontal buoyancy 
ef feo ts   oaused  by a tunnel s ta t fo-pressure   g rad ien t .  dngles of a t t a o k  
have been  oorrected f o r  s t ruotura l   def l sc t ions   oaused  by aerodynamio 
force  s - 

Te s t  Pr ooedure 

A l l  the  t e s t s  were made with  the  wing  mounting  setup as shown 
in f i g u r e  5. The aerodynamfc  oharact6r is t ics  of the h u l l s   w i t h  inter-  
ferenca of  the mounting wing were determined by t a s t i n g   t h e  wing alone 
and t h e  wing  and hul l   oombinat ian of the wing and h u l l  under i d e n t i o a l  
oonditions. The h u l l  aerodynamic  ooeff'icients  were thus determined 
by sub t r ac t ion  of o o e f f l c i e n t s  of t h e  wing alone from c o e f f i c i e n t s  
of  t h e  wing  and h u l l  combined. 

In order t o  minimize poss ib le  errors r e s u l t i n g  f r o a n  t r a n s i t i o n  
shift  on the wing, the  wring t ransi t t ; ios  was f i x e d  at the l e a d b g  edge 
by means o f  roughness   s t r ips  of carborundum p a r t i o l e s  of approximately 
0.008-inch d f m e t e r .  The partioles were appl ied  for a length  of 
8-percent of the a i r f o i l  chord measured along the a i r f o i l  oontour from 
the  leadfng  edge on both upper and lower surfaces .  



Ifull t r a n s i t i o n  f o r  a l l  the t e s t s  was f ixed  by a s t r i p  of 
0.008-inch-diameter  carborundum p a r t i o l e s  F-inoh  wide  and  looated 
approximately 5 uercent of t h e  hull length af t  of t h e  bow. 

1 

RESTJLTS AND DISCUSSION 

The v a r i a t i o n  of the  aerodynamic  oharaoter is t ics  o f  h u l l  model 2& 
with  angle  of a t t a c k  is presented in f igure 6; t h e   v a r i a t i o n  w i t h  angle 
of yaw i s  given i n   f i g u r e  7. 

In  order t o  compare the aerodynamio o h a r a c t e r i s t i c s  o f  h u l l  
model 224 (dB = 15) w i t h  t he  aerodynamfu c h a r a c t e r i s t i c s  of the models 
having lower values  of L/B, t h e  minimum drag   uoe f f i c i en t s  end s t ab i l i t y  
psrameters CQ, Cny  and Cy@ are plo t ted   toge ther   wi th  data from 
reference 1 in f i g u  e E. The data show a 10-percent  reduution 
( A L C D ~ . ~  = 0.0006) i n  minimum drag   uoef f ic ien t  when the value of  dB 
i s  extended f'rorn 12 t o  15. 

Compmison of f i g u r e  6 w i t h  data of re ference   -1 . ind ioa tes  that 
t he   r educ t ion   i n   d rag   r e su l t i ng  frcm extension of the length-beam 
r a t i o   t o  15 generally  occurred  throughout  the  range of angle of attack 
tested.  With the h u l l  of a length-beam r a t i o  o f  15, as with   the  hul ls  
of l&er values of VB, the angle o f  a t tack for minimum drag  occurred 
i n  the range o f  2' t o  3', Because of s t rua tu ra l   l i rg i t a t ions  of' the 
mauritlng wing, t he   da t a   ob ta ined  a t  the  higher Reynolds numlxrc  were 
neoessar i ly   l imi ted   to   the   angle-of -a t tack   range  , .  shown. 

o n l y   s l i g h t l y  with increasing  values  of dB. T h e  reduction ir? h u l l  
d rag  I s  therefore   caused   pr imar i ly  by a reductfon in  pressure drag. 
The analysis i n d i c a t e s   t h a t  the lowest minimum drag   ooe f f io i en t   fo r  
t h i s  s e r i e s  of hulls w i l l  Frobably ooom a t  a length-beam r a t f o  of' 
about 18'. 

Estimates fndiaate t h a t  the ekfn f ' r ia t ion o f  the hulls  increases  

The inorease of length-beam ra t io  t o  15 decreased the h u l l  
l o n g i t u d i n a l   i n s t a b i l i t y   b u t  o&used an increase fn d i r e c t i o n a l   i n s t a -  
b i l i t y .  The 'desrease In longi tud '  a1 ins tab i l i ty   cor responds  t o  an 
aerodynrunia-center s h i f t  o f  a b o u t 3  peroent of t he  mean aerodpamio 
chord of the h p o t h e t i c a l   f l y f n g  bout. Estimates made i n   r e f e r e n c e  1 
have i nd ica t ed  that tho  geometry of  the  hulls  probably  accounted f o r  
most o f .  the vari&ti;on of C& with dB; therefore ,  wing interference 
had a negl ig ib le  e f feu t .  At an mgle  of a t t a c k   f o r  minimum drag, 
that i s ,  2 O ,  ,the d i r e a t i o n a l  instability measured .by C f o r  G 

value of L / E  o f  15 was O.OO&!+, whioh was 0.00007 l a rge r   t hen  the - n'.l 
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d i r e c t i o n a l   i n s t a b i l i t y  for  a value o f  L/B of 12. Increasing the. 
angle of a t t aok  to 60 had .   t he  L& ,e'ffe& on Cn 8 8  i n . r e fe rence  1, 
t h a t  is, the value ,(4f .Cq','was decre'a$e'd ~0.0001~. The p a r a m t e r  Cy+ 
was affected only s l i g h t l y  by & , h c r e a s e  *in the  length-beam ratio. 
As 5n referenoe 1, angle of a t t a c k  had' a negl ig ib le  ef feat  on Cyv 

are presented in t a b l e  .II. En -der t o  oomp&e the r e s u l t s  o f  the 
?resent  fes ta  with. Lnvosti tions made o f  o ther   hu l l s  8nd fuselages, 
the parameters Kf,"dCnf?/%, and d u d &  as given- in references 4,' 
5, and 6, respeot ivs  ly, are inoluded in t h i s   t a b l e .  The parameter Ky 
is a fuselage moment factor, in t he  form of d u d = ,  based on hull 
beam and length, where a is In  r,adiaas.* The yawing-moment 
c o e f f i c i e n t  h f p  i n  the  pIlramet.er ,dCnft/de is based on volume 
and is gfven about a ref'erenoe axis 0.3 of t h e   h u l l  length from the 
nose. The parameter &&&p 1s based on h u l l  side area  and  length,  
where t he  yam3ng m m k n t  is also given about a referenae axis 0.3 of tb 
l t t t lx  length fromathe nose and e, the angle of sideslip, is given 
in  radians.  Instabilitgr, 8 8  given by the parmeter bC& p, agreed 
closely with the hl l . . ' vBlues  gfven i n  reference 6. 

For conwnieace,  minirnum.3rag o imff ic ien ts  and s t a b i l i t y  parameters 

Values of  ?Cnf*/13@ f o r  the hull w i t h  a value of L / B  of 15 are  
hfgher than representa t ive  values g f n n  in reference 5. T h i s  increase 
oan be. at t r ibuted %o-.',the r e h o e d  volume at  the  higher length-beam 
ratio as w0ll a8 t o  the generally d e s t a b i l i z i n g  effeat of inoreasing 
length-beam ratio. - ' '.' 

Tests were made fn the Langley 300 M F E  7- by lO-foot tunnel to 
deternine the aerodynamic oharaoterfs t ios  of a flying-boat hull  of 
l ength-bean   ra t io  15 i n  the presence of a' wing. Comparison of the 
r e s u l t s  of' these t e s t s  w i t h  r s s u l t s  of t e s t s  made on hulls of lower 
length-bean  ra t ios  of 6,  9, and 12 des igned   t o  have apFroximately the 
same spray   and   res i s tancs   charac te r i s t ios  indiaatad the  iollawing 
oonolusionslr 

1. With t r a n s i t i o n  fixed, tha minimum drag coe f f i c i en t  of the hull 
of a length-beam r a t i o  of 15 was 0.0006 (10 percent) less than that 

L of t h e   h u l l  of a length-beam ratfo of 12. 

2. As with t he   hu l l s  of lower length-beam ratio, the angle o f  
a t t aak  for m i n i n w t  dpag far the hull of L length-beam ratlo of 15 
ooaurred in the  range of 20 to 30. 

.. - . .  
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3.  Inoreasing t he  length-be- rpt io  from 12 to 15  decreased the 
hull  longitudinal  instability by 8 amount omresponding t o  an 
aerodynamic-cecter shift of about -peroent !! of the mean aerodynamio 
ohord of the hypothetical f ly ing  boat. 

2 

4. At an angle of attack of 2',the value of the varfation  of 
yawing-moment  coeffiaient w2th angle of yaw for a length-beam ratio 
of 15 was O.OOl&, which wa8 OQ-X)tXl'7 Urger than the  value for a 
length-beam  ratio of 12. 

Langley Xernorial Aeronautfoal Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, Va. 

John Id.' Riebe 
Aeronautical Engineer 
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F’igure 4.- Hull model 224 (% = 15) of the  length-beam-ratio investigation 
made in the Langley 300 MPH 7- by 10-foot tunnel. 
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Figure 5. - Mounting of the wing alone of the hull investigation in the Langley 
300 MPH 7- by lO-foot t m d .  
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