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KUGHZS-KAISER FLYING BOAT, NACA ?YODEL 183 

By Roland E. Olson, Jack Posner, and David R.  Woodward 

SUMMARY 

1 3es io tance  t e s t s  of a ---size model of the h u l l  of 
the Rughes-Kaiser cargo a i rp lano  were made i n  TJACR tank 
no. 1. The r e s u l t s  of these b e s t s  were r equ i r ed  f o r  
estimates of t he  take-off  performance and t h e  maximum 
gross  load f o r  take-of f ,  The most r e c e n t  changes i n  t h e  
form of t h e  h u l l  were incorporated i n  t h o  model. 
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A t  hump speeds, w i t h  the mociel f r e e  t o  t r i m ,  t h e  
trim and r e s i s t a n c e  were high, which r e s u l t e d  i n  a load- 
r e s i s t a n c e  r a t i o  o f  approximately 4.0 f o r  a gross load 
c o e f f i c i e n t  of 0.75. The add i t ion  o f  chlne f l a r e  a t  t h e  
sterii n o s t  caused an  increase i n  p o r ; t t i v e  trimming 
moments and reduced the  t r i m  j u s t  beyond bump speed. 
The a d d i t i o n  of breaker  s t r ips  or, the  t a i l  ex tens ion  
cauned a furtkrer reduct ion  i n  
t h e  f i n a l  load- res i s tance  r a t y o  a t  t b c  hump, f r e e  t o  
trim, being approximately L.8 f o r  a cross load  c o e f f f -  
c i a n t  o f  0.75.  

' * ' < : l t  1 '. 0 trimrnin,c_P moment, 

The r e s u l t s  of f ixed- t r im t e s t s  a r e  presented a s  
wor1cfn.g cha r t s .  Take-off computations usfng these  da t a ,  
to.sether w i t h  es t imated aerodynamic l i f t  and drag cimves 
f o r  t he  f l y i n g  boa t ,  i nd ica t e  t h a t  t he  maximum gross 
load f o r  take-off with 16.6-foot four-blade p r o p e l l e r s  
i s  375,000 pounds f u l l - s i z e ,  and with Ib.Cj-foot f o u r -  
blade p r o p e l l e r s  i s  4OO,OOO pounds f u l l  s i z e .  

f u l l - s i z e ,  a take-off i s  possible i n  69 seconds ovar  a 
d i s t a n c e  of  5600 f e e t ,  Correcting f o r  s c a l e  e f f e c t  on 
t h e  f r i c t i o n a l  r e s i s t a n c e  reduces the  hump r e s i s t a n s e  

A t  a gross  load correskondfng t o  4OO,OOO pounds 
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8 percent. 
b i l i t y  a t  hump speedB, the hmp resistance i s  reduced 4 percent. T r i m  for minimum water resistance cannot 
be used at hump speeds because of excessive posit ive 
hydordynamic trimming moments arad because lower-limit 
porpoising would be encountered. 

gs trilnming at  the lower t r i m  l i m i t  of  sta- 

INTRODUCTJ: ON 

’ size model of the hul l  of the Tank t e s t s  of a T 
“ughes-Kaiser cargo airplane were made t o  determine the 
hydrodynamic resistance and t r iming  moments over a range 
of trims, loads, and speeds %laat might be encountered during 
take-off. These results were required f o r  estimates of the 
take-off performance and the m i m u m  gross weight f o r  
t ake-of f. 

A n  attempt was made t o  determine the resistance 
characterist ics of this design by towing th s  
dynamic model (NACA model 158-1) used f o r  s t a b i l i t y  tes ts .  
The accuracy of these results, hovever, was impaired by 

i g s i z e  3 

.I I warping of the model. Ear l ier  resistance t e s t s  of a -size - 
LO 

model of the hull alone were not considered adequate f o r  
purpose of estimating hydrodynamic performance inasmuch as 
the t e s t s  were not complete. I n  addition, modifications 
t o  the hul l  l ines  had been made since the construction : 

1 of the dynamic model and the -size hull model. Tests of 

a new model, incorporaking a l l  the l a t e s t  changes i n  form, 
were therefore considered advisable. This hull ,  designated 
NACA model 183$ was designed and bui l t  by the Hughes 
Aircraft Company. 

These t e s t s  were made as a par t  of an extensive 
investigation requested by the Secretary of Commerce on 
September 28, 1942, and wore made i n  NACA tank no. 1 
during JanUary and February 19&. 

40 

DESCKtPTi>N OF MODEL 

The linea of the hull, designated NACA model 183, 
are shown i n  figure 1, and photograph8 are shown i n  
figure 2,. FuXl-size and model dimensions are given in 

I 
-. 
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table 1, together  with com2arabls da ta  f o r  the  dynamic 
model 258-1, 

The p r i n c i p a l  differences between model 183 and tho 

(a) The forebody chines of incilel 183 faded out at 

dynamic model 158-1 m e :  

s t a t i o n  6-25 while the chines 0% mode1 158-1 were c a r r i e d  
t o  the  forward perpendicular. 

(b) The main s t e p  of mode1 i63 vas approximately 
0.75 inch (1 f o o t  f u l l  s i z e )  fa,yther aft than “,hat of 
model 158-1. 

( c )  The chine flare on the af terbody was h o r i z o n t a l  
f o r  rnoct6l 183; whereas i t  vias turned down f o r  model 158-1.. 

(d) The CTOES sections of  t h e  tPp of  the tail 
extens ion  of’ node1 183 wme c i r c u l a r  while those of 
model 158-1 were approximately e l l f p t i c a l ,  f i g u r e  3 . 
height  of the  deck a t  the t i p  of’ t he  ts.3-l extenzion was 
less for model 183 than f o r  nodel  158-1. 

The 

( e )  mhe diameter of t h e  basic circle of  the t a i l  
ex tens to^ of model leg was 7.2 inches w h i l e  t h a t  of 
model 156-1 was 16.5 f x h e s ,  

t e s t e d :  
~ 1 8 7  

1 TI~JO modif icat ions of :!lode1 .LO>, fJ-g;L\re 4, were a l s o  

(a) Model 183A - The cl?fn.e f l a r e  ht t h e  s t e r n  pos t  
was increased.  

(3) Xodel 1 8 3 ~ - 1  - Breaker s t r i p s .  were added t o  t h e  
t a l l  exteiision of model 183A. 

APPARAT us A;TD PR OCEDT~E . 
The t e s t s  were made in NACA tank no. 1 using the  

towing equipment 2nd t g s t  procedwc descr ibed  in 
reference 1, The water i n  the tank was a t  the  12-f6ot 
level during these t e s t s .  

c 
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Genwal f ree- to- t r im t e s t s  were made t o  speeds just 
beyond the  Yiump. f i  t h r u s t  xoment o f  8G inch-pounds, 
corresponding t o  an apIwoxinats t h r u s t  o f  20 poxlnds 
(80,000 pounds f u l l  s i z e ) ,  was appl ied  t o  the  model 
during these  t e s t s .  

Tests were made over 8 ranze of f i x e d  trims t h a t  
included t r i n  f o r  minimurn water r e s i s t a c c e .  
were obtained t o  a l l o w  f o r  change i n  t r i m i n @  moment 
vdth poss ib l e  changes i n  the  p o s i t i o n  of t h e  center  of 
g r a v i t y  o r  i n  the  p o s i t i o n  of  t he  matn s t e p .  

Enough d a t a  

Vetted-length measurements were taken a t  t he  k e e l  
and c h h e s  of bo th  the  foreSody and af terbody.  From 
these  d a t a  average w e t t e d  l engths  ware de te ru incd  f o r  
use i l z  making co r rec t ions  for s c a l e  e f f e c t  on the  f r l c -  
t i o n a l  r e s i s t a n c e .  

. The center  of p a v i t y  f o r  thcee t e s t s  was 14.84inches 
above t h e  k e e l  a t  tfie c tep  and j4.94 inches f 'Grwarc1  of t h e  
s t ep .  The t r l m  was r e f e r r e d  t o  t h e  bsiae l i m ,  an6 
i;.loment;s tenciing t o  increase t h o  trim w e r e  considered 
pos i t i ve .  

t h e  f i n a l  r e s i s t a n c e ,  but t he  windage t s r c  of t h e  towing 
gear been deducted. I n  order t o  ostimatd t h a t  p a r t  
of thG r e s i s t a n c e  contraibuted by t h e  a c r o d y n a ~ f c  drag of 
t h e  moc?cl, it was towed j u s t  c l e a r  o f  the wa.tcr and t h e  
asrodynanic drag w i s  measured for s e v e r a l  t r i m s .  

TLe aerodynamic drag of t h e  model i s  included. i n  

The d r a f t  and .trin?ming ino:nei.,t a t  r e s t  were measured 
over a viide range of t r i m s  snd loads t h a t  included those 
obtafned when a concentrated. l o3d  was loca ted  a t  t h e  bow. 

The r e s u l t s  of t he  t e s t s  wcre reduced t o  t h e  usua l  
nondinonsional c o e f f i c i e n t s  based on Frcudels law t o  
make them fn6ependent of s i z e .  
forehodg ch!.ne was used as  th.e c h z r a c t e r f s t f c  dimension. 
These c o e f f i c i e n t s  a r c  def incd  as f o l l o w s :  

The naxkauril beam of 

% 

CR 

(5) load c o e f f i c i e n t  

(3) r e  s i  s tance c o e f f i c i e n t  

, 
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CV speed c o e f f i c i e n t  (L) 

(3) trim-ing-moment c o e f f i c i e n t  

% . L 0 
wetted-length c o e f f i c i e n t  

d r a f t  c o e f f i c i e n t  cd 

where 

A 

W 

load on water,  pounds 

s p e c i f i c  weight of water ,  pounds per cubic foo t  
( 6 3 . 5  f o r  t hese  t e s t s ,  us-aally t a k e n . a s  64 

.. f o r  sea wa te r )  

b 

R 

v 
€3 

M 

W.L. 

maximum beam of  forebody chine,  f e e t  

r e s i s t a n c e ,  p0und.s 

.' speed, f e e t  per second , 

a c c e l e r a t i o n  of g rav i ty ,  32.2 f e e t  p w  second 2 

t r ivming moment, pound-feet 

average wetted length,  
wetted-length kee l  f wetted-length - chine? 

2 

d d r a f t  a t  main s t e p ,  f e e t  

RTSULTS ATJD D I S C T J S S I O N  

Fr e e -e o-Tr im Te s t s 

h The r e s u l t s  of the  fme- to - t r im  t e s t s  of niodel 183 
a r e  presentee  i n  f igu re  ? ( a >  f o r  load c o e f f i c i e n t s  

. 
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from O.i/- t o  0.75. 
hum? speed, which r e s u l t e d  i n  h igh  r e s i s t a n c e s  and 
unfavorable load- res i s tance  r a t i o s .  The spray  from 
under the af te rbody d i d  not  break clear of t h e  model, 
and suct ion fo rces  C s t i c k i n g )  apparent ly  developed which 
tended t o  produce the  high t r i m s .  A s  the speed was 
incre,osed, the  t r i m  decreased sharp ly  and the  t a i l  
extensioz? came c l e a r  of t he  water.  If t h e  t r i r n  was 
decreased by a p p l i c a t i o n  of a bow-down moment a t  speeds 
where the s t i c k i n g  occurred, the  model g e n e r a l l y  tended 
t o  run  a t  a lower t r l m  when t h i s  inoment was removed. 

The t r i m  d i d  not decrease j u s t  begond 

Testsof the dgnan3.c model i nd ica t ed  t h a t  t he  trim 
control was adequate f o r  overcorning any forces  due t o  
s t i c k i n g  o f  the a f te rbody and tail extension.  The 
circular  sec t ions  of t h e  t a i l  cone of model 183 were 
not tho  same as those of  model 158-1, and the flow of 
water over t h e  c i r c u l a r  s ec t ions  may hava con t r ibu ted  t o  
t h e  s t ick ing .  The chine f l a r e  a t  the s t e r n  p o s t  o f  
model 183 was probably l e s s  e f f e c t i v e  i n  decreas ing  the  
t r i m  than t h e  similar flare on model 158-1. 

Increasing the  chine f l a r e  a t  the s t e r n  p o s t ,  
model l83A, reduced t h e  speed range 0x7, QP which t h e  
s t i c k i n g  occurred ( f i g .  5 ( b ) ) .  The add l t ion  of' breaker 
s t r i p s  on the  t a i l  extension,  model l @ A - 1 ,  f u r t h e r  
reduced t h e  s t i c k i n g  ( f i g .  5 ( c ) ) .  The load - re s i s t ance  
r a t i o  a t  the  hump f o r  a g ross  load c o e f f i c i e n t  of 0.75 
was 4.8 f o r  model 3 . 8 3 ~ 4  a s  compared w i t h  L.0 f o r  
model 183. These modi f ica t ions  were included: i n  the  
t e s t  program as  poscible  s o l u t i o n s  i n  the event t h a t  
flow over  the  t a i l  ex tens ion  caused s t i c k i n g  a.t huqp 
speeds. . .  

Fixed-Tr im Te s t s 

The r e s u l t s  of t he  f ixed - t r im  t e s t s  o f  ;nodel 183 
are presented a s  working c h a r t s  i n  f i g w e  6.  The use of 
t hese  charts is descr i5ed i n  r e fe rence  2 .  The forebody 
and afterbody wetted lengths  are ? l o t t e d  8 s  nondiaensional 
c o e f f i c i e n t s  i n  f i g u r e  7 f o r  speed c o e f f i c i e n t s  from 1.8 
t o  4.0. 

The d i s c o n t i n u i t i e s  i n  t h e  r e s i s t a n c e  d a t a  a t  low 
speeds a r e  ass@ci.zt?G. v ~ : i t l ~  v e v t i l a t i o n  a t  t h e  rnain s t e p .  
Larze negative aeA*oc'~:-aa,~iir: p i t ch ing  mmmnts would be 
requi red  t o  operate  a t  the low t r i m s  a t  ~~klic'n t hese  
d i s c o n t f n u i t f e s  occur. 

4 
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nhe d i s c o n t i n u i t i c s  a t  high speeds represent  t he  
t r ims  a t  which the  model would no longer run  on the fo re -  
bcdy, end the load was carzlied on the af terbody alone. 
T h e  t r a n s i t i o n  from planing on the forebody and af te rbody 
surfaces  t o  planing- o n , t h e  af terbody alone 1s accompanied 
by an increase In negat ive hydrod.ynamic t rmning ,inoment, 
A$ 8 trim Qf 12' the t e s t s  were not made.a qpeed coef f i -  

M 
3 

A 
9 

. cient-s greater.  than 5.0 because t he  negat ive trimming 
, m0rnent.e exceeded the  capaci ty  o f '  the' .'iflo t sRriqgs.. , ,  

I _. . 
a * .  

!ITL@ st icking.-of  t he  t o + 1  extehsfonA noted i n  the  
f ree- to- tk im t e s t s  also eppcltrs t o  a l e s s e r  ex ten t  i n  
the fTxed-trim c s pi.ots ( f i g .  6)., A t  a speed coeffi- 
cient  of 3.75 a, r p  r e v e r s a l  i n  the curves of  constant  
moment c o e f f i c i e n t  was noted; 
f i c i e n t  and ' load  coe f f l c i en t ,  tba model may assume t w o  
d i f f e re r , t  t r a P m s i  corresponding to those found i n  the 
f r ee - to - t r im  t e s t s .  

For a given noment coef- 

Curves of r e s i s t a n w  coe f f i c i en t  and trimming-moment 
c o e f f i c i e n t  a t  the t r i m  f o r  minimiam water r e s i s t a n c e  f o r  
model i83 are p l o t t e d  I n  f lgu re  8. 
r a t i o  et hump speeds varied f r o i n  h.95 f o r  a load c o e f f i -  
c ient  of 0.75 to 5.70 for a load c o e f f i c i e n t  of' 0.40. 
Large negat ive tzfmming moments would be requi red  t o  
operate  a t  t r i m  f o r  minimum water r e s i s t a n c e  a t  hump 
speeds.  

:!ode1 1 8 3 ~  was t e s t e d  a t  s eve ra l  high t r i m s  t o  show 
the  e f f e c t  of added chine f l a r e  a t  the  s t e r n  post on the  
f ixed- t r im resistance and trirrimint: moments; these  r e s u l t s  
a r e  given i n  f i g u r e  9 .  A t  a given tk im,  no appreciable  
change i n  the  hydrodynamic r e s i s t a n c e  was caused by the  
adLdition of the  chine f l a r e ,  but increased bow-down 
moments w e r e  noted,  This change i n  hydrodynamic moment 
v~ould reduce the t r i i m  and, t h e r e f o r e ,  t he  r e s i s t a n c e .  

Model 183~-1 vias t e a t e d  a t  a t r i m  of 10" f o r  speed 
cce f f f c i en tv  from 3.1+ t o  li..O. 
down moment was noted, but tlisse da ta  were i n s u f f i c i e n t  

The load-resis tance 

A f u r t h e r  inureasc i n  bow- 

I 
c 

f o r  iviclusfon i n  t h i s  r e p o r t .  

!Phe s t a t i c  p rope r t i e s  of 
f i g u r e  10 an6 the  aerodynamic 
alone is given i n  f igure  11. 

model 183 a r e  given i n  
r e s i s t a n c e  of the hull 

I 
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TAKE-OFF CALCTJLATI ONS 
Results of t e s t s  of a L s i z e  model (unpublished) 

Both the resistance and 
40 

i n d i c a t e d  t ha t  the excess thrus t  available f o r  accelera- 
t i o n  over the hump was small, 
thrust a t  huq  speeds l i m i t  the take-off performance. 
Thrust curves f o r  three ful l -s ize  propellers are repro- 
duced i n  figure 12. 
made in the folJovrSn$ table: 

A comparison of these propellers is 

aComputed from d a t a  given i n  r e fe rence  

A t  hump speed, approximately 7 0  f e e t  per second, t he  
1.6. & f o o t  -diameter p rope l l e r  6 developed 69,500 pounds 
t h r u s t  which i s  13  percent lower than  t h a t  developed. by 
t h e  le .5-foot-dianeter  four-blade. p r o p e l l e r s .  

g ros s  load from 350,000 pounds t o  & 5 y O O 0  pounds. 
f lyin:;  boat  was assumed t o  be f r e e  t o  t r i n  t o  speeds 
beyond the  hump and at t r i m  f o r  minimum water r e s i s t a n c e  
a t  planing speeds. Just  before  take-of f  speed, 110 per- 
cent of s t a l l i n g  speed, a pull-up was made i n  order  t o  
s i n u l a t e  more c l o s e l y  f u l l - s i z e  take-of f .  For the  take- 
off coqxt ta t ions.  the  aerodyna,iiic l i f t  and drag  curves,  
without 2ower and cor rec ted  f o r  ground e f f e c t ,  were 
supplied by t h e  Hughes A i r c r a f t  Company and a r e  repro-  
duced in f i g u r e  1 3 .  The t o t a l  r e s i s t a n c e  and aerodynamic 
drag  f o r  each of the  four  loads a r e  p l o t t e d  i n  f i g u r e  14, 
together  w f t h  t h r u s t  curves 1 and 111. With thrust 
curve I, a take-off  a t  loads much s r e a t e r  t h a n  37~,000pounds  
i s  not poss ib l e .  With thrust  curve 111, a take-off  a t  
loads  much g r e a t e r  than ~ 0 0 , 0 0 0  pounds i s  not possible. A 
lii-percent increase  i n  t h r u s t  a t  t h e  hump r e s u l t s  i n  a 
7-percent fncrease i n  the  maxfmm p o s e  load f o r  t ake -o f f .  

?alrecoff t imes and d i s t a n c e s  f o r  t h r e e  loads were 
computed us ing  t h r u s t  curve I T 1  and tbE; t o t a l  r e s i s t a n c e  
curves ~ ~ ? O V J . J - ~  i n  f i g u r e  14, P- typiical take-off  i n t e g r a t i o n  

Take-off conputations were made f o r  va lues  of t h e  
The 
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by the  g raph ica l  rnekhm3. described i n  r e fc rence  i s  shown 
i n  f i g u r e  15 f o r  a gross load of' 4OO,OOO pounds. I n  t h i s  
case a time of  69 saeanrfg ~ v d r  a d i s t ance  of' 5600 f e e t  i s  
found necessary f o r  take-off. T!ne bake-off time and 
d i s t ance  and the  exce5s thrust  a t  the  hump a r e  p l o t t e d  
aga fns t  load I n  f i g u r e s  2 6  and 17. 
416,000 pomds,  t he  t o t a l  r e s i s t a n c e  a t  the hump i s  equal  
t o  the ava i l ab le  t 'nnst .  

Fcr 8 gross  load of 

I n  t h e  precedinc conputations, t h e  f u l l - s i z e  water 
r e s i s t a n c e  was computed' using F rouds f s  law and no correc-  
tiolrr of t h e  f r i c t i o n a l  res is tar lce  was made f o r  s c a l e  
e f f e c t .  To dc.torwJ.ne t h e  e f f z c t  of  such a c o r r e c t i o n  on 
the t o t a l  red:t sLacc-e a t  h m p  speed, a c o q m t a t i o n  was 
made f ' o r  a g:' :.P l ~ ; : ~ d .  of' ikOO, '3dO pounds us ing  the  method 
descr ibed  1;; -lcTerer;c.a 5.  Go-.iputatfons by this method 
do  not inclm? t he  e f f e c l  of ci-lf'ferences I n  the roughness 
of t h e  p lan ing  curfaces of the rmbel and t h e  f u l l - s i z e  
f l y i n g  boat .  Jn  f i g u r e  18 these results a r e  compared 
w E t l i  the  uncorrsctdd r3su l t s  us?".ng t h r u s t  curve I.  A 
r educ t ion  i n  the  h m p  r e s i s t a m e  of 8 percent  w ~ i s  obtained 
by making the  co r rec t ion ,  and a take-off  would j u s t  be 
poss ib le  w i t h  t h e  16.6-foot four-blade p r o p e l l e r s .  

d 

A comparison of the  t o t a l  r e s fo t ance  a t  hump speed 
was Ynacle assuming the  a i rp lane  runnlng f r e e  t o  trim, at 
t r i m  f c r  ciinimwn r e s i s t a n c e ,  and a t  t h e  est imated lower 
t r i m  limit of s t a b i l i t y  for a g r o s s  load of'&OO,OOO pounds. 
These r e s u l t s  ape p l o t t e d  in f i g u r e  19, toge ther  w i t h  the 
hydrodynamic trimming moments, wki.ch h d i c a t e  the  magni- 
tude of t he  negat ive aerodynamic p l t c h l n g  moment r equ i r ed  
t o  t r b  the  a i r p l a n s .  Assuming ac?eyuate e l eva to r  c o n t r o l  
t a  733 a v a i l a b l e ,  th3 air21ane cannot he trirrmed t o  t r i m s  
f o r  minimum water r e s i s t a n c e  witbout encounterlng lower- 
llrnlt porpois ing unt i l .  a speed of 30 f e e t  per second i s  
a t t a i n e d .  b 

A 14-percent decrease i n  r e s i s t a n c e  i s  obtained i f  
the flyfng boat  is onerated a t  the lower t x * i m  limit of 
s t a b i l i t y  a t  t h e  hum-. 
t h a t  a t  speeds just  beyond the hump t h e  trim will be 
between the  lower t r i m  l i m i t  o f  s t a b i l i t y  and t h e  f r e e -  
t o - t r im  curve.  

In  a c t u a l  opera t ion  I t  i s  probable 

A cornparison of the t o t a l  r e s i s t a n c e  a t  hump speeds 
usfng the fol lowing results i s  shown i n  f igure  20: 

i 
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I ( a )  Tes ts  of' t h e  -4'u3.1-size model of t h e  h u l l  
16 

alone - model 183. 
1 (b) Tests  of t he  - - fu l l - s ize  rnodel of  the  h u l l  40 

alone - model l55A. 

( c )  Tes ts  of the  1 - f u l l - s i z e  dynamic rrodlel - 
16 

model 158-1. 

The aerodynamic l i f t  and drs(.g curves of f f g u r e  13 
and the f r ee - to - t r im  r e s i s t a n c e  with app l i ed  t h r u s t  
rnonent were used f o r  computatiow ( a )  and ( b ) .  The 
predtc t ions  o f  t h e  hurrp r e s i s t a n c e ,  as determined f r o m  
t h e  three  s e t s  of datu, a re  i n  f a i r  ay ree r~en t .  

kerodpamic d a t a  were riot ~vailable for take-off  
computations t h a t  included t h e  cf 'fcct  of' p rope l l e r  s l i p -  
stream on the  aerodgnmic  l i f t ,  drag,  and p i t ch ing  
noments. The p rope l l e r  s l i p s t r e a n  would i nc rease  t h e  
aerodynaxfc l i f t  which w o i l d  thbrefore  dccreese the  load 
on t h c  viater and t h e  water r e s i s t a n c e s .  The p rope l l e r  
s l ips t ream would increase  the  aerodynamic drag vikiich 
would r e d m e  the  adva2tage g:ainca by the  decrease i n  
load on the water.  The use ol' aerodynamic d a t a  t h a t  
include the  e f f e c t  of power would, i n  a l l  p r o b a b i l i t y ,  
r e s u l t  i n  a ne t  r educ t ion  i n  t h e  hump r e s i s t a n c e ,  but 
the pred ic t ion  of  take-off  performance wouid be less 
conservative.  The u s e  of  power-off aerodynamic d a t a  i n  
take-off c a l c u l a t i o n s  f o r  smaller  f l y i n g  boa t s  has  been 
s a t i s f a c t o r y ,  however, and, u n t i l  f w t h e r  c o r r e l a t i o n  
bEttiw3en model and f u l l - s i z e  take-off  performance 1 s  
ava i l ab le ,  It i s  be l ieved  t h a t  t he  rnore conservat ive 
r e s u l t s  obtained f r o m  cornputa$ionE using power-off d a t a  
should be used. 

1. The t a i l  ex tens ion  of a d e l  183 d i d .  not break 
c l e a r  o f  the  water a t  h m p  speeds when t e s t e d  f r e e  t o  
t r i m .  T h i s  r e s u l t e d  i n  h igh  t r i : x s ,  and t h e  load- 
resfstaance r a t i o  a t  hunp speeds vias approximately 4.0 
f o r  a ~ Y O S S  load c o e f f i c i e n t  of  0.75. 
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2 .  Increas ing  t h e  chine f l a r e  a% t h e  s t e r n  pos t ,  
model l83A, caused a reduct ion  i n  the p o s i t i v e  trimr;.ling 
moments and caused the  t a i l  extension t o  break c l e a r  of 
t h e  water a t  lower speeds than was found f o r  xodel  183. 

3. The a d d i t i o n  of breaker s t r i p s  on t h e  t a i l  
ex tens ion  o f  model l83A, model 183A-1, caused a further 
r educ t ion  i n  p o s i t i v e  trimming moments. The load- 
r e s i s t a n c e  r a t i o  a t  hump speeds,whefi f r e e  t o  t r i m , w a s  
approximately 4.8 f o r  a gross  load c o e f f i c i e n t  of  0.75. 

model 163, t he  load- res i s tance  r a t i o  a t  hump speeds was 
approximately 4.95 f o r  a gross  load c o e f f i c i e n t  o f  0.75. 
Large negat ive aerodynanic p i t ch ing  moments would be 
r equ i r ed  t o  operate  a t  t r i m  f o r  rninimun water r e s i s t a n c e  
a t  h m ~ p  speeds, 

4. A t  t r i m  f o r  minimum water r e s i s t a n c e  f o r  

'j. 'Ti t h  the  16. & f o o t  four-blade g ro?e l l e r s ,  a 
take-of f  could not  b e  made a t  a gross  load rrluch g r e a t e r  
t h a n  575,000 pounds f u l l  s i z e .  'Vith the 18.Cj-foot fou r -  
b lade  p r o p e l l e r s ,  a take-cf f  could no t  5e xade a t  a 
g ross  load much @-eater than ) . cOO,~OO poun6s f'u1.1 s i z e  . 
A take-off  time of 69 seconds over a ciistance o f  5600 
f e e t  %as found necessary f o r  a take-off' a t  +!$O,OOO pounds 
f u l l  s i z e .  
r e s u l t s  i n  a ?-percent increase i n  t h e  rnaximuu gross load 
for take-off  . 

. I  

A $-percent increase i n  thrust a t  the hump 

6 .  k c o r r e c t i o n  f o r  sca le  e f f e c t  on thc f r i c t i o n a l  
r e s f s t a n c e  f o r  a gross  load o f  4.OOYOOO p0u.nd.s f u l l  s i z e ,  
decreased the hump r e s i s t a n c e  approximately 8 percent .  

7 .  It would not be possible t o  use trim f o r  mininun 
water r e s i s t a n c e  a t  hump speeds during a take-off  because 
of excessive hydrodynamic moments and because lower-limit  
p o r p o i s h g  would be encountered. 

8 ,  A take-off made following t he  l o w r  ' W i m  limit 
of s t a b i l i t y  r e s u l t s  in a 14-percent reduction i n  hump 
r e s i s t a n c e  when compared with a take-off f r e e  t o  t r i m .  
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TAB13 3: 

Hull Dimensions 

. 

?&ximum beam, a t  chines . . 22.0 ft 
Len th of  forebody 

b o w  t o  s t e p )  . . . . . 80.8 f t  
Length of afterbody 

( s t e p  t o  s t e r n  post) . . '1.0 ft 
Length of t a i l  ex tens ion  . 67.0 ft 
Length, over all . . . -21.75 f ' t  
Depth of' step a t  k e e l  . .I 2.0  ft 
Depth 0.i s t ep ,  mean . . . . 2.0 ft 
Angle of deadrise a t  

s t e p ,  excfudlng 
chine flare . , , , . 20 de& 

Angle of deadrine a t  
s t e p ,  including 
chine flare . . e , . . 18 deg 

Angle o f  forebody k e e l  , . 2 deg 
Angle of  afterbody keel  , . 5 de8 
Angle between kee l  lines 

a t  s t e p  . . . . . . . . 7 Ceq 
Normal Sross load  , . . 4OO,OOO Ib 
Center of p a v i t g  

forward of s t e p  . . , . 6.59 ft 
Center of' p a v f t y  

above kee l  at step . . . 19.8 ft 

16.5 in .  

60.6 1.3. 

37.25 in. 
65.21 in. 

163.09 in. 
1.5 i Y 1 .  
1.5 fa. 

20 deg 

16.5 i n ,  

59.38 in .  

38.0 in .  
66.12 i n .  
164.0 i n .  

1.5 in. 
1.5 in. 

20 deg 

18 deg 
2 deg 
5 de& 

7 de€3 
97.5 1b 

5.76 i n .  

12.1.. 84 i n .  
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Figure I . - Mode/ 183, lines of hull 
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N4lIUNAL AOVlSORl 
CUMMIIIEE FOR AiROhAUlICS 

. FIGURE3.- MODELS 183 AND 158-1 . COMPARISON OF 
BODY PLANS OF THE TAIL EXTENSION. 
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FIGURE 4.- MODEL5 I83 A P.ND l83A-I. GENERAL ARRANGEMENT 
OF AFTERBODY A N D  TAIL EXTENSION. 



with 80 inch-pounds thrust  moment applied. 
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