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BODIES OF F@VOLUTION XAVING FIXENXSS RATIOS OF 6, 

Ey Bernzrd Weln_fhsh and Rudolsh E. Fontma 

HyLrodyllamic force  characteristics,  as determined by geEeral tank 
tes t s ,  &re given f o r   t h r e e   s t r e d i n e  bodies of revolution equigged with 
chine s t r ip s  and having fineness ratios of 6, 9, and 12, respectively. 
In addition,  these  force  characteristics =e given for  the sane bo6ies 
Idth  the chine strips removed and, t o  a l i d t e d  ex%ent, for  the same 
bodies  with  the t a i l  cones removed. T 

.F. Hydrodynamic resistmce,  pitching mmert, wetted  length, and height 
of the  nodel above the water surface are tabulated for a range of trim, 
load, end speed. In order t o  f a c i l i t a t e  mLLysis, the curves are  plotted 
wing hydrodynemic coefficients which gecErallJr group along sirgle  cwves 
fo r  all speed-load  combinztions. 

INTilODUCTiOhT 

4 

v 

The useTulness of hydro-skis  as a means of obtainirg :high-speed, 
water-based airplanes  with EL minimum of con3romise t o  their  aerodynmic 

* performance was presented i n  rererence 1. In that investigation,  the 
hydro-skis were incorporated i n  a streamline  fuselage because such a 
fuselage  offers a e r o m c  and structural  advartages. It wes demon- 
strated  in  reference 2 that the hydrodynsmic performnee of This configu- 
ratioo vas 5-nflueoced t o  a large degree by the hy6rodynerric c1aracter- 
istics of the  fuselage. The hydrodynamic gerfornance of tbis -fuselage 
eqdpped wlth -hydro-skis was greatly improved by the  addition of narrow 
longitzdinal s t r ig s  on the lower rear portion 02 the  fuselage. Other 
investigations  (refs. 3 to 7)  also indicate that s-le modifications -Lo 
streamline  fuselages  greatly improve their  usefuhess  as  fuselages of 
water-based airplanes. These investigatFons  indicate thzt full-length, 
narrov strips  located  port and starbossd of the lower grof i le   l ine  would 
be generally tke zest desirable  configumtion. 

0 



The prlmary p q o s e  of this paper i s  t o  provide  general hydrodynamic 
force  data on s t r e d i n e  bodies of revolution of fineness  ratios 6, 9, 
and 12 w i t h  and withoat  chine  strips. Since the data obtained m y  prove 
use-% i n  the ciesLgE of hydrodynmic  bodies otner  than  fuselages for ski-  
equipped seaglanes,  the scope of the  investigation w a s  extended t o  speeds 
beyond the  current ski-e~xergence  speeds of such aircraft.  Tests were 
made on three models having the same nondimensional offsets and the sans 
volume but  differing i n  fineness  ratio. Corresponding t e s t s  were also 
made on the nodels w i t h  the s t r ips  removed. In  addition,  limited tests 
were made  on tne models equipped w i t h  chine strips  but w i t h  e slrell por- 
t ion  of the a f t  end removed t o  simulate a faelage w i t h  j e t  exhaust. 
Values  of resistasce, trimming  monent, wetted length, and height of the 
model  above the w & t e r  surface are presented  for EL w i 6 e  range of trim, 
load, m d  speed. 
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drag coefficient based on  volume  of fuselage, 
n m  

drag  Coefficient based on load, 
2cn 

l i f t  coefficfent based on  volume of fuselage, 

trinsi-ng-moment coefficient based 00 volume of fuselage, * 
resistance  coefficient based on volume of fuselage 

R/wQ = 0 .O467R 

speed coefficient based on  volume of fuselage, 
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speed coefficient based on load, 

load  coefficient based on volune of fuselege, 

w& 
= 0.0467A 
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maxirmnr diameter of fuselage, ft 

acceleration of gravity, 32 -15 ft/sec2 

height of center-line ?.nidsoiEt (as located on model with 
tail cone) above free-water srcrface, ft 

length of  model, ft 

wetted  length measured from a f t  end of the =ode1 t o  
intersection of heavy-sprw line w i t h  lower prof i le  
l h e ,  f t  

trirming moment about center-line midpoint (as located 
on lrodel with tail cone), lb-f t  14.9 C ( 

fineness  ra.tio 01" m e l s g e ,  LID 
v o l m ~  of basic models, 0.338 cu 2% 

resistance, lb 

speed, f t /sec 

demity of water, 63.3 lb/cu I"t 

distance from center of pressme t o  aft erd of fuselage, ft 

load on water, l b  

mss density of water, 1.97 slugs/cu f t  

angle of trln of center  line, deg 
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The thre 'e model .s t 
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DESCRIPTION O F  MODELS 

,estea were streanllne bodies of revolution af f i n  
1 

.e - 
ness rz t ios  6, 9, and 12. The nondimensional. offsets  presented in   t ab le  I 
were identical. for a l l  models and are the sane as  those  for tiae family of8 
fuselages  tested  in  reference 8. For all t'nree models, the  centroid of 
the volume  was  0.46L frm the nose, the volume Q was 0.338 cubic foot.  
For the  offsets i n  table I the  ratio of the volume of a nodel t o  t'ne vol- 
ume of the  cylinder formed by i ts  length end rsimum diameter i s  0.591 
regardless of size or fineness  ratio. . 

Pertinent dimensions and characteristics of the models are  coqared 
in   f igure 1. Narrow, full-length chine strips were located 450 frm the 
lower Frofile  l ine.  In order t o  sFmulate a fuselage w i t h  j e t  ex2.laust, 
the a f t  ends were mde remova'ole aft  of the s ta t ion where the  cross- 
sectional  area of the  fuselages were 0.073 sguare foot. The  volume of 
tiiese removable cones was 0.001, 0.002, an& 0.005 cubic f o o t  fo r  fine- 
ness ra t ios  6, 9, and 12, respectively.  Tmmverse  lines, 1 inch apart, 
were painted on the underside of' each model for measuring wetted  length 
(fig.  2 ) .  

Tests were conducted w i t h  the small ~ o d e l  towing gear of Langley 
tank no. 2 (fig.  3).  A V-shaped  wind screen, 3 feet  wide with an included 
angle of 90' m-d extending to  within less t" an inch from the water 
surrace, was placed direct ly   in   f ront  of the model.  High-speed runs 
xade w i t h  the models just above the water surface showed that  the  screen 
reduced aerodynamic forces t o  a negligible value. 

The nodels  with  chine strips were tested  at  fixed trim of Oo, kO, 
8O, 12O, 16O, and 20° a t  constant speeds and loads. The load-sseed range 
fo r  these  tests i s  shown in  f igure 4. Tests were a l s o  =de  on the models 
with  the  cbine s t r ips  rerioved but were restricted to low speeds because 
of excessive  forces and spray.  Additional t e s t s  were made on the models 
with chine strips  but witn the t a i l  cones removed.  These t e s t s  were 
limited t o  a trFn of 8O and load  coefficients of 0.2 and 0.4. 

Measurenents were made of resistance,  trimning mment, wetted  length, 
and height of the  center-line midpoint above the  free-water  surface. 
Resistance w a s  raeasilred by a strain-gage dynamometer,  which indicated tine 
horizorrtal  force on the towing staff. Trimming noment was measured by 
a strain-gage dynamometer,  which indicated the moment about the  midpoint 
of the  center  line of the  nodel.  In  the case of the  nodel w i t h  the t a i l  
cone  removed, the  center-line  nidpoint was the same distance from the 



L. 
nose as that for  the model of the saz~ie fineness  ratio with the tail cone 
attached.  Center of pressure, es calculated from the measured forces 
and  mmenks, is the goint w h e r e  the resultant of the hydrodynamic forces 
intersected  the  center 1iGe. 

J 

Wetted lergth was d e t e d n e d  from underwater photogrsphs, as illus- 
trated  in   f igure 2. It was measured aloag the  center  line from the Et+% 
end of the  nodel t o  the s t a t ion   a t  which the heevy-spray line  intersected 
the lower grofile  l ine.  

The measurements are  believed  to be accurate  within  the follaring 
lMts : 

Lo&, lb . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 
Resistance, lb . . . . . . . . . . . . . . . . . . . . . . . . .  f O . l  
Trirmnin~; moment, lb-ft . . . . . . . . . . . . . . . . . . . . .  +,O .3 
Wetted length, Tt . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
Height, ft  . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.01 
T r h ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.l 
STeed, f g s  -0.2 L . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 

IIESUiTS AND DISCUSSION 

The date f o r  the models of fineness  ratios 6, 9, and 12, wlth cl?lne 
s t r igs ,  are given in  tables 11, 1x1, and IV end are  plotted  in  figures 5 
and 6 ,  7 and 8, and 9 and 10, respectively. Spray  photograghs are  shown 
in  f igure 11. The date for  the models of fineness  ratios 6, 9, and l2, 
without  chine strigs, are  given in   t ab l e s  V, VI, and VII, and are plot ted 
in  f igures 12, 13, and 14, respectively.  Sprw ghotographs are shown 
in  f igure 15. The date for  the rnodels of fineness  ratios 6, 9, and 12, 
with chine strips,  but with the t a i l  cones removed, are  given i n  
tables VIII, M, md X, and are  plotted  in  figures 16, 17, and 18. Spray 
shotographs are shown in  f igure 19. 

Method of Data Presentation 

The dats in eech table are presented in three groups. In the first 
f o w  columns, the data are  presected as hyilroayramic  Froude scale coef- 
f ic iec ts .  These coefficients ere sfmilar t o  conven t iod  hydrodynamic 
Froude coefficients,  except that the cube root of the  total  volume ($13 
is used as  the  characteristic  linear &ension, rather than the beam. 
Since the volume is constant i n  this case,  the use of Q1/3 provides a 
direct compasison of the  three  fineness-ratio hulls. 
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a 
In  the next five  colmns the data =re  gresented as hydrodynamic 

coefficients which, under law-speed displecerrent  conditions,  generally 
group along a single curve fo r  all the speed-load cmbimtions  investi-  
gated. These coefficients and rat ios  are based on the cube root of the 
displaced volume (A/w)1/3 as the characteristic l inear dimension because, 
under displacernent conditions, buoyancy forces predominate. 

Q 

In  the  last   f ive  colmns tine data are  presented  as hydrodynamic 
coefficients which, under high-speed planing  conditions,  generally group 
along a single curve for  d l  the sgeed-load combinations investigated. 
T h  se coefffcients also are based on the characterist ic  l inear dimension 
$73 and are analogous t o  fundmental aerodynamic coefficients because, 
%der planing  conditions, dyne3nic forces predominate. The lengths, x, 
1,  and h., are  expressed as ra t ios  of overall length L t o   f ac i l i t a t e  
comparisons. The  value of L for  tne models wit?mut t a i l  cones is, of 
course, less tlnan the value of L for the corresponding model6 with 
t a i l  cones. 

These "collapsing"  coefficients, which are generally indegendent 
of speed and load, were obtained by the netlnods of references 9, 10, and 11. 

In  order to   faci l i ta te   analysis ,  the collapsing  coefficients were 
used exclusively in   plot t ing the data. The displacement coefficients were 
plotted  against the Froude speed coefficient Cv and tkre&ming  coeffi- 9 

cients  against the dynamic l i f t  coefficient CL&. At a given trim, the 

planing range fo r  eech load  tested w a s  assumed t o  extend up to c\ (or 

down t o  a speed) beyond  which the data began to deviate from the 

single curve. A t  dL1 lower speeds, displacment  conditions  should be 
applied.  Since  there is no well-defined boundary between displacement 
and planing,  the  ranges of C 

f o r  the lower values of 

x 

A 

VA and cLQ are overlapped, particularly 

General Characteristics 

A t  very low t rbs  the s t redine bodies  with  chine  strips had an 
increasing tendency t o  s-ack under the water surface w i t h  increase i n  
C . However, this tendency decreased with increase i n  fineness  ratio 

or  trin. A t  Oo trkn (figs. 5(a), 7(e), and g(a)) the models fo r  all 
three fineness  retios sacked under and no data were  o'otainedi for  planing 
conditions. A t  bo trim the fineness-ratio-6 model (fig. 5(b))  sucked 
under but only for a short range of C 

vn 

VA' 



d Ucder displaceneat  coaditions  (figs. 5, 7, a d  g), the drag coeffi- 
cients CDA, for  s. given trim ~ “ d ,  finelless  ratio,  gecerally grouped &long 

Center-of -pressure ra t io  

a lso  grouped alorg a single curve for  the  heavier loads, with  very l i t t l e  
scatter,  but, w i t h  decrease i n  trim or  fineness  ratio,  individuzl curves 
were required f o r  an increasing number of the l ighter  loeds. The height 
ra t ios  

J a single curve f o r   a l l  loads with a small and fair ly   unifom  sczt ter .  
X end wetted-length ra t io  2 

(*/W)l/3 (4Wl1’3 

h 

(A/w)‘/3 
did not collapse a t  all. 

With increase in  sgeei coefficient C the drag coefficient 
VA’ cDA 

iocreesed  rapidly t o  a peak value a t  4 1.2. Ih a more conventional 

p l o t  of the Froude scale coefficients, CRa against C the  resistance 
corresponding t o  the peak at C of about 1.2 would agpeaz only as a 

sl ight  protuberance on the upward slope of the curve. On the other bend, 
the  resistance peak normally obtained i n  such a conventional plot  appears 
on the plots of C against C only as a s l igh t  proturberance on t’ne 

iiownwa3.d slope of that curve  spproximately a t  values of where 

p l z n i n g  r’orces become predominant. 

VQ’ 
VA 

? 
Da VA 

cvA r 

Under planing conditions  (figs. 6 ,  8, and 101, the drag coefficients 
C as w e l l  as the ratios  for  center of pressure x/L, wetted  length 

2/L, and height h/L, for  a given trim and fineness rat io ,  a l l  grouped 
along s i w e  curves for  all loads. 

D&’ 

The simultaneous side and bottom photograshs of the models wi-th chine 
strips (fig.  U) shaw that the spray b e c e  heevier with increase i n  speed 
unt i l  planing began; a f te r  which the munt of spray  decreased. 

Effect of !Trim 

The effect  of trim on the hyc3rodynani.c c’hmacteristics of the models 
with chine s t r ip s  is shown in  f igures 20, 21, and 22 f o r  fineness  ratios 
6, 9, and 12, respectively, Data f o r  resistance,  center of pressure, 
ra t io  of center of pressure t o  w e t t e d  length, wetted length, end height 
of the  center-line midpoint are  plotted agdnst C 

s tant  trims in parts (a), (b),  (c), (a), and (e),  respectively, of these 
figures. For trhs at wMch  more  khan one curve had t o  be drawn i n   f i g -  

as being representative. 

VA ana +Or con- 

8 ures 5 to 10, the curve f o r  = 0.3 was used i n  figures 20, 21, or 22 c% 
d I 
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Resistance.- For a given speed coefficient C the drag coefficient 
P 

VA' 
C generally  increased w i t h  trim T up t o  values of CvA varying from 

about 3.5 f o r  fineness  ratio 6 t o  about 4.0 for  fineness ratio 12. The 
plots of the drag coefficient 5 against  the l i f t  coefficient C- 

m e  a;oproximately paral le l  curves for  all trims. For a given C C 

generally  decreased w i t h  increase i n  trim up t o  a best trim (trim f o r  
minimum resistance). For fineness  ratio 6 ,  best trim appeared t o  be just 
above 20°. For fineness  ratio 9, best trim was between 16O and 20'; and 
f o r  fineness  ratio 12, between 12O and 16O. 

DA 

Q % 
'Q' D& 

Center of pressure.- For a given CvA, the curves of the center-of- 

pressure  ratio X show a sl ight  rearward movement of the center 
(A/v)l /3  

of pressure with increase i n  trim. For a  given C the curves of the 
center-of-pressure ra t io  x/L show tha t  the  center of pressure moved 
rearward rapidly  with  incresse i n  trim. A t  low values of C the vari- 
ation  in  center of pressure w i t h  trim becane considerable and a t  smell 
trims, the  center of pressure on the lower fineness-ratio models w a s  
calculated to be forward of the  wetted  portion of the node1 (figs.  20(c), 
21( c ) , and 22 (c ) ) . Such calculated values indicate that negative pres- 4 
sures were acting near the rear portion of the  wetted  area. 

- .  - 

k' 

LQ 
t. 

Wetted length.- For a  given Cv the  wetted-length  ratio 2 A' (A/v)1/3 
decreased w i t h  increase i n  trim. For a given  the  wetted-length 
ra t io  2/L also decreased  with  increase i n  trim. A t  the low trims, 2/L 
sti l l  had a  substantial value as CQ approached zero. 

Height. - For a  given C the  height  ratio h increased with 
VA, (A/w )'/3 

trh.  For a  given the  height r a t i o  h/L also increased  with trim. 
The curve for  fineness  ratio 6 a t  bo trfm shows haw the model sucked 
under a t  a Cv of about 4.5, while a t  higher trims  the model rose  with 
increase i n  C The curve for  fineness  ratio 9 at bo trim shows a tend- 

ency t o  sack down a t  a C of about 6.5. 

- .  . 
ck' 

A 

VA' 

% 
Spray.- The side photographs of the  fineness-ratio-9 model i n  f ig-  

m e  23 show t'nat an increase i n  trim rescl ted  in  considerable  reduction 
i n  spray. This effect  increased w i t h  decrease i n  fineness  ratio. 
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Effect of Ficeness Rctio 

‘S The effect  of fineness  ratio on the bydrodynamlc cWacteristics of 
the streanline bodies  with chine s t r ip s  is shown i n  figure 24 fo r  best 
trim and in  figure 25 f o r  the  condition w h e r e  the hydrodynamic tr- 
moment M about the  midpoirt of the cerrber line was  zero. For each of 
these  conditions,  separate comparisons are made in   t he  displace-r.el7-t 
speed r a g e  and i n  the p l d n g  speed  range. The curves of best t r i m  i n  
figm-e 24 indicate  the trhs at which approximately ninimm resistance 
was obtained  within  the scope of the  investigation. 

DisplaceEent  speed range. - A t  best trim (fig. &(a) ) fo r  a given 
speed coefficient C an increase i n  fineness r a t i o  decreased  the 

trim T, decreased the  drag  coefficient C moved the  center of pressure 

forward (the center-of-pressure ratio X increased),  ir-creased 

the wetted-length ra t io  2 md decreased  the  hefght r a t i o  h 

ShLla r  effects were obtained a t  zero trimming zment  (f ig.  25(a)). 

VA’ 

DAY 

(A/w)l/3 

(A/w)l/3’ (*/W)lb’ 

Y 
Planing speed range. - A t  best trim (fig.  24(b) ) , for  E given l i f t  

coefficient C- an increese i n  fineness ratio decreased the trim T; 

had l i t t l e   e f f e c t  on the drag coefficieot the center-of-pressure 
r a t io  x/L, or  the  wetted-length  ratio 2/L; but  decreased  the  ratio of 
the height of the center-line  ddpoint t o  the over& length h/L. S M -  
lar effects were obtained at zero trimdng monent (fig.  25(b)). 

d w 
cDq’ 

Reference l ines  of constant A/R were superimposed on the C 
curves in  f igures 24(b) and 25(b). For all tbree fineness  ratios, A/R 
was  approximetely 3.5 at high  values of fo r  both the best trim and 

the  zero-trimning-nment  conditions. Hawever, wi-th &@crease in C 

A/R increased t o  approx-lmately 5.0 st best trim but decreased t o  approxi- 
mately 2.0 for  zero trhming monent. 

=& 

% 
%’ 

Spray.- The side photogrzphs in   f igure 26 show that at a trim of 80, 
B-TL increase Fn fineness r a t i o  from 6 t o  9 resulted i n  an aspreciable 
reciuction in sprey. The redaction in spray was less marked w i t h  further 
increase i n  fineness  ratio from 9 t o  12. The effects  of fineness  ratio 
on the  spray  chazacteristics were similar a t  other  trlms  but  decreased 
somewhat w i t h  increase i n  trim. 

f 

I 
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4 
Effect of Chine Strips 

The effect  of the  chine s t r ips  on t i e  hydxodynmic characteristics Y 
of the models is shown in  f igures 12, 13, and 14 fo r  fineness  ratios 
6, 9, and 12, respectively.  Faired  c-uves through t'ne data f o r  the models 
without  chine strips are s h m  as so l id  lines,  together  with corresponding 
curves for  the models with chine s t r ips ,  shcrrin as dashed l ines.  Because 
the data f o r  the Eodels  without s t r ips  were obtained  only for  low speeds, 
plots  are  given  for displacement conditions  oniy. 

A t  0' trh,  the hydrodynamic characteristics of d l  three  fineness- 
r a t i o  models  were just   as  poor w i t h  s t r ips  as without s t r ips .  A t  trims 
of 4' and higher, the ck;ine s t r ips  s t i l l  had p rac t i cd ly  no effect  up t o  
moderate speeds  corresponding t o  a C of about 2.7. However, there 

w a s  a s l igh t  tendency fo r  tine strips t o  take  effect at lower values of 
% 

% w i t h  increase i n  trim or  fineness  ratio. With further  increase'in 

Cv,, the hydrodynamic characteristics of the models without  chine s t r ips  
-1l 

deteriorated  rapidly. The repid  increase i n  draft, coupled with  the 
movement forward of the  center of g-essure of the models without  chine 
strips,  indicates  the development of increasingly powerful suction  forces. 
Thus, the  chine strips  effectively +b?roved the bydrodynamlc character- 
i s t i c s  of the  streamline  bodies  except et very low speeds. 

The simultaneous side and bottom photographs in  f igure 15 shaw that  
wit'cout chine strips, the  spray  characteristics of the  streamline  bodies 
deteriorated  rapidly with increase i n  speed m d  8383, t o  a lesser  degkee, 
wi th  decrease in  fineness ratio. 

Effect of Removing Tail  Cones 

The effect  of removing the tail cones from the bodies w i t h  chine 
s t r ips  is shown in  f igures 16, 17, and 18 for  fineness  ratios 6, 9, and 
12, respectively.  Faired  curves through the data for  the models without 
t a i l  cones are  plotted as solid  lines,  together  with corresponding  curves 
f o r  the models with t a i l  cones, shown as dashed l ines.  The curves for 
the models without t a i l  cones are practically  the same as  those f o r  the 
models with t a i l  cones; some of them being identical. 

" 

t, 

Tie  slmultaneous side and  bottom photograp1h.s i n  figure 19 shar tha t  
the  spray  characteristics of the ~ o d e l s  w i t h  the t a i l  cones removed are 
approximately the sane as those of the models with t a i l  cones (fig. 11). 

b 

t 
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d 
The data o'otained i n  this investigation of the klyLrody~&c forces 

and  ?nm&nts acting O T ~  a f m i l y  of streamlflle  bodies of three fineness 
ra t ios  with chine strips  indicate  the  following: 

1. Under displacement conditions , for  a given speed coefficient 
C the drag coefficient C fncreased wfth trim. 
VA' DA 

2. ihder planing conditiors, f o r  a given l i f t  coefficient C LQY the 

drag coefficient C decreased  with  ir-crease i n  trim up t o  a best t r h  

(trim f o r  miniznm resistance). 
"a 

3. Best trim, as  well as trim for  zero trhming mment  about center- 
liEe nidpoiGt (M = 0), decreased w i t h  increase in fineness  ratio from 6 % 

t o  12. 

4. A t  best trb, or for zero  trimning mment =bout the  center-line 
4 midpoint, an increase in fineness  ratlo from 6 t o  12 resulted in  a 

t. but had l i t t l e   e f f e c t  on the dreg coefficient C under pluling 

decrease i n  the drag coefficient under displacement  conditions 
cDA 

- 
DQ 

conditions. 

5.  With decreese in  l i f t  coefficient C the load-resistance  ratio 
LQy 

increesed from about 3.5 t o  about 5.0 a t   bes t  trim m d  decreased from 
about 3.5 t o  about 2.0 a% tria for  zero trimming momnt about the center- 
line nidpoint . 

6 .  An increase i n  fineness  ratio resulted i n  a n  agpreciable  reduc- 
t ion in spray. 

7. The chine strips effectively improved the hydroQnmn3.c character- 
i s t i c s  of the streauline  bodies  except E t  very low speeds. 



8. Removal of the tail cones had a negligible effect on the hydro- 
dylmic characteristics of the streamline  bodies. 

Langley Aeroneutical Laboratory, 
Nationel Advisory Camittee for Aeronautics, 

‘Langley Field, Va., October 29, 1954. 
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Figure 1.- Pr inc ipa l  dimensions of models given i n  feet. 
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Figure 2.- Underwater. picture  I l lustrating method or’ measuring wetted  length. 
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chine strips. 

Figure 4.- Load-speed range investigated. 
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(a) Trim, oO. 

Figme 5 . -  Hydrodynemic cheracteristics of m a e l  with chine  strips. 
Fineness rz t io  6; displzcement condition. 
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Figure 5.- Contfnued. 
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(b) Trim, 8'. 

Figure 6.- Continued. 



( c )  wim, 12O. 

Figure 6. -  Continued. 
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(a)  Trim, 16'. 

Figure 6.-  Continued. 
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(e) Trim, 20'. 

Figure 6.- Concluded. 
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Figure -(.- H@roQrnmxi.c chmacteristics oi" mode1 with chine strips. 
Fineness r a t i o  9 ;  alsplecement condition. 
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Figire 7 .  - Continued . 
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Figme 7. - Contir,ued. 
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Figure 7.- Coccluaed. 



0 I I I I I I I I I 1 

I 
7 

1.2 

i 
.4 

0 

(a) TrLm, 4'. 

Figare 8.- mdrodynaic  cherac te r l s t ics  of -mdei with chine s t r l s .  
Fineness r e t f o  9 ;  planing condition. 



(b) Trim, 8'. 

Figure 8.- Contirxed. 
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(d) Trim, 16O. 

FFgure 8.- Coctinued. 
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Figure 8.- Concluded. 
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(a) Trim, 0'. 

Figme 9.- Wrodynamic characteristics of model with chine strips. 
Fineness r a t i o  12; displacenent  condition. 
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(5) !rr.;m, 4O. 
7 -a igme 9 .  - Coxtinued. 
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(a) Trlm, 12'. 

Figdre 9.  - Continued. 
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(e) Trim, 16'. 

Figure 9.- Continued. 
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(a) TrFm, 4'. 

Figure 10.- Eydrodynanic cheracter is t lcs  of Eodel with chine str5ps. 
Fineness r a t i o  12; planing condition. 
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Figure LO. - Continued. 
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Figure 10. - Cmtimed . 
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(b) Finer-ess r a t i o  9 .  

Figwe 11. - Continued. 
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(c) Fineness  ratio 12. 
Figure 11.- Concluded. 
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Figure 12.- Wdrodynadc character is t fcs  of models wi_thout chine s t r ip s .  
Fineness r&.tio 6; displacexent  conaction. 
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Figure 13.-  Qdroman ic   cha rac t e r i s t i c s  of models w-ithout chioe strips. 
Fineness r a t i o  9;  displacment condition. 
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Side 

(b) Fixeness ratio 9 .  L-86479 
Figure 15.- Continued. 
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Figure 1-5. - Co-lcluZeii. 
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(a) Disglacement  concition. 

F2.gure 16.- wdrod;memic chmecteristics of models w5tk chine  strips  but 
vith the tail cones removed. Fineness ratio 6; trim, 8'. 
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Figure 20.- Continued. 
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