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HYDRODYNAMIC FORCE CHARACTEHISTICS O F  A 

By Bernard Weinflash, Charles L. Shuford, Jr., 
and Kenneth W. Christopher 

Force t e s t s  were made t o  determine the  effect  of t r i m  on the 
resistance,  hyiirodpamic lift, and hydrodynamic moment of a streamline 
fuselage  modified by e i the r   s t r i p s  o r  r m  of air jets s d t i n g  
chines.  Test6 were also made of the model.modified  by the   s t r ips   for  
three.  loaddnAhe-water  conditione an3 f o r  the model wlth the  longi- 
tudinal curvature of the after half of the  fuselage bottom eliminated. 

An increase in trim above the zero-mmnsnt trim of the model modlfied 
by chine strips resulted i n  lower resietance and greater hydrodynamic 
lift. Resistances  close t o  a minimum would ham been obtained by 
moving the  center of gravity e t  about 23 percent of the length of the 
fuselage. 

E l idna t ion  of the longitudinal  curvature of the  aft end of the 
fuselage bottom had a detrimental  effect ~n the  trim, resistance, and 
hydrodynamic lif't of the model with chine  str ips.  A n  increase  fn  the 
load on the  water f o r  the model with  chine  str ips  resulted in higher 
trims, hydrodynamic l if ts ,  and load-resistance rat ioe.  

When a body having a circular  or  oval  cross  section moves along 
the  surface of t h e   m t e r  at high speeds, the flow of water up around the 
convex surface create6 a suctfon  force which b e p s  the body deeply 
immersed. A s  a result, such a body has very poor hydrodynamic 
characterist ics.  
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Model experimsnts in  Langley tadk no. 2 (reference 1) have shown 
that the r e s i s t a c e ,  hydrodynamic lift, and trim  characterist ics of a 
typical  streamline  fuselage  can be greatly Fmproved by the  use of 
suitably  located rows of amall air je t s .  In further experiment8 x i th  
t h i s  model (reference 2),  the results obtained x i t h  narrow breaker 
s t r ipe  sfmiLatin@; chlnes were t he  smm as  those  obtained  with rows of 
air jet8 in the s a m  location. A large n-er of configurations were 
teated  xithout  applied moments in these investigations. 

In the present  investigation, trimming moments were applied t o  
determine the  effect  of trim on the hydrodynamic characterist ics of the 
model with chines  eimulated by breaker  etrips or rows of Jets. 
A d d i t i o n a l  data were obtained f o r  the chine-strip  configuration at 
double and half the assumed normal loads. Tests were a lso  made with 
the model modified t o  eliminate the longitudinal  curvature of the after 
half  of the fuselage bottom. 

DESCRIPTION OF MODEL 

Ths model ( f ig .  I) was ths  same Eltreamline fuselage described i n  
reference 1. As shown i n  figure 2, the length of the model was 
42.22 inches and the maximum diameter was 5 inches. The center of 
gravity was located 21.22 inches ' f r o m  the nose and 0.43 Inch below the 
center  l ine and corresponds t o  a normal position for a transonic 
airplane. 

Stainlesa-tee1  tubes  having 0.026-inch inside diazneter and spaced 
1/4 inch apart were Inserted into  the bottom of the model normal t o  the 
surface i n  two rows simulating chines. There were 129 je te  in each TOW. 
The basic model was also modified by 1/16 inch wise s t r ip s  of 
tr iangular cross section in the E- location as the rows of J e t a .  
Details of the Jets and strips are sham i n .  figure 3.  

In addition,  the model with chine a t r i p s  was modified t o  eliminate 
the  longltudhml  curvature of the a f t e r  half of the fuaelage bottom 
(f ig .  4).  This wae done- by extending the tramverse  sections downward 
so that the after half of the lower profi le  line became a straight line 
para l l e l   t o  the center line. 

Tests were conducted OR the small model towing gear in Langley 
tank no. 2. ( f ig .  1). The dashpot was used t o  danq! out  oecil latimu in 
trim. A i r  w a ~  supplied t o   t h e  jets by m h n a  0f.a f lexible  hose leacthg 



into  the ai&ight model. Details of the tr-nt applica$or 
are dmwn in  figure 5. The model was  supported at i ts  center of 
gravity and was tared free t o  trin and rise. It was statically 
balanced arti7md the  pivot a t  the  center of gravity with the   a i r  hose 
and the mamsnt applicator  attached. 

Measurements w e r e  taken Of trim, resistance, and rise at constant 
speeds up to 60 feet  per secont~ for a range of applied trmng mamsnts. 
Bowap  moments are positive. Became of the excessively high forces 
encountered, the ba8k model could  not be teated above 22 feet  per 
second. Trim was measured as the angle of the  center lfne of the model 
with the horizontal .  The reeistance includes the air d r a g  of the model 
and was obtained by subtracting  the drag of the towing gem from the 
total. resistance msasured. The r i s e  m4asuremants  were wed t o  obtain 
the  "effective  ~drod.ynamic lm. " This lif't wa8 calculated by SUI+ 
tracting fram the  load an the water the  static buoyancy corresponding t o  
the immersed  volume of the model at   the trim and r i s e  measured at each 
epeed. 

The load on the water was varied with speed assuming a wing with 
a constant aerodynamic lift coefficient. No data are presented 
between 60 feet per second and tihe assumed tak-ff speed of 70 fee t  - per second, because at these speeds practically all of the model m a  
out of the water and slight variations in wetted  surface  caused the 
readings t o  became erratic.  - 

Tests were made fo r  a range of trim a t  each speed on the basic 
m o d e l ,  the model modified by je ts ,  and the model modified by strips. 
The a i r  flaw for  each run with  the Jet configuration was chosen as 
0.025 pound per second In accordance with figure 12 of reference 2. 

The model modified by chine atrips was a l so  tested  for double and 
half the loads on the normal assumed loading  curve. In  these  -tests, 
the model was run at a  fixed trim of 14O and free t o  trim with  zero 
mmmnt. 

In addition, t e s t s  were made of the  chine-strip model modified t o  
eliminate  the longitudfnal curvature of the  af ter  half of the fweLEtge 
bottom. These tests were conducted f o r  the model i n  a fre&c+trlm 
condition with zero mament. 

Comparison of Basic and Modified Models 

Thb variation of reeistance,  effective hydrodynamic lift, and 
hydr0-c trfnrming momeIlt with trim are  compared i n  figure 6 f o r  the 
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basic model, the model modified by strips, and the mdel modified by 
je ts .  The effect  of the breaker  str ips and the rows of jets on them 
hydrodynamic characterist ics was similar. 

Tha s t r i p s  or jets did not affect  the hydxodynarnic characterist ics 
of the basic model u n t i l  a speed of about 12 feet per second. Above 
12 f ee t  per second, the model modified by jets or s t r ip s  showed be t t e r  
l i f t  and resistance  characterist ics than the basic model; this 
improvement increased  rapidly.with speed. 

The moment curves for the baaic madel and the model modified by 
jets or  etripe were about the same up t o  a speed of about 12 feet per 
second. Above 17 feet per second the nmmnts f o r  the baBic model were 
much more positive  than f o r  the modified modal. The slopes of the 
moment curves far the modified model were stable at a l l  apeeds. A t  
high speed8, the- slopes genemlly decreased at the higher trFmEl. 

Besause of the general a-ity of the characterist ics w i t h  
strips or jets, the succeeding  discussion is based ent i re ly  on croas 
plots  against speed of the results obtained with the strips. 

Characteristics at Trim for  Minimum Resistance 

The h@rodynamic characterist ics of the model at beet trim are 
compared w i t h  those  for  the zer-nt condition in figure 7. Best 
trlm is the trim at any given  speed f o r  which the resistance was a minimum. A t  some speeds the resistance remained a minimum for  trim 

' up t o  4' higher  than  those ghown. 

To achieve mbxbnxa resistance  the trim would have t o  be Increased 
t o  values a8 high as 14O. The reeistance c m e  at be8t trim varied 
l i t t l e  with  speed and had a maximum va lue  of 2.0 p-. The resistance 
with zero moment gradually lncreased with speed u n t i l  it reached a 
maximum of 4.0 poundEJ. 

li-L this investigation,  the  load on the water w a s  assumed t o  be the 
same at a l l '  trims. With an acutal  wing, the load on the water would be 
greater at the lower trFmfl than at the  higher trime. Therefore, the 
reduction in h y d r o ~ c -  reeietance at best trim would have been 
greater  than that sham  in   f igure  7. 

The effective hydrodynamic lift at best trim was much higher than 
that fo r  zero moment. A t  best trim it was practically equal t o   t h e  
load on the water at speeds from about 40 feet   per second up. For zero 
moment the.hydrodynamic lift never  equaled  the load 011 the water. Ths 
hy&rodynamic momente at beat trim were large,  reaching a maximum- of 
7.4 pOUTld-f%8t, bow down. . . . .  . ." . 
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Characteristics at Constant Trim 

5 

Cross plots at constant  trime vary- f i a m  5 O  to 160 are given in 
figure 8. Resistances  close t o  a minimum were obtained f o r  loo, 130, 
and 16O trims. Below 14 feet  per second the resirrtance increased wfth 
trim. Above this  speed, the  resistance decreased w i t h  increasing trim 
up t o  10' because the frictional  portion of the resistance decreased 
faster  than th8 remaining portion  increased. At higher trims,  the 
resistance did not vxqy much w i t h  Further  increase in trim. 

The maximum hydrodynamic mtanent f o r  a fixed trlm of loo, fo r  which 
resistances were generally  close t o  a minlnnrm, was 5.0 pound-feet as 
compared with 7.4 pound-feet at best trim. The irqrovement i n  planing 
characteristics w i t h  increase in trim is  shown by the hydr-c lift 
curves. The liFt was equal t o  the load on the water for trims  greater 
than 10' at the higher speeds. 

Characteristics at Constant  Trimming Moment 

Cross plots at various values of t r b m h g  mamsnt axe given in  
figure 9. For a hydrodpmuic bow-up moment of 4 puund"feet, the 
resistance  increased with speed t o  6.5 pounds with no indication of 
reaching a maximum. The resistances fo r  both 4 and 8 pound"feet bow- 
d a m  moment were about the same and did not exceed 2 -5 pounds. 

The hydrodynamic lift increased wfth hydrodynamic bow-down moment. 
For a bow-down moment of 8 pound-feet, the lift became almost equal t o  
the total load at about 30 feet per second; for 4 pound-feet, at about 
50 feet  per second; and for  the lower mcansnts, it remained less than 
the load at all speeds tested. 

Characteristics at Various  Cente-fGravitg Positiona 

The reloca-kion of the center of gravity to a position farther aft 
w o u l d  have resulted  in smaller moments at desirable trims. Moving the 
center of gravity aft is  equivalent t o  applying a bow- moment which 
is approximately  equal t o  the product of the dietance moved, the load 
on the water, and the  cosine of the trFm. The effect of moving the 
center of gravity 6 and l2 inchea a f t  of i ts  normal position is shown - 
in figure 10. 

The mQmant equivalent t o  moving the center of gravity a given 
distance is proportional t o  the load on the water; therefore, its effect 
would  be greatest a t  low speeds and would dimlnish t o  zero at take-off. 
However, figure 10 show6 that m w i n g  the  center of gravity back had 
an appreciable  effect at even the higher speeds. For this model, 

- 



resistances  close t o  a minimum would generally have been obtained by 
moving the  center- of gravity af't about 25 percent of the fuselage length 
which would bring it t o  a point about 75 percent of the fuselage length 
from the nose. 

spray characteristics 

The photograph6 in figures r_l &d 12 show the  effect of trim on the 
spray chamter I&ics  of the model. With an increase of trim,  the 
wetted area xa8 decreased and less spray was thrown out. Thia w a ~  mre 
pronounced at 50 feet  per second than at x) feet  per second.. 

The &de views show how the narrow stripe  separate  the water f r a m  
the  side of the moctel. The aft views show -re clearly how the  stripe 
throw the spray outboard. 

Effect of Longitudinal Curvature 

The effect of the longitudinal  curvature of the af te r  half of the 
fuselage bottom on .the hydr-c characterletics i e  shown in  
figure 1 3 .  The eliminatlcm of this  fore and aft curvature had I t s  
greatest  effect at the higher speeds. The trim va8 crmeiderably 
reduced, the  resistance was greatly Increased, a d  the lift was 
decreased. The higher trim of the model v i th  longitudinal curvature 
was evidently caused,  not by positive pressures acting forward of the 
center of gravity, but by negative  pressures  acting on the &er portion 
of the fueehge bottom. 

The results of t h i s   t e s t  show that the longitudinal curvature of 
the af%er half of the fueelage bottom wae an important fac tor  in 
securing  the  results  obtained with the  basic model modified by chine 
strips.  By the  selection of proper curvature, de8irabl0 hydrodynamic 
characteristics may possfbly be obtainable with little bydrodpamic 
moSnent. 

Spray characteristics of the model with the longitudinal curvatme 
eliminated are  shown in figure 14 for apeeda of 20, 35, and 50 feet per 
second. 

Effect of Load 

A comparison of trim, resistance, and h@rodymmlc lift at double, 
no-, and half 1s ahown in figures 15 and 16.  he comparison 
Fn figure 15 I s  with the mdel free t o  trim with zero moment and that in 
figure 16 is with the nodel fixed in trim at 14O. 
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With the model free t o  trfm, an increase in load resulted in 
higher trims because of the wetted area extending farther forward. 
This increase in trim with  load was greatmt at the hump speed where 
the  additive load wa8 large, and became -1er with increasing w e d .  

The resistance becams higher with a n  increase in load for  both  the 
free4o;trim and the lkO fixeddrim conditians. For each load, there 
I s  practically no difference in resistasce between these t w o  trim 
conditions up to about 25 feet per second. Above 25 feet  per second 
the  resistances  for the 14O fixed trim decreased with speed while those 
f o r  the f'ree4&rim  canditlon  increased. 

The effective hydrodymudc lift wa8 approx3mately proportional t o  
the  load on the water for both the fre&&rfm and the 14O fixed-trim 
condition. The lift was mch  greater at the 14O fixed-trim  condition 
than the l i f t  f o r  correspondFng loads at the f r e e d r i m  condition. 
For the 14' fixeddrim  condition,  the l i f t  becams equal t o  the load at 
the  higher speeds f o r  all three loads; but,   for  the free-tdrim 
condition, it did not. 

The effect of load on the load-resistance ra t io  A/% i s  shown in 
figure 17 for  both  the free-tc+trim and the 14O fixeddrim condition. 

condition. This trend is similar t o  that f o r  normal hulls at planing 
speeds. The A/R for  each loading condition wae greatly improved by 
fixing the trim at 14O. 

.) An increase in load  resulted in larger A/% values for  ei ther 

- 

The results of as investigation of the hy-droQmmic force chaxac- 
t e r i s t i c s  of a streamline fuselage inafcate the following  conclusions: 

1. The hydrodgnamlc characteristics of a streamline fuselage plas ing  
on the surface of the water were greatly improved at all trims by chines 
sirrmlated by Bmall breaker s t r ips  or rows of mall air jets.  The 
characteristics were about the same for  either  the strips or the jets. 

2. A n  increase in  trim above the zer-nt trim of the model 
modified by chine s t r ips  resulted in lower resistance and greater 
hydrodynamic l i f t .  

3. Resistances  close t o  a mlnirmnn would.have been obtained by mving 
the center of gravity aft about 25 percent of the length of the fuselage. - 
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4. Elimination of the longitudinal  curvatube of the aft end of the 
fueelage bottam had a detrimental  effect. cm the  trim,  reaiatance, and 
hydrodynamic lift of the model with  chine  strips. 

5. An increase in the load on the  water  for the modal wfth  chine 
s t r ips   resul ted in higher  trims, hydradymnic L i F t s ,  and load- 
r e s i s t m e   r a t i o s .  

Langley Aeronautfcd Laboratory 
National  Advisory Committee f o r  Aeronautics 

Langley A i r  Pome Base, Va. 
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Figwe 2.- Bottom and end views o f  model showing eimulated.ch1ne 
conf igura t ions .  (Mmenaloae are in Inohes.) 
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Section near aft end 

(a )  s t r i p s .  

Maximum sectim S e c t i m  near aft end 
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Position of strip on moael 
with longitudinal curvature 

p o s i t i o n  of strip on model 
without longltudinal  curvature 

Flgure 4.- Model with longitudbal curvature eliminated a t  aft end. (Rimensions are in inches. 1 
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centerline of motel, and' 
Centerline of ap l icator 
the cords connecting than 
form a parallelogram. 

i Weight pan 

C__.l 
Figme 5. - M a g r h t i c  sketch o f  m n t  applicator. 
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(b) Speed, 10 feet per second. 

Figure 6 .- Continued. 
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Figure 6 .- Continued. 
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Figure 6 .- Continued. 
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(h) Speed, a f ee t  per seoond. 

Figure 6 .- Continued. 
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(k) Speed, W feet per 6". 

Figure 6 .- Continued. 
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0 Speed, 50 feat per second. 

Figure 6 .- Continued.. 
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(n) Speed, 55 f ee t  per second. 
Figure 6 .- Continued. 
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(a)  Resistance and effective hydrodynamic l i f t .  

Figure 7. - Comparison of the hydrodynamic characteristics at b e s t  trim 
ana at zero moment. (Model modified by chine strips.) 
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E'igure 9. - Variation of trim, resistance, and l i f t  with constant  hydrodymic 
moment. (Model m d i f i e d  Qy chine strips.) 
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Speed, fps  

Figure/& .- Calculated  effects of wed center-of-gravity  relocation. 
(Model modified by chine strips;) 

" . 
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(b) Trim, 10.3O; hydrodynamfc moment, -2 lb-ft . 

(c) Trim, 12.5'; hydrodynamfc moment, -4 lb-ft .  
L-63572 

Figure ll.- Spray comparison at varfous trims. Model modlf ied by chine 
s t r ips .  Speed, 20 f'ps. - 
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(a) Trim, 7.2'; hydrodynamic moment, -2 lb-f t  

. 

(b) Trim, 9.0'; hydrodynamic moment ,  -4 lb-Ft. 

. 
(c) Trim, 14.60; hydrodynamic moment, -6 lb-ft .  

L-43 573 
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Figure 13.- Effect of curvature of lower profile line; zero moment condition. 
(Model modified by chine strips.) 





(a) Speed, 20 a s ;  trim, 5.0~. 

(b) Speed, 35 as; trw, 2.5'. 

(c) Speed, 50 a s ;  trim, 1.4'. v 
L-63 574 

Figure 14. - Spray comparison at varioue speeds. Longitudinal curvature 
of the after half of the fuselage bottom eliminated. (Model modifled 
by chine strips.) . ~0-a 
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speed. ips 
Figure 15. - Wfect of load on trim, rcststance, SlEd l ift  for ths sodel free to 

trim with zero .nment. C.G. E 21.22. (Model modified chine strips.) 
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Speed. fps -537- 
Figure /6 .- Effect of load on resistance and lift with conatant trim, 140. 

(Model modified by chine strips.) 
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Speed, fps 
I! 

(b) Free t o  trim. 
- 

Figure /I .- Comparison of load-resistance ratios for half, normal, and double loads. 
Y A / l a /  
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