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THE CALCULATED E3'BECT 03' VARIOUS HYDROSYMAMIC AND 

kEXODYMAIdIC FACTORS ON THE TAKE-OPE OR' A LARGE FLYIMQ BOAT 

By 2. 1. Olson and J. M. Allison 

An investigation was made of the influence of various 
factors and design parameters on the take-of f performance 
of a hypothetical large flying boat by means of take-off 
calculations. The parameters varied in the calculations 
were size of hull (load coefficient), wing setting, trim, 
deflection of flap, aing loading, aspect ratio, and para- 
site drag. 

The take-off times and distances were calculated to 
the stalling speeds and the performance above thsee speeds 
was studied separately to determine piloting technique for 
optimum take-off. The advantage of quick deflection of 
the flap at high water speeds is shown. 

IMTRODUCTION 

Present designs for large flying boats are character- 
ized by high wing loading, high aspect ratio, and low 
parasite drag. The high wing loadings result in the uni- 
versal use of flaps for reducing the take-off and landing 
speeds, These factors have an effect on take-off perform- 
ance and influence to a certain extent the design of the 
hull. 

The purpose of the investigation described in this 
paper is to evaluate the importance of various design 
parametors that influence the take-off psrforrnanco of a 
largo hypothetical flying boat representative of present 
design practice. Some of the parameters have been studied 
in earlier investigations but not in connection with aero- 
dynamic and hydrodynamic characteristics now of interest 
such as low-area high-aspect-ratio wings, low parasite 
drag, high length-beam ratio for the hull, and high load- 
ings of the hull, 



PROCEDURE AND CALCULATIONS 

The parameters studied in the investigation a r e  a s  
follows: 

1. Size of hull (load coefficient). 

2. Wing setting. 

3. Trim. 

4. Deflection of flap. 

5. Wing loading. 

6. Aspect ratio, 

7. Parasite drag. 

The effect of variation in those parameters on net 
accelerating force and take-off performance was calculated 
for a hypothetical flying boat having the folloning basic 
characteristics: 

I "  

a 

Gross load, lb. 100,000 

Wing 
Root section N.A.C.A. 23018 

lip section N.A.C.A. 23009 

Taper ratio 0.333 

Total horsepower at take-off 
(4 engines) 

Propeller 
Diameter, f t, 

Number of blades 3 

TYP@ Constant speed 

Flaps 
Span, percent wing .$pan 

Chord, percent wtng chord 0.20 



llaps (cont 'd. ) 
Type Simple, split 

Location ilalf on each side of ten- 
ter line of flying boat 

The form of the hu.11 was assumed to be similar to 
that of a model tested in the X.A.C.A. tank for which 
general test data as yet unpubliahed were available. This 
mode4 has a transverse step, pointed afterbody, and length- 
beam ratio excluding tail extension of 5.5. The lines are 
considered to be representative of current practice for 
large flying boats. 

The lift and drag coefficients of the wing without 
flaps were obtained from variable-density-tunnel data, and 
the method of reference 1 svas used in calculating the lift 
and drag coefficients for wings with 150 and 300 flap de- 
flection. Ground effect was calculated by conventional 
methods (reference 2), and was included in computing the 
effective aspect ratios. The resulting lift and drag 
curves are shown in figures 1 and 2. The drag curves in- 
clude the profilct drag of the aing. Thrust data for the 
assumed propeller were obtained from propeller-research- 
tunnel tcsts. 

The hull was assumed to be free-to-trim up to a speed 
below the hump speed where the trim became that for minimum 
water resistance. Above this speed the trim was assumed 
to be that for minimum water resistance, except where 
s~ocified otherwise. 

Tho total resistance and the take-off performance 
were calculated by the methods described in reference 3, 
The times and distances wcra in all cases calculated only 
up to the stalling spoed. Performance above the stall was 
treated separately in several cases to find the trims for 
least total resistance at these speeds and hence the proper 
procedure for "pull-offsu to obtain best over-all take-off 
performance. For those cases the graphical method for ob- 
taining time and distance described in reference 4 was in- - 
troduced to shorn graphically the effect of changes in ac- 
celerating force on time and distance, 

The arbitrary variations in parameters assumed, the 
figure numbers for the plotted results, and the calculated 
variations in take-off performance are summarized in the 
following table, 
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In the above table, the load coefficient is that 
used at tho N.B.C.A. tank to express the ratio of gross 
load to size of hull for a given form of hull and is de- 
fined as follows: 

- 4 Load coefficient, C A  - -- 
o wb3 

where 

A 0  
is grose load, lb. 

, specific weight of water, lb./cu, ft, 

b, maxlmwn beam of hull, f t. 

The remaining parameters are defined as follows: 

i,, wing setting, deg. from base line of hull. 

C D ~ ,  parasite drag coefficient, based on wing area 
and excluding the drag of the hull, 

W / S ,  wing loading, lb. per sq. ft. 

A,, effective aspect ratio including ground effect. 

QF, flap deflection, deg. from wing chord. 

DISCUSSION OF RESULTS 

haad coefficient,- Figure 3 shows a comparison of 
the total resistance curves using three load coefficients 
applied to the eame hull lines, and with the flaps at OO. 
The largest load coefficient, 1.1, corresponding to the 
smallest size of hull, obviously has too high humg resist- 
ance. The time and distance to stalling speed, using 
load coefficients of 0.5 and 0.78, vary but little. With 
the lighter loading, (larger hull), the time is slightly 
less and the distance is slightly more. Because of the 
small difference in porforrnanco for large differences in 
load coefficient, it is apparent that for this example 
the gize of hull would probably be determined by other 
considerations such as spray, structural weight, or drag 
in flight. A load coefficient of 0.78 yields a reasonable 
size of hull and is, therefore, used for the remainder of 
the calculations. 



Vith flaps down 30° (fig. 4). the variation with 
load coefficient is similar and the importance of size of 
hull on performance is not appreciabley changed, 

Wing setting,- For optimwn performance, it would be 
desipable to vary the wing setting continuously with 
speed, In lieu of this, it is neceesary to choose a com- 
promise wing setting that will afford the best possible 
take-off. The ming setting is of importance since it 
influences the load on the water and the wing drag. Pre- 
vious work on older designs of rather low aspect ratio 
(reference 5) has indicated that if the wing setting is 
selected for minimum total resistance at about 85 percent 
of the stalling speed, and trim for minimum vater resist- 
ance is held throughout the take-off run, the take-off 
time and distance are about the optimum, 

Figure 5 shows that this arbitrary mothod of select- 
ing the wing setting is satisfactory for the present ex- 
ample, 

In a flying boat with wings of high aspect ratio the 
increase in induced drag with increase of angle of attack 
is small; the L/D at large angles of attack (fig. 2) is 
such that it becomes profitable to take.load off the water 
by increasing the wing setting, The optirnuh ming sstting 
in this case is too large to be practicable; if used, the 
wings would be in the stalled attitude st around hump 
speed, although the hull would be at the trim correspond- 
ing to minimum water  reaistance. 

Also, in flight the angle of the forebody keel of the 
hull will be at a negative value beyond the position for 
minimum air resistance, The wing setting must therefore 
bo made less than that needed for optimum water perform- 
ance, 

For these reasons, 50 was assumed for ths angle of 
wing setting for the first part of tho investigation, 
whersals 90 would have given lower total s esistance, An 
angle of wing setting of was tried, however, in the 
aspect-ratio investigation because a high angle of wing 
setting was known to accentuate the effect of changes in 
aspect ratio. 

Tigure 6 shows the effect of angle of ming setting 
with flaps not deflected; figure 7 shows the effect ~ i t h  
flaps deflected 30°. A comparison of the two figures 



showsthat with the use of flaps, the beneficial effect of 
the higher aing setting is reduced. A comparison of fig- 
ures 8(a) and 8 ( b )  shows that a change in angle of wing 
setting from 5O to 3O is almost as effective in unloading 
the hull as a change in deflection of the flap from O0 to 
30°. 

grim.- The trim of the hull is one of the most im- --- 
portant variables affecting the take-off performance of a 
seaplane. Besistance increases appreciably with departure 
from the trim corresponding to minimum water resistance. 
Hulls mi'th a normal position of the center of gravity 
usually trim too high at tho hump, where the elevator con- 
trol is somawhat ineffective. Moving the center of grav- 
ity forward improves tho trim, but often impairs tho longi- 
tudinal stability. 

Figure 9 shows the resistance curves of the hypothet- 
ical flying boat, using the trim for minimum water resist- 
ance and trims 1-1/20 and 3O above and below this trim, 
with flaps set at 00. The time and distance to stalling 
speed are increased by about 65 percent if the trim is 30 

61 

greater than the trim for minimum water resistance. The 
treatnent of the speed range above stalling speed is dis- 
cussed later, It is nore desirable to be above rather 
than below the trim for minimum water resistance because 
an additional increment of air lift that lightens the 
load on the water is produced in the case of trimming up 
(see fig. 8(c)); this effect offsets to a certain extent 
the increase in water resistance accompanying the higher 
trim. An attempt to take off, keeping 3O below trim for 
minimum water resistance, would be impossible. Reference 
5 shows a similar effect of trim on a smaller flying boat, 
with quite different hydrodynamic and aerodynamic charac- 
teristics. 

The use of flaps does not greatly affect the magni- 
tude of the increase in resistance at a given speed pro- 
duced by trimming off the trim for minimum water resist- : 
ance (see fig. 10) but. the percentage increase is reduced 
because the total resistance has been increased by the 
additional profile drag of the flaps, A study of the ef- 
fect of trim on total resistance,shown in figure 11, in- 
dicates that for high speeds the total resistance may be 
decreased when the angle of wing setting is too low, by 
using a trim greater than that for minimum water resist- 
ance. By staying 1/2O or lo above the trim for minimum 
water resistance, the total resistance is lower, begin- 



ning at about 72 feet per second. The saving is small 
but definite up to the take-off speod. Too high a trim 
increases the total resistance to such an extent that the 
excess thrust may be insufficient to take the boat off 
the water, . . 

In figure 11 the lines drawn between the curves of 
otal resistance and thrust have a slope of A .  The 
ime in seconds is therefore given by the number of inter- 

cepts of the linos with the R + D and thrust curves and 
the distance is the sum of tho speeds at each second or 
intercept. 

m e n  the available thrust ncar take-off is limited, 
the necessity of maintaining a trim for minimum total re- 
sistance is accentuated. Figure 11 illustrates a method 
for determining the schedule of trims to be followed for 
a precision take-off, i.e,, a take-off in which the hull 
is kept at an attitude giving the minimum total resist- 
ance. The envelope of the resistance curve8 in this fig- 
ure (fig. 11) gives an optimum performance i f the corre- 
sponding trim is maintained. 

In figure 12 are shown the curve of trims for mini- 
mum water resistance in the high-speed rango as obtained 
by computatSon and also the sirailar curve of trims, de- 
rived from figure 11, for precision take-off (optimum 
performance). It will bo seen that tho latter lies close 
to a trim of 70 for practically its entire length and it 
would appear that a constant trim of 7O through the high- 
speed range might be used as a substitute. Piloting 
technique beyond the stalling speed varies greatly and no 
definite analysis of the pull-off has been found. 

Considering the three schedules of trims of figure 
18 in turn it is aeea that following the trim for minimum 
water resistanca to fly-off tha tine is 77 seconds and the 
distance 6,900 feet. Following the trim of precision 
take-off exactly, the time is 61 seconds and the distance 
4,700 feet. Bolding the trim constant at to fly-off, 
the time is 63 seconds and the distance 4,900 feot. This 
emphasizes the fact that in the example the take-off in 
the high-speed range consists substantially of holding 
the trin about constant at 70 throughout, without a pull- 
UP * 

Figure 13 shows the effect of increasing the trim 
too rapidly or Coo soon. In this figure it is assumed 



that the trim changes at rate of l.sO per second beginning 
at 118 feet per second, the stalling speed. A sharp peak 
occurs in the total resistance curve which, if the pull- 
off is started too soon or is too rapid, might be suffi- 
ciently high to prevent take-off. For this particular de- 
sign of flying boat, a rapid pull-off should not be start- 
ed below 123 feet per second. 

This method for determining ?recision trim can be 
applied to any design for which aerodynamic and hydrody- 
namic performance data are available. Time may be saved 
by computing the R + D for several fixed trims of the 
hull and using the envelopes of thess curves as suggested 
in reference 6. 

D-ezgction of flaps.- The effect on take-off of sev- 
eral constant deflections of the flaps is shown in figure 
14 for a wing loading of 25 pounds per square foot and a 
load coefficient of 0.78. With the 150 deflection the 
total resistance is slightly greater than for 00 deflec- 
tion. However, the take-off occurs at a lower speed due 
to the faster unloading. Increasing the deflection of the 
flaps to 30° increases .the total resistance by a larger 
percent in the planing region and reduces the take-off by 
a smaller percent. The advantage of the faster unloading 
is decreased because of the greater aerodynamic drag with 
a 30° deflection. Out to the stalling speed the time and 
distance are about the same with the flaps deflected at 
15O or 30°. The take-off examples of reference 7, using 
a smaller hypothetical boat, show the same trends. 

Figure 15 shows the effect of flaps for a wing load- 
ing of 35 pounds per square foot, and illusfrstes the in- 
creased importance of flaps for the purpose of increasing 
the lift and decreasing the load on the water when the 
wing loading is increased. 

A study of the rasistance curvcs, using several 
constant deflections of tho flaps, suggests that take-off 
could be improved by deflecting the flaps just prior to 
stallfng speed, in that way taking advantage of the lower 
stalling speed without paying the penalty of increased re- 
sistance during the remainder of the take-off. Upon in- 
vestigation, it was found that it was entirely practicable 

I to deflect flaps of existing large four-engine airplanes 
of late design from O0 to 300 in about 5 seconds. 

4 

Figure 16 shows the theoretical gain in take-off per- 
formance made possible by delayed deflection of the flaps. 



The scale of the figure is chosen to give an enlarged 
view of the high-speed portions pf the R + D curves in 
figure 14, It is assumed that the flaps are kept at O0 
up to a speed of about 80 feet per second,which is at- 
tained 32 seconds after the start; thenlthe flaps are de- 
flected at the conservative rate of 30° in 20,seconds or 
1-l/zO per second. The dotted line represents the re- 
sulting resistance, and mas obtained by making a first 
approximation of the speed for a given elapsed time and 
deflection of the flaps, then obtaining the wing lift, 
load on the water, and resistance at the trim for minimum 
water resistance. Running through s second approximation 
%sing the speeds obtained from the first approximation 
gave the required accuracy, This gives a time of 52 sec- 
onds and a distance of 3,700 feet for the take-off. This 
may be comparod to a precision take-off without flaps; 
the time is decreased by about 15 percent and the distance 
by about 35 percent when the delayed action of the flaps 
vas used. 

If.the flaps are deflected from O0 to 30' in 6 sec- 
onds, a much shorter take-off is obtained, The total re- 
sistance curve for such a take-off is shown by the short 
dash line in figure 16. Its departure from the S3 = O0 
curve is practically negligible out to the point where 
the 6F = 300 curve crosses the SF = O0 curvo. It then 
follows the 8* = 30' curve to take-off speed. 

s n n  loading.- A wing loading of 25 pounds per square 
foot mas assumed for most of the investigations because it 
permitted enough excess thrust for take-off in a reason- 
able length and time using variations that increased the 
total resistance considerably. Existing designs of 100,000- 
poundflying boats have wing loadings of 30 pounds pex square 
foot or more and contemplate the use of flaps for taking 
off and landing. To make the present investigation cover 
the trend to greater wing loadings with increase in size, 
a wing loading of 35 pounds per square foot was investigat- 
ed in connection with deflection of the flaps., IncPeasing 
the wing loading normally increases the parasite drag coef- 
ficient. However, this change is small and was neglected 
in this investigation. A study of figures 14 and 15 mill 
show that the high-speed resistance is increased appre- 
ciably by the higher wing loading. Moreovar, the thrust 
curve has dropped until the excess thrust is small. The 
use of flaps before stalling speed would reduce seriously 
the amount of excess thrust, If flaps are not used, the 



get-away o c c u r s  a t  such  a h i g h  speed  t h a t  t h e  R + D 
c u r v e  a lmos t  t o u c h e s  t h e  t h r u s t  curve .  

A s  wing l o a d i n g s  become g r e a t e r ,  more emphasis w i l l  
be p l a c e d  on t h e  impor tance  of low r a t e r  r e s i s t a n c e  a t  
h i g h  speeds .  Bdethodsof a s s i s t i n g  u n l o a d i n g  of the  h u l l ,  
such as h i g h e r  a n g l e s  of wing s e t t i n g  a n d  t h e  u s e  of 
f l a p s  f o r  p u l l - o f f ,  w i l l  o f f s e t  t o  a c e r t a i n  e x t e n t  t h e  
e f f e c t  of t h e  h i g h e r  wing l o a d i n g s ,  

Aspect  r a t i o . -  P i g u r e  1 7  shows t h e  e f f e c t  of v a r y i n g  
t h e  assumed g e o m e t r i c a l  a s p e c t  r a t i o  w h i l e  t h e  wing i s  a t  
a c o n s t a n t  h e i g h t  above t h e  w a t e r .  The f l a p s  were n o t  de- 
f l e c t e d  and t h e  a n g l e  of wing s e t t i n g  ws 5O. A t  h i g h  
s p e e d s  t h e  l a r g e r  a s p e c t  r a t i o s  g i v e  a small but  d e f i n i t e  
improvement . 

F i g u r e  18 shows t h e  i n c r e a s e d  impor tance  of a s p e c t  
r a t i o  when an a n g l e  of v i n g  s e t t i n g  of 9 O  i s  used .  The . 
r e a s o n  f o r  t h i s  i s  t h a t  t h e  g r e a t e s t  d i v e r g e n c e  i n  t h e  
d r a g  c u r v e s  of t h e  v a r i o u s  a s p e c t  r a t i o s  ( s e e  f i g .  2 )  
o c c u r s  a t  a n g l e s  of a t t a c k  above 12O, where t h e  l i f t  and  
t h e  induced  d r a g  become a p p r e c i a b l e .  

The same k i n d  of r e a s o n i n g  a p p l i e s  t o  t h e  u s e  of 
h i g h  a s p e c t  r a t i o s  w i t h  d e f l e c t e d  f l a p s .  The l i f t  coef-  
f i c i e n t  becomes much h i g h e r ,  induced  d r a g  i s  i n c r e a s e d ,  
and t h e  b e n e f i c i a l  e f f e c t  of h i g h e r  a s p e c t  r a t i o s  i n  r e -  
duc ing  t h a  induced d r a g  i s  t h e r e f o r e  i n c r e a s e d ,  

Higher  a s p e c t  r a t i o s  i n c r e a s e  t h e  optimum a n g l e  of 
wing s e t t i n g ,  b u t  u n l e s s  h u l l s  a r e  s p e c i f i . c a l l y  d e s i g n e d  
t o  have  low a i r  d r a g  when c r u i s i n g  w i t h  t h e  h u l l  down by 
t h e  bow, t h e  h i g h e r  wing s e t t i n g s  cou ld  n o t  be p r o f i t a b l y  
used .  

P a r a s i t e  drag,-- F i g u r e  1 9  s h o ~ s  t h e  e f f e c t  of p a r a -  
g i t e  d r a g ,  wi thou t  t h e  u s e  of f l a p s .  P & r a s i t e  d r a g  be- 
comes i m p o r t a n t  a t  s t a l l i n g  speed  and above. I n  t h i s  
h igh-speed  .range t h e  t h r n s t  c u r v e  may have dropped s u f f i -  
c i e n t l y  t o  make t h e  magnitude of t h e  p a r a s i t e  d rag  a n  i m -  
po r t a 'n t  f a c t o r  i n  t h e  performance .  

Vhen t h e  f l a p s  a r e  d e f l e c t e d  t o  30' ( s e e  f i g .  20). 
t h e  d r a g  of t h e  wings i s  i n c r e a s e d ,  and t h e  p a r a s i t e  d r a g  
r e p r e s e n t s  a s m a l l e r  p e r c e n t  of t h e  t o t a l ,  S inca  t h e  
t a k e - o f f  speed h a s  d e c r e a s e d ,  and t h e  a v a i l a b l e  t h r u s t  4 

a t  t a k e - o f f  i s  t h e r e f o r e  g r e a t o r ,  t h e  r e s i s t a n c e  added by 
t h e  p a r a s i t e  d r a g  i s  l e s s  c r i t i c a l .  



CONCLUSIOHS 

The following conclusions apply particularly to a 
design having the characteristics assumed for this inves- 
tigation, but they nay be useful in predicting changes in 
performance produced by the same variable in other designs. 

1. Load coefficient: 

a, The take-off performance is not particularly 
sensitive to change in load coefficient re- 
sulting from change in the size of hull for 
a given form. The upper limit in load coef- 
ficient may be determined by the magnitude 
of the resistance st hump speed. 

b. When flaps are used, the effect of load coef- 
ficient is similar to what it ie without 
flaps. 

2. Wing setting: 

a. With increase in aspoct ratio, the angle of 
wing setting for optimum take~off becomes 
greater than it is feasible to use. 

b, The loss in take-off performance resulting 
from the use of wing settings lower than 
optimum is less when flaps are used. 

3. Trim: 

a. Up to the stalling speed, deviations of more 
than 1-1/2O above or lo below the trim for 
minimum water resistance result in a large 
fncrease in total resistance and consequent- 
ly in time and length of take-off. 

b. The above limits also apply when flaps are 
used. 

c, Trims above that for minimum water resistance 
have less adverse effect on take-off per- 
formance than trims below that for minimum 
water resistance, 

d. Above the stalling speed, the trim for minimum 



total r'esistance becomes greater than that 
for minimum water resistance. Too high a 
trim, however, results in s sharp increase 
in total resistance. The best procedure 
for taking off consists essentially in 
holding a constant trin somewhat above that 
for minimum water resistance rather than in 
sharply increasing the trin. 

4. Deflection of flaps: 

a. Flaps increase the total resistance at planing 
speeds but decrease the get-away speed. The 
net effect of their use with high wing load- 
ings is to improve take-off performance. 

b. The favorable effect of the flaps increases 
with wing loading. 

c. The best take-off performance is obtained by 
deflecting the flaps quickly at high speeds, 
thus taking advantage of the lower gat-away 
speed without increasing the total resist- 
ance in the planing range. / 

5, Wing loading: 

a. Increase in wing loading impairs the take-off 
performance and increases the importance of 
low water resistance at high speeds. 

b. The use of flaps, large wing settings, and 
high aspect ratio is favorable in offsot- 
ting the disadvantageous effect of high 
aing 1 oading. 

6. Aspect ratio: 

a. Increase in aspect ratio definitely improves 
take-off performance. The improvement is 
most notable at effective aspect ratios 
below 20; above 20 the improvement is small. 

b. The improvenent is greater for high angles of 
aing setting than for lon angles, 



7. Parasite drag: 

a. The effoct of parasite drag is most marked 
a4 high speeds and henco is fmportant shen 
high wing loadings arc used. 

b. The use of flaps lessens the effect of para- 
site drag on take-off performance. 

Langley Uemorial Aeronautical Laboratory, 
National Advisory Commiftee for Aeronautics, 

Langloy Field, Va., April 28, 1939. 



REFERENCES 

1. Pearson, H, A.: A Method of Estimating the Aerodynamic 
Effects of Ordinary and Split Flaps of Airfoils Sim- 
ilar to the Clark Y. T.N. No. 571, N.A.C.A., 1936. 

2 ,  Diehl, Walter Stuart: Engineering Aerodynamics. The 
Ronald Press Co., New York, 8. Y. (1936) 

3. Shoemaker, James M., and Parkinson, John B.: A Com- 
plete Tank Test of a Model of a Flying-Boat Hull - 
N.A.C.A. Model No. 11. T.N. 30. 464, N.A.C.A., 
1933. 

4, Herrmann, H.: Seaplane Floats and Hulls - Part I. 
T.M. No. 426, N.A.C.A., 1927. 

5. Shoemaker-, James M,, and Dawson, John 2.: The Effect 
of Trim Angle on the Take-Off Performance of a Fly- 
ing Boat. T.N. No. 486, W.A.C.A., 1934. 

6. fruscott, Starr, Parkinson, J. B., Ebert, John W. Jr., 
and Valentine, E. Ployd: Hydrodynanic and Aerody- 
nanic Tests of Models o f  Flying-Boat Hulls Designed 
for Low Aerodynanic Drag - B.B.C.A. Models 74, 74-A, 
and 75. T.N. No. 668, N.A.C.B., 1938. 

7. Parkinson, J. B., and Bell, 3 .  W,: The Calculated 
Effect of'Trailing-Edge Flaps on the Taka-Off of 
Flying Boats. T.N. Xo. 510, N.A.C.A.,1934. 





Figure 3.-  Effeot of load coefficient, Ono, on take o f f ,  with flaps set  a t  oO, 
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Figure 8.- E f f e c t  of various faators on unloading of the hull. 



Figure 9.- Effect of trim on take off with flaps set at oO. 



Fig. 
1
0
 



P i g .  11 



21.000 

20,000 

19,000 
1 - . 

1 

1 8 , 0 0 0 - - - - - - - ,  --- 

17,000 

d 

i V 16*0* 

15,000 

14,000 

d 
lS,OOo 

12,000 

11,000 

10,m 

@ 98 78 89 84 88 92 96 100 104 108 112 116 130 la 
Bpe.d, f . p . 8 .  

Pigrrrr 1s.- Effwt of pulliw wp a% ra%e of 1.5~ per second. 

*I 
0 
+. 

e 
0 - 
cm 

r9 





%
%

8
.

t
t

8
f

%
 

"
P

i
 3 

5 
Ilo" 

5 
2 

cs" 
4' 

pi 
a 

'%
m

r
 m

-*
 

sm
r

 m
@
o
%
 

am 



Fig. 
16 



20,000 

18,000 

6 
,16,000 

5 
2 
$5 

I 14' ooo 
.s 

(L1 

i ia,ooo 
i);r 
a 
d 
a 
0 
&I 

d 
10,000 

ls 
+r 
0 
$5 

9 8,000 

8 
k 

4 6,000 

4,000 

2,000 

0 10 30 50 60 70 
Speed, f.p.u. 

Figure 17.- Ground effect, using variow spans at a constant heighk above the water, iw~5O. 
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Figure 19.- Wfwt of paresite &rag coefficient, Dp on take off, with flape set at oO. 
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