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A GRAPmCAL M&rHOD FOR INl'ERPOIATION OF HYDRODYNAMIC CHARACTERIm'ICS 

OF SPECIFIC FLYnJG BOATS FRCJ.f COLIAPSED RESULTS 

OF GENERAL TEm'S OF FLYnlG-BOAT-HULL MODELS 

ByF. W. S. Locke, Jr. 

This report presents a simple tUld rapid method for interpolating 
the hydrodynamic characteristics of specific flying boats from a 
chart presenting test results in collapsed form. The method is 
graphical and will allow interpolation of the hydrodynamic character­
istics for any combination of load or aerodynamic characteristics. 
To obtain the water resistance and porpoising characteristics of 
one specific case requires about 20 or 30 minutes' work. It is 
believed that the rapidity with which interpolations may be made 
will open up the way for comprehensive design studies of the 
influence of various factors on flying-boat performance. 

INl'ROnmTION 

The general type of test to determine the hydrodynamic charac­
teristics of flying-boat-hull models has been in use for some time. 
It has proved to be an exceedingly powerful tool for comparing the 
hydrodynamiC characteristics of various hulls independently of any 
assumed air structure. However, the general test has several 
important disadvantages, which are: 

1. A large amount of time is involved in accumulating the 
necessarily large amount of data. 

2. A large number of charts are required to present the results 
of tests of one model; this makes comparison between different hulls 
awkward and time consuming. 

3. The interpolation of the characteristics of specific designs 
is so time consuming as to make the cost of thorough design studies 
of the effect of various factors almost prohibitive. 
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A large arnOllllt of effort has been spent in overcoming the 
first two ob ject ions. Methods have been developed (re ference s 1 
to 3) so that general tests of resistance, porpoising, and the 
main spray characteristics can be made almost as quickly as a 
specific test. The reduced number of results of all three types 
of tests are presented in collapsed form on a single chart 
(see fig. 1, for an example) which covers all practicable com­
binations of load and get-e.way speed and thus retains the advan­
tages of the general test for comparisons independent of aero­
dynamic characteristics. A large number of these hydrodynamic 
summary charts may be found in reference 4. 

The third criticism mentioned may well be the most important. 
A short survey of the literature reveals that only four design 
studies of the effect of various hydrodynamic factors on the 
performance of flying boats have been published (references 5 
to 8). There are a number of others which give little or no atten­
tion to the influence of the hull on performance. Of the four 
design studies mentioned, only the last, by Olson and Allison, 
may be considered to be at all comprehensive. This paucity of 
design stUdies may be taken as a clear indication of the excessive 
time required to determine analytically the characteristics of 
individual hulls as applied to specific aircraft. It is the 
purpose of the present report to attempt to overcome this diffi­
cUlty by presenting a simple and ra~id method for the interpolation 
of the hydrodynamic characteristics of any specific flving-boat 
design from the type of chart previously developed showing the 
results of genera.l tests in colla.psed fonn. 

The proposed method might be considered as an adaptation of 
slide-rule technique. It consists essentially of plots of constant­
speed contours for various aerodynamic characteristics ( given in 
terms of the hull beam) plotted on a chart of trim against the 
appropriate load-epeed relation for the displacement or planing 
ranges. These plots are scribed on transparent sheets which may 
be superimposed on charts shOWing the hydrod~_c characteristics 
of hulls. The location of the transparent sheet relative to the 
chart of the hydrodynamic characteristics is cont rolled only by 
the setting of the wing relative to the hull. The transparent 
sheets were designed to cover all practical combinations of gross 
load and wing design. 

The most important disadvantage of the chart (fig . 1) showing 
the results of general resistance, porpoising, and spray tests of 

• 
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one hull is that the curves are unfamiliar to the designer in both 
shape and magnitude. This fact will, of course, seriously impede 
attempted comparisons between hulls. It is believed, however, that 
the interpolation system presented in this report should aid in 
overcoming this obstacle. In the past year and a half a fairly 
large number of complete interpolations have been made, and the 
time required to get the water resistance and porpoising charac­
teristics of any specific case appears to be about 20 or 30 minutes. 
In addition to being a rapid method of interpolation, the signifi­
cance of the shape of the curves and their magnitudes in collapsed 
form will assume more meaning to the designer through use of the 
xoothod. In time the collapsed curves will undoubtedly be almost 
as easy to interpret as the more conventional types of plotting. 

SYMBOLS 

The following symbols are used throughout this report: 

C
6 

load coefficient (6/wb3) 

C
6a 

initial-load coefficient (6a/wb3) 

~ resistance coefficient (R/wb3) 

Cv speed coefficient (V/~) 

C
M 

trimm1ng-moxoont coeffic ient (M/wb 4) 

Cx longitudinal-epray coefficient (X/b) 

Cy lateral-spray coefficient (Y/b) 

Cz vertical-epray coefficient (Z/b) 

CL aerodynamic-lift coefficient (LIS P2
a 

V2) 

where 

6 load on water, pounds 

6
0 

initial load on water (gross weight), pounds 

w specific weight of water, pounds per cubic foot 

b beam at main step, feet 

3 
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R water resistance, pounds 

V water speed, feet per second 

g acceleration of gravity 

M triIllllrlng moment, polmd.-feet 

x 

y 

z 

L 

S 

0.
0 

T 

longitudinal position of ma1n-epray point of tangency with 
reference to step (positive forward and negative aft of 
step), feet 

lateral position of main-epray point of tangency, measured 
from hull center line, feet 

vertical position of ma1n-epray point of tangency, measured 
from tangent to forebody keel at main step, feet 

total aerodynamic lift, pounds 

wing area, square feet 

mass density of water, pound-eeconds2 per foot4 

2 4 mass density of air, pound-eeconds per foot 

absolute angle of attack of wing-flap combination when trim 
is zero (measured from zero lift), degrees 

angle of zero lift of wing with respect to its own reference 
line, degrees 

angle of attack of wing reference line with respect to 
tangent to forebody keel at main step, degrees 

trim angle (angle between tangent to forebody keel at 
main step and free-water surface), degrees 

DEVELOPMENl' OF CHARTS 

As already explained, the interpolation process is based on 
the graphical use of specia l charts. The development of these 
charts is based on the fact t hat at any speed and trim angle 
during take-off, the water-borne load of a flying boat is given 
by the relation: 
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8. = 6 - L o (1) 

The lift component of this relation can be 'Put into terms of the 
aerodynamic characteristics, 

and if both sides are divided by wb3 to obtain the usual NACA 
seaplane coefficients, equation (2) will reduce to: 

5 

This equation is not an approximation, but will give the true load 
on the water if the true values of the various terms are substituted 
into it. Thus, the propeller slipstream and gro1IDd effect can be 
acco1IDted for by the proper adjustment to dCLI do. and 0.

0 
and the 

effect of the elevators by alteration to 0.
0

• Other changes of the 

aerodynamic chara.cteristics can be similarly taken into account. 

Displacement Range 

In the displacement range, by following the reasoning of 
reference 2, equation (3) may be transformed to 

C 2 
V 

1 Pa dCL S 2 
- - - -- - (T + a. )c 

2 Pw do. b2 0 V 

(4) 

From this relation, contours of constant velocity on a chart of 

absolute angle of attack against CV
2/cb,1/3 can be constructed for 

dCL S 
specific values of the product -- -- for any given value of C8.. 

do. b2 0 

Such a chart is shown in figure 2, which was constructed for 
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equal to unity for simplicity in converting it for use with other 
values of C.0.. 

o 
It will be noted that when the absolute angle of attack 

(T + ~o) is zero there is no wing lift, and hence at any speed 

the load on the water must then be the static diBJ>lacement. The 
values of Cv corresponding to any value of C.0. other than 

o 
that for which figure 2 was constructed can be determined by 
multiplying the values of Cv sho.m by the sixth root of the 

particular C.0.0 under consideration. 

Further, it will be seen that if the definitions of the coef­
ficients are substituted in equation (4) the beam will drop out 
completely. Thus, for the c11art in figure 2, it becomes necessary 

S 
to use also on the basis of C.0. = 1.00. This may be done 

b 2 
0 

by c8~culating the beam which would give a value of C.0. of unity 
o 

for the vreight under consideration. A simpler step is to remove 

the beam and substitute S/(6a/w)2/3 for use in the parameter; 

this has been done in figure 2. 

S A study of reference 9 showed that was usually between 15 
b 2 

and 25 for most flying boats, with a few as low as 10 and as high 
a s 40. Since dCL/d~ will be somewhere near 0.100 for most modern 

designs, the charts were constructed for a range of the product 
dCL S 

of from. 1.0 to 4.0. 
d~ 

Planing Range 

In the planing range, again by following reference 2, 
equation (3) becomes 

1 Pa dCL S 

= ;- Pw d~ b 2 

---- - -------------------------------Cv 
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Again, contours of constant velocity on a chart of absolute angl e of 

attack against ~;bv may be prepared for specific values of the 
dCL S 

prodllct -- -- and C6.. Figures 3 to 5 show such charts constructed 
deL b 2 0 

for C 6. = 1. 00. The reason more than one chart was prepared for the 
o 

planing range was to prevent too much overlapping of the various 
contours. If the definitions of the coefficients are substituted 
into equation (5), it will be found that the bevm will not drop 
out as it did from equation (4). Hence, the values of S/b2 used 
in reading the charts will be the specific ones under consideration. 

If a value of other than unity is under consideration, 

it is again necessary to convert the scale of Cv at the bottom 

of each of these charts by multiplying by the square root of the 
particular C6.. This accomplishes conversion because at zero 

o 
ph80lute angle of atta.ck the water-borne load is the static gross 
weight, and is, of course, known. 

Before either of the charts for the displacement of planing 
ranges may be conveniently used for interpolation, transparent 
copies should be prepared. This is most simple to do by making 
a photographic film positive. 

USE OF CHARI'S 

The charts just described can be used to interpolBt e the 
hydrodynamiC characteristics of any proposed seaplane or f lying 
boat from a chart showing the collapsed results of general tests 
of a particular model. Each type of interpolation will be described 
separately, but certain steps apply to all tJ~s. 

In the displacement range, the trim track is fixed by the 
asswnption that the sum of the available moments is not large enough 
to allow deviation from the free-to-trim track. Hence, the first 
step will always be to find the trim intersection with the constant-

speed cont ou.r, at which point the value of Cv ic6.
l / 3 may be found. 

Since Cy is known, C6. can be found. 
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In the planing range, the available moments are usually large 
enough so that any trim track within reason may be assumed. However, 
it is necessary to assume some trim track. Whenever stability limits 
are given, it will naturally be desirable to keep the assumed trim 
track within the range of stable trim. Basically, there are four 
different applications in which these charts may be used, and each 
application will be described individually in detail. 

Effect of Wing and Flap Setting 

Suppose the hull beam, gross weight, and wing characteristics 
have been selected by the d.eslgner from other considerations. The 
effect of the setting of the wing relative to the hull' and the flap 
relative to the wing can be determined as follows: 

In equation (3) the only term that will be affected if the 
angle of the wing or the flap setting is altered is (T + a.o )' 

Changing the flap setting only will change the angle of zero lift 
of the wing-flap combination and the value of CL but will 

max 
not affect the lift rate dCL!da., at least to a very good first 

approximation. Hence the first step is to determine the value 
of a.o for the a.ss\lIOOd aerodynamic characteristics. 

In the displacement range, the speed scale at the bottom of 
the chart must be converted by multiplying the values of Cv 1/6 
shown by the particular values of C

6 
. Next, the value 

o 
of (dCr/da.) (S/60/w) 2/3 must be calculated. The transparent 

displacement-range chart is now laid on top of the chart of the 
hull characteristics so that the value of a.o corresponds to zero 

trim. Start with the lowest speed and find the value of Cvyc6
1

/ 3 

at the intersection of the appropriate constant-epeed curve on the 
transparent chart with the free-to-trim track having the same load 
coefficient as the chosen C 6' Next, calculate the value of C 6; 

o 
it should be very slightly less than C

6 
but close enough to it 

o 
so that a second trial will not be worth while. Use the next speed, 
and determine the value of Cv2/C61/3 at the intersection of the 

constant-epeed contour with the free-to-trim track for the value 
of C 6 found at the previous speed. Again, the new value of C 6 

should be slightly lower than the assumed value. Repeat at increasing 
speeds by using at each speed the value of C6 found at the preceding 
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speed for interpolation purposes. It will only rare ly be necessary 
to make a second trial at any speed. Finally -' for the various val uea 

of evo/C6l /3 find the values of CJcv2C6 213 at the proper value 

of C6 . Since both Cv and C
6 

are mown, CR can be found. 

In the planing range , multiply the values of Cv shown at the 

bottom of the appropriate chart by the speci f ic C6 1/2. After using 
o 

2 dCL S 
the specific value of Sib to f ind the parameter - - , l ay 

da. b 2 

the transparent chart on top of the chart of t he hull characteristics 

9 

in the planing range so that the chosen val ue of eto corresnonds with 

the zero-trim angle. Find the intersection of the appro~riate const ant­
s peed contour with the trim track under consideration and read the 

value of ICR/ey occurring at the intersection. Since Cv is mown , 
the value of CR can be found, and it should especially be noted t hat 

it is not necessary to find C6 • If @8neral stability limits are given, 

the intersection of the constant-epeed contours will allow the construc­
tion 0; the specific limits. 

The entire process may be repeated for other values of the wing or 
flap setting by merely shifting the relatton of the transparent chart 
having the constant-epeed contours to the chart of the collapsed results 
of general tests. At any given value of eto ' the curve of CR 
against Cv represents a large number of wing-flap- set ting combinations. 
However, the total air-plus~ater resistance will depend to a large 
extent on the flap setting. Thus , if the water resist ance is calculated 
f or several values of eto, it may be used in conjunction with quite a 

large variety of flap settings , provided , of course, that the stall is 
not exceeded in any case. 

Effect of Hull Size 

If the weight, the wing area , and the wing setting are assumed , 
then the effect of various over-all hull sizes (that is, with constant 
length-beam ratio) can be found in the following manner: 

In the displacement range, f ind S~(~/w)2/3 and re t ain this 

value for all hull sizes under investigation. Each value of C6 o 
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will alter the values of Cv ap-pearing at the bottom of the trans­

parent sheet of constant-apeed contours, since they must be multiplied 

by the particular values of However, the actual speed in 

feet per second for a given nominal value of Cv will not be altered 

by this process. 

specific values of 

In the planing range, on the other hand, the 
2 Sib must be calculated for each hull size. 

1/2 
The nominal values of Cv should be multiplied by the specific C 6. 

o 
for eech hull size, as previously explained, and the actual s-peed at 
each nominal value of Cv will be altered. 

Place the appropriate transparent chart of constant-speed 
contours on top of the chart of collapsed hydrodynamic character­
istics so that the aSB~d value of ~o coincides with zero-trim 

angle. From there on. the interpolation is just the same as under 
Effect of Wing and Flap Setting. 

Effect of Wing Size 

If the weight, beam, and wing setting are known, the effect of 
the wing size (that is, wing loading) can be determined as follows: 

In the displacement range, find the value of (6.
o
/w) 2/3 • Use 

this value in each particular S/(6.o/w) 2/3 to be investigated. 

Since the value of C6. will not change from case to case, the 
o 

speed scale on the transparent chart need be altered only once by 

multiplying by the particular value of C6. 1/6. 
o 

In the planing range each specific value of S/b2 must be 
calculated for each wing. The speed scale, however, requires 
only one conversion, depending on the initial choice of hull beam. 
otherwise, the interpolation procedure in both the displacement 
and the planing ranges is the same as before. 

The effect of wing aspect ratio alone may be investigated by 
altering dCr/dcx, alone. All the other constants remain unchanged. 
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Effect of Weight 

With hull size, wing area, and wing setting fixed. the 
designer can investiB8-te the effect of changes of gross weight 
in the following manner: 

Find 

each time 

plying by 

S/(60/W)2/3 for each case under consideration, and 

the weight is altered, convert the speed scale by multi-

C 1/6 in the displacement range. In the planing 6
0 

range, the value of Sjb2 will not change with changes of C6 , 
o 

though the scale of Cv must be 8~tered each time by multiplying 

by the square root of the particular value of C,6.' Except for 
o 

these differences. the interpolation procedure is the same as 
previously under Effect of Wing and Flap Setting. 

Miscellaneous 

Each of the important items was considered as being altered 
independently of the others. There is, of course, no reason any 
desired combinations of these items may not be used. Further, if 
it is desired to assume that the flap angle changes with speed , 
as apparently has been found desirable in some previous calcula­
tions, it may be accompli she 0_ quite simply by shift ing the relation 
between the transparent constant~peed-contour chart and the chart 
showing the collapsed results of the general tests a s the speed 
changes. 

The conetant-speed-contollr charls have been drawn with the 
assumption that the wing doos not stall. Naturally, this is 
never the ca!,!e, though usua~ly the wing setting will be chosen 
so that the stall does not occur at possible trim angles while 
the flving boat is on the water. If it should become necessary 
to consider the effect of a stalled wing. one rather simple tvoe 
of stall can be easily considered. The follmTing sketch shows 
the lift curve having a "flat-top" stall. The charts were 

11 
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constructed with the assumptian that the lift cantinued along the 
dashed. line. The apparent value af a. at C

Iwuc 
can be d.etermined. 

'" 
'" 

'" 

Absolute angle of attack 

in the manner ind.icated.. At absalute angles af attack greater than 
this value, the constant-epeed contours will be vertical straight 
lines, since the laad. an the water d.oes nat change with increasing 
trim. It seems possible that a gaad. many types af stall can at 
least be appraximated. in this manner. 

The effect af power and. the pra-peller slipstream can alsO' be 
included. if their influence an the aerad.ynamic lift characteristics 
1s known. Fram the results presented. in reference 10, pawer has 
quite a large effect an CL ~ d.CL/d.a., and. the angle af attack 

max 
far zerO' lift. If at all passible, an effart shauld. be mad.e to 
allow for its influence an the aerodynamic characteristics. 

In the planing r~, it is possible to perceive readily the 
IIbest" trim an the charts showing the callapsed. results af general 
tests. The paint af tan~ncy af a vertical straight line (canstant 
laad. at canstant speed.) to' a ~RiCv cantaur will be the best 

trim as cammanly used in NACA publicatians. The trim af lawest 
water resistance of a hull and. airplane cambinatian will be higher 
than the best trim af the hull alane because af the decreasing laad. 
on the water with increasing trim due to' the wing lif t. It shauld 
be noted. that the trim af lowest water resistance far a specific 

.. 
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design will be found at the tangency of the appropriate specific 
const9Jlt-epeed contour. The "optimum" trim, at which the sum of 

Trim 

Cv constant 

Trim of 
lowest 
water 

I 

--

~Best trim 
\ , , 

" .... 

--
constant 

the air and water resistance of a specific design is minimum, will 
be somewhere between these two. It seems likely that for most cases 
the optimum trim will be close to the best trim. ~nis will, of 
course, depend on both the assumed aerodynamic characteristics and 
on the shape of the constant VC;;Cv contours. 

Finally, in the displacement range, extrapolation to loads 
outside the ranges tested can lead into serious errors unless done 
very carefully. It is likely to be more critical to extrapolate 
to loads greater than to loads less than those investigated. 
Because of this danger, the curves in the displacement range are 
labeled for the values of the load coefficients at which the tests 
were made. In the planing range, the values of CD. investigated 

are not shawn because extrapolation is much less likely to introduce 
discrepancies. 

SAMPLE CALCUIATIONS 

In order to aid in understanding the interpolation process, 
two sample calculations of the water resistance have been prepared. 
They have not been carried through to find take~ff times and 
distances since this report is not concernen with a design study. 

13 
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Flying Boat A 

It is assumed that the designer has specified~ for one reason 
or another~ the following information: 

6
0 

= l5~000 pounds 

s = 906 square feet 

b = 7.77 feet 

dCL/do, = 0.068 

and wishes to lmow the effect of the wine setting on the take-off 
performance of the flying boat when using a hull having the lines 
of NACA Model No. 84-EF-3 (reference 11). The e..erodynamic charac­
teristics of the assumed wing are shown in figure 6. This flying 
boat has characteristics similar to seaplane "A" in reference 5. 

In order to avoid confusion~ specific interpolatlon charts 
were prepared for this flying boat and are shown in figure 7. 
They may be used only when all the characteristics are as given 
in the precedine; paragraph. The use of the general interpolation 
charts will be described in the next calculation. 

For the beam and load specified, the st~tic load coefficient 
is 0. 500. For a, = 100 the calculations shown in table I were 

o ' 
made as follows: 

Displacement range.-

1. A transparent copy of figure 7(a) is laid on top of the 
displaceroont-range curves for NACA Model No. 84-.EF-3 in figure 8 
(in order that the process can be more easily follovTed~ the 
conetant~peed contours were traced off and appear as dashed 
lines), so that the absolute angle of attack of the wing-flap 
combination is 100 when the hull trim is zero. 

o 
2. At zero speed the trim angle is found to be 2.4 for 

C 6 = 0.500 . 

3. At the intersection of the constant-speed contour at 
10 feet per second with the free-to-trim track for C6 = 0. 7 , 

the trim is found to be 2.50 and Cvo/C6
l /3 = 0.50. 
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4. Since Cy is known, solving for C
6 

gives 0.496. 

5 . At the intersection of the constant-epeed contour at 
20 feet per second with the free-to-trim curve for C ; 0.496, 

o 2/. 1/3 6 
the trim is found to be 6.0 and CvlC6 = 2.04. 

6. Since Cy is known, solving for C
6 

yields o.l~81. 

7. Repeat this process at each speed, finding the load 
coefficient and. the trim angle. The trim curve shown in 
figure 9 was found by the interpolation process just described. 

8. At 10 feet ~r second, ev2;06l
/ 3 = 0.50 and at that 

value the unique value of ~/CV2C6 2/3 is found to be 0.0345. 

9· Since both Cv and C 6 are known, CR may be fotmd to 

be 0.008. 

10. At 20 feet per second, 

11. As both Cv and. C6 are known, solving for CR gives 0.062. 

15 

12. At 35 feet per second and higher, C';ey2c6
2/ 3 must be inter­

polated for use of the previously found value of the load coeffic ient. 

Planing range.-

1. A transparent copy of figure 7(b) is laid on top of the 
collapsed planing-range curves for NACA Model No. 8l1-EF-3 of figure 8, 
so that the absolute a~e of attack of the wing-flap combina t ion is 
100 when the hull trim is zero. (Again, the s~ed contours were 
traced off and appear as dashed lines.) 

2 . Before proceeding, sorne arbitrary trim track must be assumed . 
The one shown in figure 8 was selected on the basis of the following 
considerations: 

(a) Even though stability limits are not available, it 
would probably lie in the r~ of stable trims. 

(b) It is at trims which are within the range of available 
control moments. 
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3. At the intersection of the constant-epeed contour at 
35 feet per second. with the a ssUIOOd trim curve, read ~/Cv 
equal to 0.148. 

4. Since Cv is known, solving for CR yields 0.106. 

5 . Repeat at as many speeds as desired. 

Finally, a plot of the interpolated values of trim and 
resistance coefficients is shown in figure 9. The values of trim 
and CR below 50 feet per second, which were interpolated from 

the planing ranee, are considerably higher than those interpolated 
from the displacement range. The former should be abandoned, and 
the reason for this lies in the manner in which the collapsed curves 
in planing-range charts were prepared. The two charts in figure 10 
are auxiliary charts used in preparing the final chart. It will 
be seen that at large values of 'ft/Cv (that is, low speeds and 

high loads) the curves used in preparing the final chart are really 
envelopes. It will further be noted that there is a small region 
in which neither type of collapsing criterion works well. The 
extent and the location of this region depend to a very large 
degree on both the hull lines and the trim angle. However, the 
difficulty it introduces may be overcome by ignoring the interpola.tion 
from the planing range when it gives a higher trim or resistance than 
the interpolation from the displacement r~ at the same speed. 

The interpolations just described were repeated for ~o equal 

to 80 and 120 by first shifting the transparent chart downward 20 

relative to the chart of collapsed hydrodynamic characteristics 
and then r aising it 20 • The results are also shOiffi in table I. 
The planing range was not interpolated from 35 to 45 feet per second 
for these two additional wing settings because of the reasoning Given 
in the preceding paragraph. From table I it will be seen that 0.

0 

has its largest effect at high planing speeds. HOi-Tever, without 
adding in the air drag, it is impossible to predict the value of ~o 

that will give the best take-<lff time. The chart in figure 6 showing 
the aerodynamic characteristics of this flying boat indicates that 
a flap angle of 150 is likely to give the best take-off time because 
of the high C~ in combination with low drag. It would probably 

be sufficient to calculate the take-off time for three flap angles 
at one value of ~o and the best for the other values. These steps 
were not taken because the designer is already quite familiar with them. 

J 
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Flyine; Boat B 

A flyine-boat-hull designer is given the follo1Ving snecif'1ca­
tiena (which are similar to those of the XPB?M-l): 

6
0 

140,000 pounds 

s = 3,500 square feet 

OJ = 80 

o 

dCr/do. = 0.100 

and wishes to find the effect of hull size, ,.,hen using SIT Model 
No. 339-1, on the resistance, porpoising, and main spray blister 
characteristics, with the aid of the general interpolation charts. 

1. The first step is to calculate which for the 

assumed particulars will be 20.75. Multiplying by the lift rate , 
dCL/da = O.lOO, gives 2.08, and this V8~ue will be used for the 

interpolation of all hull sizes in the displacement range. The 
entire calculation may be found in teble II. 

2. Assume that the beam equals 11.83 feet, which will make 

C
6 

= 1.331 and C
6 

1/6 = 1.050. 
o 0 

3. Tabulate Cv for C
6 

= l.OO from the bottom of the chart 
o 

in figure 2 and multiply ea.ch value by 1.050 to obtain the seconrl 
column in table II. The second column represents the true value 
of Cv for the selected. beam. 

4. Set a transparent copy of the general chart of constant­
speed contours in the d.isplacement range (fig . 2) on top of the 
collapsed displacement-range curves for SIT Hodel No. 339-1 in 
figure 1 so that the absolute angle of attack of the wine-f lap 
combination is 80 when the hull trim is zero. 

5 . The interpolation of the trim and resiAb'nce is then ,just 
the S8.roo as for Flying Boat A described under SAHPLE CALCULATIONS 
care being emphasized to interpolate for a constant-·speed contour 

of (dCL/da)[S/(6a/w)2/~ = 2 .08. 

17 
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2/ 1/3 6. Since CV/C6 is known, from the collapsed spray 

curves read Cx/C6
1/3 and CZ/C6 . Because it is probably of 

less interest C~61/3 has been omitted in the present instance. 

7. Since C6 is known for each speed~ Cx and Cz may be 
determined. 

Planing range.-

1. Calculate Sjb2 and. multiply it by dCr/o-a.. The result 

is 2.50 for the assumed beam of 11.83. 

2. 

C 1/2 
6 ~ 

o 

Tabulate Cv for C6 = 1.00 and multiply each value by 
o 

which is 1.155, to get the specific values of Cv for 

the selected beam. 

3. Taka a transparent copy of the appropriate general chart 
of constant - speed contours in the planing range (fig. 4) and set 
it on top of the collapsed glaning-range curves for SIT Model 
No. 339-1 so that a.o is 8 • 

4. After se] ectins the trim track for zero applied moment ~ since 
it lies between the stability limits, read the value of vcp/Cv 
and the trim at the intersection of the assumed trim curve with the 
conetant-ilpeed contour (dCL/da.)(S/b2 ) = 2.50. At the same time, 

the intersection of the general stability limits with the same 
constant-ilpeed contour will give the trims for the specific upper 
and Imler limits. 

5. Proceed as for Flying Boat A. 

Tables III and IV show the calculations for two increased hull 

sizes. In the displacement range S/<6.olw) 2/3 was not changed with 

changes of hlUl size. However~ C6 does change and hence the 

specific values of Cy 
value of S/b2 must be 
The specific values of 

o 
also change. In the planing range, the 

calculated for each hull size investigated. 
Cy must be l"~tered because of the changes 

_______ .J 
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of C.6.. otherwise, the Interpo18.tion procedure in both the 
o 

displacement and the planing ranges is Just the sen~ as previously 
outlined. To find the beam which will give the best take-<>ff tilOO 
will require the addition of the acrodyna.m:1c dra.g and then a . 
conventional take-off-tiroo calculation. The spray information may 
be used to find the necessary hull height to allow proper clearance 
of the .Ting and the propellers. After the height has been found, 
the aerodynamic drag of the hull may be calcULated. In order to 
find optimuma_ it may be necessary to investigate additional sizes 
between those shown. 

19 

Snmple calculations to show the effect of alterations of wing 
size or the effect of changes of gross weight have not been prepared. 
It is hoped that the notes tmder ~JE OF CHARTS, in combination with 
the two calculations already shown, will be sufficient to make the 
process of these other interpolations clear. 

CONCLUDING REMARKS 

A simple and rapid IOOthod for the interpolation of the charac­
teristics of specific flying boats from the collapsed results of 
general tests has been developed. The method should aid cor.siderably 
in IIlfurmB detailed design studies to determine the influence of the 
hull on flying-boat performance. Through use of the interpolation 
method, the shapes and the magnitudes of the collapsed curves of 
general tests should acquire more meaning to the designer. 

Design Research Division 
Bureau of Aeronautics, Navy DeparUnent 

Washington, D. C., September 25, 1946 
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TABU: 1.- EFFECT OF 0._ ON FLYIm BOAT A 

0.
0 

= 8
v 

~o = lCo 

Disp1..e.c&mnt ranse 

c.r2 
~ C 2 

~ V Cv
2 T C6 CR R T V C 

~t/se9 Cv 
(deg ) C 1/3 C/C

6
2/3 (lb) (deg) C 1/3 6 C 2c 2/3 

6 6 V 6 

0 0 0 2.4 0 0. 500 --- --0 0 2. 4 0 0.500 - - - -
10 .63 . 40 2.5 .50 .496 0.0345 .008 240 2.5 .50 .496 0.0345 

20 1.26 1.60 6.0 2.04 . 481 .0625 .062 l845 6.0 2.04 . 481 .0625 

25 1 .58 2.49 6.6 3.20 .474 .0470 .071 2130 6.5 3.20 .474 .0470 

30 1 .89 3.59 8.7 4.62 . 467 .0396 .086 2565 8. 8 4.64 .463 .0394 

35 2.21 4.90 10.4 6.42 ' .444 .0320 .091 2730 10. 4 6. 45 .439 .0318 

40 2. 53 6 •. 40 10.3 8. 49 .429 .0244 .089 2670 10 .2 8.54 .421 .0243 

45 2.84 8.06 9,6 10 .80 .415 .0186 .084 2505 9. 5 10.87 . 405 .0181 

Plening range 

V Cv 
T -h 

~ R T ~ CR (rt/IISC) ( deg) ~ (lb) (deg) Cv 

35 2.21 12.8 0.148 0.106 

40 2. 53 11.4 .122 .094 

45 2.84 9.9 .100 .082 

50 3.16 8.6 0.086 0.074 2235 8. 5 .084 .070 

55 3.48 7.7 .074 .066 1995 7.6 .072 .064 

60 3.79 7. 3 .066 .064 1905 7.2 .065 . 060 

70 4.42 6.8 .054 .057 1710 6.8 .052 .054 

80 5.06 6.6 .047 .056 1695 6.6 .046 .053 

90 5.69 6.6 .042 .057 1710 6. 6 .040 .052 

100 6.32 6.5 .038 .058 17'25 6. 5 .037 .054 

110 6.95 6.5 . 034 .058 1725 6.5 .032 .050 

Cv2 
CR R T 

(lb) (deg) C 1/3 
6 

~ 0 2.4 0 

.008 240 2·5 . '50 

.062 1845 6.0 2.04 

.071 2130 6.5 3.20 

.084 2540 8.9 4. 65 

.090 2690 10.4 6. 48 

.088 2640 10. 2 8. 59 

.080 2375 9.4 10.99 

R T 

(lb) (deg ) 

2115 8.3 

1905 7. 5 

1815 7.1 

1620 6.7 

1590 6.6 

1545 6. 5 

1635 6.5 

1485 

~O K 120 

~ C6 
ev2c6

2/ 3 

0.500 - - --
.496 0.0345 

.481 .0625 

.474 .0470 

. 462 .0393 

.432 .0315 

.414 .0241 

.395 .0179 

~ CR 
Cv 

0.082 0.068 

.072 .063 

.063 .057 

.052 .052 

.044 .050 

.038 .048 

. 034 .045 

CR 

0 

.008 

.062 

.071 

. • 084 

.088 

.086 

.078 

R 
(l b) 

2040 

1890 

1710 

1560 

1485 

1440 

1350 

R 
(lb) 

C 

240 

1845 

2130 

2520 

2640 

2580 

2340 

I 

~ 
() 
~ 

~ 
Z 

~ 
f-J. 
~ 
01 
(0 

~ 
........ 



ev Cy 
(C~ : .1..0) 

0 0 
1.00 1..05 
1.25 1..31 
1.'50 1..58 
1.75 1.84 
2.00 2.10 
2.25 2· 36 
2·50 2.62 
2 .75 2·89 
3·00 3·15 
3·25 3·41 

Cv 
(Ct. = 1.0) 

0 

3.00 
3·50 
4.00 
4.50 
5·00 
5.50 
6.00 
6.50 

_. -- --- -

Constants 

t.o 2 140,000 lb 
S = 3,500 IIq rt 

a.o '" fP 
dcJ dD. '" 0.100 

T 
C a 

Y 

(da B) -;m 
t. 

1..9 0 
3.6 1.00 
5·4 1.57 
6 .2 2.27 
6 .6 3·12 
8.4 4.11 

10.0 5·30 
11·3 6 .60 
11. 7 8.11 
11.8 9· 79 
11.7 11.6, 

Cy 

3.47 
4.05 
4.62 
5·20 
5.78 
6:35 
6.93 
7·51 

- --. _. _ ' 

Resistance 

ev2 
Ct. 

o · 1.331 
1..10 1.33 
1·72 1.32 
2.48 1·30 
3·38 1.27 
4.41 1.23 
5·57 1.16 
6.90 1.14 
8.35 1.09 
9.94 1.04 

11.62 1.00 

Resistance 

TABLE II - FLYING BOAT B 

rb = 11.83 ftJ 

Displacement ransa 

C
R 

Cx 

Cy2ct.2/ 3 
Sl ;m 

t. 

- - - - - 0 
0.0488 .065 +2 .75 

.0660 .136 2·30 

.0543 .160 1. 75 

.0462 .183 1.17 

.0425 ·2l.5 + ·50 

.0450 .2TI -.27 
.0325 .244 1.07 
.0270 .238 1.9.6 
.0225 .229 2.90 
.0196 .227 -3·92 

Pl.an1ne range 

Sp~ 

Cz 
Ct. 

Cx Cz 

0·50 +3 ·03 0.66 
.50 2.52 .66 
.58 1.91 .75 
.70 1.27 ·89 
.84 + .54 1.03 

1.01 -.28 1.17 
1.20 1.12 1.37 
1.41 2.02 1.54 
1.65 2·94 1.71 
1·92 -3·91 1.91 

Upper llm1t Lower l1.m1 t 
T Vc;jey Ca (daB) 

11·3 0 .138 0.228 
11.0 .109 .195 
9 ·0 .086 .158 
J .5 .068 .127 

·9 .058 .110 
6.6 .050 .103 
6.4 .044 ·095 
6.2 .038 .081 

- - ___ l ____ 

s /(t.M
2

/ 3 '" 20.75 
b '" 11.83 ft 

Sjb2 z 25 .0 
C~ = 1.331 

trim 

Stabl.e 
11.2 
1l.0 
10.7 
10.0 
8·9 
7!9 
7·3 

, -

tr1:m 

s table 
10.4 
9 ·0 
6.8 
5·0 
3·9 
3.2 
2.8 

1/2 
C'\, '" 1.155 

c'\,1/6 '" 1.050 

wb3 - 105,200 
...Rb - 19·50 

x Z 
(rt) (rt) 

+35. 8 8.0 
29 .8 7·9 
22. 6 8.9 
15·0 10·5 

+ 6.4 12·3 
-3·3 13·8 
13·2 16.2 
23·9 18.2 
34.8 20.2 

-46. 3 22·5 

R 
(lb) 

24, 000 
20,500 
16,600 
13,350 
11,600 
10, 850 
10,000 
8,500 

R. V 
(lb) (rt/MC) 

0 0 
6,850 20·5 

14,300 25 ·5 ' 
16,8'50 30.8 
19,250 
22 , 600 

35·9 
41..0 

29,150 46.0 
25, 700 51.2 
25,000 56 ·4 
24,100 61.4 
23,900 66. 5 

Y 
(ft/sec) • I 

61.7 
79·0 
90·1 

101.5 
112.7 
123·8 
135·1 
146 .5 

Hull: srr Model 
No . 339-1 

+ forward of step 
- aft of step 

t\:) 
t\:) 

~ 
o 
> 
t-j 

Z 

~ 
...... 
t\:) 
t11 
~ 



v 

Cv 
(C~ = 1.0) Cy 

0 

0 0 
1 .00 .98 
1.25 1.23 
1.50 1.48 
1.75 1.72 
<, .00 1.97 
2.25 2.22 
2 .50 2.47 
2· 75 2 .71 
3·00 2.96 
3·25 3·20 

Cv 
(Ce:, = 1.0) 

0 

3·00 
3.50 
4.00 
1. . 50 
5·00 
6.00 
, .00 
7.50 

~~ 

Coastante 

6
0 

= 140,000 1b 
S = 3,500 eq ft 

a. = If 
o 

dS,/da. = 0.100 

T 
C 2 

V 

( deS) C 1/3 
~ 

2.0 0 
3.1 1.00 
4.4 1.57 
5.2 2.27 
5·5 3·12 
6.0 4.11 
8.1 5.28 
8.0 6.60 

10.0 8.07 
10.5 9· 75 
10·5 11.60 

Cv T 

( deS) 

2.87 11.4 
3·35 10 ·9 
3. 83 9·7 
4.30 8.1 
4.78 7.2 
5.74 6.7 
6.70 6.2 
7.18 6.0 

Resistance 

cl C~ 

0 0.916 
·97 ·913 

1.52 .908 
2.18 .875 
2.96 .854 
3.89 .848 
4.92 .810 
6.08 .791 
7·35 .755 
8. 75 . ' 23 

10.28 .694 

TABLE III. - FLYING BOAT Il 

[b 2 13.23 f!l 

DisplAcement raIl8B 

~ Cx 
~ C 2c 2/3 C~1/3 V ~ 

- - - - - 0 
0.0488 .044 +2 .75 

.0660 .093 2·30 

.0543 .108 1.75 

.0462 .123 1.17 

.0425 .148 + .50 

.0394 .168 -.28 

.0285 .147 1.07 

.0250 .152 1.94 

.0220 .155 2.88 

.0188 .152 -3.81) 

Planing ra.nse 

Resistance 

Upper l1m1 t 

vc;.fv ~ 
tr:!Jn 

0.143 0.168 Stable 
.116 .150 11.0 
.Cl93 .127 10·9 
.074 .103 10.8 
.063 .091 10·5 
.050 .081 8.8 
.040 .070 7·7 
.034 .060 - - - -

Spr~ 

Cz 
c~ 

Cx Cz 

0·50 +2 .67 0.46 
·50 2.23 .46 
.58 1.68 ·51 
.70 loU ,60 
.84 + .47 .71 

1.01 -. 26 . 82 
1.20 ·99 .94 
1.41 1.77 1.06 
1.65 2 ·59 1.19 
1.91 -3.45 1. 32 

Lower limit 
tr:!Jn 

Stable 
10.4 

9.6 
7.7 
5.8 
3·5 
2.8 
2.6 

- ~----' - --~-~- ~ ~--- L--- ~ -

S/(~/W)2/3 = 20.75 
b 2 13.23 ft 

sjb2 220.0 
C~ 20.916 

o 

c~ 1/2 = 0.957 

C~01/6 = 0.986 
o 

wb3 
2 152,900 

Vsb 220.62 

X Z R V 
(ft) ( f t) (lb) (rt/sec) 

0 0 
+35 ·3 5·9 6,800 20 .4 
29·5 5·9 14,200 25 ·4 
22 .2 6.8 16,500 30·5 
14.7 7·9 18,800 35·5 

+ 6.2 9.4 22,600 40.6 
-3·4 10.8 25,800 45.8 
13·1 12 .4 22 ,500 51.0 
23.4 14.1 23,250 5~·9 
34·3 15· 7 23, 700 61.1 

-45 .6 17.4 23 ,200 66.1 

R V 

(lb) (ft/sec) 

e5,700 59 ·2 
22,900 69.1 
19,400 79·0 
15,750 89. 7 
13,900 98.6 
12,400 118.5 
10,700 138.3 
9,200 148.0 
- -----

Hull: SIT Model No. 339-1 

+ forward of s,ep 
- aft of step 

I 

I 

~ 
() 
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Z 
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I 

Cv Cv (C6 = 1.0) 
0 

0 0 
1.00 ·92 
1.25 1.15 
1·50 1;38 
1.75 1.61 
2.00 1.~ 
2.25 2.0a 
2·50 2·30 
2. 75 2·53 
3·00 2·77 
3·25 3·00 

Cv 
(C~ = 1.0) 

}.OO 
3·50 
4.00 
5·00 
6.00 
7.00 
8.00 
8.50 

-Constants 

6
0 

~ 140,000 Ib 

S = 1.500 aq f t 
a. = (j" o 

dCddD. a 0.100 

C 2 
T V 

C 1/3 (des) 
6 

2.5 0 
2.6 1.00 
3·5 1.57 
4.4 2.27 
4.7 a·ll 5·1 .10 
5.7 5·25 
5.5 6.51 
7.8 7·99 
9·2 9.65 
9·7 1l.54 

C
v T 

(deS) 

2 .3~ 1l.4 
2 .7 1l.2 
3·13 10.4 
3·92 7·7 
4.10 6.7 
5.48 6.4 
6.26 6.2 
6.66 6.1 

TABLE IV.- FLYING BOAT B 

Lb ~ 15 .28 ftJ 

Displacement ~ 

Resistance Spray 

~ 

C
R C 2 Ox Cz. 

C6 Sl V Cv2c6
273 ~ C6 

6 

0 0.614 - - - - - 0 
.85 .613 0.0488 .030 +2·75 0.50 

1.33 .608 .0660 .063 2·30 . 50 
1.91 .596 .0543 .074 1.75 .58 
2.60 .585 .0463 .084 1.47 :~ 3.40 ·570 .0425 .099 + .51 
4.30 .549 .0320 .092 -.25 1.00 
5·31 .544 .0255 ·090 1.03 1.19 
6.42 ·519 .0238 ·099 1.8) 1·39 
7.65 .498 .0217 .104 2.83 1.63 
8.98 .473 .0188 .102 - 3.86 1·90 

Pl.an1l:l8 l'IWge 

Resistance 

~/Cv 

0.148 
.122 
.100 
.069 
.054 
.046 
.038 
.034 

S/(6/W)2/3 = 20 .75 
b = 15.28 ft 

sjb2 = 15 .0 

Sl 

0.120 
. ill 
.098 
.073 
.064 
.064 
.056 
.051 

Upper 11m1 t 
tr1ln 

Stabl" 
1l·3 
1l.2 
10 .9 
9.8 
8.6 
7.6 

- - -

C6: /2 
= 0.784 

C Jl6 ~ 0.922 
60 

C
x 

Cz 

+2 .34 0·30 
1.95 ·30 
1. 48 .34 
',8 .40 

+ • 2 .48 
-.20 ·55 
.84 .65 

1.52 ·72 
2.24 .81 

- 3·01 .90 

Lover l1m1t 
tr1ln 

Stable 
10.2 
10.1 
6.7 
4.2 
3·1 
2.8 
2.6 

C6 = 0.614 
o 

W'b3 = 228,000 

flo = 22 . 20 

X Z R T 
(n) (rt) (h) (rt/ •• c , 

0 0 
+35 .8 4.6 6,850 20.4 
29 .8 4.6 14,350 25 ·5 
22 ·5 5·3 16, 750 30 .6 
15·0 6.2 19,150 ~:~ + 6.4 7·3 22,600 
-3·1 8.4 21,000 46.1 
12.8 10.0 20,650 51.0 
23·2 11.0 27 ,600 56 .2 
34.3 12.4 23, 700 61. 5 

-46.0 13.8 23,400 66 .6 

R V 
(lb) (rt/sec) 

27,350 52·2 
25, 300 60.8 
22,350 69.5 
16,650 ~7.0 
14, 700 104.2 
14,500 121.5 
12,900 139.0 
1l,650 147.8 

Hull: SIT Model No. 339-1 

+ forvard of step 
- aft. of step 
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I 
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t-j 
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01 
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DESIGNATION: 6.19-7-20 
MODEL No. 339- 1 
MooEL BEAM' 5.40 " 

G G = 0 .35 b FWO. OF STEP 

. . 0 .90b ABCNE KEEL 
GAo = 1.069 (NOMINAL) 

k/L= 0.225 
TESTED AT S.I.T. No.1 TANK 

DATE : 11- 4 - 43 

i- 2.8 ~,j--, i-I---iI--tI--Ir--tI--+---t-- +---t--I---+--+---+ 3 
~~ONGITUOINAL POSITION FROM Srrp 

- 2.4 ~O" f'v/ V 2 

3 

I """ I.----f..---~ '" -~ 1- 2.0 -t---t---P>" ........ :--t--+--+--+ __ -=-+O::::::::=-+--+--+I-~......::J,.--+--+ I 
~ ~ ~. ~ 
~~ ....... ~ ~ =:~ 

- 1.6 -t::---t---+-7t -t,.....7""':.....t---+--I--_t--t-=---=--i--f---1--- STEP ~ 0 

DISTANCE~v----- ~" ~~I--'" ~ 0 

I- 1.2 ~ V J-------~.......... III 

J. / ....---- ~ "'" 
t-

0
.8} / I ___ V _~. -.......~ 

T / ~ .~ HE IGHT ABOVE KEEL ....... 

I-- 0.4J...-:.--I 1 I 

1 1 Cy2/ CA 1/3~ 

I 2 3 4 5 ~ 7 8 9 10 ';~ I? 13 14 

STATION SPACING GIVEN AS 

DtSTANCE FROM 

STEP, IN UNITS OF BEAM 

1- 0.09+--+--+--+-I-+-I-+-I-l--I-Jl---f------1f-----="I'--lI---=-lJ-=---+~-__+~-__=:I_J-_t-_t1'-'-'.3,,-,-.4:!..i1n+-~ 
MARTI 'N X P B 2 M-I FREE-TO-TRIM RESISTANCE AND TRIM 

DISPLACEMENT SPEEDS 
1- 0.08+--+--+--+--1--1--~--r--r-_r--+--T~-T--T--+--~-~-~r_-r I6-
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