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RATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

TECHNICAL NOTE NO, 1259

A GRAPHICAL METHOD FOR INTERPOIATION OF HYDRODYNAMIC CHARACTERISTICS
OF SPECIFIC FLYING BOATS FROM COLIAPSED RESULTS
OF GENERAL TESTS OF FLYING-BOAT~-HULL MODELS
By F. W, S, Locks, Jr.

SUMMARY

This report presents a simple and raplid method for interpolating
the hydrodynamic characteristlics of specific flying boats from a
chart presenting test results in collapsed form. The method 1is
graphical and will allow interpolation of the hydrodynamic character—
istics for any comblnastion of load or serodynamic characteristics,
To obtain the water resistance and porpolsing characteristics of
one specific case requires about 20 or 30 minutes! work. It is
belleved that the rapidity with which interpolations may be made
will open up the way for comprehensive design studles of the
Inflwence of varlous factors on flying-boat performance.

INTRODUCTION

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
sgssumed alr structure. However, the general test has several
importent dlsadvantages, which are:

1. A large amount of time 1s involved in accumulating the
necessarlly 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
18 so time consuming as to make the cost of thorough design studiles
of the effect of various factors almost prohlbltive.
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A large amount of effort has been spent 1n overcoming the
first two objections. Methods have been developed (references 1
to 3) so that general tests of resistance, porpoising, and the
main spray characteristics can be made almost as quickly as a
gpecific test. The reduced number of results of gll three types
of tests are presented in collapsed form on a slngle chart
(see fig. 1, for an example) which covers all practicable com—
binations of load and get-eway speed and thus retains the advan—
tages of the general test for comparisons independent of asro—
dynamic characteristics. A larges number of these hydrodynamic
summary charts may be found in reference 4.

The third criticiem mentioned may well be the most lmportant.
A short survey of the literature reveals that only four design
studies of the effect of various hydrodynamic factors on the
performance of flylng boats have been published (references 5
to 8). There are a number of others which give little or no atten—
tion to the influwsnce of the hull on performsnce. Of the four
design studies mentioned, only the last, by Olson and Allilson,
may be consldered to be at all comprehensive. This pauclty of
design studles may be taken as a cleer indication of the excessive
time required to determine analvtically the characteristics of
individual hulls as applied to specific aircraft. It 1s the
purpose of the present report to attempt to overcome this diffi-— v
culty by pressenting a simple and rapid method for the Interpolation
of the hydrodynamic characterlstics of any specific flving-boat .
design from the type of chart previously developed showing the
results of genersl tests in collapsed form.

liw

The proposed method might be consldered as an adaptation of
plide—rule technique. Tt consists essentlelly of plots of constant-
speed contours for various aerodynamic characteristics (given in
terms of the hull beam) plotted on a chart of trim agsinst the
appropriate load-speed relation for the displacerent or planing
ranges. These plots are scribed on transparent sheets which may
be superimposed on charts showing the hydrodvnamic characteristics
of hulls. The location of the transparent sheet relative to the
chart of the hydrodynamic characterlstics 1s controlled 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 deslign.

The most important disadvantage of the chart (fig. 1) showing
the results of general resistance, porpolsing, and spray tests of
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one hull 1sg that the curves are unfamiliar to the designer in both
shape and magnitude. This fact will, of course, serlously impede
attempted comparisons betwsen hulls. It is belleved, however, that
the Interpolstion system presented in this report should ald 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 reslstance and porpolsing charac—
teristics of any specific case appears to be sbout 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
method. 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, load coefficient (A/wb3)

Cp,  initial-load coefficlent (Ag/wb3)
Cr resistance coefficient (R/wb3)

Cy speed coefficient (V/\/gb)

Cy trimming-moment coefficient (M/wbh)
Cx longltudinal-epray coefficient (X/b)
CY lateral-spray coefficient (Y/b)

Cy vertical—epray coefficient (2/b)

p
aerodynamic—11ift coefficient (L/S -5% V2)

L

where

A load on water, pounds

o, initial load on water (gross weight), pounds

W speciflic welght of water, pounds per cublc foot

b beam at main step, feet
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R water resistance, pounds

v water aspeed, feet per second

g acceleration of gravity (32.2 ft/secg)

M trimning moment, Ppound-feet

X longitudinal position of main—epray point of téngency with
reference to step (positive forwerd and negative aft of
step), feet

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

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

L total aerodynemic 1ift, pounds

S wing area, square feet

Oy mags density of water, pound—eeconds2 por footu

Pg mess density of elr, pound—eebond92 per footh

Ty absolute angle of attack of wing—flap combination when trim
1s zero (measured from zero 1ift), degrees

%0 engle of zero lift of wing with respect to lte own reference
line, degrees

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

v =% " %0

T trim angle (angle between tangent to forebody keel at

main step and free—water surface), degrees
DEVELOPMENT OF CHARTS

As slready explained, the interpolation process 1s based on
the graphical use of special charts. The development of these
charts is based on the fact that at any speed and trim angle
during take—off, the water-borme load of a flying boat is glven
by the relation:

»
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A=ny =L (1)

The 1ift component of this relstion can be put into terms of the
serodynamic characteristics,

dCL o)
L2 ——=2(T +a. ) -2 sv2 (2)
o] o]
da. 2

and 1f both sides are divided by wb3 to obtain the usual NACA
seaplane coefficlents, equation (2) will reduce to:

(7 + )0y (3)

Thie equation 1s not an approximation, but will give the true load
on the water if the trus values of the various terms are substituted
Into it. Thus, the propeller slipstream and ground effect can be

accounted for by the proper adJustment to dCL da and o, and the
offect of the elevetors by alteration to ay- Other changes of the

aerodynamic characteriastics can be similarly teken into account,

Displacerment Range

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

2
Cy° ) Cy ()
o 1/3 |
4 3 p, dC_ o
A—!‘-—E—L—(T+ao)cv2
o 2 Py da 32

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

sbaolute angle of attack against CV%/QA1/3 can be constructed for
dCL 5

specific values of the product —— = for any glven value of CA .
da b~ o]

Such a chart is shown in figure 2, which wae constructed for CA
o
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equal to unity for simplicity in converting it for use with other

values of CAb.

Tt will be noted that when the absolute angle of attack
(T + ao) ig zero there 1s no wing 1ift, and hence at any speed

the load on the weter must then be the static displacement. The

values of CV corresponding to any valus of QA other than
o}

that for which figure 2 was constructed can be determined by
multiplying the velues of Cv shown by the sixth root of the

particular CAO under consideration.
Further, 1t will be seen that if the definitions of the coef-

ficients are substituted in equation (L) the beam will drop out
completely. Thus, for the chart in flgure 2, it becomes necessery

to use §§ also on the basis of CA = 1,00. This may be dons
b o]
by calculating the beem which would give a value of C, of unity
o

for the veight under considerstion. A simpler step is to remove

2
the beam and substitute S/(Ay/w) /3 for use in the parameter;
this hes been done 1ln figure 2.

A study of reference 9 showed that §5 wae usually between 15
b
and 25 for most flying boats, with a few as low as 10 end as high
as 40. Since dCL/da will be somewhere near 0.100 for most modern

designe, the charts were constructed for a renge of the product

T of from 1,0 to 4.0.
2

& (no/w)2/3

Planing Renge

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

1 "a dCL S C 2
C T e vvww  ——— —— T
NI Bo 2 py da p? o) (5)
- 5
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Again, contours of constant velocity on a chart of absolute angle of
attack agalngt JCA may be prepared for specific values of the

ac
product = §§ and QA . Flgures 3 to 5 show such charts constructed
da b o
for CA = 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 besm will not drop

out as 1t did from equation (4). Hence, the veluss of S/b2 used
in reading the charts will be the specific ones under consideration.

If a value of CAo other than unity is under consideration,

it 1s agaln necessary to convert the scale of CV at the bottom

of each of these charts by multiplying by the square root of the
particular C, . This accomplishes converesion because at zero
o}

eheolute angle of attack the water—borme losd 1s the static gross
welght, and is, of course, known.

Before elther of the cherts for the displacement of planing
ranges may be conveniently used for interpolation, transparent
coples should be prepared. This is most simple to do by making
e photographic film positive. )

USE OF CHARTS

The chartes Just described can be used to interpolate the
hydrodynamic characteristics of any proposed seaplene or flying
boat from a chart showing the collapsed results of general tests
of a particular model. Each type of interpolation will be described
separately, but certaln steps apply to all types.

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

speed contovr, at which point the value of C %/éA}/3 may be found.

v
Since Cy 1is Inown, CA can be found.



8 NACA TN No. 1259

In the planing range, the avallable moments are usually large
enough so that any trim track within reason may be assumed. However,
it 1s 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. Baslically, 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 designer from other conslderations. 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
engle of the wing or the flap setting 1s altered is (T + a,).

Changing the flap setting only will change the angle of zero lift
of the wing—flap combinstlion and the value of CI but will

not affect the 1ift rate dCL/da, at least to a very good first

approximation. Hence the first step is to determline the value
of a, for the sssumed aerodynamic characteristics.

In the displacement range, the speed scale at the bottom of
the chart must be converted by multiplylng the values of Cv

1/6
shown by the particular veluss of CA / . Next, the value
[0

of (dCL/Ha)(S/AO/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, corresponds to zero
trim, Start with the lowest speed and find the value of Cvi/éé}/3
at the intersection of the appropriate constant—speed curve on the
transparent chart with the free—to-trim track having the same load
coefficlent as the chosen CA . Next, calculate the value of CA;
(o]
it should be very slightly less than CA 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 CV%/CA1/3 at the intersection of the

constant—speed contour with the free—to-trim track for the value

of CA found et the previous speed. Again, the new value of CA

should be slightly lower than the assumed value. Repeat at increasing
speeds by using at each speed the value of C, found at the preceding
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speed for interpolation purposes. It will only rarely be necessary
to make a second trial at any speed. Finally, for the various values

of CV3/CA1/3 find the values of CR/EVQCA2/3 at the proper velue
of Ca. Since both CV and CA are known, CR can be found.

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

bottom of the approprlate chart by the specific CA 1/2. After using
°acy s
' da p2
the transparent chart on top of the chart of the hull characteristics
in the planing range so that the chosen value of ey corresvonds with

the zero-trim angle. Find the intersection of the appropriate constant-
speecd contour with the trim track under consideration and read the

value of \/CR/CV occurring at the intersection. Since Cy 1s known,
the value of CR can be found, and it should especially be noted that
it 1s not necessary to find QA' If generel stabllity limits are given,

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

the specific value of S/b2 to find the parameter lay

The entire process may be repeated for other values of the wing or
flap setting by merely shifting the relation of the transparsnt chart
having the constant—epeed contours to the chart of the collapsed results
of generel tests. At any glven value of aj, the curve of Cp

against Cy represents a large mumber of wlng—flap-setting combinations.
However, the total alr-plus—ater resistance willl depend to a large
extent on the flap setting. Thus, i1f the water resistance 1ls calculated
for several vaelues of ay, 1t may be used 1n conjunction with quite a

large varlety 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, ahd the wing setting are assumed,
then the effect of various over—all hull sizes (that 1s, with constant
length~beam ratio) can be found in the following manner:

In the displacement range, find S/Qab/w)2/3 and retain this

value for all hull sizes under investigation. Each value of QA
(&}
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will alter the values of Cy appearing at the bottom of the trans—
parent sheet of constant—epeed contours, since they must be multiplied

1/6
by the particular values of CAb / . However, the actual speed in

feet per second for a given nominal value of Gv will not be altered
by this process. In the planing range, on the other hand, the

2
specific values of S/b- must be calculated for each hull size.

The nominal values of CV should be multiplied by the specific QA 1/2

o
for esch hull size, as previously explained, and the actual speed at
each nominal value of Cy 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 assumed value of o, colncides wlth 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 valus of (Ab/w)2/3. Use

this value in esch partioular 5/(A./w)%/3 to be investigated.

Since the value of CA will not change from case to case, the
o]
speed scale on the transparéent chart need be altered only once by

multiplying by the particular value of C, 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 initlal cholce 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 dCI/hm 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 investigate the effect of changes of gross welght
in the following manner:

Find S/(Ab/w)2/3 for each case under consideration, and
each time the weight is altered, convert the speed scale by multi-

plying by CA 1/6 in the displacement range. In the plening
o

range, the valus of S/b2 will not change with changes of CAb,

though the scale of Cv

by the square root of the particular value of CA . Except for
“o

thess differences. the interpolation procedure is the same as

previously under Effect of Wing and Flap Setting.

must be sltered each time by multiplying

Miscellansous

Each of the important itoms was considered as being altered
independently of the others. There is, of course, no reascn Any
desired combinations of these items may not be used. Further, 1f
1t 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 accomplished quite simply by shifting the relatlion
botween the transparent constant—speed—contour chart and the chart
showing the collapsed results of the general teats as the speod
changes.

The constant—speed-contour charts have been drawn wlth the
assumption that the wing does not stall. Naturally, this is
never the case, though usually the wing setting will be chosen
so that the stall does not occur at possible trim angles while
the flving boat 1s on the water. If it should become necessary
to consider the effect of a stalled wing. one rather simple tvpe
of stall can be easily considered. The followlng sketch shows
the 1ift curve having a "flat—top" stall. The charts were

11
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constructed with the assumption that the 1ift continued along the
dashed line. The apparent valus of a at CI can be determined

Absolute angle of attack

in the manner indicated. At absolute angles of attack greater than
this value, the constant—speed contours will be vertlcal straight
lines, since the load on the water does not change with increasing
trim. It seems possible that a good many types of stall can at
least be approximated in thls manner.

The effect of power and the propeller slipstream can also be
included if their influence on the asrodynamic 1lift characterlstics
is known. From the results presented in reference 10, power has
quite a large effect on C; , dCL/ha, and the angle of attack

me.x
for zero 1ift. If at all possible, an effort should be made to
allow Tor its influence on the aerodynamic characteristics.

Tn the planing range, it is possible to perceive readily the
"hegt" trim on the charts showing the collapsed results of general
tests. The point of tangency of a vertical straight line (constant
load at constant speed) to a \ng/bv contour will be the best

trim as commonly used in NACA publications. The trim of lowest
water resistance of a hull asnd airplane combination will be higher
than the best trim of the hull zlone because of the decreasing load
on the water with increasing trim due to the wing 1ift. It should
be noted that the trim of lowest water resistance for a speciflc

L]
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design will be found at the tangency of the appropriate specific
constant—speed contour. The "optimum”" trim, at which the sum of

CV constant

Trim of
lowest
water

resistanc

(2
Trim (f’— Best trim

\

“~._ Cgr/Cy constant

VCa/Cy \

the air and water resistance of a specific design 1s minimum, will
be somewhere between these two, It seems likely that for most cases
the optimum trim will be close to the best trim. This will, of
courge, depend on both the assumed serodynamic characteristics and
on the shape of the constant v@;ycv contours.

Finally, in the displecement range, extrapolation to loads
outside the ranges tested can lead into serious errors unless done
very carefully. It 1s llkely 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 coefficlents at which the tests
were made. In the planing range, the values of CA investligated

are not shown because extrapolation is much less likely to 1introduce
dlscrepancles.

SAMPLE CALCULATIONS

In order to aid in understanding the interpolatlion process,
two sample calculations of the water reslstance have been prepared.
They have not been carrled through to find take—of f times and
distances since this report is not concerned with a deslgn study.
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Flying Boat A

Tt is agsumed that the designer has speclfled, for one reason
or another, the following information:

Ay = 15,000 pounds
= 906 square feet
b = 7.77 feet
dCy fda = 0.068

and wishes to know the effect of the wing 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 amerodynamic charac-—
teristics of the assumed wing are shown in figure 6. Thie flying
bost has characteristics similar to seaplane "A" in reference 5.

In order to avoid confusion, gpecific 1nterpolation 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 preceding paragraph. The use of the general interpolatlion
charts will be described in the next calculation.

For the beem and load specified, the static load coefficient
is 0.500. For a = 100, the calculations shown in table I were

made as follows:

Displacement range.—

1. A transparent copy of figure 7(a) 1s laid on top of the
displacement—range curves for NACA Model No. 8L-FEF-3 in figure 8
(in order that the process can be more easily followed, the
constant—epeed contours were traced off and appear as dashed
lines), so that the absolute angle of attack of the wing—flap
combination is 10° when the hull trim 1s zero.

5, At zero speed the trim angle 1s found to be 2.4° for
c, = 0.500.

3. At the intersection of the constant—speed contour at
10 feet per second with the free—to-trim track for CA = 0.5,

the trim is found to be 2.5° and cv2/cA1/3 = 0.50.

NACA TN No, 1259
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4. Since Cy 1s known, solving for CA glves 0,406,

5, At the intersection of the constant-speed contour at
20 feet per second with the free—to-trim curve for CA = 0,496,

the trim is found to be 6.0° and Cva/éa}/B = 2.0k,
6. Since Cy 1s known, solving for C, yielde 0,181,

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

8. At 10 feet per second, Cv%/éﬁl/B = 0,50 and at that
value the unique value of cR/bvecA?/3 18 found to be 0.0345,

9, Since both Cv end CA are known, CR may be found to
be 0.008.

1/3
10. At 20 fest per second, Cve/éA / = 2,0k and CR/GVQCA?/3 = 0,062,
11, As both Cy and CA are known, solving for Cp glves 0.062.

12, At 35 feet per second and higher, CQ/GV2CA2/3 must be inter—

polated for use of the previously found value of the load coefficlent.

Blgnin&_:gaeé.—

1. A transparent copy of figure 7(b) 1s 1laid on top of the
collapsed planing-range curves for NACA Model No, 8W—EF-3 of flgure 8,
go that the absolute angle of attack of the wing—flap combination 1s
10° when the hull trim 1s zero. (Agaln, the speed contours were
traced off and appear as dashed lines.)

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

considerations:

(a2) Even though stability limits are not avallable, it
would probably lie in the range of stable trims.

(b) Tt is at trims which are within the range of avallable
control moments.
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3. At the intersection of the constant—epeed contour_at
35 feet per second with the assumed trim curve, read ‘/CR/bv
equal to 0,148,

4. Since Cy is knowm, golving for Cp ylelds 0,106.
5. Repeat at as many speeds as desired.

Finally, & 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 range, 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 auxilisry charts used in preparing the final chart. It will

be seen that at large values of \IEZ/CV (that 1is, 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 1t introduces may be overcome by ignoring the interpolation
from the planing range when it gives a higher trim or resistance than
the interpoletion from the dlsplacement rangs at the same speed.

The interpolations just described were repeated for a, equal

to 8° and 12° by first shifting the transparent chart downward 20
relative to the chart of collapsed hydrodynamic characteristics

and then raising it 2°. The results are also shown 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 1t will be seen that a,

has its largest effect at high planing speeds. However, without
adding in the alr drag, it is impossible to predict the value of a,

that will give the best take—off time. The chert in figure 6 showing
the serodynamic characteristics of this flying boat indicates that

a flap engle of 15° 1s likely to give the best take—off time because

of the high CI in combination with low drag. It would probably

be sufficient to calculate the take—off time for three flap eangles
at one value of a, and the best for the other values. These steps

were not taken because the deslgner is already quite familiar with them.

)
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Flying Boat B

A flying-boat-hull designer 1s glven the following specifica—
ticns (which are similar to those of the XPBAM-1):

Ay = 140,000 pounds

S = 3,500 square feet
CL=80

o]

dCI/ha = 0,100

end wilshes to find the effect of hull size, when using SIT Model
No. 339-1, on the resistance, porpolsing, and main spray blister
characteristics, with the aid of the general interpolation charis,

Displacement range.—

1. The first step 1s to calculate S/(Ab/w)2/3, vhich for the

assumed particulars will be 20.75., Multiplying by the 1lift rete,
dCL/da = 0,100, gives 2.08, and this velue 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

= 1.331 and C, 1/6 _ 1.050.

o
3. Tebulate Cy for CA = 1.00 f{rom the bottom of the chart
o}

A
e}

In figure 2 and multiply each value by 1.050 to obtaln the second
colum in table II, The second colum represents the true value
of Cy for the selected beam.

4, Set a transparent copy of the gensral chart of constant—
speed contours in the displacement range (fig. 2) on top of the
collapsed displacement—range curves for SIT' Model No. 339-1 in
figure 1 so that the absolute angle of attack of the wing—flap
combination is 8° when the hull trim is zero.

5. The interpolation of the trlm and resistence is then just
the seme as for Flying Boat A described under SAMPLE CALCULATIONS —
care being emphasized to Interpolate for a constant-speed contour

of (dCL/io,)[s/(Ao/w)?-/-’Zl = 2.08,

17
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1
6. Since Cve/bA /3 i1s known, from the collapsed spray

curves read CX/EA}/3 and CZ/CA' Because it is probably of
less Interest CI/éA}/3 hag been omltted in the present instance.

7. Since QA is known for each speed, Cy and C, may be
determined.

Planling range.—

1. Calculate S/b2 and multiply it by dCL/éa. The result
is 2.50 for the assumed beam of 11.83.

2. Tabulate Cy for CA = 1,00 and multiply each value by
o}

1/2
c, 22,
o}

the selécted beam.

which 1s 1,155, to get the specific values of Cv for

3. Take a transparent copy of the appropriate generasl chart
of constent-speed contours in the planing range (fig. 4) and set
it on top of the collapsed glaning—rangp curves for SIT Model
No. 339-1 so that a, 1s 8°.

. After selecting the trim track for zero applled moment, since
it lies between the stability limits, read the value of \/CR/GV

and the trim at the intersectlion of the assumed trim curve with the
constant—apeed contour (dCL/ha)(S/be) = 2,50, At the seme time,

the intersection of the geoneral stability limits with the same
constant—epeed contour will give the trims for the speciflc upper
and lower limits,

5. Proceed as for Flying Boat A,

Tables IIT and IV show the calculations for two increased hull

sizes. In the displacement range S/(Ao/w)e/3 was not changed with

changes of hull size., However, QA does change and hence the
o

specific values of Cv also change. In the planing range, the

value of S/b2 must be calculated for each hull size investigated.
The specific values of Cy must be altered because of the changes
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of CA . Otherwise, the interpolation procedurc in both the
o

displacement and the plening ranges is Just the seme as previously
outlined. To find the beam which will give the best take—off time
will require the addition of the aerodynamic drsg and then a
conventlonal teke—off—time celculation, The spray information may
be used to find the necessary hull height to allow proper clearance
of the wing and the propellers. After the height has been found,
the serodynamic drag of the hull may be calcuiated. In order to
find optimums, 1t may be necessary to investigate additional sizes
between those shown.

Sample calculations to show the effect of alterations of wing
size or the effect of changes of gross welght have not been prepared.
It 18 hoped that the notes wnder USE OF CHARTS, in combinetion with
the two calculetions already shown, will be sufficlent to make the
process of these other interpolations clear.

CONCLUDING REMARKS

A simple and rapid method for the interpolation of the charsc—
teristics of specific flying boats from the collapsed results of
general tests has been developed. The method should ald corsideradbly
in making detalled design studles to determine the influence of the
hull on flylng-boat performence. Through use of the interpolation
method, the shapes and the magnitudes of the collapsed curves of
general tests should acqulre more meaning to the designer.

Design Research Division
Bureau of Aeronautics, Navy Department
Washington, D, C., September 25, 1946
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TABLE IT - FLYING BOAT B
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DESIGNATION: 6.19-7-20

2 —

0.35

MODEL NO. 339-1| CG= 0.35b FWD. OF STEP Ca, = 1.069 (NOMINAL) TeSTED AT S.L.T. No.| TanK
MODEL Beam: 5.40" "> 0.90b ABOVE KEEL k/L=0.225 DATE: 11-4-43
T-21-43
284 - R i S — - 3
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2.4 S -
S \<
N
2.0 - i B
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1.2 - \y/ \\4/ :
2 / _(/\\
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4 RESISTANCE, MOMENT AND STABILITY CHARACTERISTICS |

PLANING SPEEDS
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CONTOURS OF CONSTANT SPEED
IN THE

DISPLACEMENT RANGE
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