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. NATIONAL ADVISORY COM_TTEE FOR AERONA_TICS

TECKNICALNOTE NO. 1259

A _CAL METHOD FQR INTERPOIATION OF HYDRODY_MIC CE_RACTERISTICS

OF SPECIFIC FL%q3_ B(_TS FRCM COLIAPSED RESULTS

OF GENERAL TESTS QF FL_0AT-EuT_ MODELS

By F. W. S. Locks, Jr.

This report presents a simple and 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 aerod_c characteristics.

To obtain the water resistance and porpoislng characteristics of

one specific case requires about 20 or 30 minutes t 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-_oat performance.

INYRODLL_flON

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:

i. 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.

B. 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 amount of effort has been spent in 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

specific test. The reduced number of results of all three types
of tests are presented in collapsed form on a single chart

(see fig. l, for an example) which covers all practicable com-

binations of load and get-sway speed and thus retains the advan-

tages of the general test for comparisons independent of aero-

dynamic characteristics. A large munber of these hydrodynamic
summary charts may be found in reference h.

The third criticism m_ntioned 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,

maybe 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--

cttlty by presenting a simple and ranid method for the interpolation
of the hydrodynamic characteristics of any specific flying-boat

design from the type of chart previously developed showing the

results of general tests in collapsed form.

The proposed method might be considered as an adaptation of
slide-rule technique. Tt 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-speed relation for the displace_nt or planing
ranges. These plots are scribed on transparent sheets which may

be superimposed on charts showing the hydrodynamic characteristics

of hulls. The location of the transparent sheet relative to the

chart of the hydrodynamic characteristics is 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 win6_ design.

The most important disadvantage of the chart (fig. i) 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 assumemore meaning to the designer through use of the
method. In _ims the collapsed curves will undoubtedly be almost
as easy to interpret as the more conventional types of plotting.

SYMBOLS

l

C
A

cAo

%

CV

CM

CX

Cy

Cz

CL

where

A

Ao

W

The following symbols are used throughout this report:

load coefficient (A/wb 3)

initial-load coefficient (ao/wb3)

resistance coefficient (R/wb3)

speed coefficient (V/_)

trimming--moment coefficient (M/wb 4)

longitudinal-spray coefficient (X/b)

lateral-spray coefficient (Y/b)

vertical-spray coefficient (Z/b)

aerodynamic-lift coefficient (L/S --VOa2 2)

load on water, pounds

initial load on water (gross weight), pounds

specific weight of water, pounds per cubic foot

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

V

g

water speed, feet per second

acceleration of gravity (32.2 ft/sec 2)

M

X

trimmdngmoment, potmd--feet

longitudinal position of maln--spray point of tangency with

reference to step (positive forward and negative aft of

step), feet

Y lateral position of main-spray point of tangency, measured

from hull center line, feet

Z vertical position of main-_pray point of tangency, measured

from tangent to forebody keel at main step. feet

L total aerodynamic lift, pounds

S

Da

_O

wing area, square feet

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

mass density of air, pound--setonds2 per foot 4

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

_L=O
angle of zero lift of wing with respect to its own reference

line, degrees

iw
angle of attack of wing reference line with respect to

tangent to forebody keel at main step, degrees

v trim angle (angle between tangent to forebody keel at

main step and free-water surface), degrees

DEVELOPMENT OF CHARTS

As already explained, the interpolation process is 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--borne load of a flying boat is given

by the relation:
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= So - L (i)

The lift component of this relation can be put into terms of the

aerodynamic characteristics,

dCL 0a
a,-=_o -_ (T + %) __ sv2 (2)

d_ 2

and if both sides are divided by wb 3 to obtain the usual NACA

seaplane coefficients, equation (2) will reduce to:

i °a dCL S (v + _o)Cv 2 (B)
c_=CAo 20wd_ b2

This equation is not an approximation, bt_ 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 ground effect can be

accounted for by the proper adjustment to dCL/d_ and mo and the
l

effect of the elevators by alteration to 6o. Other changes of the

aerodynamic characteristics can be slmllarly taken into account.

Displacement Range

In the displacement range, by following the ressoning of
reference 2, equation (3) maybe transformed to

2
CV2 CV

i 0a dCLs

2Owd_ b2
÷ %)cv 

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

absolute angle of attack against CV can be constructed for

dCL S

specific values of the product for aro" given value of C& .
dm b_ o

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

values of CAo.

It will be noted that when the absolute angle of attack

(v + So) is zero there is no wing lift, and hence at shy speed

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

values of CV corresponding to any value of CAo other than

that for which figure 2 was constructed can be determined by

multiplying the values of CV shown by the sixth root of the

particular CZ_° under consideration.

Ftu_cher, 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 chart in figure 2, it becomes necessary

S

to use V also on the basis of CAo = 1.O0. This may be done

by c81culating the beam which would give a value of CA of unity
-o

for the weight under consideration.

the beam and substitute S/(Ao/W) 2/3

this has been done in figure 2.

A simpler step is to remove

for 1_e in t1_ parameter;

A study of reference 9 showed that S was usually between 15
b2

and 25 for most flying boats, with a few as low as l0 and as high

as 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.

( oiw)213

Planing Range

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

i dCLS +  o)Cv
2 _ d_ b2

cv Cv
(9)
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Again, contours of constant velocity on a chart of absolute angle of

attack against _CA/C v may be prepared for specific values of the

dCL S
product and Figures 3 to 5 show such charts constructed

d_ b2 CAo"

for CA = 1.O0. 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 beom will not drop

out as It did from equation (_). Hence, the values of S/b 2 used
In reading the charts will be the specific ones under consideration.

If a value of CAo 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 CA . Thls accompl._shes conversion because at zero
o

_bsolute angle of attack 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 fllm positive.

OF CHARTS

The charts Just described can be used to Interpolate the

hydrodynamic characteristics of any proposed seaplane 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 certain steps apply to all t3s)es.

In the displacement range, the trim track is fixed by the

assumption that the sum of the available moments is not large enough

to allow deviation from the free-to-trlm track. Hence, the first
step wlll always be to find the trim intersection wlth the constant-

speed contour, at which point the value of CV2_A1/3 may be found.

Since CV is knob-n, CA 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

applicationwill 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 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 + _O).

Changing the flap setting only will change the angle of zero lift

of the wing--flap combination and the value of CLuny but will

not affect the lift rate dCL/dm , at least to a very good first

approximation. Hence the first step is to determine the value

of mo for the assumed 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 CA Next, the value

O

of (dCJd_)(S/_o/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 mo corresponds to zero

lowest speed and find the value of Cv2_CA1/3+trim. Start with the

at the intersection of the appropriate constant-speed curve on the

transparent chart with the free--to-trim track having the same load

coefficient as the chosen CA . Next, calculate the value of C_;
o

it should be very slightly less than C&o but close enough to it

so that a second trial will not be worth while. Use the next speed,

and determine the value of Cv2/C_l/3 at the intersection of the

constant-speed contour with the free-to--trimtrack for the value

of CA found at the previous speed. Again, the new value of C&

should be slightly lower than the assumed value. Repeat at increasing

speeds by using at each speed the value of CA found at the preceding
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speed for interpolation purposes. It will only rarely be necessary
to makea second trial at any speed. Finally_ for the various values
og Cv_CA1/3-' find the values of CR/Cv2C_2/3- at the proper value

of CA. Since both CV and C& are known, CR can be found.

In the planing range, multiply the values of CV shownat the

bottom of the appropriate chart by the specific 1/2 After using
C&o

dCL S
the sl_cific value or" S/b 2 to find the parameter -- -- lay

de_ b 2'

the transparent chart on top of the chaa_ of the hull characteristics

in the planing range so that the chosen value of so correswonds with

the zero-trim angle. Find the intersection of the appropriate constant-

speed contour with the trim track under consideration and read the

value of _-R/Cv occurring at the intersection. Since CV is known,

the value of CR can be found, and it should especially be noted that

it is not necessary to find C_. If general stability limits are given,

the intersection of the constant-speed contours will allow the construc-

tion of the specific limits.

The entire process may be repeated for other values of the wing or

flap setting by merely shifting the relation of the transparent chart

having the constant-speed contours to the chart of the collapsed results

of general tests. At any given value of So, the curve of CR

against CV represents a large n_n_ber of wing-f lap-setting combinations.

However, the total air-plus-water resistance will depend to a large

extent on the flap setting. Thus, if the water resistance is calculated

for several values of So, it may be used in conJlmction 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, ahd the wing setting are assun_d,

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, find S/(Ao/W) 2/3 and retain this

value for all hull sizes under investigation. Each value of Ca
_o
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will alter the values of CV appearing at the bottom of the trans-

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

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

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

by this process. In the planing range, on the other hand, the

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

The nominal values of CV should be multiplied by the specific C&o

for each hull size, as previously explained, and the actual speed 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 asstm_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 r_, find the value of (Ajw) 2/3 . Use

this value in each particular S/(_/_) 2/3 to be investigated.

Since the value of C& 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 C& 1/6
o

In the planing range each specific value of S/b 2 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 maybe investigated by

altering dCL/d_ 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 wei_it

in the following manner:

Find 2/3 foreachcase=derconsider tion 
each time the weight is altered, convert the speed scale by multi-

plying by C i/6 in the displacement range. In the planing
Ao

range, the value of S/b 2 will not change with changes of C_o ,

though the scale of CV must be sltered each time by multiplylng

by the square root of the particular value of C_ . 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 apparentlyhas been found desirable in some previous calcula-

tions, it may be accomplished quite simply by shifting the relation

between the transparent constant--speed-contour chart and the chart

showing the collapsed results of the general tests as the speed

changes.

The constant--speed-cont_,r charts have been drawn with the

asstmmtion that the wing does not stall. Naturally, this is

never the case, though us1_ull7 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. Yf it sho_ld become necessary

to consider the effect of a stalled wing. one rather simple type

of stall can be easily considered. The following sketch shows

the lift curve having a "flat--top" stall. The charts were
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constructed with the assumption that the lift continued along the
dashed line. The apparent value of _ at C_ can be determined

C L

s

#"

I #"

S f

CL t

aC L

max

Absolute angle of attack

in the manner indicated. At absolute a_gles of attack greater than

this value, the constant--speed contours will be vertical 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 approx/mated in this manner.

The effect of power and the propeller slipstream can also be

included if their influence on the aerodynamic lift characteristics

is known. From the results presented in reference 10, power has

quite a large effect on CL , dCL/d_ , and the angle of attack
m2x #

for zero lift. If at all possible, an effort should be made to

allow for its influence on the aerodynamic characteristics

In the planing range, it is possible to perceive readily the

"best" trim on the charts showing the collapsed results of general

tests. The point of tangency of a vertical straight line (const_nt

load at constant speed) to a _/CR/Cv contour will be the best

trim as commonly used in NACA _ublications. The trkm of lowest

water resistance of a hull and airplane combination will be higher

than the best trim of the hull alone because of the decreasing load

on the water with increasing trim due to the wing lift. It should

be noted that the trim of lowest water resistance for a specific



NACA TN No. 1259 1B

desig_ will be found at the tangency of the appropriate specific
const_%nt-speed contour. The "optimum" trim, at which the sum of

Trim

CV c°nsta_z/

Trim of /i"

lowest _,/i

water _"

resistanc_L n_._f_ _--_

/
 /Cv

constant

the air and water resistemce 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. This will, of

course, depend on both the assumsd aerodynamic characteristics and

on the shape of the constant _V 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 them 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 CA investigated

are not shown because extrapolation is much less likely to introduce

discrepanc ies.

SAMPLE CALCULATIONS

In order to aid in understanding the interpolation process,

two sample calculations of the water resistance have been prepared.

They have not been carried throug_ to find tak_-off times and

distances since this report is not concerned with a design study.



14 NACATN No. 1259

Flying Boat A

It is assumedthat the designer has specified, for one reason
or another, the following information:

Ao = 15,000 pounds

S = 906 square feet

b = 7.77 feet

dCL/_m = 0.068

and wishes to _c_ow 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 ll). The aerodynamic 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 interpolation 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 interpolation
charts will be described in the next calculation.

For the beam and load specified, the static load coefficient
is 0.500 For _ = lO° the calculations shown in table I were

• O

made as follows:

Displacement range.-

i. A transparent copy of figure 7(a) is laid on top of the
displacemsnt-ranGe curves for HACA Model No. 8_--3 in figure 8

(in order that the process can be more easily followed, the

constant-speed contours were traced off and appear as dashed
lines), so that the absolute angle of attack of the wing--flap
combination is i0° when the hull trim is zero.

2. At zero speed the trim angle is found to be 2.14° for

C& = O.5OO.

3. At the intersection of the constant-speed contour at

i0 feet per second with the free--to-trim track for C& = 0.5,

found to be 2.5 ° and --!C_T2/C_I/3 = 0.50.the trim is
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4. Since C V is known, solving for CA gives 0.496.

5. At the intersection of the constant--speed contour at

20 feet per second with the free--to-trlm^i_curve for CA _ 0.496,

th@ trim is found to be 6.0 ° and CvyC_/3 = 2.04.

6. Since CV is known, solving for CA yields 0.481.

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 i0 feet per second, CV2_I/3 = 0.50 and at that

value the unique value of C_/C_2C^ 2/3 is found to be 0.0345.

9. Since both CV and CA

be 0.008.

are known, CR may be found to

i0. At 20 feet per second, CV - 2.04 _zfl = 0.062.

ll. As both CV and CA are known, solving for CR gives 0.062.
I

12. At 35 feet per second and higher, cdcv2c#/3 must be inter-

polated for use of the previously found value of t_ load coefficient.

i. A transparent copy of figure 7(b) is laid on top of the

collapsed planing--range curves for NACA Model No. _F-3 of figure 8,

so that the absolute angle of attack of the wing-flap combination is

lO ° when the hull trim is zero. (Again, tip 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:

(a) Even though stability limits are not available, it

would probably lie in the range of stable trims.

(b) It is at trims which are within the range of available

control mounts.
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3. At the intersection of the constant-speed contour at

35 feet per second with the assisted trim curve, read _ _'i_C_/Cv
equal to 0.148.

_. 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 r_, 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 l0

are auxiliary charts used in preparing the final chart. It will

be seen that at large values of \/CD/C V (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 s very large

degree on both the hull lines and the trim angle. However, the

difficulty it introduces may be overcon_ by ignoring the interpolation

from the planing range when _t gives a higher trim or resistance than

the interpolation from the displacement range at the same speed.

The interpolations Just described were repeated for _o equal

to 8 ° and 12 ° by first shifting the transparent chart downward 2 °

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 it will be seen that _o

has its largest effect at high planing speeds. However, without

adding in the air drag, _t is impossible to predict the value of _o

that will give the best take-off time. The c]_c in figure 6 showing

the 8_rodynamic characteristics of this flying boat indicates that

a flap angle of 15 ° is likely to give the best take-off time because

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

be sufficient to calculate the take-off tim_ for three flap angles

at one value of 6o snd the best for the other vs/ues. These steps

were not taken because the designer is already quite familiar with them.
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Flying Boat B

A flying--bo_t-hull designer is given the followln[_ soecifica-
ticns (which are similar to those of the XPB_M-1):

Ao = 140,000 pounds

S = 3,500 square feet

(Z = 8 °

O

dCI/d_ = 0.i00

and wishes to find the effect of hull size, when using SIT Model

No. 339-1, on the resistance, porpolslng, and main spray blister

cnaracterlstlcs, wlth t_he aid of the general interpolation charts.

Disp___lacement " range.--

i. The first step is to calculate sl(no/W)2/3, which for the

assumed particulars will be 20.75. Multiplying by the llft rate,

dCL/d_ = 0.i00, gives 2.08, and this value will be used for the

interpolation of all hull sizes in the displacement rsnge. The

entire calculation may be found in table II.

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

CA = 1.331 and, CA 1/6 = 1.050.
O O

3. Tabulate CV for CAo 1.00 from the bottom of the chart

in figure 2 and multiply each value by 1.0_0 to obtain the second

column in table IT. The second column represents the true value

of C_ for the selected beam.

4. Set a transparent copy of the general chart of constsnt-

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 trim and resistance is then Just

the ssme as for Flying Boat A described under _PI_ CALCUI_TIONS -

care being emphasized to interpolate for a constemt-speed contour
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6. Since CV is known, from the collapsed spray

curves read C_/C i/3 and CzICA Because it is probably of

"x/y_A1/3 has been"less interest C omitted in the present instance.

7. Since C& is known for each speed, CX and CZ may be
determined.

Planing range .--

i. Calculate S/b 2 and multiply it by dC_.

is 0_.90 for the assumed beam of 11.83.

The result

2. Tabulate CV for CA = 1.00 and multiply each value by
O

CA 1/2, which is 1.155, to get the specific values of CV for
0

the selected beam.

3. Ta_m a transparent copy of the appropriate general chart

of constant-speed contours in the planing range (fig. _) and set

it on top of the collapsed planing-range curves for SIT Model

No. 339-1 so that c%o is 8° .

_. After selecting the trim track for zero applied mo__nnt__slnce

it lies between the stability limits, read the value of

and the trim at the intersection of the assured trim curve with the

constant-speed contour (dCL/dm)(S/b2) = 2.90. At the same time,

the intersection of the general stability limits with the saz_

constant-speed contour will give the trims for the specific upper

and lower 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/(&o/W) 2/3 was not changed with

changes of hill size. However, CA does change and hence the
o

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

value of S/b 2 must be calculated for each hull size investigated.

The specific values of CV must be altered because of the changes
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of C& . Otherwise, the interpolation procedure in both the
O

displacement and the plsnlng ranges is Just the s_ as _revlously
outlined. To find the beam which will give the best take-off time

will require the addition of the aerodynamic drag and then a

conventional take-off--tlme calculation. TI_ 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 aerodynsm_c drag of the hull may be calculated. In order to

find optimums, it may be necessary to investigate additional sizes
between those shown.

Sample c_iculations 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 trader U_E 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 method 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 considerably
in making detailed design studies to determine the influence of the

hull on flying-boat performance. Through use of the interwolation

method, the shapes and the magnitudes of the collapsed curves of

general tests should acquire more meaning to the designer.

Design Research Divlslon

Bureau of Aeronautics, Nay# DeparLment

Washington, D. C., September 25, 1946

F
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MOOEL NO. 359-1

MODEL BEAM, 5.40"

1259

DESIGNATION;61i 9 :T:20

0.35b FWl). OF STEP Cl, = 1.069 (NOMINAL)
C.G.=

0.90b ABOVE KEEL k/L = 0.225

TESTED AT S.l.l'. NO. I TANK
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MODELNO. 84-EF-5
MODELBEAM, 15.92"

DESIGNATION: 3.24 - 0.57- 20.0

C.G.= 0.46 b FWD. OF CENTROID C6o = (NOMINAL)
1.16 b ABOVE KEEL k/L =

TESTED AT NACA NO.I TANK

DATE : 3/39

THIS CHART ILLUSTRATES THE INTERPOLATION PROCESS
FOR

ONE SPECIFIC FLYING BOAT

FLYING BOAT ".&"

_,-15,000 Ib=. dCL/d= =0.068

S- 906 Ft.= C_- 0.50

b =Z77F,. S/b" =15.0

_o" I O.Oatl.

STATION SPACING GIVEN AS
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FIGURE 8
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