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INTRODUGTION

The theoretical solution of the problem of a planing
body resolves itself into the determinetion of the magni-
tude and directlon of the velocity at each point of the
flow. Having determined these baslc elements of the mo-
tion 1t 1s thon not difficult to obtain the forces involved
in the planling motion.

The solution of the problem in ite most general form
with tho ald of the hydrodynamicel equations, at the pres-
ent statoc of our knowledgo offers very great mathematical
difficultiess TFor thils reason 1t is usual to sgimplify the
Problem by consldering only the motlion of a flat plate of
infinite epan (plane or two-dimensional flow), 4An ideal
fluld 1s assumed, corrections for the viscoslty being in-
troduced aftor the two-dimonslonal flow has been calcu-
lotod. Thilig assumption is well founded on the boundary-
loycr theory of Prandtl according to which the visgcoslty
oxerts an effect only within the boundary layer, l.e.,
tho thin layor noxt to the walls,

According to tho method omployed for the solutlon of
the prodblen, tnc work that has been done by the various
authors nay bo grouped as follows:

l. Tho work of ¥. I. Gurevitch and A. R. Yanpolskl
under tlho supervision of S. A. Chapligin (reference 1).

The hydrodynamic equations as integrated by the method
of Kirchiaoff and Joukowskl serve sas the starting point in
the work of these authors. The plate 1s assumed to be flat
and of infinito span end the fluld amia 1dsal and weightless.
Exprossions aro obtained for the pressuros on the wetted

/
*Report No. 255, of the Oontral Aero-Hydrodynanical Instil-
tute, Moscow, 1936,
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length, and the positioh of the center of gravity as a
functlon of the initial parapeters. Compariegon with test
results shows that the pressures theoretically odbtained
exceed the pressures obtalned by experiment, belng three
to four times as great. The qualitatlve plcture of the
pressure dlstridbution, however, approaches the actual one
very clogsely.

2+ The work of Professors L. N. Sretenskl and G. Y.
Pavlonko (reference 2) .

The flow 1s assumed to be two~dimensional, the fluid
heavy and ldeal. To avold indeterminecy in the solution,
dlsslpatiye forces are introduced which are made to vanish
ot the end, assuming the coefficlent of viscoslty to de
near zeros It should be mentioned that the solution of
L, No Sretengki, 1n contrast to that of Pavlenko, was ob-
talned by strict, mathematical methods. OCn account of the
assumptiong made on the nature of the phenomena, however,
there is no agreement with exveriment.

3. The work of H. Wagner (reference 3).

The work of Herbert Wagner must he considered as the
most complete on thls subject, its fundamental value con-
sisting in the application of the methods of wing theory
to the problem of planing. The results obtained by Wagner
for various planlng surfaces are in satisfactory agreement
with the exverimentsnl results. As in the previous works.
mentioned, the fluild 1s assumed as 1ldeal,

4, Vork of N. A. Sokolov (reference 4).

This work presents a combined theoretical and experi-
mental solution of the planing problem. Theoretical formu-
las corrected by empirical coefficients are found. The
formulas glve extremely good agreement wlth test results.
Notwithgtnnding the fact that the problem has been ideal-
ized in the theoretical solutlon, the investigation 1ls in-
portant for the reason that it gives a qualitatlive plcture
of the vhenomenon and detorminos the nature of the formula
for the forces lnvolved.

The present paper precents an attempt to coordinate
the avallable theoretical and experimental data on planing
surfacos so as to develop an approximate analytical method
for the determination of the water reslstance of a sea-
plane wilithout any preliminary towlng tests in the tank.
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NOTATION EMPLOYED

[

load on water, kg.

.velpcity of seaplane, m/s.

water resistance, kg.

frictional reslstance, kg.

wettod area of seaplane bottom, m82.

wetted length, m.

loength immersed beneath undisturbq? water surface, n.
aspect ratio of wetted surface. 15 -
height of wave, m.

Froude number.

load coefficlent.

.dl1stance between asteps.

dlistance of spray origin from step, n.

hydrodynamie moment, kg m.

hydrodynanic moment contributed by nose portion, kg m.
hydrodynamic moment contributed by second step, kg m.
moment due to thrust of propellers, kg m.

moment of load on water, kg m.

Mpg, moment contributed by tall surfaces and after portlon

Ops;

a®,

© go,

@,

of seaplane, kg m.
coeffieient.of.frictiphal }esistapce{_ ) _
engle of attack of bot£om with respect to keel llne,
engle of V bottom. |

welght of aiiplane. kg. . . '
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draft of mtep, m,

1, bean ot step, m.

P, density'of fluid. 102~

&, acceleration of gravity.

P, nornal pressure at given point of planiné surface,
P, potentlal of flow.

t, tinme.

qQ, veloclty of fluid at glven poilnt.

THE FUNDALENTAL STAGES IN THE TAKE-OFF OF A SEAPLANE

According to our present views on the motion of a. .
vigcous fluid, the following pnlcture nay be glven of the
actlon of the fluld on the surface of the planing body.
The reaction of the water on the planing body 1s the re-
sultant of o system of normal and tangentlal stresses on
the wotted surface. The tangentlal stresses arise from
the proporty of viscosity and are determined by the motion
of the fluid within the thin boundary layer adjacent to '
the surface of the body. Everywhere outslde thils layer
the viscoslty nay be neglected and the fluid conslidered as
ideal.

The resultant of the system of tangential stresses 1s
called the frietional resistance. The normal pressures
are tronsmitted through the boundary layer without change
and cre therefore determined by the motion of the fluld
congldered as 1deal, in particular, as a potentlal flow.
To compute these pressures the Lagrange integral relation
mpy be used, namely,

8
P =p —-L-gz)

The last term in the above formula represents the hydro-
statlc pressures determined independently of the veloclty
of the flow. The first two terms represent the "hydrody-
namie pressure." Correspondingly, all the foreces exerted
by the wator on the planing surface may be divided into
the followlng throe types:

I




H,A.,C.A, Tochnical Memorandum No. 863 b

. (a) hydrostatic forces
"(b)‘hfdrod;haﬁic‘foieEB'
(¢) frictional forces

the first two types being determined by the normal preg-
,euro of the fluid, and the third by the tangential stress-
es botwoen the fluid and the planing surface.

In the process of take-off of the seaplane, each of
thoso typos manifests 1tself to a greater or less extent
and thueg dotorminea the character of each stage in the
tako-off. Ve shall thorofore consider the followlng
stoges in the take-off: (a) plowing stage; (D) transi-
tion or critical stage; (c) planing stage (hydroplaning).

Plowing stagc.~ This stoze extends from the comumence-
nent of tho. tako—-off up to the attalnment of a speed of
tho ordor of 0,26 to 0.30 of tho get-away speed. 4 char-
actoristic of thls stege 41s the predonminance of the hydro-
statlic forcos which decrense as the speed incroases. At
the lnstant of astarting, the moment due to the thrust of
the propollers and the resistance of the water causes the
noso of thc hull to "bite" sharply into the water, (It is

assunocd that the line of actlon of the thrust passes apove'
tho conter of gravity of the soaplano.) The trim anglo at

thc nose lncroasos up to tho instant when the work due to
thls nonont bocomes oqual to that of the restoring momont.
The vavos formed by the soaplane at very small veloclitles
cro sinilar to the waves accompanylng the motlon of ships
and nay thoreforo bo divided into two groups: (1) bow
waves, cnd (2) transverse waves. As the speod increansgs,
the bow waTo grndually recedes toward the step; the transg-
vorso wavo dlsappoars and is only observed at the atern,
Thero then appoars at the nose, the sc-called "blister."

Ag tao epoed keops on incroasing the bligter develops
into o ray an e position of the center of gravity
above th Gtor ls, duo to the loworing of the water
level aooﬁt the seaplane.

- --With inocrease in-the speed,. there is an increase in
the dynanic pressuro at the bottom of the floats and an
increcse in the lift of the wings. The load on the water,

*The blister 1s = done-ehnped film of water generally ap-
pecaring at tho noso.
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representing the difference between the weight of the alr-
plane and the 1l1ft of the wings, decreases. The center

of gravity gradually begins to rise. The center of pres—
gure on the bottom shifts toward the nose and increases -
the trinm by the atern,

 Trangition or critical gtage.- With further increase

in velocity, the angle of attack and the water resigtance
incrg¢ase and reach their maximum value (hump velocity).
The center of gravlity rlses sharply above the water sur-
face., The hull gradually clears the water. The dlstance
between the crests of the transverse waves gradually in-
croases and the waves become more inclined due to the rap-
id decroase in the draft. Two wave 'walls" separate at
the rear edge of the step, closing together at the atern
and thus forming a "fountain" that recedes from the step
as the speed increases. The dlstance of the spray origin
from the edge of the step colncldes wlth the flrst crest
of the transverse wave. The second step lles in the hol-
low formed by the first and thls brings edbout larger trim
angles.

In the "mixed" stage the hydrodynamic forces are of
the samo ordor of magnitude as the hydrostatic forces. It
should be observed that on account of the maximum (hump)
water rosistance, which 1s characteristie of this stage,
the latter 1s the most important during the take-off of a
seaplane. We shall therofore, in what follows, begin with
this stage.

Planing stage (hydroplaning).- With further increase
in the speed, the mean draft of the hull (draft at the
step) becomes so slight that the hydrostatic forces may be
neglected. - The 1ift is now provlided essentially by the
dynamic forces. The wetted area decreases, the center of
pressure again begins to approach the step at the same
time that the angle of attack decreases. The second step
now clears the water. The load on the water diminlshes
approximately in proportion to the square of the velocity
at the game time that the water resistance as a rule de-
creases. Wherees, in the stage describod above, the re-
slstanco 1s conditlioned by tho energy lost 1n wave forma-
tion, in the present stage the frictlion 1is the factor of
greatest relative lmportance in producing the resistance.
The entire plicture of the wave formation changes to & con-
slderablo degree. The waves decrease and the spray sprecds
low over the water.
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At very small trim angles instabdility sometimes ap-

- pears- durlng-the -nlaning, leading 1n_ some_cases to too

early a break-away from the water when the wings have not
Yot attalned sufficient 11ft for get-away. Longitudinal .
instability is also observed at times at the instant of
break-eway of the msecond etep. '

CHARACOTERISTICS OF THE TAKE-OFF STAGES

For a numerical determination of the limlts of each
stage of the motion, the nondimensional coefficlent

Cp = E—éf=—— M-
vV ¥
may be omployed. By compari;g alrplanesg of different types,
the following limits for OCOp were established:
(2) eritical velocity stage, O = 0.1 to 0.25
(b) hydroplaning stége, Cp = 0.09 to 0.04
(e) velocities Just before take-off, OCp 2 0.02

The motlon may also be convenlently characteriszed by
the "Froude number® in the following form:

F = v—k

where . A = 1 -

A

the water displacement in cuble
meters

Figure 1 shows the value of F as a function of the
ratio:- hydrostatic 1ift/load-on~water ..for flat plates
(tests at CAHI tank and by Sottorf).

On figure 2 are given the curves of trim angle and
draft at the step as functions of the veloclty for a model
float towed on the water at constant load. The tangents
dravn to theso curves indicate the limits of the various
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stages. Comparing these results, the followlng values of
¥ noy be used to indicate the limits of the various stages:

1) nlowing stnge, T up to 0.5
2) tronsition stage, F from 0.5 to 2.5
3) hydroplaning stage, F > 2.5

The coefficients O and F sufflclently well char-

acterlze the fundamental stages in the take-off of the
seanlano.

PLANIKG OF A FLAT PLATE

Before procecding to the conslderation of the planing
of o~ soowlare flomt, we shall consider the more simple
case, n~mcly, the planing of o flat plate at a constant ve-
locity V. The planing will be denoted ms that stage of
the motion during which the water wots only the lower sur-
faco, broaking away from the edge of the plate. The fol=-
lowving characteristic properties of the motlon of the water
are observod:

(a) A thin stream of wator, the so-called "spray
senarates at the lendlng edge of the wetted
surface and 1ls thrown off ahead of the plate.

(p) behind the plato, where the side waves meet, there
is observed a "fountein" that attains consid-
ernble force as the load on the water 1s in-
creased.

Tho water will exert the following forces on the plan-
ing plate:

() the resultant of the normal pressures due to the
reaction of the fluld and acting perpendicular
to the plats.

(p) the resultant of the frictional forces due to the
viscoslty and ncting slong the surface of the
vlate (fig. 3).

Evidently the rosistance of the plate will be glven by
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the following formula: ™

W= & ten d + Of co8 o Vnean 5 S (1)

. Let us consider the second term in the above formula,
expressing the effect of the viscosity of the fluld. In
making the hydrodynamical computation the magnitudes to be
determined are:

s . L

Or, =N Vmean

For computing the frictional coefficient ‘Of, we shall
conglder as applicable the formula of Prandtl (for the tur-
bulent stage) that was proposed by him for the computation

of the frlctlon of a completely immersed plate moving with
constant velocity**in its plane:

0,072
v Re

This formula applied to the computation of the reslgt-
ance gives good agreement with test results (reference 5).
The linear dimension in the Reynolds formula willl be taken
es the immersed length computed by the formula:

Cr

b Re - Yoean Po

ST+ v

The aspect ratio of the immersed area will be obtained
from the curves, figures 4, 5, and 6. These figures pre-
sent the graphical golution of the equation of 1ift as a
function of A

b°=

*A11l the formulas for flat plates were taken from the pa-
Per by M. A. Sokolov:”""On the Hydrodynamic Computation of
Floats ond Seaplanes," CAHI Report No. 129, 1933; and from
the work of the author: "Hydrodynamic Gomputation for a
Flat-Bottomed Seaplane Float," CAHI Technical Note No. 48,,
1935,

**In place of the above formula, 1t would also be possible
-to use nmore accurate formulasg for the determinatlon of OCy.
Bearing in mind however, on the one hand, that:the formula
for Cp for a completely inmersed plate may only be used
wilth a certain amount of reservation, and on the other, .
that formula (2) has up to now given good agreement withn
the tests on planing plates, we consider the formula to be
quite setlsfactory for our purpose.
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\

Ip (2)

- 1 .}_L(___l -os)
2a 1+ A ¥ B\ /T '
For the case of large aspeot ratios A > 3, the terﬁs

involving gravity may bo neglected and the formula for the
determination of A +then assumes the following more sim-

ple form:
= %ﬁﬁ- 1
B .

The mean velocity under the plute we shall deflne by
the formula

The 11ft 1s in thls case equal to the load on the water
Y = A

' The moment of the hydrod}namic forces about the step
l1s detoermined from the equatlon

1L ( 2) T A
M AT ﬁ + 2 +
2 — = (3)
T J

g
The solutlion of this equation is given graphically on fig-

urog 7 and 8,

For the case of large aspect:ratios, the formula as—
sumes tho extremely simple form: .

M_14
T &

The immersion of the rear edge (draft) i1s detormined
from the formule taken from the work mentioned above:

- 2 T
AJIT A
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PLANING OF A V-BOTTOM PLATE

The forward portion of a seaplane differs conasidera-
bly from that of a flat vlate, due to the V-angle which in
goenoral varles along the length. To simplify the computa~
tlon of the keel angle of the bottom, we shall take as a
mean value the inclingtion to the horlzontal at the mean
sectlon over.a digtance of twice the width of the step.

It should be observed that for most of the present-day
seaplanes thlis angle is near zero. As far as the V-angle
1s concerned, we shall give formulas below that take thils
angle into account for the case of a stralght V-bottom.
For the curved bottom case, the V-angle may be taken into
account using the formulas of Wagner or the equivalent
stralght V-bottom (fig. 9)*

Obviously, the resistance of the V-sheped bottom 1is
deternined by the same formula (1) that applies to the
flat bottom. In using the formula, the difference lies
only in the definition of the terme gliving the frictional
reslstance. The latter will be larger for the V-~-bottomed
Plate than for the flat plato for the same values of «,
A, cnd V, and this increase in the resistance may be taken
approxinately proportional to the increase in the wetted
aroa.** Thus, we soce that: (1) the correctlion for the
increcso in tho resistance of the V-shaped bottom as com=~
pared with the flat bottom, will enter only in the fric-
tlonal rosistance; (2) the correction factor will depend

only on the wetted-area aspect ratio.
\

WAGKER 'S METHOD OF COMPUTATION FOR V-BOTTOMS
The planing motion of the body on the surface of the

fluld may be plctured as follows: Forward of the body the
surface of the water 1s practically undisturbed. 1In the

*Tae V-angle of the equivalent mtralght bottom 1s taken as
the arithnetlical mean of the inner and outer V-angleas.
**The frictional resistance depends alaso on the velocity
diatrivufion” aldfig the plate and tHus, fsr example, ‘s pos=
sible increase or decrease in the spray may increase or
decrease the frictional resistance. Calculation shows,
however, that this factor 1s of far less significance than
the wettod area.
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immediate neighborhood of the body a mass of water riges
upward and 1s deflected downward and to the sides. PFart
of the water separates and breaks up ln the form of e
SPraye.

Hy ‘Wagnoer has shown that 1t is possible, for the above
reason, to draw an analogy between the impact on the water
surface of an infinitely long V-shaped plate and planing
(referenco 6). The analogy will be closer the greater the
aspoct ratlo of the wetted area nf the planing body. In
thls case large accelerations arise in the water and the
phonomona of landing and planing become very similar.
Mnking uge of the above analogy, Wagner proposes the fol-
lowing formula for the ratio between the 1lifting forces
of the V-bottom snd flat-bottom plates, respectively:

4,

il

where N =1~ 8. 0.15 ¥ - X 310g L
. L ™ ™ u

and B ig tho V-angle, u = 2uw/B.
It has already been pointod out above (Sec the au-

thor's work citod in footnote, p. 9) that the 1ift of o
flaf planing plate is doterminod dy the formula:

A= 22 g2 P (4)
14+ A 2

Therefore, from (3) for & V-bottom plate the expression
for the 11ft force becomes:!

= 2c .24 P t
=N T L 2 (a1)

If we consider the motion of a flat-bottom and V-
botton plate for the same values of V, 1, and o, then 1t
follows from (4!') and (4) that in order to obtaln the same
1ift A = A, for each of the plates, it is necessary to
introduce a correction only in the aspect ratio Ay of

the wettod area, 2s 1is confirmod by experlment since
Av < Ay, end 1f this corroction 1s not introduced thon (soe

formula (41!)), the 1ift of the V~bottom plate will be too
large. .
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for the V~bottom was found of the form

Ns,A.C.,A. Tochnical Memorandum.¥o. .863 13

", Thus for A =4,, V=V, a-= a{r V! =11, we ob-~

Eaine - - C - e e e e

1+7\v.

n

On-flgure 1l are shown the results computed by the above
formula. The test points 6f Sottorf for plates with B =
10°, 15°, 24°, 40°, were recomputed for B = 0°. The
corréctions for the V-angle were taken from figure 10, It
may be seen from figure 11 that the points glve a rather
wlde scattering and for this reason we conslder the for-
mnula to be appllicable only to large aspect ratlos where

& closer approximation is obtained.

EXPERIMENTAL CORRECTION FORMULA FOR THE V-BOTTOM

In gseecking to obtaln the correction factor for the
V-bottom (increase in wetted area as compared with that
of a stralght .bottom), it was found necessary to make the
essunption that T depends not only on the V-angle but

.also on the angle of attack o. Thus,

N = £(a) £(B)

By working up the test data of Sottorf, a correctlon

N = 434 sin o sin® B (5 ¢
.

On filgure 12, which serves as a bagis for formula (5), are
given the velues of S/1° agalnst the angle - B for con-
stont volues of the angle of attack. (See tests of Sot-
torf for planing plates.) By dividing each of the volues
S/'ba at a = constant by the corresponding value for the
flat plate, the relative increase in the wetted area of
the V-bottom plate was fqund under analogous conditlons at
each a = constant. By then drawing the curve of T/a
agalngt P, 'the Bnalytical expressdon .for. the .V-bottom
correction was obtained in the form of expression (5).
Flgure 13 gives the computed rosults for a bottom af angle
B = 24° (CAHI tank tests). The test points are also in-
dicated. TFizuros 14 and 15 ghow curves of computed re-
slstenco agonlnst speed for V-bottom plates of angles P =
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300 and 409 for constant anglos of attack and constant
draft of the rear edge hp = 96 mm (reference 7). The
computation was carried out according to formula (1) with
the corroction for the V-bottom according to formula (5).
The test points also given on the same filgures show only o
vory slight deviation from the computed curves.

Flguro 16 shows & computed examplo for a curved V-
bottom plate (CAHI tank tosts), The angle B. was here
takon to bo the mean botwecen the inner and outer angles
in accordance with the observation made abovo. The test
points show that satisfactory agreement 1s obtained.

BASIC ASSUMPTIONS MADE

Before procesding with the explanation of the method
of the hydrodynamic computation of the seaplane, wo sghall
enunerate the fundamental assumptlons made with regard to
the charactor of the planing phenomenon, which assumptions
are nog¢ossary for the simplification of the computatilon.

1. The nonuniform motion of the seaplane in take-
off we shall replace bdy a succession of uniform motlons
with corresponding conztant speeds. Thls assumptlion cor-
responds to the procedure usually adopted in towing tests
on hull and float models in the tank.

2+ The main step of the seanlane or float appears to
be the supvorting step at which the entire hydrodynamie
1lift 1s produced so that the term A tan o refers only to
the maln step. Actually any deviation from thls formulae
shows up 1n the difference between the angles of attack
with respect to the flow at ianfinity at the first and sec-
ond steps. Due to the relative unimportance of this devi-
atlon, we shall neglect 1it,

3« In considering the forces acting on the portion
of the bottom In the reglona of both steps, the following
assumptlons may be made:

(2) The main step may be considered as an isolated
Planing plate moving at the given angle of ats«
tack. .

(b) The geometric position of the second step with
respect to the water 1s determined by the an-~
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gle of attack and draft of tho main step and
the position of the aecond step with regpeat
to the main step. -

(¢) The actual anglo of attack of the second step is
egqual to that with respect to the undisturbed
water surface plus the "downwash" determined
by the profile of the wave surface formed by
the bow portion of the bottom. .

(d) Under certain take-off conditions (at and beyond
tho critical velocity) the second step is im-
merged in the fluid and produces a "diving!
noment. For computing the moment we shall ag-
sume that in this case the loads on the steps
cre proportional to the squares of the bottom
widths at the steps:

A, W
Ag i:r.

It therefore follows that the aspect ratios of
the first and second steps are approximately
equal:

Ay = Ag

(e) Tao resistance of the second step enters only
a8 a frictional resistance. .

4, The motion of the fluld at the second step of the
seaplonc 1s very complicated. Wo do not have, at the pres~
ent timo, any theoretical or experimental data that pro-
vide o full explanation of the complicated picture of wave
formation boyond the second step of the seaplane. Simi-
larly, we do not know to what extent the veloclity of tho -
fluld ot the second step differs from the towing veloclty
of tho nodel,

At the CAHI tank the veloclty of the flow was measured
at 200 mm bohlnd the edge of the glate with a Prandtl tube.
The mecsureuwents at(H. and 7 Egi-.-per gecond show an al-
most complete agroement of the towing velocity of the plate
with tho veloclity of flow behind the plate. There wero. also
mensured the velocltles under the second step of the plan—
ing body (nt o distance of 150 mm from the edge). The dif-
ference between the towlng velocity of 'the model and the
veloclty of the fluild reached 3 percent. XNot having any
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more accurate basls with regard to the varlation of the
veloelty of the flow behind the main step, we conasidered
i1t permlgsible to assume that the veloc¢lty of the fluld at
the second step was equal to the speed of motion of the ..
seaplane,

WAVE PROFILE BEHIND MAIN STEP

Not possessing the means for constructing the profile
of the digturbed water surface behind the step of the plan-—
ing V-bottom, we shall limit ourselves to obtalnlng the
profile behind the flat planing bottom.

The construction of the wave profile in the dlametral
plane behind the planing flat plate may be accompllished
with the ald of formulas glven by us in a previous work
(reference 8). For the case of a two~step hull we shall
linlt ourselves to the computation of the following coor-
dinates of the profile:

(1) the distance of the spray origin from the edgo
of the first step L = 1 (2F - &

where F = —JL='
vflg'

(2) the maximum lowering of the wave profile
2n 1 _sin o

3 A

where a 1s at a distance L—g—b from the

edge of the step;

(3) -the draft at the storn hp = —ab

ST+

Joining the two points of the profile thus obtained
by stralght lines, we obtain the direction of the flow =at
the second step.

The above method may be applied only for the case
A >0,5. Whon A < 0,5, the following working hypothe-
sls based on experimental observations 1s recommended,
namely, that the fluld droaking away at the maln step
riges up to the undlgturbed water level and 1sg directed
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along a line forming an angle with the horizontal equal to
tho 'ongle of attack-of the bottonm.

MATEOD OF COMPUTATION OF THE HYDRODYNAMIC RESISTANOR
OF A HYDROPLANE
Let us considoer the conditions of equilibrium of the
forces acting on the seaplane moving with constant vdloc-

1ty 7V at a glven angle of attack a of the firat step..

The projqction of all the foreces on a vertical glves
the conditions determining the load on the water:

_ _y*
A =20 (1 - vg;? (6)

The get-away veloclty for each given angle of attack
a 1s obtained by the formuls

G
V. B =& —
ga Cyq P S
where S 1s the area of the wings

cya' the 1ift coefficient determined from the
alrplane polar

.The projJjections of all the forcos on the horilzontal
glve .

n-&%:@—q—l (7)

where Q 318 the ailr drag of tke airplane
®, the propeller thrust
Setting equal to zero the sum of the moments of all

forces with respect to the edge of the main step (the term
involving the angular acceleration willl be neglected), we

- have:

L 3
At each constant speed & = W.
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My - M) -~ My ~ M . =0

where Hh 1s the sﬁm of the moments of the hydrodynamic
forces acting on the nose portion of the hull and on the
gsecond step.

Mgy 18 the external trimmingz moment contributed by

the storn portion of the hull or floats at the critical
veloclty and the moment due to the elevator 1n hydroplan-
ing.

Curves of resistance and trimming moments of the nosge
portlion of the hull or float are drawn as functlions of the
speod for constant trim angles, the 1ift action of the
wings being taken care of by formula (6). The trim an-
gles are chosen to lle within the practical range in sea-
plane take-off.

The moment contributed by the load on tho water and
that due to the propeller thrust are found and the dif-
ference My - My - Mp 1s formed. Mgy 1s obtained as a

functlon of V for constant angles of attack,

By comnaring the curve of external moments against V
with the curve of frictionsl resistance W ageingt V
for the sanec constant trim, wo can draw the curve of re-
slgternce of the seaplane in take-off for a predetermined
Mgx. It is also possible to draw the resistance curve in
take~off for Mgy = 0 (free to trim). For this purposse

i1t 1s necessary, on the curve of external moments, to take
the proints of intersectlon of the Myx curves with the

voloclty axis at constant wvalues of «a.

EXALKPLES OF COMPUTATION
Twin-float seaplane "Avro"

Wo shall determine analytically the resistance curve
of the florts at constant towing wvelocltios. The thrusts
will be taken as squal to the reslstance.

We shall assume that the mutual interference between
the floats is slight so that 1t can be neglected and therew-
fore the resistance of the palr of floats 1s twice the ro-
slstance of a slngle float,
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Fundamental Degign Parameters Needed for the Oomputation
" Weight in flight ¢ = 1,12 tonas”
Wldth of bottom along step of float 1 = 0,607 m

Abeclisga of center of gravity from the step along a
horigontal x = 0,495 n* .

The ordinate of the propeller axis (along a perpen—
dicular to the horizontal) y =2 m

The inclination of the mean section to the horizon-
tal = 0°,

The V-angle B of the bottom = 5°
The order of the computation is the following:

«l, A 1ipg determined as a function of V for each an-
gle of attack by formula (6).

2. TFor each speed and each angle of attack, we find;

Cg = E—ﬁe——; after which, from a knowledge of Op/2a and
-1 v

N

lg/V® (1), we find A for the flat bottom.

3. A correction for the V-angle is introduced (for-
mule 5):

Sy = Sppap + N Sy SVLK_\TT))
4, b, 18 determined from the formula

b, = b

° JL1I¥A
where D and A are corrected for V-angle.

5. Eaving computed Re and Gf resiatance curved

of the floats ce funétions of the speed are drawn at a =
4°, 6°, 8%, 10° (fig. 17).

The horizontal was taken to be the longitudinal axis of
the seaplane lying in the plane tangent to the keel line
of the float at the step.
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" 6o The sum of the moments of the hydrodynamic forces
1s determinod from figures 7 and 8, having first found the

coefficlents lg/V® and A.

7. Having computed the moment due to the thrust
Mp = 2y W cos a and the moment due to the load My =

Ax cos o, we form the algebralc sum of the three moments
found and obtain the moment My,. (See fig. 18.)

We can now without difficulty draw the curve of water
reslstonce of the floats at constant speecds for previously
glven probable external moments (fig. 19).

Conparison of the conputed resistance curve with the
experinmental curve obtalned from the CAHI tank tests (rof--
orence 9) on the full-gcale "Avro" soaplane shows that
the method described gives satisfactory results for single-
step florts.

We shall now nake n simllar conputation for the sea-
plane S5tal-3.

Data i
Weilght in flight G = 2.78 tons.
Broadth of step of float | = 0.95 n.

Abscissa of the center of gravity along horizontal
fron step x = 0.36 n,

Ordinate of a propeller axls y = 2.397 n.

Inclination of mean section of working area to hori-
zontal = 1°.

V-angle at step B = 21° (averaged).

Carrying out the conmputation according to the pro-
cedure described above, we obtaln the computed curves
(figs. 20 and 21). Comparison of the curve obtained (fig.
20) with the curve obtained experimentally in the CAHI
tank end reduced to full scale by cubling the model scale,
shows thet a satisfactory agreement was obtalned. The
computed curve lies entirely below the test curve, the
difference between them amounting to not more than 11 per-
cent.

Tables showing the computed characteristlcs are given
at the end of the paper.
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Two-Stepped Hull
dg an example of the obtaining ‘6f 'the hydrodynamic
characterlstices of a flying boat, we present a computation
carrled out for a seaplane whose hull -has the lines of the
N.A.0.A, model ¥o. 11 (Reference 10).

Data
Weight in flight G = 6.8 tqns.
Breadth of malin step 1 = 2.58 mn.

Moan breadth of second step l; = 1.2 m (area at
wvorking portion divided by the length).

Abscissa of center of gravity along a tangent to the
keel from step to nose =x = 0,93 m.

V-ongle of bottom at main step B = 22.5°.
V-angle of bottom at second step B = 22.5°.

Inclination of mean section to base line (at working
area) = 0°.

Distance between steps by = 4.25 n.,

Ag we pointed out above in the general balance of the
reslgtances, that of the second step enters only as fric-
tlional resistance.

.The resistance and hydrodynamic forces must be com-
puted ir the case where the fluld flows up to the second
step. The contact of the water with the second step was
taken lnto account by drawing the corresponding wave form
in the plane of symmetry beyond the. step as in the previ-
ous examples. The wetted area of the second step was de-—
termined from the.condition thet the aspect ratios at the
maln end second steps were equal.

Te shall compute the resistance cur!eé for the hull
for angles of attack of 3°, 5°, 7°, and 9°., The wotted
area ls determined from the condition

s f
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where A 1s found from:figuros 4, 5, and 6. Introducing
the correction for the V-anglo according to formula (5)
and sunning up the reslstances of both steps,

we obtaln the resistance curves of the first and seocond
steps at o = constant (fig. 22).

On figuro 23 are shown the curves of hydrodynanic mo-
nents for a = 3°, 5°, 7°, and 9°. The computod tables

are glven at the end of thls paper.

We shall now draw the reslstance curves for the gilven
angles of attack taken from the test. Flgure 24 shows the
computed resistance curve at get-away and the experimental
curve reduced to full scale, according to the Froude law
(roferenco 10). The agreement between the two curves in
the range of nprewget-away velocltles may be improved if
the followlng considerations are taken 1lnto account.

In towing the model at constant load in the tank,
there 1s observed only an extremely small change 1n the
amount of immersion of the step. The immersion of the
step remains practically equal to a certaln constant mag-
nitude and, therefore, assuming a constant immersion, we
are led to the conclusion that the aspect ratios and hence
the wetted areas at o = constant, willl not change. Eav-
ing nade the corresponding computation, we obtaln an ap-
proxination which 1s in satisfactory agreement with the
computed curve obtalned at the towing tank at Langley
Field (figs. 25 and 26). On figure 27 are shown samples
of rosletance calculations for a load 4 = 1945 kg and at an,
angle of attack o = 5° with and without rising of the
step. Figure 28 also shows a sgample of calculation for a
model to 5,97 - scale. On the same figure 1s also shown
the test curve obtailned in the tank.

Trenslation by S. Relss,
Natlonel Advisory Committee
for Aeronnutiecs.

*The computation was carrlied out in the N.A.C.A. tank.



e g

e m——~

N.A.C.A. Technical demorandum No. 863 23

REFERENCES

= s - e

-

1, Gurevlitch, ¥. I., and Yanpolski, A. R.: The Hotlon of
Planing Plates. Technika Vozdushnovo Flota, No.
10, 1933.

'hurevitch. M, I.: On the Problem of the Planing Plate.
CAHEI Technical Note No, 48, 1936.

2e Pavlenko, G. Y«: Contridution to the Planing Theory.
Bulletin NTK, No. 2, 1929.

“Sretongkil, L. No: OContribution to the Planing Theory.
Izvestia Akademia Npuk, No. 6, 1934.

3. VWagner, Hs: On the Planing of Boat Hulls. Annual
Report of the Shipbuilding Soclety, vol. 34, 1933,

Y4, Sokolov, Ne As: On the Hydrodynamic Computation of
Planing Surfaces and Seaplanes. CAHI Report ¥o,
149, 1933,

‘5, Sottorf, W.: Experiments with Planing Surfaces. T.l.
No. 661, NeA.C.A., 1932,

‘Sottorf, We: Experiments with Planing Surfaces. TeH.
No. 739, NeA.C.A., 1934.

6« Wagner, He: Landing of a Seaplane. Collection of pa—
pers on merodynamlcs and hydrodynamics under the
editorship of Professor Alexandrov, ONTI, NKTP,
1933 (Russlan).

Y7« Kogourov, Volodin, and Oharitonov - tank tests of:
Investigation of Phenomena of Hydroplaning. Bulle~
tin NTK, UVMS, No., 2, 1934.

“8s Perelmuter, A.; On the Profile of the Digturbed Water
Surface of a Planing Plate. OCAHI Technical Note
No. 48, 1935.

. Podeevelov, N..N.: Hydrodynamic Characteristics of the
Seaplane MU 1. Technika Vozdushnovo Flota, No. 6,
1934,

l0. Shoemegker, James M., and Parkinson, John B.: A Com=
plete Tank Test of a Model of a Flying-Boet Hull -
NcA.G-A- uodel NO. 11. T.N. No. 464. n.A.clA.'
1933.




N.A.,C.A. Technical Memorandum No, 863 24
poA
1 O l"“,
TABLE I 55 ¢,
o
T dpidrod - AL
Hydrodynamie Oharacteristics 6f Model NAOA~il Hull T_ﬁ_;ngg'
| 6o gl
o
at o = 6" vget-mva.y = 31.3 m/s 3,54;10[0
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g tion |angle @ ine
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angle ' slon
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PTABLE III
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hp - 0.6925 0.464 0.12956 0.0356 7.0.15 0.0022b6
a - 1,645 1.15 «258 .152 .068 0222
L - l.24 6.06 15.0 19.7 24.03 28,68
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1l2 | 2400 .181 3,08 . 293 50.6 168.5 | 219.1 219,1
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16 | 2100 .089 . 825 1,093 32.7 147,5 | 180.2 180,.2
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28 710 .009856 .0589115,3 13.3 49,9 63.2 81
TABLE V
le 2K l
v A E %_1 2My 2y | 2My |2My - (2Mp + 2M,)
10 | 0,197 | 0,0982 8.2 6210 1085 | 898 4227
12 .298 . 0646 4,14 4720 1040 | 854 3886
14 «45 . 0475 3.2 3420 980 | 804 1636
16 4 ,0364 2,2 2190 900 | 748 542
20 | 1.4b6 .0214 1,08 883 754 | 612 -483
24 |} 3.0 .0149 526 311 579 | 444 -712
28 | 5,1 —~— - 103.6f 374 | 2563 -513.4
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Fgure 27.~ Computed curve of resistance of flying-boat hull
N.A.C.A. 11 at o = 5° (load &4 =1,445 kg)
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Figure 28,- Computed and experimental resistance curves agalnst
epeed for the model N.A.C.A. 11 hull.
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