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Reasons for enquiry

The investigation originated in the search for a ttBasic Curve"
for the. water resistance of s eap].ane hulls.

Range of inveatiation .

The physical processes associated with planing are discussed
in an elementary way and a new method of analysis, based on this discus-
sion, is applied to existing tnk tests. New tank tests are used to
investigate particular details.

Conclusions

The new method of analysis has given satisfactory results in
all cases to which it has be.e applied. The results can be put into a
non-dimensional foim. In the case of a gecnetricaUy simple planing
form the forces can be separated into components due to hydrostatic
pressure,. I-iydrodynamic pressure and skin friction. The analysis applies
throughout almost th whole speed range It ceases to apply only at
very low speeds which are of little importance in seaplane tank testing.

Further developments

It is proposed to apply the new method of analysis to the
investigation of scale effect in tank testing.
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1.. Introduction

The work described in this report originated in the search
for a "Basic Curve" for the water resistance of seaplane hulls. In

fdz,ner report? attempts have been made to find a non-aimensional
method. of plotting resistancç .inasurerncrts on seaplane models which
would represent the nastiremeñ for -al-l..ioads and speeds at one atti-
tude on a single "Basic Curve". Formulae are known which will reduce
the measurements to one curve at high speeds or to one curve at low
speeds but no formula is known which is satisfactory throughoWt the

whole speed range. Soaxch was mac for an e'rrpiricaJ forarula which would.
converge to the known forms at high and low speeds and would also be
satisfactory at the "hump speed". A large measure of SUCCeSS was

achieved in plotting the results for two flying boats but no formula
of general application to a number of hulls was found.

It appeared to the present witer that little success was
likely to be achieved in the search for a basic cur without a better
understanding of the physical processes of planing at the hur speed.

Such an understanding should lead tc> the most satisfactory mtthod of
plotting resistance measurements. The investigation which will now be

described has resulted in a greater simplification than was originally
hoped. The theoretical work and such new tank measurennts as have

been made have been done at various times between February and. October,

1937.

2, preliminary theoretical considerations

The forces acting on a seaplane hull are composed of hydro
static and hydrodynarniC pressures acting normal to the surface of the
hull, and. tangential. forces due to skin friction. The resultant force
acting on the surface of the hull is eial to the surface integral of
these forces taken over the whole of the wetted surface. This surface
integral may be scparated into three parts

(i) The integral of the forces due to hydrostatic pressure.

The integral of the forces due to hydroayna1r1iOPressure.

The integral of the forces due to skin friction.

These integrals are in all cases the integra..s of vector antities.
We will consider the horizontal and vertical components of the resul-
tants,

At very low speeds the integral of the hydrostatic pressures
has a vertical component epal to the weight of the seaplane, and the
integral has no horizontal component. The integral of the hydrodyflamiC

pressures has a small or negligible vertical component hut a finite
horizontal component which produces a resistance opposed to the direc-
tion of motion. The hydro'1ynaiC pressures which produce this resis-
tance also produce waves on the surface of the water and. for this
reason this resistance is.referred to as a waveiaaking resistance. In
adtion there is resistance due to skin friction. These are the
conditions obtaii4rig in a ship. The weight is sported. by buoyancy

and the resistance is due to waemaking and skin friction.
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As the speed of the seaplane increases these cbnditions break
d.oit. ,an. planing commences. In practice, effectivaly the whole of the
tank testing of seaplane models is concerned with planing conditions.
The chaDacteristic of planing is that the water breaks away from the
hull at the step instead of flowing round it, and, from the present
point of view, the back of the step is no longer part of the wetted
surface over which the integrals have tQ be taken, In addition, the
hydrodynamic pressire on the forwar&.part o the hull throws up a shee
ofwater over the surfaceof the hull to form the so-called. blister, so
that the wetted surf aäe of the hull' now extdnds above the level of. the
undisturbed water surface.

Consider the hull at rest and the water flowing pait,:it. Vie

may calculate the pressure at any point on the wetted surfade of the
hull by applying Bernoullis equation to a stream tube passing just
outside the boundary iayer Consider a stream tube passing through a
point on the wetted surface at a depth z beloiv the undisturbed water
surface, At this point let the velocity, be v and. the pressure p.
At infinity upstream the velocity in, this stream tube will 'e equal to
V, the velocity of the hull, and let h denote, its depth below the
undisturbed water surf aàe, - The pressure in the tube will then be pgh
(p = density of water, g gravity; strictly, tenns containing the
barometric pressure' and the' density of air should be included.. These
iay be omitted without error.) Applying Bernoulli's equation we get

p+ pg(..z)+f = pg (-h) + pV2

or p pgz + p(V - v2).

The first term in this expression for the pressure is the term
to be integrated in the hydrostatic 'integral, while the second goes into
the hydrodynaznic integral, provided the shape of the wetted surface is
known the hydrosta.tic integral can be evaluated since it depends only
on z which'can be determined from the hull form, The shape of the
wetted surface can only be determined by experiment since its calcu.la-
tion wuld involve' a complete solution of the hydrodynamic problem. As
wilibe' shown later, it is possible to analyse irdthl measurements in
such a manner that the wetted surface does not change with the velocity
and under these'conditions the hydrostatic integral 'is a constant.
ence the lift' or reistanbe may be separated into a constant part due

to hydrostatic pressux and a 'part depending on the velocity, which is
'due to the combined action of hydrodynamnic pressure and sldn friction.

The shape of the wetted surface, when the seaplane is in the
planing condition, leads to inportant concluzipns. The wetted surface
is very unsymmetrical fore and aft since it extends above the level of
the undisturbed. water surface on the fore Dart of the hull while the
back of the' step is dry. Fromthis it follows that in general, the
hydrostatic 'integral has both'vertical and horizontal components. Thus
there is a hydrostatic lift which supports part of the, load on water
and there is also a hydrostatic resistance. For those parts of the
wetted surface below the undisturbed water surface, z in the expression
f or p, is positive and. the hydrostatic lift obtained from integration
over, this part of the wetted surface is equal to the weight of the
water which could.be contained in the volizme included. by the inter-
section of the following three surfaces. ' '
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(l)The plane of the..undisturbed- water surface.

(2) The wetted surface below the undisturbed water surface.

A surface geflerated. by vertical lines through the
boundary of this wetted. surface.

For a simple planing form without an afterbod.y, this integral differs
by a small amount, due to absence of pressure over the back of the step,
from the static displacement at the same draught. To this iiftegraJ. must
be added. the integral taken over the wetted. surface which is. above the
undisturbed water surface and. this integral is negative since here z

is negatie. Hence the hydrostatic lift is diminished.. The effect is
the same as if the volune included. by

(i) the undisturbed. water surf ace

the wetted. surface above the undisturbed.
water surface

a surface generated by rtical lines through
the boundary of this wetted surface,

was filled, with water which was susnded from ti-ic hull. These consi-
derations will be sho to lead. to numerical agreement in one case in
which they have been checked. A difficulty which arises under certain
circumstances is considered. later.

Pig. 26 h.s been added to illustrate the gencral shac of the
wetted. surface above the undisturbed water level. It is a view from
directly ahead. of a large model. The undisturbed water surface in the
foreground. of the ricture should ba followed. back until it meets the
model in two diagonal lines which meet Oi the keel. The wctted surface
covered. by the thinsheet of water forming the blister can be seen just
above these lines. There is a hollow space between this sheet of water
and. the undisturbed. water surface. view oint makes the whole
picture appearvexy much fore shortened..

The hydrod.ynamic pressure acts over the same wetted. surface
as the. hydrostatic pressure and. gives lift and. drag in the same way.
At high speed.s the hydrostatic pressure becomes negligible and. only
the hydrodynamic pressure remains. The hyclrod.ynaznic pressure produces
waves on the surface of the water and. hence the resistance is a wave-
making resistance. It is often referred. to as a resistance due to
planing forces.

Consider now the method. of analysing the results of resistance
measurements on seaplane models, with the object of separatingthem
into hydrostatic preSsures, hydroclynaeic pressures and. iri friction
forces. Resistanco measurements on tank mbdols are usually made with
the medal frc' to rise and fall, the mechanism of the balance being
arred to maintai1 a fixed attitude and a constant load on water.
Resistance and. pitchihg moments are measured under -these conditions.
In addition, provision is made for measuring the height of a suitable
datum point cove the undisturbed water level so that draughts may be
deduced but, as little use has so far been made of draught measurerjntS,
they are usually not given in reports. Resistance is plotted against
speed for constatit values of the load. on water and. draught does not
appear in the results. Pitching mdments are treated. similarly. It is

(3)
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c].'ear, however, that load. on water, that is lift, and resistance are
each. components of the resultant fOrce acting on the. model and. that in
anyfundzinental. ivstigation :this rsultant forcer, or its components,
thould. be regarded afrnction f the speed, the attitide. and. the.
draught. Hence, model measurements h've been cross plotted to o'5Iaan
load-on-water and. resistance for constant values of the draught and the
results have been plotted against th.e sqiarc of the sped..

3.. Analysis of Stngipore lie mOdel tests -

The analysis was first applied. to existing Royal Ai'craft
Establishment tank tsts of the 1,/l2th scale Singapore He .ioel hull.
Thee tests were made fo±' a report on comrarative tank tests? and were
unusually extensive. In partidular, by cnbining resuJts given in two
figures of the foxer report resistance measurements at an attitude of
70 are obtained. for eight different values of load-on-water.., For each
load, measurements are given at speeds between 6 and 3? ft.11sep. These
measur..nients are given 'in Fig.l. (Pull scale values were given in the
original report. In the present report all measurements refer to the
model. The results of Fig.l have been recalculated. usinC the air drag
correction Obtained by the routine method used. in the Royal Aircraft
Establishment tank. The results given in the original report jnluded
the air drag of the hull.) The draughts corresponding to these resis-
tance measurements are given in Fig. 2. The draught was measured. fran
the udisturbed water level the lowet. ooint of the v step of the
model. . .

Taking any value of the draught, say 1.25 in., each curve of
Fig.2 gives a load. and speed. óorrespondiig to this draught. Using these
values for load and speed the corresponding resitance is obtained from
Fig.l. The loads and. resistances are then plotted against the squares
of. the speed and curves corresponding to a constant draught are
obtaine.. In Fig.5 loads are plotted in this way for a .eries of values
of the draught and. Fig.4 gvcs the resistances. In these figures the
points lie, within the limits of experimental eri'or, on a series of
straight lines, each line corresponding to a definite value of the
draught. For the SingaDore lie model the hump speed is about 12 ft,/sec,
and. 1aning. comne:nces at 6 - 8 ft./seo. All the observations from
speeds of about 6 ft./sec. upwards fit the lines of Fig. 3 and L, so that.
this metod. of plotting is satisfactoxy from vell belbw the hump speed
up to the highest speeds.

Consider the physical siiificance of .Fig3. The straight
lines for small draughts pass th±ough the origin but in general the
lines ass above the origin giving a finite lift at zero speed.. This
does not imply that.alift.of this magnitude could. be observed at zero
speed but it is the constant part of the lift function which applie,s
f or all speeds greater thai about 6 ft/sec. Any given line corre-
sbonds to a wetted surface of constant shape and. area and. the lift at
zero speed. gives the value of the vertical component of the hydrostatio
integral whichwas corisidered.in the preceding sectionof this report..
This quantity will be called. the .hrdrostatiO lift. It is the part of
the load on wp.ter vthich is supported by buoyancy. Then this hydro-.
static lift is subtracted from the load. on water the residue i the
part of the lift which isproportionaJ. to V2. This includes the
vertical components of the hydrodyriarnic pressure integral and a smell
vertical corirponent of the sld.n friction integral, which may be. nega-

tive. That a áonstarit d±auht gives a nstant wctted. 'surface (for all

Report No.B.A.1441
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speeas Oaterthth abOut 6 ft./sec.) is a fairly obvious deduction
from Fig.3 in the light of the theoretical corisiderations which have
been giveti :It has been verified by running a model at a fixed draught
aM obse±ingthewetted- su±'face. This provide sufficict information
for calculating the hydrostatic integral but such a calculation yould
be very.iaborious for the.singapore lie mod-el owing tô the complicated.
hull form. The calculation has therefore been made for a simple wedge
form and. is given later.

In Fig.4 some of the lines pass above the origin giving a
finite resistance which is indeendent of the speed.. This is the
horizoita1 component of the hydrostatic integral and. will be called the
hydrostatic resistance Subtracting this hydrostatic resistance. gives
the part of the resistance which i proportional to V2. This consists
of the horizontal components of the integrals of hydrodynatnic pressti.re
and skin friction.

The same method of analysis may be used, for the pitcl4ng
moments. Fig'5 gives the pitching inomais for the Singapore lie model.
When these moments are cross plotted to obtain moments at. constant
draughts, the straight lines of Pig.6 are obtaLnccl. .,Fo'. any lire the
negative thonent at zero speed is a hyd Otatic moment *hich could- be
calculated from the hydrostatic integral if the positiOn of the, centre
o 'essure was calculated. The iart of the moment which is proportion-
al to v2 is caused by hydrodynamic pressure and. skin friction. ,Fig.6
implies that the centre of pressure of the hyth'odynamic pressures and
the line 'Df action of the resultant of the sldn friction forces are
fixed when the vetted. surface is, fixed

The information contained. in Fig.3, 4 aM 6 can be expressed
in a much more concise form Any straight line in Pig.'3 is completely
defined- by the hydrostatic lift and- the slope Qf the lire. Similarly
any line in Fig,Li. is d.efiied- by the hydrostafic resiStance and. the
slope of the .line 'Fig 7 gives the hydrostatic lift and- resistanCe as
functiOns of the draught. These quantities vañish for draughts of less
than 1.5 in. - a point which is discussed later ig.8 and. 9 give the
alope's of the lift and- resistanOe linea as funtions of the draught.
The moments inFig.6 red.uce.to the two curvcs'inFig.lO and-il giving
hydrostatic moment and. slope of the moment lines as functions of the
draught. Thus the whole of the nfomaion about 'eistance, moment
and. draught at a fixed attitude of .70, all load-s on water and all
speeds.grOter than about 6 ft./sec., is'contined.i, the six curves of
FiS7 - 11; The original mcasuremens are given in 2 curves in a
form which provides no theoretical basis for cross plotting.

4. Discusaionof Singapore 'lie analysis

The investigation which' has been described can. be continued-
in two different ways 'accoriing to the object in view. Fi,Pst we may
use the method of analyCis as a means of rccord.ing mpd.el tests and.
second- we may use it in theoretical mi stigation as, for instance,
'scale effect.

, ..

With the .first objeCt'in view it is necessary to show 'by
trial that the mOthOd can.be applied to.hui]Lsof all forms. This is
further coriidered- in the next' section It is also necessary. to show
that the results can be used- in their final form. If we choose a
fixed- attitude end. a load- on water cores'ond.ing to each steed it is
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easy to proceed. by graphical methode, using 'ig.7 and. 8, to the draught
and. then, using Fig,7 end. 9, to the resistance. If a curve taken from
Fig.l is reproduced. in this way, fairly good agrepment is obtained.. It
should be rerneiribered that the original tests--were not iitended. for this
method. of analysis and that considerable smoothing has 'been effected. in
drawing the straight lines in.Fig.3 and. 4, Again some latitude is
possible in drawing the original curves in Fig.1 and this introduces
errors in the cross plotting. Hence, exact agreement is nOt to be
expected. It should "ce noted that if it is accepted. that the points in
Pig.3 and. 14. should. lie on straight lines, then a good. mean value is
obtained. by drawing the best straight line through the po±iIt and the
deviations of the points from the line give an indication of the accur-
acy of the measuxments,

With the second. object in view it is necessary toaply the
method of analysis to tests on si..rrrple wedge forms and. flat planing
surfaces so that lifts and. resistances can be analysed pre.cisely into
their component parts. Later cections of this report are concerned
with this aspect of the work.

As explained. in the introduction, the originaJ. object Qf the
investigation was to find some non-dimensional method. of plotting tank
tests. The curves of Pig,7 - 11 can easily.be made non-ditaensioflaJ. so
that, in a sense, the object is achieved though in a form very different
from that originally contenrplated..

The best method of putting the results into non-diinensional
form has not yet been decided. but a simple method of doing so is as
follows. Consider, for exampip., Fig,7, 8 and. 9 Let b be any tical
dimension of the model, for example, the maximum beam. The hydrostatic
lift given in.Fig.7 is divided by pgb3 to give a non-dimensional
coefficient which viill be denoted by HL. In the same way the hydro-
static resistance gives a resistance or drag coefficient H. The
hydrodynamic lift gives a lift coefficient 0L

° division by
The slope of the lift lines, given in Fig.S is a hydrod.ynaniic

lift divided by V2. Hence this slope is divided. by pb to obtain

0L In the same way Fig. 9 gives a resistance cofftcient GD. These

coefficients all awpcar as functions of the draught h, which is
eroressed. non-dimensionally as a fraction' h/b of the beam We now

have for any given value of the non-dimensional draught -

Hydrostatic lift = pb)H

Hydrod31amic lift = p 1DV2OL

These expressions effect the coTrfl to full scale values
without explicit reference to Frouci& s number. The flow will be dyna-
mically similar for model and full scale when the ratio

Hydrodynamic lift GD

Hydrostatic lift bg '

7
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is the same for both.. This reiires that V2/bg shall be the same for
both, which is Frokade's nibe± based. on the beam instead of the length
as is more usual. tf the speed is so small 'bht planing has no
commenced, thse non-dinenziona1 Qoefficicnts do not apply. Fr the
1/12th scale model, the i.immi speed is ' - 8 ft./sec. The correSpOfl
ding minim.un speed- for the full scale nust be calculated by the use of
F roudo' s number. For.vey small' draughts when the hydrostatic lift is
negligible the. forcs .ar,e independent of. Froudo' s number.

5. Analysis of other model tests -.

in order to try the method. of analysis on other hull forms it
was applied to tests of the Sikorsky S.40 for which the results of a
N.A.C.A. general test3 are aveilrble. It was soon found. that the tests
did. not supoly sufficient inforithtion for the analysis. Although the
tests arc very extensive they are restricted. to heavy loads at low
peeds and light loads at high speeds an the result of this is that

usually only three and:at cost four points are obtained on each straight
line in the final figures. The results are iite consistent with the
method of plotting but it is not considered. that they are worth repro-
ducing here. It.appearS therefore that ne':i series of tests .11 be
required. in order to clieck the applicability of this method of analysis
to all types of hull,

The Singapore lie tests, on which the analysis has so far
been based, were all for on attitude of 70, and: at this attitude the
model would., in general, be planing on the eiain step only. Under these
concUtions it was found that a constant draught gave a wetted s urf ace
which .1d. not vyvrith the spced It is not clear that this condition
will still b satisfied. when the model is plaxing on two teps, since
the second.step lies in the wake left by the first. The condition is
probably satisfied approxatoly provided the speed. is not too small.
Thiss one of the most imaortant points which require to be settled by
further tests. As a first step, existing tests on the Singapore lic at
an attitude of 130 have been analysed. The final curves are given in
Fig.12 and. 13 f-or lift and resistance respectively. The nvmber of points
is not great; as. the tests were not very extensive, but the agreement for
these points is iite good... it is interesting to note that the points
for 6 ft./sec. lie definitely above the lift lines in F±g.12 suggesting
that planing has not commenced, ut that the corresond.ing points for
resistance lie well on the resistance lines in Fig. 13.

6. Tests on a simple wege fomi

A limited number of tests were made on a simple wedge or
keeled fame having an angle of dead rise of 2(Y° and a straight keel
throughout its whole length. It is illustrated in Fig.14A which gives
the dimensions and si-ows the position of the centre of moments. This
was chosen as a simple geornetrical form for which the hydrostatic inte-
gral could. be c1culted after malãng observations of the wetted. surface.

The tests were limited to an attitude of 7 and the results
are givn in Fig.15, 16 and. 17. These give resistance, draught and
pitching moment respectively.. They are cross.- plotted in Fig.l8, 19, 20

to give load. on water, resistance and mnent against v2, for constant
values of the draught. In these figures the -oints lie very well on
straight lines. In Pig.19 the lines for small draughts (1 in., 1.5 i-n.
and 2 in.) pass through a point above the origin instead. of through the
origin. The reason for this is not 1movi but it sugests a systematic
error in the resistance measurements.

-8-
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The primary object in these measurements was to compare the
experimental value fo the hydrostatic lift with the value balculated
froni. the dimensions of the wetted. surface. To observe the wetted
surface the model was run at fixed draughts of 1, 2 and 3 in. and the
positions of the edge of the wetted surface at keel and chine were
recorded. The edge of the wetted surface is almost straight between
keel and. chine. These observations re made at various speeds to
check whether a constant draught did, in fact, give a wetted surface
which was independent of the speed. The general result of these
observations was that the area of the wetted surface above the undis-
turbed water level, increased, from a nal1 value at 4 ft.,'sec. to a
limiting value at 8 ft./sec. which remained effec'ively unchanged at
all greater speeds. At the higher speeds there were irregular vari-
ations in the keel and. chine positions amounting to about 0.5 in.
These were attributed to exporimental error. This result shows that
the wetted surface is independent of the speed when the draught is
constant, only because it has reached a limiting value at a coni1ara-
tively low speed and this result receives a ready eplanation from
elementary considerations. If V is the velocity of the water past the
model, the height of a stagnation point above the undisturbed water
level is V2/2g. Consider the height of the chine at the highest. point
at which water leaves it. If this height is small comp d with the
height of the stagnation point, gravity will have a negligible effect
on the path followed. by the water between keel and chine and this path
will then 'be independent of the speed. For the case of the wedge at 7°
attitude the ratio: height of stagnation point to height of chine is 6
at 8 ft,/sec. and this ratio increases e the sare of the speed.
Hence the condition is satisfied. It is in this sense of a limiting
value that the wetted. surface on an afterbody may 135 constant in the
two step case,

Coming now to numerical vas, the hydrostatic lift was
calculated in two parts, First there is the pdsitive part which
depends only on the geometry of the wedge and the draught. This part
differs very little from the static displacement and is shovrn in curve
A of Fig.21. Curve B in Fig.21 is drawn through four points taken
from Fig.18 and gives the observed. hydrostatic lift. The difference
'between the two curves gives the negative part of the hydrostaticlift. For draughts greater than 2' in this difference is roughly
constant at 2 - 23- lb. Calculation from observations of the wetted
surface at draughts of 2 and. 3 in. gave values of 2,2 and. 1.9 It
is considered that this agreement is within the accuracy of the
observations,

Under the conditions of the tests the corner of chine and
step was level with the undisturbed water surface when the draught was
2 in. There is therefore a difference in the general shape of the
wetted surface a1ove the undisturbed water level depending on whether
the draught is less or greater than 2 in. Pig.18 shows that the
observed hydrostatic lift is negligibly small for all drauglt& less
than 2 in. If the neati'e part of the hydrostatic lift is calcula-
ted from the observed wetted. surface, for a draught of 1 in., a value

In this coiinection see also Fig.? where the hydrostatic 1f't is
zero for draughts of less than 1.5 in.
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of -1.8 lb. is obtained5.nd if this is added to. the positive part of the
lift in Fia.2J. a nett negative value is obtained. Thus. the method of
ca1cu1tiofl appears to fail for draughts less than 2 in., that i when
the c'oriir of th- chine and step is above the undisturbed water level.
A pro1able explanation of this failure is that the pressure is zero
over a portion of the apparent wetted surface above the undisturbed -

water level or in other words that the sheet of water forming the
blister wouJ.d follow the same 2.th if a part of the wetted surface of
the model were removed and the water was moving freely under gravity.
Such part of the wetted surface should be excluded- when calculating the
negative part of the hydrostatic lift. Special experiments would- be

required to verify this supposition but it is interesting to note that
roughly the correct result is obtained, if. all the wetted su.raCe outside
a certain ben is excluded.. This beam is obtained- if we imagine the
sides of the model cut away until, for a given draught, the corner of
the chine and. step comes level with the undisturbed water surface.

For a simple form like the wedge the ratio of the hydrostatic
resistance to the hydrostatic lift is equal to the tangent of the atti-
tude. This condition is satisfied by the obsexvaticfls.

Tests on a flat planing surface

In any normal hull form or in any simple form like the wedge,
the flow divides smoothly on each side of the keel, but in the case of
a flat planing surface there is no definite position at vthich the flow

must divide. General considerations such as these, suggested that the
wetted surface might not be independent of the speed for a flat 1.ani-ng
surface and hence that the method of analysis might fail. To settle
this point tests were made on the flat planing surface which is illus
trated. in Fig.14B. This.was almost the first occasion on which a flat
planing surface had boon tested. in the RoyaJ. Aircraft EstablisIDflt
tank and. it was found to be a very unfavourable form for accurate work4

The flow in the "blister" pulsates in a very irregular manner and as a
result the model bounces on the water at light loads. or- high speeds
and. it was impossible to measure pitching moments under.. any conditions.
Resistance measurements were oossible for a limited range of speed
though with less than the usu.l accuracy. It is possible that a smaller
model or a different type of balance might give better results. The

results of these tests are given in Fig.22-25. Pig.22 gives the resis-
tance measurements and Fig. 23 the corresponding draughts. In Fig. 22+
and 25 the lift and. resistance are plotted, against V' for constant
values of the draught and. it is seen that the points lie quite well on
straight lines, so that the method of analysis is satisfactory in this
case also. In Fig. 22 there are seine ncgativeulues for the hydrostatic
lift. This did not occur for the keeled forms

General discussion

It has already been indicated that measurements on planing
surfaces of simple geometrical form, such as the 20° wedge or the flat
planing surface, when analysed by the present method, provide precise
data for fundsmental ithestlgations and it is hoped. to investigate
scale effect in tank testing in this way. To do this it is necessary
to obtain the forces due toslthi. friction searate froci other forces.
The forces proportional to.V2, which can be expressed non ensienaJ.lY

- 10 -
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in terms of CL and. C,, are due to hyd.rodynamic pressures and skin

friction. For a sinpic geetrical form they arc easily trsnsfornied
into other forces tangential and norral to the keel. The force tan-
gentia]. to the keel is due to skin friction only, since the normal
pressures can produce no force in this direction, but on account of
the. . cothplicated nature of the flow it is not a simple matter to
calculate the skin friction coefficient. In the case of the flat
planing surface the force normal to the surface is due to hydrodyncniiC
pressure only.. In the case of the. wedge the fo'ce normal to the keel
contains a small component due, to skin friction. On account of the
smoother flow and. the more definite wetted surface the wedge seems the
more favourable form with which to works

The forces which have, been expressed in terms of 0L
and

are directly proportional to V2 and. it follows that the tangential
and normal forces derived from them are also directly proportional to
V2. Since any straitht line in any of the fires corresponds to a
constant wetted surface, this re.iires a skin friction coefficient
which does not vary with the speed. The.speedrangc covered by any
line may be as great as one to three, corresponding to an e qual rari,ge
of Reypold.s number, and the observations should be sufficiently accu-
rate to detect a variation of skin friction coefficient. Such a
variation would change the resistance lines into slight curves but an
exmaination of the fiires shows that although there are considerable
deviations of indiMdual points, there is no consistent indication of
any curvature of the lines. This is the first point which requires
closer investigation in future work. If. a variation of skin friction
coefficient with speed is detected, the analysis will be cowplicated.,
but it will still be possible.

The investigation of scale effect appears to be the most
important further development of th work but the use of the method
of analysis to record the results of a general test on a particular
hull form should not be overlooked. The tests which 1ave been analysed
constitute a rcliainary survey and make it reasonably certain that
the method of aialysis can be aplied to any normal form of hull. A

complete analysis for a Tarticular hull is now required. This should
cover all attitudes with particular referenceS to the two step case.
The most satisfactory results would probably be obtained if the
measurements could be made with a new tyne of balance in ivhjch the
model would be fixed in draught, and lift and resistance measured.
This would. avoid. the necessity of cross plotting the original obser-
vations and. would. also reduce the nualber f observations requiredto
a. minimum. Such a cJ.ance has been described in a Russian report
Whatever method of measurement is adopted it is necessary to measure
draughts with considerable care. It is possible to have a very
shallow long wave in the tank which will so disturb the level of the
water surface as to make measurements of the draught very inaccurate.
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9. Conclt.sions-

It will, be: convenient to sunarise the main results obtained.

'The forces on a seaplane hull are the xesult of hydrosta-
tic pressure, hydrodynamic pressure and skin friction, The resultant of
the hydrostatic pressures can be calculated when the shape of the wetted
surface is known.

Consideration of the general share of tI wetted surface
on a seaplane in the planing condition shows that there must be a
hydrostatic resistance as well as a hydrostatic lift.

It is found experimentally that the wetted surface is
independent of the speed when the draught and attitude are constant
provided the speed is not too small, and it is shown that this iesult
might have been anticiptated from elementary considerations.,

It is found exi'erimentally that the resultant force ôie
to hydrodynamic pressure and. skin friction is directly proportional to

when the wetted surface is constant. This means that the skin
friction coefficient does not vary with Reyncld,s number under the con-
d.itions of seaplane tank testing.

Results (i) - (4) are the basis of a new method of
analysing the forces on seaplane tank models. Measurements of resis-
tance, moment and draught, usually given in more than 20 curies, can
'be expressed non-dimensionally in cuxves For a geometrically simple

planing foxm the forces can be separated into components due to hydro-
static pressure, hydrodynamic pressure and skin friction. This gives
precise infoxnation for the investigation of scale effect. In a case
where the skin friction coefficient is not independent of Reyflolde
number the analysis will still be possible though more complicated.

The method is soundly based on both theory and experiment
arid does not depend on any ermirical ajaantities.
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