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SUMMARY

Reasons for engquiry

- , The ini}estigation originated in the search for a "Basie Curve"
for the water resistance of seaplane hulls, ‘

Range of investigation

The physical processes associated with plening are discussed
in an elementary way and a new method of analysis, based on this discus=
sion, is applied to existing tank 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 been applied, The results can be put into 2
non-dimensional form., In the case of a geametrically simple planing
form the forces can be separated into components due to hydrostatic
pressure,. hydrodynamic pressure and skin friction, The analysis applies-
throughout almost the 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 iyroposed to apply the new method of analysis to the
investigation of scale effect in tank testing,
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Irit.r'o.ductidn o

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

former mpoz'tsl attempts have been mede to find-a non=dimensional
method of plotting resistance measuremcnts on seaplane models which
would represent the measurements €or -all-loads and speeds at one atti-
tude on a single "Basic Curve", Formulae are known which will reduce
the measurements to one curve at high specds or to one curve at low
speeds but no formula is known which is satisfactory throughout the
whole speed range, Scarch was made for an empirical formula which would
converge to the known forms at high and low speceds and would also be
satisfactory at the "hump speed", A large mcasure of success was
achieved in plotting the results for two flying boats but no formula
of general application to a mumber of hulls was found.

It appeared to the present writer that 1little success was
likely to be achieved in the search for a basic curve without a better
understanding of thc physical processes of planing at the hump speedy
Such an understanding should lead to the most satisfactory method 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 measurements as have
been made have been done at various times between Pebruary and October,

1957,

Preliminary theoretical considerations

~ The forces acting on a seaplane hull are: composed of hydro-
static and hydrodynamic pressures acting normal to the surface of the
hull, and tangential. forces due to skin friction, The resultant force
acting on the surface of thc hull is equel to the surface integral of
these forces taken over the whole of the wetted surface, ~ This surface

'integra_l may be ;cParated into three parts

(1) The integrai o‘;" the forces due to hydrostatic pressure,
(2) The integral of the forces due to hydrodymnic_préssum.
(3) The integral of the forces duc to skin friction,
These integrals are in all cascs the integrals of vector quantities,
Vg:n\z";l:l consider the ho,rigontal and vertical camponents of the resul-

_ At very low speeds the integral of the hydrostatic pressures
‘has a vertical component equal to the weight of the seaplane, and the

‘integral has no horizontal component, The integral of the hydrodynamic

pressures has a small or negligible vertical camponent but a finite
horizontal component which oroduces a resistance opposed to the dlrec=
tion of motion. The hydrodynamic 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 wavemaking resistance, In
addition there is resistance due to skdin friction, These are the
conditions obtaining in a ship, The weight is supported by buoyancy
and the resistance is due to wavemaking and skin friction. :
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. As thé speed of the seaplane j_nc;réases these conditions break

_ dowm and planing commences, In practice, effectively the whole of the

tank testing of seaplane models is concerned with planing conditions,
The characteristic 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.mo longer a part of the wetted
surface over which the integrals have to be taken, In addition, the
hydrodynamic pressure’ on the forward part of the hull throws up & sheet’
of water over the surface of the hull to form the so=-called blister, so

* that the wetted surface of the mull now extcnds above the level of the
- .undisturbed water surface, ' ' ;

‘ Consider the hull at reést and the water flowing past. ‘it, We
may calculate the pressure at any point on the wetted surface of the
hull by applying Bernoullits equation to a stream tube passing just
outside the boundary layer., Consider a stream tube passing through a
point on the wetted surface at a depth 2z below 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 be equal to
V, the velocity of the hull, and let h denote its depth below the
undisturbed water surface, - The pressure in the tube will then be pgh
(p = density of water, g -=. gravity; strictly, terms containing the
‘barometric pressure and the density of air should be included, These
may be omitted without error.) Applying Bernoulli's equation we get o=

o, - L
p+ 08 (-2) + & pgh'+ pg (<h) + z oV

or p pgz + -12‘ p(V‘2 - VZ).

_ 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 hydrodynamic integral, Provided the shape of the wetted surface is .
known the hydrostatic integral cen be evaluated since it depends only

".‘on 2z which'can be determined from the hull form, The shape of the
. wetted surface can only be determined by experiment since its calcula-
 tion would involve a complete solution of the hydrodynamic problem, .-As

will be shown later, it is possible to analyse model measurements in
such a manider that the wetted surface does not change with the velocity
and under these conditions the hydrostatic integral is a constant,
Hence the 1ift or resistance may be separated into a constant part due
to hydrostatic pressure and a part depending on the velocity, which is
due to the cambined action of hydrodynamic pressure and skin friction,

The shape of the wetted surface, when the seaplane is in the

- planing condition, leads to important: conclusions, The wetted surface
_is very unsymmetrical fore and aft since it extends above the level of
© the undisturbed water surface on the fore part of the hull while the

back of the step is dry, From this it follows that in general, the
hydrostatic ‘integral has both vertical and horizontal components, Thus
there is a hydrostatic 1lift 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
for 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 volume included by the inter-

section of the following three surfaces, - -
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" (1) - The plane of the-undisturbed water surface,

(2) The wetted surface below the undisturbed water surface.
(3) A surface genhcrated by vertical lines through the
boundary of this wetted surface,

For a simple planing form without an afterbody, this intezral differs
by a small amount, due to abscice of pressure over the back of the step,
from the static displacement 2t the same draught. To this iutegral rmust
be added the interral taken over the wettcd surface which is.above the
undisturbed water surface and this integral is negative since here 2z

.-is megative, Hence the hydrostatic 1ift is diminished, The effect is

the same as if the volume incluced by
(1) the undisturbcd water surface

(2) the wetted surface above the undisturbed
water surfacc

(3) a surface generated by vertical lines through
the boundary of this wetted surface,

was filled with water which was susnended from the hull, Thesc consi-
derations will be shown to lead to numucrical agreement in one casc in

which they have been checked. A difficulty which arises under certain
circunstances is considered later. : :

Fig.26 has been added to illustrate the gencral shape of the
wetted surface abeve the undisturbed water level. It is a view from
dircctly ahead of a large model, The undisturbed watcr surface in the
foreground of the picture should be followed back until it meets the
model in two diaponal lines which mect on the keel, The wetted surface
covered by the thin sheet of watcr formin; the blister can be seen Just
above these lines. There is a hollow space between this sheet of water
and the undisturbed water surface, The view point mekes the whole
picture anpear 'very much fore shortened, ' -

The hydrodynamic pressure acts over the same wetted surface
as the hydrostatic pressure and gives 1lift and drog in' the soame way,
At high speeds the hydrostatic pressure becomes neglizible and only
the hydrodynamic pressure remains, The hydrodynamic 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 resistonce .
measurements on seaplane models, wwith the object of separating, them
into hydrostatic pressures, hydrodynamnic pressures and skin friction
forces. Resistance measurements on tank models are usually made with
the mcdel fre. to rise and fall, the mechanism of the balance being

" arranged to maintain & fixed attitude and a constant load on water,

Resistance and pitching moments are neasured under these conditionsa.

In addition, provision is made for measuriing the heicht of a suitable
datum point adove the undisturbed water level so that draughts may be
deduced but, as little use has so far mecn made of draught measurcments,
they are usuelly not given in reports. Resistance 1s plotted against
speed for constant valucs of the load on water and draught does not
appear in the results. -Pitching moments-are treated similarly, It is
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"e&lear, however, that load on water, that is 1ift, and résistence are

~each componcnts of” the resultant force acting on the model and that in

s _any fundamental investigation this resultent force, or its components ,

| dould be recarded as a~function of the speed, the attitude;and the

., Graught, -Hence, model measurements have been cross plotted to oht-ain
.- load=on~water and resistance for constant values of the draught and the

-,.pésults_ have been plotted against the squaie of the speed. -

Analysis of Singapore ITc model tests - |

o . The analysis was first .applied to existing Royal Aircraft
Establishment tank tests of the 1/12th scale Singapore IIc model hull,

- These tests were made for a report on comparative tank t,ests?_ and were

..+ unusually extensive, -In carticular, by combining results given in two
" figures of the former report resistance measurements at an attitude of

70 are obtained for eight different values of load=-on~water,. For each
lodd, measurements are given at speeds between 6 and 32 ft,/sec. These
measurements are given in Fig,l, (Full scale values were given in the
original report, In the present report all measurements refer to the
‘model, The results of Pig.l have been recalculated using the air drag
corrcction dbtained by the routine method used in the Royal Aircraft
Establisklment tank, The results given in the original report included
the air drag of the hull,) The draughts corresponding to- these resise=
tance measurements are given in Fig,2s The draught was measured fram
the undisturbed water level to the lowest,point of the v step of the

. _ . Tak::.ng any value .of the drdught., say 1,25 ine, each curve of
Fig,2 gives a load and speed dorresponding to this draught. Using these
values for load and speed the corresponding resistance is obtained from

" Fiz.l. The loads and resistances arc then plotted against the squares

of the spceds end curves corresponding to X! constant draught are
;obtained, In Fig,3 loads are plotted in this -way for a .series of values
of the draught and Fig.h gives the resistances,. In’these figures the
points lie, within the limits of experimental. error, on a series of
straight lincs, cach line corresponding to a definite value of the
‘draught. :For the Singapore Ilc model the hump speed is about 12 f‘t._/sec,

" and plening’ commences at 6 = 8 ft./sec,” A1l the observations from _
speeds of about 6 ft./sec, upwards fit the lines of Fig.,3 and 4, so that

this method of plotting is satisfactory from well below the hump speed

up to the highest speeds. v :

v Consider now the physical Sigﬂificé.nc;e of Fig,3. The straight
lines for small draughts pass through the origin but in general the
lines pass above the origin giving a finite 1ift at zero speed, This

. does not imply that a 1ift of this magnitude could be observed at zero

speed but it is the constant part of the 1ift function which applies
for all speeds greater than about 6 ft,/sec. Any given line ‘corre=
sponds to a wetted surface of comstant shape and area and the 1ift at
zero speed gives the value of the vertical component of the hydrostatio .
integral which was considered in the preceding section of this report,
This quantity will be colled the hydrostatic 1lif't, It is the part of
the load on water which is supported by buoyancy, Whea this hydro- .
static 1ift is subtracted from the load on Water the residue is the -
part of the 1lift vhich is proportional to V2. This includes the
vertical components of the hydrodynamic pressure integral and a small
vertical component of the skin friction integral , Which may be.nega-

tive, That a constant draught gives a constant wetted surface (for all

-5 =




f:i speeas greater “than about 6 ft,/sec ) is a fulrly obv1ous deductlon | 1.
from Fig,3 in the light of the thedretical considerations which have -
‘beer’ giveri; Tt has been verified by running a model at a fixed draught.

- be very.laborious for theSingapore IIc model owing to the complicated

.' , © Report No.B. 4.1k

and observ:.nb the wetted surface, This provides sufficlent information,
for calculating the. hydrostatlc.lntegral but such a calculation would

hull form, The calculation has therefore been mude for a simple weaoe .
forn and is Ziven later _____ ’
: In.Flé.h some of the llnes Dass above the origin 91v1n5 a
finite resistance which is independent of the speed, This is the
horizontal corponent of the hydrostatlc integral and will be called the

- hydrostatic reS1stance . Subtracting this hydrostatic_ resistance. gives

the part of the resistance which is proportional to V2, This consists
of "the horizontal components of the integrals of hyorodJnamlc pressure
and sk1n frlctlon :

The same method of analysls may be used, for the oltchlng )
moments, PFig.5 gives the pitching momerts for the Singapore IIc model,
When these moments are cross plotted to obtain mﬂments,at_constant
draughts, the straight lines of Pig.6 are obtained. ' For. any line the

negative moment at zero speed is a hydrostatic momcat which could be

'""'calculated from the hydrostatic ‘integral if the position of the centre

ke

of pressure was calculated, The nart of the moment which .is quportlon-
al to V2 is caused by hydrodyjamlc pressure and skin frlctlpn. Fig, b

i_imﬁllcs that the centre of pressure of the hydrodynamic pressures and
. the line of actmoa of the resultant of the skin frlctlon forces are
_'f1Xed.when the wetted surface 1s flxeu. :

The 1nforn tlon contalnca in Fig,3, 4 and 6 can be expressed

‘in 2 much more concise sform, Any straight line in Pig,3 is completely

definéd by the hydrostatic 1lift and the slope of the line Similarly

"'any line in Fig.k is defined by the hydrostatic reslstance and the

slope of the.ling, Tig,7 gives the hydrostatic lift and resistance as

= fuﬁcfidns of the draught, These quantities vanish for draughts of less

than 1,5 in, - a point which is discussed later, Fig. 8 and 9 give the
slopes of the 1ift and resistande lines as functions of the drwubht

' The moments ia Fig.6 reduce to the two curves -in Flb.lo and 11 giving

hydrostatic moment and slope of the moment lines as functions of the
draught, Thus the whole of the information about resistance, moment
and draught at a fixed attitude of 70, all loads on water and all _
speeds.greater than about 6 ft,/sec,, is contained in the six curves’ of

*F15.7 11, The original measurements are given in 23 curves in

form whlch prov1des no theoretlcal basis for cross plotting.

' Discusgion of Slngapore IIc anaLYS1s

The investigation which has been deseribcd can be continued
in two different ways according to the object in view, First we may
use the method of analysis as a means of recording model tests and
second we may use it in uheoretlcel 1nvest1faulon as, for instance, in

‘scale effect

" With the .first object in view it is necessary to-show by
triel that the method can.be applied to huils.of all forms, This is
further congidered in the next section, It is also 1ecessary to show
that the results can be used in tlheir final form, If we choose a' |
fixed attitude and a load on water corresponding to each speed it is

e -
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casy to proceed by graphical methods, using Fig.7 and 8, to the draught
and then, u_sing Fig,7 and 9, to the resistance. If a curve taken from
Fiz,l is reproduced in this way, fairly good agrecment is obtained, It
should be remermbered that the original tests-were not intended 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,l and this introduces
errors in the cross plottinz, Hence, exact agreement is not to be
expected, It should be noted that if it is accepted that the points in
Pig,3 and 4 should lic on straight lines, then a good mean valuc is |
obtained by drawing the best straight line through the points and the '
deviations of the points from the line give an indication of the accur=-
acy of the measurements, : '

With the second object in view it is necessary to apply the
method of analysis to tests on simple wedge forms and flat planing
 surfaces so that 1ifts and resistances can be analysed precisely into
' . their component perts, Later sections of this report are concerned
with this aspect of the work, '

As explained in the introduction, the original obgject of the
investisation was to find some non~-dimensional method of plotting tank
tests, The curves of Fig.,7 -~ 11 can easily.be made non=dimensional so
that, in a sense, the object is achieved though in a form very different
from that originally contemplated,.

. The best method of putting the results into non~dimensicnal
form has not yet been decided but a simple method of doing so is as
follows, Consider, for example, Fig,7, 8 and 9.. Let b be any typical
dimension of the model, for example, the maximum beam, The hydrostatic
1lift given in.Pig.7 is divided by pgb3 to give a non~dimensional
coefficient which will be denoted by HL‘ In the same way the hydro-
static resistance gives a resistance or drag coefficient H.. The
hydrodynamic 1lift gives a 1lift coefficient CL on division” by

%szvz. The slope of the 1ift lines, given in Fig,B8 is a hydrodynamic

1ift divided by V2., Hence this slope is divided by 3 pb2 to obtain
C’L' In the same way Fig.9 gives a resistance coefficient Cp. These

coefficients all appeér as functions of the draught h, which is
expressed non-dimensionally as a fraction- h/b of the beam, We now
have for any given value of the non~-dimensicnal draught :-

pgbsﬂL

3 p b0,

Hydrostatic 1ift

Hydrodynamic 1ift

These cxpressions effect the comversian to full scale values
without explicit reference to Froude's number, The flow will be dyna-
mically similar for model and full scale when the ratio

Hydrodynamic 1ift - V2 COp

Hydrostatic 1ift  bg 2
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Analysis of other model tests
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is the same for both,. This requires theat Vz/bg shell be the same for
both, which is Frolde's number based on the beam instead of the length
as is more usual. If “the speced is so sm2ll that planing has not

‘commenced, these non-dimensional coefficicnts do not apply. For the

1/12th scale model, the minimum specd is % - 8 ft./scc, The correspon-
ding minimum speed- for the full scale rust be calculated by the use of
Froude's number., PFor-very small’ draughts when the hydrostatic 1ift is
neglipible the:forcés,are independent of Froude's number,

In order to try: the method of analysis on other hull forms it
was anplicd to tests of the Sikorsky S.40 for which the results of a

N.A.C. A, gencral test3 are ovaeilable, It was soon found that the tests
did not supply sufficient information for the analysis. Although the
tests are very extemsive they are restricted to heavy loads abt low
speeds and light loads at high speeds ani the result of this is that
usually only three and at most four points are obtained on each straight
line in the final figures. The results arc quite consistent with the
method of plotting but it is not considered that they are worth repro-
ducing here, It appears therefore that ncw series of tests will be
required in order to chéck the applicability of this method of analysis

. to all types of hull,

The Singapore IIc tests, on which the analysis has so far
been based, were 21l for an attitude of 7°, ond at this attitude the
model would, in general, be planing on the moin step only, Under these
conditions it was found that a constent draught gave a wetted surface
which 3id not vary with the speed, It is not clear that this condition
will still be satisfied when the model is planing on two steps, since
the second.step lies in the wake left by the first., The condition is
probably satisfied approximotely provided the sneed is not too small,
This is one of the most important points which rcquirce to be settled by
further tests, As a first step, existing tests on the Singapore Ilc at
an attitude of 13° have becn analysed, The final curves arc given in
Fin.12 and 13 for 1ift and resistance respectively, The nymber of points
is not great; as thc tests werc not very extensive, but the agrecment for
these points is quite food. It is interesting to note that the points
for 6 ft./sec, lie definitely above the 1ift lines in Fig.12 suzgesting
that planing has not commenced, but that the corresyonding points for
resistance lie well on the resistonce limes in Pig,13.

Tests on a simple wedge form

A limited number of tests were made on a simple wedge or
keeled form having an angle of dead rise of 2P and a straight keel
throughout its whole length, It is jllustrated in Fig,1l4A which gives
the dimensions and shows the position of the centre of moments, This
was chosen as a simgle geometrical forn for which the hydrostatic inte-
zral could be calculdted after malking observations of the wetted surface,

The tests were limited to an attitude of 7° and the results
are givén in Fig.15, 156 and 17. These give resistance, draught and
pitching moment respectively. --They are cross.plotted in Fig.18, 19, 20
to give load on water, resistance and moment agoinst V2, for constant
values of the draught,  In these figures the points lie very well on
straight lines, Ia Fig,19 the lines for smell drauchts (1 in., 1.5 in.,
and 2 in,) pass through a point above the orisin instead of through the
origin, The reason for this is not known but it su zests o systematic
error in the resistance measurements.

-8 -
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The »rimery object in these mcasurcmciits was to compare the
experimental value for the hydrostatic 1ift with the value ctlculated
from-the dimensions of the wetted surface., To observe the wetted
surfoce the model was run at fixed draughts of 1, 2 and 3 in, and the
positions of the edge of the wetted surface at kecl and chine were
recorded, The edge of thc wetted surface is almost straisht between
keel and chine, Thesc observations were made at various speeds to
check whether a constont drought did, in fact, give a wetted surface
which was independent of the speed. The general result of thcese
observaticns was that the area of .the wetted surface abeve the undis=
turbed water lcvel, incrcascd from a small value at L ft,/sec. to a
limiting value at 8 ft,/sec, which remaincd effectively unchanged at
all greatcr speeds, At the higher speeds there werc irregular vari=
ations in the keel and chine positions amounting to about 0,5 in,
Thesc were attributed to cxperimental error, This result shows that
the wetted surface is independent of the speed when the draught is
constant, cnly becausc it has reached a limiting value at a compara=
tively low speed and this result reccives a rcady explanation from
elementary considerations, If V is the velocity of the water past the
model, the hcight of a stagnation point above the undisturbed water

level is V%/Zg, Consider the height of the chine at the highest. point
at which water leaves it, If this height is smell compared 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 indcpendent of the speed, For the case of thc wedge at 7°
attitude the ratio: height of stagnation point to height of chine is 6
at 8 ft,/sec. and this ratio increases as thc squarc of the speed.
Hence the condition is satisfied, It is in this sense of a limiting
value that the wetted surface on an afterbody mey be constant in the
two step case, .

Coming now to mumerical values, the hydrostatic 1lift was
calculated in two parts, First there is the positive part which
depends only on the geometry of the wedge and the drauéht. This nart
differs very little from the static displacement and is showm in curve
A of Fig,2l, Curve B in Fig,2l is drawm through four points taken
from Fig,18 and gives the observed hydrostatic 1ift., The difference
between the two curves gives the negative part of the hydrostatic
1ift, For draughts greater than 2 in, this difference is roughly
constant at 2 - 2§ 1b, - Calculation from observations of the wetted
surface at droeughts of 2 and 3 in, gave values of 2,2 and 1,9 1o, It
is considered thot this agreement is within the accuracy of the
observations,

: Under the conditions of the tests the cormer of chine and
step wos 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 above the undisturbed water level depending on whether
the drauzht is less or greater than 2 in, Fig,18 shows that the
observed hydrostatic 1lift is negligibly smell for 211 drauchts less
than 2 in,® If the nejative part of the hydrostatic 1ift is calcula-
ted from the observed wetted surface, for a draucht of 1 in,, a value

x o : :
In this coinection see also Fig,7 where the hydrostatic 1ift is
zero for drauzhts of less than 1.5 in.

-0 -
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: _L_of‘; -1.8 1b. is obtained znd if this is added to. the positive part of the

1ift in Fig.2l a nett negative value is obtained, Thus. the method of
calculation appears to fail for draughts less fhan 2 in., that is when
the cornger of the chine and step is above the undisturbed water level,
A probable explanction of this failure 1s that the pressure is zero
over a portion of the apperent wetted surface above the undisturbed

- water level or in other words that the sheet of water forming the

blister would follow the same path if a part of the wetted surface of
the model were removed anld the water wos 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

roushly the correct result is obtained if. all the wetted surface outside

s certain beam is excluded, This beam is obtained if we imagine the

sides of the mpdel 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 hydrostat:}c
resistance to the hy@rostatic 1lift is equal to the tangent of the atti-

- tude, This condition is satisfied by the observaticns,

Tests on a flat planing surfece

Tn 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 which the flow

must divide, General considerations such as thesec, sugcested that the
wetted surface might not be independent of the speed for a flat planing
surface and hence that the method of enalysis 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 becn tested in thc Royal Aircraft Establislment
tank and it was found to .be.a very unfavouraile form for accurate works,

‘The flow in the "blister" pulsates in a very irregular manner and as a

result the model bounces on the water st 1ight loads.or high speeds
and_it was impossible to measure pitching'moments under. any conditions,
Resistence measurements were possible for o limited ranze of speed
though with less than the usual accuracy, It is possible that a smaller
model or a different type of halence might give better results. The
results of these tests are given in Fig,22-25. Fig,22 gives the resis=-
tance measurements and Fig.23 the corresponding draughts. In Fig.24
and 25 the 1ift and resistance are plotted against V for constant
values of the draught and it is seen that the points lie quite well on
straizht lines, so that the method of analysis is satisfactory in this
case also. In Fig,22 there are same ncgativewlues for the hydrostatic
1ift. This did not occur for the keeleld forms,

General discussionh

Tt has already been indicated that measurements on planing
surfaces of simple geometricel form, such as the 200 wedge or the flat
planing surface, when anclysed by the present method, provide precise
data for fundamental investisations 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 to. gkin friction separate from other fcrces,
The forccs proportional to V€, which can be expressed non-dimensionally

-10 =
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in terms of Gy, and CD’ are due to hydrodynomic pressures and skin

friction., For a simvle geometrical form they arce easily transformed
into other forces tangential and normcl to the keel, The force tan-
gential 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 .complicated nature of the flow it 1s not a.simple matter to

caleculate the skin friction coefficient, . In the case of the flat
planing surface the force normal to the surface is due to hydrodynamic
pressure only. In the case of the Wwedge the force normal to the keel
contains a small component due to skin friction, On account of the
smoother flow and the more definitc wetted surface the wedge seems the
more favourable form with which to work,

The forces which have. been expressed in terms of QL and QD

are directly proportional to V2 and it follows that the tangeatiol
and normal forces derived from them are also directly proportional to
V2. ‘Since any strairht line in any of the figures corresponds to a
constant wetted surface, this requires a skin friction coefficient
which does not vary with the speed., The speed ranze covered by aay

~line may bc as gzreat as one to three, corresponding to an equal range

of Reynolds nunber, and the observations should be sufficiently accu-
rate to detect a variation of skin friction coefficient, Such a
variation would chonge the resistance lines into slight curves but an
examination of the figures shows that, although there are considerehle
deviations of individual points, there is no consistent indication of
any curvature of tlie lines, This is the first point which regquires
closer investipation ih future work., If. a variation of skin friction
coefficient with speed is detected, the analysis will be complicated,
but it will still be possible,

The investigation of scale effect appears to be the most
important further development of this 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 overlocked, The tests which have been analysed
constitute a nrcliminary survey and moake it reasonably certain that
the method of analysis can be applied to any normal form of hull, A
complete analysis for a particular hull is now required, This should
cover all attitudes with narticular reference- to the two step case,
The most satisfactory results would probably be obtained if the
meesurements could be made with o new tyne of balance in which the
model would be fixed in draught, and 1lift and resistance measured,
This would avoid the necessity of cross plotting the original obser-
vations and would also reduce the number of observations required to
a minimum, Such a salance has becn 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
shallowv long wave in the tank which will so disturb the level of the
water surface as to moke measurements of the draught very inaccurate,
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Conclusions'

ItuWill.be:convenient to sumarise the main results obtained,

(1) ' The forces on a seaplanc hull are the result of hydrosta-
tic pressure, hydrodynamic pressurc and skin friction, "The resultant of
the hydrostatic pressures con be celculated when the shape of the wetted
surface is known, -

(2) Consideration of the general shape of the wetted surface
on a seaplane in the planing condition shows that there must be a
hydrostatic resistance as well as a hydrostatic 1if't,

(3) Tt is found experimentally that the wetted surface is
independent of the speed when the draucht and attitude are constant
provided the sceed is not too smell, and it is shown that this result
mirht have been anticiptated from elementary comnsiderations.,

(k) It is found experimentally that the resultant force due
to hydrodynamic pressure and skin friction is directly proportional to

V2 when the Wetted surface is constant, This means that the skin
friction coefficient does not vary with Reynclds number under the con-
ditions of seaplane tank testing.

(5) Results (1) = (&) are the basis of a new method of
analysing the forces on seaplane tank models, Measurements of resis=
tence, moment and draught, usvally given in more than 20 curves, can
be expressed non-dimensionally in 5 curves, For & ceometrically simple

planing form the forces can be separated into components due to hydro-

static pressure, hydrodynamic pressure and skin friction, This gives
precise information for the investigation of secale effect. In a case
where the skin friction cocfficieant is not independent of Reyaolds
nurber the cnalysis will still e possible thougzh more complicated,

The method is soundly based on both theory and experiment
and does not depend on eny empirical quantities,
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