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S UMM ARTY

The ef'fcets of forcbody warp on longitudinal stability, spray,
dircetional stability and elovator effoctiveness are deduced from the results
of tcsts on three models of length/beam ratio 11, which werc alike in every
respect cxcept that of forcbody warp, the deadrise angle being increased at
the rate of 0°, 42 and 8° per beam, respectively.

It was found that forcbody warp considerebly improved longitudinal
gtability and spray characteristics, impaired dircctional stobility slightly
and itcreascd elevator effcetivencsse The best configwration was that with
8% of forcbody warp per beom.
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1, INTRODUCTICN

In this report the effccts Jf forcbody warp {progressive increase
in angle of deadrisc from step to bow) on the hydrodynamic stability and
spray characteristics of a high longth/beam ratio flying boat are deduced from
the results of teats on the first thrce models of the series detailed in
Refarence 1 and listed in Table I. These models, 4, B, and C, with which this
report is concerncd, constitute the first phasc of the current investigation,
isoe the determination of the effcets of forebody warpe They are identical
cxcept In rcespcet of forcbody warp and this singlc parameter is varied in the
following manncr:

Model 4 0° forcbody warp per beam (basic medel),
llodel B L® forcbody warp per beam,
Model © 89 forcbody warp per beam.

The cffect of this voariation on the forcbody planing bottom shape ean
be seen in Figure 1, which is a comparison of hull lines, and the deadrise
angle distributions arc compared in Figure 2. Hydrodynamie and acrodynamic
data common o the three models arc given in Teblcs IT and IXIT, but it may dbe
mentioncd herc that the length/beam ratic of cach modcl 1s 11 {the forebody
being 6 beams in longth and the afterbody 5 beoms), the afterbody to forcbody
keel angle is 6° and thu step is a straight trensvarse type with no fairing
and a dcpth of 0,15 beams. Further details of consideratioms affeoting the
design of the models arc given in Roference 1.

The same tcchrniques were aaploycd consistently throughout the tests
and they arc discussed fully, togethor idth the presentation of rosults, in
Referonces 1 and 2, A résumé of the details will be given in rclevant
scetions as the need arises, bu™ scveral common major factors may, with
advantage, be statod horc.

A1l the tusts now under consideration were made with zero flap, no
slipstream, one C.G. position ond at one or more loadings, one of which in
every case was that cquivalent 4o a CA, of 2.75. Full details of the
regults of the tests carried out on cacg model are reported separately in
References 3, 4 and 5; only stobility limits and sufficient illustrations to
indicate trends are given herc.

Throughout the report conclusions arc draym from comparisons of
rosults at Cp _ = 2.75 and, where possible, substantiation is obtained from
the other weiglt cases. Refercnoe is also made to a hagh length/beam ratio
investigation made by the N.AsC.lie and to earlier work on a hull of low
length/beam ratio with a low beam loading.

2« LONGITUDINAL STABILITY

2els Prcaent tests

Lengitudinal stability tests iere made by towing the model from the
wing tips on the latcral axis through the centre of gravaty, with the medel
free in piteh and heaves The clevator setting was selocted before each run
and the model towed at constant speed. The angle of trim was noted in the
steady cormdition, and if thc model proved stable at the speed selected it
was given nose down disturbonces to determine whether instability could be
induced, the largest amounts of disturbance being reguired in the high speed
urdisturbed lower limit rcegion. In cach case the motion was defined as
unstsble when the resulting oscillation (if any) was apparently divergent
or had a oonstant amplitude of more than 20, Stebality limits were built
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up by these methods, the disturbed limits represcnting the worst possible
disturbed case. Both undisturbed ond disturbed limits for models A, B
and C at &fferent welghts are compar.d in Figurcs 3, 4 and 5.

In the undisturbed case, the offect of forebody warp on the
stability limits for Cp = 2.75 is clearly shown in Figure 3(a)s The
rosult of increasing fordbody warp froa 0° to 8° per beam is to give a large
incrcase in the stdble ploning region; tho lover limit is everywhere
loiered by at least 2° and the upper 1limit by about %°.

Considering only the fairst increment of warp, from 0° to 4° per beam,
a faarly lorge improvenont in stobility is still obtoined; the lower limit
is lovwered by about 1.3° generally and the vertical band of instability
cccurring jJust altor hump speed wath O° warp is removed.  The upper limit is
lovwered by half o degree, but the overall change 1s a useful increase in the
extent of the stable regron.

Confarmation of this chengo con be obiained from Pigure L(a) which
is for a higher load, Cp, = 3,00, but before a dircet quantitative comparison
can be made vith Pigure 3{a) the effoet of load rmst be considereds One of
the conclusions of Ruference 4., which can be extended to the present case, was
that in the wdisturbed stobility cuse, the rate of change of critiecal trim
(the trim at which instability sets in) with respect to load at constant speed
is both approximately linear and positive, In addition %o this an
examnination of the cifects of an increasc in C A _ of C.25 on the stability
limits for 0° and 4P warp respoctively shovs tha® the mean rates of change
with load are equal, vithin practical limits, although the degrec of separation
varies glightly with differont speeds. It appears thercfore that changes in
limits due to lood variations are unaffected by forcebody warp and, because of
the cquality of the lo:zd coffects, Figures 3(a) and 4(a) are directly comparable
and should shov the saae ronner ond nagnitude of change with respect to
forebody warp, 28 is in fact the case, There ig a minor discrepancy, in this
comparison however, at near-hump spced in Figure 4{(a). At this weight,

C A, = 3,00, the formation of a neck of instability in the 4° warp case can

be scen to be Just beginmng, but a slight decrease in weight would remove
this tondency™ so in the comparison 1t should not be given too much importance.
It does shot though, that increase of forebody warp helps to prevent
instobili4y in this rcgzon.

The offect of the sccond incroacnt of forcbody warp (from 4° to 8°
per beam) on the stability liuits is shown by the curves B and C in Fagure 3(a)
for Cp = 2475« There is a lowering of the lower limit by about 0.8%, but
the uppgr 1imit is unaltered,. By the same reasoning as before direct
comparison can be mode with the limits for 4° and 8° warp at Ca = 2,25 in
Figure 5{a). (liodel .., with 0° warp, was mot tested ot this lover loading
as vieight could not be sufficicntly reduced). The lower limits here show
the same oxder of improvement in cach ease, but the upper limit for 4° warp
has boen lowered wore than that for 8°, It should be noted, however, that
the upper limts in gencral arc not so accurate as tho lower limits, being
bascd on fower points which in themsclves arc difficult to obtain due to the
proncness of the model to bocome airborne in this region.  Purther, if
the compardson of wndigturbod upper liaits for difforer 5 weights for lodel B
be examinoed (Reference L) it will be sccn that the limit for CAO = 2,25 is
apparently too low within its own sot, The disecrcepancy in upper limit
pesrtrons tharefore should not be Aven undue importance.

for the disturbed case, the uffcots of forcbody warp are shown in
Figurc 3(b). Before discussing then, however, a fow points on technique
should be considercdl. In a1l tests the moxirum possgibic digturbance was
given to the rodel; as the eritical disturbances in the mid-planing region
were small, instability was casily induced and the limit is that for maximun
disturbence, 1.c. thore 1s negligible error;y ir the high specd lower limit
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region maximun disturbance was difficult to offect safely because either the
attitude was low and the nose of the model would have been submerged or,

with a disturbance, the rosulting oscillation (whach may have damped out)

was of'ten of such largce amplitude that it vas stopped by the operator just
before the complction of one oycle; in the upper limit region disturbing

the model was dafficult bocause it of'ten reached a semi-stallcd condition
clear of the water with tho motion becoming predominantly acrodynamice The
digturbed limits are therefore not as precisc as those obtained without
disturbance, but within thiz limitation a very good idea of the susceptibilidy
of the model to a large external disturbance is still obtained.

Congidering orders then rather than dbsolute amounts of change, the
total effcct of 8° forcbody warp is to give a significant increasc in the
disturbed stoble regzion, rost of which sccrues from the higher values of warpe
The first increment of forebody warp, from 0° to 4%, produces only negligible
change, both at Cp, = 2475 and 3.00 (Figurcs 3(b) and 4(b)), while the
second, from 4° to go’ Zives a definite improvement in disturbod stability,
which is of similar order in both weight cases, Ca, = 2.75 and 2.25 (Figures
5(0) and 5(b)).

The effects of forebody woarp on the stability limits arc shown in a
different light in Fimure 6 (which is for one loading, CA _ = 2,75), where
elevator angles replace lkeel attitudes as ordinates. In Tia diagram the
undisturbed limits are grouped together, ord the lower limits all lie more or
less along the samc clovator sotting, a point which was made in Referonce 2.
Thero a vertical band of instability must be crosscd duraing take-off, as in
the case of 0° warp, it is emphasised by this type of presemtation. It can
be concluded that when, in the undisturbed case, there is o completely stable
toke-of f path for this type of hull, the application of forebody warp does not
materially olter the elcvator setting at which ingtability is encountered.

Little can be said sbout the disturbed case, wxocpt that an increase
in the stoble regron wath application of forebody warp 1s indicated.

During the tosts just considered the pitching moments of inertia of
Vodels 4, B and O were 22,90, 21.30 ard 23.75 1b. £t+2 respectively, l.c. all
within 12; of the value for ilodel B. By the conclusions of Reference 2,
moment of incrtio increases of up to 409 have no appreciable effect on the
linits, so the difforences in moment of inertia valucs do not affeot tho
forcgoing discussion.

Trim curves for 1 = 0° arc compared in Figurc 7 for different
welghts. The offects of increasing forebody warp from 0° to 8° are to reduce
trim generallve. Static floating trim is rceduced by 1l.4° and this order of
scparation con¥inues ovor most of the displacement speed range. In this
rangc buoyancy forecea prodominatc ond tram is almost unaffeoted by elevator
sctting. At the hwap, attitude is deoreascd by 0.7° ard in the planing
speed range, by obout 2°, although ~hen planing the reduction varies with
speed and is altered by clevator setting (References 3, 4 and 5)s The
attitudc ohanges dus to warp ore roughly linear over the greator part of the
displacement range, but when planing most of the offects are dug to the
first increment of warp, 0° to 4°, the trim curves for 4° and 8% warp being
disorderly and lying closc together from and ineluding the humpe

Thesc tondoncics ore confirmed in Pigures 7(b) and (c), the
differences in weight sceming to have 1littlc effoct.

The effcet of forcbody warp on amplitudes of porpoising in both
undisturbed and disturbed cases is shown for one load (Cp = 2.75) in
Pigare 8. In the undisturbed case, there ig no obvious cﬁange in +the goneral
level of porpoising amplitudes. In the disturbed cage, however, with 4°
warp (Figurc 8 (b)) values are in general less than those for both no warp
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and 8° warp, but the differecnce is small. In Reference 2 1t is concluded
that increase of the radius of gyration at constant mass has the effect of
incrcasing the amplitudes of porpoising, particularly in the undisturbed
QasCe 1% may therefore be that the lover amplitudes obtained with 4° warp
are directly attributable to the fact that rfodel B has the lowest moment of
incrtia. The data in the undisturbed cases of Figure 8 are rather sparse,
but in gunoral 1t appears that forebody warp does not produce any significant
change in the amplitudes of porpoising.

2¢2¢ Previous investigations

Althoush there are mumerous roeforcnces to the effcets of forebody
warp in various recports, only tno available oxperimental investipgntions are
concerned directly with this subject, The first, by Carter and Teinsteln,
deals solely with forébody vorp effects on the hydrodynamic qualities of a
high length/beam ratio hull an? the second, by Davidson and Locke,! treats
these effects as part of a fuller investigation intoc the porpoising
characteristics of hulls of lower length/beam ratio. As both reporits are
American, it may be reealled that the tank technigues used in these model
tests daffer frow those used in the curront programme. These differcnces
in techniques arce discussed in References 8 and 9 whence it appears that
comparison of results should be made on the basis of steady runs, the N..wCe.h
lovwer lamit and upper limit increasing trim then correspond to M. AlE.E.
urdisturbed limits, and the N.i.C.h. upper limit decreasing trim corresponds
(8s far as it goes) to the Me.sZsB. limit(s) vith dlsturbance.

In Reforence 6 the hull used had a length/beam ratio of 15 and was
tested at C o, = 5.88. The forcbody, which was 8.6 beams in length, was
warped at tho ratce of 72° per beam (this is described as axtrome warping),
incorporated chinc flare and had 2 moin step deadrise of 20°., It differed
fron its basic forcbody in the same gencral menncr as that of Model C from
that of ilodel 4 in tnoe present tests. The conclusions reached are goneral
and indicatc that an appreciab.e inerease in the stable range of trim between
limits results froo forebedy warping, with no appreciasble cffect on the
maadrmn anplitudes of porpoising.

Examination of Figure 6 of Reference 6, however, shows that warp
has lowzrcd the lowor limit by an average value of just over 2° and has
lowered the upper limlit by a very small amount. This is in very good
agreement with the presont findings in the undisturbed case with 8° of warp
por beam. Tt is probable that difforencos in the acrodynamics of the two
sots of models will have negligible offect on changes due to warp in the case
of the lower liudit, cxocpt at the high speed end, ard the smaller change in
the upper lumit of Refercnce 6 may be due to thewe of slipstream in these
tosts. The upper limits decrensing trim can only show o tendengy, but even
so the indications arc that the limit with warp would give the larger stabls
reELOhe This agzroes with the current results obtoined for warp in the
dasturbed case.

Figure 7 of this reference shows that with warp there is a reduction
of static floating trim of dbout 1.3° and a gencral reduction in planing
attitudes for a given Jlovator sctting; again agreement with the current
investigation 1a good,

The valucs of the amplitudes of porpoising shown in Figure 8 of
Reference 6 agres goncrally with thosc obtained in the present tests in the
dctermination of undisturbed limits but, as in Reference 6 therc is nothing
corrosponding to the lower part of the disturbed Limit, there is no note of
the larse amplitudes (up to 12°, Figure 8) which can be obtained in this
region with distburbance.
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In the forebody worp investigation of Reference 7 the model used
had a length/beam ratio of 6.2 ard vas tested at CaA _ = 0.89. The forebody,
which was 3.44 beoms in length, was warped at severai rates but only that
of 841° por beam will bs considered in detail. It also incorporated chine
flare and had a mein step deadrise angle of 20°. The differences between
basic and warped forebodies werce obtained in the same general mammcr as those
of the previous reference. The conclusions state that "inercasing the
warping of the forecbody bottom very appreciably lowers the lower limit at
high speeds but only slightly at speeds just beyond the hump. The upper
1imit 1s 2lso lowered, but to a very much less extent. Inoreasing the
warping of the forebody lowers the free to trim track at high specds."
Referring to Figure 25 of this report it can be seen that the effects of
8.1° of forebody warp are to lower the lower limit by 29, except at its
extremitics, t0 lower the upper limit by just over %D, to decrease the static
floating trim by 1.3° and to decrease planing trims by amounts of similar
order, It may alsc he noted that the lmmp trims azre confused armd out of
order amd that the rate of change of the position of the lower limit with
respect to warp 1s not even regular.

/1 of these details agree vwell with the corresponding ones of the
present investigation in the undisturbed case. It is interesting, however,
that in the description of test procedurc in Refercnce 7 the necessity for a
disturbance is assumed and, while acknowledging the faot that the transient
eycles depend upon the amplitudes of the initial disturbances which start
porpoising, the authors go on to state that the amplitude of the final
steady-state cycle is largely wnaffected by the magnitude of the initial
disturbances, The implication is that there is only one {ype of hydrodynamic
longitudinal instobility; this, as shown by ll.4.E.E. experience, is not the
casel, Thare arc two types of instebility recognised by M.A.E.E. and R.AE.,
defined as undisturbed and disturbed. In the general case, if a given
configuration is unstable in the undisturbed sensc, a porpoising oscillation
will build up naturally to a given amplitudc in a steady speed run without
any external aid; if the same configuration develops disturbed type
instobility following the application of n disturbance, the oseillation will
reach a steady amplitude which is much greater than that cbtained without
disturbence (sec Figure S8)e In order to induce disturbed typc instebility,
the applied disturbonee must cxoecd a certain critical magnitude, which
differs from point to point on the stobility digrom and, if this oritical
value is not exceeded, the motion subsides to its original state without
disturbance. Not only is the magnitude of disturbance criticol, but so
is its mamer of application; and both must be considered together.

The disturbance currently used by I A E.E. is caused by a sudden
pull on the aft guide string attached to the model, while that of Reference 7
was applied by accelerating the model over a distance of obout three or
four times its own length. It is felt that in the latter case the combined
effects of maognitude and manner of application wore insufficient to induce
disturbed instability and the resulting diagrams can be compared guite
fairly with those cbtainced without disturbonce by ideisEeds

2.3. Discussion

45 the ain of the present investigation is to provide design
information, variation of the hull parameiers has beon kept within practical
limits, with occasional cxceptions to aid in the fuller understamding of
a phenomenon, and tho conclusions drawm will in general hold only within
these limits. Tho adequacy of the variations of forebody warp tested thus
descrves some comment.
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The main step deadrise angle, 25°, is a compromise, chosen as the
optimum on experience of impact, resistance, stability and final hull shape
considerations, The range of warps tested, up to 8° par beam, is considered
adequate. If, for instance, 12° por beam had been used, the section
halfway along the forebody would have had a deadrise angle of 61° and to
obtain a forcbody length of 6 beams, the rate of warping forward of this
section would have to be congsiderably reduced, giving risc to concave
buttock ond water lines, which would result in small forebody stowage
volume, and o possible increase in aerodynamic pressure drag. It is also
knoun ‘c %hydroﬂynmic resistance is increased slightly by forebody
warping. These criticisms of course apply in the case of 8% of warp
per beam, but the effects will be relatively small.

In cach casc tested, the forebody warp was uniform for three

beans forward of the stup and thon varied to give good lines with a desdrise
angle of 63° at the forward perpendicular. The half of the forebody planing
bottom nearer the step is the important part from a stability point of view,
and as the buttock lines herce arc approximately straight, the question of
what effects o non-uniform rate of change of dcadrise angle may have i1s
roised, If non-uniform worp were applicd so that the planing bottom
developed a slight concave camber, the lower limit would probably be lowered
(Reference 10) thus iuproving stability, but aerodynamic drag would be
incrensed; if the varp variation were such that the planing bottom camber
was convex, drag would be lmproved but hydrodynamic stability would probably
bo impaircd (Reference 11l). The configurations with uniform warping are
thurefore considered to be good compromises.

The prescnt inves tigation of forebody warp coffects on a high
length/beom ratio model covers a range of warps which was testod at at least
wo weights amd upder dlfferent repregentative operational conditions. The
investigations of Refarence 6, vhich is for one warp change at one welght
wder colm vater conditions on a model of higher length/beam ratio, amd
Reference 7, which covers a raage of varps at one weight 2lso for calm
wator on a hull of low length/Leam ratio, allow the conclusions of the
present investigation to be cxtended in scope.

Considering the effects of forecbody warp in the lower limit
und:l.smrbed case, a8 instability here is a function of the forebody only,
the only offect of the afterbody being todetermine the low speed end of the
limit, anml as, in the present cnse, the forebodies tested were of identical
loength and beam, the changes in the lower limit are solely due to forebody
warpe. It may be concluded that applying 892 per beam of warp to an
unwarped forgbody will lower the undisturbed lower laimit by approximately
2%, the rate of change being non-linear. By toking note of the model
configurations testel in the three investigntions, References 6 and 7 ard
the present one, it will be scen that ranges of three porameters have been
covered, viz: length/beam ratio = 642 to 15, forebody length = 3.44 to
8.6 beams and static load coofficient = 0.89 to 5.88. The foregoing
conclusion may thercfore be cxtonded, is.ce it is independent of length/bean
ratio, or of forebody length, as only the forebody is concerned, and of
static beam loading within the above mentioned ranges, providing that load
coefficient is o function of length/beam ratic as indicated in Reference 12,
This proviso implies that the confiruration considered is a practical one.

In the upper limit undisturbed case the ef’fects of forebody warp
arc hot so clenr cuts,  Pirstly, os instobhility here 1s of the two step
kind, the afterbody must be considered in conjunction with the forehody.
The application of forebody warp alters the forebody pressure distributions
and gives risc to different weke shapes, so, although the af'terbodies are
identical in this case, they arc affccted by different flows. Seceondly,
there is the posgible inoccuracy in the determination of the limit
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mentioned in Section 2.1 Comparison with Reforences 6 and 7, however,
shows thaot in all cases forebody warp has lowered the upper limit by amounts
which are considerably less than those by which the corresponding lower
limits were lowered.

The diaturbed stobility limits show that a useful increase in the
steble region can be cbtained by the use of 8° per beam of forevody warp,
and this is supportel by Reference 6,

The changes in trim and the absence of any significant change in
the amplitudes of porpoising obitained with forebody warp in the present
tests are in general agreement with the results of the two references, 6 and 7.

3¢  WAKE FORMATION

An examanation of the individual weke photographs in References 3,4
and 5 failed to reveal any differences in the shape of the wake which might
be directly attributable to forebedy warp. That minor differences therec
were might well have been the result of slicht variations in attitude from
model to model,

The position of the afterbody relative to the weke and its
agssociation with insbability in each case may be sumarised in the following
general manner.

Abttitude] Speed | .fterbody Stability
position Remarks
Undisturbed] Disturbed
High Low Planing Stable Unstable )
Low Low Clear Statle Unstable } Every case
Hig High | Planing Stable Stable ; ¥ A, B and C
Low Mgh ell clear Stable Unstable ~
violent )
Mid-planing Clear Stable Unstable A and B both loadings
(Ca, = 225 and 2.75)
Mid-planing Clear Stable Stoble C both loadings
® A ¢° forebody warp per beam.
B 42 forecbody warp per beanm.
C g° forebody worp per beom.

The only irregularity in this table is ocecasioned by the 8% warp
case which unlike the 0° and A4° configurations, is sicble with disturbance
in the mid-planing region. In this region, the afterbody is clear of the
woke for all the cases considercd. The remarks are general, the clearances,
etc., varying in degree becausc the original photographs were of’
representative configurations only, but it does seem that the question of
whether the afterbody is planing or not bears little relation to stability
either disturbed or undisturbed.
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Le SERA

L,1l. Fresent tests

The spray characteristics of the models were evaluated during the
undisturbed longatudinal stability runs with m = -8°%, mnainly over the
displacement range of speeds, by teking three simultaneous photographs at
each gpeede The cameras used werc positioned of £ the starboard bow, the
starboard bean forward of the wing and the starboard beam aft of the wing.

A chequered pattern, consisting of alternate black and white squares of % beam
side, with the step point as origin, was painted on the starbosrd side of each
model to aid in the analysis, which consisted of cbtaining projections of the
spray envelopes on the median plane only. In plotting the projections
velocity sproy was included when it was integral with the main spray blister,
this happening meinly at low displacement speeds (Figure 10), otherwise it
was 1gnored. The profiles used wore token straight from the sgide view
phetographs anl a limited parallex error was accepted. There this error
tended to become larze the curves were not drawn. These projections for

0°, 4° and 8° forebody warp per beam, are compared in Figure 9.

The effocts of forebody warp on spray are shown clearly at one
weight (Cp = 2,75) in Pigure 9{2). The projection for O° of warp is
dascontinucus because sproy struck the model wing, while that for 42 of warp
is continuous showing that the spray was at all times clear of the model.
This is known t be only Just the case, however, from observation, the spray
at sbout Cy = 6 barcly clearing the wang trailing elge. The 8° warp curve
is similar an form to that for 4° of warp, but a considerable reduction in
spray height is obtained vhere it ig generally most needed l.e. where
propellers arce nermally situated. It is clear that increasing forebody warp
improves ‘the spray choracteristics. At taxying gpeeds, where moxtimum spray
heights are in the region GX = L, there is little difference in spray; at the
higher displacement speeds, where spray normally gives most trouble, ond the
highest spray is between O, = 1 cnd 2, the projection is lowered by the second
increment of varp by 0.3 bdams. The total improvement due to 8° of warp
unfortunately cannot be mcasured, but it is obviously greater than this. At
planming speeds the projections comwerge at C, = -2, and beyond this the spray
in every case 1s too high for the normal tailftplane to be unaffected. With
this type of hull therefore the tzilplane must oither be high on the fin to
avoid interference, or stressedl to take the resulting water loads. 1In
Figures 9(b) and (c¢) the warp effects just considered are substantiated at
C Ay = 300 and 2425 respectively.

in exominotion of the individual spray photographs in the model data
reports shows that in the displaocement range at lower speeds, forebody warp
causes the spray to develop a sweepback, i.c. it is less spread out laterally.
This tendency decreases vith speed until it becomes almost unnoticeable just
below hump speed, vhere the attitude is high amd only a small area of the
planing bottom forward of the step is wett+sd. In this region differemces in
deadrise due to warp are very small and one would expect small or negligible
differences in spray as a result. An example showing warp effects on spray
at one speed, Gy = 3.00 approximately, is given in Figure 10.

The foregoing remarks opply mednly to main spray. Veloolty spray
is slight in 2ll cases at higher planing speeds, and can be neglected, while
at the lower displacement speeds it is practically inseparable from the mein
BPray « In the case with 0% warp, lateral distribuiion of the spray is wide
enough to affect wing tip floats at medium displocement speeds, when the spray
origin is well forvword, near the baw. This configuration, however, is not
a proctical one from congiderations of stability and impact as well as spray.
With L° warp, possible spray interference with floats occurs only around one
speed, dbout = 3.0 and in a normal take-off the eoffect would be of such
small duraotion that no damage would be expected. VWith 8° warp, floats would

he clear of spray ot all times. / hs2. Previous
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4.2, Previous invegtigations

The only spray investigation aovailable which seems 4o be at all
comparable with the present case is that of Reference 6 for a hull of
length/beom ratic 15. The data are presented differently, spray being
assessed at several loads, but the conclusions state that bow spray
characteristics were substantially bettor for the hull with the warped forebody
than for the hull with the basic forebody; in smooth water a 294 increase in
gross load was possible bef'ore spray in the propellers and on the flaps was
equivalent to that of the basie fordbody. Spray straking the tail was
approximately the same with both forsbodiess n examination of Figure 12 of
this reforence shows thnt for the design gross load of 75,000 1b. %g b, = 5.88)
tho worped model was untouched by heavy spray, but the basic model was struck,
elther on propellers or flaps, over a speed range of = 2.5 t0 45, In
the present coge spray pho~I:otr3r,r'a.pl'1s3 show that the mainplane of the basic
model wag wetted over n speed range of Cy = 3 to 5; hnd propellers and flaps
boen present this range would have been oxtended moking the spray
choracteristics slightly vorse thoan those of the basic model of Reference 6.
From the projection for 8° of forcbody warp in Figure 9(a} it would appear
that propellers would be clear of spray but flaps would bewetted, were thay
prasent, One may conclude therefore that the differences in spray
characteristics due to 89 forebody warp per beam are approximately the same in
each cose,

Le3. Discussion

Damage caused by spray normelly occurs when propellers, flaps or
tailplane are struck by main spray, or vhen spray enters jJot intakes and
couses corrosions. This latter type of dammge moy be eliminated by flushing
the turbines through with f'vesh water immediately after contact with spray.
Tailplane damage ocours in the planing speed range and, with a hagh length/beom
ratio hull, it may be overcome by placing the tailplane high on the fin,
thus avoiding the high spray plume cocurring at these speeds, or it may be
met by stressing the tailplane to toke the water loads which will certainly
occur uf’ the tailplane is in tho normal position. The height of this plume
relative to the hull, is, for practical purposes, unaffocted by forebody warp.
The remeining causes of damage occur moanly in the displacement speed range.
It is cleoy from the foregoing results that considerable benefit can be
derived here from the use of forebody warp, 8° per beam giving the greatest
reduction in spray height within the range tested.

48 2 practical design cnse the 8° warp confipuration is interesting.
'ith propellers o 1ittle sproy wight be sucked up and some woald probably strike
fully defleoted flaps, but only in small amounts ond for short periods during
take-off's and landings. Jcceptinz this possibility, the forebody as tested
could be directly scaled up; there is no need for chine turn down or flare,
so the risk of impact damage would he reduced, ond similarly, there is no
need for tronsversc plamng curves. The plates forming the forcbody
planing bottom vould thus have a ninimum of curvature and construction would
be simplificd.

The present results generally confirm those of Referemce 6, but, at
a zlven specd, attitude has a large cffect on spray and unless stiltude changes
due to warp are similar in each case, the agreement between changes in spray
will not be mainly due to forebody woarp effects.s In the presont case static
Floating trim was roduced by 1.4° with 8° of warp, this order of change
continuing up o hump speed; the correspording changes in Reference 6 are
similar, static floating trim being reduced by 1.3°. It may be noted that
the ratio of forebody length to forehody plus afterbody length is

/ approximately
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approximatcly the same 1n each case, namely 0.,56. If this ratio is
preserved, attitule changes will be approximately egqual for hulls of
length/beam ratiocs betwesn 11 and 15 and the same order of improvement in
spray characteristics can be expeoted with the application of 8° of forebody
warp, The indications of Figure 9 of this report are that load variations
have little effect on clhanges duc to forebody warp.

5. DIRECTION.I, ST.BILITY

PFor directional stability tests ench model was toved from and
pivoted at the C.G. so that it was free in pitch, yaw and hsave, but
congfroined in roll. Jteady speed runs were male over a range of speeds
from 4 to 40 fect per second and at each specd the model was yawed up to not
more than 18%, momentsto yoaw the model being appliel by means of strings
attached to the wing tips lovel with the CuG. The direction and order of
magnitude of the resulting hydrodynamic moment was Jjudged by the operator
through the pull in the strings and the ang,le of yaw vias read off o scale on
the tailplone with an accuracy of about + 50 The general form of the
resulting stability diagrom iz considered in Reference 1, but it may be
mentionel here that the molel will swing towards a position of stable
equilibriun and ovay from one of unstable equilibrium. The tests ware made
with zero acrodynamie yoning moment, and it wms found that the effects of
10&&5, roll constraint’ and slevator? on dircctional stability were small
cnough to be neglected. Stcbility liagrams for 0°, 4° and 8° of worp per
beam ore compared at one weight, C 4, = 2.75, in Figuro 11.

There arce only two effects of warp which are at all noticeable and
these are of littlc procticel sigmificances The first, at the low speed
end of the dizgram, s that the separation betweon the stable equilibrium
line and the spead axis at = 3, increases progressively with warpe The
spoed range affected is so0 small that the chongo iz insignificant. The
socond change is found at high speeds in the region Cy = 9 to 10, vwhere the
amotations show a progrossive tendenoy from stable to neutral equilibrium
with increase of warn., This offcct would be umoticed in a practical case.

6. FLEVITOR DIFECTIVENSS

The effeetas of forebody warp on elevator effectiveness are showm
in Pigure 12(a) for C4_ = 2,75« The first 4° of warp has the greater
effect, giving o mcan increasc in effectivenceas of 0.045 approximately, while
that due to the second inerement is sbout 0.03, Corresponding changes in
effectiveness shown in (b) and {c) for Ca _ = 3.00 and 2.25 are somewhat
less than these, but in eack case varp increases elevator offectiveness, the
greatost improvemont being deraived from the first inorement of warp.

Flovator effectiveness muy be increased by (i) improving the
efficiency of the olevators themsclves or (ii) reducing the opposing moments
without modilying the elevotors. It should be moted that in these tests
the elevators were adentical and the incereasc in effuotiveness with application
of forcbody warp is an example of case (ii). Ior a specified reduction of
attitude from a given datum attitude, less forebody volume and planing
surface aren will be immersed in the warpod cass and the resistance to an
clevator moment will be correspondingly smallor. The effect will be most
obvious at low attitudos vhen there is no alterbody immersion, i.e. in the
region of the lovar stobility limitse ot high planing attitudes little or
no difference will bo found in clevator cffcctiveness as the hull will be
planing on the surfooce just forvard of the stop, whore differemces due to
warp are small and the aftoerbody, which is identical in each oasge, may anlso
be plaming. 'These points are illusgtrated in the following table.

z
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[47
¥ % n | *= n E n| E
7 8 + 0.16 -5 0.23 -6 | 030
3 (4 +5 0.20 -1 0.28 -2 1 0.37
9 li- +10 C.10 +2 0-2-}- +2 0.32
9 8 -ll- 0053 "'? 0050 "6 O._E()

o

B~ dlevator effectivencess.

At each speed an attrtude in the region of the lower limit was
chosen and at the highest speed a hipgher attitude was includeds  In each
warp case the clevator setting for this attitude and speel was found, and the
specific elevator effcotivencss read off the diagram for that speed
(References 3, 4 & 5)» (The volues of clevator cffectiveness in Figure 12
are mean valucs for the whole attitude range at a given speed}s It can
be seen that for the first three attitudes, thosc ncarer the lower stability
limit, the effecctiveness increascs with warp, whereas, at the higher attitude
and speed, there is little differonce.

Returning to the prescntation of longitudinal stability limits with
elevator angles replacing kecl attitudes as ordinates in Figure 6(a}, aport
from the neck of instobility in the case of Model 4, there is no significant
change in the limits due to woarps To obtain a complete representation this
diagram must be considersd in conjunction with Figure 12(a) where the benefit
derived from warp is shown o8 an increase in clevator effectiveness.

7. CONCIUSIONS

The results of the present investigation shou that the effects of
forebody warp are to considerably improve hydrodynamic lomgitudinal stability
and opray characteristics, to impair dircetional stability very slightly and
to incrense elevator cffectivencss., Of the configurations tosted that with
8° forebedy warp par beam will give the optimum improvement in vater
performonce, btut this might be bettered particularly from the sproy point of
view, in other cases when a further increase in the degree of warping is
feasgiblc.

Accepting 8° of warp as the optimum value in the present case, the
following detoiled improvements result from its applicataone.

(i) The undis*urbed lower longiiidinal stability limit ds lowered
by approximately 2°, This is independent of loads

(ii} The undisturbed upper longitudinal stobility limitis lowered by
a small amount which is not more than 12-0.

(1ii) The disturbel stable region is inereased significantly.

(iv) Trim is reducod by the order of 13° in the displacement range
and, by sbout 2° in the planing range with n = o°.

(v) Porpoising amplitules are not significantly affected.

/ (vi) The
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(vi) The elevator sctiing at which instobility is encountered
is materrally unalterecd.

(vii) .t taxying speeds and at planing speeds spray is not
significantly affected; at other speeds in the displacement
range however, the spray height, in the propeller plane in
particular, is decrcased by more than 0.3 beams. Below
hump speed the spray is less spread out laterally. These
effects appear to be independent of load.

(viii) Directional stability is slightly ampaired at both low and
high speeds, but the changes are of such a nature as to
allow them to be neglected.

ix) Tlevator offectiveness is substantially increased.

0f the ohove results (1) to (v) are substantiated by either
Reference 6 or 7 or both. Goneral ogrecment with (vii) is obtained in
Refercnce 6.

It may be moted that this investigation as a calm water one with
representative tests for operational conditions, ie.c. disturbance tests.
No satisfactory correlation, however, has yet been established between
disturbance and wave effects on hydrodynamic longitudinal stobality over
the whole of the planing speed range; further work is thereforc proposed
to determine the effects of forebody woerp in viwes anl to correlato them,
if possible, with the cffects of Aisturbance.

/ LIST OF SYMBOLS
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LIST OF SYMBOLS

beam of model

1ift coefficient = L/3 p sv° (I = 1ift, p = air density).
velocity coefficient = V/vV b

load coofficient = A /wb3 ( A = load on water and
w = woight per umit volume of water)

lond coefficient at V = O

longzitudinal sprmy coefficicnt = /%

lateral sproy coofficient = 9/b

vertical spray coefficiont = 2/y

[(x,y,z) co-ordinates of points on spray envelope
relative to axes through step point}

grosa wing area

veloolty

keel attitude

elesvator setting

ongle of yaw
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Models for hydrodynamrc gtabality tests

Y -
Model Forebody Afterbody | of terbody-forcbody Step To determine
warp length keel angle form effect of
degrees beans degrees
per boean
A c 5 6 Forebody
warp
©
¢ 8 5 & § =
by
A
83
D 0 . 6 & a Afterbody
3 e leng th
4 o 5 6 .g rélj)
Cu
E 0 7 6 93
(= )
F 0 9 6
G 0 5 L Afterbody
angle
4 e 5
|
H o 5 8
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T..BLE II

MODEL HYDRODYN/AMIC DATa

Bean at step (b)
Length of forebody (6b)
Length of af terbody (7b)

dngle between forsbody and
af'terbody kecls

Forcboly Cdeadrise ot step

Literbody deadrisc

ilodel
Forcbody warp (per bean)

Yitching moment of inertin
(1befte2)

0. 475"
2.850"
3.325!

60

25°
30°
(decreasing to 26° at step

over forward 40% of
afterbody length).

i B C
OO l[_O 80
22,90 21,30 23,75
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Hodel ferodynouic Data

Meinplane
Section
Gross oarea
Span
S.li.C.
Aspect ratio
Dihedral g

on 30% spar axis
Sweepbacis )
Tang sebtting (root chord to hull datum)

Tailplang
Section
Gross area
Span
Total elevator area

Tailplane setting (root chord to hull datum)

Section

Gross area

Hed ght
General

# C.G. position

distance forward of step point
distance dbove step point

% 7 chord point S.1LC.
distonce forward of step point
distance above step point

* Tail arm {C.G. to hinge axis)

% Height of #allplone root chord L.Es sbove
hull crovm

Gottingen 436 (mod.)
6.85 sq. fte
6.27 £t
1,09 ft.

5.75
30 ot
L0 o'
60 91

ResoFo 30 (mode)
1.33 9g. fte
2,16 f't,
0.72 =g« fts

20 ot

Rehs®e 30
0.80 sq. fte

1.14 T,

0.237 f'te

0. 731 £t.

0.277 ft.
1.015 4.
3.1 ft.

C.72 ft.

% These distances ore measured either parallel to or nommal

to the mll datum,.



TNVESTIGATION OF HIGH LENGTE/BEAM RATIO SEAPLAIE
HULLS WITH HIGH BEAM LOADINGS

HYDRODYNAMIC STABILITY PART 6

THE EFFECT OF FOREBODY WARP ON STABILITY AND
SPRAY CHARACTERISTICS

by

D. M. Ridland, A F.R.Ae.S., G I.Mech E.

Following the publication of M. .I.T. Report Wo. F/Res/240, in
wilch the effects of {orebody warp on stability sand spray are considered,
an sddeadun to Part 3 of this series (data reporit on Model 4) has been
issueds It contains results on Model u at a low weight, Co, = 225, and
this additional evidence zs incorporated in the present addendum.

This addendum consists of four ol the original fizures modified
by the adéitlion oi' the cxtra curves. These {igures, apard from one or Gtwo
minor differences which 1t is feit are insuff:zcient to warraant comment,
further substentrate the coaclusions already rcached 1o F/Res/240.

The titles of the figures are given below [or convenience aand
ars identical with the corresponding Figures of F/Res/240.

LIST OF FIGUARS

Pigure No.
Effect of forebody warp on stability limits, Can = 2.25 1
Effect of forebody warp on trim curves, 7 = 0 2
Effect of forevody warp on spray projecticns 3
Effect of forebedy warp on elevator effectivencss L

Note: Instead of reproducing these figures, the additional
curves for Model A at Cp, = 2.75 have been incorporated
1n the corresponding original figurcs.
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EFFECT OF FOREBODY WARP ON ELEVATOR EFFECTIVENESS
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