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S UMMARY

The effects of afterbody length on longatudinal stability,
spray, directional stability and elevator effectivensss are deduced from
the results of teots on four models of the series vwhich were alike in
every major respect except that of afterbody length. The models had alfer-
bedy lengths of 4, 5, 7 and 9 beams respectavely,

It was found that wncrcasing afterbody length amproved the
disturbed stabilaty characteristics considerably, made no cffective sver-all
change in the wmdisturbed cualities and rcduced trim gencrally; it impaired
spray charactoristics and directional stuibility and rcduccd elevator
ef'fectivencss,
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1.  INTRODUCTION

In this report the effects of afiterbody length {(the distance from
main step to rear step measured porallel to hull datum) on the hydr odynami.c
stabllaty and spray charzcteristics of 2 high length/beam ratio flying bozt
are deduced from the results of tests on four models of the series detailed
in Reference 1 and listed in Table I, These models, A, D, E and F, with which
this report i1s concerned, comstituted the second phasc of the present
investigation i,c. the deterrunation of the effects of alfterbody length, They
were 1dentical cxeept in respect of alfterbody longth and this single paramcter
was varicd m the following manner:

Model D afterbody length 4 beams
liodel . Afterbody longth-5 beams (basic model)
liodel E fifterbody length 7 beamg
liodel F Af'terbody length 9 beams

The effcet of this variation on the hull shape generally can be seen
in Figure 1, which is a conparison of hull lines, Hydrodynamic and aerodynamic
data commom to the fouwr models are given in Tables II and ITXL, but it may be
mentaoned herce that for cach model the forcbody was 6 beams in length and had
no warp, the afterbody to forebsdy kecl angle was 60 and the stop was of
gtraight transverse type wath no fairing and a depth of 0,15 beams. Hull
length/beam raiio varicd between 10 and 1 5, depending on afteorbody length.
Purther details of eonsaderations affecting the design of the models are given
m Refercnce 1,

The same techniques were emploved consistently throughout the tests
and they arc discusscd fully, together with the presentation of results, in
References 1 and 2. A résume of the details vwall be given in rclevant
sections as the nced arases, but scveral comon major factors may, with
advantage, be stated here,

A11 the tests now wnder considerantion were made with zero flop, no
slapstream, one C.G. position and, coxcept for the darectrional stabality assesg-
ment, at the two beam loadangs Ca = 2.75 and 2,25; directronnl tcasty werc
made omly at Cp . = 2.75. Full 60%&115 ol the results of the tests carried
out on each model are given scparatcly in References 3, 7, 8 and 9; only
stability limits and sufficicnt 1llustratioms to mndicate the main trends
are given here,

Throughout the report conclusions arc drawn from comparisons of
results at C p = 2.75 and, where possible, substantintion is obtained from
the other Trelgﬁt case, Refeorcnee 1s also rade t2 a hagh length/beam ratio
investigation carried out by the N.i4.C.A, and to earlisr work on hulls of lower
length/beam ratios.

2, ILONGITUDINAL ST.BILITY

2.1. Present Tests

Longitudinal stability tests werc made by towing the model from the
wing t.ps on the lateral axis through the centre of gravity, with the model
free in pitch and heave, The olevator setting was sclocted before each run
and the model tosed at constant specd., The angle of trim was noted in the
gtcady conditaon, and if the modsl proved stable at the specd selccted it wms
given nosc-dovm disturbances to deterrune whether instability could be induced,
the largest amounts of dasturbance being recuwired in the high speed wdisturbed
lover limit regim,., In ca~h casc the motion wes defained ag unstable when the
resulting oscallotion (il any) was apparently divergent or had a constant
amplatude of norc than 2°. Stabilaty limits were burlt up by these methods,
the digturbed lxmits representing the vwocot possible disturbed case., Both
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undisturbed and disturbed limits for models 4A,D,E and F at the two different
weights are compared in Figures 2 and 3.

The effects of afterbody length on the stability liaits for
¢ a, = 2,75 in the wndisturbed case arc shovm in Figure 2(a), Vith increasing
afterbody longth, moxaimum lower aritical frim (maximum trim attaincd on the
lover limit) 1s found at progressavely lower attitudes and slightly hagher
speeds; apart from this the position of the limt zs alrost unchainged, The
vertical band of instability which occurs with the shorter afterbodics ot this
woight and extends acrose the toke-off path is rewoved at the higher lenpths,
while the upper 1limit is progressively lowered and the mean speed at vhich
upper limat instability 1s encountered with the c¢levators used is incrcased,
4% the same time, the extent of the upper wnstable resion 1s decreased, until,
with the Lmngest afterbdy, n» upper limit mstability is obbained., (It is
essential that the rcader appreciates the viewpoint from which ceonclusions
are drawr, here and throughout the remainder of the report; it is indicatod,
in essence, by the phrase "with the clevators used", earlicr in this paragraph.
The tests were made with complete dymamic models (as opposed +o hulls alone
and mly trimming moments available from the elevators were utilised, as the
total elevator arca wis greater than half that of the tailplane (Table III),
it as felt that the renge of trams obtained in cach test would not differ
srgnificantly from that of a correspmding full seale design., Conclugims are
thorefore dravn directly from the cvadonce in the figurez and no refercnce is
made to possible offects beyond the trin ranges indicated),

Confarmation of these changes can be ohtaincd from Fagure 3(a) which
is for a lower load, Cp, = 2.25, but before o drrcet quantitative corparison
eam be made wath Figare 2(a) the offcet of 19ad itself must be consadered, Ono
of the conclusions of Reference L, which 1t a8 shmm con be extended to the
prescnt case, was that in the undisturbed cuse, the rate of change of cratical
trim (the trim at whiech instability sets in) with respect to load at constant
specd is both approxiretcly lincar and posaitive., In addition t» this, an
examination of the effects of a decreasce an Ca  of 0,5 on the stabilaty limits
for the four models showa that the nean rates of change with load arc equal
wrthin practical lumits, although the degree of separati-n varics slaghtly with
different speeds, It appears, therefore, that chonges in Zimits due to load
variations arc wmaffcected by afterbody length and, because of the cquality of
the lond offects, Figurcs 2(a) ond 3(a) are direchly cmparzble and should show
the same manncr and magnitudce of change with respeet to afterbody Ilungth.

Apert from the fact that, in the casc of the two short 2fterbodies, the vertical
bandg of ingtability cutting across the take-uf? path have beon removed with
the reductiom 1n weight, good agreement i1g obtauincd,

The reductim in meximum lower critical trim with inercasc in
afterbody length 1s shom approximately for the two loadings, CA, = 2,75 and
2,25, in Figure 13, This diaprom gives a rouszh idea of the maxbaum attitude
reached on the lorer lamit for a gaven length of afterbody in the prosent
case; these attitudes would probably be altered by a change of afterbody angle
or forebody shape. The two points at Cay = 2,75 for the 4 and 5 beam after-
body lengths arc not indicated in Figurc 13 beecause of the difficulity of
defining maximum lower critreal tram cn the releovant sct of stability limits
(fFigure 2(2))}. This arises from the band of instability found across the
take-oCf path 1n each case, when the nmaximum attitude on the lower limit is
to0 high {or normad forcbody porpolsing,

48 lower lurit porpoising is a {unction of the forebody only 10 and
the forchodics used in thoese tests were identical, me might cxpect the lower
limits to cowncide. The rmin source of disareponcy, when the afterbody is
clear of the water, is the airflow under the afterbody. Changes hore may be
cxpactod to be of smll order and 0 show a congiotent trend from weight to
weight; in both figurcs, 2(a) and 3(a), the lmmit for the 7 boam alterbody
model 1s highest, but the romminder are dusordorly and the soparation of the
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limits is so incomsistent, both with weight chonge and speed change, that most
of it can reasmably be attributed to experimental error, It is felt that one
mecan limit for each londing would serve for all of the models.,

Exoamination »f the upper limaits shoys that, in both weight cases,
mereasing aftcerbody length from 4 to 7 beams lowers the lumit by approximately
22 and increases its mean speed, while, with a further increasc to 9 beams,
upper limit instnbility is avparently avoided altogether, It is possible
though that, had hagher test speeds been feasible, an upper limab for the
9 bean afterbody model would have been found,

For the disburbed case the effects of ~fterbody length o the
stability limits are shown ain Figurcs 2(b} and 3(b), Before discussing them
however, a few points on technicue should be eomsiderced,! In all tosts the
moximum possible disturbance was given to the msdel; as the critical disturbances
in the mid-planing region were gencrally below this maxamum, ingtabilaty was
casily anduced and the liamit is that for maximm disturbance, i.c, there is
negligible error; i1n the high spceed lower Limit region maxamun disturbance was
giffacult to effcct safely boeause cither the attitude was low and the nose of
the model would have been submerged or, with a disturbance, the resulting
psc1llation (which may have damped autj tms often of such large amplitude that
it was stopped by the operatsr; in the upper limit region disturbing the model
vwina difficult beeausc 1t often reached o seni-stalled condition clear of the
water with the motion becomang predormnantly acrodynamic. The disturbed luimits
arc thercfore not as precise as those cbtained without disturbance, but within
thas limitation o very good idea of the suscceptidbility of the nodel to a large
external dlsturbance is still sbtainca,

Considering -rders then rather than absolute anounts of change, at
Cag = 2.75 (Fagure 2(b)), the cffect of increasing afferbody length is to
reduce thc arca of disturbed mstability wtil, with the longest afterbody, the
disturbed stability limit differs only slightly from that obbained without
disturbance. In the cases of the 4, 5 and 7 beam afterbsdy mndels respectively,
the diagram shows vertical bands of instability which are decreascd progressively
1m width and attitude since the ¥ hump lirit 1s found at highcr spceds and
lower attitudes. Tith the 9 bew afterbody the only signilicant effcet of
disturbance is to raisce the high speed end of the lower limt, In refercnces
3, 7, 8 and 2 it 1s stated that the greatest amounts of disturbance used were
necessaxry in the high speed lower limit region, It follows that Model T is
oly susceptible $0 very large disturbances - far larger, in fact, than would
normally be met in practice,

411 the ftrends rentiomed so far 1n comnection with disturbance are
verilficd at the lower loading, C Ao = 2,25 (Figwe 3(b)). Stabilaty is
generally improved by the weight décrease but, in particular, the limts for
the 7 beam afterbody show that the vertical band of instability found at the
higher loading has boen removed and tho only cffect of distorbance is o raise
the lower limt at the higher speed cnd. Disturbance effects on the 9 beam
afterbody model at this londing ~re similar, but even less pronocwnced. It may
be coneluded therefore, thet lengthening the afterbody rases the general lovel
of critical dagturbances far the present basic model confrguwratim, particwlarly
in the mid-planing rcgion,

The effcets of afferboady length on the stabaluty limuts are shovm in
a different light in Figure 4 (which 1s Tor one loadang, Cp. = 2.75), vhcre
clovator angles replace kocl attitudes as ordinates. In thif dragram the
undisturbed lower limits are grouped togelher and, except for the verticnl
bond of instability which must be crossed durang take-off, they lie roughly
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alomg the same elevator setiineg., The upper lumits are separated along the
speed senle, ansdability being met ot higher speeds with the longer afterbodiles,
but in each caze the limit is found 2t the same raximum elsvator setting. It
can be eoncluded that when, in the undisturbed ocase, there is a completely
stable take=2ff path for this type of hull, changes in afterbody length cause
no significant alteration in the elevator setiing at which instability is
encountered, In the dlsturbed case, the high speed limits are clustered round
o. coxmon stable area and the movement uwp the speed scale with increasing after-
body length of the hump limit is marked,

During the tests Just considered the pitching moments of inertia of
Models A, D, T and F were 22,90, 16,81, 25,02 and L0.25 1b, £t,° respectively
at C g o = 2.75. In Reforencc 2, where the offcects of moment of incrtia changes
at congtant mass are considered, the range covered in the experimental investi-
gatio was 21,3 t2 3,7 lb. f-l:,,é. Within the bounds of experimental error no
change was found in the stabllity lomits, It is felt that this result can
reasonably be extended to cover the present range and moment of inertia effccts
on the stability limits may thus be consideored negligible,

Iram curves for n = 0° are conpayred in Pigure 5 for the two weaghts.
The effects of increasing afterbody length are 49 reduce trim progresgively,
from end including the static flonting condation up to gpeeds Just past the
hump, and to inerease hump speed, while the trim curves tend to eollapsc at
the higher speeds. The change in hump specd wath afferbody length is almost
wmaffocted by veight, but the reduction in hump attitude (Figure 44) decrcases
wath weight, e.g. for an increase in ~fterbody length from 4 €2 9 beams the
decrease in mmp attitude is 65° at O, o, = 2,75 and 550 at Cp , = 2.25,

The tcndency for the trim curves to coancide ot higher spceds may
have been expected, LAs the afferbody is clear of the water, the comfigurations
are virtually the same in each case, the only pogsible differences arising
from aerodynamic suctlomng under the afterbody. These forces would tend to
increage atbitude and the effect would farst boeome apparcnt with the longest
afterbody, bucausce of the greater effcctive moment arm, ot C Ao 2.75
(Pigure 5(&)) the trim curves for the 4, 5 and 7 beam afterbody length models
arc wn order, while that for the 9 bcam shows a definite tendency to rise.

At the lower weight, C 4 = 2,25 (Figurc 5(b)), the increasc in attitude is

more pronounced, as mlgh% have been expected from the decreascd load on water.

The longest afterbody tram curve is well railscd, the 7 beam curve shows a tendency
to rise and only the romaining curves arce in order. This elfcch, however, is

of lattle practrieal sigmificance and could casily be counteracted by a small
movement of the elevator,

The effect of afterbody length on omplatudes of perpoising in both
undisturbed and disturbed cases is shown for one 10ad (O = 2.75) in
Figurcs 6 and 7, In the uwndasturbed casc, there is no oovious change in the
genoral level of porpolsing amplitudes near the lover limit, but in the upper
Limit region a slight decrcase 18 cbiained with the longer cfterbodics. In the
casc of the shortest afterbody, disturbance produces a considerable increase
in the amplitudes of porpoising from the wndisturbed case, A4As afterbody length
is incrcased, this effect of dlstuwrbance is progressively reduced untal, with
the lomgest afterbody, there is no difference bebween the gencral leovelg of
undisturbed and distuwrbed porporsing amplitudes, The annotated regron, vhere
the rodel porpoises clenr of the wotbter, is found 2t hogher gpeeds and lower
abtitudes as aftorbody length is increased, It was observed during tests that
the frecqucncy of forebody porpoising was greatly reduccd with the longer
afterbodies,

Results arc much the sare ot the laver 1oading, Cp, = 2,25. There
is 1o significant chonge in the wndisturbed porpoasing charcteristics, while
m the disturbed case there 1s a progressive reductzon in the amplitudes with
increasing afterbody leng® .
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The tests were made at constent loading (G ho = 2,75) and the
radil of gyration of the 4 and 9 beam ~fterbody models were 0,96 and 1.4L8 feet
respectively, It is knowvm from Reforence 2 that increase of the radius of
gyration at comstant mass has the effect of increasing the amplitude of
porpoising, particularly in the wndisturbed case; these tests were mode m a
model with an afterbody length of 5 beams, but 1t 1s felt that had they been
made on a lomg afterbody model with say a 9 beam afterbody, radius of gyration
effects would be similar, but of lesser magnaitude., It follows from the indi-
cation of no chonge in the uwndisturbed porpoising amplitude diaprams that the
inorease which right have becn expected from the greater radius of gyration
has been off-set by the incressed afterbsdy length, while the reduction shovm
in the disturbed casec 1s mainly Jue ©o the greater length of aftcrbody,

2.2, Previous anvestigations

Although there is a fair amount of literature on afterbody length
variations, a large part of 1t does not isolate the effects of this parameter
and only three reports will therefore be considered here., The first, by
Kapryan and Cleme:at,']‘1 denls solely with aftero>dy longth effects on the
hydrodynamic qualities of a high length/beam ratis model, the second, by Iand
and Lina,12 considers these effects, together with those of assoeiated
parameters, on a low length/beam ratis model and the third, by Davidson and
L:)ckc,15 treats afterbody length voriations as port of a complete investigation
into the porpoising characteristics of low lengthy/beam ratio hulls., It should
be noted that, as the three reports are Americon, the tochnicucs used in the
model tests differ from those used in the current programre, These differences
have been considercd in Refercnccs 10 and 1L, whenee 1t appenrs that compnrisn
should be made on the basls of steady speed runs; the N,A,C.A, lower limit and
upper limit, increasing tram then corrcspond o M,.,B.B. wmdisturbed lamits,
and the N,A.C.A. upper 1limit, decrcasing trim corresponds to paxt of the
M, 4,E,Be 1imit wath disturbance.

In Reference 11, the hull used had o basic length/beam ratis of
15 and was tested at Ca, = 5.88. The forcbody, which was 8.6 beams in lengih,
had no werp, incorporated chine flare and had a mnin step dendrisc of 207,
Slipatream was used in the tests and the change investigated was an inecreasec
in afterbody length from 6.4 beams %2 9,25 beams, ¥With this change 1n after-
body length, the step depth was incrensedfron 16,5 +o 24¢ beam,(i.e. two
parameters were changed symultaneously) g0 as 1o keep the stern-post angle
constant at 6,97, The afterbody angle was thus approximately 5—;5 at both
lengths. The cmeclusions state that the stable ronge of tram hetween the upper
and lower trim limts of stability wos greater for the extonded afterbody at
low and intermediate speeds, bocause of the lower hump of the lower trim limit
and the virtual elimination of the upper limit at these speeds, and was slightly
legs {than that for the original model) For the extended afterbody at high
sgpeeds. The same conclusion 1s true for the present casc, but o further
examination of this reference (Figurcs 3 to 6? ghows better agreoment in that
detailed tcendencies are the same, although magnitudes of change are somewhat
greater in the current tests. It may well be that the differences in magnitude
of change are due to the increase i1n step depth in Reference 14, On the
assumption that afterbody ventilation is adequate, the effect of increasing
step depth ray be roughly likened o an inerease in afterbody angle and this
is lmown to have effocts which, in gencral, are opposate to those of an
increase in afterbody length in the undigburbed stability casc. The madin
cffects of slipstream 7all be to reduce trim, to rcduce load om vmter, thereby
nmoving the lirdts bodily to lover speeds, and to reducc aerodynamic shatic
gtability, This latber effect may albter the upper laimit pogition, but in
general it is felt that the slipstream used in these tests will not greatly
influence the afterbody length effects,
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In the investigation of Reference 12, a nodel of basic length/beam
ratio 6,4 was tested at C A = 0.87 (based o maximum beam). The forebody of
this model was 3,7 beams in length. Tt incorporated chine flare, had a main
step deadrise of 207 and was unwarped. No slipstream was used in these tests,
the meinplane being fitted with full span leading cdge slats. Step depth
and afterbody angle were constant at 5,56 beam and 5.5° respectively, and the
range of afterbody lengths tosted was from 1,61 to 3.11 beams, It iz interest-
ing to note that emphasis here 1s on shortening the aftorbody rather than
lengthening it, the normal afterbody length being 2,61 boams, The aubhors
conclude that "the upper limits are raised £5 higher trims as the afherbody is
shortened and an aftorbody shorter than is conventional at the present time
(1943) may therefore be expected to increase the atable trin range of a flying
boat". This conclusion could be applicd exactly to the undisturbed limits
obtained in the present tests, but only to the undisturbed limits, Fagures
14 and 15 of this reference show a similax lowering of the meximum lower critical
trim and a lesser lowering of the mean upper critical trim with increase in
afterbody length, then is obtained for a corrcsponding ingrease in afterbody
length in the cwrrent investigation,

In Reference 13, a basic hull of length/beam ratis 6.2 was tested at
Cp o = 0.89. The forcbody wms umwarped but had chine flarc, a 207 main step
deadrisc angle and was 3.45 bcams in length., The step depth was comstant at
Lo8% and the afterbody angle was 5,0°, The range of afterbody lengths tested
was from 2,25 10 3.25 beams and dynamic hull models were uscd, acrodynanic
moments and forces being fed in synthetically. The resvits are summariscd in
the statement that “"decrcnsing the aftorbody lengbh raisos the upper lamit
slightly and has only a very srall effect on the lower lamit at moderate
speeds Just pnest the hump; the specd range over which the frec to frim track
passces below the lower limit is lengthened slightly. The shortest afterbody
tested stopped high-speed upper lirit porpoising in the present instance., The
effects are generally similar to those resulting from modifying the afterbody
angle”, These cmelusions arce similar t0 those of the preceding reference and
show general agreenent with the present wndisturbed case, Detalled chenges
arc alss 1n fair agrecront,

The reductions in maximum lower limit trim, mean upper limit trim
and bump trim for the foregoing references are c¢ompared in Table IV with
interpolated values for the currcont tests, by expressing afterbody length
as a percentage of forsbody length., Only orders of change should be considered,
the table being intended merecly as a convenlent swmnry.

2.5, Discussion

As the aim of this investigation is to provide design information,
variation of hull parometers hos been kept within practical limits and the
emclusions drawn will in general apply only within these limits, The range
of afterbody lengths tested thus deserves some comment.

The shortest afterbody (L bcams) is comsidered a good minimum, Ab
the design loading, O p, = 2.75, undlsturbed stabality ls poor and disturbed
stability is bad, while the hump trim, 147, is high and, unless a wing of low
aspect ratio were used, might well result in wing stalling with consequent
1oss of 1ift and aileron control; a furdther decrease in afterbody length
would worsen thesc alrcady poor gualitics. The longest afterbody (2 beams),
on the other hand, kas good stability choracteristics, both disturbed and
wndisturbed, but hump speed (Cy = 6.5 or V = 67 knots at 150,000 ib,) is high
and, bccause of ‘the strong afterbody, raximum attitudes are limited %o 8°, so
take-ofT apeeda are also high (of the order of 110 knots, Gy = 10,6). A
further lengthening of the afterbody would increase these speeds and give even
Tower maximmm attibudes., The best afterbody length of the four tested is
thercefore somewhere between 4 and 9 beams,
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In the undisturbed case, 1t appears that for a practical low length/
beam ratio hull configuration upper limit instability can be eliminated by
sulficiently shortening the afterbody (Reference 13), while in the high length/
beam ratic case, (Section 2.1) upper limit instab1lity can be removed by
lengthening the afterbody, (Thesc apparently contradictory methods are quite
simply related. Shortening the afterbody railses the upper limit; by eontinuing
the process until the laimit 1s a»ove attitudes normally atiained with elevators,
upper limit instability is, for practical purposes, rendered non-existent.
Lengthening the afterbody lsrarao the upper lumit, but alss lovers moaximum attitudes
at a greater rate so that the upper limit is progressively shortened from the
low speed end, The region of upper lumit instability s thus roughly a triangle
enclosed by the maximum tram attainable with the elevators used, take-off
speeds and the limit itself. The area of this triansle decreases 5 zers as
the afterbody 1s lengthened giviag effectavely no instability). In the first
instance, beth hump attitude and moximum lover aritical tram {(the trim of a
point on the lower stability limit) will be increased, hump specd will be
decreased, there will be a much greater stable attitude range awvailable at
planing specds, and low spced take~offs will pe feasible, In the second cage
the effects are reversed, so, although lover limit instability is not met with
the long afterbody until hagher speeds are reached and there 1s little change
n porpdising amplitudes with afterbody length, the shorter afterbody might
e.rpear initially to be preferable. If, however, an attempt is made to avoid
upper limit instability with the high length/beam ratlo hull by shortening the
afterbody, there appears to be a minimum length belor which a band of instability
forms across the take-off path., Of the four afterbody lengths tested that of
7 beams is the shortest with which this band of instabality can be avoided atb
the design loading of € 4. = 2,75. Thias phenomenon is not found at the lower
Ioading, Cpp = 2.25, but this weight decrcase iz comsiderable. It is felt
that the formation of this unstable band is not restricted to the haigh length/
beam ratio ¢lass of hulls and that tests on 1low lengblybeam ratis hulls at
hagher loadings would mwoduce similar results, There is thus little to choose
between long aad short afterbodies when oniy the undisturbed characteristics
are considered.

In the disturbed case, the short afterbody cxhibits very poor
qualities. It is susceptible +o small disturbances (Figure 8, Reference 7)
and with large disturbances the unstable rezion tends t2 cover the greater
part of the planing speed range, lcaving "mly a small area gtable at the higher
speeds, In additi-n, amplitudes of porpoising show a large increase orer the
undigturbed casc and the frequency of porpoising is fairly hagh., «ith the
longer afterbody, however, small disturbances have no effect and large
disturbances only raise the high speed end of the lower Llimit, the region of
upper limit instability remaining either very small or unattainable, FPorpoising
amplitudes are unchenged from the undaisturbed case and, as the frequency of
forebody porpoising iz low, the motion is relatively gentle; a pilot could
thus encounter instability and then take corrective action quite easily, It
is sbvious that, in the disbturbed case, a configuration with a long afterbody
is better,

Ag in undigturbed tests the conditions represented are ideal, they
connot be accepted as prevailing in the normal course of flying boat osperations
and unless operating conditions are execeptional, weight must be given Lo the
disturbed results in selecting an afterbody length; this pownts towards a long
afterbody. It should be noted, however, that the teats with dirsturbance are
most rigorous and the disturbed conditions represented are worse than those
likely t5 be met in practice, s5 the afterbsdy length 1nitially chosen can be
rcduced by an amount compatible with the operating conditions expected, a0
loweriag the high minumm take-ofFf specd, This invescigation is a calm water
one and the disturbance tests are represcentative of operational conditions,
They allar for such confingencics ag crossing the wash of a boat, an inadvert-
ent movement of the control colum, a sudden yaw (which can bring on
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1mgitudinal instability) and the bad landing case - in fach, any general
operating emergency., As no satisfactory correlation has yet been established
betwween disturbance and wave effects on hydrodynamic longitudinal stabality
over the whole of the planing specd range, further work iz necessary. It 1s
therefore proposed to determine the effects of afterbody length in waves and
to correlate them, if possible, with the effceks of disturbance. Excluding
the vave or swell case then, of the configurations tosted in the present
investigataon the 7 beam afterbody appears to be the best compromise for
average operating conditions, Trom stability conzsideratiosns both the 7 and 9
beam afterbodics are good, while the 4 and 5 boam afterbosdices are, at the best,
mediocre, With the 7 beam configuration hwever, rsximum planing attitudes are
gooas against 83, for the 9 beam giving a loor possible take-off speed, and
hmp specd is reduced from Gy = 6,5 to Oy = 5.6. This meons a shorter run in
the displacement rogizn at slightly highor attitudes, when damage due to spray
will be less and both take=of £ dastance and taime will probably be reduced.

As the emelusim that a long aftcrbody 1e preferable, 1g the opposite
of that of Reference 12 1t may be cenlightoning 1o consider the reasons for this
difference., The actual test results in References 11, 12, 13 and the present
undisturbed casge are 1n good agrecmont and the main bilag towards a long after-
body has comc from the disturbed results - this type of test is not made by
the Americans and it would seem that lattle consideration 1s given to their
upper limits, "decreasing trim", In Reference 12, however, the recommendation
for a short afterbody is also based on the resulbs of shiwlated landing tests
where the criterion wes the nwsber of skips made after touchdown (the greater
the mmber of skips the roorer the landing stability). A comparison of the
landing attitudes and skipping characteristics of the longest afterbody model
of this reference with 1ts corresponding stability diagrarm, shows that up to
L7 trim the model doos not skip and there 1s an equavalent stable tram range
at hizh speed; from 4° t2 107 tru: a large number of skips arc obtained and at
12% the mwber 1s roduced. landings at trims above 4° are, hovever, within the
uppasr unstable regaion decrcasing tram, 1.e. the disturbed region, 22 wath a
disturbance one would exnect instabilaty, + 18 possible that the rate of dozcent
coupled with the nose dom angular motion induced at touch-dmm at high
attitudes would constitute the neocessary disturbance and if landings were made
1n the disturbed stable region no instability would result., In the case
cmsidered (Reference 12) tho madel wes of low length/beam ratlo and cven the
longest afterbody tested was shorter than the forchody, so that in the tests
with the longer afterbodies Jarge regions of upper limrt instability, "decreasing
trim" were gtill obiained. The rcstrietion that touch-dzme be made in the
disturbed steble region would therefore result in fast landings at trims between
8° and 4°., The combined cvidence tmus leaves the designer with a difficult
comprorise and, 1f calm vnter operation only, with negligible duisturbancc, be
envisaged, the comclusion reached (in Reference 12) would appear correct, but
such conditions would in general be very restrictive,

In the presont investigation with a high length/heam rotio hull ang
longer aftorbodies the rogam of upper linit instabilifty dis small or has not
been reached, Landinzs could thercfore be made fast at lowv atbitudes, as in
the previous cuase, or glow at haigh attitudea. In this lattor casc the attitudes
vwould be highor then the moximum cbizinable on the water and the final approach
would be made with cmsiderable pover, On olosing the throttles the aircraft
would virtunlly drop onto the vmter, when the long afterbody would cause an
immeditte reductim in attitude, with consequent loss of 1ift, and keep the
attitude down, vhach, with the wnitial 12w speed, would render the subsequent
motion stable, upper limit instabilaty hoviag been avolded, Such a landing
would depend for nts succegs on the long afterbody to keep raximum planing
attitudes lww, and the low landing speed, The take->fT 22 would be sumple,
A1L the pzlot would need to do to guarantee avording trouble from instability
would he 2 keoep the stick right bock, If a luttle upper limit instabalaty were
met the speed would be such tnat the extra 1uft obtained from the atiitude
maresse during the farst -r secmd oscillaition would render the aircralt ady-
borne; the speed would 210 be high enough £ or adeguate control,
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The foregoing consideration of afterbady length effects -on
longatudinal hydrodynamic behaviowr show that increasing afterbody lengih
makes little overall 8ifference to the undisturbed characteristics {(e.z. the
advantages of reduced porpoising amplitudes are offget by the disadvantages
of higher take-off specds, e'tc.%, while in the disturbed easc, the lomger
afterbodies are nowhere near as susceptible t5 external Jdisturbances as are
the short ones. For narmal operation the long afterhody is thus better;
1ittle risk of trouble from instability is incwred during take-off and low
speed as well as norrmal landings are feasible,

I% should be noted that all of the hulls cmsidered in this report
(including References 11, 12 and 13) have unwarped forebodics and afterbody
angles of the order of 62, while step depths vary. If any of these para-
meters were radically altered it is possible that the foregoing conclusions
would require some modafication, mainly to account for differences in amounts
of change,

3. HAKE FORMATION

As 011 the models nw under eonsideration (Models A, D, B and F)
have 1dentical forebodies, then under given conditions of attitude, speed
and load, when the afterbody is clear of the wator, the wake shapes will be
identical, It 18 thus posgible to determine the effeet of attitude at several
speeds o the shape of the wake for the basic forebody. The wake photographs
(References 3, 7 8 and 9) arc difficult +o assess, bub at each speed it would
appear that an mmarease in attitude resulis n a narrowlng of the weke coross
sechbion, although the change 1s small, and a fanning cut of the velncity spray.

Whether the afterbody is planing or not scems, from the wake
photographs, to be consistent from model 4o model, but 1little elsc con be said
that does not follow dircctly fron the stebilify daagrams,

L., SERAY

The spray characteristics i the models were cvaluated during the
undisturbed logltudinal stabilaity runs, rawnly over the displaccement range of
speeds, by taking three sirultansous photographs at cach speed. The cameras
used vere positioned off the storboard bow, the starboord beam Lorvard of  the
wing and the starboard beam aft »f the wing. 4 checucrced pattorn, consisting
of alternate black and white squarcs of % beam side, ath the step point ag
origin, was painted on the starboard side of each model t0 aid in the analysis,
which consisted of ohtaining progections of the spray cnvelopes on the median
plane oniy. In plotting the projections velocaty sproy was included when 1t
was integral with the main spray blister, otherwise it was ignored. The
profiles used were taken straight from the side view photographs and 2 limited
parallax error was accopted; where this error tended to bocone large the curves
viere nobt draam. These projecctions are conpared wn Figure 8, It may be noted
that the spray phot::-%mphs for the 4, 5 and 7 bean afterbody models were
chtained with m = -8, but those for the 9 beam aftorbody rodel vrere taken with
Mn= 0°., This will make no differcnce to attitudes in the dusplacement range,
sffccting only the high specd result which is rcpresentative in any case, Tho
change was made t0 avold runnang iodel T at its maximum planing attitude, which
ig obtammed with m = -87,

The cffects of alterbody length on spray are shown at the higher
worght (G, = 2.75) in Fagure 8(a). Only an the casc °F the shortest after-
budy iz there a complete projection, indicating that lattle or no main spray
strikes the wing; it can be scen from the photographs of Referenece 7, however,
that over a small speed range considerable veloelty spray strikes the wing.
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As afferbody length ls increased, these qualities deteriorate; the spray
projections are discontuinuous, progressively more spray hitting the wing,
the spray origin is moved forward, increasing the height of the bow spray at
low speeds, and the spray plume at the taxl is lowered, These +rends are
confiymed at the lower weight (Figure 8(b)) and good gqualitative agrecment
is obtained from Refercnce 11,

The detericration in spray characteristics with increasing after-
body length is due mainly to the decrcased attrtudes, which result from the
increased af'terbody astrength., There will be minor changes in draught, but
thease should only have o small effect on the spray, The movement forward
of the spray origin, at a given specd, with the dearcase in attitude can
eas8ily be scen by comparing the indivadual spray photographs; an example ia
given in Figures § and 10 at Cr = 3.0 approximatcly £for Cp = 2.75.

The good spray characterasties of the shortest aftcerbody model
acarue only from the high attitudes assocrated with the short afterbody, which
gives rise %2 unacceptable disturbed stability. Use of the longer after-
bodies to obtain good stablility in the present tests results in unacceptable
gpray gqualities. A simllar long afterbody design must tnerefore incorporate
forebody warp © or some other rodificatiun to give acceptable spray.

5.  DIRECTIONAL STABRITITY

For directionnl stability tests each model was towed from and
pivoted at the C.G. so that it was free in pitch, yar and heave, but con-
gtrailned in roll, Stoady speed runs were made over a range of speeds from
4 %25 4O feet per second and at each speed the model was yawed up £2 not more
than 18%, moments to yaw the model being applied by means of strings attached
to the wing tips level with the C.G. The direchbim and order of mogaitude of
the rcsulting hydrodymamic moment was Judged by the operator through the pull
in the strings and the angle of yaw was rcad off a scale on the tailplane with
an accuracy of about & %°. The general form of tle rosulting stablilily diagram
is consadercd in Refercnce 1, but it may be mentioned hore that the model will
swing towards a positim of stable equilibrium and away from ome of unstable
eguilibrivm, The tests wore mide with no rudder trimming tab, and it was
fomd that the effccts of 1oad,d rsll cmstraint? end elevator 3 o dircetimal
stability wore small enough 0 be neglected, Stability diagrams or models
with 4, 5, 7 and 9 bewn aftorbody lengths arc ¢ wpared at onme weight, Cp =
2,75, in Figure 11.

The most obviouws coffcct of inecrcaring afferbody length 1s the
progressive change in the low speed, stable ecualibwium linc and the correspond-
ing movement up the speod axis of the low speed, ummstable egurlibrium line.

The most significant results of thesc changes is the increase in the minimum
speed at which inherent dircctional stabilaty is obtained, Bolow this speed
earcful directimal conbrsl must be exercised by the pirlot and, as the specd
iz raised from CV = 3.1 b2 4.8 over the range of afterbody lengths considered,
gome difficulty may be uneomtered full scale with the 1mgest aftervody,

Thiz prester tendoncy 0 yaw with lmmg afterbodies may, however, be uscful
whert manocuvring on the watcr, At high speeds the effects of afterbody length
are smnll and of no practical significance, It dis interesting to note that the
e’foots o dircectional stability of increasing afterbody length.arc very
sirmlar to those obtained by increasing forebhody warp (Roference 6).

6, EIEVLTOR IFECTIVEIESS

The effects ' afterbody length on elevator effeclivensss are
shown in Fagure 12(a) for G, . = 2.75. The mean slopes of the curves are
approximately equal and as ai‘%orbody length 1s 1ncreased there is a progressive
reductin in efilectivencss at a given specd, The same cflccts arc shovm in
Figure 12{h) for Cp o, = 225, the only significant difference between the
two diagrars boing the overall increase in effectiveness due t5 the decreased

load,
/The
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The values ~f elevator effectiveness given in Faigure 12 are mean
values for the whole attitude range; a more detailed examinatiom of the
elevator effects may therefore prove helpful (References 3, 7, 8 and 9).
From Section 2.1, at a given weight (Cp , = 2,75) the lower stability limuits
collapse virtually on the same trim curve. The forebodies af the models and
the elevators are identical s0 that in the region of the lower limit when
the afterbody is clear of the water, me can expect the value of clovator

el'fectiveness at a givoen speed to be the same in cach case, This point s
illustrated below.

Model D A E B
Afterbody I beams 5 beans 7 beans 9 boams
Length
G e n *E n B n E ui R
7 8 + 0,20 +Hy 0.16 + 0.05 -2 1 0,02
8 6 . C.22 +5 0.20 +h 0,15 + 5 | 0.37
9 + 0,20 +h 0,22 =3 0,20 + 4 | 0,20

¥ T - glovator effectireness

In the tzble, clevator effcctivensss is the same at = 9 for the
four models, at Gy = 8 for Illodels D and A and at Gy = 7 for Modedl D, The other
values differ because of afterbody immersion mrng to the proximuty of the
hunp, which is found at higher speeds with the longer afferbodies,

With dncreasing attitude, the constant value of effectiveness found
near the lower linit at Op = 9, first increascs and then tends 15 zero as the
raximum attitude is approached. The effccets of increasing alterbody length
are to reduce the attitudes for maximm clevator effectivencss and €2 nullify
the effect of clevatar at progressavely lower attitudes. This is showm in the
following table,

Model D A B ®
Afterbody

Length L beanms 5 beams 7 beams 9 boams
Gy e n ™R 7 B 7 E n E
9 8 -l{- 0050 -1!1‘- O. 59 “6 0.52 _12 0002
g 9 -6 0.56 ~7 0.20 -8 0.25 - 0
9 40 -8 0.4 -8 0.15 -4 | 0,08 - 10
9 11 -10 | 0,30 -20 | 0,07 - 0 - 0

®

I « ¢clovator effectivencss
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Returming t2 the presentation of longitudinal stabrlity limits in
Figure 4(a), where elevator angles replace keel attitudes as srdinates, apart
from the vertical neck of insgtability in the case of the shorter afterbodles,
there is 1little regular change due to afterbody length., For a complete
representation this dizgram should be coneidered i emjunction with Pigure
12 a), when the effects of afterbzdy length are shown ag a change in clevator
eff'ectivencas,

7.  CONCLUSIONS

The results of the present investigotion show that the effects of
inereasing afterbody length are

(1) t5 redues maximum lower critical trim and raise the speed
at which it occurs,

(il) t2 reduce trim generally and, in particular, to reduce both
hump tram and the maximum trim obtainable with noymal elevators,

(1ii) +o lower the upper stability limit and move the upper unstable
regiom to higher speeds,

(iv) o incrcasc resistance to disturbance,
(v) %o reduce digburbed amplitudes of porpoiging,
(vi) to lower the froquency of forcbody porpoising,

(vii) 4o uove the spray origin forwerd, giving rise %o poor sproy
characteristics (associated with (ii s

(viil) +to worsen dircctional qualities at specds Just below the hump,
(ix) to rcduce clevator effechiveness snd

(z) to leave material™r wnaltered the elevator setting at which
wdisturbed ingtability is encountered.

The aftcrbody length effeects listed above ore, except for some
minor differences, indopendent of 1load. Results (i) to (iii) aro substantiated
by References 11, 12 and 13 and, as magnitudes of change are of the same order
for correspmding afterbody length incresses when afterbody length 1s expresscd
ag a percenbage of forcbody length, mey be said to be independent of actual
length/beam ratio.

As the gualities listed are not all desirable, the cholce of after—
body length must be a compromiscy in the present case, of the four configurations
tegted, that with an afterbody length of 7 beams is the optimum, but some
forchody or other modafication is necessary to offset the poor spray character—
istics, With a long afterbody more time would be spent in the displaccment
speed range durang take-of f than with o short aftcrbody; this means more wear
and %oar generally and probably a loger take-off run. Thore would be little
or no risk of upper limit instability and recovery from lover 1imit porpoising
would be easy, The lmg afterbady hull, unlike that with a short aftorbody
would give negligible trouble from the effects of cxternal Jdisturbances, while
malking caithor nwrml or very slow landings feasable,

This investigation is a calm water one with representative tests for
operational conditions, l.c. disturbance tests, No satisfactory correlation,
however, has yet been cstablished between disturbance and wave cffects on
hydrodynamic longitudwmal stability ovor the whole of the planing spced range;
further work is therefore propoged to determine the effects of afterbody
length in waves and to corvelote then, 1f possible, with the effecta of
disturbance.,
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LIST O0F SYIBOLS

beam of model

1ift coeffacient = L Jﬁpsﬁfz (L = 1ift, p = 2ir density)
velocity coefficient = V/vEb

1228 coefficient = A/wbj (A .1008 on water and

v = weight per unit volv > of water)

load coefficient at V = O

longitudinal soray coefficient = /b

lateral spray coefficient = ¥/b

vertical spray coefficient = Z/b

[(x,y,z) co~ordinates of points on spray envelope
relative to axes through step p:)in"b]

gross wing area

velocity ‘

keel attitude

elevator setting

angle of yaw
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TUBIE T

Models [or hydrodynamic stability tests

Mocel Torebody Afterbody Afterbody-Torebody Step | To deteraane
Varp length keel angle form effect of
degrees beams degrees
per beam
A 0 5 6 Torebody
Worp
b 5 6
c 8 5 S
. o 8
m o
D 0 4 6 § = Afterbody
A length
A 0 5 6 & O
25
B ¢ 7 6 gyt
0 0
q
v —
G 0 5 L Alterbody
angle
A 0 5
I 0 5 8
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LODEL HYORODYTLIIEC DATA

Beam at step (b) 0.475"

Leagth of forebady (6b) 2.850¢

.ngle betreen forebody and 62
afterbody keels

Trebody Sfeadrise at step 257

Forebody warp (per beam) o°

Afterbody deadrise 303

(decrecsing o 26° at main
step over formerd LO- of
afterbody length).

liodel D A iy

b4

Afterbody lensth (beams) 4 5 7 9
Afterbodr lensth (feet) 1,900 2,375 3.325 4.275

Pitching moment of 16,81 22,90 25.02 40,25
inertia (1b.0%.2)
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TABLE IV

Comparison of Main Afterbody Length Effects

Load Basic Reduction in Lowering of
Case Coef- | Length/| Forebody | Afterbody length | maximun lower uppcr stability Reduction in Remarks
facient{ Beam Length increase critical trim Limit hump trim
ratio
Cho /b beams beams degrecs degrecs degrees
Refa 11} 5.88 i5 8.6 6olr t0 9425 1% 1 2 With slipstresm
¥oresent | 2,25 1 6.0 same % increase 2 1% 2 No slipstream, but with
tests full span L.E. slats
Refs 12| 0.8 6e R 2.11 to 3.14 2 4L - '
¢ ! b 51 °J @ ) Wo slipstream, but with
& ) full spen L.Be slats
Present | 2.25 1 6.0 same % increase 2 2 - )
tests
Refs 13} 0.89 | 6.2 3ek5 2.25 to 3,25 2% 1% 2 Aerodynamic forces and
‘ moments fed in synthebically
j#Presenﬁ 2,25 11 6.0 same % increage 2 i% ) 3 No slipstream, but with
tests full spen L.E, slats
4

¥oresent tests refers hore to the wdisturbed case. The lower loading, GAO = 2,25, was used for comparison as the limits concerned are
all of the same form i,e, there is no vertical bamd of instability right across the diagram, snd the loading in genorsal has only small effect
on the cdhanges due to afterbody length. The *'same % increase' is based on foreboedy length.
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Model Llerodynamic data

Mainplane
Section
Groms area
Span
S.M.C.
agpeet ratio
Dihedral

5 on 30 gpar axis
Sweesback )
wing setting (rodt chord ¢o hull datum)

Tailpiane
Section
Gross area
Span
Total elevator area

Tailplane setting (rost chord to hull datuwr)

Section
Gross area
Height
®0,G. position
distance forward of step point
distanece above step pownt
®1 chord point 3.M.C,
dastance forward of step point

distance above step print

¥ 7541 arm (C.G. 42 hinge axis)

¥ Tleaght of tailplane root chord L.E. above
hull crovm

Cottingen £36 (mod.

6,85 sq. £4.
6.27 ft.
1,09 It.
5.75

3 0

L2 O

€ 9

R.4.F, 30 (mod.)
1.33 5¢. 7%
2,16 Tk,
0.72 sq. T,

23 o)l

R,4.0". 30
0.80 sq. ft.

1.4 Tt

0'237 fto

0,731 ft.

0,277 ft.
1.015 1T,

3-1 ft-

0,72 %,

X These distances are mensured either parallel %o or normal

to the hull datum,
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