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SUMIMNARY

The effects of afterbody sngle on longitudinal stability, spray and
directional stabilaity characteristics and elevasor effectiveness sre deduced
from the results of tests on three models of the series which were alike in
EVely major resgect except thet of afterbody anmgle., The rodels had afferbody
angles of 49, 6° ama 8° respectively.

It was found that incruasing sfterbody angle improved longitudinal
stability charscteristics comsaderstly, both with erd without disturbance,
increased trim gencrally, gave a slight img.ovement in spray end directional
stabrlity charasocteristics and ircrcased elevator effectiveness. The hest
hydredynamc configurst.on wes that with the 8° afierbody angle,
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1+ INTRODUCTICN

In this report the effects of afterbody angle (the angle botween the
tangents to the forebody and afterbody keels st the main snd rear steps
respectively) on the hydrodynamic stability and spray charactsristics of a high
lengtin/beam ratio flying boat are deduced from ihe results of tcsts on threc
models of the series detailed in Reference 41 and listcd in Table I, These
models, A, G end H, with which this revort 1s concerncd. comstituted the third
phase of the present investigation i.c. the determinastion of the effects of
afterbody sngle. They were identical except in respect of afterbody angle
snd this single parsmeter was varied in the following manner:

Model G Afterbody englc 4°
Model A Afterbody angle 6° (basic modol)
Model H Afterbody angle 8°

The effect of this variation on the hull shape generally can be seen in
Figure 1, vhich is a comparison of hull lines., Hydrodynamic and aerodynamic daota
common to the three models are given in Tables IT and IIT, but it may be
mentioned here that the length/beam ratio of each model was 11 (the forebody
was 6 beams in length and the afterbody 5 bcams), tne forebody was unwarped and
the step was of straight “ransverse type with no fairing ard a depth of 0.15
beams, Further details of consideracions affecting thc design of thu models
are given in Reference 1,

The same techniques were o-ploysd consistontly throughout the tesis
and they are discussed fully, togetn.r with thc proscntation of rrsults, in
Refercrnecs 1 and 2, A rcsumé of the details will be given in relevant scctions
as the need arises, but several common major factors nay, with advantege, bo
stated hereo.

All the tests now undcr consideration were made with zere flap, no
slipstream, one C.G. position erd, cxcept for tnc directional stabality
assesemant, at the tao beam loedings Cp = 2.75 and 2,25; darcctional tests
were made only a% Cp = 2.75., PFull dcleils of the testn carracd out on each
model are given sepafately in References 3, 11 ard 12; only stability lirdts
and sufficient illustrations to indicate the main trernds sre given here.

Throughout the report conclusions are drawn from comparisons of rusults
et Cp. = 2,75 ard, where possiblec, substantiation is obtarned from the other
#~ight casc,  Reference is also mede to earlicr work onm hulls of lower length/
bean ratios.

2.  IOVGITUDTI'AL STABILITY

2:1: Present testa

Longitudinal stability tezts were made by towing the model from the
wing tipe on the lateral axas through the centre of gravity, with the model
fice in pitch and hesve, The elzvator setting was sclccted beforc each run
and the model towed st constent specd., The angle of tyim was noted in the
steady condition, and if the model proved stablc at the speed selected 1t was
given nose-down disturbances to determine whether instability ceuld be induced,
the largest znounts of disturbance being required in the high speed undisturbed
lower lamt region. In each case the motion was defined as unstsble vwhen the
resulting oscillation (if any) wes wpporently divergent or had a constant
smplituée of more tham 20, Stebility limits werc built up by these methods,
the disturbed limats representin: the worst possible dasturbed case. Both
undisturbed and disturbed limits for models A, G and H are comparced in Bigures 2
and 3 for the two weights concerncd,
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The effects of afterbody angle on the stability limits for Cﬂo = 2,75
in the undisturbed case are shown in Figure 2{3). With increcsing aftcrbhody
angley the available stable trim range i1s incrceascd throughout the planing renge
of speeds. The most obvious detailed chenge i1s the considerable raising of the
upper limit, while the position of the lover limiw 28 almost unchanged at medium
ard high planing speeds. Mexamum lower critical trim {meximum trim ettained on
the lower 1imit) is reased sbout 3° over the range of afterbody engles
considered ( from 4% to 8°), but the chenge is not progressive and calls for
further comment.

With regard to the effects of afterbody engle on meximum lower critical
tmm, there is an irregulerity in Figure 2(a) which occurs with the afterbody
angle of 6° and is due to the formation of a vertical neck of instebality scross
the take~off path; there is thus no true maximum lower craitical trim on this
set of liamits. This leads to consideration of Pigurc 7 which shows that in
the case of the 4O afterbody angle without disturbancc, thcre is a similar neck
of porpoising, which extends across the take-off path but is excluded by the
limits because the smplitudes are in general less then 20: in the 8% afterbody
angle case there 1s no cerrcesponding region of porpoising, With increasing
afterbody engle, then, the porpoising iritially occwrring in this region is
increased in amplitude to more than 20, wheon the motion 1s formelly classed as
unstable and there iz no true meximum lower critical trim, and then disappears,
while ths region itself is found at progressively higher attzitudes,

Eefore seeking csufirmation of these effccts in Fipure 3 (a), hich
is @ comparisen of undisturbed lonpitudinal stabilaty limits for the three models
at & lewer loadings Cpo = 2425, it is necessary to consider the effegts of load |
separately for each model. Bxamination of Refurcnces 3, 11 and 12 (or the two
figures, 2 {a) and 3 (a)) shews that for a reduction in beam loading, Chos by 0u5s
the lower limits for Models A and G are lowered by similer amounts, about 1.8°,
vhile that for Model H is lowered by sbout half of this amount, It follows that
quantitative substantiation of the afterbody snzle effects shown in Figure 2 (a)
cannot be obtaeined directly from Figure 3 (a) and that the difference in the
rate of change of critical trim (trim of s point on the stability limat) with
respect to load in the casc of Modcl H is ome of the results of increasing
efterbedy angle, i, afterbody angle effects on undisturbed stability
characteristics sre not independent of load.

Considering Fagure 3 (a) it will be seen that the main gqualitative
results are the same as for the higher loading. Increasiry afterbody angle
results in an increase in the available stasble range of trims throughout the
planing speed range and the upper lirit is raised considerably, The scparation
of the lower limits is in keeping with the previous pearagraph and wnile there
18 an ordered increase in maximum iower critical trim, the greater part of thas
acorues from the first 29 increase in afterbody anglc from the lowest value.
Although, due to the reduction in weipht, {here is no post-hump neck of insta-
bility, the large increasc¢ in meximum lower oritical trim obtaincd with the 60
efterbody angle substantiates the proneness of this model to become uwastable in
this region,

It is cenvenient toc say hers that because of the unexpected separation
of the lower limits in Figure 3 (a), the limits for lodels G and H at this weight.,
CAs = 2,25, were cheoked, Aprecument with the oripinal limits was very good,
veritying the seperation faund in Fagmre 3 (a),

In the disturbed case the effects of afterbody sugle taviation are
shom for the two loedings, 0, = 2,75 amd 2,25, in Figwes 2 (b) end 3 (b).
Before discussing them however, a1t should bc noted that orders rsther than
absolute amowmts of change should be couaidered bovanse of the exverimental
limitations in the distwbance tochnigne (Refercncos 1, 10).
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With increasing afterbody sngle st Cp = 2.75 (Pigurc 2 (b)), the
hump™ limit is found at lower speeds and much highcr attitules, while the high
speed stable rcgion is increased considersbly, with the lower, high speced,
extremitics of the linmits remaining slmost coincident. The net result is an
over=~all improvement in disturbed stability characteristics with increasang
afterbody angle with a progressive, but slight, reduction and movercnt to
lower speeds of the speed range over which instsbility is encountercd,

Similar genersl remarks apply in tho lover weight casc, Figurs 3 (b),
but herc the progressive improvement in stability with incrcasang afterbody
angle is even more pronounced, The nejor difference from the higher weight
case ia found in the high speed lower lirut region. “here formerly the
limits were coincident, only the lower parts of thosc for I‘odels A and G now
show this terlency (the turn up on llodel 4 limit was obtained only with the
most violent disturbances and 1s not fult to be of umeliate sigmficance},
while the lamit for Model H as raised generally, This cffcct is similar to
that obtained in the undisturbed casc, so it may nov be said that aftcrbody
angle effects on stability are not independent of losd in either undisturbed
or disturbed cases.

The effects of afterbody angle on the stability limits ore dhown in
a different light for the two beam loadin:s, CAD = 2,79 and 2,25, in Fagures L
and 5 respectively, where elevator angles replage kecl attitulcs as ordinstes.

In the undisturbed case (Figures & (a) 2nd 5 (a)) it might be cxpected
from previous plots of this nature (Refercnces 6 and 10) that the improvcment
in stability obtained with the hipghcr afterbody angles would not be shown; in
general this is the casc, but the two features muentioncd earlier, vizs

(i) the tcndency for the 6° afterbody modul to form a poste
hump neck of ingtability, and

(ii) the raising of the lower lamit for the 8° afterbody medel
at the lower loadin-,

are emphasised, The neck of instability obtaincd .1th thc 6° afterbody model
is clearly shown in Pipure 4 (&) and there is an obvious tendency tosards the
formation of & sumilar neck at the lower loadirs in Fisure 5 (a). The raising
of thc limat for Model H is found with this type of presentation not only in
tne case of the lower limit at the lowecr loadin-, but with both limits at both
locadings, The lower limits are in order at woth weirhts,tloscfor the lowest
efterbody anrle being found et the greatest value of elevator scttinr.

In the disturbed casc, at both loadin~s (Ficurcs 4 (b) and 5 (b)),
the movement of the hump 1limit down the spccd soole with increase of aftcrbody
angle 1s secn to be obtained mainly with the first increment investiseted, 1.c.
from 4° to 69, while the improvement in the hi-h spe.d stable region remains
pregressive. It may be noted that st each weight the harh speed, lower Iimits
show & separation and order which corresponds closcly to tanat of the lowr
limits in the relevant undisturbed csse,

/ Apart
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Apart from the removal of the neck of instability in the undasturbed
case, the main effect of theweight decreasc (Fagures & and 5) is to move the
limits bodily down the speed scale, particularly the wpper limzts, In the
disturbed case there 1s a simlar effect, shich is accompanisd by a slight
general increase ain the three high speed stable areas.

Tt should be roted tuat during the tests Just considered the pitching
moments of irertis of Models A, G and i were 22,90, 23.50 a0d 23,50 1b, ft.2
respectively at Cp, = 2.75 end 2hatby 23,50 and 23,50 1bs £4a% &t Cpy = 2425 dece
all withan 7 of the value for liodel A, By the conclusions of Reference 2,
moment of inertia increases of up to 40% have no appreciable effect on the
11mits, so the differences in moment of inertia do not affect the forcroing
discussions.

Trim corves for m = 0° are given in Figure 6 for all models ot the
two weights concerned. At Cp, = 2,75 (Figure 6 (&) the effects of 1ncreasing
afterbody angle are to increase trim progressively from and inecluding the static
floating condition, up to speeds just pret the hump, shen the trum curves tend
to run together. Tt is interesting to note thay the increase in hump tiim is
approximately vqual to the change in afterboly angle, abach in turn is equal
tc twice the increase in static floatany trim. Thesc tendencies are confirmed
at the lower losding ain Fapure 6 {b), the differences in weipght seeming to have
little effect. As in thc dasplacement speed ranpe buoyancy forcer predominate,
the trim changes are almost indepcndent of elevator setting, but over the
planing spsed range they vary, the increase in trim duc to & given incyease 1n
afterbody angle being, in goneral, greater for the lower walues of elevator
angle and greater at the hicher speeds.

The effect of afterbody angle on amplitudes of porpoising 1s shown in
both urdisturbed and disturbed casce for one loud (Cp . = 2.75) in Figure 7. In
the undisturbed case it appears that therc 1s little §ifference betwean the 4O
and 89 afterbody anzle models, but 1t should be noted thot the data are rather
sparse and, as the majority of thu poirts for ¥odel & (Ficure 7 (¢)) 1lis on the
limits, they are, by definition, of 20 amplatude. The goneral level of
porpoising amplitudes for the 6° afterbody angle model (Fagure 7 (b)) does,
however, scem to be slightly hisher than the others. In the Jdisturbed case,
with the chanrc in sfterbody angle from 4° to 6%, there is a large increase in
the amplitudes of perpoising, while o further chanpe in ansle from 6O to 8°
produces a further, but very slisht increase, Raising the afterbody angle
has thus no significant cffect on undisturbed porpoising arplatudcs, while
disturbed smplitudes show first a marked increase then a very slight increase,
An examination of porpoising amplitudes at Ca_ = 2425 in References 3, i1 and
12 shows that weight change mekes little différence ard that the above concluse
ions are unaltered.

2. Previous investagations

There are many references to afterbody angle effects in various
reports, but only three (Refercnces 13, 1h and 15) waich treat the subject
directly wall be considered here, In each case, afterbody angle variations
ere considercd as pard of a ruch fuller investigation into fthe characteristics
of low length beam ratio hulls snd, as the three reports are American, the
techniques used in the model tests differ frorm those used in the current programme,
These differences have been considered in References 16 and 17, whence 1%t appears
that comparison should be made on the basis of steady speed runs; +the N, A.C. A,
Tower limwt and the upper limit, jncreasing traim than correspond to M.A.E.E,
undisturbed limits, and the N.A.C.A, upper limit, decreasing trim corresponis to
part of the M.A.E.E. 1limt wath dasturbonce,
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In Reference 13, the model used had a length/beam ratio of 6.3 and
was tested at Cpg = 0.87 (based on meximum besm)s The forcbody, which was
3.7 beems in length, had no warp, incorporated chine flere and had a main step
deadrise of 209  The depth of the main step was constant at 5.5% beam. A
complete dynamic model was used in the tests, the meinplane being fitted with
Pull span leading edge slats; no slipstream was used and the range of aef'terbody
angles covered was from 5.3° to 9.8°. (The equivalent angles used in the
firures of this reference are 4.0° and 8.5%; they are less than the angles Just
quoted by 1.3°, whach is the angle of the forcbody keel to the hull datum. As
the hull datum is quite arbitrary in position it can heve no influence on the
hydrodynanic properties of the Lull, so here and lster, all afterbody angles
quoted will conform t0 the definition given in the introduction, this being
considered a better basis for comparison.)

The authors concluded that increasin; the afterbody angle produced
no marked cnanges in the position of the lower limit and a non-linear raising
of the upper limit, which was grestest for the afterbody angle increrant from
£.8° to 84.3°. The final increment, from 8,3° to 9,89, was eritical in that
littls increase in the stable trim rance resulted and the character of the
unstable motion was entirely chenged with the higher afterbody angle, consisting
mainly of vertical oscillations with little change in trim. It ig then stated
that for a given configuration there iz an optimum sfterbody angle and that too
great ar angls may even decrease the stable range of trims or lead to a more
violent type of porpoising, Considering Figure 19 of this reference, which is
a comperison of stability 1imi.s, anmd neglecting the 9.8° alterbody caple results
for the minute, the nature of the other results is such thet thas faigure would
2it in well, sbout halfway (at say Cag = 2.5) between the two welight cases in
Figures 2 and 3 of the present report. The post-hump separation of thc lower
limnts { Figure 19, Reference 13) is ® end a slight tendency towards a neck of
instability cen be seen in the case of the 6.8° afterbody angle; there is also
good correlation between the upper linmits, decreasing trim and the present
disturbed cases, If all the limits of Reference 13 are now considered, it
appears that the optimum afterbody engle whose existence is suggested by the
authors liss somewhere around 99,  If the existence of a similar oritical
afterbody angle be assumed in the present hiyh length/beam ratio case, it would
appear that it was either just resched or being approached, but nad not been
exceeded, with Model H (8° afterbody angley. Again, as afterbody angle effects
are not independent of loading, this critical anple wouid probably vary with
weight.

In the investigetion of Reference 14, a hull of length/beam ratio 6.2
was tested at Cpp = 0.89. The forebody was unwarped but hed chine flare, a
20° main step deadrise angle and was 3.45 beams in length. The step depth was
constant at L.8% beam and the range of afterbody angles tested was from 2° to
429, Dynamic hull models were used, aserodynamic moments and forces being fed
in synthetically. Tt was concluded that ircreasing the afterbody sngle raised
the lower 1limit at moderate speeds and caused it to start at a slightly lower
speed, but had no appreciable effect on the lower limit at high speeds;  the
upper limit wes reised aml, with the two greatest afterbody angles (939 and 12°),
the upper limit was suppressed at high speeds, Here there is no evidence of
an optinum afterbody angle, in fact the changes are progressive and straight-
forward; but differences in the test techmiques should be noted,

The tests of Referenoce 15 were made on models of four different
length/ beam yvatios ever a range of afterbody engles from 3° to 119 in each case.
The basic hull form, from which the others were derived, had a length/beam ralio
of 6,49 and a forebody length of 3.44 beams, It incorporated both forebndy
warp and chine flare and hed a mainstep deadrise angle of 20° with a step depth
of 5.0% beams The conclusionsa, which are general and apply to each of the
length/beam ratio cases, 5.07; 6.19, 7.3 end 8.45, state that the longitudinal
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stability limits are widened with inereasineg afterbody angle, Increasing
afterbody anile rmises the upper stability limits and causes the lower
stabllity limts to occur at higher trims snd at lover specds, The author
contanuts to say, in effect, that stetic and hump trims are raised, twice the
increase in static floetine trim beins equal to the increcse in hump tram,
which in turn is equal to the increase in afterbody angle., It should be
noted that the technique used an these tests was the same 2s that of the
previous reference, i... acrodynamic forecs and momcnts were applied
synthetically.

The longitudinal stability limits arc presented on a non-dimensional
base and this may obscure any difference in the effects of increasing afterbody
anglce follosingz a change 1n load, In the comparison of afterbody angle
effects in Reference 15 (Page 44) the main trends ere clear, but there are
t@o interesting points of detail. Tne Yoser liuaits collapse a2t hagher speeds,
except 1n the case of the lowest lengtn/besm ratio (5.07) models. Here the
limits for the 3° afterbody angle show a verbtical band of instability lying
aeross the take-ofl’ peth et high spoodg. This kend, occurrang only with
the 39 afterbody angle, 1s narrowsd with aincreasing 1ength/beam ratio and
disappears with the models of length/beam ratio 7.32.  All of the upper limits
sre raised progressively with incresce 1in afterbody angle, except in the 7,32
1cngth/beam ratio case, when that for the 141° afterbody angle crosscs ard runs
belos the 79 upper limit at the hirh speed end of the diagram.

2+ 3¢ Discussion

As the aim of this investaigetion is to provide design informetion,
the verastion of hull perameters has been kept sithin practical limits ard
the conclusions drewn will ain genersl soply only witanin these liuits.  The
rance of afterbody sngles tested thus deserves some comment.

The lowest efterbody angle (4°) is consadercd a reasonable minimum,
At the desagsn loeding, Cp, = 2.75, undisturbed stability is acceptable but
disturbed stabilaty is bag. the deteriocration with disturbance being marked;
a further dccresse in efterbody angle would worsen those qualities. With the
highest afterbody angle (8%}, on the other hani, good stability characterastics
cre obtained and had a higher angle still been tested it might hawve further
unproved these good gquolities or, i1n the manner of Refcrence 13, it might not.
It should be remembered, however, that one of the mean obJeets in using a high
length/beam ratio hull 1s to obtern low scrodynemic drage It 1s known that
the turn up ¢f the hull camber laine, obtained wath contemporary afterbodies,
can be rosponsible for a sigmficant proporticn of the hull drag?S, S50 8
further incrcese in afterbody angle, ahich would in general producc a further
increase in drag, is not considered nccessery. It follows tnat, although
inercase in afterbody anele has been talked zhout ( this is consistent with
the reports on forebody vorp and afterbody lenpth, References 6 and 10) and
thas investipgotion andicates how variation of efterbody angle can improve
lengitudinal stability in the hagh longth/bean retio cose. the immediate object
18 to fand out by how much afterbody angle can be reduced, while maintaining
resgonable gtenlaty characteristics,

In the undisturbed case the moin effects on the longitudinal
stability 11 ats of inercassing afterbody mpgle sre to rasse both the upper
Limit and meximum loser eriticsl trimy thereby wilening the aveilable stable
trim range. This general trend i1s found in all the cases which have been
considcred and is thus independent of length/beam ratio. In view of the
discreopanciess howcver, between loszds and between models, some detailed discussion
iz necossary,

/ Consider
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Consider the lower limite obtained in the present investigation
with the three different afterbody sngles. At Cp, = 2475 (Figure 2(a))
they are almost coincident; with a decrease in loading to Cho = 225
they arc lowered ( Fagure X a)), but the =mount of this lowering for the 8°
sfterbody angle is only helf of what at is for the 60 amd 4° engles giving
a separation of the limits at this weight. It is felt that this discrepancy
can be accounted for mainly by the airflow under the afterbodies and the
associated suctions and to a lesser extent perhaps,by the choice of the 2° .
double amplitude stability oriterion, These points will be considered further
at a later stage in the present investigation, It should be noted, however,
that any suction effects which do ocour will be emphasised in the present case,
as the high beam loadings rcsult in deeper troughs, the long afterbodies
allow a greater moment arm and the two low afterbody anglcs tested are lower
than those of contemporary afterbodies,’? Az a design factor, this
additional displecement of the l-wer limit with weight, 19, in the lowest
efterbody angle case, could barely be ignored and any further change in the
perameters which could increase or exaggerate afterbody suction effects, i.e.
increase in afterbody length, change in design beam loading or further lowering
of afterbody angle, should be cautiously applied ts hulls of length/beam
ratios of 10 or more. An immedaste sefeguard when considering high length/
beam ratio designs with low sfterbody angles would be to check stability at
two or more weights during model tests. Any large reduction in the stable
region resulting from a last minute increase in loading would not then be
unexrected.

Considering now the upper limits without disturbance, the main
conclusion in every case is that increasing afterbody angle raises the upper
limit. In References 14 and 15, aerodynamic forces and moments were applied
synthetically and, apart from ore or twc minor discrepancies in Reference 15,
the results arc straightforward, In Reference 13, where the representatien
of model sersdynamics was similar to that of the present investigation, it is
suggested tnat there is an optimum afterbody angle of approximetely 9° for
the general configuration tested snd sbove this the upper limit undisturbed
is lowered. Yo inconsistencies were found in the present high length/beam
rotio case, but the highest afterbody angle tested was only 80, It is
guggested that the reversal of the trend in Rsference 13 with increasing after-
body angle is not an afterbody angle effect, but is a characteristic of the
test technique. At the low Reynolds Wumbers prevailing in tank tests,
unslatted model tailplenes are insfficient and can be expected to commence
stalling at relatively low incidences, This leads to serodynamic static
instability, which becomes importont at high speeds and attitudes when the
load on water is very small, With the highest afterbody angle in the present
cast, the load on water st & typical point on the upper limit (Cig = 24755 Cv =
9¢7) is of the erder of 1% of the model weight, whon ground effect is
considereds What the detailed effect of a further increase in attitude would
be, would depend on the individual case, but as the load on water tends to
zeéro the asrodynamic effects will be increasingly felt and results could
become questionable,

In the disturbed case, there is a prosreseive improvement in
stability si1th increasme of afterbody angle, which is simalar at both loadings.
Tach set of limits shows a vert:cal band of instability scross the take-off
path and this gets rider as the afterbody angle 1s lo.ered, urtal, with the 40
al’terbody cngle, it covers the greater part of the planing speed range, The
low enple confaguration as tested i1s, thercfore, not a good design proposition,
although this situation 1s somewhsat mitaipated by the facts that the amrlitudes
of disturbed porpoising sre considersbly less then those for the 67 and 8°
csfterbody angle models and. in the undisturbed case, there is effectivcly a
olear stsble take-off path at both loadings.
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In a practical case, where good stab:lity characteristics are the
aim, the configuration with the highest afterbody angle would appear to be
the best, but the hump attitude of 13.5° at Cp, = 275, coupled possibly with
a wing setting angle of sbout 2°, would, unless a wang of high aspect ratio
were used, result in {ip stalling and wing dropping. At the hump specd of
Cy = 45 (V =47 knots at 150,000 1b. ) this cculd be dangerous, If, on the
other hand, it was decided toc use a low afterbody angle to obtain low air
drag while meintaining acceptable hydrodynamic stability characteristics, the
lowest angle tested could only be used under 1deal operational conditions,
1. e, conditions reprecented by the undisturbed limits, Alternatively, in
order to use the lowest angle under normal operational conditioans (apart from
waves), when disturbed limits epply, some additicnal modification must be made
to the hull foim.

The present investigation into the effects of afterbody angle 1s a
calm water one, with the undisturbed results representing the i1deal case and
the disturbed results covering normal operational hazards., No correlation has
been found so far between wave and disturbance effects on stability over the
whole of the planing speed range; further work is therefore necessary to
determine the effects of afterbody angle on stability in waves.

3« WAKE FORMATTON

The nature of the wake photographs for lodels A, G and H does not
allow an assessment of the wake depth or section and in this direction little
1z to be gleaned; what they do show, however, is whether or not the afterbody
is touching the wake, In view of the dzscussion in the previous section this
may be important, particularly in the case of the lowest afterbody angle. It
can be seen that in the vicinity of the lower limit, the afterbody of Model G
is in general clear of the wake, but there is a minor exception at CA, =
2 25; close to the point of maximum lower critical trim the aft step just
touches the water. This, however, is at the low speed end of the planing
range and mey therefore have been expecteds Results for lodel A are similar,
the af't step just touching the wake at the lower weight near the point of
maximin critical tram, while tae afterbody of Medel H is at &1l times clear,

b4e SPRAY

The spray characteristics of the models were evaluated during the
undisturbed longitudinal stabilaty runs with | = -8°, mainly over the dis-
placement range of speeds, by taking three simultaneous photogrephs at each
speeds The cameras used were positioned off the starboard bow, the starboard
bean forward of the wing and the starboard beam aft of the wing, A chequered
vattern, consisting of alternate black and white squares of quarter beam side,
with the step point as origin, was painted on the starboard side of each model
to a1d in the analysis, whicn consisted of obtaining projections of the spray
envelopes on the medlan plane only. In plotting the progections, velocity
spray was included when 1t was inbegral with the main spray blister, this
happening mainly at low displacement speeds:; otherwise it was irnored. The
profiles used were taken straipght from the side view photographs and a limited
parallax error was accepted; where this error tended to become large those
parts of the photographs were not used, These projgections are compared in
Figure 8.

The effects of afterbody angle on spray are shown at the higher
weight (CAg = 2.75) 1n Figure 8(a). In every case, the profile 1s discon-
tinuous, indicating that the wang was struck by main spray; not one of
these configurations therefore has good spray characteristics. As
afterbody angle is increased, the low speed spray is improved, most of the
improvement accruing from the first increment of angle (From 4° to 6°); at
highner displacement speeds, corresponding to the profailes aft of the main
step, the eflect is reversed, the lowest blisters being obtzined with the
lowest afterbody angle, but, as at &1l times the tailplane znd elcvators
were clear of spray, this is not significaat. That there 18 an overall

/1provenent
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improvement in spray characteristics with increasing afteibody angle is
confirmed at the lowsr weight, Cp = 2425, in Figure 8(b), but the effect

is smaller et this weight., The genoral improvement due to the weight decrease
is obvious in that the profiles asre now continuous, showing that spray

gither cleared the model or barely touched the mainplane trailing edge.

The improvemen* in spray cheractéristics with increasing afterbody
angle follows directly fram the consequent increased attitudes st a gaven
glevator setting. There will be minor chanzes in draught, but these
should only have & smell effect on sprsy. The movement backward of the
spray origin, st a given speed, with the incrcase an attitude is small, but
it can be seen when comparing thc individual spray pvhotographs; an example
is given in Figure 9 at Cy = 3.0 approximately for C.y = 2.75 ,

As in the best cese (Model H) spray characteristics arc only noderate,
it follows that any similer high lenvth/bcam rgtlo desipn having a low
afterbody angle must incorporste forebody warp® or scne other modifiication
to give good spray characteristics.

5. DIRECTICNAL STABILITY

For directiwnsl stability tests each model wes towed from and
pavoted at the C,G, so that it was free in pitch, yaw and heave, but constrained
in roll, Steady speed runs were msde over a range of speeds from 4 to 4O ft.
pér second and at each speed the model wes yawed up to not more than 18°.
moments to yew the model being applied by means of strinpgs attached to the
wing tips level with the C,G, The direction and order of marnitule of the
resulting hydrodynamic moment was Judged by the operator through the pull in
the strings, and the angle of yex wss read off a scale on the tailplane
with an accuracy of aobout +g . The general form of the resulting stability
diagram is considered in Reference 1, but 1t may be mentioned here that the
model will swing towards a position of stable equilibrium and away from
one of unsteble equilibrium. The tests wore mede with no rudder trinming
tab, and it was found that the effects of load®, roll constraint’ and elevator) on
directional stability were small cnough to bu neglected, Stability diagrams
for the models with afterbody angles of 4°, 6° and 8° are compared at ome
weizht, Gy = 2.753 in Pagurse 40,

The three diagrams sre very gimilar, but with inercasin~ afterbody
aengle an improvement in directional qualitics is indicated; the low speed
region bounded by the stable equilibrium lines and the 418° limit is
widened in a direction perallel to the specd axis at velues of yaw of about
5° and above, and the high speed unstable equilibrium line is moved out
normal to the speeld axis. These small changes would only have significance
in a practical casc at Cy = & roughly, when the flying boat was yawed past
the unstable equlllbrlum line. With the 40 afterbody, at Cy = 4, this would
ocour at ¥ = 29 and the yaw would automatically continue in ghe absence of
corrective action to Y= 13°; with the 8% afterbody at this speed, the
unstable equlllbrlum lire would not be met $ill V= 4% and the yaw would be
stopped at Y= 45° The 6* afterbody sngle case lies betwoen the 40 and 8°
afterbody enple oases, but nearer to the 8°, Over the narrow speed band
around Cy = 4 then, the improvement in directional stability with incressing
afterbody angle 18 quite considerable; elsewhere it is negligible,

6. ELEVATOR EFFECTIVENESS

The effects #f afterbody angle on rean elevator effectiveness are
shown 1n Figure 11(&) for C, = 2,75  The curves obtained with the 6% and
8° afterbody angles show roughly the same values of effectiveness at &
given specd, while values for the lowest afterbody en;le (4°) are much lower,
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With increasing afterbody engle then, it appesrs that elevator effectiveness
inoreases rapidly at first and then remains almost unaltered, The same
effecta are shown in Figure 11(b) for C4n = 2425, the main difference
between the two disgrams being the everatl increase in effectivencss due to
the decreased lood.

The values of slevator effectiveness given in Figure 11 are mean
values and a few remarks on them are necesSSarys Throughout this programme,
when computing mean elevator effectivenessly the surmation has been made
from M= =12° to +4%,  On examining Fagures 23, 27 and 23 of References 11,
3 and 12 respectively i1t can be seen thet, wihile maximum values of effective-
ness for lMedels A and G are well within this range, those for Model H lie
near the 1= -120 limit, It follows that had the swmation for Model H beoen
made over the range of say 7= -16° to 00 higher rean valucs of elevator
effectiveness weuld have been ebtain.d for this nodel. This is not serious,
however, and would make enly s little difference to the conclusions drawn

in the previous paragragh.

Recensidering Figures 4(a) and 5(a), wherc the undisturbed
stability lamits are presented with elevator angles as ordinates in plsce
of keel attitudes, it will bec secn that while there is a movament of the
limits with change of afterbody angle, there is no apparent, orderly improve-
ment in stebility, TFor a complete understarding of the results these
figures should be comsidered in conjunction with the corresponding plots
of elevator effectiveness.,

Te  CONCLUSIONG

The results of the present investigation show that the effects of
increasing afterbody angle are

(1) to incrcase moximum lower coritical irim and slightly
reduce the speed ot wnich it occurs,

(ii) t3 incre-sc tram generally and, 1n particuler, to increase
hump trim and the maximum trim obiainable with norpal
elevators,

(1ii) to raisc tnc upper undisturbed stability lirit considerably
and, 1n general, to leave the lower limat unaltered,

(1v) te increase resistance to disturbance,

(v) te increase disturbed smplitudes of porpoising when the
datum afterbody angle 1s low,

(vi) to move the spray crigin backwards, giving rise to
slightly improved spray characteristiocs (asscciated with

(i1)),

(vii) to improve directionsl qualities over a merro. speed
band just bcles hump speed,

(viii) to increasse eleveter effectiveness whon, as in (v), the
datum afterbody angle 1= low, and

(ix) te reduce sliphtly the elevator setting at which undisturbed,
lower limit instaobility is encountered.
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The efterbody angle effccts listed above show, that if good
stability charescteristics arc thc prme c¢onsidcration, the configuration
with the highest afterbody angle is the best, Results (1) to {2ii) are
suhstantisted generally by References 13, 14 and 15 and may he said to
be independent of length/beam ratio if only the tendencies and not the
magnitudes of change are considered., An iwportont detail of the high
length/beam ratio stability cese 1s thet incresse in alterbody angle
causes the rate of change of lower cratical tri-, with respect to load at
constant spee64 to decrcase l.c. afterbody anglc effects on stability are
not independent of load; this applics to both undisturbed and disturbed
casos, Whether, in a given casc, thcre are two rates of change of
critical trim with load, onc for above and one below a cert in critical
efterbody angle, both of which will probably vary sith length/beam
ratio, or whether thoere 1s a critical angle vhich is purcly a function
of the besm Joadang, sre points which, it 1s felt, arc probably worth
further investigetion, Tests at two lozds, hewover, would remove any
doubts zbout the rate of change of lower critical tria with respect to
load being too high and should be made in any case where it is thought
that some sccondary effect may be present e.g. on high 1ength/beam
ratio hulls having low, unventilated afterbodies,

This investigation is & calm woter one with reprcscntative tests
for operational conditions, l.e. daisturbance tests. o satisfactory
cerrelation, however, has yet been establaished betusen distursance and
wave effects en hydrodynamic longitudinal stabalaty over the whole of the
planing speed range; further work is thercfore proposed to deterrdne the
effects of afte body angle in waves amd to correlatc them, if possible, with
the effects of disturbance,
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LIST OF ST.BOLS

b beam of model

Cy, 1ift coefficient = I/2psve (L = 1ift, p = air density)
Cy velocity coefficient = v/ Vb

Cp ivad coefficient = 4/wb3 ( A = load on water and

w = weight per umit volume of water)

Che load coefficient at Vv = 0

Cx longitudinal spray coefficient = ¥/b

Cy lateral spray coefficient = J/t

Cy vertical spray coefficient = Z/b
{(x,y,z) co~ordinates of points on spray envelope
relative to axes through step poin%}

S gress wing area

v velocity

O kesl attitude

L elcvator setting

¥ angle of yaw
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TABLE I

Models for hydrodynamic stability tests

T
Model Forebody Afterbody @ Afterbody-forebody! Step | Tn dctornine
warp length i keel angle form erfsect of
degrees beams degrees
per beam
A 0 5 6 Forebody
varp
B 4 5 6
¢ 8 5 6
D 0 I 6 Afterbody
length
A 0 5 &
d *
E o 7 6 g«?
g.ﬂ
F 0 g 6 @ 1
S e
HoO
G 0 I - Afterbody
o angle
A 0 5 ol 3
" &
i 0 5 8 S
A 0 5 6 Tailored
aftcrbody
J 0 5 6
A 0 5 6
B 4 5 é&
E 0 7 6
H 0 5 8 Interaction
of
K L 5 8 parameters
L & 7 6
Y O 7 8
™ 4 7 8
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TABLE IT

MODEL, HYDRODYMAMIC DATA

Beam at step (b) O 75
Length of forebody (€b) 2,850
Length of afterboldy (5b) 2,375¢
Forebodv deadrise at step 25°
Forebody warp ( pcr beam) o°
Afterbody deadrise 30°

(deorcasing to 26° at main
step over forward LO% of
afterbody length).

Model G A H
Afterbody angle A 69 g%

Pitching moment of
inertia (ibe £$.2)

at Ca, = 2.75 23,50 22490 23,50
at Cp, = 2425 23,50 2L 16 23,50
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TABLE ITL

Model Aerodynamic Data

Hainplane
Section Gottingen 436 (mod.)
,Gross area 6,85 sq. Tt
Span 6427 Tt
SM.C. 1,09 ft.
Lspect ratio 5.75
Dihedrsl _ 3 0!
Sweepback on 0% spar exis 4° 01
Ting setting (root chord to hull datum) 6° 91
section R.f.F. 30 (mode.)
Gross area 1633 sge fte
Span 2,16 ft.
Total elevator arca 0.72 zg. ft.
Tailplane setting (root chord to hull datum) 20 o

m
Section R,A.F. 30
Gross area 0.80 sq. ft.
Height 1014 £t

¥ 0.0, position
distance forward of step point Qe 237 fte
distance above step point Qs 731 f'te

¥ L chord point S.M.C.

distance forward of step point Ce277 f£ta
distence above step point 1015 £te
% rgil arm {C.G, to hinge axis) 3.1 ft.

X Height of tailpleme root chord L.E, above hull crowm 0.72 fte

®Thege Jistances are meesured either parallel +o or normsl
to the hull datum.
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EFFECT OF AFTERBODY ANGLE ON DIRECTIONAL STABILITY, CA°= 2-75.
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EFFECT OF AFTERBODY ANGLE ON ELEVATOR EFFECTIVENESS
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