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Report No, F/Res/241
November 1953

MARTNE ATRCRAFT EXPFRIMENTAL ESTABLISHMENT, FELIXSTOWE,SUFFOLK,

INVESTIGATION OF HIGH LINGDYBEAM RATIO SEAPLANE
HULLS WILTH HIGH BEAM ILOADINGS

HYDRODYNAMIC STABILITY PART 7

THE STABILITY AND SPRAY CHARACTFRISTICS OF MODEL D

by

J. K. FRISWELL, B.Sc.

SUMMARY

In this report results are presented of tests on the hydrodynamic
characteristics of model D of the series. This model has a length to beam
ratio of 10 (the forebody being 6 beams in length and the afterbody 4 beams),
no forebody warp, an afterbody to forebody keel angle of 6°, and a straight
transverse step with a step depth of 0.15 beams.

The tests comprised the determination of longitudinal stability
limits without slipstream at C Ao = 2¢25 and 2475, an investigation.of spray
at these loadings, and an assessment of directional stability. A shart
discussion of the results is also included..

i Yendun to IL iwE. 3. Report No, F/Res/2l

Figure 11 should be disregarded, as subsequent measurements
have shovn the formula used to be somevhat inaccurate.
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1. INRODUCTION
In “his report results are given of tests on the stability amd
stics of model D of the series detailed in Reference 1, a
list of which is reproduced in Table I, PFull detaills are given in this
reference cor ‘the considerations affecting the design of the models, but it may
be mentioned here that model D has a length to beam ratio of 10 (the forebody
being 6 beams in length and the afterbody 4 beams), no forebody warp, an
afterbody to forebely keel angle of 6°, and a straight transverse step with a
step depth of 0.15 beams. Figure 1 gives the hull lines of the model and

Figure 2 photographs of it, Full hydrodynamic and aercdynamic data relevant to

this model are given in Tables II and III. The techniques used in the tests

and the prescntation of results, together with the reasons for using them, are
considered in References 1 and 2, though a brief summary is given in the next

section.

™he tests performed included the determination of longitudinal
stability limits at Cha, = 2,25 and 2,75 without slipstream, of the spray
characteristics ot these values of Cp,, and an assegsment of directional
stability {wxr ¢ Ao = 2:75, with the model ceonstrained in roll.

Figures are included showing the limits and there ‘are a number of
subsidiary diagrams. Where possible results have been presented non-
dimensicnally.

Comparisons of the results obtained with those for other models
(References 3 to 6) ~E1l be made in further repor+ss; consideration is
restricted in this report to factors peculiar to model Deo

2.  DESCRIPTICN G TERTS

A1 %Gests were made with one CoGs position, no slipstream, zero
flap and at s{;eac}y speceas onlys. The pitching moment of inertia of the model
was 16,81 Ih.fi.- in all longitudinal stability testss

2.2, Lift

A lirived rurber of s were performed at constant speed with the
model clear of the water to check that thern was no significant variation in
1ift from the values ol-tained for previous models, with which identical wings
were used, these runs belng carried oub at several elevator settings aml keel
attitudes: The resul’ing curves are given in Figure 3»

2.3¢ Longituding), Stability

Longitvdinal stsbility tests were made by towing the model from
the wing tips on the lateral axis through the centre of gravity, the model
being free in pitch end heave. The value of the elevator setiing was
selected before each run, and the model towed at constant speeds The angle
of trim was rnoted in the steady condition, and if the model proved stable
at the speed selected it was given nose-down disturbances to determine
whether instability could be induced, the amount of disturbance necessary to
cause instability being in the range O - 9°, The larger amounts of
distwbarce were required near the undisturbed lower limit at high speeds.
Stobility limits were built up by these methods, the disturbed limits
representing the worst possible case. Tests were carried out with

o = 2+25 and 2,75, and the corresponding trim curves and stability limits
are given in Figures 4 - 7. The limits for the differen* values of CAq
are plotied together in Figures 9 and 10 for comparison on a Cy base amd the

RESTRICTED / undisturbed
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undisturbed lower limits, transposed to a draught base by the formula of
Reference 1 for the equivalent wedge, are plotted in Figure 11; PFigures 12

and 13 are subsidiary curves necessary for this transposition.

When steady porpoising occurred, either with or without disturbance,

the tmplitude was noted, amplitude for this purpose beirg defined as the

difference between the maximum and minimum trims attained in the oscillation.
These amplitudes are plotted in Figures 14 and 15, for the various cases
concerned.

In addition to the limits obtained with meximum disturbance, a graded
sct of limits with different fixed degrees of disturbance was cbtained,
These limits are given in Figurc 8.

2elpe SJ;ray ard Weke Formation

Photographs were taken of the spray, from three different positions,
over a range of speeds and with elevatord set at -8°., A rumber of these
photographs are reproduced in Figures 18 to 21. They have been used to
determine the projections of the spray envelopes on the plane of symmetry of
the model at the different values of C A,»  and these projections are plotted
in Figure 22, This method of plotting 8iff‘ers from that originally proposed
(Reference 1) but is felt to be more realistics The absence of projections
orthogonal to these, which camnot be obtained from the photographs, is not
serious since the photographs enable the positions of the spray blisters to be
Judged qualitatively, end in any case the curves are intended for comparison
purposes rather than for absolute measurements. It should be noted that in
plotting the projections velocity spray has in gencral been ignored, The
rather poor quality of the rear view spray photographs is due to the fact that
they were taken with the aid of a mirror which was occasionally wetted by
spray; such photographs as were of excessively poor quality have not been
reproduced. .

In addition to the spray photographs, photographs of the wake region
ware taken from two different positions and are reproduced in Figures 16 and 17.
These photographs covered a range of speeds and elevator settings, the
combinations being selected to give the maximum possible variation of wake
formation and position relative to the afterbody in the stoble planing region,

245+ Directional Stability

In the directional stability tests the model was pivoted universally
at the C.G. and then separately constrained in roll, so that it was effectively
free in pitch, yaw and heave. The roll constraint was introduced after it had
been ascertained on a previous model (Reference 3) that it had no appreciable
effect on directional stability. The model was towed from the C.Ge anl moments
to yaw the model were applied by means of strings attached to the wing tips
and in the samc horizontal plane as the C.G.

Steady speed runs were made with the elevators set at 0°, the model
being yawed up to at most 18 degrees and the values of yaw giving equilibrium
determined by the operator by assessment of the direction of the resulting
hydrodynamic moment on the model. The occurrence of very high drag forces at
large angles of yaw at high speeds made it impossible to investigate some
regionse The value of Cpa  1in these tests was 2.75 and the resulting stability
diagram is plotted in Pigur@ 23; as it had previously been found (Reference 5)
that load changes have little effect on directional stability it was not
considered necessary to investigate directional characteristics at both values
of Caq*

Similar tests with breaker strips fitted were not carried out on
this model, as it has been found (Reference 1) that their effect is only to
remove the outer lines of equilibrium at the higher speeds. -

RESTRICTED / 2.6, Elevator
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2.6+ Elevatar Effectiveness

Curves of elevator effectiveness calculated from the longitudinal
stebility diagrams are given in Figures 24 and 25.

3« DISCUSSION OF RESULTS

The 1ift curves (Pigure 3) do not vary substantially from those for
the basic model, with which identical wing and tail units were used.

s
T . e e . l! e
- -

The longitudinal stebility of the model is poore Oxnly in the lower load
caae is there an uninterrupted stable band extending from zero to take-off
speeds, and then orly in the undisturbed case (Figure L4). There is an
extremely marked deterioration in stability when disturbances are applied
(cf. Figures 4 and 6 with Figures 5 and 7), and it cen be seen from Figure 8,
which shows limits obtained with different degrees of disturbance in the
higher load case, that only relatively small disturbances are required to
start instability in most parts of the diagram. (Figure 8 was prepared
primarily for comparison with the corresponding diagram for the bagic model
of the series, aml will be discussed in detail in a later report)., The ’
unstable areas at low attitudes and high speeds in the disturbed cases only
appear when there is a large degree of disturbance; once instability has
started in these regions, however, it is very violent. The amplitudes of
porpoising at initially unsteble points are considerably increased by
disturbance, except at one or two isclated points where the amplitude is very
| large before disturbance., (Figures 1k and 15)

The effect of increased load on the gtability is principally to

N produce an unstable band across the centre of the diagram in the undisturhed

case, ard to double the width of this band from load to load in the disturbed
: case, where it is present at both values of CAO used (Figures 9 and 10).

. There is also an increase in hump trim of sbout 1° and a corresponding
increase in the values of the trim on the lower stability limits. There is
no gignificant differenct between the trim curves as a whole in the two cases
apart from a general slight inérease intrim values for corresponding elevator
settings, but the very high values of trim occurring at both values of Jp,

| should be noteds Increase of load has little effect on the severity of
i porpoising (Figures 14 and 15), probably because the porpoising is already
‘ 80 severe at the lower load.

} The two undisturbed lower limits have been transferred to a draught
base (Figure 11) by the formula derived in Reference 1. The load effect on
the draught at these limits is small.

The load coefficient curves of Figures 12 and 13, which are necessary
in caloulating the limits on a draught base, can also be used to estimate
flying speeds, but it should be noted that no allowance for ground effect has
been made in them,

Photographs of the flow in the vake (Figures 16 ard 17) are included
to show the position of the afterbody relative to the wake in representative
positions so that, amongst other things, its association with instability
can be investigated. Figure 16(a) shows a typical configuration at near-hump
speed amd attitude. The afterbody can be seen to be touching the wake near
the rear step; at this setting, the model becomes unstable for small
: disturbances, with two-step porpoising resultinge 16(b) and (c) are both in
| the mid~-planing region, aml in both cases the afterbody is touching the wake;

1 . ocase (b) is unstable when disturbed but case (c) is not. The speed for case
(o) is a little higher than.for case (b), and possibly is too high for two-step
porpoising to occur so that when the ofterbody touches the wake there is

- damping rather than an accentuation of porpoisinge The remaining photographs
of the set, 16(d) and (e), show the model at two settings just within the

RESTRICTED / undisturbed
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undisturbed lower ln.m:l.t, The afterbody is well clear of the wake in both
cases, so that there iz full opportunity for forebody porpoising, which in
fact occurs for amall disturbances.

Very similar remarks apply to Figure 174 Here (a) is the near-hump
case, (c) and (4) the mid-planing ard (e) the lower limit cases. (b) shows
the wake at a high speed stable position. The relative afterbody positions
are similar to those for Figure 16 extept that there is no wake interference
in the two mid-planing cases; both these cases are unstable with disturbance.
I+ should be noted that the points chésen do not correspord directly with

those for Figure 16.

PFigures 18 - 21 show the spray formation at onc elevator setting, a
range of speeds and two loads, This is not of such a nature as to create any
difficulty, since only velocity spray enters regions where propellers or jet
intakes would be situated. There is some deterioration of spray behaviour
with increase in load; Figure 22 shows the projection of the spray envelopes
on the plane of symmetry of the model at the two loads, where this effect is
easier to see, but the change is not large enough to be significante.

Details of the 1nterpretatn.on of the directiomal stablllty diagram
(Figure 23) have already been given in Reference 1. In view of the changes
in the nature of some parts of the diagram from the case considered there,
however, some further comment is necessary. Between Gy = 3 and 5 the model
is in stable equilibrium at zero yaw but when it is yawed out to a certain
angle (depending on the speed) the lower section only of the flow in the wake
attaches to the afterbody near the rear step and gives rise to a very small
suction which tends to yaw the model furthere This is the reason for the
existence of the line of unstable equilibriums It is only necessary, however,.
for the model to be yawed out a very small amount beyond this line before the
resulting pressures on the hull balance the suction on the af terbody, and the
model is in stable equilibrium agains Hence there is a line of stable
equilibrium very close to that of unstable equilibriumi it is in fact so
close between Oy = 440 and Le7 as to make it impossible to d etermine the
positions of the lines experimentally. Whon Cy is greater than about L.k,
if the wodel is yawed beyond the outer line of stable equilibrium the upper
section of the flow in the wake also attaches to the afterbody so that there is
a further short line of unstable equilibrium. Between Cy = 5 nd 7 longitu-
dinal instability occurs when the model is yawed and directional characteristics
camot be ascertained.

Finally, a word may be said on the effect of load on elevator
effectiveness (Figures 24 and 25). The decrease in effectiveness is more
noticesble in the diagrams of d°1{/aq against ;; at constant Cy than those of

mean %%/ 4y against Oy, but is ot large in either cases
4e  CONCLUSIONS

: The tests performed indicate that this model has poor hydrodynamn.c
properties in calm water, except at low loadings, ard extremely bad ones in

rough water at any loadings Spray characteristics are good, but mainly
result from extremely high attitudes which would not be permissible full-scale.

» / LIST OF SYMBOLS
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‘ ' LIST OF SYMBOLS
b beam of model
! a draught
; cr, 1ift coeffidient = L/4p SV° (L = 1if%, p = air density).
Cy velocity coefficient = V/ / gb

Ca load coefficient = /wb3 (D = load on water and
w = weight per unit volume of water)

CAo leoad coefficient at V = C

Cx longitudinal spray coefficient = %/
Gy lateral spray coefficient = y/b
1 Cy, vertical spray coefficient = 2/y
‘ { (x,y,2z) co-ordinates of points on spray envelope
relative to axes through step point}
1 S gross wing area
| v velocity N
. 1 . oy keel attitude
n elevator setting
‘ ‘P angle of yaw
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TABLE I

Models for hydrodynamic stability tests

; Model Forebody |Afterbody | Afterbody-forebody Step| To determine
i ‘ warp length keel angle ~ form effect of
- degrees | beams degrees
. per beam
A o | 5 6 Forebody
warp )
B L 5 6
c 5 6 . o
a g |
8o
3 D 0 I 6 EL‘E Af terbody
3 =2 length
| A 0 5 6 s
&
E 0 7 6 § &
. o o
F 0 9 6 ® 8
5 P
m i
G 0] 5 L Af terbody :
| angle ;
A 0 5 6 |
H 0 5 8
b
/ T4BLE II
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TABLE 1T

MODEL D = HYDRODYNAMIC DATA

Beam at step (b)
Length of forebody (6b)
Length of afterbody (4b)

Angle between forebody and
afterbody keels

Forebody deadrise at step

Forebody warp (per beam)
Afterbody deadrise

Pitching moment of inertia

RESTRICTED

0e475"

2.850!

1.900"
60

(decreasing to 26° at main
step over forward 40% of
afterbody length)e

16481 Ibefte?
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T/ABLE IIL

Model Aerodynamic data

Mainplane

Section

Gross area

Span

S.NI.C.

Aspect ratio

Dihedral .
on 30% spar axis

Sweepback

Ving setting (root chord to hull datum)

Tailplane

Fin

Section

Gross area

Span

Total elevator area

Tailplene setting (root chord to hull datum)

Section
Gross area

Height

General

®

X

C.G. position
distance forward of step point
distance abovelstep point

4 chord point S.M.C.
distance forward of step point
distance above step point

Tail arm (C.Gs to hinge axis)

qottingen 436 (mod.)

6.85 sq. ft.
6.27 £t

1.09 £+,

575

3° o

40 o

€° 9

RefuFe 30 (mod.)
1.33 sq. ft.
2,16 fte
0472 sqg. ft.
2° o

RelsFe 30
0.80 sqe f't.

l.14 £t,

0.237 fte

0.731 £+t.

0.277 fte
1.015 f£te

3,1 ft.

Height of tailplane root chord L.E. above hull 0.72 f4%

crown

These distances are measured either parallel to or normal to the

hull datume
RESTRICTED
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PHOTOGRAPHS OF MODEL D
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