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Summary. Introductory —Further model tests were made on the Princess flying boat to :—

(a) improve the main-step fairing in order to reduce air drag while retaining satisfactory porpoising stability at
high water speeds,

(b) reduce )the mid-planing porpoising instability found with the hull lines tested in Part I of this report (R. & M.
2641),

(c) test the effect of increased wing and tailplane areas,

(d) predict more accurately the full-scale performance of the final hull form by representing more -closely the
anticipated full-scale conditions of lift, slipstream and damping in pitch.

The tank tests were made in sheltered water conditions in the Seaplane Towing Tank, Royal Aircraft Establishment,
Farnborough, on a dynamic model, and parallel tunnel tests on the step-fairing design were made in the Saro Wind

Tunnel at Osborne.
The final hull form evolved is used for the first production aircraft.

Conclusions.—(i) The hull air drag has been reduced about 12 per cent, so that the surface-drag coefficient is of the
order of 1-25 times that of the equivalent body of revolution of the same length and maximum cross-sectional area.
It is anticipated that this drag reduction will be achieved full-scale. By adopting more drastic revision of hull fairings,
a total reduction of the order of 25 per cent might be possible, but it was decided that insufficient evidence existed at
the time to justify confidence in resulting hydrodynamic performance at high speeds. _ :

(if) There is evidence of skipping instability on the model at high speeds immediately prior to take-off, or following
landing, but this is probably the result of blister interference with the sides of the lower pressure circle aft, and therefore
likely to be much reduced full-scale. Afterbody clearance from the forebody wake is very good up to at least 340,000 Ib
for take-off and 280,000 1b for landing.

(ifi) The technique devised for better representation of full-scale lift and slipstream proved successful and enabled
more accurate prediction to be made of full-scale performace. With the enlarged wing and tailplane the stability and
trim on the water are now good by present standards up to at least 340,000 Ib for take-off and 280,000 1b for landing.
These weights are 30,000 1b more than predicted from the tests reported in R. & M. 2641%, and are above the anticipated

overload design weights.

* Part I, R. & M. 2641.
#* R.AE. Repor /%404, received 28th April, 1951.
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(iv) Spray clearances are only slightly improved at the wing and propellers, but little propeller damage is anticipated
up to the above weight limits and none if steel propellers be used. Propeller impact can be reduced by throttling the

middle engines during fast taxying, and flap impact by not lowering them below 60 knots. The final tailplane position
is well clear.

(v) No appreciable improvement in mid-planing stability was obtained by detailed afterbody design. The major
difficulty is still lack of damping in pitch, which could be increased by increasing the dead-rise at the aft step, but not
enough to make the modification worth while at the stage of construction reached.

1. Introduction.—Further tests have been made on a dynamic model of the Princess flying
boat to examine the effect of revised aerodynamic and hydrodynamic design on the porpoising
stability, trim and spray. These tests follow on those reported in Part I of this report and include
the calm-water tests on the final form, used for the first three production aircraft. These tests
were made in the Royal Aircraft Establishment Towing Tank and in the Saro Wind Tunnel
between May, 1947 and August, 1948.

The changes in design from that reported in R. & M. 2641" are :—

(a) improvements in main-step fairing to reduce air drag while re‘tammg satisfactory
porpoising stability at high speeds on the water,

(b) a re-design of the wing and power plant installation, on account of a change in design,
resulting in a considerable increase in wing area and propeller thrust. An increase in
the tailplane area and height above the water was also found necessary.

An attempt was made to obtain a closer representation of the anticipated full-scale lift
characteristics, and also to improve the porpoising stability at mid-planing speeds, ¢.c. 60 to
80 knots, by detailed revision of the afterbody design. Such revision is, however, seriously limited,
because the critical factor is the breadth required above the chines for the lower pressurisation
circle of the hull, as was demonstrated in the first series of tests'.

1.1. Description of Flying Boat and Hull Lines—The overall design is basically similar to that
described in R. & M. 2641'. The final general arrangement and hull lines evolved as a result of
the present tests are illustrated in Fig. 1 and 2.

Leading dimensions and particulars of centre of gravity position and power units are given in
Table 1. In the final form the power units are 10 gas-turbine engines (Proteus) which drive 4
sets of contra-rotating and 2 sets of single propellers. There are three engine installations in
each wing, the outers* being the single engines and the middles and inners, coupled engines
driving the contra-rotating propellers. The outer single propeller units are of reversible pitch to
help manoeuvrability at low speeds on the water.

The wing area has been increased from 4,850 sq ft to 5,019 sq ft and the area and height above
the water of the tailplane have also been increased, Table 1. The hull lines have been changed
in the region of the main step where, for the same faired plan form, an elevation fairing of 6 : 1
fineness ratio has been substituted for the 2 : 1 fairing of the original form and also the aft
chine in the same region has been rounded off and faired so as to improve the airflow into the
region below the afterbody bottom, Fig. 3.

2. Details of Tests.— The tests were made in the Seaplane Tank on a 1/28th-scale powered -
dynamic model using the same technique as described in R. & M. 2641%, but were confined to
steady-speed runs with fixed elevator angles in calm water conditions.

* Propeller positions are defined as :—
(i) Outers : positions furthest out from hull.
(ii) Inners: positions adjacent to hull.
(iif) Middles : positions between inners and outers.




2.1. Hull Modifications.—Tests on the effect of modifications to the main-step fairing and after-
body lines on porpoising stability and trim were made first in the model condition, Mod. T,
used for the final tests described in R. & M. 2641%, but with the larger raised tailplane for the latter
half of the tests. The tests were made at all-up weights of 310,000 Ib and 340,000 1b with the
c.g. at 30 per cent S.M.C. (standard mean chord) with full anticipated take-off thrust but zero
wing flaps. The higher all-up weight tested represents a severe overloading condition due to the
original smaller wing being used, but was deliberately chosen so as to amplify any deterioration
in the hydrodynamic behaviour caused by the main-step and afterbody modifications.

In parallel with these tank tests, the firm and R.A.E. jointly made comparative tests on a hull
in the firm’s wind tunnel, both to explore the nature of the airflow round the step, and to measure
the drag with various degrees of fairings and elimination of the afterbody chine in the main-step
region. :

2.2. Wing and Power Plant Modifications.—Following the decision on a final fairing design,
a new model was constructed incorporating the increased wing area and propeller thrust as well
as the final hull form, and the larger tailplane introduced during the fairing modification was
retained. Measurements of lift and thrust were made on the model, and wing leading-edge slats
were designed and fitted to improve the lift-slope and stalling characteristics. The model was
now representative of the three prototype aircraft under construction and, besides comparative
tests on the effect of the increased wing area and propeller thrust, a range of weights, c.g. positions
and flap angles were covered to assess the final form performance. The test programme covered
was as tabulated below.

All-up Flap .
Condition weight setting C.G. position
. (Ib) (deg) {per cent S.M.C.)

0 30-2
Take-off 310,000 15 24.8
30-2
340,000 0 30-2
15 30-2
370,000 0 30-2
220,000 0 28.9
45 282
Landing 0 98.9
250,000 45 24-8
28-2
280,000 0 28-2

The maximum take-off and landing weights tested are considerably greater than any anticipated
overload, but were used to give some systematic data from which the performance characteristics
at other weights could be interpolated as required. The spray impact positions were noted and
plotted in terms of attitude and speed, and photographs were also taken from forward at speeds
below the hump speed (50 knots), to illustrate spray interference with the propellers.

3. Model Wing-Lift and Propeller-Thrust Characteristics.—8.1. Power Units—The new wing
and power-unit installation is illustrated in Fig. 4. It was decided to make a scale representation
of the contra-rotating and single propeller units, so that the best representation of full-scale
slipstream velocity and twist and their effects could be obtained. The simplest solution available,
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consistent with keeping down the weight for the light load take off test condition, was to use in
each wing a four-stage axial-flow turbine? driven by compressed air and to couple this by suitable
shaft drive, reduction and bevel gearing to the propellers. These units proved comparatively

easy to manufacture and gave very few mechanical difficulties in operation, as well as providing
~a considerable margin of reserve power.

The four-stage axial-flow- turbine was mounted perpendicular to the chord-line along the
position of maximum thickness of the wing. Each complete assembly* was mounted on a stiffened
metal base-plate so that it formed an independent unit which could be removed for maintenance
purposes, and also strengthened the wing. FEach unit weighed 11} oz and the turbine had a

“maximum power output of about 1:5 h.p. - The propellers were made of cedarwood and were
equivalent to 17 ft diameter full-scale.

This powered model, when balanced to the correct c.g. position was too heavy to represent the
lighter landing conditions, due to the increased weight of the power units compared with the
simpler units used in Ref. 1. An additional wing was therefore made, similar in shape to the take-

off wing, but which had no power unit or propellers fitted and was provided with full-span
leading-edge slats. '

3.2. Wing-Section and Lift Measurements.— The wing section used on the first dynamic model’,
z.e., NACA 6418, at the root chord, did not give the anticipated full-scale characteristics of the
high-speed section actually used on the aircraft. Both the maximum lift and the lift slope
without slipstream were much below those obtained in R.AE. wind-tunnel tests® at a Reynolds
number of 7 x 10°. The new wings were therefore made with the actual full-scale section and
leading-edge slats added. These were beaten out of light alloy sheet to the same contour as the
leading edge of the wing. Much better agreement with the anticipated full-scale lift character-

istics was obtained. The results of the measurements without slipstream are given in Fig. 5,
and with slipstream in Fig. 6.

3.3. Propeller Thrust.— The estimated full-scale values of propeller and jet thrust are given
in Fig. 7. The model thrust was calibrated against the turbine inlet pressure over the take-off
speed range and a curve of the pressure required to give the scale propeller thrust deduced.
This was then used throughout the tests. A check on the propeller speed showed that it was

within 5 per cent of the value scaled down from full-scale, so the rotation as well as the intensity
of the slipstream should have been correct. :

4. Aerodynamic and Hydrodynamic Tests on Hull-Step Fairing Design.—4.1. Awr Drag of
Modification N Hull Form.—Wind-tunnel tests were made in the Compressed Air Tunnel of the
National Physical Laboratory to check the aerodynamic cleanness of hull form Mod. N, Fig. 3
of Ref. 1. The results are plotted in Fig. 8 in the form of drag coefficient per unit surface area
against Reynolds number and compared with the results of another series of tests showing what
gains might be expected with a classical form of British hull (designated the basic form) by
degrees and styles of main-step fairing. The Mod. N hull was disappointing, its aerodynamic
cleanness being of the same order as that of a normal hull of similar plan fineness ratio with an
unfaired V plan-form step, although there was apparently a more favourable scale effect.

Examination of the hull suggested that the high drag might be due to :—
(a) insufficient step fairing in elevation and plan
(6) flow across the pronounced flared out chines in the forebody
(¢) interference at the intersection of the upper and lower pressure circles
(d) the forward cabin. '

The first was the most probable source of drag, the elevation fairing at the step on Mod. N being
about 2 to 1, contrasted with a minimum of 6 to 1 found necessary by tunnel tests to remove
most of the step drag (Fig. 8). The water lines in the main-step region also showed major
discontinuities (see Fig. 3) because of the earlier decision to retain a sharp afterbody chine almost

* There was one unit in each wing consisting of a turbine with its drive to two sets of contra-rotating propellers and
one single propeller (Fig. 4).
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into the forebody chine ; and a breakaway was to be expected in this chine area, where the air
flows round the step to fill the space beneath the afterbody. These deductions were proved to
be correct by wind-tunnel drag and tufting tests with various step fairings made in the firm’s
wind tunnel, Fig. 9.

It is possible that the flared out chines forward do account for an increase of the total hull
drag up to 3 per cent of the equivalent body of revolution, but no measurable difference could be
found in some unpublished full-scale flight tests made on a Seaford 1 four-engined flying boat
with and without fairing to the flared out chines. ' ,

The effect of filling in the intersection of the upper and lower pressure circles of a ¢ double
bubble’ or figure-of-eight hull section was tested in the Royal Aircraft Establishment No. 1,
114-ft Wind Tunnel, but negligible difference was found at a Reynolds number of 8 x 10°.

Similarly, wind-tunnel tests show little drag penalty can be expected for the forward cabin
position full-scale, when boundary-layer transition is forward. '

4.2. Wind-Tunnel Tests to Improve Hull-Step Fairing.—Tests on a hull without wings or tail
assembly were made in the  Saro * Open-Jet Wind Tunnel at 0 deg keel incidence at a Reynolds
number of 4-1 x 10° (based on hull length) with various degrees of fairing, retaining the basic
plan-form of step. The drag results are given in Fig. 8 where they are superimposed on the results
of tests made in the Compressed Air Tunnel at the National Physical Laboratory on a series of
step shapes and fairings. Photographs indicating the flow past the step as shown by tufting
are given in Fig. 9.

The original form, Mod. N, showed possible flow separation both near the keel, where the
elevation fairing was only twice the step depth, and near the chines following the water-line
discontinuity produced by the forward extension of the afterbody fairing. The R.A.E. fairing,
Fig. 9, gave a drag reduction of 14-5 per cent by increasing the step elevation fairing to 8 times
the step depth, and rounding the afterbody chine in the main step region. The firm compromised
on this and obtained a drag reduction of 10 per cent using a 6 : 1 step elevation fairing,
retaining more of the aft chine discontinuity and inserting a shallow cove at the step, Fig. 9.

Further combined R.A.E. and firm’s tests in the Saro wind tunnel showed that all signs of
breakaway could be eliminated by rounding the sections on the R.A.E. fairing, so as to fill in the
fairing aft of the step towards the chines, keeping buttock lines straight to as near the chines as
possible to reduce the ¢ waist ” otherwise found in this region. The first tests (Fig. 9), indicated
that the problem was to merge good buttock lines at the keel region into good water lines in the
.chine region, so that the air could flow round the hull above the step and down underneath the
afterbody. Modifications IT and IIT on Fig. 8 show what could be achieved by doing this, the
basic fairing/step depth ratio being 8 : 1 in Mod. IT and 10 : 1 in Mod. III.  There were no
coves in these modifications.

A comparison of the Saro tunnel and Compressed Air Tunnel results at a Reynolds number of
4-1 x 10° follows.

| Saro Tunnel ’ Compressed Air Tunnel
l Princess Hull | Basic Research Hull
| Condition | od { Condition | C,
Original Fairing Mod. N 2:1 at keel | 0-00477 | Transverse step, no elevation { 0-00500
fairing
R.AE. Step fairing Mod. AD 8:1 | 0-00406 | Faired plan-form step, no | 0-00440
at keel elevation fairing
Mod. I Saro intermediate fairing Mod. | 0-00426 | Faired plan-form and elevation | 0-00408
AE 6:1 at keel main step
Mod. II Straight fairing, 8 : 1 at keel, | 000380 | Transverse step and straight | 0-00383
extended towards chines fairing
Mod. 1T Ditto with cove .. .. | 0-00386
Mod. ITI Straight fairing 10:1 at keel | 0-00365 | Basic streamline shape .. 0-00333
extended towards chines




The absolute values of the Saro measurements were in all cases lower than those of the N.P.L.,
as demonstrated by the tests on Mod. N in the two tunnels, but the decreases in drag with
improvement of step fairing were consistent with the N.P.L. systematic results and consistent
with the diagnosis that the high drag of Mod. N was due to the short elevation fairing combined
with discontinuities near the chines introduced by the forward retention of the aft chine.

4.3. Towing-Tank Tests on Improved Step Fairings—The interpretation of the tank tests on
the various step fairings is complicated by parallel changes in tailplane size and position, and
attempts to reduce afterbody interference at medium and high speeds by detail changes in after-
body chine and aft step design. In general, the conclusion is that the use of either the R.A.E.
fairing or an improved form of the firm’s Mod. 1 fairing had no adverse effect on the stability at
medium speeds, but undue filling in of the fairing towards the chines caused interference at high
~speeds and attitudes (small drait). '

The effect of rounding off the aft chine in the main step region to improve afterbody ventilation
and step drag was tried in Mod. U. No deterioration of hydrodynamic performance was found.

The effects of the three basic fairings,
(@) 2 : 1 as in Mod. AF |
(6) 6 : 1 as in Step Mod. I, Mod. AE
(¢) the 8 : 1 R.AE. fairing, Mod AD

are demonstrated in Fig. 10 for the take-off configuration at 310,000 Ib and O deg flap. The
second is basically the same as that tested in the tunnel but with the fairing extended nearer
the chines to improve air drag. There was no appreciable change in,stability between the three
configurations though the limited tests at high speed indicated the presence of a skipping porpoise
just prior to take-off with the larger fairings, confirmed in later tests. This probably also existed
in the Mod. N configuration, but had not been found, occurring as it does within 5 to 10 knots
of the flying region.

The comparison of the fairings at the severe overload take-off condition is given in Fig. 11.
The 2 : 1 fairing was tested in conjunction with the original tailplane while the 6 : 1 and 8 : 1
fairings were tested with the new tailplane. Allowing for the slight deterioration in stability
with the new tailplane (see section 5.2), there is again no appreciable difference in stability
between the three configurations. The high-speed skipping characteristics were not investigated.

The possibility that the extended step fairing was introducing ‘skipping’ at high speeds
with increased draft, was investigated by making a series of modifications (Table 2) to the aft
chine clearances and the introduction of a shallow cove at the main step.

The cove was introduced to ensure that the water flow was broken cleanly away from the hull
at the step, but produced no change. Breaker or subsidiary steps were put transversely on the
~ fairing aft of the main step to separate any main blister attachment at high speeds and these had
the effect of changing the skipping to a gentle pitching motion. Observation, however, showed
that this change was as likely to be caused by the breaking down of the blister and avoidance
of its attachment to the lower pressure circle above the afterbody, as by preventing attachment
to the fairing. To reduce the attachment to the lower circle, the afterbody chines were both
turned down and flared out to form an abrupt discontinuity across the path of the main blister
spray of which the direction was almost parallel to the existing chineline. Little gain was possible
because of the restrictions imposed by the structure of the lower pressure circle.

As a compromise, the final fairing adopted was the 6 : 1 as tested, but with a shallow cove
of plating thickness to ensure separation full-scale.

5. Hydrodynamic Tests on Modifications to Aft Step and Tailplane—S5.1. Modifications to Aft
Step.—Detail changes in the aft-step strength were made in order to try and reduce the mid-
planing porpoising instability at high draft present under certain disturbance conditions’. The
loss of mid-planing speed stability with increase in draft (load) is often associated with lack of
sufficient damping in pitch and the water loads resulting from the aft-step impacts. ‘
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The aft-step dead-rise was therefore increased to about 50 deg by raising the chines from about
half way back on the afterbody to both lessen the hydrodynamic strength and increase the water
damping. The effect was tried with the smaller tailplane of Mod. N and the 8 : 1 main-step
fairing (Table not illustrated) and also with the final large tailplane of Mod AK, with both the
8 : 1 and 6 : 1 step fairings (Figs. 12 and 13). With the 8 : 1 step fairing there is little apparent
change in stability due to modifying the aft step, but with the 6 : 1 fairing, which is the final
design case, Fig. 13 shows that there is a considerable gain in mid-planing stability at both
310,000 and 340,000 1b though apparently with some loss of stability at high speeds. This loss
is probably due to the decreased efficiency of the aft-step chines in breaking away the main blister
spray from the hull sides. :

A second modification was to drop the aft keel to produce a dead—rise of the order of 70 deg,
Mod. AG (Table 2, not illustrated), but this was not very effective, possibly because of the contrary
effects of dead-rise and increased local keel incidence.

Reduction of aft-step strength was not considered worth while at the stage of construction
reached when balanced against the possible loss in efficiency at the hump and high-speed
conditions. -

5.2. Modifications to Tailplane.—The tailplane was enlarged in plan form area and raised
for aerodynamic reasons, Table 1. This change produced a small deterioration of porpoising
stability in the mid-planing region, possibly because the improvement in damping in pitch, due
to the increased area, was more than offset by the loss due to the increased height above the
~ slipstream and ground. The comparison of Mods. AB and AC is shown in Fig. 14 for 310,000 Ib.
About 4 deg more up-elevator is required to avoid the lower porpoising limit.

6. Hydrodynamic Tests with Increased Wing Avea and Slipstream.—The larger wing and high
thrust engines were tested with the final accepted hull form in modification AK of Table 2. The
water characteristics were greatly improved for the same all-up weight, the improvement in
take-off at 340,000 Ib and landing at 280,000 1b being shown in Figs. 15 and 16. This is all due
to the decreased draft, the net effect of the larger step fairing and tailplane being negligible.

The skipping tendency just before take-off is unchanged, but for speeds above 100 knots is
such that any disturbance causes the model to become airborne. Below 100 knots during landing,
at keel attitudes greater than 10 deg, the nose-up and skipping tendencies exist but, as noted in
section 4, may be due to the lower-circle wetting by the main blister.

7. Hydrodynamic Characteristics of Final Form (Mod. AK.)—7.1. Stability and Trim in Take-off
and Landing.—17.1.1. Effect of all-up weight (Figs. 17 and 18).—Deterioration of stability is delayed
to well above 340,000 Ib in the take-off condition of mid-planing speeds, Fig. 17. The change from
positive to negative stability is in practice not so abrupt as indicated by the diagrams, it being
a gradual process, but the improvement is likely to be found in wave behaviour®.

The high-speed instability at high attitudes remains similar at all weights, increasing at higher
speeds with increase of all-up weight.

At attitudes below 10 deg the model flies if disturbed within 5 to 10 knots of flying speed at all
weights. Above 10 deg the model would skip at speeds above 90 knots at all weights, whilst
afterbody lower-circle wetting occurred, but below that speed the instability merges into the
mid-planing speed upper-limit two step porpoising without afterbody wetting. ' _

The lower limit of porpoising instability and the free-to-trim curve rise with increase in weight
in a normal manner.

The stability and trim characteristics in landing, Fig. 18, are very similar in all respects at the
landing-weight range below 250,000 1b and are consistently fair up to 280,000 1b, the maximum
load anticipated.
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7.1.2. Effect of c.g. position (Figs. 19 and 20).—In take-off both upper and lower limits are
substantially unaltered for the c.g. range 24-8 to 30-2 per cent S.M.C., but the 0 deg elevator
free-to-trim attitude is just below the lower limit at the forward c.g. position. The change in
elevator angle required to compensate for c.g. shift is about 2 deg per 1 per cent S.M.C. shift.

In landing the changes of stability and trim are of the same order.

7.1.3. Effect of wing flaps.—Use of 15 deg take-off flap slightly improves the take-off stability,
probably because of the reduction in draft, Figs. 17 and 21. There is a nose-down change of trim

of the order of 2 deg at high speeds at small elevator angles, but there is ample elevator power
in hand.

The proposed flap for landing, 45 deg, lowers the landing speeds the order of 15 knots and
improves the stability at both upper and lower limits except at high speeds and low attitudes,
Figs. 18 and 22. The lower limit with disturbance is raised just below touch-down speed, probably
the result of the applied nose-down moment. The trim attitude at high speeds islowered the order -
of 2 deg but there is ample elevator power in hand.

7.2. Spray Cleavance in Take-Off —7.2.1. Displacement speed range.—There is considerable
spray interference into the propellers at weights greater than 310,000 lb, the lowest weight
tested for take-off. The most severe speed is around 25 knots and the middle propellers are the
worst hit at all speeds between the pick-up limits of 15 to 35 knots, Figs. 23 to 27 inclusive.
Since propeller damage is roughly proportional to the cube of the rotational speed of the propeller®,

the main thrust for high-speed taxying should be supplied by the outers to minimise spray
damage. : .

7.2.2. Hump and planing regions.—-During take-off with flaps up at all weights above 310,000 Ib
the wing trailing edge and tail are hit by the main spray in the hump region, the impact on wing,
flaps and tailplane becoming severe above 340,000 Ib. The propellers are clear throughout the
hump region. With flaps in the 15 deg position for take-off the spray impact on the tail is
lessened but is more severe on the flaps.

The spray impact at high speed is restricted to high attitudes on both wing and tailplane, and
is of a light nature except possibly at 370,000 Ib weight.

8. Interpretation Modei to Full-Scale.—8.1. Hull Adr Drag.—The reduction of hull air drag, with
the improved step fairing, is of the order of 12 per cent at the Reynolds number of test, 4 X 10°
(based on hull length). Full-scale, the cruising Reynolds niimber is of the ordér of 200 x 10°
and it is not possible to say definitely either that the gain would still be found at this Reynolds
number, or what the absolute drag would be. The C.A.T. tests on the developed hull series
cover the Reynolds number range 2 to 40 X 10°% over which range the different forms have drag
against Reynolds number curves which are nearly parallel but with a slope decreasing at a slower
rate with increase of Reynolds number than that of the turbulent coefficient of skin friction.
The slope for the Princess hull, is however, steeper, and more nearly comparable with that of
turbulent skin-friction. This is probably due in part to a change of technique in producing a
good surface finish which will stand up to C.A.T. operating conditions. Extensive skin-Iriction
measuréments made for ship performance, reported in Ref. 5, show that the skin friction will
follow parallel to the theoretical smooth turbulent value up to Reynolds numbers of a much greater
order than that at which the Princess will fly. It is therefore tentatively concluded that the gain
in drag will hold full-scale and also that the total drag will be the same ratio* of the skin-friction
drag, provided the finish is sufficiently smooth for turbulent-flow boundary-layer conditions to
exist. Since the hull drag is of the crder of 15 to 20 per cent of the total drag on a flying boat

+ * Strictly the ratio changes with Reynolds number and an incremental correction should be made to the theoretical
value, But the ratio gives the right order for the purpose of this analysis.
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of this class and the payload is small for the extreme ranges considered, the achieved drag reduc-
tion is equivalent to the order of 3 per cent increase in range or 15 to 20 passengers-at the
maximum range.

A larger overall drag reduction of over 20 per cent would be obtainable on this hull form by
using a more extreme elevation step fairing, which has since been shown possible hydrodynamically
full-scale on a Swunderland given some additional ventilation®. At the time of the model tests,
however, there was some doubt as to the order of improvement to be gained full-scale in
stability at high speed and the compromise of a 6 : 1 fairing was decided upon.

8.2. Stability and Trim.—The porpoising stability is generally good at model-scale up to
weights considerably greater than those anticipated full-scale, but a favourable scale effect is
anticipated in accepting the narrow high-speed skipping and mid-planing instability character-
istics present on the model.

The high-speed skipping, if present full-scale, is not likely to be noticed in take-off because
the aircraft would fly off on the first skip, but it might cause one or two skips when landing near
the stall, expecially in waves. However, this apparent skipping is more probably due to the
interference between the main blister from the step and the afterbody lower pressure circle than
the step fairing and, in this case, would undeubtedly be much less severe if present at all at full-
scale. This is a result of the known change of form of the blister from a continuous sheet
model-scale to drops full-scale. For the same reason, if interference does occur at the step fairing
near the chines, this also is less severe full-scale, as illustrated by the Sunderland tests®, provided
the afterbody clearance from the forebody wake is good. In all, skipping is very unlikely to be
found full-scale up to 340,000 Ib. Above that reduction of afterbody clearances from the wake
may lead to genuine skipping trouble. :

The landing instability found at high speeds is further exaggerated model-scale because of the
model aerodynamic characteristics. At model-scale the dynamic model is free to find its own
trim, but full-scale there can be superimposed a favourable control and throttle movement.
The model when landing would trim very low down after a bounce and land well in the lower
instability range. ’

The mid-planing instability is only likely to occur in waves which produce a severe enough
disturbance.

The order of pick-up possible in waves will be described in later tests but there should be no
difficulty in sheltered water operation, or in high seas if short. There is also little damping model-
scale, a primary cause of the instability on disturbance, but this is generally greater full-scale—
as found full-scale on the Seaford’. These favourable scale effects are, however, only possible
because the afterbody clearance relative to the forebody wake shape is satisfactory?®.

Trim and elevator response is likely to be very similar model and full-scale because of the
fairly accurate representation of slipstream effects®.

8.3. Spray Clearances.—Full-scale tests on the Walrus™ and Seaford*** have shown that the
main spray which appears as a blister of ‘ green’ water model-scale occurs full-scale as a large
number of separate drops. Although the relative amount of water in the main spray would be
the same, it is probable that the slipstream would not lift the broken water as much as the
continuous blister. Therefore, the propeller interference shown in Fig. 22 is probably pessimistic
and full-scale the slipstream would further break up the main spray.

A dense but fine mist was always present full-scale on the Walrus and Seaford above the forward
and main spray, but this caused no structural damage.

9. Conclusions.—The final hull form was developed in the model tests described in this and
the previous report (R. & M. 2641)'. With the revised step fairing the hull air drag has been
reduced by the order of 12 per cent and a reduction up to the order of 20 per cent is possible
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given more freedom to revise afterbody design. It is concluded that the streamline plan-form
step faired in elevation can be designed to have a drag as low as that of a transverse step faired
in elevation and have hydrodynamic characteristics at least as good. To reduce air drag, it is
important to fair in water lines as well as buttock lines and to do this the afterbody chine should
be rounded off in the main-step region.

- The effect of a large increase in wing area and slipstream is to improve the porpoising stability
and trim characteristics such that they are very good by contemporary standard at the normal
all-up weights of 310,000 1b for take-off and 240,000 Ib for landing and good up to at least
340,000 1b and 280,000 Ib respectively. This represents a gain in permissible all-up weight of
the order of 30,000 Ib over that with the first wing.

The spray clearances at the propellers and wing are, however, little different because the
favourable effect of increased lift is nullified by the unfavourable higher slipstream velocity.
Greater improvement is, however, possible by throttling the engines driving the middle propellers,
the only ones involved in spray impact in the 25 knots water-speed region. Negligible propeller
damage is expected up to 340,000 1b all-up weight if steel propellers are used. The tailplane is,
in general, well clear of damaging spray as a result of its raised position and the overall decrease
with the larger wing and increased slipstream. -

It was not found possible to effect any appreciable improvement in mid-planing characteristics
by detailed afterbody design. Some gain in damping was possible by weakening the aft step
(increase of dead-rise) but not enough to make it worth while.

High-speed wake afterbody interference was examined in more detail and a narrow skipping
unstable range found near take-off and landing speed. This was probably a result of interference
between the main blister from the forebody and the lower pressure circle at small drafts and high
attitudes and would probably have been accentuated if extreme step fairings were used. Nothing
could be done to improve this, c¢f. Ref. 1, because of restrictions imposed by the lower pressure
circle structure. This interference is likely to be much less full-scale. Generally, afterbody
clearance from the wake itself is very good up to 340,000 1b all-up weight for take-off and 280,000 1b
for landing.

Increase of tailplane area and height made the stability characteristics slightly worse. Improve-
ment due to increase in area was more than offset by the loss due to increase in height above the
water.

The technique devised for representing the very intense slipstream on the dynamic model of
this design proved successful, making possible a better assessment of the hull capabilities full-scale.
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Hull

TABLE 1

Leading Pavticulars of Flying Boat

Mod. N Mod. AK

*Maximum beam (b) 16:6 f 16-66 ft

*Forebody length with respect to pomt of step 63-7ft 3-84 b 63-7 ft 3-82 %

*Afterbody length with respect to pomt of step 57-31t3-450 57:33 1t 3-44 %
Counter length 22-0 ft 26-67 ft
After keel angle . 7°0" 7°0’
Forebody dead-rise angle at step 25°0' 25° 07
Heel to heel angle .. 8° 20’ 8° 20’

*Step depth unfaired at keel . C1:50°=0-095 1-36" = 0-082 5
Cove depth 0-16 ft 0-01 5 0-03 ft
Fairing Approx. 2: 1 Approx. 6:1

*Hull maximum helght 24-5 ft 24-25 ft

*Maximum radius of upper circles 5-7 ft 5-62 ft

*Maximum radius of lower circles 7:-3 [t 7-25 ft
Setting for keel to hull datum 0°. 0°

Wing -
Span 220 ft 209-5 ftt
Area (gross) 4850 sq ft 5019 sq 1t
Root chord 26 ft 30 ft
Tip chord . 11 ft 12 33 ft
Aspect ratio 10 8-75
Mean chord 22-05 ft 23-97 ft
Section full-scale . Low drag Low drag
Section model-scale .. NACA 6418 Low drag
T/C ratio (root chord to tip chord) 18%, to 129%, 189, to 15%,
Dihedral from root to outboard engme 0° 0°
Dihedral from outboard engine to tip 2° 127 0°
Wing setting to keel datum full-scale 4° 80' 4° 30°
model-scale 2° 0’ 4° 30"
Tailplane
Span .. .. . 65-5 ft 77-17 ft
Area (gross) (approx.). . 870 sq ft 1099-62 sq ft -
Dihedral .. .. 12° 12°
Mean chord .. 13-6 ft 14-57 ft
Height of tailplane leadmg edge at root above hull 25-6 ft 28-9 ft
datum

* The small variation between Modifications N and AK are due to the lines having been lofted between these
modifications.

1 219-5 ft with floats retracted.



TABLE 1—countinued

C.G. positions (model)

' Distance Height above
S.M.C. from FP keel datum
(per cent) (ft) (ft)
Mod. N
Landing\ ; . .
Takeoft [ - . .. .. .. 30 57-2 20-2
Mod. AK
. [normal 28-2 56-55 19-25
Landingq o ard 248 5576 19-25
Mod. AK :
[ normal 30-2 57-09 20-34
Take-offq forward 24-8 55-83 20-34
TABLE 2

Modification

U

v

S oK

Balla

N

AB

AC

AD

AE
AF

AG

AH

Al
AJ

AK

List of Modifications and their Effects

Nature of Modification

Aft chine rounded extensively near main step. Aft
chine turndown removed to three-quarters back
on afterbody length

Step fairing built up in plasticine to about 5:1. All
chine turndown on afterbody removed and wind
down of dead-rise on afterbody removed

Afterbody chine turndown restored on front half ..

Chine flared out on aft half on afterbody. Chine
rounded on forward 0-2 afterbody

Afterbody chine turndown put on in place of flare
out. Stop elevation fairing altered to give a cove
of about 0-05-in. deep at the step model-scale

Chine turndown on aft half of afterbody removed ..

Breaker steps 0-05-in. deep model-scale built up
transversely on step fairing at various positions

Afterbody chine raised in vicinity of aft step to
increase dead-rise to about 55 deg

R.AE. 8:1 step fairing on Stations 12-21, hull
otherwise to Drg. PD.133 Issue D

R.AE. 8:1 step fairing. Dead-rise at aft step
increase to 50 deg by warping

R.AE. 8:1 step fairing. Aft step dead-rise 50 deg.
Larger tailplane fitted in raised position

R.AE. 8:1 step fairing. Afterbody aft of Station
22 as per firm’s offsets, (AA). Larger tailplane

Saro 6 : 1 step fairing fitted

Step fairing 2 : 1 as Mod. T and larger taﬂplane

Aft-step keel dropped, chines fixed, to give dead-rise
of 7 deg at aft step

As AG, but step fairing increased to 10 : 1 and fairing
buttock lines kept straight from keel to 50 per cent
beam

Saro step fairing 6: 1, aft step as AB

Secondary aft step introduced at 0-7 aft on
afterbody

Saro 6 : 1 fairing with final hulllines (AE). Increased
wing area and slipstream

13

Effect of Modification
No change from conditions of Mod. T (final form of
Part I), which form is original of this report

No change in mid-planing speed stability. High-
speed attitude skipping found

No change
No change in stability

No change in stability

No change in stability
High-speed skipping altered to simple pitching

with little heave
Small gain in stability at mid-planing speeds
No change in stability from Mod. T
No change in stability from Mod. T
Slight deterioration in stability
No change from AC
No change in stability

No change in stability, but slightly worse than
Mod. T because of raised tailplane

No change in stability

No change in stability
No change in stability’
No change in skipping stability

Mid-planing instability eliminated, but no change
in high-speed skipping
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Contra-propeller unit used in model

Wing assembly showing construction and positions of propeller units

F1G. 4. Compressed air turbine propeller installation.
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Original 2 : 1 step fairing

Firm’s 10 : 1 step fairing

F1Gc. 9. Airflow photographs of three main-step fairings tested in Saro Wind Tunnel
at hull Reynolds number = 4 x 106,
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ag = 3-0°; 12-5 knots ag = 5-0°; 18-8 knots ag = 5:9°; 25-1 knots

ay = 7-3°; 31-3 knots ag = 10:0°; 37-6 knots agy = 10-2°; 43-8 knots

F1G. 26. Propeller spray interference on final form, Mod. AK. Take off at 310,000 Ib. Flaps 0 deg.
C.G. normal, 30-2 per cent S.M.C.
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