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Summary.--Tank tests were required to find out whether the water characteristics of a hull with a main step, faired 
in both planform and elevation, were comparable with those of a hull with a conventional Vee or transverse step. 
Stability diagrams and spray and resistance characteristics were obtained over a large range of loadings (Czx0 = 0.616 
to Czx0 = 1-440). 

The fully faired step offers more possibility of designing a longitudin ally stable flying boat hull than does the convention al 
transverse or Vee step, but a hull with such a step is 5 to 10 per cent. less efficient hydrodynamically except at high 
speed. In order to avoid running too fine at high speed, it is recommended that the centre of gravity should not be more 
than 0.46b ahead of the apex of the step. 

The modification to the step planform makes little difference to the main spray characteristics, but increase in 
all-up-weight reduces wing, tailplane and propeller clearances. 

The effect of increase in load on the porpoising stability characterictics is to raise both limits, with a tendency for the 
upper limit to rise more rapidly, but less regularly, than the lower limit. The free-to-trim attitudes also rise with increase 
in all-up-weight. 

The planing efficiency of the hull increases with increase of load, especially at high speeds. There is evidence of a 
second resistance hump at high speeds and also of a critical variation of planing efficiency with attitude under similar 
conditions. 

1. Introductioc¢.--The a i rd r ag  of t h e  m a i n  s tep  of a c o n v e n t i o n a l  f lying b o a t  hul l  is 20 to 25 pe r  
cent .  of t he  to ta l  h u l l  drag.  T h e  s tep  is necessary ,  however ,  to r educe  the  w a t e r  d r a g  suff ic ient ly  
to enab le  t h e  b o a t  to take-of f  a n d  also to give good  porpois ing  s t ab i l i ty  charac te r i s t ics .  A t t e m p t s  
h a v e  been  m a d e  to r e d u c e  t h e  a i rd r ag  b y  fa i r ing t h e  m a i n  step,  w i t h o u t  h a r m i n g  t h e  w a t e r  
cha rac te r i s t i c s  1, 2, ~ Such  a fa i r ing can  r e d u c e  t h e  s tep  d rag  to  t h e  o rde r  of 10 pe r  cent .  of t h e  

t o t a l  w i t h o u t  loss of porpois ing  s tabi l i ty .  So far, these  fair ings h a v e  been  r e s t r i c t ed  to fa i r ing 
t h e  s tep  dep th ,  t h e  s tep  p l a n f o r m  being  e i the r  t r a n s v e r s e  or Vee wi th  an  inc luded  angle  of g r ea t e r  
t h a n  120 deg. F o r  conven i ence  this  t y p e  of fa i r ing will be  cal led a " fa i r ing in e l eva t ion  " 

I t  has  b e e n  f o u n d  ~ t h a t  a s tep fa i red  in p l a n f o r m  as well  as e l eva t ion  (defined as a fu l ly  fa i red  
step) has  less a i r d r ag  t h a n  t h e  c o n v e n t i o n a l  t y p e  s tep  w i t h  an  a c c e p t a b l e  fair ing in e levat ion.  
Messrs. Shor t  Bros.  h a v e  deve loped  such a s tep  a n d  h a v e  i n c o r p o r a t e d  it  in an  e x p e r i m e n t a l  hu l l  
based  on t h e  S h e t l a n d  5. 

This  r epo r t  gives t h e  resul ts  of s t ab i l i t y  a n d  res i s tance  tes ts  m a d e  on  t h e  e x p e r i m e n t a l  hul l  in 
t he  R o y a l  Ai rc ra f t  E s t a b l i s h m e n t  Seap lane  T a n k  b e t w e e n  J a n u a r y  a n d  N o v e m b e r ,  1944. 

* R.A.E. Report Aero. 2029 received 7th July, 1945. 
( 9 s 5 s o )  
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2. Porpoisi~g Tests.--A ~,~th scale dynamically similar model was constructed, utilising an 
existing wing, and the same values of the lift due to slipstream were used as in earlier tests on the 
conventional hulP, 7. Tile effects of slipstream were not, otherwise represented. 

Fig. 1 shows a general arrangement drawing of the flying boat with the experimental hull, with 
the lines of the conventional hull superimposed on them. The lines and offsets of the experimental 
hull are given in Fig. 2. Table 1 gives the general particulars of the flying boat. 

2.1. Original Hull Li~es.--Stability tests were made on tile original form of experimental hull 
with a fully faired step to cover the following conditions : (1) take-off, with flaps up, at 120,000 lb, 
130,000 lb and 140,000 lb and (2) landing, flaps up, at 77,000 lb all-up-weight. 

For the take-off cases the c.g. was in the position given in Table 1. Stability diagrams for the 
conventional and experimental hulls over the range of take-off conditions are shown in Figs. 5, 
6 and 7. 

The experimental hull exhibits the same stability characteristics over the range tested. At 
speeds between 50 and 65 knots the hull is unstable on disturbance at  all running attitudes. 
This instability is very gentle and is equally easy to start or stop. As the speed increases, the 
stability improves until  there is a very, wide stable range at take-off speeds. These characteristics 
are in direct contrast to those of the conventional hull which, at all-up-weights of 120,000 lb and 
130,000 lb is very stable below 85 knots but  above this speed has a very much reduced stable 
region. In previous tests on a flying boat incorporating a step of similar planform 8, it had also 
been found tha t  the faired planform step gave better high speed stability characteristics than tile 
same hull with. a transverse step. At a speed of 93 knots the conventional hull, when running 
at low attitudes, will tr im back on disturbance and patter about a higher attitude. Tile steady 
running at t i tude (undisturbed) is outside tile limits of the porpoising and so it is possible to draw 
al ternat ive limits, shown by heavy broken lines, to include the steady running att i tude in the 
stable region whilst excluding the higher attitudes (after disturbance) about which the model 
patters. At an all-up-weight of 140,000 lb the stability of tile conventional hull also becomes 
poor at low speeds, there being an all-attitude unstable region between 60 and 70 knots. 

The free-to-trim attitudes of the two hulls agree closely over the range considered, although 
the hump att i tude of the experimental hull is half a degree higher than that  of the conventional 
hull at an all-up-weight of 120,000 lb. 

The results for the landing case are given in Fig. 8 and show similar tendencies to those shown 
in the take-off cases. The hump att i tude of 9 deg. is, however, unusually high for such a light 
loading, being nearly 2½ deg. higher and also occurring at a speed 10 knots higher than in the case 
of the experimental hull. 

2.2. Modifications to Improve the Porposi~g Stability.--The first modifications were made on 
the assumption that  the characteristic medium speed porpoising of tile experimental tlull was 
caused by inadequate afterbody ventilation. First the step fairing in elevation was removed 
and. the hull tested under conditions representing a take-off, flaps up, at 120,000_ lb all-p-u wright. 
Fig. 9a shows that  the unstable band between 45 and 65 knots was unaffected by this modification, 
but  tile upper limit at speeds greater than 70 knots has been raised considerably. At a speed 
of 72 knots, free-to-trim, tile boat trims back about 4 deg. after disturbances and patters about 
a mean at t i tude of 7 deg. 

The heel-to-heel angle was next increased by 1 deg. and then the step depth at the keel was 
increased to 10 per cent. of the maximum beam. Neither of these modifications made any 
appreciable difference to tile water stability, but  increasing tile heel-to-heel angle increased the 
hump att i tude by 1 degree. 

Observations of the waterflow, made whilst the boat was porpoising, showed that  the water 
tended to lick round the sides of the afterbody and wet tile hull sides near tile rear step. On the 
assumption that  this interference was a possible cause of the medium speed porpoising, it was 
decided to weaken the afterbody by decreasing the beam in tile neighbourhood of the rear step 
so as to increase the afterbody water clearance. This modification proved entirely successful in 



elimina±ing the medium speed unstable region, but the hump att i tude increased 2 def. above 
that  of the original form, and at a speed of 31 knots the counter was intermit tently sucked down 
and the boat oscillated between attitudes of 11 and 13 def. Photographs of the extreme positions 
are shown in Fig. 10. 

Modifications were now made to break down these suctions. The rear step was first lowered 
to its original position. This did not affect the suction forces but it did lower the lower limit 
2 deg. at 50 knots without altering the upper limit, Fig. 9b. Further at tempts to break down 
the suction forces by strengthening the afterbody were unsuccessful in that  those modifications 
which broke down the suction, caused all-attitude instability on disturbance at speeds in the 
neighbourhood of 50 knots. A complete list of the modifications tried and their effects is given 
in Table 3. 

Finally, the rear turret had to be replaced by a faired counter which gave increased clearance 
from the rear step spray and roach. Thi~ modification was successful in eliminating the suction 
forces without altering the stability at any other speed. 

2.3. Final Experimental Hull. Step Faired i~¢ Pla~¢form O~ly.--This hull (rood. 11) differs 
from the original experimental hull in that  the step is faired in planform only, the step depth at 
the keel increased to 0.10 maximum beam, the afterbody narrowed in planform and its deadrise 
altered towards the rear step, and the rear turret replaced by a faired counter. The alteration 
of the afterbody deadrise was unintentional. The offsets of the new rear fuselage are given in 
Fig, 13. 

The porpoising stability was ascertained for rake-offs, flaps up, at 120,000 lb, 140,000 lb, 
160,000 lb and 180,000 lb all-up-weight in order to explore the possible limitation of loading on 
stability. The results are shown in Figs. 14 and 15. This hull form is extremely stable, the 
upper limit lising beyond the trim range for all-up-weights greater than 120,000 lb. The lower 
limit rises steadily with increase in all-up-weight, rising about 1 deg. for each 20,000 lb increase 
in load. The stability limits for the weight range considered are shown superimposed in Fig. 16a. 
The free-to-trim attitudes rise steadily with increase in load and the hump trim varies from 11 deg. 
at 120,000 lb all-up-weight to 13 deg. at 180,000 lb all-up-weight. This hump trim is high, even 
bearing in mind the relatively high C~o, and probably will be reduced by the effects of slipstream. 

2.4. Final Experimental Hull. Step Fully Faired.--A step fairing in elevation based on that  
used on the original experimental hull having a fairing ratio of 5 . 8 : 1  at the keel was added to 
the final experimental hull. The fairing becomes complex at the beginning of the step and, in 
transverse section, the fairing is slightly convex in this region in order to eliminate the hard chine 
line. The lines of this fairing are shown by the broken lines in Fig. 17. The stability limits for 
a take-off, flaps up, at 130,000 lb all-up-weight are shown in Fig. 18. A region of all-attitude 
instability was introduced between 45 and 55 knots and, at speeds above 80 knots, the boat 
would trim back when disturbed and pat ter  about a higher attitude. Observation showed that,  
during porpoising at speeds between 45 and 55 knots, water ran round the fairing near the position 
of maximum beam. The shape of the fairing in this region was therefore altered so that  the 
transverse sections were now concave but the fairing at the keel line was unaltered. The offsets 
and lines of this new fairing are given in Fig. 17. 

This modified fairing was reasonably successful and was tested in conditions representing 
take-offs, with flaps up, at 120,000 lb, 140,000 lb, 160,000 lb and landing at 77,000 lb all-up-weight. 
The results are shown in Figs. 19 and 20. 

In all the take-off cases the lower limits were unaltered by the addition of the fairing, but the 
upper limits were lowered considerably. At 120,000 lb all-up-weight the take-off upper limit 
came down abruptly at a speed of 50 knots, leaving a stable range of only 1 def. At 65 knots 
the upper limit was again high, but above this speed came down steadily until  the stable range at 
take-off speeds was reduced to about 4 def. The upper limit porpoising takes the form of a pat ter  
on disturbance. 
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With increase in all-up-weight the upper limit at the hump rose rapidly and was not found at 
160,000 lb all-up-weight. At speeds above the hump, the upper limit also rose with increase in 
!oading but the rise, whilst greater than tha t  of the lower limit for the same increase in loading, 
is not so regular. The stabili ty limits have been superimposed in Fig. 16b. Under conditions 
of high speed high at t i tude porpoising, the blister licked round the afterbody chines and completely 
enveloped the counter (Fig. 11). 

The stabili ty limits for the landing case were exceptionally good, the upper limit not being 
found. At a speed of 82.5 knots, however, the boat had two steady running positions when 
trimmed above 3.5 deg. attitude. The smaller of the atti tudes was the trim taken up when the 
boat was accelerated from rest, after running for a second or so in this position Fig. 12a, the blister 
flicked inwards and enveloped the rear of the hull, Fig. 12b, the boat then trimmed back 2 to 3 deg. 
and ran steadily about the second attitude. On disturloance, the boat settled down to run 
steadily about the lower of the two running attitudes and after a short while resumed the higher 
running position. As has been noted above, porpoising on disturbance generally occurred when 
the blister licked round the afterbody chines ; this exception was probably due to the far forward 
position of the centre of gravity with respect _to the point of the step. This caused the boat to 
pitch forward on hitting the water and to settle down about the lower running at t i tude before 
the suction round the afterbody developed sufficiently to cause the boat to trim back. The hump 
angle was rather high for the light loading, but no signs of interference were present. 

3. S~bray Characteristics.--Photographs of the main spray characteristics of the original 
experimental and conventional hulls are mounted side by side ill Figs. 21 and 22. These show 
the spray formations at all-up-weights of 120,000 lb and 140,000 lb and cover a range of speeds 
in the neighbourhood of the hump. In all cases the boat was trimmed by the estimated thrust  
and  air-moments due to slipstream. 

A t  120,000 lb all-up-weight the spray .characteristics are nearly identical except tha t  (1) at  
41.3 knots the leading edge of the blister is not inclined so far aft in the case of the' experimental 
hull, (2) at 51.6 knots the blister from the experimental hull is further below the tailplane than in 
the case of the conventional hull. This is probably because, owing to the planform of the step, 
the blister leaves the forebody planing bottom further forward relative to the tailplane. 

At 140,000 lb all-up-weight, the differences in spray characteristics between the hulls are 
accentuated. The experimental hull is still slightly the cleaner at 31 knots, and at 41 knots the 
tailplane clearance is greater in the case of the experimental hull, even though the running at t i tude 
is ½ deg. higher than the conventional hull. At 52 knots, however, the experimental hull still 
trims ½ deg. higher and the tailplane is splashed whilst that  of the conventional hull is clear of 
spray. 

At low speeds the forebody spray formations will apply equally well to the conventionaFand 
experimental hulls as they have identical forebodies and low speed free-to-trim attitudes. Fig. 23 
shows front quarter views of the spray formations for a speed range of 21 to 62 knots at an all-up- 
weight of 130,000 lb. The propeller clearance is least at speeds in the neighbourhood of 20 knots, 
when spray may be sucked into the propeller discs. The tailplane clearance appears to be a 
minimum at 52 knots. 

In the case of the final experimental hnlt photographs of the spray characteristics at the free- 
to-trim att i tudes were taken during the stability tests. No quantitative measurements were 
made, but  from visual observation, it appeared that  the clearances of the tailplane and wings were 
least at Speeds between 31 and 62 knots. Figs. 24 and 25 show the spray formations over this 
range of speeds for landing at 77,000 lb aU-up-weight and take-offs at 120,000 ib, 140,000 lb and 
160,000 lb all-up-weight. The differences in the spray characteristics at a given speed for an 
increase in load are slight. The general tendency is for the blister clearance to decrease as the 
load increases and at the same time for the leading edge of the blister to be thrown out more 
perpendicularly to the hull. 
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4. Resistance and Pitching Moment Tests.--The tests were made with a x~fth scale pine model 
of the hull. During the tests the model was screened from the airflow. The load-on-water under 
any set of conditions was obtained by subtracting the calculated airlift (including the effects of 
slipstream) for the appropriate condition from the all-up-weight. The values of the airlift are 
the same as were used for the tests on the conventional hull and are shown in Fig. 3. 

4.1. Original Ex~berimental Hull.--The hull was tested over a considerable range of loadings 
(100,000 lb to 150,000 lb) and the results are shown in Figs. 26 to 30. 

At all loads there is a tendency for local peaks to occur in plots of drag against at t i tude under 
conditions of high speed and attitude. This effect has been noted before in model tests 9, although 
it has not yet  been ascertained whether these local peaks are solely due to the conditions of model 
testing or whether they also occur full scale. 

From the pitching moment curves it appears that,  beyond the hump, the boat becomes more 
difficult to trim as the all-up-weight increases. This would be noticeable full scale as a loss in 
elevator effectiveness 1°. In the table below the slope of the pitching moment curve at the free- 
to-brim at t i tude (as given by the curve) is tabulated for a range of all-up-weights and speeds. 

slope of pitching moment curve at free-to-trim (lb ft/deg.) 

All-up-weight 
51.6 kt. 61-9 kt. 72-2 kt. 82.5 kt. 92.8 kt. 

(lb) 

100,000 

120,000 

130,000 

140,000 

150,000 

54,000 

50,000 

105,000 

160,000 

150,000 

48,000 

45,000 

60,000 

65,000 

80,000 

54,000 

40,000 

55,000 

56,000 

80,000 

70,000 

47,000 

35,000 

35,000 

80,000 

40,000 

37,000 

50,000 

50,000 

95,000 

The take-off times and distances have been calcnlated for a range of all-up-weights (Table 4). 
The running attitudes used were those of the resistance model corrected for the effects of slip- 
stream until  a running at t i tude of 5 def. was reached when the trim was assumed to remain 
constant until  take-off. The experimental hull takes slightly longer to take-off. 

4.2. Comparison of the Planing Efficiencies of the Conventional and Original Experimental 
H,tlts.--The efficiency of tile hull is measured by tile ratio of the water resistance to load-on- 
water (R/A). In Figs. 31 to 33 R/A is plotted against hull at t i tude over a range of speeds and 
all-up-weights. Analysis shows that  the results can be considered in two parts : - -  

(a) Speeds up to 80 knots. 
(b) Speeds above 80 knots. 

Below 80 knots the R/A curves for the conventional hull have a fairly well defined minima at  
an a t t i tude  of about 6 deg. The experimental hull, however, has no well defined minimum R/A 
being almost constant until  the hull a t t i tude exceeds 5 deg. The experimental hull is 5 to 10 per 
cent. less efficient than the conventional hull under conditions of maximum efficiency, and the 
difference becomes greater wi th  increase of at t i tude.  

Above 80 knots the efficiencies of both hulls decrease rapidly with increase in speed. This 
deterioration has been noticed in full scale tests on the Sunderland 11. Both hulls have very well 
defined minima, those of the conventional hull occurring at a greater at t i tude and being more 
clearly defined. In general the experimental hull is the more efficient at these speeds. 
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4.3. Effect of All-up-weight on the planing E2~ciemy of the Original Experimental HulL--Fig. 34 
shows R/A plotted against at t i tude for rake-offs at the extremes of t hewe igh t  range tested 
(100,000 to 150,000 lb). ~here is a tendency for the hull to become more efficient at the heavier 
loadings, particularly at high speeds, and at a given speed the minima of the curves become less 
well defined as the load increases. 

4.4. Final Experimental Hull. Step Full), Faifed.--Tests were made on a screened drag model 
at all-up-weights of 120,000 lb and 140,000 lb in order to check the values previously obtained on 
the original form. Except in the neighbourhood of the hump, the resistance measurements 
obtained, Figs. 35, 36, checked very closely. This was to be expected in the absence of afterbody 
interference or immersion, as the forebody was unaltered. There was, however, a very rapid 
increase in drag at high speeds and attitudes, especially at an all-up-weight of 140,000 lb. This 
increase in drag was probably due to the water not being separated efficiently from the afterbody 
by the fully faired step. Photographs were taken, Fig. 37, of the waterflow in the neighbourhood 
of the step and afterbody for a range of att i tude at a speed of 92.8 knots. 

At a hull at t i tude of 7 deg., the water follows the fairing and wets the afterbody. The  spray 
obscuring the rear of the afterbody does not, in general, touch it, but  it was found impossible to 
position the camera so tha t  the whole of the afterbody and step fairing was unobscured by spray. 
From Fig. 36 it can be seen that  the angle at which afterbody wetting occurred was coincident 
with the beginning of the drag hump. The tests were repeated with the fairing ill elevation 
removed, but  the values of the water drag remained the same, and little difference was made to 
the afterbody wetting. 

Analysis of the pitching moment curves showed that  the hump trim, as obtained from the 
pitching moment curves, was nearly 2 deg. less than tha t  of the dynamic model. Normally, the 
running attitudes given by the resistance model are greater than those of the dynamic model as 
the trimming moments due to the airstructure are not represented. In this case, this generali- 
sation only held at speeds greater than about 60 knots. 

Fig. 38 shows the variation of draught with incidence over a range of speeds for take-offs, flaps 
up, at 120,000 lb and 140,000 lb all-up-weight. These results were obtained in order to facilitate 
a more complete drag analysis of the hull which, however, is beyond the scope of this report. 

5. Discussion.--The original reason for the adoption of the extreme Vee Step was to decrease 
the airdrag of the flying boat hull without harming the water stability. The initial tests showed 
that,  although the hull was unstable at speeds in the neighbourhood of t h e  hump, the stability 
at high speeds was very good, in fact serious instability was only present when the step was unduly 
faired in elevation. I t  follows that  the afterbody was very efficiently ventilated probably because 
the air following the hull side, just above the chines, tends to follow the faired planform of the 
step with a minimum of eddying. The airdrag of this form of step is less than that  of tile conven- 
tional Vee Step for probably the same reason. The effect of variation in the step planform on 
general hydro-dynamic characteristics is to be explored more systematically in a fur ther  series of 
tests. 

The instabili ty encounteredat  speeds between 45 and 65 knots was probably due to inadequate 
clearance between the afterbody and the forebody wake in the neighbourhood of tile rear step and 
.not to bad ventilation as was thought at first. At the speeds considered, th'ere was full chine 
Immersion at the step, and, owing to the step planform, the flow in the neighbourhood of the 
maximum beam left the forebody relatively iurther forward than in the case of the conventional 
step. The result was that  the wake interfered with the rather bluff afterbody of the original design 
when the boat was disturbed. Fining down the afterbody in the neighbonrhood of the rear step 
cured this interference. It  would seem that,  in order to ensure adequate stability at speeds in the 
neighbourhood of the hump with faired planform steps it is advisable to use either a nomal afterbody 
of about 3 to 3.5 beams length with a pointed rear step and fine lines, or to use a shorter (2.5 beams 
length) afterbody with the rear step similar in planform to the main step. In tile latter case either 
the increased hump trim will have to be accepted or tile afterbody angle will have to be reduced. 
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In view of the good afterbody ventilation attributes of this type of step, it may be possible to 
reduce the step depth below the value of 10 per cent. maximum beam normally recommended 
to ensure adequate water stability. 

The elliptical planform step shows itself capable of being well faired in elevation although care 
must be taken with the fairing near the position of maximum beam as the stability in the neigh- 
bourhood of the hump seemed to vary critically with the shape of the fairing in this position. 
With the fairing tested the high speed upper limit porpoising takes the form of a patter, but  it is 
not anticipated that  this form of porpoising will be dangerous full scale. The fact that  there is 
very little change of at t i tude during a patter, coupled with the fact that  this form of instability 
normally only occurs at normal attitudes at speeds near the flying region, will make this type of 
porpoising difficult to detect full scale. Full scale runs at steady speed will also probably fail to 
show this form of instability because if the boat is bounced clear of the water, it will probably 
fly off.. 

Both upper and lower limits rise with increase in all-up-weights with the upper limit showing 
a tendency to rise at a slightly greater rate than the lower limit. This effect is most noticeable at  
speeds in the neighbourhood of the hump, and has also been noticed in the course of full scale 
tests on the Sunderland I I I  1°. This tendency for the stable region to widen with increase of 
weight is in direct contrast to previous tank tests on the conventional hull in which the limits 
closed at the hump at the maximum weight tested (140,000 lb). This tendency for the limits to 
meet at the hump has been noticed in previous tank tests at high overloads TM, but has not yet been 
confirmed full scale. 

For this particular step form it would seem that,  in order to prevent the running at t i tude 
becoming too fine at high speeds, the centre of gravity should not be more than about 0"46b 
forward of the step. 

Tests in a compressed-air wind tunneP have shown that  the fully faired step has less air drag 
than any other combination of step form and fairing tested, with the exceptions of a conventional 
Vee step with either a straight or convex fairing in elevation. From the hydrodynamical point of 
view neither of the latter two fairings are practicable, unless the fairings are made retractable or 
artificial ventilation is used as there is not sufficient discontinuity at the step to break the water 
flow cleanly away from the afterbody. 

The water drag analysis shows that  the experimental hull is 5 to 10 per cent. less efficient than 
the conventional hull at low and medium speeds but is more efficient at speeds in the neigh- 
bourhood of the flying region. There is a general tendency for the hull efficiencies to improve 
with increase in load, but except at high speeds the improvement in efficiency is not great. Full 
scale tests on the Sunderland I I I  ~1 have shown that  there is a tendency for a second drag hump to 
occur at high speeds and this is shown in the present results. The full scale results, however, do 
not show the critical variation of 2 with at t i tude (4 is approximately equal to R/A), owing to an 
insufficient range of at t i tude being covered at high speed. 

The pitching moment curves obtained for the final lines of the experimental hull show large 
differences between the hump trims of the dynamic and resistance models, and these differences 
are in the opposite direction to what would be expected normally. The  model was retested 
unscreened but the hump trim was only about ½ deg. higher. 

Apart  from the change in hump trim, the water drags at high speeds and attitudes may be 
optimistic as visual observation showed that  the blister did riot cling so closely to the hull sides 
and counter of the resistance model as in the case of the dynamic model. 

6. Couclusio~s.--1. The faired planform step offers more possibility of designingalongitudinally 
stable flying boat hull than does the conventional transverse or Vee step. 

2. Except at  high speed, the conventional type hull is slightly more efficient hydrodynamically 
than the experimental hull. The afterbody wetting at high speeds and attitudes appears to be 
independent of the step fairing. 
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3. It  is recommendedthat, in the Case of this particular step form, the centre of gravity should 
not be more than 0" 46b in front of the step. 

4. There is little difference in the spray characteristics of the experimental and conventional 
hulls. 

5. The experimental hull is probably the best all-round type of hull with regard to air and water 
drag and porpoising stability that can be designed without resortin.g to artificial means of 
improving the water stability and drag characteristics, e.g., without using air lubrication, step 
ventilation, retractable fairings or hydrofoils. 

6. Increasing the all-up-weight raises both the limits and the free-to-trim curves of the 
experimental hull and also, in this case, widens the stable region "slightly. 

7. Increase in all-up-weight increases the planing efficiency of the hull, especially at high 
speeds. There is evidence of a second resistance hump at high speeds and also o5 the critical 
variation of the planing efficiency of the hull with attitude undei similar conditions. 

W 

A 

C~ 

R 

Afterbody angle 

Heel-to-heel angle 

Deadrise angle 

Fairing ratio 

SYMBOLS AND DEFINITIONS 

Maximum beam of planing bottom. 

Density of sea-water (64 lb/cu It). 

Load on water. 

Beam loading A /wb 3. 

Water resistance (lb). 

Attitude (deg.). 

Elevator angle. 

The angle between the afterbody keel and the forebody keel at the main step. 

The angle between the forebody keel at the main step and the line joining the 
points of the main and rear steps. 

The angle between the horizontal and the line joining the keel and chine, on 
a section normal to the keel datum. 

The ratio of the distance the step fairing extends along the afterbody to the 
step depth. This does not take into account the actual shape of the fairing 
which is defined separately. 
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TABLE 1 

Particulars of the Flying Boat 
Wing 

Span . . . . . . . . . .  150-3 ft 
Gross Area  . . . . . . . .  2636 sq ft 
Mean Chord . . . . . . . .  17.46 I t  
Aspect  Ra t io  . . . . . . . .  8.61 

Tailplane 
Gross area  . . . . . . . . .  407 sq ft  

Span . . . . . . . . . .  45.15 ft  

Engines 
4 Centaurus V I I  r a t e d  at  2,400 H.P.  each (Take-off rat ing) 

Propel lers  : hyd roma t i c  15 ft 9 in. d iameter  
4 blades  sol idi ty  0 .112 

Hull 
Maximum beam (b) . . . . . . . . .  
F o r e b o d y  length  . . . . . .  
Af t e rbody  length  . . . . . .  
Counter  length  . . . . . . . . . .  
Angle of forebody keel to d a t u m  . .  
Angle  of deadrise  beginning of s tep (st : 18). 

f original  hull  . .  
S t epdep th  at  keel  ~_ final hull  . .  

A f t e rbody  keel angle (final form) . .  
Heel to Heel  angle . . . . . .  

e.g. position (relat ive to hull  d a t u m  and point  of step) 

Aft  (Take-off case) . . . . . . . . . .  

Fo rward  (Landing case) . . . . . . . . . .  

Wing  Set t ing 
DihedrM 
Sweepback 
Section . .  

• ° . .  6 ° 38' to  hull  d a t u m  
. .  4 ° 30' 
. .  10 ° 24' at  qua1 ter -chord  line 
. .  Gott ingen 436 (modified) 

A r m  (c.g. to quar te r -chord  point)  
Dihedra l  . . . . . . . .  

12"5 ft  
46.69 f t  = 3.74b 
39" 56 ft = 3"17b 
23.17 ft = 1"86b 
2 ° 38' 
22 .6  ° 
l ' 0 8 f t  = 8 " 6 %  b 
1 . 2 3 f t  ~ 9 . 9 %  b 

7 ° 18' to forebody keel 
9 ° 6' to  forebody keel  

f 0 . 4 6  b f l . 2 9  b 
~ 5 . 7 9  ft in f r o n t , ~ 1 6 - 1  ft above 

f 0 . 5 7 5  b f l . 2 9  b 
~ 7 . 1 9  ft in f ron t ,~ .16 .1  ft above 

• .  5 2 -  5 ft 

• . 6 ° 

TABLE 2 

Wing and Beam Loadings over a Range of Weights 

All-up-weight  
(lb) 

- Ca 0 Wing Loading  
lb sq ft 

77,000 
120,000 
130,000 
140,000 
150,000 
160,000 
180,000 

0.616 
O" 960 
1 •040 
1 • 120 
1 •200 
1.280 
1" 440 

29"3 
45"6 
49"5 
53 "2 
57" 1 
60 "9 
68"5 

1 0  



TABLE 3 

List of Modifications 

Modification 
Number Modification Effect 

1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

Removal of step fairing 

Afterbody heel to heel 
angle increased 1 deg 

Step depth increased to 
10 per cent at keel 

Afterbody fined down .. 

As 4, but rear step in 
original position 

Breaker step fitted to 
rear turret 

As 6, afterbody dead rise 
reduced to 15 deg. near 
rear step 

As 6, afterbody dead rise 
reduced to 25 deg. in 
neighbourhood of r e a  
step 

Afterbody beam increased 
slightly in neighbour- 
hood or rear step. 
Otherwise as 5 

As 5, but rear step 
lowered to reduce heel 
to heel angle by 1 deg. 

As 5, but rear turret 
replaced by faired 
counter 

5.8 : 1 fairing fitted, based 
on original fairing 

Fairing reduced in neigh- 
bourhood of maximum 
beam 

Raises upper limit above 60 knots. No effect 
45 to 60 knots unstable band 

Hump attitude increased 1 deg. No change in 
stability 

No effect 

Intermittent suction present at 31 knots. 
Stability now excellent 

Stability not materially altered but intermittent 
suction still present at 31 knots 

No effect 

Suction eliminated, but hump instability now 
present 

No effect--result- as for 6 

Suction eliminated, but hump instability now 
present 

Unstable at hump speeds. Suction eliminated 

Suction eliminated. Stability excellent 

All attitude instability present at hump and high 
speeds 

StabiHty acceptable 

TABLE 4 

All-up -weight 

(lb) 

Experimental Hull 

Time Distance 
(sec) (yd) 

Conventional Hull 

Time Distance 
(see) (yd) 

120,000 
130,000 
140,000 

52 
74 

116 

1,480 
2,200 
3,570 

48 
68 
96 

1,390 
2,060 
2,920 
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FIG. 1. General arrangement of flying boat 
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FIG. 13. F i n a l  e x p e r i m e n t a l  hul l  
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EXPERIMENTAL HULL CONVENTIONAL HULL 

SPEED 31.0 KNOTS 

SPEED 41-3 KNOTS 

ELEVATOR NEUTRAL 

TAKE OFF 

SPEED 51.6 KNOTS 

120,000 LB. A.U.W. 

TRIMMED BY THRUST MOMENT 

FLAPS UP 

FIO. 21. Comparison of main spray characteristics. Original experimental and conventional hulls 
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EXPERIMENTAL HULL CONVENTIONAL HULL 

SPEED 31.0 KNOTS 

SPEED 41.3 KNOTS 

ELEVATOR NEUTRAL 

TAKE OFF 

SPEED 51.6 KNOTS 

140,000 LB A.U.W. 

TRIMMED BY THRUST MOMENT 

FLAPS UP 

FIG. 22. Comparison of main spray characteristics. Original experimental and conventional hulls 
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SPEED 2.06 KNOTS ATTITklDE 4.6 ° SPEED 31.0 KNOTS ATTITUDE 7.4 ° 

SPEED 41-3 KNOTS ATTITUDE 10" I ° SPEED 51.6 KNOTS ATTITUDE 8.7 ° 

TAKE OFF 

FIG. 23. 

SPEED 61.9 KNOTS ATTITUDE 5-2 ° 

130,000 LB A.U.W. FLAPS UP 

Forebody spray characteristics. Original experimental hull 
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FIG. 24. Effect of increase of load on spray characteristics. Experimental hull. Final lines 
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