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Suncmary.--An analysis has been made of the full-scale measured drag and lift performance, data available on the 
Sunderland, Solent, Shetland, Sealand, Saro E.6/44 and Princess boat seaplanes, which all have hulls of fairly orthodox 
length/beam and fineness ratios but with different degrees of aerodynamic fairing. 

The drag coefficient and profile drag show progressive decreases from the order of 0.033 to 0.018 and from 1.5 lb to 
0.33 lb per 100 lb of all-up weight respectively, the best seaplane being the Princess. The value of the extra-to-induced 
drag coefficient k, at 1.1 is generally good for all the aircraft and extends up to a C~ of the order of 1.0. 

This drag reduction is caused by improvement in hull design, reduction of drag with change of propulsion unit from 
propeller reciprocating to propeller turbine and turbine jet, and also with increase of size. The hull drag is of the order 
of 0.22 of the total profile drag for all the aircraft but the ratio of the turbulent skin-friction drag of the idealised 
wing, hull and tail unit to the actual profile drag, increases to 0.73 for the Princess from 0.4 for the Sunderland. 

Further drag reductions would be possible if full use were made of recent methods of reducing hult air drag still 
further by detail fairing and increase of length-to-beamrati0. 

1. In t roduc t ion . - -Th is  report presents some collected data on the full-scale air drag of various 
British seaplanes, all of which may be described as being of good orthodox design of the period 
dating fr0m the late 1930's to 1950. By orthodox design is meant that  the aircraft are all high- 
wing monoplanes and have hull forms which have a plan fineness ratio of the order of 6 to 7, 
based on the ratio of the length between the bow and the aft step and the maximum beam. 
They also have beam loadings up to the maximum developed for this form of hull, but vary in 
size from all-up weights of 10,000 to 320,000 lb. The aim of the report is to demonstrate the 
order of air drag achieved with these seaplanes. 

The full-scale achievement i s  illustrated by analysing the drag characteristics in the form 

kC z z 
C~ = C~o + ~A 

with correction for slipstream wherever possible, and also by analysing the lift characteristics in 
terms of the lift coefficient, CL, and wing incidence. 

* ~.A.E.E. Report F/Res/265, received 23rd April, 1956. 



From these basic lift and drag results some analyses of the drag efficiency and, where relevant, 
lift ~efficiency of the aircraft have also been made, in terms of the criteria: 

(a) cleanness efficiency 

(b) drag efficiency 

(c) hull drag ratio 

(d) profile drag at 100 ft/sec per 100 lb of all-up weight 

(e) maximum lift/drag ratio. 

These have all been corrected for slipstream effects wherever possible, and the drags referred 
to in the various ratios and efficiencies are those at a speed of 100 ft/sec. 

Cleanness efficiency is defined as the ratio of the drag of the idealised aircraft to the actual 
p rone  drag, where the idealised aircraft drag consists of the skin friction and pressure drags of 
the wings, hull and tail unit  only, and assumes tha t  the skin-friction drag is that  for smooth 
turbulent conditions over these wetted surfaces. No allowance is made for surface roughness, 
air leaks, control gaps, cabins, nacelles, wing-tip floats, etc. This criterion is in effect a measure 
of the efficiency with which the drag of the aircraft has been reduced, accepting the necessity 
for the  basic size and dispositions of the wing, hull and tail unit. 

Drag efficiency is defined as the ratio of. the drag of the idealised wing to the actual profile drag, 
where the idealised wing drag is the skin friction and pressure drag of the gross wing area and 
span. This criterion may be considered as a measure of the penalty paid in departing from an 
ideal flying wing as defined by the actual wing design. I t  is, therefore, a measm-e, although 
possibly a debatable one, of the efficiency with which all drag extra to that  of the wing has been 
reduced. 

The hull drag ratio is defined as the ratio of the profile drag of the hull to the total  profile drag, 
where the profile drag of the hull has been estimated, using wind-tunnel data, and does not take 
account of roughness, leaks, turrets, etc. This ratio is of use in demonstrating the contribution 
to total profile drag made by the conventional form of boat-seaplane hull designed largely for 
high capacity and high water clearance. 

The profile drag at 100 ft/sec is selected as a measure of the total profile drag which is commonly 
used, and it is given in terms of 100 lb of all-up weight to give a measure of the cost in profile 
drag per unit of all-up weight. This is then independent of the induced drag which depends 
directly on aspect ratio, a separate variable. 

The lift/drag ratio is a measure of the total  drag, profile and induced, incurred for the total  
weight moved and is a major term determining range and economic efficiency. 

These data have all been based where possible on the cruise speed conditions of Reynolds 
number. 

Finally, there is a short discussion of these results in relation to tile trends in boat-seaplane 
design. 

2. Aircraft Test Data.--Aircraft for which reasonably comprehensive measurements of per- 
formance and drag were found to be available were the Sunderland Mk. 2, Shetland Mk. 1, 
Solent N.J. 201, Sealand Mk. 1, Saro E.6/4;4 and the Princess, and these are the aircraft 
considered in this report. 
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Of these aircraft, Marine Aircraft Experimental  Establishment reports already existed for the 
first four and the last and are given i n  Refs. 1 to 6. The information on the Saro E.6/44 and the 
Princess drag characteristics has been taken from the measurements made in the course of co- 
operative trials between M.A.E.E. and the design firm, Saunders-Roe. 

Information on the nature of the tests, data available and drag analyses is given so that  some 
idea of the general scope and accuracy of the work may be assessed. A short discussion is also 
given on particular points relevant to the individual aircraft. 

For some of the aircraft, the data are not .very complete, either because specific tests were 
not made to obtain drag and lift performance (e.g., the Sunderland and Shetland) or because tests 
were not completed before they were stopped on the aircraft concerned (e.g., Saro E.6/44 and 
Princess). Where necessary, original data has been amended, and where possible extended. 

3. Sunderland (Ref. 1).--3.1. Introduction.--The Sunderland is a high-wing boat seaplane 
powered by four reciprocating engines driving propellers and is used for marine reconnaissance 
duties. I t  is the earliest of the designs considered in this analysis and the first monoplane flying " 
boat to go into military service in this country. The maximum all-up weight is, at the time of 
writing, of the order of 62,500 lb in temperate conditions, which is equivalent to a wing loading 
of 37- 1 lb/ft 2 and beam loading C~ 0 = 1.03. A civil version is in service in many parts of the 
world which is essentially the same aeroplane, less turrets and mili tary equipment. 

A general arrangement sketch and photographs of the Mark II  Sunderland are given in Figs. 1 
and 2, and aerodynamic data in Table 1. 

3.2. Data Available.i--Performance data were obtained in the course of level speed and fuel 
consumption measurements made at M.A.E.E2 on Sunderland II  T.9083 for a weight range of 
43,000 to 57,000 lb at 2,100 ft. For these tests the midship gun hatches were open, bomb doors 
closed and the engine Cooling gills dosed. 

Lift-att i tude data were taken from measurements made on the Sunderland I i I  J.M. 681 at a 
weight of 50,000 lb in the same flight configuration as for the fuel consumption tests, using visual 
observations of a sensitive field clinometer. 

3.3. Method of Analysis.--No torque meters were fitted, and therefore engine powers were 
estimated from data supplied by the engine manufacturers and corrected for altitude by the 
methods of Refs. 8 and 9. Propeller propulsive efficiencies were derived from the manufacturers'  
data sheets. 

No corrections were made for slipstream in the original analysis when estimating values of the 
drag coefficient. 

Some revisions, of the aerodynamic efficiency results of Ref. 1 have been made, using more 
recent information, and a slipstream correction estimated. 

3.4. Results and Discussions.--The drag results are shown in Fig. 3 and lift results in Fig. 4. 
The former have been expressed by 

k 

where 

and 

for CL values up to 1.0. 
and of k, about 1.10. 

Cv0 ----- 0.0318 

k =  1.14 

With correction for slipstream, a possible value of CDo would be 0. 030, 

3 
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The results of the drag analysis in terms of the ' ideal ' standards are as tabulated below" 
Aerodynamic Efficiemies of Sunderland (based on V/v = 1.525 × l0 t, i.e., on a speed of 250 

ft/sec at 5,000 ft). Drag/½p'V=S Drag at 100 ft/sec 

Measured profile drag: 
(a) Without slipstream correction .. 
(b) With estimated slipstream correction 

Estimated profile drag of idealised seaplane : 
Wings (gross) . . . . . . . .  
Wings (net) . . . . . . . .  
Hull . . . . . . . . . .  
Tail unit . . . . . . . . . .  

. ( l b )  

• ° 

• ° 

q • 

• ° 

0.0318 639 
0.030 603 

160 
142 
78 
29 

Total . . . . . . . . . . . .  249 

Cleanness efficiency . . . . . . . . . . . .  0.41 
Drag efficiency . . . . . . . . . . . .  0.26 
Hull drag ratio . . . . . . . .  0.20 

(Assuming hull d r ag '=  1.6 × idealised "drag)* 
IOODIoo/W . . . . . . . . . . . . . .  0.96 
Maximum L/l) . . . . . . . . . . . .  13.0 

The lift/attitude curve is plotted in Fig. 4 and shows good agreement between the measured 
°and theoretical slopes. 

These results indicate that the Sunderland is reasonably clean for a military aircraft and also 
has a good value of the induced-drag factor k. Data, although limited, are self-consistent. The 
civil versfon without turrets and gun hatches would be expected to be cleaner, with a cleanness 
factor of, say, 0.42, with no slipstream correction. 

4. Shetland (Refs. 2 and 3).--4.1. Introduction.--The Shetland was a four-engined high-wing 
boat seaplane designed for long-range reconnaissance duties. It was powered by four reciprocating 
engines driving propellers and was equipped with the usual turrets fore and aft. At the time 
of its first flight it was the largest aeroplane built, its original design all-up weight being 120,000 lb. 
The aircraft was never produced for service use, although a very promising type technically, but 
certain limited aerodynamic test data were obtained in prototype trials. A drag analysis is given 
here which created considerable interest at the time of original publication because it showed up 
the drag of a boat seaplane in such a favourable light. 

The hull form and aircraft lay-out are orthodox for the time, and there is very little step fairing, 
as is shown by the general arrangement sketch of Fig. 5. Aerodynamic data are given in Table 2. 
Tail and bow turrets are represented by fairings on the first prototype. 

4.2. Data Available.--Data for the calculation of drag characteristics are taken from level 
flight fuel consumption tests made at M.A.E.E. over a range of steady speeds. The aircraft was 
fitted with torque meters on the two starboard engines only. All runs were made with the engine 
cooling gills closed. No attitudes were measured. 

4.3. Method of Analysis.--The powers of the two starboard engines were calculated from the 
torque-meter readings and engine speeds; the power of each port engine was assumed to equal 
the mean of the two starboard engines. This is reasonable as all the engines were run at the 
same r.p.m, and boost, and variation in power between the two starboard engines as calculated 
from the torque-meter readings was of the order of 4- 3 per cent, which is within the accuracy of 
the instruments. 

* Ref. 14. 



Thrusts  of the propellers were es t imated Irom data  supplied by the  manufacturers.  

Values of the drag coefficient calculated in the usual way were then  corrected for the  effect of 
sl ipstream by the  me thod  of Ref. 11. 

An est imate was also made  of the total  profile drag of the Shetland by the s tandard  techniques 
of the  t ime (Ref. 3). 

4.4. Results and Discussion.--The drag of tke  shetland as i lhistrated in Fig. 6 can be expressed 
in the  form 

k 
C~ = C~ o + ~ C~ ~, 

where CD 0 = 0" 025 

and k = 1.13 

for CL up to the  order of 1.0, the  highest value tested. The effect of the  sl ipstream corrections is 
also shown in Fig. 6, the  drag relationship becoming 

k,CL ~ 
Cv~ = CD~, + ~A 

where CD~ = 0. 0235 

and k ~ =  1 .13 .  

These results are confirmed by a similar analysis of separate flight data  obta ined by the  design 
firm using different propellers, the  comparable results being 

1" 0CL ~ 
C ~ = 0 . 0 2 4 +  xA 

wi thout  sl ipstream correction, and 
1.0Co ~ 

CD, = 0"0235 + xA 

with  sl ipstream correction. 

Details of the  drag synthesis and also of the  aerodynamic efficiencies are tabula ted  below: 

Aerodynamic Efficiencies of Shetland (based on V/v = 2.45 X 106, i.e., on a speed of 400 ft/sec at 
2 , o o o  f t ) .  

Measured profile drag:  
( a )  . . . . . . . . . .  

(b )  . . . . . . . .  
Es t ima ted  profile (trag of ideal ised seaplane"  

Wings (gross) . . . . . . . .  
Wings (net) . . . . . . . .  
Hull  . . . . . . . . . . . .  
Tail uni t  . . . . . . . .  

• • 

Drag~loVeS Drag at 100 ft/sec 
(lb) 

. • 

0.0250 
0.0235 738 

. . . .  235 

. . . .  215 

. . . .  102 

. .  . .  51 

Total  368 

Cleanness efficiency . . . . . . . . . .  
Drag efficiency . . . . . . . . . .  
Hull  drag ratio . . . . .  

(assuming hull  d r a g ' l . 6  >( idealised drag) 
l OO Dloo/W 
Maximum L/l)" i. ii ii ii ii 

5 

•. 0 .50 
. .  O .  32 
. .  O .  22 

•. 0 .75 
. .  16.0 



Aerodynamic Drag Synthesis of the Shetland (R.A.E. Estimate, Ref. 3)--(Based on 
V/v = 2.45 × 106). 

I t em Drag  a t  100 ft/sec 
(lb) 

Wings 
Profile . .  . .  215 
Roughness" io.ooii i n . )  . . . .  3 2  
Control gaps . . . . . .  11 

Tota l  wing . . . .  258 

Bo@ 
Profile . 
Roughness io.ooig in.) 
Cabin 
Nose- turre t  fairing 
Ta i l - tu r re t  fairing 

• ° 

102 
13 

5 
7 

20 

Tota l  body  . . . .  147 

Tail 
Prof i le  . .  . .  51 
Roughness" i0-00ig in) . . . .  9 
Control  gaps  . . . . . .  13 

To ta l  ta i l  . . . . . .  73 

Power plant . . . . . . . . . .  104 

Miscellaneous 
Floa t s  . .  
Steps and chines 
Interferences,  leaks and minor  f i t t ings 
Radio  . . . . . . . . . .  

To ta l  profile drag  . . . . . . . .  

C . ,  es t imated  . . . . . . . . . .  

C~, measured  in f l ight  . . . . . .  

43 
4 5  
52 

4 

144 

726 

0.0232 .. 

0.0235 

For comparative purposes a cleanness ratio* has been calculated in Ref. 3 for the Lancaster II  
and compared with those of the Sunderland and Shetland in t h e  following table, all being based 
on a common Reynolds number of 1.8 × 106 × length (Ref. 3). 

Aircraf t  

Shetland I 
(S = 2,636 sq ft) 

F l igh t  result  
C ~  

Ideal ised a i rcraf t  
C ~ , a t  v / v = l . 8  × 106 

0.023s o.017s 

Sunderland I I  
(S = 1,687 sq ft) 0-030 0.0176 

0-0294 
Lancaster II 

(S = 1,297 sq It) 0 .0136 

A* 
Cleanness 

rat io  

0"76 

0 . 5 9  

0"46 

Wing  
loading w, 

lb / f t  2 

49"3 

33.3  

50.0  

* This idealised a i rcraf t  d rag  is the  ac tua l  drag  of the wings, body,  ta i l  and  t ip  floats, 
i.e., the  to ta l  measured  drag  less engines, rmcelles, turre ts ,  ai lerons and other  ex te rna l  
excrescences, 
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Finally, comparative values of the induced-drag factor k, were calculated for other aircraft 
of the same period and are tabulated below" 

A i r c r a f t  

k~ 

Shetland I 

1 . 1 2  

Sunderland I I  

1"11 

Lamaster II 

1 .0  a t  
c2 = 0 
0 . 6 2 5  a t  

CL ~ = 0"8  

Tudor I 

1 "35 

Hasti~gs I 

1 .27  

The profile-drag coefficient value of 0.0235 was considerably less than that  of the Lancaster and 
Sunderland and this was thought to be because the effect of accessory sources of drag such as 
turrets and engine nacelles was much smaller on a larger aircraft than a smaller one. This 
assumes tha t  the sizes of the nacelle installations and turrets in particular are fairly constant, 
which is fairly correct for the cases considered. 

The cleanness ratios show clearly that,  whatever  the reason, the Shetla~cd is much superior in 
cleanness to the contemporary landplane chosen for comparison, and indeed to the Sunderland 
and Solent, despite the fact that  the hull form was not one designed for particularly low drag. 

The extra-to-induced drag is very low, as in the case of the Sunderland, and considerably 
lower than the values found for contemporary low-wing landplanes. 

5. Solent (Ref. 4).--5.1. Introductio~.--Solent N.J. 201 is a civil version of a Seaford, a military 
flying-boat developed directly from the Sunderland by increasing tile capacity of the hull but 
retaining the same wing. Turrets were removed from Seaford N.J. 201 and replaced by nose and 
tail fairings. Later marks of the Solent are aerodynamically identical,, but the Mark II  has 
Hercules 633 engines and the Mark I U  Hercules 733 engines Solent aircraft are still in use for 
civil passenger transport services in various parts of the world and the all-up weight has been 
increased to the order of 82,000 lb, compared with 60,000 lb to 62,000 lb for the Sunderland. 
This corresponds to 

w, =- 48.6 lb/ft ~ 

C~0 = 1-18. 

Further relevant data of Solent N.J. 201 are given in Table 3 and a general-arrangement sketch 
and photographs in Figs. 7 and 8 respectively. 

5.2. Data Available.--Tests Made.--Performance measurements were made in level flight with 
zero, one-third and full flap, and in climbing flight with zero flap and full flap, for the specific 
purpose of measuring lift and drag for airworthiness test requirements. 

An automatic observer was installed, which included torque meters for all the engines and 
fuel meters for each pair of engines. Attitudes were observed visually with an inclinometer. 

Tests were made at set values of r.p.m, and boost in level flight and at set values of r.p.m., 
boost and speed in climbing flight. 

Glides were made at selected speeds wi th  the throttles fully closed and the propellers allowed 
to Windmill. Rates of climb and descent were obtained from original and final altimeter readings, 
a constant rate being assumed. 

• 5.3. Method of Analysis.--The power of the engines was calculated from the torque-meter 
readings and engine speeds,_ mean values being taken for the four engines over the total  time for 
each test. The propeller efficiencies were estimated from the manufacturers'  data. The all-up 
weight-for each run was taken as the all-up weight at take-off, less the amount of fuel used at 
the middle of the run. 

The drag data were corrected for slipstream by the method of Ref. 11, except in the case of 
flaps down when the method is not applicable. 
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5.4. Results and Discussion.--ResultS of the drag-lift  relat ionship obta ined f rom the  equat ions 
C~ = Cvo + {k/(~A)}CL ~ and C~x = C~ + {kd(~A)}CL ~ are p lo t ted  in Figs 9 and  10 and 
t abu la ted  below" 

Condition of aircraft C~0 CD, k k~ 

Level flight, no flaps . . . .  
Level flight, 1/3 flap . . . .  
Climbing flight, no flaps .. 
Climbing flight, full flap .. 

Level flight, full flap .. 

O" 033 
O. 033 
O. 032 
O. 055 

(approx.) 
O. 045 

(approk.) 

0.031 

0"030 

1.30 
1"26 
1" 04 
1"05 

1"11 

1"30 

0"95 

Results  of the  glide tests were unsat isfactory,  perhaps because of the high and variable drag of 
the  windmil l ing propellers, and  are not  quoted.  The results wi th  full flap are very  few and  the 
values given for drag mus t  be regarded  as of the correct order only. The lift results are given in 
Figs. 11 and  12 in the  form of lift against a t t i tude  curves. 

Results  of the  ae rodynamic  efficiency calculations are t abu la ted  below, the  idealised da ta  
being based on Refs. 12 and 13. 

Aerodynamic Efficiencies of Solent (based on V/~ = 1. 525 X 106; cruise configuration). 

Measured profile drag:  
G o  - . . . . . . . . . . . . .  

( b )  • . . . . . . .  

Es t ima ted  profiie drag of idealised "S'eaplane : 
Wings (gross) . . . . . . . . . . . . .  
Wings (nett) . . . . . . . . . . . .  
Hul l  . . . . . . . . . . . . . .  
Tail  uni t  . . . . . . . . . . . . . .  

Drag/½p V~S Drag at 100 ft/sec 
0b) 

0 .033 662 
0.031 622 

159 
141.5 
82.5  
38 

Total  . . . . . . . . . . . .  262 

Cleanness efficiency . . . . . . . . . . . .  0 .42  
Drag efficiency . . . . . . . . . . . .  0 .26  
Hull  drag ratio . . . . . . . . .  0.21 

(assuming hull  drag = 1-6 × idealised ctrag) 
iOODIoo/W . .  . ,  . . . . . . . .  0 .76 
Max i mum L/l)" . . . . . . . . . . . .  12,0 

The drag results show tha t  the  drag coefficient varies l inearly with  CL ~ for CL up to about  1-2 
in level and  climbing flight, no flaps, and up to CL of the  order of 1-5 with  1/3 flap out.  The 
value of the  profile-drag coefficient uncorrec ted  for s l ipstream is the same in level and  climbing 
flight and also wi th  1/3 flap ex tended  at the same lift coefficient, indicat ing tha t  one-third flap 
is a very  efficient Condition for take-off, climb and slow or loitering-speed requirements .  

The value of the  profile-drag coefficient is fairly high bu t  this is because of the size of the  hull, 
r a ther  t han  because the aircraft  is ae rodynamica l ly  inefficient. A comparison of Solent drag 
characterist ics wi th  those of the Sunderland is interesting,  because the Solent has the  same wing 
as the  Sunderland but  bigger engines and also a somewhat  larger hull  to cope wi th  a larger pay  
load and all-up weight. Despite this the Solent profile-drag coefficient at 0.031 is very  close to 
t ha t  of the Sunderland (corrected for slipstream) and the cleanness efficiency is better .  
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The induced-drag factor k, which measures the rate of increase of total drag associated with 
lift, is higher than would be expected for an aircraft with small interference losses, but is of the 
same order as tha t  normally found in contemporary landplanes (see Section 4). It  is, however, 
considerably reduced in the climb, much more than would be expected because of slipstream, for 
which the calculated effects are shown in Fig. 9. 

I t  is evident that  the slipstream quickly cleans up most, if not all, of the interference losses 
reflected in the level-flight value of k. That  this cleaning up is present is also indicated by the 
lift curves of Fig. 11, there being evidence of very considerable improvement  of the lift slope 
in the presence of the extra slipstream. By comparison with the Sunderland with the same wing 
there is a loss of induced-drag efficiency, k for the latter being 1.14 in level flight. 

6. Sealand (Ref. 5).--6.1. Introduction.--The Sealand amphibian is a small twin-engined 
propeller-driven boat seaplane of 9,100 lb all-up weight, designed for operation from land and 
sheltered water, and is in both civil and military use. I t  is the lightest of the seaplanes considered 
in this report and illustrates, therefore, the possible effect of size on the contribution to overall 
drag of the hull of a boat seaplane. The hull itself is of orthodox design, in the Sunderland 
tradition, with a mildly faired step. 

A general arrangement sketch is given in Fig. 13 and photographs in Fig. 14. Aerodynamic 
data are given in Table 4. At maximum all-up weight the wing loading is 25.8 lb/ft" and hull 
beam loading C~ 0 = 0.985. 

6.2. Data Available.--The tests analysed consisted of two series of partial climbs done at 
2,000 ft with and without 15-deg of flap, with take-off power and propeller pitch levers in the 
fully fine position, and also glides made both with zero and 15-deg of flap from 2,500 to 2,000 ft 
with the engine throttles closed. Torque meters were not available for the engines. 

6.3. Method of Analysis.--The power has been assessed using data supplied by the engine 
manufac turer  which apply t o  the bare engine only. These have been corrected for thrust  
estimation purposes by making an allowance for the increased back pressure caused by fitting a 
manifold. The propeller efficiencies were also obtained from manufacturers' design charts. 

Corrections to drag for slipstream have been made to the flaps-up performance by the method 
of Ref. 11. 

6.4. Results and Discussion.--The lift and drag coefficients are plotted in Figs. 15 to 18. 
Fig. 15 gives the results for climbing and gliding flight without flaps, and also for the climb 
condition showing the effect of correcting for slipstream. Fig. 16 gives the effect of flap on drag. 

The lift results are plotted for the zero-flap condition in Fig. 17 and for 15-deg flap in Fig. 18. 

The values obtained for the profile-drag coefficient and the induced-drag factor are tabulated 
below : 

Flap Power Drag equation 
(deg) 

0 

0 

15 

0 

15 

Take-off . . . . . . . .  

Take-off corrected for slipstream 

Take-off . . . . . . . .  

Ni l - -propel lers  windmill ing . .  

Nil--propel lers  windmill ing . .  

.33c2 
C~ = 0" 037 + zcA 

1" 15CL 2 
Co~ = 0"0345 + 0zA 

1.55c~ 
• C o = 0 " 0 4 7 +  ztA 

1 "76Cz ~ 
C~ = 0"057 q- zA 

1.~4c~2 
Co = 0" 071 + zlA 



An analysis has been made  of the  possible components  of the total  profile drag based on a 
cruise speed of 200 ft/sec at 2,200 ft, the  results being as t abu la ted  below: 

Component Drags of Sealand 
Drag at 100 ft/sec 

(lb) 
Component  : 

Idealised wing profile drag . . . . . . . . . . . .  33 .2  
Ideal ised tail  profile drag . . . . . . . .  11- 8 
Ideal ised hull  profile drag . . . . . . . . . . . .  22.0  

Total  . . . . . . . . . . . . . . . .  67 .0  

Power  plant  . . . . . .  
Hull  steps, chines and tu rned  up taii 
Floats  . . . . . . . . . .  
Wheels . . . . . .  
Cabin . . . . . . . .  
Radio . . . .  
Rbughness and control  gaps 
Interference . . . . . .  
Miscellaneous . . . . . .  
Drag unaccoun ted  for . .  

12 
8 .4  
4 
5 
3 
1 

16 
3 
5 

20.6  

Total  drag (measured) . . . . . . . . . . . .  145.0 

In  this table  the  idealised wing, tail  and hull  drags used, based on Refs. 12 and 13, are the  same 
idealised figures used for the  drag criteria. For  drag syntheses the  effects of steps and so on 
have  been added  separate ly  as shown above. 

The aerodynamic  efficiencies are as follows" 

Aerodynamic Efficiencies of Sealand (based on a speed of 200 It/sec at 2,200 ft, the  cruise con- 
figuration). 

Measured profile drag:  
(a) Cv0 (take-off power) . . . . . . . . . .  
(b) . . . . . . . . . .  

Es t ima ted  profile drag" of idealised seaplane" 
Wings (gross) . . . . . . . . . . . .  
Wings (net) . . . . . . . . . . . .  
I-Iu]l . . . . . . . . . . . . . .  

Tail unit . . . . . . . . . . . . . .  

Drag/½p V~S Drag at  100 ft/sec 
(lb). 

0. 037 
0.0345 145 

48 
33 
22 
12 

Total  6 7  

Cleanness rat io . . . . . . . . . . . .  0 .47 
Drag efficiency . . . . . . . . . . . .  0 .33  
Hul l  drag rat io . . . . . .  0 .24  

(hull drag es t imated  as 1.'6" × idealised'cirag) 
lOODloo/W -- . . . . . . .  . . . . . .  1- 59 
Maximum LID . . . . . . . . . . . .  14.0 
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The total  profile-drag coefficient of the aircraft, 0-0345," Corrected for slipstream, which is 
appropriate to the cruise condition, appears rather high in absolute value, but most of it can be 
accounted for in the normal manner and the cleanness efficiency of 0.47 is in fact quite good. 

The effect of the slipstream is fairly large (7 per cent), as would be expected, since full take-off 
power was used in obtaining tile test results. 

The  drag unaccounted for in the estimate is of the order of 14 per cent and is similar to that  
obtained on other piston-engined aircraft. 

The figures show a large increase in profile-drag coefficient in the glide condition compared with 
the climb condition, which increase is almost certainly because of the drag of windmilling 
propellers. There is also a fairly large increase of drag coefficient with 15-deg of flap, both i n  
the climb and glide conditions. 

The value of the induced-drag factor k~ is good for the cruise condition, 1-15, and that  of k 
reasonable, 1.33, in the climb with full slipstream. This increase in the climb case is fairly 
characteristic, but  may be exaggerated in the case of the Sealand because of some possibly 
asymmetric flow separation from the wing centre section which is only present at very  high 
thrust  coefficients and attitudes. There is little sign of such flow separation in cruising flight 
up to a CL of 1.0, when a good Cv/CL ~ linear relationship holds. 

The lift results also demonstrate no adverse qualities, either in the climb or glide case with 
either of the two flap positions. 

7. Saro E.6/44 (Refs. 17 and 18).--7.1. [ntroduction.--The Saro E.6/44 was a high-wing 
single-seater boat seaplane with ~ jet propulsion, designed for fighter duties from advanced water 
bases. I t  was the first jet-propelled boat-seaplane design and first flew in 1947. For various 
reasons, mainly linked with the end of the 1939-1945 war, it did not go into production for general 
service, although it was for its time a promising aircraft technically, both on the water and in the 
air. I t  is of particular interest because of the successful solution of the problem of compromise 
between high air speed, high water speed and high water stability for a small aircraft (16,500 lb 
all-up weight) with an orthodox hull shape. 

The aircraft proved to have a low drag form, and it was unfortunate that  it was not possible 
to take advantage of the unique opportunity offered to obtain good quantitative data. 

A general arrangement sketch of the aircraft is given in Fig. 19 and photographs in Fig. 20. 
Aerodynamic data are given in Table 5. At 16,500 lb the wing loading was w, = 40 lb/ft ~ and 
beam loading C~ 0 = 1.03. 

7.2, Data A vailable.=The only air performance da t a  available are those obtained in the course 
of contractors' trials at Saunders-Roe, Ltd., and given in Ref. 17. Jet  thrust measurements 5vere 
not made on these tests. Further da ta  were obtained on the aircraft in a take-off and landing 
configuration, i.e., floats down, but flaps up, for the purposes of a comparison between model and 
full-scale water performance, and these have also been given. They are the more accurate because 
done with thrust-calibrated engines for research purposes in conjunction with M.A.E.E. 

7.3. Method of Analysis.--The engine thrusts for the drag analysis made in Ref. 17 were based 
on manufacturers' brochure figures.' This engine performance was plotted in terms of the non- 
dimensional curves of V/~ /T  against N / v ' T  for different altitudes and hence the thrusts used in 
flight were deduced from the speed, V, engine r.p.m., N, and ambient temperature T. If the 
brochure thrust data are correct, the estimated drag figures should be correct to within ~ 2 per 
cent. 

The rise of drag due to compressibility, which occurs above M = 0.7, was calculated from 
dive tests using the energy method of analysis (Ref. 17). 
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The thrust calculations for the take-off and landing configuration (Ref. 18), were based on 
experimentally determined curves of gross thrust against tail-pipe pitot pressure and mass flow 
against V/comp ....... in~et velocity head) the full-scale data for which were obtained by  full instrumentation 

compressor intake pitot pressure 

recorded on an automatic observer. 

7.4. Results and Discussion.--The drag results are plotted in Fig. 21 for the  aircraft with no 
flaps, floats up and floats down respectively. The range of CL is very small for the floats-up case 
but the general Co/CL ~ shape is thought justified by results for the floats-down case. 

Results can be expressed as 

Co = 0.0245 -F 1. IOCL~#cA floats up 

Co = 0.041 + 1. IOCL~#cA floats down, 

assuming the same aspect ratio. 

The effects of compressibility on drag are shown in Fig. 22 (Coo against Mach number with 
floats up). The drag rise probably starts at the wing, rather than the hull, because of the high 
thickness/chord ratio of 14 to 12 per cent and because there is no sweepback. 

The lift-attitude characteristics with floats down, the only ones available, are plotted in Fig. 23. 
These include a component of thrust, as obtained in level flight tests. 

The analysis of the aerodynamic efficiencies is as follows" 

Aerodynamic Efficiencies of E.6/44 (based on V/v = 1.87 × l0 G, i.e., on a speed of 200 knots at 
15,000 ft). 

Drag/½pV=S Drag at 100 ft/see 
(lb) 

Total profile drag measured (clean) . . . . . .  0.0245 123 
Idealised wing profile drag (gross) . . . . . .  40.9 
Idealised wing profile drag (net) . . . . . .  31.8 
Idealised hull profile drag . . . . . . . .  25.8 
Idealised tail profile drag . . . . . . . .  14.8 " 

Idealised total . . . .  72" 4 

Cleanness efficiency . . . . . . . . . . . .  0.59 
Drag efficiency . . . . . . . . . . . .  0.33 
Hull drag ratio . . . . . . . . . .  0.34 

(assuming hull drag = 1.6 × idealised ~lrag) 
lOODloo/W . . . . . . . . . . . . .  0" 75 
Maximum L/l)  . . . . . . . . . . . . .  12.0 

For a fighter aircraft with jet propulsion the drag coefficient is fairly high. This is partly the 
result of a fairly small wing (wing loading 40 lb/ft ~) and partly the result of the use of a fairly 
large hull. The hull size is probably sn~aller than would be used for propeller propulsion because 
intake clearance from the sea was achieved efficiently by the bow intakes. However, it is by no 
means as small as could be obtained by the use of a long fine hull with much higher beam loading 
and lower air drag, nor was the step fairing very efficient because of the, worry at that  time 
concerning stability at high water speeds. It is, however, a clean design, as is demonstrated by 
its good value of cleanness ratio, 0.58. 

8. Princess iRef. 6).--8.1. Introduction.--The Princess is a high-wing boat seaplane powered 
with ten propeller-turbine engines, designed for long-range transport of passengers. The ten 
engines are arranged as an outer single and two inner coupled pairs on each wing, the former 
driving single and the latter contra-rotating propellers. It had a design all-up weight at the t i m e  
of testing of 320,000 Ib and a wing span of 219 ft 6 in. with the wing-tip floats retracted and is 
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the largest aircraft considered in this report. Three in all were built but have subsequently been 
' cocooned ' for the future, pending the delivery of more powerful and economical engines. Before 
this happened, 96 hours 50 minutes of flying was done between August, 1952 and June 1954 at 
the contractors, Saunders-Roe, in conjunction with M.A.E.E., during which time the basic 
performance was measured to provide a basis for development of the design. The results 
demonstrate the very considerable progress made to date on the reduction in full-scale air drag 
of British boat seaplanes. 

A general arrangement drawing is given in Fig. 24 and photographs in Fig. 25. The main 
aerodynamic and hydrodynamic data are given in Table 6. Other information is given in Refs. 
6 and 21. 

The hull is a figure-of-8 section superimposed on a Vee planing bottom, the main step being 
faired in plan-form and elevation.  The hull design was developed as a result of comprehensive 
tests to decide on the best compromise between air drag and water stability, making use of the 
extensive knowledge gained in the course of systematic research and development work on hull 
drag (Refs. 20 and 21). 

Analyses of the results of these full-scale performance measurements involved the determination 
of the power of free turbines and incompletely calibrated engines and the estimation of propeller 
efficiencies and slipstream effects of contra-rotating propellers at high Tc values. The accuracy 
of the results may not, therefore, be as high as could be desired, scatter of individual points being 
within ± 5 per cent of the mean value, but it is quite adequate for comparison with the results 
of the other flight tests in this report and also to demonstrate the high aerodynamic cleanness 
of this aircraft. 

8.2. Data Available.--Lift and drag performance was measured in level flight and climbs 
between sea level and 30,000 ft at speeds between 120 and 250 knots I.a.s., in partial climbs at 
19,000 ft., and in a descent from 30,000 ft at a constant speed of 220 knots I.A.S. to investigate 
Mach-number effects briefly. These tests were all made with flaps and floats retracted. The 
position error was measured by the aneroid method over the speed range 130 to 245 knots I.A.S. 
at 300 It at a mean weight of 250,000 lb. 

All measurements were recorded on automatic observers except for attitude, which was observed 
visually. I t  was only possible to use torque meters to measure shaft horsepower on the single 
engines, i.e., the outermost engine in each wing, and jet pipe thrusts on one single and one coupled 
pair of engines. Compressor delivery pressures and r.p.m, were, however, measured on all ten 
engines. 

8.3. Method of A~alysis.--The shaft horsepowers delivered by- the  single engines fitted with 
torque meters were plotted non-dimensionally in terms of 

shaft horsepower 
(air-intake total pressure) (air-intake temperature)lJ ~ 

against eomp . . . . . .  delivery static pres . . . .  
air-intake total pressure 

The shaft power of the coupled engine was deduced from this calibration, knowing the com- 
pressor delivery static pressure and air-intake total  pressures. These values were reduced by 
2 per cent when estimating propeller thrusts to allow for a consistent discrepancy in pressure ratio, 
which ratio appeared to be too large at high values of r.p.m, or of air mass flow near the ground. 

The jet thrusts of the calibrated jet pipes were also plotted non-dimensionally in terms of 
jet thrust 

air-intake total pressure 

against the same compressor pressure ratio as for shaft power, and the overall jet thrust  deduced 
from this second~neasured parameter. The jet thrusts were about 10 per cent of the total thrusts 
and small errors unimportant.  

Propeller propulsive efficieneies were estimated from the manufacturers'  performance estimates. 

Power for auxiliary services (e.g., pressurisation) has been allowed for in calculations of the drag 
coefficient. 
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The drag coeffÉcients have been corrected to zero sl ipstream conditions, using the  results of 
special wind- tunnel  tests given in Ref. 23. These Ca corrections closely resemble those given in 
Ref. 11 for CL values less than  0 .4  but  are higher for values of Cc greater than  this by about  0.001. 

The lift coefficients have similarly been corrected for sl ipstream by  the  me thod  of Ref. 11. 

8.4. Results and Discussion.--The air-drag results are plot ted in Fig. 26 in terms of Ca against 
CL ~ and the  lift results in Fig. 28 in terms of CL against wing incidence. 

The corrected CD values (Fig. 27) vary l inearly with Cc ~ up to a CL of about 0-65, the  approxi- 
mate  Cruising value, i.e., 

1.12 
CD~ = 0" 0179 -t- -~-A-- Cr'~ 

but  increase more rapidJy above tha t  value up to the  m a x i m u m  CL measured of about  1.0. 

Wi thout  slipstream correction the drag relationship becomes 
1.16 

Ca = 0" 0188 -/- ~ CL ~ for Tc = 0" 05 

1" 25 
C~ ---- 0"0197 + ~ -  CL 2 for Tc = 0.10 . 

In this relation the aspect ratio has been taken  as 9 .18 as against an ant ic ipated value of 9 .62 
if there had  been no air leaks at the  tip float to wing-tip junction. 

Insufficient results were obta ined to show whether  the drag increased due to compressibili ty 
above a Mach number  of 0-55 at a CL of 0. 285. 

The slope of the  lift curve corrected for sl ipstream is 

~ w i . g  = - -  1.4 + 10.7Cr deg 

and holds for a measured CL range of 0 .3  to 1.0. Wi thout  slipstream correction, 

,,,j,g = -- 1.4 -¢- (10.7 -- 11.8 T~) CL deg, 

the  lift slopes being 0. 098 and 0. 104 at Tc = 0.05 and 0.10, respectively. 

Analysis of the  aerodynamic efficiencies is as follows" 

Aerodynamic Efficiencies of Princess (based on a speed of 507 ft/sec at 33,000 ft). 

Measured profile drag:  
(a) c a  at Tc = 0 . 0 5  . . . . . .  

C v a t  T o = 0 . 1 0  . . . . . .  
(b) C~ . . . . . .  

Es t imated  profiie drag" of idealised seaplane • 
Wings (gross) . . . . . . . .  
Wings (net) . . . . . . . .  
Hull  . . . . . . . . . . . .  
Tail uni t  . . . . . . . . . .  

Drag/½p V~S Drag at 100 ft/sec 
(lb) 

. , 

0.0188 
0"0197 
0"0179 1070 

496 
466 
174 
150 

Total  790 

Cleanness ratio . . . . . . . . . .  
Drag efficiency . . . . . . . . . .  
Hull drag ratio . . . . . . .  

(hlfll drag es t imated at 1.25 × idealised'drag)*" 
IOODIoo/W . . . . . . . . .  
Maximum L/l)(cruise To, 0~05) . . . . . .  

, P  Q 

D 

. ° 

0"74 
0"46 
0.21 

0"34 
19"0 

* See Ref. 20. 
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It  is of interest that  the cleanness ratio based on the gross surface area of the seaplane (i.e., 
including tip floats and nacelles) is 0.8. 

The cleanness efficiency shows that  the Princess is aerodynamically the cleanest aircraft built 
to date in this country, and this result is reflected in the high value of (L/D) .... of 19. The effects 
of slipstream are fairly severe with the high values of Tc available even with the present engines, 
and this is particularly noticeable at high powers at low speeds, e.g., in the climb, when it also 
affects longitudinal stability adversely. 

I t  is likely that  improvements in the Wing-tip to float junction, control-gap sealing and in 
detail hull fairing known to be still possible, would reduce the drag further. 

An interesting result is that  this high cleanness efficiency is achieved with a large hull Reynolds 
number, which demonstrates that  the low values of skin-friction coefficient pertaining to Reynolds 
numbers of the order of 108 can be achieved in practice. 

9. Discussion.- - -A summary of the drag results for all the aircraft is given in Table 7 and an 
analysis in Figs. 29 and 30. The various drags and efficiencies have been related ~o one another 
by the size of the seaplane, this being defined in terms of W 1/8. The change of wing loading and 
profile-drag coefficient with size is shown in Fig. 29 and tha t  of the drag ratios in Fig. 30. A short 
summary of the various efficiencies is tabulated below, where k~ is included as a measure of the 
extra-to-induced drag efficiency. 

Aircraft 

S u n d e r l a n d  . .  

S o l e n t  . .  . .  

S h e t l a n d  . .  

S e a l ~ n d  . .  

E.6/44 .... 
P r i n c e s s  

k~ 

1"10 
1"30 
1" 13 
1"15 
1"10" 
1"16 

Cleanness 
efficiency 

0"41 
0"42 
0"50 
0"47, 
0"59 
0"73 

Drag 
efficiency 

0"26 
0"26 
0-32 
0"33 
0"33 
0"46 

Hull drag 
Total drag 

0"20 
0"21 
0.22 
0"24 
0"34 
0.'21 

100D100 
W 

0"96 
0"76 
0"57 
1-59 

• 0"75 
0"34 

W 1 / 3  

39"6 
43"4 
50"7 
21"0 
25.5 
68"4 

All these results are as for no slipstream present .  

I t  will be seen from the table that  all the extra-to-induced drag factors (k, values) are good 
with the exception of the SoIent though even this is reasonable. The fairly high value is probably 
a result .of the high-wing body combination, combined with the fact tha t  there is little increase of 
hull pressure drag with increasing incidence up to a wing CL of the order of 1.0. 

Similarly the cleanness values are all fairly good and that  for the Princess particularly so. 
I t  is also noticeable that  the extra-to-wing drag, as measured by the drag efficiency, is progres- 
sively, less with later date of design, although the hull drag as a proportion of the total drag 
remains fairly constant. 

The profile drag per unit weight of aircraft, a better measure of profile-drag reduction than the 
lift/drag ratio, which depends on aspect ratio, is by far the smallest for the Princess,  for reasons 
best seen from an analysis in terms of aircraft size. 

The effect of size on drag, both with respect to cleanness and to total drag per unit of wing 
area or of all-up weight, has long been debated. From a simple dynamic scale point of view, 
scale varies as W 1/a and one would expect wing loading to be linearly proportional to this for 
similar aircraft. Wing loading directly affects the values of coefficients and aerodynamic 
efficiencies dependent on wing area, namely CD ,, cleanness efficiency and hull drag ratio. Fig. 29 
shows that  in practice ws varies almost linearly with W ~/3 for the seaplanes analysed, the exception 
being the E.6/44 which has a proportionally much higher wing loading of 40 as against a scale 

* Assumed k, for this aircraft. 
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25 lb/ft 2. If the drag coefficients were scaled proportionally to the scale wing loadings for the 
relevant aircraft sizes, the value for the E.6/44 would be of the same order as for the Princess, 
and the Shetland a little higher. In fact, it would appear that  with the cleanness of the Princess and 
scale wing loadings all the drag coefficients would be of the same order, i.e., O. 018. The use of 
more refined hulls of high length/beam ratio could decrease the hull drag contribution by say 
another 15 per cent. The very low value of drag coefficient for the E.6/44 is, of course, largely 
due to it being jet propelled and hence having much lower nacelle-wingdrag. Similarly, the 
reciprocating-engined aircraft will have a higher drag than the turbine-engined aircraft. 

The variation of the various efficiencies with aircraft size can be more readily appreciated from 
Fig. 30 than from the table. Faired curves have been drawn through the values of some of the 
aerodynamic efficiencies in this figure, but  these are only to help to make the general picture 
clearer. This plot emphasises the gains in aerodynamic cleanness with improvement in hull 
design and with replacement of reciprocating by turbine-propeller and turbine-jet engines. There 
is no loss with large size as was expected at one stage, which indicates tha t  smooth turbulent 
conditions are as easily achieved at high as at low Reynolds numbers. 

The ratio of the total drag to the gross-wing ideal drag is again good for the Princess but tha t  
for the E.6/44 is no better than that  for the Seala~d and Shetland, largely because of the small 
wing area for the size of seaplane. This is shown up by the ratio of hull to total  drag, all the 
seaplanes being of the order of 0.22 except the E.6/44 which is 0.34. There is, however, a 
tendency for the hull drag ratio to decrease with the size of aircraft. 

Finally, the profile drag per 100 lb of all-up weight gives what may be regarded as the final 
measure of profile-drag reduction for a given all-up weight (this could alternatively-be plotted 
as C~ dw,). There is a pronounced decrease with increase of size but some of this is due to t he  
greater cleanness of the larger aircraft. This parameter is also sensitive to increases in all-up 
weigM so tha t  the more fully developed aircraft such as the Solent show up well in this respect. 

An overall improvement could probably be achieved for all the aircraft considered if the 
optimum hull length/beam ratio were used, thereby reducing the t o t a l  hull drag on account of 
both greater cleanness and smaller size for the same hydrodynamic qualities. The hull drag of 
the Princess, for example, might be reduced by about 15 per cent and the cleanness ratio improved 
to the order of 0.80 and Ca z reduced to 0. 017. With the advent of jet propulsion for high-speed 
transport, the immediately achievable C~, would be about 0. 015 for similar types of boat seaplanes 
(Ref. 24). 

10. Conclusions.--The full-scale lift and drag characteristics of the British seaplanes considered 
show both a pronounced increase in efficiency of aerodynamic fairing and a reduction of overall 
drag coefficient with successive designs. These improvements culminate in the results for the 
Princess, which is by  far the best aircraft on all the bases examined, with C ~  = 0" 018 at ws = 64 
lb/ft 2 and a cleanness efficiency of 0 . 7 3 .  I t  is further notable tha t  the extra-to-induced drag is 
low, the mean value of k~ being 1.1. 

All the aircraft considered are of the high-capacity boat-seaplane type and have orthodox hull 
shapes apart from various improvements in detail fairing, particularly of the steps and chines. 
The lowest drag hull, the Princess, has an estimated 1.25 times the drag of the equivalent body 
of revolution. Improvements in step design and increase of length/beam ratio with future aircraft 
should reduce this to about 1.1 and, where capacity allows, size can also be reduced with no loss 
of hydrodynamic performance. Further reduction of drag with jet propulsion makes possible 
an immediate CDx of 0.015 for this type of aircraft. 

The actual value of C,x varies from 0.033 for the smallest to 0.018 for the largest aircraft 
considered and the total profile drag from 1.5 to 0.033 lb at 100 ft/sec per 100 lb of all-up weight. 
This very large decrease of total profile-drag coefficient is in part due to size, and in part  due to 
the fact tha t  the larger seaplanes had, on the whole, the most advanced hull forms. The Sealand 
with the highest drag has a cleanness and drag efficiency comparable with those of the Shetland 
which has half the profile-drag coefficient. 
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The E.6/44 has a low drag coefficient for its size, demonstrating the gains due to jet propulsion, 
and a high cleanness value, despite the basically high-drag hull form. 

The cleanness efficiency increases from 0.41 for the Sunderland class to 0.73 for the Princess, 
being 0.59 for the 17;.6/44. 

The drag  efficiency increases from 0.26 for the Sunderland class to 0.46 for the Princess being 
of the order of 0.33 for the rest. 

The hull drag is a fairly constant proportion of the total  profile drag for all the aircraft con- 
sidered. Taken • in conjunction with the increase of cleanness and drag efficiency this indicates 
tha t  there is a considerable reduction of drag other than in the hull itself, as is illustrated particu- 
larly in the cases of the Primessand 17;.6/44. 

The maximum lift/drag ratio includes the effect of aspect ratio, this helping the Princess and 
Sealand and penalising the t?;.6/44. Its value increases from 12 for the Sealand and for the 
Sunderland class through 16 for the Shetland to 19 for thePrincess. 

LIST OF SYMBOLS AND DEFINITIONS 

Aerodynamic Efficiencies 

Cleanness efficiency 

Drag efficiency 

Hull drag ratio 

Profile drag/weight ratio 

Profile drag of ideaiised a i rcraf t*  
- -  Actual total profile drag 

Profile drag of idealised wing$  
- -  Actual total profile drag 

Hull  drag :t¢ 
- -  Actual total profile drag 

Profile drag at 100 if/seeN 
- -  All-up weight/100 

100D10o 
- -  W lb per 100 lb of all-up weight. 

• . j 
Maximum ~ift without slipstream 

The-idealised aircraft drag is estimated on the basis of smooth turbulent skin friction and 
pressure drag of the hull wings (net) and tail unit only. 

The idealised .wing drag is estimated on the basis of the gross wing. 

The hull drag is estimated in terms Of the Smooth turbulent skin friction and pressure drag 
of the equivalent body cf revolution of the same surface area times the factor, for drag of steps, 
chines, etc. 

C~ = Drag/½pV~S 

Ca ~ = Drag without slipstream/½p V2S 

Ca 0 Drag coefficient at zero lift, with slipstream 

Ca, Drag coefficient at zero liftl without slipstream 

* All drags are corrected to eliminate the effects of slipstream, and refer to a speed of 100 ft/sec. 
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LIST OF SYMBOLS AND DEFINITIONS- -co~# i rmed  

CL = L/½pV~S 

S Wing area (gross) 

V Forward speed 

p Air density 

A Aspect ratio 

k} Extra-to-induced drag factor defined by: 
k, 

k 
Cv = Ca o + ~ CL ~ with slipstream 

k, 
C~. = Ca. + ~ CL ~ without slii~stream 

Maximum all-up weight 

Profile drag in lb at 100 ft/sec 

Beam loading 

= W / p ~ b  3 

p~ Density of water 

b Beam of hull 

w, Wing loading 
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T A B L E  1 

Aerodynamic Data--Sunderland 
Wings 

Gross area . . . . . . . . . .  

Net area . . . . . . . . . .  

Span . . . . . . . . . . . .  

Mean chord . . . . . . . . . .  

Aspect ratio . . . . . . . . .  . 

"Wing section . . . . . . . .  
Thickness/chord ratio at tip . . . .  
Thickness/chord ratio at root . . . .  
F lap  type . . . . . . . . . .  
F lap  angle . . . . . . . . . .  
Wing surface area . . . . . . . .  
Wing  loading at  m a x i m u m  all-up Weight, 58,000 lb 

(based on net  area) at 60,000 lb 
(based on gross area) at 62,500 lb 

Sweepback normal  to aerofoil da tum . . . .  
Wing  sett ing to da tmn  . . . . . . . .  

Hull 
Length  overall . . . . . .  
Forebody length . . . .  
Afterbody length . . . .  
Forebody length/beam ratio 
Afterbody length/beam ratio 
Beam . . . . . . . .  
Surface area . . . .  
Beam loading, CAo, at max i mum all-up weight, 58,000 lb 

at  60,000 lb 
at 62,500 lb 

Main step fairing ratio (Sunderland V) . . . . . .  
Height  . . . . . . . . . . . . . .  

Tail unit 
Tailplane area . . . .  
Tailplane span . . . .  
Tailplane section . . . .  
Total  fin area . . . . . .  
F in  span . . . . . .  
F in  section . . . . . .  

Propellers 
Sunderland I, I I  and I I I  

Type  . . . . . . . . . . . .  

Diameter  . . . . . . . . . . . . .  
Number  of blades . . . . . . . .  

Sunderland V 
Type . . . . . . . . . . . . . .  
Diameter  . . . . . . . . . . . . . .  
Number  of blades . . . . . . . . . .  

Engines 
Type . . . . . . . . . . . . . . . .  

Number  

20 

1,687 sq It 
1,488 sq ft 

112.8 It 
15.7 It 

7 .5 
Gott ingen 436 (Mod.) 

0 .09 
0 .2  

Gouge 
26 deg 

3,060 sq It 
39.0 lb/ft  2 
40.4 lb/ft  ~ 
37.1 lb/ft  2 

4 ° O' 
6 ° 15' 

85 It 8 in. 
32.94 It 
29.18 It 

3.37 
3.01 
O. 79 ft 

2,800 sq ft 
9- 97 
1-00 
1.03 
6 : 1  

17.75 It 

205 sq ft 
35.75 ft 

R.A.F. 30 
136.2 sq ft 

15.1 ft 
R.A.F. 30 

.. De Havi l land constant-  
speed 

• .  1 2 . 7 5  It 
. .  3 

. .  Hami l ton  A5/158 
• .  12.08 ft 
. .  3 

. .  Pegasus (Sunderland 
I, II and  III)  

P ra t t  Whi tney  Wasp 
(Sunderland V) 

• . 4 



TABLE 2 

Aerodynamic Data--Shetland 

• • 

Wi¢,gs 
Gross a rea  . . . .  

N e t  a r ea  . . . .  

S p a n  . . . . . .  

Mean  chord  . . . .  

Aspec t  ra t io  . . . .  

W i n g  sec t ion  . .  

Th i cknes s / cho rd  ra t io  a t  roo t  

Th i cknes s / cho rd  ra t io  a t  t ip  

F l a p  t y p e  . . . . . .  

F l a p  a rea  . .  . . . .  

F l a p  a r ea /ne t  wing  a rea  . .  

F l a p  angle  ( m a x i m u m  down) 

W i n g  load ing  a t  m a x i m u m  al l-up we igh t  (130,000 lb) 

based  on gross a rea  . . . . . . . .  

based  on ne t  a r ea  . . . . . . . .  

S w e e p b a c k  of } -chord  l ine . . . . . . . .  

W i n g  inc idence  to  hul l  d a t u m  . . . .  

W a s h - o u t  . . . . . . . . . .  

Hull 
L e n g t h  overa l l  . . . .  

F o r e b o d y  l eng th  . . . .  

A f t e r b o d y  l eng th  . . . .  

F o r e b o d y  l e n g t h / b e a m  ra t io  

A f t e r b o d y  l e n g t h / b e a m  ra t io  

B e a m  . . . . .  .. . .  

H e i g h t  . . . . . . . .  

B e a m  load ing  C~ 0, a t  m a x i m u m  al l-up weigh t ,  130,000 lb 

a t  120,000 lb 

• S t ep  d e p t h  un fa i r ed  . . . . . . . . . .  

. • ° 

Tail u~,~it 
Ta i lp l ane  a rea  . . . .  

Ta i lp l ane  span  . .  : .  

Ta i l  sec t ion  . . . . . .  

F i n  and  r u d d e r  a rea  . . . .  

F i n  sec t ion  . . . . . .  

° • 

• . 

Propellers 
T y p e  . .  

D i a m e t e r  . . . .  . .  

N u m b e r  of b lades  . . . .  

A c t i v i t y  fac to r  . . . .  

• ° 

• • 

E~gims 
T y p e  . .  

N u m b e r  

2,636 sq  I t  

2,410 sq  i t  

150 f t  

17 .53  f t  

8 . 5 6  

G o t t i n g e n  436 (Mod.) 

0 - 2  

-" 0-1  

H a n d l e y  P a g e  

314 .8  sq It 
0- 1305 

50 deg  

4 9 . 5  lb / f t  ~ 
5 3 . 9  lb / f t  2 

10 .4  deg 

6 ° 37 '  

Ni l  

110 f t  

43 .75  f t  

4 1 . 6 6  f t  

3 . 5  

3 . 3  

12 i t  6 in. 

39 f t  

1 .038  

0 . 9 6  

13.5  in. 

410 sq  f t  

4 5 . 5  f t  

R . A . F .  30 

242 sq  f t  

R .A .F .  30 

. .  De  H a v i l l a n d  cons t an t -  
speed  

. .  1 5 f f  

• . 4 

. .  8 9  

. .  Cen taur ius  V I I  or  XI 
. .  4 
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T A B L E  3 

Aerodynamic Data--Solent 
Wings 

Gross area  . .  . .  
Ne t  area  . . . .  

S p a n  . . . .  
Mean  chord . .  

Aspect  rat io . .  
T a p e r  ra t io  . .  

W i n g  sect ion . .  
F l a p  t y p e  . .  . .  . .  

F l a p  area  . . . . . .  

F l a p  increase in  wing  area . .  . .  . .  

F l a p  angle, m a x i m u m  . . . . . .  

W i n g  loading  a t  78,000 lb, based  on  ne t  area  
Sweepback  n o r m a l  to aerofoil d a t u m  . .  
Se t t ing  to d a t u m  . . . . . . . .  
W a s h - o u t  . . . . . . . .  

1,687 sq t t  
1,488 sq ft 

112.8 ft 
14.97 It  

7 .54  
2 . 6  

Go t t i ngen  (~{od.) 

Gouge 

286 sq ft 

l ~ deflect ion = 34"6 sq I t  
deflection = 50 .2  sq I t  

. .  25 deg 

•. 52 .4  lb / f t  ~ 
. .  4 . 0  deg 
. .  6 ° 9 '  
• .  Nil  

Hull 
L e n g t h  overal l  • . .  . .  
F o r e b o d y  l eng th  . . . . .  
A f t e r b o d y  l eng th  . . . .  
F o r e b o d y  l e n g t h / b e a m  ra t io  
A f t e r b o d y  l e n g t h / b e a m  rat io  
B e a m  m a x i m u m  . . . .  
B e a m  at  s tep . . . .  
W e t t e d  area  . . . .  

t 
based  on m a x i m u m  beam,  

B e a m  loading,  C~ o / b a s e d  on  b e a m  at  step, 

\ 
Step fai r ing rat io,  in  t e rms  of s tep d e p t h  
S tep  dep th  un fa i r ed  . . . .  

72,000 lb 
82,000 lb 
84,000 lb 
72,000 lb 
82,000 lb 
84,000 lb 

8 9 . 6  I t  
36 .1  ft 
3 4 . 8  I t  

3 -35  
3 . 2 3  

10.75 ft 
10 .27 ft  

2,890 sq f t  
0. 906 
1.03 
1 .06 
1-03 
1 .18 
1.21 
1 : 3 . 5  

12.79 in. 

Tail unit 
Tai lp t ane  area, exc lud ing  elevators  a n d  t abs  
E l e v a t o r  area,  i nc lud ing  t abs  . . . .  
T a i l p l an e  span  . . . . . . . .  
Ta i l p l ane  sect ion . . . . . . . .  
F i n  area, exc lud ing  r u d d e r  . . . .  
R u d d e r  area, i nc lud ing  t abs  . . . .  

163.5 sq ft 

102.3  sq ft 
42 . 43  ft  

R .A .F .  (Mod.) 
112.82 sq ft 

82 .18  sq It 

Propellers 
T y p e  . . . . . . . . .  : . .  
D i a m e t e r  . . . . . . . . . .  
N u m b e r  of b lades  . . . . . . . .  

° • 

• • 

De H a v i l l a n d  
12.75 It  
4 

Engines 
T y p e  . .  
N u m b e r  

° . 

22 
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T A B L E  4 

Aerodynamic Data--Sealand 

Wings 
Gross area ". . . . . . . .  

Net area . . . . . .  
Span . . . . . . . .  
Mean chord . . . . . .  
Aspect ratio 

Wing  section 
Thickness/chord ratio at root 

Thickness/chord ratio at t ip 

, ( Take-off . .  
Flap angle J 

1 Landing .. 

Flaps, inner ........ 

Flaps, outer . . . . . .  

Wing surface area .... 

Wing loading at maximum all-up weight (9,100 Ib) based on net 
area 

Sweepback . . . . . . . . . . . . . . .  .. 

Wing incidence : L.E./T.E. chord to hull datum .... 

L.E./T.E. chord to keel datum .... 

Hull 
Length overall . . . . . .  
Forebody length . . . .  
Afterbody length . . . .  
Forebody length/beam ratio 
Afterbody length/beam ratio 
Beam . . . . . . . .  
Height  . . . . . .  
Beam loading, C~o, at m a x i m u m  all-up weight 
Wet ted  area . . . . . . . .  
Step fairing . . . . . . . . .  

9,100 lb) 

Tail unit 
Tailplane area gross . .  

Tai lplane mean  chord . .  
Tailplane span . . . .  

Tailplane section . . . .  

Thickness /chord ratio at root 
Thickness/chord ratio at  tip 

F in  area gross . .  
F in  mean  chord . .  

Propellers 
Type . . . . . .  
Diameter  . . . .  
Number  of blades . .  

Engines 
Type . .  
Number  • ° 

353 sq It 

316 sq ft 

59 ft 
5.83 It 
9 .86 

AD.6 

0.20 

0. 0785 
15 deg 

30 deg 

26.3  sq ft 
38.3 sq ft 

706 sq ft 
28 .8  lb/ft  2 

Nil 

6 ° 0'  
2 ° 16' 

42- 17 ft 
18 ft 3 in. 
14 ft 7 in. 
3 .48 
2-84 
5 ft 3 in. 
8 .5  ft 
O. 985 

671 sq It 

a } :  1 

62.3 sq It 
3 .82 ft 

16.33 ft 

A.D.4 

0. 125 
0.125 

45.2  sq It 
5 .6  It 

De Havi l land  hydro- 
. .  mat ic  constant-speed 

• .  7 ft 6 in. 
. .  3 

Gipsy Queen 
2 

2 3  



: T A B L E  5 

Aerodynamic Data--E.6/44 
Wings 

Gross area . .  .. 

Net area . . . . .  

Span . . . . . .  

Mean chord .. 

Aspect ratio .. 

Taper ratio .. 

W i n g  sect ion 
Th ickness /chord  ra t io  a t  t ip  
Th ickness / chord  ra t io  a t  root  

1 t L a n d i n g  . .  
F l a p  angle  ] 

t Take-off  . .  
W i n g  load ing  at  m a x i m u m  al l -up weight  (16,500 lb) based  on 

ne t  area.  
Sweepback  . . . . . . . . . . . . . . . .  
Se t t ing  to d a t u m  . . . . . . . . . . . . . .  

Hull 
L e n g t h  overal l  . . . .  
F o r e b o d y  l eng th  . . . .  
A f t e r b o d y  l e n g t h  . . . .  
F o r e b o d y  l e n g t h / b e a m  rat io  

A f t e r b o d y  l e n g t h / b e a m  ra t io  

B e a m  . . . . . . . .  
He igh t  . . . . . .  
Gross surface a rea  . . . . . . . .  
B e a m  loading,  C~0, a t  m a x i m u m  al l -up weight ,  16,500 lb 
Step dep th  un fa i r ed  . . . . . . . . . .  
Arc  . . . . . . . . . . . . . . . .  
S tep  fa i r ing . . . . . . . . . . . .  
W e t t e d  surface . . . . . . . . . . . .  

Tail unit 
Ta i lp l ane  area  . . . . . .  
T a i l p l an e  span  . . . . . .  
Th ickness / chord  ra t io  (mean) . .  
F i n  m e a n  chord . . . .  
F i n  area  . . . . . . . .  
F i n  s p a n  . . . . . . . .  
F i n  th ickness /chord  ra t io  (mean) . .  
T o t a l  surface a rea  . . . . . .  

Engines 
T y p e  . .  

N u m b e r  . . . . . . . . . . . . . . . .  

"415 sq I t  
322 sq I t  

46 I t  
108 • 4 in.  

5 . 1  
0 .47  

Golds te in  (Mod.) 

0 .12  
0 .14  

75 deg 
33 deg 
51 .2  lb / f t  ~ 

3 . 0  deg 
4 . 5  deg 

50 ft  
22 .75  ft  
18 .83 ft  

3 .61  

2 .99  
6 . 3  ft. 
8 . 7 5  ft  

928 sq f t  
1- 032 
9 . 0  in. 
1-3 
3 : 1  

913 sq f t  

. .  81-25  sq ft 

. .  16.00 ft. 

. .  0 -115 
. .  7 . 2  ft  

• .  7 9 . 2  sq ft  
. .  16.25 ft 

. .  0 . 12  
. .  107.62 sq I t  

Metropol i t  an -Vicke r s -  
F 2 / 4 A  Axial-f low je t  

t u r b i n e  
2 
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TABLE 6 

Aerodynamic Data--Princess 
Wings 

Gross area (excluding floats) . .  
Net area (excluding floats) 
Floats plan area . . . .  
Span (floats up) . . . .  
Span (floats down) . . . .  
Mean chord . . . . . .  
Aspect ratio, excluding float 

including float 
Taper ratio . . . . . .  
Wing section, basic and root 
Wing section, tip . . . .  
Thickness/chord ratio at  tip 
Thickness/chord ratio at  root  
Flap type  . . . . . .  
Flap angle, fully down . .  
Flap span, total  . . . .  
Flap chord/local wing chord 
Flap area, total  . . . .  
Wing loading at 

320,000 lb* based on net area 
315,000 lb based on net  area 
320,000 lb based on gross area 
315,000 lb based on gross area 

Wash-out,  wing top only . .  
Setting to hull da tum ..  

Hull 
Length  overall . . . .  
Forebody length . .  . .  
Afterbody length . . . .  
Forebody length/beam ratio 
Afterbody length/beam ratio 
Beam . . . . . . . .  
Height . . . . . .  
Beam loading C~ 0 at max imum all-up weight 320,000 lb 

at  315,000 113 
Main-step fairing (in elevation 

(in planform 
Wet ted  surface area ..  
Gross surface area . . . .  
Step depth nnfaired . .  

Tail unit 
Tailplane area gross . .  
Tailplane mean chord . .  
Tailplane span . . . .  
Tailplane section . . . .  
Thickness/chord ratio at tip 
Thickness/chord ratio at root 

• ° 

• • 

. 4  

• o 

• o 

5,019 sq ft 
4,711 sq ft 

99 sq ft 
219 It  6 in. 
209 ft 6 in. 

23- 33 It  
9-74 
9.62 
2.73 

Goldstein developed 
4415 (Mod.) 

0.15 
0.18 

slotted 
45 deg 
92.83 ft 

0 .212 
570 sq ft 

67.9 lb/ft z 
66 .8  lb/ft 2 
63.9  lb/ft ~ 
62.9 lb/ft ~ 

2 deg 
4 ° 30 '  

148 It  0 in. 
59.4 It  
61.4 It 

3 .56 
3.69 

16.67 ft 
24- 25 ft 

1. 079 
1.063 
6 : 1  
2 : 1  

6,912 sq ft 
7,325 sq It  

1.36 ft 

1,103 sq ft 
14 ft 4 in. 
77 It 2 in. 

Goldstein (developed) 
0 .12  
0" 152 

* Maximum all-up weight• 
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Tail  uni t - -cont inued 

Fin  and  rudder  mean  chord 
F in  and rudder  section . .  
F in  and rudder  area . .  
Thickness chord ratio at root 

Thickness/chord ratio at t ip 
Tota l  rudder area . . . .  

Propellers 

Type . . . . . . . .  
Diameter  . . . . . .  
Number  of blades . . . .  

Engines 

Type . .  

Number  . . . . . .  

TABLE 6--continued 

i - 

18 ft 1 in. 
Ooldstein (developed) 

569 sq ft 
0. 149 

0.113 
111 sq ft 

De Havi l land 
16 It 6 in. 
4 

Bristol Proteus 

600 single 

610 coupled 
2 single 

4 double 

TABLE 7 

Summary of Drag Analysis 

Aircraft Sunderland Shetland Solent Sealand Saro E.6/44 Princess 

;V Ib . . . .  

~ D O  . . . .  

Dlo o (profile) lb . .  

~ . D z  . . . .  

~z . . . . . .  

~lb / f t  2 . . . .  

IL/D) . . . . . . .  

62,500 

0.0318 

1-14 

603 

130,000 

0.025 

1.13 

738 

82,000 

0" 033 

1.30 

622 

9,100 

0. 037 

1.33 

i45 

16,500 

0.0245 

1-1 

123 

•. 0.030 

• .  1 .1 '0  

. .  37 

.. 7 .5 

. .  13 

0- 0235 

1-13 

49.5  

8 .6  

i6 

0'031 

1 . 3 0  

49 

7"5 

12 

0" 0345 

1.15 

26 

9 .9  

14 

0.0245 

1.1 

40 

5.1 

12 

Ideal :,leanness effÉciency T ~  

Drag efficiency Ideaa Wing 
T o t a l  " ' 

Hull drag ratio D~ag Hull 
T o t a l  " ' 

D1oo/W . . . . . .  

Wit 3 . . . . . .  

0'41 

0.26 

0"20 

O" 0096 

39"6 

0"50 

0" 32 

0" 2 2  

0" 0057 

50.7 
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FIG. 2. PHOTOGRAPHS OF SUNDERLAND Idk. 5 
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FIG. S. GENERAL ARRANGEMENT SKETCH OF SHETLAND I 
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FIG. 14. PHOTOGRAPHS OF SEALAND 
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FIG. 25. PHOTOGRAPHS OF PRINCESS 
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