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It is known that supersonic aircraft are liable to posses some trim 
drag under cruise conditions. Fuselage camber has been suggested as one 
means of reducing this component of the drag, and the purpose of this 
investigation was to obtain quantitative data on the pitching moment 
increments obtainable from fuselage camber and incidence, and the associated 
increments in fuselage drag. 

Lift, drag and moment measurements have been made on a body represent-
ative of the fuselage of a supersonic transport aeroplane. The fineness 
ratio of the body was 15:1, the cross-sectional area distribution being 
of modified Scars-Maack form. Parabolic nose and tail camber was used, 
the nose and tail portions being made removable so that a variety of 
different configurations could be tested. The Reynolds number of the 
tests was 14.1 x 10 based on the length of the model, and the Mach number 
was 0.2. The tests were made with a transition wire attached to the model 
at 1 of the length from the nose. A preliminary investigation indicated 
that the Reynolds number was probably sufficiently largo to ensure that 
the results wculd give a good guide to the full scale characteristics. 

The experiments showed that nose comber produces a pitching moment 
increment in very close agreement with the predictions of inviscid slender 
body theory. The increments in lift and drag, whilst not zero as predicted 
by inviscid theory, axe small. Tail comber on the other hand gives rise 
to much larger lift and drag increments, and the increment in pitching 
moment is quite different from that predicted by inviscid theory. In the 
present tests the pitching moment increment due to tail camber amounted to 
about 10% of the theoretical value. 

The scope of the experiment was insufficient to answer the question 
Mhat is the optimum fuselage shape for minimum trim drag?" However, the 
indications are that an uncambered fuselage at incidence will provide a 
given pitching moment for less drag than any cambered fuselage. This 
however neglects the interference effects of the wing and tail unit on the 
fuselage, and of the fuselage on the wing and tail unit. For reasons of 
(i) tail clearance on take-off and landing, (ii) cockpit layout and view, 
and (iii) cabin layout, fuselages with camber may be required. Some 
indication of the fuselage drag penalties likely to be sustained by these 
modifications of the fuselage are given by the results of this experiment. 
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NOMTION 

b 	breadth of working section of wind tunnel 

uD cross-sectional area S 

CD 	
drag coefficient of fuselage based on the wetted area Sw 

CD . 	
drag coefficient of the rig tail wires based on the 

rig 	area S 

Cnl 	pitching moment coefficient of the fuselage based on 
the area S and the fuselage length 2 1 

Cm 	pitching moment coefficient of the rig tail wires 
rig 	based on the area S and length 2 1 

drag 

h height of working section of wind tunnel 

k 	calibration factor of wind tunnel 

1 	 semi-lcnt-sth of model 

1
1 	

length of nose and tail portions of model 

12 	length of central portion of model 

lift 

Llz 	length of model 

11 	pitching moment 

✓ radius of model 

R 	maximum radius of model 

Reynolds number 

S 0 	maximum cross-sectional area of model 

Sf 	cross sectional area of model 

Sir 	wetted (or surface) area of model 

U wind speed 

effective free stream speed in working section 
with model present 

117 	wind speed in working section as determined from a 
calibration with the working section anpty 

✓ volume of model 

x 	longitulnal axis with origin at centre of model 
(see Fig.1) 

drag coefficient of fuselage based on the maximum 
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NOTLTION Continued 

longitudinal nyisivith origin at the base of the 
nose (or tail) portion of the fuselage (see Fig. 1) 

axis perpendicular to x-axis (see Fig. 1) 

comb.= line ordinate 

local incidence of camber line 

incidence of fuselage datum line 

camber of nose portion, positive 'when 
to camber is positive (see Fig. I) 

cariber of tail portion, positive 
to camber is positive (see Fig. 1) 

solid blockage factor 

Iwke blockage factor 

coefficient of viscosity of nir 

kinematic coefficient of viscosity of 

air density 

x
1 

Ye  

a 

a 

Yn 

Yt 

E 
 

V  

p 

incidence due 

incidence due 

air 



1. Introduction  

It is well known that supersonic aircraft are liable to possess 
some trim drag (1,2,3) under cruise conditions. In Ref.3 it was suggested 
that fuselage camber might be used to reduce the magnitude of this trim 
drag. Slender body theory was used to determine the amounts of fuselage 
camber or incidence that might be required by certain typical M = 1.2 
project aircraft in order to obtain all the required trimming moment from 
the fuselage. It was found that large amounts of camber or incidence 
would probably be required, and it was pointed out that owing to viscous 
effects the theoretical moments would not be attained in practice. Also, 
contrary to inviscid theory, it was anticipated that there would be some 
increase in fuselage drag due to camber ar incidence. A programme of 
wind tunnel tests was therefore proposed to investigate these factors and 
this report deals with that investigation. 

As explained in Ref. 3 the decision to make a series of subsonic 
tests (in addition to supersonic tests to be made at some ether establish-
ment) was governed by the fact that :- 

(i) According to slender body theory the pitching moment 
coefficient of a slender body is independent of Mach 
number. 

(ii) It was desired to test models with pointed tails. This 
can easily be managed with subsonic models but is not 
easily accomplished with supersonic models. 

(iii) The favilities available at the College at the time of 
making these tests were far more suitable for subsonic 
than supersonic testing in view of the high r,eynolds 
number required and the high degree of accuracy 
demanded in the measurement of the drag and pitching 
moment. 

71th item (iii) in mind it was decided that the tests should be made 
in the College of Aeronautics 8' x 6' tunnel using the largest practicable 
model. A model length of 10 feet was chosen, and a fineness ratio of 15:1. 
The length was limited to 10 feet as any greater length would have involved 
the nose of the model being dangerously near the commencement of the working 
section (see Fig. 4). 'with this model in the 8' x 6' tunnel, significant 
tunnel interference effects might be expected at moaerate to large 
incidences since the nose and tail would touch the floor and roof at about 
30 of incidence. BOwever, Bine° the main interest in these tests was for 
incidences less than about 5 it was decided that a 10 feet long model 
would be acceptable. The evidence from the tests seems to be that with 
this model and a wind speed of about 220 feet per second a satisfactorily 

c This suggestion was first made to the author by Dr. Kuchemann and 
Kr. Warren of the R.A.E. Farnborough. 



C6) large  value of the Reynolds number (14,1 x 1C
6
) was obtained, giving 

comparative data vi ich can fairly ce.cfidently be used to assess the 
full scale characteristics of fuselage camber and incidence. 

By using a large model a satisfactory level of accuracy vas also 
obtained from the balance readings, although, owing to what is thought 
to be a temperature effect, it was necessary to adopt the tedious 
procedure of stopping the tunnel after each wind on reading to take the 
corresponding wind off reading. 

The model used in these tests consisted of a common central portion 
of circular cross-section and constant disaastor. Nose and tail pieces 
of Sears Haack area distribution with cambers y of 0,0.075 and 0.15 
radians were provided. These nose andotail pieces were manufactured so 
that they could be rotated through 180 thereby permitting a wide range 
of configurations to be made up, and permitting tests to be made with 
the models inverted so that corrections could be made for the interference 
effects of the supporting rig. 

The maximum camber of y = 0.15 radians was chosen on the grounds 
that the fuselage surface should nowhere be significantly concave. This 
amount of camber is less than one half the amount theoretically required (3) 
for some of the projects (see above), but such large cambers would be quite 
impracticable from fuselage layout considerations quite apart from 
aerodynamic considerations. 

2. Description of apffratus 

2.1. 17ind tunnel 

All the tests were made in the College of Ai.ronautios 8' x 	General 
Purpose Wind Tunnel. This is a closed working section, return flow tunnel 
with a contraction ratio of 7:1 and a top speed of about 250 feet per 
second. At a w'J_nd speed of 200 feet per second the turbulent intensity 
is less than 0.1%. This implies that the results when corrected for 
tunnel interference effects should be comparable with the results that 
would be obtained in free flight at the same value of the Reynolds number. 

The wind speed is measured using a Betz manometer connected to static 
pressure tappings situated at the upstream and downstream ends of the 
contraction. Owing to voltage fluctuations in the power supply the wind 
speed cannot be maintained constant. At a Betz reading of 250 n.m. of 
water variations as large as t.2 mom. of water may occur over the course 
of a few seconds under adverse conditions. Apart from these fluctuations 
which occur at irregular intervals the speed remains constant to within 
about t 0.2 m. m. of water as measured. on the Betz manometer. 



2.2. Balance 

The balance is a Uarden type six component balance as manufactured 
by Test Equipment Ltd. 

The sensitivity of this balance is such that the lift indicator can 
easily- be balanced out to within t 0.01 of a revolution, whilst the drag 
and pitching moment indicators can be balanced out to within the same 
values provided great care is taken, One revolution of each indicator 
corresponds to five revolutions of the appropriate lead scrar and the 
sensitivities correspond approximately to t 0.05 lb. of lift, t 0.004 lb. 
cf drag and t 0.03 lb. ft. of pitching moment. 

During the course cf this experiment it was found that the wind off 
zero readings of the drag and pitching moment balances changed significantly 
over the course of an hour of running the tunnel. The steps taken to 
overcome this difficulty arc described in paragraph 3. 

2.3, The model 

The model, see Fig. 1, which was made of laminated mahogany, consisted 
of an uncamhered central portion of length 3 feet with a circular cross-
section of 8. inches constant diameter. The detachable nose and tail 
portions were of Scars Haack area distribution, and the camber linos were 
parabolic in shape (sec Appendix I). Three nose and tail portions were 
manufactured having cabers cf 0,0.075 and 0.15 radians. The radius and 
comber d.sirib'itiens are given in Table I. (The camber is defined to be 
positive when the camber line slope is nose up relative to the fuselage 
datum line). Each Eese and tail was manufactured so that it could be 
rotated through 180. Owing to slight errors in manufacture and uneven 
shrinking of :Lhe timber small steps amounting to less than 0.01 inches 
were present between the nose and tail and central portions. These stops 
were partially faired by 	of strips of Sellotape wound round the 
model. 

The model was supported (Fig. 2) from a single strut. The model 
vps pivoted about its centre, which coincided with the virti'nl centre of 
the balance. The strut vas shielded by a streamline fairing cut away 
at its lower etad to pemit the model to be rotated through an incidence 
range from -12 to +15 

The incidence was controlled by.  V wires wound on a motor operated 
winch attached to the balance turntable. A selsyn type counter vas used 
to record the revolutions of the winch. 

2.1. Transition wire  

The main series of tests was made with a 0.014 inch alnrieter transition 
wire fixed 12 inches aft of the nose of the model. For the Series I tests 



these wires ~-tore attached by means af four 1 inch wide strips of Sellotape. 
For the Series II tests the wires were glued into very fine grooves 
scribed around the nose. 

2.5. Turbulence grid 

A few tests were made with a turbulence grid upstream of the model. 
This grid, which is shown in Fig. 3 consisted of twelve 5/16" diameter 
ropes running from the floor to the roof of the working section, the pitch 
being 2". This grid was mounted apprcmimately 26" upstream of the nose 
of the model. The tunnel speed for this test was measured with a single 
pitot-static tube (see Fig. 3). These calibrations were made with the 
model in the working section, and must be considered rather approximate. 

3. Details of Test  

3.1. Tail wire contribution to pitching moment  

The contribution of the V wires to the pitching moment can be estimated 
(see Appendix III) but the contribution of the counterweight tail wire 
depends on the moment which can be transmitted through the attachment of 
this wire to the model. Since this is not amenable to calculation a test 
was made to determine the magnitude of this term. A drag load equal to 
the estimated drag of the wire was applied at a point midway between the 
attachment to the model and the floor of the tunnel. The pitching moment 
due to this drag load was measured on the balance, and from this reading 
the effective moment arm of the tail wire drag could be calculated. This 
was done over the full incidence range of the model. 

3.2. Incidence calibration 

An incidence calibration was made for each configuration prior to 
the commencement of the wind on tests. The incidence was measured by a 
sensitive inclinometer placed on the rear end of the centre portion of 
the model. Checks made during the course of the experiment showed that 
the incidence setting obtained using this calibration was better than t 0.1, 
wind off. Incidence measurements were not made with the wind on but owing 
to the relatively small pitching moment produced by the model the errors 
due to this effect were found to be negligible. The incidence, unless 
otherwise stated, has been taken as positive with the nose down in the 
tunnel (i.e. the convention used for an inverted model). 

3.3. Initial tests 

Prior to embar 
some initial tests 
number and various 
of these tests are 

king on the main series of tests it was decided to make 
to determine the influence of variation of Reynolds 
forms of forced boundary layer transition. Details 
tabulated below :- 
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(i) Body-  of revolution, a = 00  

The drag coefficient was measure'd v.d.th 

free transition, fmd 
a 0.014." diamotc,..2: transition rare taped round 
the body 12" aft of the nose, for the following 
values of wind speed and Reynolds number - 

UT 
(f-P.s.) 

R x 1 0-6  

98.6 6.30 

139.5 8.92 

170.9 10.93 

197.3 12.6 

220.8 14,1 

(ii) 0[‘z..14..reel body  ( yn  = -0.15, yt  = -0.15) 

c D  and Ora were measured ever the incidence range from -120  

to +1 2 for the following configurations - 

Model Configuration UT 
f.p.a • 

R x 10-6  

Free transition 98.6 
220.8 

6.30 
1 4.1 

0. 01 4" diamot or transition 
vire taped .around the 
body 12" aft of the nose 

,9o.6 
220. 8 

6.30 
14.1 

Turbul(zioe grid 26" 
upstream of the nose of 
the model 

91.7 
20.5 

5.86 
13.1 



3.4.. Main tests - Series 

From the initial tests it was concluded (see paragraph 5.1) that 
the most satisfactory comparative results would be obtained using a 
transition wire and the highest practicable wind spied of 220.8 f.p.s. 
(l N  = 14,1 x 106). 

Owing to the interference effects of the strut, strut fairing and 
tail wires it was decided that each configuration should be tested through 
both the positive and negative incidence ranges with the model the 'right 
wayoup' and 'inverted' (i.e. the nose and tail portions rotated through 
180 about the body axis). Approximate allowance could then be mode for 
the interference effects of the rig by taking the arithmetic mean of the 
two sets of results. 

For these tests the transition wire was attached to the model by 
means of four pi8ccs ofd  inchwile Sellotape, the pieces of Sellotape being 
placed at 0°, 90 180 and 270 to the vertical plane of symmetry 
through the model. The rind on readings were taken through the full 
incidence range from -12 to +12°, followed by the wind off zero readings. 

3.5. Main tests - Series II 

Analysis of the above series of tests suggested that the drag 
measurements were not entirely consistent. Two explanations for this 
appeared likely. Firstly, it was observed that the method of fixing the 
transition wires did not ensure that there were no gaps between the 
wire and the model. 1,ny variation in gap between one model configuration 
and another would lead to variations in drag owing to the diffexent 
drags of the wire themselves. Secondly, observation of the measured data 
showed that thr. wind off zero readings of the drag balance valieh_should have 
been the some throughout the whole series of tests actually showed same 
variation. A second series of tests was therefore made to try to eliminate 
these causes of error. 

The errors caused by the varIatien of transition wire drag were 
reduced as much as possible by glueing the wires into very fine grooves 
scribed round the bodies. 

The drift of the wind off zero reading was investigated by taking a 
series of wind on and wind off readings. This investigation showed that 
provided each rind on measuranont was immediately followed by the 
corresponding wind off measurement the drag coefficient was repeatable 
to within ± 0.0005 at a wind speed of 220.8 f.p.s. This is in close 
agreement with the estimated value of t 0.0004 based on the assumption 
that the drag can be measured to the nearest t 0.01 of a revolution 
wind on and wind off (see Appendix IV). 

From this investigation it was concluded that an acceptable level 
of accuracy could be obtained provided each wind on reading was immediately 
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followed by the oorresponding wind cff reading. Because of the very 
considerable increase in time involved in following pis prsicedure it was 
decided to restrict the range of investigation to -41_ to +4 of incidence. 
After about two hours of running the zero readings usually- became nearly 
constant. 'Men this occuneda zero reading was taken prior to the 
commencement of the wind on tests, and a check reading was taken after 
the colliplution of those tests. 17hore any slight change of the zero reading 
was observed the zero rendings wore varied linearly with time. 

It seems probable that the drift of the zero readings is due to a 
temperature effect. Attempts to reduce or eliminate the drift by leaving 
heaters in the balAnce chamber on all night were however unsuccessful. 

3.6. Surface flow visualisation 

An attempt was made to study the surface flow using a mixture of 
alabastine in teepol. This proved_ unsuccessful owing to gravitational 
effects and the relatively small value of the skin friction over the 
rear of the model. However, observation of the flow of the mixture whilst 
it was still wet confirmed that there was a flaw separation over the leeward 
side of the tail. This was also confirmed by tracking a nylon tuft 
towards the surface of the body. On approaching the body the flow 
direction could be seen to cI-sange fairly abruptly indicating the existence 
of a vortex of the type associated with flow separation from a body. 

At all times the tuft, which was about one inch in length, remained 
steady and did not gyrate rapidly as it has been observed to do when 
placed in the vortices formed by swept back and delta wings. 

4. Results 

Corrections to observed results 

4.1.1. Rig dry:4; 

The estimated drag of the tail vires has been subtracted from the 
observed data (sec Appendix III). 

The direct drag of the strut and the interference drags of the strut, 
the strut fairing and the tail wires have been neglected. The direct 
drag of the strut is certainly not negligible but it is not amonabl.:: to 
calculation and since the main purpose of the tests vas to determine the 
drag increments due to incidence and camber it was decided to neglect 
this correction. 

From Fig. 5 it will be seen that the drag of the tail wires is 
approximately equal to the zero incidence drag of the body of revolution. 
Lny error in estimating the drag of the wires will therefore have about 
the same percentage error on the quoted drags of the bodies. 
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4.1.2. Rig pitching moment 

The estimated pitching moment of the V vdres and the 'port estimated -
part measured' pitching moment of the counterweight tail wire have been 
subtracted from the measured pitching moment. 

4.1.3. Pressure gradient correction to drag 

The horizontal buoyancy due to variation of the static pressure 
coefficient in the working section (Fig. if) has been calculated, -
see Appendix III. To correct for this effect the observed drag coeffinlcub 
results should be increased by 0.0013, or rather less than 1% of the 
minimum drag coefficient of the body of revolution. 

This correction has been neglected. 

4.1.4. Blockage 

In. Appendix III it is shown that due to solid plus wodce blockage 
the effective free stream velocity OF  is equal to about 1.006 times the 

tunnel velocity U
T
. To correct for this effect the observed coefficients 

(including rig drag) should be decreased by about 1%. Allowing for the 
drag oe the rig the quoted values of body drag should be decreased by 
about 2%. 

This correction has been neglected. Combined with the blockage 
correction the quoted drag coefficients should therefore be decreased by 
about 1%. 

4.2. Accuracy of result  s 

Ovidn.s to uncertainty about the magnitude of certain corrections 
the absolute accuracy cf the results cannot be stated. Owing to neglect 
of the pressure gradient and blockage corrections all the quoted results 
are very approximately 1% high. 

The scatter in the results caused by errors in measuring the balance 
are not knom with any accuracy for the Series I tests, but for the Series 
TT tests which have been used in all the quantitative results presented 
in this section and discussed in paracraph 5 the scatter should not 
exceed the following (sec AppendiN: TV) :- 

Coefficient Accuracy 
U = 98.g f.p.s. U = 220.8 f.p.s. _I 

CL t 0.026 t 0.006 

CD 
t 0.002 t 0.0004 

Cm t 0.002 t 0.0004 



4.3. Averaging of results 

As explained in paragraph 3 tests were made with each model 
configuration the right way up and inverted. In Figs. 13 to 17 both sets 
cf results have been plotted so that the diffurences can be seen at a 
glance. In Figs. 18 to 22 the points plotted arc the mean of the Lwe 
sets of measurements. The reason for the discrepancy between the two 
sets of measurements has been assumed to be due to the interference effect 
of the strut and strut fairing and it has been assumed that this interference 
effect can be eliminated by taking the mean of the two sets of results. 
Thilst the former assumption is probably valid it should be noted that 
the latter assumption may not be strictly correct. 

CLiwarison cf experimental results with those of slender body theory 

C onf igur at ion 
Yn 
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0.15 
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Theory 
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0 
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0 
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ac
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Theory 
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0.021 

0.021 

0.021 
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0.022 
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Exp. 
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1 . 04 

1.42 
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1.42 

1 , 02 
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( °CIF 
\ 0 a ) 

a=0 
and acm)a s 

a =0 
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from a = -2° to a = +2° 
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1. Discussion 

5,1. Reynolds number and forced transition effects 

In Fig. 7 the drar,-  coefficient CD (based en wetted area) is plotted 
rr 

against the Reynolds number for the body of revolution at zero incidence 
with and without a transition wire. For coinparison curves of the drag 
coefficient as ostinr_ted from the Royal Aeronautical Society Data Sheets 
are also included. 

(5) 

Ulthout the transiticn vire the ag coefficient increases markedly 
as R1  increases from 6.3 to 10.9 x 10 , thereafter decreasing very 
slightly with further increase in RN  up to 14,1X 106. Comparison with 

the estimated curves suggests that the pos4ion of transition moves 
forward with increase of PIT  up to 10.9 x 10° and thereafter remains 
approximately-  fixed in position. This deduction is further substantiated 
by the experimental results obtained with the transition wire at 0.1 L 
(although at the lowur values of R, the transition wire was almost cerTainly 
insufficiently large to cause immo 'ate transition). 

The fact that the experimentally detenTined drag was higher than that 
predicted by Ref. 5 is only to be expected since no allowance has been 
made for the drag of the strut and the interference drags of the strut, 
the strut fairing and the tail wires. Also, no corrections were made for 
blockage or tunnel static pressure ,gradient. The bloc klgu correction 
would decrease the drags by abcut 2A (allon-dng for the wire drag of the 
rig) whilst the static pressure gradient would increase the drags by about 
1%; an overall decrease cf about 

Figs. 8 and 9, which arc for the case of yia 	 show the 

effect of artificially varying the nature of the boundary layer by the use 
of a transition wire and a turbulence generating grid. At the lowerRoynolds 
number of 6.? x 106  (Pig. 9) the lift, drag and pitching moment characteristics 
are all affected by the changes in tle boundary layer condition. At the 
higher Reynolds number QV 14.13E  x 10 (Fig. 8) only the drag results are 
appreciably affected by these changes in boundary layer conditions. 

In the figures 8 — 12 inclusive the incidence is taken as positive 
with nose up in the tunnel. The reason for the change in sign convention 
is that for this series of tests, on the effect of Reynolds number, 
the bodies tested had. negative nose and tail cambers, but for comparison 
with the remaining tests it is preferable to refer to these as positive 
nose and tail camber with the consequent changes in sign convention. 

H The Reynolds numbers are slightly lower for the tests with the 
turbulence grid. 
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o peculiarity cf the drag results is a kink in the curves between a = 0 and a , 3 for the transition free tests. This feature is not 
present in the results obtained with the transition wire or the turbulence 
grid. This suggests that the kink is due to free movement of the 
transition front -with change of incidence. At full scale values of the 
Reynolds number transition would be nearer the nose than in these tests, 
and the position of the front would vary little with incidence (for the 
small incidences in which we are interested). It therefore seams reasonable 
to conclude that better comparative data will be obtained by making the 
tests on the different body configurations -with a transition mire. 
(The turbulence grid might be used in place of the transition wire but 
its effect would probably be too severe, and in any case a proper 
calibration of the working section with the turbulence grid in position 
is not avnilable). 

Figs. 10, 11 and 12 show the effect of change of Reynolds number. 
With free transition (Fig. 10) the lift and drag characteristics are 
appreciably affected by change of, whilst the pitching moment characteristics
are only slightly affected.tli With o transition wire (Fig. 11) the lift 
and drag as well as the pitching moment characteristics are little 
affected by change of R. Fig. 12 shows that the turbulence grid has a 
similar effect to that la the transition wire in making the characteristics 
almost independent al change of Reynolds number. There is however one 
respect in which the results seem to be more influenced by change of 
with the wire or grid than with free transition and that is in the l' 
characteristics near zero incidence. However it is shown in Appendix IV 
that the possible scatter in the lift coefficient results may amount to 
t 0.026 at the lower test Reynolds number. Bearing in mind that these 
tests were also made using the technique of measuring the balance wind 
off zero readings after measuring the wind on readings through the full 
incidence ren:;e it is quite conceivable that this apparent Reynolds number 
effect is spurious. 

The general conclusion dratim from these results is that a test 
Reynolds nuMber of 14.1 x 10 is sufficiently large to give reliable 
comparative data. In fact, in so far as the lift characteristics are 
concerned, ceulikaison of Figs. 8 and 9 will show that except for the case 
of free transition with low Reynolds number almost identical results are 
obtained at the high and low Reynolds numbers for all three conditions of 
the boundary layer. The sae is true to a somewhat lesser extent with 
the pitching moment characteristics. 

From these tests it was therefore gocided to make the main series of 
tests at a Reynolds number of 1/4,1x 1CP and to use a transition wire to 
eliminate the kinks in the drag curves. 
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5.2. Incidence and carber effects 

The results of the Series I tests are given in Figs. 13 to 17. 
ihilst the drag results of this series of tests are somewhat inaccurate 
for the reasons eutlined in paragraph 3.5 the results of this series 
serve to shew the general nature of the lift, drag and pitching moment 
characteristics over a wider range cf incidence than do the Series II 
tests. 

The first point worthy of note is the good agreement of the lift 
and pitching moment results with the model the right way-up and inverted. 
This is particularly true of the pitching moment results, and it suggests 
that taking the arithmetic mean of the two sets of results should yield 
an accurate correcticn to the lift and pitching moment results for the 
interfere nee effects of the strut and its fairing. The agreement between 
the two sets of drag results is far poorer. Inspection of the graphs 
shows that the drag is invariably higher when the model is tail dc. 
This seems reasoner b-  since the strut and fairing are then on the leeward 
side of the model and might be expected to cause a greater interference 
drag than when on the windward side of the model. In this connection 
Fig. 23 showing CD  plotted against CL  tan a is of interest. The nose down 

(tail up) results give, very nearly, CD  = 0.178 CL tan a, No if the 
skin friction drag remains constant -with change of incidence we would 
expect the drag coefficient to vary approximately as C

L 
tan a. This 

result suggests that the interference drag due to the strut and its fairing 
may be almost constant when the nose is down in the tunnel and that 
a more accurate measure of the drag would be obtained by plotting the 
curves to pasb through the points measured with the nose down. However, 
since there is insufficient evidence to support this hypothesis the drag 
curves have in all cases been taken as the mean of the nose up and nese 
down tests. 

The theoretical Cm  a relationship as predicted by slender body 

theory has been evaluated (see Appendix II) and has been plotted in each 
figure. From pg. 14 	 g 	44 L. and the table in pararaph . it will be seen 
that at a = 0 the cambered nose plus uncambered tail configuration 
produces almost exactly the theoretical pitching moment coefficient. 
Moreover the lift coefficient is at the same time very close to the theoretical 
value of zero. This shows that the flow aver the nose of such a cambered 
body approximates very closely to the theoretical inviscid flow except for 
the presence of a thin boundary layer. From Fig. 15 and the table in 
paragraph 4.4 it will be seen that the same is not true of the body with 
caMbered tail and uncambered nose. In this case the pitching moment 
coefficient produced by the tail at a= 0 is only about 1 C 5 of the 

CD  would only vary as C
L 

tan a if the positive increment in pressure 

on the lower half of the body was accompanied by an equal negative 
increment on the upper half. Since the lift is primarily caused by 
separation of the flow and the formation of body vortices it follows 
that CD  will only vary approximately as CL  tan a. 
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theoretical value and the lift ceefficient is not zero. It is evident 
es cenfirmed by the tuft tests (2aragraph 3.6) that flow separation is 
occurring on the leeward sido giving rise to the well known type of 
vortex flow associated with bodies at incidence. 

In Fig. 13, which is for the body of revolution, the theoretical C...,  of 
relationship is plotted for the nose alone and for the nose plus tail. m  
The theoretical CL a relationship for the nose alone is also plotted. 

Since the results referred to above indicate that the cambered nose must 
have flow characteristics very sim'iler to the characteristics predicted 
by inviscid theory it scans likely that the nose of the body of revolution 
would also have cheractoristics very similar to those predicted by theory 
over a small incidence range - say 1" 20. If this is aoceptod it becomes 
apparent that the uncaMbered tail is only providing about 40,Y, of the 
theoretical positive pitching moment and about 6C of the theoretical 

‘ negative lift which it should produce at incidence (over the range of - 20). 

The results of the Series II tests are shown in Figs. 18 to 22 where 
only the mean results are plotted. The lift and moment results are in 
close agireement with those of the Series I tests, but except for the 
'banana fuselage' (yri  = 0.15, yt  = —0.15) the drag coefficients are 

slightly lever for the Series II tests. Loner drags would be expected 
in the Series II tests awing to the fact that in the Series I tests the 
transition wires stood slightly proud of the surface at some points around 
the periphery. 

The results given in the table in pararTaph 4.4, which have already 
been referred to above, have been based on the Series II tests. 

5.3. Comparison of the various configurations  

The prim-Lry object of this experiment was to obtain quantitative 
data an the drag and pitching moments due to incidence and camber. To 
facilitate ceimarison of the results the mean drag coefficients from the 
Series II tests have been plotted against incidence in Fig, 18 and against 
the mean pitching moment coefficient in Fig. 19. Fig. 20 is also a plot 
of a 0m' but to assist in cemparing the drags the drag scale has boon 

eensiderdbly enlarged and the results have been presented in such a way 
that the results fray all the possible comber configurations can readily 
be compered. The possible ranEfe of scatter of the drag points is shown 
on this figure. The scatter is sufficiently small to permit confidence 
to be placed in the cemperisen of the results. 

Referring first to Fig. 18 it will be seen that at zero incidence 
the drag is least for the body of revolution. Replacing the uncaMberod 
nose by the y = 0.15 nose results in a small increase in drag. The increase 
in drag caused by replacing the tail of the body of revolution by the 
y = 0.15 tail is much larger. It is interesting to note that the drag 



- 19 - 

mith the caMbered tail is almost independent of the nose camber. 

With change of incidence from zero the drag increment due to camber 
varies in thy expected mariner; that is to say the drag increment increases 
when the combined incidence due to datum line incidence plus fuselage 
camber line incidence increases numericelly and decreases when the 
combined incidence decreases numerically. 

The object of using fuselage incidence or camber is to produce a 
positive contribution to the pitching moment coefficient to assist in 
trimming the aireraft under cruise conditions. From Fig. 20 it appears 
that for the particular range of configurations chosen for these tests the 
minimum drag will be obtained by using a body of revolution at incidence 
far any value cf C up to about 0.07. For higher values cf C a lower 

m - 
drag is given by an uncambered nose and a swept up tail (negative y ), 
but since the datum line incidence would then exceed 4 and the fuselage 
drag increment relative to the minimum fuselage drag would exceed 	it 
seems unlikely that a Cm  in excess of 0.07 would be used in practice. 

However, the upswept tail configuration might still be required in 
preference to a completely,  uncembered fuselage owing to the greater tail 
clearance that meld be available for take-off and landing. 

Frum the drag -point of view the fuselage with peetively cambered nose 
and zero tail camber is nearly as good as the uncambered fuselage, and it 
has the advantage of producing a given pitching moment for a smaller datum 
line incidence. 

The other configurations which right possibly be of same use are 
the negatively cambered nose and tail fuselage and the /banana' fuselage 
with positive nose camber and negative: tail camber. The former however 
requires a larger datum line camber than any of the other cenfigurations 
to produce a given Cm. Both configurations will lead to at least a yg 

to 4;T, increase in fuselage drag as compared with the body of revolution 
at zero incidence. 

Figs. 21 and 22 are plots of Cm- a and C -a to lare7e scales. 

Fig. 21 shows the very small Cm  increment contributed by the cambered tail. 

Fig. 22 shows the much larger CT  increment that is produced by tail camber 

as against nose camber and also shows that the effects of nose camber and 
tail camber measured separately can be combined to determine the effects 
of combined nose and tail camber. 

The tests referred to so far in this discussion have been confined tr 
various configurations with nose and tail climbers of 0.15. The Series II 
tests included one test with a nose camber cf 0.075 and zero tail camber. 
The mean results from this test are shown in Fig. 24 whore the results for 
yn  = 0 and 0.15 are also she n. It will be seen. that 1-.11creas the Cm  results 
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vary linearly with nose camber, as would be expected from the close 
aLTeement of experiment with theory, the CD  results do not vary linearly 
with camber. The drag results are not easy to explain since it would 
appear that at zero incilence the drag increment due to 0.075 nose camber 
is as great as the increment due to twice this amount of camber. Possibly 
this is a case in vfnich the possible range of scatter of the results 
combined with small errors in manufacture of the models have combined 
to produce a misleading result. 

5.4.. Limitations of the experiment  

It must be emphasised in concluding this discussion that this experiment 
has a number oflimitations in so far as applying it to estimate the drag 
of a complete supersonic aircraft is concerned. The main limitations 
would seem to be ; 

(i) the relatively log value of the Reynolds number, 

(ii) the 	liach number (14 0.2), 

(iii) the absence of interference effects on the fuselage due to a 
lifting wing and, to a lesser extent, the tail unit, 

(iv) the influence of the flow perturbations die to fuselage 
incidence and ember en the performance of the wing and tail 
unit. 

There is same evidence from these tests that the effect of item (i) 
may be small. The effect of the low Mach number of these tests may well 
be important, but this effect can only be determined by a comparable 
series of tests at higher Mach numbers at other establishments. The 
interference effects listed under items (iii) and (iv) might also be 
expected to be important. The body vortices due to incidence or camber 
might have a considerable effect on the performance of the tailplane; 
particularly the spnnwise distributicn of lift. 

6, Conclusions  

This experiment has shown that nose camber gives a pitching moment 
increment very close to that predicted by inviscid slender body theory. 
The drag penalty, which is zero on inviscid theory, is quite small, 
and so is the increment in fuselage lift. On the ether hand tail camber 
does not give results agreeing with inviscid theory. The drag and lift 
increments are several times larger than those duo to nose camber, and the 
pitching moment increment is quite unrelated to the theoretical increment. 
For the model tested in this experiment the pitching moment increment due 
to tail camber, measured about the mid point of the model, was about 1pro 
of the theoretical moment increment. 

The optimum fuselage configuration for minimum trim drag of a 
supersonic aircraft cannot be deduced from this investigation owing to the 
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fact that interference effects from the fuselage on the flow over the wings 
trod tail unit, and from the wings and tail unit on the fuselage, have not 
been studied; nor 'ias the test made at supersonic speed. However, the 
evidence seems to be that for a given increment in pitching moment the 
minimum fuselage drag is given by an uncembcred body at incidence. 
Practical considerations of obtaining adequate ground clearance of the 
tail for take-off and landing may demand the use of negative tell comber. 
The experiment shows that such comber can be used with little, if any, 
adverse effect on the pitching moment of the fuselage for a given datum 
line incidence. The drag penalty of such negative tail camber nny be 
considerable at zero incidence, but as fuselage incidence increases the 
drag penalty decreases until obeve a certain value of incidence or pitching 
moment the drag is actually decreased by negative tail comber. In the 
present experiment with yt = -0.15 radians this occurred at about 4 
(0.07 radians) of incidence. 

The other configurations which might possibly be of same use, both 
of them having negative tail camber, are the configurations with either 
positive or negative nose camber. The former gives a redaction in fuselage 
incidence for a given pitching moment whilst the latter requires a larger 
incidence than the other ccnfigurations to develop a given pitching moment 
but it gives a more favourable nose shape for the layout and view from the 
cockpit. Both configurations lead to significant increases of fuselage 
drag - about 3 to 4r, for the models tested. 
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=Ma I 

Model Data 

1. Area and caMber distributions  

The central portion, common to all the models, is uncombered, 
3 feet in length with a circular cress-section 8 inches in diameter. 

The nose and tail portions are of circular cress-section with a 
Scars-Haack area distribution, namely ;- 

2 
Sr 	

OR 	12 x1
2 

1 13 
j 3/2  

where 	R = 4" 

The camber lines are parabolic in fuLIA, i.e. 

dye 	x 
= dx1 	

y 
 1 

Y  x2 or 'c 	211 1 

Three sets (X nose and tail portions were made with cemburs 

y = 0, 0.075 and 0.15 radinns. 

Thu actual radius and camber distributions are given in Table I. 

2. Reference areas  

Maximum cress-section: l area S  

S = 0.349 sq.ft. 

Surfac.- (or totted area) Su  

For the purpose of comparing the drag results with estimated 
data the drag coefficient 910  was basfJd on the vetted area S 

S 	= 	1 6 . 81 sq. ft. 

3, 	Volume V 

V 	= 	2.434 cu.ft. 
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LFIADD: II  

Theoretical osti7.tos of the lift .ndpitchinp, 

moment characteristics  

1. Slender bodv theca 

Accerdinc, to slender body theory the lift intensity per unit length 
on a body of circular cross-section is :- 

	

pu2 	(s  
f 	 (1) dx 	 dx  

Es  a ]
1 

(2) • • 	 PU2 

-1 

The pitching moment is 
1 

= pu 

	

,2 	d (s,, a) x 	 ( ) 

Integrating by parts 
1 

A 	S
f 

dx I 
-1 	-1 

 

(4) 

2. 	Theoretic-11 estimates  

2.1. Overall lift  

From (2), since all the models are pointed at the tail (and nose), 
the overall lift is zero independent of camber or incidence. 

2.2. Pitching moment duo t7 camber 

From Ref.3 the pitching me :tent due to positive nose and tail crib 
at zero incidence (a = 0) is 

= 	PU2 	R2 7 2. 

2 C 	y m 5 1 
4r, 
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APPENDIX II Continued 

2.3. Pitching; moment duo to incidence  

Consider the uncoxnbered body at incidence a . The nose portion v-,111 
carry a lift L. the central portion will carry no lift, and the tail 
portion will casry a lift Lt  which will be equal in raamitude but opposite 
in sin to that of the nose lift Ln. The pitchin,g, moment due to incidence 

may therefore be obtained by estimating Ln  (and ) and the centre of 

pressure position of the nose (and tail). 

From (2) 

Ln = OU
2 s a 

From (4) the moment Mn  about the rear of the nose portion is 

= OU
2 

Sf 
dx 

-11  0 
2 a  d ,f x 

 
1  

-11  
The latter integral is the volume of the nose. 

J 

0 7r. 1 R2 	 2  3/2  
S
f 

ax
1 	

—7— (1-  
-) 

-11 	
-1

1 

Hence Mn 
- 3 

111 c  17 ' ffS 1 

Thus the centre of pressure, of the nose is at 

= 
Mn 	3 cup. 

	

	 'ir 11 n 

The total 

• 
• • 

pitch; n, 

M 

moment 

= 	2 

on the body 

- 	3 
U

2 
p 	S a

[ 
T6  

at incidence is therefore 
12  4. -7  

rn = 
217c 
1 

[ 3 
7 n 11 

12
i 2  

i.e. 0 = 1.42)4 a 

do m  
= 1.42  

d a 



LEPENDIK III 

Reduction of Results 

1. Dynamic pressure and velocity 

From the tunnel calibration dated 19. 8.55 

1 .1 3 

where 

k 
i pU2 

w  
(Ps-Pw)B 

Now 	(Ps  - Iliii)B 	= 	25 
5.202
. 	h lb./sq.ft. 

where h is the Betz reading in m.m. of water. 
0  Hence 	'LI; pt.T 5.22 2 
4 

= 1.13 x 	x h 

2 i. e. 	2 I.,  U17. 	= 0.2315 h lb./sq. ft. 

r.ncl 	 Uw  = 13.95 ih f.-:. s. 

2. Balance calibration 

The bal,-..nce calibrations given by preliminary tests (which did not 
include the effects of interference) are :- 

	

L 	= 5.155 (R1  - R1  ) 	(lb.) 

	

D 	= 0.423 (R4  - RI.  ) 	(lb.) 

z  
--3.068 

	

Li 	(111. 	R 	) (lb. ft . ) 

3. Evaluation r f coefficients(uncorrected.)  

= 1 

	

C/L 	
L 

2 	= 	63.8  R1 - R1 z 
g CU S h 

al; _ - i
D 
 2 = R - R 5.23 4 z  

--ff ()CT S h 
cci; = —2-- = 0.1 087 R4 - R4 i pu  2 	 z 

VT 	2 	S17 	 h 
M 	 - 

	

C ?m 	= —2— = -3. 795 R  Iffi.  R  4-a 
AU Si 	 ' 	z 
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Ai-°.E.E,NDLK III Continued 

4. Tunnel interference corructions  

4.1. Static pr,-:ssure grarlient  

Because of the length of the model the static pressure gradient 
cannot be treated as a constant, and so the standard methods of estimating 
the correction to the drag coefficient are inapplicable. To obtain an 
approximate guide to the magnitude of this correction we may calculate 
the horizontal buoyancy. 

The drag coefficient due to the horizontal buoyancy is 
1 

i
C 	2 ur dr 

-1 Ps 

where 
C 	= static pressure coefficient along centre 

	

ps 	line of empty working section. 

°DI 	has been evaluated by graphical integrations giving 

	

4 OD, 	- 0.0013 

This amounts to slightly under 1% of the minimum drag coefficient of the 
body of revolution. 

4.2. BloGtkage oorrections  

= UT  (1 es 	EST) 

where 	es = solid blockage factor 
and 	 ew  = wake blockage factor 

The solid blockage factor 6  is approximately given (Ref. P. 344) by 

es = 0.65 -2-, h2b 

where 	V = volume of body plus fairing 
h = height of working section 
b = breadth of working section 

AC,1 
S = WR2 
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APPENDIX III Continued 

The wake blockage factor is given (Ref. 1.4, p.348) by 

S 
ew = 4 bh 0D 

where S is the area on which CD  is based, and 	is the overall drag 
coefficient including the fairing. Substituting in these two formulae 
we have 

es = 0.0056 
= 0.00031 

Hence, Ur  - 1.0058 UT _ 

Thus the effective free stream velocity UF  is a little more than 1% 
greater than the tunnel velocity UT. 

4.3. Rig correction 

Rig drag coefficient 
	  rig 
The drag of the tail wires has been calculated assuming a drag 

coefficient of unity based on frontal area. The rig drag coefficient C D 
based on the model reference area S of the model is plotted in 	rig  
Fig, 5. 

It will tie seen that the wire drag is approximately equal to the 
zero incidence drag of the body of revolution. 

Rig pitching moment coefficient Cm  
	  rig 
To determine the contribution of the counterweight tail wire to the 

pitching moment a drag load was applied to the wire midway between its 
attachment to the fuselage and the floor. The pitching moment was road 
on the balance and hence the effective moment arm of the drag load was 
found. This effective moment arm is plotted in Fig. 6(a). 

Using the estimated tail. wire drags referred to above the pitching 
moment due to the tail waxes was then calculated. The wire pitching moment 
coefficient Cm 	based on the model reference area S and reference length 

rig 
2 1 is plotted in Fig. 6(b). 



Coefficient Accuracy 

U = 98.6 f.p.s. U= 220.8 f.p.s. 

0L ± 0.026 t 0,006 

CD  + 0.002 4. 0.0004 

Cm t 0.002 ± 0.000/4_ 
•••=1••••••11. 
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APPENDIX IV  

Accuracy of the results  

The sensitivity of the balance is such that the revolution counters 
can be balanced out to within the following limits :— 

Lift balance 
	

t 0,01 

Drag balance 

Pitching moment balance 
	

t 0.01 

These limits apply with wind on and wind off and lead to the following 
limits in the determination of the coefficient. 

The Betz manometer could be read to the nor rest 0.1 m.m, of water but 
co-ing to the unsteadiness of the tunnel velocity it would probably be 
more realistic to assume that the accuracy of measurement was to within 
t 0.2 m.m. of water. This corresponds to an accuracy of t 0.2% in the 
measurement of the speed at 98.6 f.p.s. and t 0.0410 at 220.8 f.p.s. 
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TAB IF, I  

Radius  and canker line 

dj.r..,tribut ions   

x1  
(ins.) 

Ye( ins • ) 
= 	c).-i 

r 

(ins. ) . O. 075-7—  

0 0 0 4.000 

8.4 0.063 0.126 3.879 
16.8 0. 252 0.501+  3.510 
21.0 0.394 0.758 3.221.E  

25.2 0.567 1 . 1 321- 2.862 

29.4- 0.772 1 .544 2.414- 
33. 6 1.008 2. 01 6 1.359 

37.8 1.276 2.552 1.107 

39.9 0.698 
42.0 1.575 3.150 0 

_ 	_ 
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FIG. I. DIAGRAM OF MODEL. 
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