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Results are given of tests at Xach numbers from I*,!+2 to 2.00, on a 
l/L!+ scale model of the Fairey Delta 2 aircraft. Lift, pitching moment, 
axial force, sideforce, yawing moment and rolling moment were measured, 
giving an assessment of the general stability characteristics, including 
the effects of airbrakes and a ventral fuel tank. Elevator effectiveness 
and aileron effectiveness iyere measured. Incremental values of drag mere 
obtained resulting from separate addition of airbrakes and fuel tank, and 
the application of elevator and aileron. No absolute values of drag are 
presented owing to difficulties in measuring the internal drag of the 
intake system, 

The model was stable in pitch and the position of the aerodynamic 
centre remained constant at 0*51 g (C)*67 centre line chord) throughout the 
incidence range at all Kach numbers. The addition of airbrakes caused a 
rearward movement of the aerodynamic centre of O-02 3 at all Mach numbers. 

In all confieurations the model was directionally stable at low lift, 
though the stability decreased tiith increase of incidence and in some cases 
the model became directionally unstable at high incidence. Directional 
stability was appreciably improved by opening the six-brakes but was reduced 
by the addition of the ventral fuel tank. 
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1 INTRODUCTION 

The Fairey Delta 2 is a research aircraft which is capable of supersonic 
flight up to a Mach number of at least 1*8. The aircraft, which is tailless, 
has a delta wing planform with a leading-edge sweepback angle of h 60' and 
thickness-chord ratio of 0.04; the elevators are located inboard and the 
ailer-ns outboard on the unswept trailing-edge. It is powered by a single 
jet engine installed in the fuselage, the air for which passes through intakes 
at the wing roots. Two such aircraft have been built and they have been 
engaged in a considerable programme of flight research, see for example 
Refs.1 and 2. 

As part of a research programme for the comparison of results as 
measured in flight and on representative models, a l/24 scale model of the 
Fairey Delta 2 has been tested at supersonic speeds in the 3ft x 3 ft wind 
tunnel. This note gives the results of these tests. 

In order to accommodate both the sting support and air flow through the 
model it was necessary to distort the fuselage shape, resulting in a slightly 
deeper fuselage with less boattailing at the base. IJo allowance has been made 
for these differences in the results presented. 

Tests made at supersonic Mach numbers were required to provide infor- 
mation on:- 

(a) lift and- 1or~g-i.tuh%nel stability of the model with various e&e V&tar 
set kings; 

(b) effects of airbrakes and ventral fuel tank on lift and longitudinal 
stability; 

(c) drag increments of airbrakes, ventral fuel tank, elevator and 
aileron; 

(d) lateral stability chcaracterj.stics of the model with varying side- 
slip and incidence, including fin effectiveness, &Toron effectiveness and 
the efrects of airbrakes, elevator setting and the ventral fuel tank. 

The basic experimental data are presented, together with some analysis 
but only a limited discussicn of the results is included. A further report 
is to be written giving a comparison of fullscale and model results. 

2 EXPERIMI!XTA.L DETAILS 

2.1 Model and balance 

An jutline drawing of the model is shown in Fig.1 and the principal 
dimensions are given in Table I. Fig.2 is a plmtograph of the model mounted 
in the tunnel and details of the airbrakes and ventral fuel tank are given 
in Figs.3 and 4. 

The model was made to l/24 scale and the external shape is representative 
Of the aircraft except for the folloting differences:- 

(i) the model has a slightly different nose shape; 

(ii) the fuselage is slightly deepened along its length; 

(iii) the rear part of the fuselage is not boattailed to the extent 
which applies on the aircraft, 

-5- 
(82977) 



(iv} the model was designed from early drawings of the aircraft 
configuration, since when the fullscale intake area has been increased. 

Thus the model has:- 

(a) a projected side area 3% larger; 

(b) 3 slightly shortor fuselage; 

(4 a base area approximately four times greater than the aircreSt 
with its reheat eyelids closed; 

(a) air intakes which are approximately I& smell in area. 

The external differences between the model and aircraft are shown in 
Fig.1. 

Air was ellowed to flow through the rring root intakes. The intakes 
and internal ducting are correctly represented as far as the engine face 
position, aft of which the air passage splits into two, leading the air 
above and below the faired internal drag balance and supporting sting, to 
exit at the annulus formed by the model base and the sting. The fuselage 
boundary-layer air was prevented from entering the intskes by bleed ducts 
inboard of the intakes. These ducts contained wedges to divert the air 
over the upper and lower surfaces of the tirgs in the region of the wing- 
body junctions. The port intake and boundary-layer duct may clearly be 
seen in Fig.2. It should be noted that there is a further difference 
between the model and ticraft concerning the bleed ducts in that, on the 
aircraft, air diverted downward by the wedges is ducted away and used for 
cooling purposes, later to be exhausted from the underside of the fuselage, 
weli aft. In the present tests, the bleed air was exhausted onto the under 
surface in the wing-body junctions. 

The wing was of composite construction and consisted of a hexagonal 
steel oore which was covered with an epoxy resin and bend finished to the 
required profile. The steel core was manufactured in one piece with the 
rear fuselage. The basic model was completed by the intake section, 
canopy, nose, wing boundary-layer fences and tail bumper all of which were 
made of tufnol. The ventral fuei tank, airbrakes and fin were made 
detachable; the fin included the bullet at the root which houses the 
landing parachute on the aircraft. 

Elevators and ailerons are represented on the model by cutting 
grooves in each surface of the wing along the control hingeline and 
deflecting the surfaces behind the grooves about the resulting spring 
centres. Previous laboratory tests had shown the safe life of such spring 
centres to be about two complete cycles, provided that the maximum deflec- 
tion did not exceed 10°. Angular deflection of the control surface3 wa3 
measured by observiw the displacement of the trailing-edge and in order 
to avoid cycling the spring centre more than necessary, bending ceased 
when the control surface was within ?10*2' of the desired value. To 
represent the basic aircraft configuration, the ailerons were set 3" up 
relative to the wing chordal plane for all the tests. Deflections of the 
ailerons are quoted relative to this setting. 

The model was supported on a sting which incorporated a five com- 
ponent strain-gauge balance to measure nom&l force, sideforce, pitching 
moment, yawing moment and rolling moment. 

Axial force was measured by a separate strain-gauge balance manu- 
factured in one piece with the model. The arrangement is such that the 
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model is connected to the sting support through four flexible links on 
which the axial force gauges are bonded. These internal pieces (axial furo@ 
balanoe and supporting sting) are arbitrarily faired so as to present as 
little as possible obstruction to the internal air flow. k drawing of a 
similar arrangement is shown in Fig.13 of Bef.3. It should be noted that 
the present model is a revised version of that -indicated in this Ref. 

2.2 Details of tests 

Tests were made in the supersonic section of the tunnel' at Mach 
numbers I*&?, 1-61, I*82 and 2.00. The tunnel total pressure was va ied 
with ElIach number, to 
Id = 1.42 and 2'7 x IO f 

ive a Reynolds number, based on g, of I.9 x IO z at 
at other Mach numbers. When incidence was varied 

the range was from -2' to 18' at hI = l-.&2 and -2' to 14" at other Mach 
numbers. When sideslip was varied the range was -2' to 8' at all Mach 
numbers. Tests Fiere made rJith the model at constant angle of sideslip 
(of 0' or 4') while incidence nas varied and a constant angle of incidence 
(of 0') while sideslip was varied; this involved the use of a cranked sting 
support. 

Bands of distributed roughness were used to ensure that the boundary- 
layer on the model was turbulent. They consisted of a mixture of Carborundum 
grains and thin aluminium point applied so that closely spaced individual 
grains projected from a paint base &oat C*OOl inch thick; grade 100 carbor- 
undum (average grain height 0*007 inch) was used for the 'ir;sts. The distri- 
buted rou&ness was applied bat%een I.25 and I.75 inch aft of the nose md 
Setween @ and lC$ of the local chu~d on the wings and fin. 

Prelim-inary test s were made at each Xach number to determine the mass 
flow of air through the model intakes. Measurements were made with pitot 
and static pressure tubes positioned at the exit, in the plane of the base 
of the model and the mass flow was calculated from these. Results are 
presented in Figs.5 and 6. Fig.5 shows the variation of mass flow ratio 
with incidence and Iaach number and indicates that under the test conditions 
the intake was running nearly full. Fig.6 ahov~s the variation of the mass 

flow parameter measured 
0 

at incidence) witii Mach number. It should 

be remembered that the intakes on the model are approx I@ small in area. 

The following is a detailed table of the tests made:- 
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Test Mach number Remarks 

All four 
?t 11 

Variable 
tt 

O0 
i 

O” 0” ’ ON 
0 If tt CFF 

tt II tt tt I -4O It ON 
tt t1 11 11 -100 tt 11 

tt tt II 0 II tt OFF 
tt 

tt 
tt 
tt 

tt 
tt 

tt 
tt 

I? 
II 

tt ON Airbrakes on 
tt t1 Ventral fuel tank 

on 

v61,1.82 & 2900* 
1*42,1*82 a 2*OOf 
KU four 

tt tt 
tt 11 

tf tt 
tt 0 

tt 

11 

t? 

It 

11 (’ I -4-O -so tt 
tt 4' 1 O” 0’ OFF 
I? 11 -100 I? 11 
tf 11 o” ” ON 
tt 11 -j(-jo tt tt 
11 ?I I? 
tt I? tt tt 

O0 
tt 

Varilblei 1 

I? Air?3rakes on 
I? Ventral fuel tsnk 

on 
00 1 1’ i (1 

I? ?I 
1 I 

11 , OFF 
tt II II ” -49 1’ ON 
tt tt tt ?I -IO0 I / tt i OFF 
tt II tt t? tt I? ON 

t1 tt tt I? 11 ?? ?I Airbrakes on 
tt tt 0 ?I tt I? 11 Ventrjl fuel tank OI 

*f Tests were made at M = I*42 and M = 1.61 respectively but the 
results are in error due to e~rimental faults. 

The tests were not repeated as it no.s considered that the aerodynamic 
oharacteristics of the model had been nell established and further tunnel 
time could not be spared. 

2.3 Results and accuracy 

The aerodynamic coefficients are based on aerodynamic mean chord, 
gross wing area and gross wing span with a moment reference point at 
0.317 5 (0*!3+.4 centre line chord). This last corresponds to the mean oentre 
of gravity position used in the flight tests. The system of axes and the 
sign convention used for control deflections are shown in Fig.7. 

Normal force, pitching moment, sideforce, yawing moment and rolling 
moment results are presented. For various reasons it was not possible to 
obtain accurately the internal drag of the intake without considerable 
additional experimental. work, for which time was not available. Since the 
internal drag was a substantial part of the measured drag, this meant that 
the possible errors in experimental vslues of external drag of the model 
were too large to justify presentation. Hence only comparative drag results 
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have been included i.e. increments due to airbrakes, fuel tank, elevators 
and ailerons. For the computation of lift coefficient, measured axial force 
was used which could result in an error of up to $$ of the maximum lift. 

Nu corrections have been made to the results for deflection of the 
controls under aerodynamic loading but these deflections are estimated to be 
small for both elevators and ailerons. No tunnel flow corrections have been 
applied to the results as thes e are considered to be within experimental 
accuracy. The results have been corrected for balance interactions and sting 
deflections and are estimated to be accurate within the following limits:- 

CL -'- O*oolc 

cY 
2 O-001 

AcD t 0*0001 

c, -t- 0*0001 

cm + O-002 

'n f o*OQO2 

a t O-l0 

p t 0*1° 

3 DESCRIPTION OF RESULTS 

3.1 Lift, longitudinal stability and drq 

The variation of untrimmed lift coefficient with incidence and Mach 
number for the model with elevator settings of O", -4’ and -IO0 is shovsn in 
Fig.8. Fig.9 shows the variation of trimmed lift (for CL Q 0.2) with 
incidence and hfach number. The untrimmed lift curves are non-linear and show 
a reduction of lift curve slope with increasing incidence. Fig.10 shows the 
variation of untrimmed and trimmed lift curve slopes, measured at low lift, 
kth Kach number. The untrimmed lift curve slope falls steadily with 
increase in Mach number from 2.77 at b! = I*&2 to 1.95 at Ifi = 2.00. The lift 
slope for the trimmed model is about 3oi;', less than that for the untrimmed 
model at all Xach numbers. 

Fig.11 shows the variation with Xach number of lift due to elevator. 
The effect of incidence cn this is negligible for the test incidence range. 

The variation of pitching moment coefficient with lift coefficient for 
elevator angles of O", -1+" and -IO0 is shown in Fig.12. The curves have 
stable slopes and are linear within the lift range tested. There is little 
change in slope with change in either elevator setting or Mach number; thus 
the aerodynamic centre position remains virtually constant at 0*19 5 aft of 
the test reference point, (Fig.15). Fig.14 shows the variation of 

acm 
-F , elavator effectiveness, with Mach number. This falls from 0*192 

(measured per radian of control movement) at hl = I.42 to 0*114 at M = 2'00. 

The effects which the airbrakes have on lift end pitching moment are 
small and are shown in X.gs.15 and 16 respectively. The brakes produce little 
change in lift curve slope, below a 2 12O, at all Mach numbers but do give a 
small positive increment in lift at constant incidence. They alzo produce a 
rearward shift of the aerodynamic centre position of about O-02 c at all Mach 
number3. The effects of the ventral fuel tank on lift and pitching moment 
are shown in Figs.17 and 18. These are small, there being a slight forward 
movement of the aerodynamic centre (< I$ E) at Mach numbers of I*61 and above. 

Fig.19 shows the variation, trith Mach number, of the drag increment 
measured at zero lift, resulting from the separate addition of the airbrakes, 
ventral fuel tank, elevator and aileron. Fig.lp(a) shoas that ACD due to 

0 

the airbrakes falls slightly nith increasing Mach number and is of the order 
o-05. The increment due to the tank is about 0*002 over the Mach number rsnge. 
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Fig.lP(b) h s ows the variations with Nach number of AC, per radian 
0 

of elevator and aileron movemen& 

3.2 Lateral stability 

In order to obtain the variation of the sideslip derivatives, 
acy acn ace 
v- qT- =dF 3 with incidence, tests mere made nith the model set at 
constant angles of sideslip of 0" and 4-O, varying the angle of incidence. 
The derivatives were deduced assuming that the variations of the coefficients 
CY, Cn and C, were linear between the angles of sideslip tested. To check 
the validity of this assumption at 10~ incidence further tests i?ere made at 
each Mach number in which the model was set at zero incidence and the angle 
of sideslip varied. In this case the derivatives were obtained by measuring 
the slopes of the curves in the region p c 0'. In the discussion of results 
the above techniques for obtaining derivatives are referred to as Method A 
and Kethod E respectively. 

Curves shovcing the variation of sideforce coefficient with angle of 
sideslip for various model configurations are shown in Figs.20, 21 and 22. 
In general the curves are fairly linear over the sideslip range 
o" < p < 4-O. 

rjC Y The differences in value of - - 
aP 

at zero incidence as obtained by 
the two methods are shomn in Ii'ig.23. The curves indicate that, in general, 

3C 
Method A gives values of -J which are greater in mqnitude by up to lC$ 

aP 
than those given by Kethod 5. This should be remembered Gjhen cansidering 

aCY X 
- r:ith incidence in which the variation of ag 2 is obtained by Method A - 

a? 
the less aocurate method. 

acp 
The variation of - - 

a? 
tith incidence for the various model con- 

figurations is shown in Fig.24. Fig. 25 shows the variation of 
aCY - - , at various values of incidence, 
43 

v;ith Mach number for the basic 
model vrith and without a fin =and hence, by subtraction, the contribution 
of the fin. For the complete model sideforce falls with increase in Nach 
number and above Iv! = I-67 falls with increase of incidence. Y/hen the 
separate contributions of the body (i,c . model nithout fin) and fin are 
examined it may be seen that the sideforce an the body increases slightly 
nith Mach number up to M = I*8 and increases appreciably Trith increase of 
incidence at ,a.ll Rach numbers, while the sideforce on the fin decreases 
appreciably with increase of both Kach number for IJ > 1.6 and incidence. 

Figs.26, 27 and 28 show tine variation of yawing moment coefficient 
with sideslip angle for the various configurations. Pig.29 shoTs the 

vnriation 6) 
acn of - 

P 
obtained by the Tao methods A and B. In general, 

a=O" 
differences between the tie methods are greater at 10:-r ILach number (Ii?< 1.6) 
for the model with the fin on, when Yethod A may over-estimate the 
derivative by up to 20$, but nith the exception of the case of the model 
with airbrakes, agreement is much closer for Dach numbers above 31 = 1*8. 
When the fin is removed agreement is good. 
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acn The variation of q- triith incidence for the various model configur- 
dCn ations is shown in Fig.30. For all configurations - 
aI3 

falls mith increase 

of incidence and in some cases the model (with the fin on) becomes 
directionally unstable at high incidence, Fig.31 summarises tlk CUTV~S of 

aCn - against Mach number at zero incidence for the various configurations, 
33 
as obtained by Method S. The curves for the model with q = O" ‘and -4’ both 

ac 
show a steady decrease of 2 with increase of Mach number. 

aP 
The curves for 

all configurations with the elevator set at -IO0 however, show an increase 
aCn in - with Mach number up to RI 3 
aP 

1*8, followed byat decrease above this 

Liach number. Thus beluz M 2 187 the variation of $ with q is non linear 

and in fact changes sign between elevator angles of 4' and -10’. Above 

b! e acn l-7 the variation ef ap - with Niach number is progressive with the 

stability increasing as the elevator is moved negatively between 0' and 
-loo. The curves for the model with airbrakes and ventral tank indicate 
that the brakes produce an incre asc in directional. stability rrhich varies 
from about 255 at Ii; = I04 to about LJ$ at M = l-6 and above while the ventral 
tank produces a decrease in s tability of about 25% at all Mach numbers. 

C 
Fig.32 shoxs the variation cf 9 (lateral centre of pressure position) 

'Ii 
with Mach number for the model at a = 0' and a = loo, both with and without 

a fin. Alsc included are curves for r Acn (There ACn anlACy are the diffes- 
Y 

ences in yawing moment and sideforce coefficients be-tiicen the model configur- 
ations with and without a fin). This gives the position of the fin centre 
of pressure (including any interference effects concerning the fin) and is 
refcrrcd to as the "fin alone" case. The curves for the complete model shorn 
large forward movements of the later,il centre of pressure both with increase 
in Mach number for iU > I*6 and with increase in incidence. The variations 
in the centres of pressure positions for the "fin off" and "fin clone" cases 
are small rjith variation in Mach number, thus the reduction in 
ac 
-2 (Fig.31, 7~ = 0”), 
3P 

results from the decrease in fin sideforce, as Xach 

number is increased above IU = l-6, noted in Fig.25. The variations in 
centres of pressure position with incidence for the "fin off" and "fin 
alone" cases are fairly small and in each case in a stabilising direction, 

acn thus the reasons for the reduction in - 
ap 

with increase of incidence 

(Eg.30), are the increase in body sideforcc acting ahead of tne moment 
centre and the reduction in fin sideforce noted in Figs.& and 25, rather 
thcazl any movements of their respective centres 0r pressure. 

Curves showing the variation cf rolling moment coefficient vS.th side- 
slip ,angle for the various model configurations are shown in Figs.33, 34 and 

35. Fig.36 shovs the variation ci’ 
aG.6 

( > T= u 
vlith Mach number as obtained 

= 00 
by the tvJo methods A and 3. Generally the results obtained by Method A 
appear to be greater up to I,! ti 1.7 above which Mach number they are slightly 
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smaller. Curves showing the variation of 5 - with iilcidence for the 
aI3 

% various configurations are shown in Fig.37. Generally - increases with 
ap ac 

increase in incidence but at M = I.4 there is a local drop in $ at 

a = 14' which possibly msy be attributed to the starboard wing tip stalling 
slightly before the port tip. 

% Fig.38 summarises the variation of the sideslip derivatives r , 

dCn % 
ap and ap - with Mach number for the model at trimmed lift coeffioients 

of 0 and 0.2. 

Fig.39 shows the variation of aileron effectiveness witi incidence at 
Mach numbers of 1.61, I*82 ar.d 2-00. Figs.40 and .!+I show the variation with 
incidence at these Mach numbers of sideforce and yarning moment due to 
aileron movement, Since these latter derivatives are established fern 
fairly small differences the accuracy is low, in the extreme case being 

acy dCn 
about 2% and lt20$ for- 

3.5 and YEy respectively. Nevertheless it is 
considered that the order of these derivatives is established. 

4 CONCLUSIONS 

From results of wind tunnel tests at supersonic Mach numbers on a 
l/24 scale model of tha Fairey Delta 2 aircraft the main conclusions are as 
folloms. 

(I) Pitching moment curves are linear and have stable slopes over the test 
incidence range at all Mach numbers. There is virtually no change in slope 

acm - - with Mach number or elevator setting, 
acL 

thus the aerodynamic centre 

position remains constant at 0*510 E (i.e. 0.67 centre-line chord). 

(2) Directional stability fals with increase in Mach number above 
M = I*6 as a result of decreasing fin effectiveness. 

(3) Directional stability falls with increase of incidence at constant 
Mach number, resulting from an increasing body sideforce acting ahead of 
the moment centre and from decreasing fin effectiveness. 

(4) Th ere is a large non-linear variation of directional stability with 
elevator setting (Oy 2 r~ 3 -10’) particularly bekfieen h!ach numbers of I.4 
and I*& 

(5) The airbrakes produce:- 

k!h numbers 
a rearward movement of the aerodynamic centre of 0.02 E at all 

; 

(b) an increase in directional stability (at low lift) of about 25% 
at AZ: = 1'42 arxl 4C$ at M 3 1.6. 

(6) The ventral fuel tank has little effect on the longitudinal stability 
but causes a decrease in directional stability (at low lift) of about 25% 
at all Mach numbers. 
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sideforce coefficient (sidcforce/qS) 

gross wing span 

aerodynarxic mean chord 

Mach number 

free stream total pressure 

dynamio pressure 

mass f1ot-J of air (lb/set) 

gross wing srea 

free stream stagnation temperature (OF) 

angle of incidence of fuselage datum (degrees) 

angle of sideslip (degrees) 

elevator angle (degrees) 

aiieron angle (degrees) 

acL dC L >;and- du untrkned and trimmed lift curve slopes (per radian) 

ac L 
F- 

lift due to elevator (per radian) 

acm 
q- elevator effectiveness (per radian) 

aC4/ 
-zil-- 

aileron effectiveness (per rardian) 
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LIST OF SYXBOLS (Contd.) 

NY ac 
F-- and* aileron derivatives (both per radian) 
dG 

ace dCn 
qT-# Tgr 

acY 
and Tgf- sideslip derivatives (all per radian) 

Relationships of term used ix stability analysis (Not used in this note):- 

acn n=- 
V ap 

_No, Authork~ 

1 Andrem, D.R. 

2 Rose, R* 

LIST OF REFXMCES 

Title, etc. 

Measurements in flight of the longitudinal 
stability derivatives of a 60" delta wing 
aircraft (Fairey E.R.103) 
, ;. 7 -.d.L. C.P. 639 upril, 1959. 

Flight measurements of the Dutch Roll 
characteristics of c 60' delta wing 
aircraft (Fsirey Delta 2) zt Xach numbers 
f'rmz 0.4 to 1.5 xith stability deri.vatives 
extracted by vector analysis. 
k.h,C. C.P. 653 Xarch, 1961. 
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lb Author Title, etc. 

3 Seddon, J. The representation of c;l&ne airf10~ 

Nicholson, L.F. in wind tunnel model tost2nF. 
h.R.C. R, & I4i. 3079 hby, 1955. 

4 Morris, D.E. Calibration of the flow in the working 
section of the 3 ft x 3 f-t tunnel, 
National Aeronauticti Establishment. 
A.R.C. C.P. 261 September, 1954. 

- 15 - 

(82977) 



TA&El 

Principal dimasions of models 

SCZiLE 

Test moment centre 

1 : 24 

0.317 z 
(= O*ycb centre-line chord) 

Fuselage 
length 
maldmum width 
maximum depth 

22.16 in. 
2.00 in. 
2.275 in. 

gross spctr 139417 in. 
gross area 
centre-line chord 

90 SC; in. 

tip chord 
12950 in, 

aerodynamic mean chord 
0.92 in. 

aspect ratio 
8*34 in. 
2.0 

angle of sweepback of L.-E. 
aerofoil section 

59*92' 
i& symmetrical 

maximum thickness at O*ZY5 chord 
wing chord line to fuselage angle 1$-O 

Fin 
exposed height 
exposed area 

2-69 in. 
8.98 in. - 

L (exposed height 2 aspect ratio 
exposed area 

] O-80 

angle of sneepback of L.-E. 60" 
aerofoil section 6): synmetricd 

Controls 
Elevatok 

hingeline length (per flap) 
total area (two flaps) 

Aileron (horn balance) 
hingeline length (per flrzp) 
total area (two flaps) 

2’8 in. 
4'97 sq in. 

2.93 in. 
4.05 scj in. 

- IG - 
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FLAP DETAILS. 

1.05” . 

1.29” (iiODEL SCALE) 

CfNTRE LINES OF FLAPS. 

FLAP POSITIONS. 

FIG. 3. DETAILS OF AIRBRAKES. 
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FIGS. MASS FLOW RATIO -VARIATION WITH 
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FIG. 6. MASS FLOW PARAMETER -VARIATION 
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FIG.9 LJFT- VARIATION WITH INCIDENCE 
AND MACH NUMBER, MODEL TRIMMED. 
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FIG IO. LIFT CURVE SLOPE (MEASURED AT LOW LIFT) 
-VARIATION WITH MACH NUMBER. 
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FIG I I. LIFT DUE TO ELEVATOR 
-VARIATION WITH MACH NUMBER. 
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FIG. 12. PITCHING MOMENT-VARIATION WITH LIFT, 
ELEVATOR SETTING AND MACH NUMBER. 
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FIG. 14. ELEVATOR EFFECTIVENESS -VARIATION WITH 
MACH NUMBER. 
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5. AIRBRAKES-VARIATION OF LIFT WITH INCIDENCE 
AND MACH NUMBER, MODEL WITH q=-IO? 
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---- WITHOUT AIRBRAKES 

FIG. 16. AIRBRAKES-VARIATION OF PITCHING MOMENT 
WITH LIFT & MACH NUMBER, MODEL WITH ‘Q= -IO? 



FIG. 17. VENTRAL FUEL TANK-VARIATION OF LIFT 
WITH INCIDENCE AND MACH NUMBER, MODEL 

WITH ‘12 =- IO? 



-&o- WITH VENTRAL TANK 
--- WITHOUT VENTRAL TANK 

-o* IO I 

FIG. 18. VENTRAL FUEL TANK-VARIATION OF PITCHING 
MOMENT WITH LIFT AND MACH NUMBER, MODEL 

WITH q =- IO? 
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FIG. 19. DRAG INCREMENTS AT ZERO LIFT- 
VARIATION WITH MACH NUMBER. 
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FIG. 20. SIDEFORCE- VARIATION WITH 
SIDESLIP ANGLE AND MACH NUMBER, 

MODEL WITH q= 0: AT o( =O? 
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FIG.21. SIDEFORCE-VARIATION WITH SIDESLIP 
ANGLE AND MACH NUMBER, MODEL WITH 
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>- 

-0.0 2 . 

p& - 

-0.02 

-0-0~ 
CY 

-O*Od 

-0.0 i 

-040 

I- 

s- 

I 

t- 

-2 

-00 

-0.0 

CY 

-0.0 

-04 

--O-It 

6- 

J ,. 

3 
;} BASIC MODEL , 

- WITH AIRBRAKES 
- WITH VENTRAL TANK 

I 

(a) M = 1.42. 

I I I 

(b) M = 1.61. 

FlG.22. SIDEFORCE-VARIATION WITH 
SIDESLIP ANGLE AND MACH NUMBER, 

MODEL WITH q= -IO: AT a 5 0: 



002 

FL 
-2 

---o*OL 

CY 

---‘OOf 

-o*og 

---‘o*to 

I 
c 6 

- BASIC MODEL , Qi 
- WITH AIRBRAKES. 
- WITH VENTRAL TANK, 

I 

(c) M = 1.82 

SFIN OFF 

\ 

t 

, FIN ON 

xv WITH AIRBRAKES. 
U WITH VENTRAL TANK. 

3 FIN OFF 

FIG. 22. (CONTD) 



0 

0. 

0 

0 

0. 

C 

~6- 

5- 

4- 

. 

2- 

I - 

IT 

FIN ON 

y- - MftkIOb A 

(a) WITH 9-o’ & q=-4O 
i (1 ~IDICATED) 

.---a 
-\ /\ -I 

o-2 

04 

--- MCTHOD A 
METWOO 8 

--- MCTHOD A 
METWOO 8 

I l 0 

FIN ON 

L I 
- - - METHOD A 

METHOD 8 

I.4 I.6 M I.8 2.0 

(4) WITH q= -loo. 

I c ’ -- METHOO A 
MEfHOb B 

* I 
I.4 I.6 M I-8 20 

(C) WITH VENTRAL TANK (q = -109 (d) wlTti AIR BRAKES (q = -IO’) 

FIG.23. SIDEFORCE DUE To SIDESLIP 
-VARIATION WITH MACH NUM 



-04 

-0.3 

.----- 

6 lb oco I8 
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AND MACH NUMBER. 
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A,R,C, C.P” No. 672 A,R,C, cop, No. 672 A. I.(421 Fairey Delta 

533.6.013.1 : 
533.6.011.5 

WIND TUNNEL TESTS AT SUPERSONIC SPEEDS ON A MODEL OF WIND TUNNEL TESTS AT SUPERSONIC SPEEDS ON A MODEL OF 
THE FAIREY DELTA 2. Do&son, M.D. Oct. 1962. THE FAIREY DELTA 2. Do&ion, M.D. Oct. 1962. 

A. I. (42) Fairey Delta 
533.6.013.1 : - I 
533.6.011.5 

Results are given of tests at Mach numbers from 1.42 to 2.00, on a Results are given of tests at Mach nuxbers from 1.42 to 2.00, on a 
1124 scale model of the Fairey Delta 2 aircraft. Lift, pitching moment, l/24 scale model of the Fairey Delta 2 aircraft. Lift, pitching moment, 
axial force, sideforce, yawing moment and rolling moment were measured, axial force, sideforce, yawing moment and rolling moment werL; measured, 
giving an assessment of the general stability characteristics, including giving an assessment of the general staoility characteristics, including 
the effects of airbrakes and a ventral fuel tank. Elevator effectiveness the effects of airbrakes and a ventral fuel tank. Elevator effectiveness 
and aileron effectiveness were measured. Incremental values of drag were and aileron effectiveness were measured. Incremental values of drag were 
obtained resulting from separate addition of airbrakes and fuel tank, and obtained resulting from separate addition of airbrakes and fuel tank, and 
the application of elevator and aileron. No absolute values of drag are the application of elevator and aileron. No absolute values of drag are 
presented owing to difficulties in measuring the internal drag of the presented owing to difficulties in measuring the internal drag of the 
intake system. intake system. 

(Over) (Over) 

A,R,C, r,P, NJC. 672 A. I. (42) Fairey Delta 
533.6.013.1 : 
533.6.011.5 

WIND TUNNEL TESTS AT SUPERSONIC SPEEDS ON A MODEL OF 
THE FAIREY DELTA 2. Dobson, M.D. Oct. 1962. 

Results are given of tests at Mach numbers from 1.42 to 2.00, on a 
l/24 scale model of the Fairey Delta 2 aircraft. Lift, pitching moment, 
axial force, sideforce, yawing moment and rolling moment were measured, 
giving an assessment of the general stability characteristics, including 
the effects of airbrakes and a ventral fuel tank. Elevator effectiveness 
and aileron effectiveness were measured. Incremental values of drag were 
obtained resulting from separate addition of airbrakes and fuel tank, and 
the application of elevator and aileron. No absolute values of drag are 
presented owing to difficulties in measuring the internal drag of the 
intake system. 

(Over) 
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The model was stable in pitch and the position Of the aerodynamic 
centre remained constant at 0.51 z (0.67 centre line chord) throughout the 
incidence range at all Mach numbers. The addition of airbrakes caused a 
rearward movement of the aerodynamic centre of 0.02 z at all Mach numbers. 

In all configurations the model was directionally stable at low lift, 
though the stability decreased with increase of Incfdence and in some cases 
the model became directionally unstable at high incidence. Directional 
stability was appreciably improved by opening the airbrakes but was reduced 
by the addition of the ventral fuel tank. 

L- 

The model was stable In pitch and the position of the aerodynamic 
centre remained constant at 0.51 C? (0.67 centre line chord) throughout the 
incidence range at all Mach numbers. The addition of airbrakes caused a 
rearward movement Of the aerodynamic centre of 0.02 z at all Mach numbers. 

In all configurations the model was directionally stable at low lift, 
though the stability decreased with Increase of Incidence and In some cases 
the model became directionally unstable at high Incidence. Directional 
stability was appreciably improved by opening the airbrakes but was reduced 
by the addition of the ventral fuel tank. 

l--- 
The model was stable In pitch and the position Of the aerodynamic 

centre remained constant at 0.51 E (0.67 centre line chord) throughout the 
incidence ,ange at all Mach numbers. The addition of airbrakes caused a 
rcL. .iarL movement of the aerodynamic centre of 0.02 z at all Mach numbers. 

In all configuratlons the model was directionally stable at low lift, 
though the stability decreased with Increase of Incidence and In some cases 
the model became directionally unstable at high incidence. Directional 
Stability was appreciably improved by opening the airbrakes but was reduced. 
by the addition of the ventral fuel tank, 
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