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SUMIARY

Tests have been made in the 3! x 3' tunnel at R.A.E. Bedford, to deter—
mine the stability of a model of the Blue Stwreak miassile both in pitch and in
yaw, at a Mach number of 2.00. The effects on the normal force and pitching
moment characteristics of changes in the various components of the model were
also determined; these included the effects of nose shape, longiltudinal
splines on the nose, motor fairings, fuel pipes and fins. The effect of the
step in the body profile was also determined both at transonic speeds and at
M = 2,00.

The model without fins was found to be statically unstable both in pitch
and In yaw, With four stabilizing fins attached to the rear of the model it

was also unstable but the moments were reduced by approximately 5074 at any

given incidence.

Replaces Rs.A.E. Teoh. Note No., Aeroc 2624 - A.R.Cs 21 590.



PRELIMINARY NOTE

Tests on a model of Blue Streak have been made in three R.A.E, wind
tunnels to investigate the missile stability characteristios.

Results from tests in the 3 ft x 3 £t tunnel are given in this paper
and ere predominately for a Mach number of 2,0. Two heads were tested and the
effects of nose splines, engine fairings, internal fuel pipes and stabilizing
fins were investigated. A limited study, through the Mach number range 0.7 to
2.0, was made of the effect of a step in the rear body profile.

Results from tests in the 8 £t x 6 £t tunnel are given in A.R.Ce 21 756
by A.L. Courtney. These covered the Mach number range 0.8 to 1.25 and were
more intensive in scope. Six component force measurements were made at body
incidences up to 15° and roll angles up to 90° for configurations both without
fins and with those fins used for the 3 £t tunnel tests. Three head shapes
were tested and the effects of the various missile components invesiigated.

Tests done in the 8 ft x 8 £t tunnel are reported in A.R.C. 23 743 by
C.F. Moss and D. Isaacs. BSix component measurements were made for a Mach
number range 0,95 to 2.80 over a range of body incidences and for several
roll angles. 1In addition to two of the heads tested previously =z further
two were tested. The effects of the rear step, slight alterations to the
shape of the motor fairings and another set of stabilizing fins were
investigated. Some measurements of static pressure over the engine pods
were made and an investigation of the dynamic stability in pitch was carried
out,
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1 INTRCDUCTION

Blue Streak is a ballistio missile which is at present being developed.
Oontrol moments for stebility and guidance during ascent are provided by
swivelling the propulsive motars. In order bto cbiain nformation on the
aerodynamic stability of the missile during the early stapes of 1ts f£laght
(when the air-loads are greatest) a 1:30 scale model was made for testing at
trensonic speeds in the 8! x 6! tunnel at Farmborough. It was proposed that
the same medel should be tested atb supersonic speeds at a later date in the
8' x 8! tumel at R.A.E, Bedford. Before this btunnel came into operation
the model was tested in the 3' % 3! tunnel at RP.A.E. Bedford at & = 2,00
this being the only Mach number (the maximum of the tunnel) at which the
model could be tested without any uncertainties arising hecause of sheck wave
reflection. Tests were made, at this one Mach mmber, on various configura-
tions, to determine the effects on stability of:m

(1) changing the nose shape,

(ii) fairing-in the splines on the nose,

(1ii) rolling the modvl through 90° relative to the balance,

(iv) removing the pods representing the motor fairings,

(v} removaing the fuel pipes,
and (vi) adding four fins of amall aspect ratio.
In addition, the effect of eliminating the step in the body profile was
determined at subsonic speeds and at il = 2,00 using the present mcedel and at
M = 1,32 using a cone—cylinder model of similar shape.

2 MODEL DITAITS

The layout of the mcdel is shown in Fig.4. The bcdy was cylindracal
and of total lz@ngth 4.85 calibres, the last 0.€3 calibres being reduced in
diameter to 049 calibres. To this body could be added one of two nose shapes:-

(i} & blunt nose (nose A) giving an overall fineness ratio of 5.70
and (ii) a conical nose (nose B) giving an overall fineness ratio of 6.30.

Along each of the noses ard along the rcar part of the main body were a series
of splines, though for some tests the splines on Lhe nose wers faired-in with
an epoxy resin,

The pods representing the motor fairings were fastened bto the rear
section of the body and they were detachable. Two sleeves were made to £it
over the rear section of the body w1 crder to eliminate the step in the body
profile, one to be used when the pods were in position and the other when the
pods were off.

For the tests with fins on, the whole rear section could be detached and
replaced by one fitted with four fins. These fins were of double wedge
section with blunk trailing edges and were of 6% thickness~chord ratic.
Variocus protruberances such as the two fuel pipes, a longitudinal control
fairing of trapezoidal section running the length of the body, the nose
blister ebec., were also represented. In the discussion the word 'pipest is
used to denote the fuel pipes and the longitudinal control fairing. For the
test to determine the effect of the pipes (para. 5.3), only the short fuel
pipe and the control fairing were removeds The long fuel pipe proved diffi-
cult io remove and was left in position.

-5~



The model was sting supported and the normal force and pitching moment
camponents were measured by a resistance type strain gauge balance inside the
model. The sting had a 2,25° taper and its diameter at the base of the model
was 1.56 inches (0.39 model calibres).

For most of the tests the model was positioned in roll so that the pods
were in the plane of incidence. This is referred to as the datum roll posi-
tion (¢ = 005). Information was also reguired on the stability of the missile
in the yaw plane, although this was expected to be less critical than in the
incidence plane as the lift from the pods would be stebilizing. Since at the
time the model was designed the 8' x 6! tunnel had no means of rolling the
sting and balance, provision was made for rotating the model relative to the
balance (which continued o measure normal force and pitching moment in the
sting incidence plane). 1t was convenient to adopt the same practice in the
3t x 3t tunnel and roll the model relative to the balance rather than to roll
the model, balance and sting together.

3 TEST DETAIL3

The test programme took place during the peraod April - July, 1957 when
the following configurations were tested at M = 2,00.

Conf'ig. | Nose|Splines | Pods | Pipes | Fins | Sleeve ¢
1 A On On On off Off 0® |
2 B e " i} 1" " 1 151; Series
3 A L " |1} " " 900 J
4 A Off On On off Off 0° N
5 B 1 1t 1% i) " L1}
6 A " Off " 1 7" "
7 " " On off " " " > 2nd series
8 1t t " On On Li ]
9 L] " Off 1t Off On n
10 " 1 Orl L] L 1 1"

There wes a short interval of time between the first and second series
of tests during which datae from tests in the 8' x 6! tunnel were anclysed?,

The results from these tests indicated that at transonic speeds the centre of
pressure was 0.5 to 0.7 calibres further forward than had been estimated. Two
possible factors contributing to this discrepancy were the longitudinal splines
on the nose and the step in the body profile. The nose splines were therefore
faired-in with an epoxy resin and a sleeve was mede which could be fitted over
the rear part of the body eliminating the step.

As further tests within a reasonable period were not possible in the
8t x 6! tunnel, tests at subsonic speeds were made in the 3' x 3' tunnel even
though the blockage was greater than is normally regarded as satisfactory.
Configurations 6 and 9 in the above table were tested at M = 0,70 and 0.90.

(In the table and in the discussion of results the terms 'splines on!
and 'splines off! have been used to indicate the cases where the splines
on the nose were exposed or faired-in respectively.)

The incidence range for most tests was from 6 = - 5° to + 100, readings
being taken at 19 intervals.



The R maber for all tests.on themodel-with blunt nose (nose A)
was 1.24 x 109, based on body diameter., When testing configurations with the
conical nose (nose B) there was cansiderable vibration of the model at maximum
total pressure, thought to be duc to scme disturbence in the woke coused by the
reflected nose shock wave®. This vibration could only be reduced by decreasing
the tumnel total pressure so that most of the tests on cgnfigurations with the
conical nose were done at a Reynolds number of 0.43 x 10°,

&4 ACCURACY OF RESULTS

The presented data, for any configuration, have the following maximum
probeble errors.

Configurations Cy Cin 6
Fing off Nose A +0.003 0. 004 +0,02
Nose B #0.010 0,012 30,02
Pins on +0, 004 #.006 0,02

These errors in GN and Gm give rise to errors in the centre of pressure posi-~
tion, xcp’ which vary with incidence. In the following table, the errors in
x__ in terms of body celibres are presented for 'Low 6' (6 + 2°) and 'high of
(6 £ 9°) and the error varies continuously between these two values.

low © high ©

Fins off Nosze A 0. 06 0.01
Nogse B 0.12 0.02
Fins on 0.06 0,02

The results from the tests on nose B are less accurate than the results
from Nose A because of the lower total pressure used in these tests. There
are two points to note with respect to the accuracy of x op® Firstly, there is

alight curvature of the flow in the tunnel giving rise to pitching moments at
a nominal zero incidence., Before using the results therefore to determine x

the curves were translated so that they passed thr the origin. Secondly,
for 6 » 29, X gp VoS determined by dividing C by G (and adding a constant to

give the result relative to the shoulder of the model); far 8 = O it was
determined from the ratio of the mean slopes of the (’Jm v 6 and GN v 6 curves

as obtained by using the method of least squares on the experimental points
between #2° The values of xc.p obtained at ® = 0 therefore should be more

accurate than is suggested above for low 8.

5 RESULTS FOR M = 2,00

e —

This section deals with all the results for M = 2,00 with the exception
of those concerned with the effect of the sleeve. The relevant figures are
Nos. 2 to 10. The first part of each figure is a plot of the normal force
coefficient, Cp, ageinst incidence, 0, and the second part a plot of centre
of prcssure position, Xgp, against 8. Bach figure shows a comperison between

* Recently, the vibration has been found to cccur in tests on this model in
the 8t x 8' tunnel and hos now been attributed to flow separation over the rear
end of the body. -7



two configurations differing in only one respect and thus indicates the effect
of changing one component of the model. (In the comperisons between the two
nose shapes the different values of the Reynolds number is an additional
factor.) For each figure, unless stated otherwise, the mcdel configuration
was ag follows: Nose A, splines off, pods on, pipes on, fins off, sleeve off,
P = 0°% The results from all configurations show the same genersl character,

the CN v © curves being smooth and non-linear and the xcp v © curves showing

gradual rearvard movements of the centre of pressure with increasing incidence
(see for example Figs2). The non-linearity of each Gy v 6 curve can be

attributed to the 1lif't frum the viscous cross flow over the body which causes
the centre of pressure to move rearward with increase of incidence since the
lift from the nose varies more or less linearly with incidence. An assessment
of the characteristics of any configuration cen be obtained, therefore, frem
the normal force curve slope and centre of pressure position at zero incidence
and, to show the effect of incidence, values of GN and xcp at samc¢ higher

inoidence which has been arbitrarily taken as 8% In an effort to avoid
repetition and confusion when discussing the effect of changing any component,
this information has been tabulated in each section.

5«1 Effect of nosc shape and fairing in of nose splines

Varizbles 6 = 0° 6 = 89
Configuration
Nose Splines Cng Xop Oy Xep
1 A On 0.0549 -0.07 0.520 -0, 146
2 B On 0.0610 ~0.10 0.560 ~0. 38
4 A of'f 0.0539 -0.17 0.515 ~0.48
5 B off 0. 0602 -0.11

Factors constant for all tests: sleeve off, pods on, pipes on, fins off, ¢ =0%

The camparisen between the results for the two nose shapes, with the
splines on, is shown in FPig.2 and for the splines faired-in, in Fig.3.

The conical nose (nose B) is seen to contribute more 1ift than the
blunt nose (nose A), the increment in Cg at zero incidence being 0.006

(a percentage increase of about 11%) but there is very little difference
between the positions of the centres of pressure. This is true whether the
splines are faired-in or not. The percentage difference in Gy at 80 incidence

is 8% and the positions of the centres of pressure differ by 0.12 calibres.
These figures epply to the case when the splines were on but they prcbably
apply also to the case when the splines were faired~in. (No results were
obtained above & = 6°), The results from the same four configurations are
plotted in Figs. 4 and 5, but they are re-arranged to show the effect of the
splines. Thus each figure refers to one nose shape and gives the comparisecn
of splines on and splines off. The effect of fairing-in the splines is very
smell at zero incidence, there being only a 2% decrease in GN for both noses
)

together with a rearward movement of the centre of pressure of 0.1 calibres
for nose A and no movement at all for nose B. Tor higher incidcnces the
effect of the splines is negligible.



5.2 Effect of rolling the model through 90°

Most of the tests were made at zoro roll angle as the missile was
expected to be least stable in the plane of the pods. However as the missile
can deviate from its flight path in any dirccticn one test was made with the
model rolled through 90° in order to dutermine the stability of the missile
in the planc normal to the plane of the peds. It should be noted that the
axes taken are sting axcs and that CN and xcp are cbtained from forces measured

in the sting pitch plane.

This corrceponds to the yaw plane of the model vhen
it is rolled through 90°,

The resulis arc as follows:-

i 8 = 0° g = 8O
Fig, Confign. &
QN@ xcp GN xcp
6 4 0° | 0.0549 -0.07 | 0.520 w0 bi5
|
3 90° l 0,058 ~0.53 0530 ~0, 70

Factors constant for all tests:- Nose a, splincs on, slceve off, pods on,
pipes on, fins off.

For the model rolled through 90° the normal force curve slope at zero
incidence was 6% greater than for ¢ = O and the centre of pressure was 0.46
calibres further back. The Gy v 8 curve for the ¢ = 90° case is rather more

linear then for the ¢ = 0 case and the two curves cross at 6 = 9° so that
differences between them are negligible at high incidence. The centre of
pressurc also movcs back less rapidly with incidence, for ¢ = 909, and at g°
the diffcrence between the two cascs is only 0.24 calibres. Presumably this
is becavse the 1ift from the pods, when they are in this plane, is more nearly
linear than when they are in thc pitch plane.

5.3 Effect of pods, pipes and fins

In Figs. 7, 8, 9 are shown the results of tosts on configurations 6, 7, 8
respectively wach of which differed in only one respict from the so-called
datum configuration (No.4). The results from the tests on the datum configura-
tion are plotted an cach figurce to make the comparison casicr. The resulits arc
summarised in the following table and 1t can be scen that a comparison of
configuration 6 with configuration 4 gives the ¢ffect of removing the pods,
configuration 7 with configuration 4 gives the effect of rcmoving the pipes, and
configuration 8 with configuration 4 gives the effect of adding the fins.

. 8 = 0° o = 8°
Fig. onfig. Pods Pipes Fins
Ong *ep B *op
L On On off 0.0539 -0.17 0.515 ~0.48
7 6 Off On orf 0. 0494 +0.15 0.492 ~0. 30
8 7 On off off . 0508 -0.10 0. 485 oy
9 8 On On On O, 0797 -1, 2{-8 0. 720 ~1s 55

Factors constant for all tests:- Nosc A; splincs off; ¢ = 0°

-9 .




It can be scen that the pods carry a fair amount of 1ift even when they
ere in the incidence plane. For the model without pods the normal force curve
slope at zero incidence is 8% less than for the model with pods and the centre
of pressure is 0.32 calibres further forward. OCn increasing incidence their
effect falls off slightly and at 8° incidence the percentage differcnce in GN
is 5% and the change in xcp only 0.18 calibres,

For the model without pipes the normal force curve slope at zero incid-
ence is 6% less than for the model with pipes and the contre of pressure is
slightly further forward. These difforences between the two cases do not
change with incidence and at 8 = 8° there is still &7 difference between the
values of CN and a slight change in the centre of pressure position.

The effect of adding the fins is, of course, considerable. For the
model with fins on, the normal force curve slope at zero incidence is 48%
greater than for the model without fins and the centre of pressure is 1.31
calibres further back. As the 1ift from the body incrceases with incidence
more rapidly than does the 1ift from the fins, the effectiveness of the fins
falls off slightly and at 6 = 8° the percentege difference in Cy is 39% end

the change in centre of pressure position only 1.08 calibres.

6 STABILITY OF THE WISSILE

The pitching moment coefficient about the missile centre of gravity is
plotted a%ainst normal force coefficient in Fig,40(a) and against incidence

in Fig,10(b), for the following four configurations:—
Config. Nosc ¢ Fins

2 B 0° off

L A 0° off

3 A 90° off

8 A 0° On

The position of the centre of gravity was taken to be 2,27 calibres aft of
the shoulder.

It can be scen that the model is unstable at this Mach number for all
four cases. As was to be expected the model is most unstable in pitch. It
is slightly less unstable in yaw becaus¢ of the greater 1ift from the motor
fairings in this plane, The model with conical nose is seen to be slightly
less stable than the meodel with blunt nose though this is only recally apparcnt
&t the higher values of GN' The addition of the fins considerably decreascs

the unstable moment, the value for any incidence being only about 50% of the
value for the fins off case at zero roll.

It is interesting to note that for the fins off cases the Gmcg v @ curves
are effectively linear. If the linear 1if't is assumed to have a constant
centre of pressure position, it appears that the centre of pressure position
of the non-linear 1lift also remeins constant and coincident with the peosition

of the missile centre of gravity.

It should be appreciated that this note gives an assessment of the
stability under aerodynamic loads only. The overall stability of the missile
also involves the stabilizing effcct obtainud by the automatic control of the
swivelling motors.



7 EFFECT OF SLFEVE AT M = 0,70, 0,90, 1.32 AND 2.00

Te1 Results for M = 0.70 and 0,90

The model was tested in the transonic scction of the 3' x 3! tunncl in
order to obtain a quick check on the effcct on the centre of pressure position
of the step in the body profile. Tesis werc made on configiration 6 with the
step in the profile present (sleeve off) and on configuration 9 where the step
was climinated by the addition of the sleecve.

Variables 8 = 0° 5 = 8°
Fig. Confaig,
M Sleceve QNO xcp QN xcp
13 6 0. 70 Off 0.0402 0.49 0. 352 0.25
S On 0.0459 -0.12 0.350 ~0,18
6 0.90 Off 0.0406 3,65 0. 365 0.29
9 On 0.0476 0,15 0. 408 0,22

Factors cogstant for all tustsi~ Nose A, splines off, pods off, pipes on, fins
off, ¢ = 07

It can be sceen from Fige13 that the effect of the slceve is quite con-
siderable. At M = 0.70, on adding the sleeve, the zero incidence normal force
curve slope increases by 14% and this increase in 1ift is retained on increcasing
incidence, the difference in Gy being about 14% at 8° incidence, At M = 0.90,

the effect is even greater the differences being 176 in QN at zcro incidence
and 12% in Qg at 8° incidence. )

These changes in 1lift are accompanied by corresponding changes in the
centre of pressure positions. At ¥ = 0.70, for the model with sleeve, the
centre of pressure at zerc incidence is 0,61 calibres further back than for
the sleeve off case, At higher inciadences the diffcerence is swaller and at
8° it is only O.43 calibres. On increasing Mach rumber to 0.90 the value of

xcp for 8 = 0 remains constant for the sleeve on casc bub moves forward 0.15

calibres for the sleeve off case. Hence the differcnces between slecve on and
sleeve off cascs are even greater at Il = 0.50 than 0,70, the values of these
differences being 0.80 calibres at zero incidence and 0.51 calibres at 8°
incidence.

7.2  Results for M = 1.32

To provide confirmatory rcsults on the effcct of the sleeve at low
supersonic Mach numbers the conc-cylinder model of Ref.2, was modified to make
the Lody length correspond to that of Bluc Streak. The step in the body pro-
file of Blue Streak was reproduccd and a sleeve was made which could bce fithed
over the rear part of the body. The nosc shape was a 10° semi~anglc cone with
small tip radius. Details of the model are shown in Fig.12.

Teats were madc on this model with and without sleeve at i = 1432 The
results are plotted in Fig.14 and are summarised in the table.



I 6 = 0° g = 8°
Fig- Sleeve
cNe xOP CN xcp
14 orr 0. 0402 0. 91 0. 365 Cuolidy
On 0.0412 0.72 0. 377 C. 25

The effect of the sleeve is still significant at i = 1.32 though it is not
nearly so importent as at M = 0.70 and 0,90.

7«3 Results for ¥ = 2,00

-

Since the effect of the sleecve was so marked at transonic speeds there
was the possibility of a small but apprecisble effcet at ¥ = 2,00. In order
to determine this, therefore, tests were made with pods off, with and without
sleeve; also since in any model of the actual missilc the pods should be
represented, tests were made with pods on, with and without slceve. The
results are as follows:~

Fig. Config. Varisbles =0 g = 8°
Sleeve Pods ONG x‘:|P GN xcp
15 6 Off orfe 0.0494 0.15 0.492 ~0, 30
9 On Off 0.0512 0.05 0.508 ~04 39
16 L ore On 0.0539 ~0.47 0.515 ~0.48
10 On On 0.0532 ~0,10 0.515 0. 45

Factogs constant for all tests: Nosc A, splines off, pipes on, fins off,
¢ = 0 L]

When the pods are off, adding the sleevec causcs a %% increase in CN
6

et zero incidence and a rearward movement of the centre of pressure of 0.1
calibres. At higher incidences there is a similar increasc of 3% in Gy and

again a rearward movement of 0.1 calibres in xcp. When the pods are on, the

effects of adding thc sleeve are smaller at zero incidence (as would be
expected since the pods cover part of the step) and, in fact, they become
negligible on increasing incidence,

Since the effect of the sleeve varies so much with llach number it is
worthwhile summarising the main results. In the table below are showm the
changes in the normal force curve slope and centre of pressure position at
zero incidence, of the body without pods, caused by eliminating the stecp in
the body profile by the addition of the slecve.

.92 =



% increase —1
M in CNe ax Model -
0.70 1l ~0. 61 Blue Strcak |
0.90 17 -0.80 Rlue Streak
1. 32 3 -0.49 Conc~cylindexr
2.00 3 =C.10 Blue Streak

8 COMPARISCN wITH RESULTS FROM A CORE~-CYLINDER AT M = 2,00

Ref.2 gives the rcsults of tists on cone-cylinders of small finencss
ratio, corrcsponding approximately to the finenecss ratio of Blue Streak. One
nose shape (a 10° semi angle conc with large tip radius) is comparable with
nose A of the prescnt tests.¢ Diagrews of the two meduls are shown in Pig.11 for
comparison. In Fig.17 the resulis from the tests on the conc~-cylinder arc
compared with the results from configuration 9 of the present tests i.c. slecve
on and pods off. The results from the Blue Strcak model were modificd to allow
for the effect of the pipes.

_ | 6 = 0° 6 = 8°
Fig. Model. 5
ON(-) xcp i xcp
17 Blue Streak Oo OJ-I-BJ! O. 1'1 Go 2{.75 "'O- 35
Config. 9
Cone-cylinder 0.04L51 0.51 0. 440 ~0.05

There is an appreciable diffcronce between the two scts of resultse The
Blue Streak modcl has 7% more 1ift and the centre of pressure 1s 0¢3 ~ Ouk
calibres furthur back for all incidencos.

The rcasons f'or thesc¢ discrcepancies are not clear but the following
points should bc considered. Firstly, the Blue Streak model differs from the
cone—-cylinder in that it has a slightly diffcrent nose shape, a slightly
shorter body length and splines along the rcar part of the body.  The values
of' the test Reynolds numbers were also different being 1.24 x 106 for Blue
Streak and O.43 x 106 for the conc—cylinder.

Compared with the cone cylinder, Blue Stresk has more 1ift which appears
to act near the base of the model since it has a centre of pressure further aft
than the cone-cylindcr. This suggests that the diffcrent nose shape is not
responsible for the Aiscrepancies. The lower 1lift and morc forward centre of
pressure of the longer body suggest that the cone-cylinder carried negative
1ift over the last 0.26 calibres. (This possibility has becn demonstrated in
Ref.3.) In order to check this brief tests were made on the cone—cylinder
model but the results indicated that the effuct of the longer body length is
small.

The gplines could affect the results at zero incidence since they might
have an appreciable effect on the boundary layer thickness at the basc. This
would modify the effective base area and thus the normal force curve slope
since it is proportional to the basc arca according to slcnder body theory.
The splines oould also affect the results at incidence since they might modify
the visoous cross flow over the body.

-13 =



9 CONCLUSIONS

At a Mach number of 2,00, the model without fins is unstable, both in
pitch ard in yaw, but is slightly less unstable in yaw because of the greater
1ift from the motor fairings in this plane, With four fins of small aspect
ratio attached to the rear of the body, the instability is considerably reduced

‘_ g_\ being reduced by approximately 504,
Oy

dCn

The effects of the various components of the model on the zero incidence
normal force curve slope and centre of pressure position, are as follows:

(1) The value of Gy for the body with the conical nose is 11¢% greater than
9

for the body with the blunt nose but there is very little difference in the
centre of pressure positions. 1In each case the effect of fairing-in the
splines is almost negligible.

(ii) With the model rolled through 909, relative to the balance, the value

of Gy is &% greater than in the unrolled condition and the centre of pressure
e

is Q.46 calibres further back. This is mainly due to the increased 1lift from

the motor fairings in this position., Even in the unrolled condition, however,

the fairings contribute some L1ift and the ¢ffect of removing them is to reduce

GN by ebout &% and to move the centre of pressure C,32 calibres further
G
f arward.

(iii) The short fuel pipe and the longitudinal control fairaings, together
produce an apprecisble amount of 1ift and increase Gy by &%, though with
;)

1little effect on the centre of pressure position.

(iv) The four stabilizing fins of very low aspuet ratio, set at 45° to the

incidence plane, add considerably to the overall 1ift from the model. With

the fins in position the value of CN is 48% greater thean with the fins off
6

and the centre of pressure is 1.3} calibres further backs

The effcct of the step in the body profile at transonic snecds was quite
considereble giving a value of Gy which was 12 ~ 15% less than that obtained
o

without the step and a centre of pressure position 0.6 to 0.8 calibres further
forward; at M = 2,00 the diffcrence in slope was only 3% and the centre of

pressure change only 0.1 calibres.




LIST OF SYMBOLS

C‘N Normal force coefficient
_ Normal force
- Qe So
G Pitching moment cosfficilent

Pitching moment about balance centre
ge S. d

Balance centre is 0.307 calibres aft of model shoulder

_ Pitching moment about contre of gravity
cg Qs 0. d

Centre of gravity position taken to be 2.27 calibres aft of model shoulder

cp centre of pressurc
x, distance, in calazbres, of centre of pressure forward of model
P shoulder
a Maximum body dismeter (neglecting splines)
'ndz
S Maximum cross-scctional area = 5

Free stream dynemic pressure

M Mach numbcr
0 Sting incidence
¢ Roll angle
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TABLE 1

Pttt

Results at M = 2.00

(Re. No. 1.24 x 408 unluss stated otherwise)

|
& O | O ! cp 6 | G | % *op
]
Configuration No.d i Configuraticn No. 3
=300 | -0.163 ! =0.03% | -0,07 =903 | ~0,650 | 0.301 | ~0.77
"'1.98 "‘00108 : ""Oo 030 "‘0003 ""‘8. 03 ! ’-00551{- Oo 225 —Oo 71
_O. 97 "Or O5J+ i "Oo 015 "'6. 01 "'Oo 387 00 1 20 "Oo 62
Oo 05 6] I 0.001 ""Oo 07 J "'}-]-. Co ~0. 214-1 1 O. 053 "'O'l 53
1.07 | 0,058 | 0.013 ~1.98 | ~0.115 | 0.018 | ~0.16
2.08 0.115 + 0,022 ~0.12 ~0. 96 ~0, 058 0. 014
3.10 0.168 | 0,032 -0.12 0,05 0 ~0, 001 ~0453
Lo 11 0.229 0,032 ~0,17 1,06 0.063 | -0,017
5.13 O 294 0.025 —0,22 2.07 0,120 | ~0.03 ~0.59
6. 1L 0. 367 0.002 -0, 30 3.08 0,181 | ~0.041 ~0.53
7.15 O bli6 -0, 034 ~0, 38 409 0e24p | =0,057 ~04 5k
8,15 0.533 ~0.093 ~0, 48 510 0.311 | =0,084 0,58
9,16 0. 634, 0,170 ~0,58 6o 14 0.380 | ~0.117 ~0, 61
10.15 0. 747 ~0.279 -0, 68 7.1 0.L56 | ~0.164 ~0e67
1115 0.866 04411 -0, 78 8.12 0.539 | «0.214 -0, 70
9.12 0,630 | ~0,280 ~0.75
10.13 | 0.730 | =0.367 ~0. 81
! a
Configuration No.2 Confisuraticn No.4 I
Re. No. 0.85 x 10° ‘ '
~le 00 ~0.245 | ~0.03L ~0.17 -5.18 -0. 300 -0.006 | ~0.29
-2.99 ~0.178 ~0.032 ~0,13 e 17 -0.236 -0.018 | 0,23
-1, 98 ~0,123 ~0.032 ~0.05 ~3.45 ~0.174% 0,024 | ~0.17
-~0.96 ~0.057 ~0.016 214 -0.116 -0,020 | =0.13
0.05 0.003 | 0,001 ~0. 14 -1,12 ~0, 060 ~0.008 |
1.06 0.065 ¢ 0.019 ~0e 4% ~0,008 0.001 , 0,17
2,07 0.133 1 0,021 | -0.15 0.90 0,049 0.005
X 6 1.92 0,103 0.010 | =0.22
Ree No, 0.45 x 10 2,93 | 0.158 | 0.019 | -0.19
-8.99 -0.671 0.118 ~0.13 3495 C.217 0.022 | =D.21
=799 ~0.570 0.051 ~0.22 L9596 0.283 0.018 | ~0,2L
~5,98 -0« 393 ~0.025 -0, 2, 5.97 C. 351 0.001 | ~0.30
~3497 0, 244, ~0, 050 ~0.10 6. 98 0.429 ~0.036 | ~0.39
0.05 0,002 0. 001 ~-0.10 8.99 0. 608 ~0.162 | =0457
2.06 0.125 0.024 0. 14
407 0.252 0.039 ~0e15
6.09 0.397 0.030 0,23
8.09 0.570 ~0.047 -0, 39
9,10 0,668 ~-0.107 ~0u b7
10.10 0.779 -0.199 “0.56
Confige Nose Bplines Pods Pipes Fins Sleeve o)
1 A on on On ort ort oe
2 B it 1] ] L] it (]
3 A f fn n " n 9()(‘)J
h A orr ] n i i ] O
5 B ] " f " n u
6 A n Off ] 1 i n
7 " t on o1t n " "
8 a t L] on on [ It
9 " l o1t n oft On 8
10 n On _‘..?........ " n it




TABLE 1 (Contd)

i
o Gy | Cp *ep 0 Gy Cu *op
Configuration No.b Configuration No.8
Re. No. |0.43 x 10°
=S¢l | ~0.331 -0.045 ~0.17 ~5.08 ~C. 422 0.513 ~1,52
~2.12 ~0. 130 ~0.034 -0, 05 ~3,09 -0, 245 0,299 ~1.53
-1.42 ~0.071 =0.,013 ~2,10 -0, 167 0, 200 -1.50
~0.41 =0.011 -0, 001 -0, 11 =1e10 ~0.088 0.109
0.89 0.051 0. 004 -0, 11 ~0,012 0.023 ~1.48
1,90 0,111 0.017 -0.16 0.89 +#0.070 | -0.070
2.91 0,170 0.015 ~0.22 1.89 0. 451 ~0,163 -1, 38
3.91 0.239 0.029 -0.19 2.88 0.224 ~0.260 ~1e4b
L. 92 0. 301 0.037 ~0.19 3,83 0. 306 ~0. 361 ~1s49
5.92 0. 383 0. 024, ~0.25 L.87 0. 400 ~0a 477 -1.50
5.86 0.492 -0, 599 ~1.53
Configuration No, 6 6.85 0. 59, ~0. 734 1o 5l
7.84 0.702 -0, 875 ~-1,55
~5.19 ~0, 312 ~0.051 ~0,15
418 | =0.222 -0.022 003 8.85 | 0.815 | ~1.031 57
~3.16 ~0,162 -0.060 0.0 .
~2.15 | ~0.107 | —0.047 | 0.13 Confdguration No.9
~1e13 ~0, 056 ~0.027 ~5448 ~0.293 -0,035 0,19
~0,114 -0.006 ~0,003 0.15 ~le 17 0,227 ~0.045 «0e 11
0.91 +0., 045 0,021 ~3.16 -0.166 ~0.047 ~0,03
1092 0.094, 0.046 0.18 ~2¢4l 0,110 ~0,039 0.05
2.9 0.148 0.068 0.15 -4.15 -0.057 ~0. 020
3.96 0.203 0.072 0.05 ~0. 11 -0.005 ~0. 004 0.05
497 0. 266 0.074 | ~0.03 0.9 0,047 0.016
5.98 0. 334 0.075 ~0.08 1.92 0.098 0.036 0.06
7.00 0. 409 0.049 ~0.19 2. 9% 0.153 0.055 0.06
8. OO Oc "—i-gll- 09 OO"-}- "'Oo 30 3. 95 O. 21 1 Oo 060 "'Ob 02
9,01 0.587 ~0.07h “0. 43 4.97 0.276 0.059 -0.09
10,01 0. 630 -0.157 | ~0.53 5458 0. 344, 0. 045 -0.18
6.99 0,420 0.012 ~0.28
Configurstion No.7 8.00 0.508 -0, 041 ~0. 39
-5.18 _0‘ 280 _0.030 "'O. 20 9.00 0.592 —00111 "'Ol 50
AT -0.217 ~0.038 .13 10.00 0.710 ~0,206 -0, 60
-3.16 ~0, 162 ~0.034 -0.10 ) ,
~2edls ~0.107 ~0.025 ~0.07 Configuration No.10
1413 -0,056 ~0.014 ~5.48 ~0. 300 -0.015 -0, 26
~0, 11 -0, 006 0,009 -0.10 17 =0, 234 ~-0.026 -0.20
0.90 0.047 0.009 ~3.15 ~0,171 -0, 029 0. 14
1.92 0,100 0.017 ~0.13 244k ~0. 115 ~0, 024 ~0.10
2,93 0.152 0.027 -0.13 113 ~0.059 ~0.013
3.94 0,208 0.030 ~0.16 ~0,11 ~0.006 ~0,001 ~0.10
4. 96 0.267 0.027 ~0, 21 0.90 0. 047 0.009
5.97 0. 333 0,015 ~0.26 1.92 0,102 0.021 ~0,10
6. 98 0.403 ~0,013 ~0. 34 2,93 0.155 0.032 ~0,10
7.99 0,485 ~0,062 04 143 3495 0.214 0.035 ~Os 14
4496 0.276 0,031 ~0.20
5.97 0. 349 0,012 0,27
6.98 0.425 -0,022 ~0, 36
7.99 0.512 ~0.078 ~0.46
8,99 0.609 0. 154 ~0.56
9,99 0.719 ~0.258 0,67
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TABLE 2

Results at i = 040 ard 0.20

(Re. No. 1.76 x 106)

0 QN ¢, xcP 6 QN Cm xop
Configuration No. 6 Uonfiguration No, 9
¥ =070 M= 0.70
~5.42 -0.218 -0, 140 O. by ~5.,10 ~0.235 ~-0,038 ~0.15
~lpe 10 ~0.168 ~0e121 0.1 w09 -0,189 -0,037 =0.11
~3.09 ~0,128 ~-0.097 0.45 -3.08 -0.439 ~0.032 -0, 08
~2.07 0. 084 ~0.066 0.48 ~2.06 -0.093 ~0.020 ~0.09
-1.05 ~0. QL ~0.033 ~1.05 ~0.048 0. 010
=0y Ol -, 003 -0.002 C.48 -0, 04 0,002 0 0,12
0.98 0.039 0,033 0.98 0.047 0.002
2,00 0.079 0. 065 0.52 1.99 0.092 0.018 ~0. 11
3.02 0.119 0.096 0.50 3400 0.140 C.028 ~0.41
L. 03 0.164 0.126 0.46 4. 02 0.186 0.038 ~0,40
5.05 0,207 0.153 O.k3 5.03 C.237 0. 046 -0e141
6.07 0.256 0.175 0.38 6.04 0.284 0.052 ~0e12
7.08 0. 303 0.189 0. 32 7.05 0.338 0,053 ~0.15
8,09 0. 354 0.193 0.2 8.06 0. 392 0. 049 0,18
9.11 0. 411 0.192 0.16 9.07 0. 451 0.037 ~0e23
10. 14 O.4L72 0.475 0.06 10.08 G514 0. 014 ~0a. 28
M= 0.90 M= 0,90
~Helly 0,227 ~0. 174 0.46 -5.14 -0, 254 -0, 034 ~0.17
by 42 ~0,176 ~-0.149 0.5 ~e 10 0. 201 -0, 031 0,15
~3:10 ~0, 1350 ~0,121 0.62 -3.08 ~0.150 -0, 026 ~0.%3
-2,08 -0, 085 -0,083 0.67 ~2.06 ~0,099 ~0.018 ~0.13
-1,06 0, 045 = Q4.3 ~1.05 ~0, 050 -0, 007
-0, 03 ~0, 002 ~0.002 0.65 ~0,03 =0, 002 0 ~0e15
0.99 0,038 0.038 0.398 0.047 0. 006
2,01 0. 081 0.075 0.62 2,00 0.094 0,014 Q.16
3. 04 0.123 0.110 0.59 3.01 0.143 0.026 ~0.13
4o 06 0.168 0.146 0.56 e 03 0.492 0,036 0,12
5.08 0.217 0.474 0.50 5.05 0. 244 0.04L3 0413
6.10 0.264 0,198 O.4l 6.06 0.297 0.046 ~0.15
712 0.316 Q.24 0. 57 7.08 0. 350 0. 046 .18
8.14 0. 374 0.218 0.28 g.09 0. 414 0. 036 0,22
9.15 0.438 0.214 0.18 9.1 0. 482 0.019 ~0.27
10.47 0.509 0.1393 0,07 10.92 0.552 ~0, 010 . 52
Config. | Nose Splines Pods Pipes Fins Sleeve P
6 A off ofe On off off 0°
9 n H n " t On 1t

-8 -




TABLE 3

Results at ¥ = 1,32 on modified

cone~cylinder model

Printed in England for Her Majesty's Stationery Office by
the Royal Avreraft Establishment, Famborsugh. WN.I1.59.K.4.

© QN cm xop
Sleeve on
Re No. 1.13 x 108
"'5 . 37 "'Oo 236 "“O. 508 Oo L|-9
-2, 14 -0, 088 ~0. 209 0.72
0,02 0.001 -0, 001 C.72
1.10 0.045 0.1410
2.18 0.090 0.212 Q.70
3,26 0137 0.342 0.62
4 34 0.188 Culill 0.54
L.87 0.210 0.460 0.53
Re No, 0.65 x 406
5.22 0,225 0.480 047
6.27 0.278 0.573 0.40
T 31 0.33%6 0. 665 0.53%2
8435 0. 398 0. 748 0.22
9. 40 0. 466 0.829 0.12
10, 4ds 0.544 0,908 0.01
6 GN Qm xcp
Sleeve off
Re No. 1.13 x 106
~le 30 -0.178 0,420 C. 70
—3.22 ~0.130 -0, 322 0.82
-1.06 ~0.041 ~0.108
0.02 Q. 001 0. 005 C. 9
1.10 0.043 0.118
2,18 0.086 0.229 1.00
3,26 C.1H 0. 333 0.88
Lo 3 0.176 0.433 0.80
4. 88 0.202 0.483 0.73
Re No. 0.65 x 10
0.01 -0, 002 0,001
2.10 0.081 0.247 1.02
4e19 0.171 0.418 0.78
6.27 0.272 0.610 0.58
Te32 0.323 0.703 0.52
8.36 Q. 384 0.792 0. 40
9.41 Oe 449 0. 381 0. 30
- 19 -
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FIG.l. GENERAL ARRANGEMENT OF MODEL.
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A R.C, CLP. 10 732 623,451=519

5334601344122
5334600134132
533464011452
533e6e01345

WIND TUNNEL MEASUREMENTS OF NORMAL FORCE AND PITCHING

MQMENT AT A MACH NUMBER OF 2,00 ON A 1:30 SCALE MCDEL
OF BLUE STREAK., Huntley, E. May, 1959.

Tests have been made In the 3! x 3T wmnnel at R.A.E, Bedford, %o
determine the stabllity of a model of the Blue Stresk missile both In
pitch amd in yaw, at a Mach number of 2,00, The effects on the normal
foree and pitchinz moment characteristics of changes In the various come
ponents of the model were also determined; these included the effects of
nose shape, longitudinal splines on the nose, motor fairings, fuel pipes

{Cver)

ALR.C. C.7. W0, 7% 5234 451519 2

5334640134412:
533e64013=413:
533e8eM1a5:
533e6e013e5

WIND TUNNEL MEASUREMENTS OF NORMAL FORCE AND PITCHING
MOMENT AT A MACH NUMBER OF 2.0C ON A 1:30 SCALE MCLEL
OF BLUE STREAK. Huntley, E. Moy, 1959.

Tests have beon nade in the 3t x 3! turmmel at R.A.E. Bedford, to
determine the stability of a rnodel of the Blue Streak rissiie both In
pitch and in yaw, at 2 Mach mumber of 2.00, The effects on the normal
foree and pitching morent charactertstics of changes In the various come
ponents of the model were alsc determined; these included the cffects of
nose shape, longitudinal splines on the nose, motor fairlngs, fuel pipes

{Cver)
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WIND TUNKEL MEASUREMENTS OF NORMAL FORCE AND PITCHING
MCMENT AT A MACH NWMBER OF 2,00 ON 4 1:30 SCALE MOIEL
OF BLUE STREAX, Huntley, E, HMay, 1959,

Tests have been nade in the 3! x 3' tunnel ot R.A.E, Bedford, to
deternine the stability of a model of the Blue Streak missile both in
pitch and In yaw, at a Mach number of 2.00. The effects on the normal
forca and pitching moment characteristics of changes In the various cor=
ponents of the rodel were also determined; these included the effects of
nose shape, longltudinal splines on the nose, motor fatirings, fuel pipes

(Gver)



and tins. ‘the effect of the stop In the body profllc was alsc deternined
both at transonic speeds and at M = 2,00,

The model without fins was found to be statically unstable both in
pitch and in yaw, With four stabllizing fins attached to tho rear of the
model it was also unstable tuf the moments were rcduced by approximately
50% at any given Incidenco.

and finses The effects of the step in the body profile was also determined
both at transonlc specds and at M = 24,00,

Tre model without fins was found to be statically unstable both in
pitch and In yaw. With four stabilizing fing attached to the rear of the
model 1t was also unstable but the moments were reduced by approximately
5% at any given Incldences

and fins., The effects of the step in the body profile was alse dotermined
both at transcnlc speeds and a8t M = 2400

Te model without fins was found to be statically unstable both in
pitch and fn yaw., WIith four stabllizing fins attached to tha rear of the
model It was also unstable tut the moments were reduced by approximately
0% av any glven 1ncldence.
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