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Tests have been made in the 3' x 3' tune1 at R.A.E. Bedf'ord, to deter- 

mine the stability of a model of the Blue Streak missile both in pitch and in 

yaw, at a I6ac.h number of 2.00. The effects on the ncrmal force snd pitching 

moment oharacteristias of changes in the various components of the model nere 

also determined; these included the effects of nose skRpe, longitudinal 

splines on the nose, motor fakings, 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 static-ally unstable both in pitch 

and inyaw. With four stabilising fins attached to the rear of the m&e1 it 

was also unstable but the moments were reduced by appraxiwtely 5% at any 

given incidence. 

Replaoes R.&E. Teoh. Nete No. Aero 262& - A.&C. 21 590. 



PRELIMINARY NOTE 

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

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

Results from tests in the 8 ft x 6 ft tunnel are given in A.R,C. 21 756 
by A.L. Courtney. These oovered the Mach number range 0.8 to I.25 and were 
m3re intensive in soope. Six component force measurements were made at body 
inoidences up to 15' and roll sngles up to 90' for configurations both without 
fins and with those fins used for the 3 ft tunnel tests. Three head shapes 
were tested and the effects of the various missile components investigated. 

Tests done in the 8 ft x 8 ft tunnel are reported in A.R.C. 23 743 by 
C.F. Moss and D. Isaacs. Six component measurements were made for a Mach 
number range 0.95 to 2.80 over a range of body incidences and for several 
roll sngles. In addiTion to two of the heads tested previously a further 
two were tested. The effeots of the rear step, slight alterations to the 
shape of the motor fairings and another set of stabilieing fins were 
investigated. Some measurements of static pressure over the engine pods 
were made end sn investigation of the dynamio stability in pitch was carried 
out. 
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1 INTRODUCTION 

Blue Streak is a ballistic missile which is at present being developed. 
Oontrol moments for stability and. guidance during ascent are provided by 
swivelling the propulsive motors. In order to obtain information on the 
aerodynamic stability of the missile during We 
(when the air-loads are 

early stages of its Pl~.,r$t 
greatest) a I:30 scale EC&~ was mde for testing at 

trmsonic speeds in the 81 x 6' tunnel at Farnborough~ It was proposed that 
the same model should be tested aL 
8' x 8' tumel at 8.A.E. Bedford. 

b superson~o speed5 at a later date in the 
3efore this tunnel came into operation 

the model was tested in the 3' x 3' tunnel at F.A.E. Bedford ativ; = 2.00 
this being the only Xach number (the swkaum of the tunnel) at which the 
model could be tested without any uncertainties arising because of shock wave 
reflection. Tests were made, at this one Xach nwber, on various configura- 
tions, to determine the effects on stability of:- 

(i) cbangmg the nose shape, 

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

(iii) rolling the model through 90' relative to the balance, 

(iv) removing the pods representmg the motor fnirings, 

(VI removxng the fuel pipes, 

and (vi) adding four fins of small aspect ratio. 

In sddition, the effect of elinina t5.n.g the step 1~i the bcdy profile was 
determined at subsonio speeds and at i,i = 2.00 using the present mcdel and at 
M = I.32 using a cone-cylinder model of similar shape. 

2 MODEL DETAIL5 

The layout of the model is shown in Fig.1. The bcdy was c,ylin&ical 
and of total length 4.85 calibres, the last 0.63 calibres being reduoed in 
diameter to 0.9 calibres. To this body could be added one of two nose shapes:- 

(i) a blunt nose (nose A) giving an overall fineness ratio cf 5.70 

and (ii) a conical nose (nose B) giving an overall fineness ratio of 6.30. 

Along each of the noses arrl along the rear part of the main body were a series 
of splines, though for some tests the splines on the nose mere faired-in with 
an epoxy resin. 

The pods representing the motor fakings were fastened to the rear 
section of the body and "hey were detachable. Two sleeves i'iere Pade to fit 
over the rear section of the body in arder to eliminate the step in the body 
profile, one to be used when the pods were xn position end the other when the 
pods were off. 

For the tests with fins on, the wholerear section could be detached and 
replaced by one fitted with four fins. These fins were of double wedge 
section with blunt trailing edges and were cf 6$ thickness-chord ratio. 
Various protruberances such as the two fuel pipes, a longitudinal control 
fairing of trapezoidal section running the length of the body, the nose 
blister etc., were also represented. In the discussion the word 'pipes' is 
used to denote the fuel pipes and the longitudinal control fairing. For the 
test to determine the effect of the pipes (paa. 5.3), only the short fuel 
pipe and the control faking mere removed. The long fuel pipe Braved diffi- 
cult Lo remove and was left in positio- 
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The model was sting supported and the normal force and pitching moment 
components 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 lane of incidence. 
tion ($ = 

This is referred to as the datum roll posi- 
0 4. Information was also required 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 stabilizing. Sinoe 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 to measure normal force and pitching moment in the 
i.ti.ng incidence plane). It was convenient to adopt the same practice in the 
3’ x 3’ tunnel and roll the model relative to the balance rather than to roll 
the model, balance ani sting together. 

3 TEST DETAILS 

The test programme took place during the period April - July, 19.57 when 
the following configurations were tested atb1 = 2.00. 

Config. 

1 

: 
4 
5 

i 
12 

- 

NO38 
- 

A 
B 
A 
A 
B 
A 
II 
n 
I, 
II 

- 

ipllnes Peas Pipes 

en On On 
II II II 
1, 11 II z Off On On 
11 11 II 
tt Off n 
11 on Off 
11 11 On 
1, off " 
II on " 

- 
1 

Fins Sleeve 

Off Off 
t, #I 
11 11 I Off Off 
11 11 
I, ,I 
11 II 

on '1 
Off On 

11 ,I I 00 ; 

yio J 
1st series 

00 
II 
9, 
0 

I 

2nd series 
II 
I, 
II 

There was a short interval of time between the first and secord series 
of tests during which data from tests in the 8' x 6’ tunnel wore am~scal. 
The results from these tests indicated that at trsnsonic speeds the centre of 
pressure was 0.5 to 0.7 calibres further forwsrd than had been estimated. Two 
possible factors contributing to this discrepancy were the longitudinal. splines 
on the nose and the step in the bcdy profile. The nose splines were therefore 
faired-in with an epoxy resin and a sleeve was made 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 
8' 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 Ih = 0.70 and 0.90. 

(In the table and. in the discussion of results the terms 'splines on' 
and 'splines offt have been used to indicate the cases where the splines 
on the nose were exposed or faire&&n respectively.) 

The incidence range for most tests was from 0 = - 5’ to + IO', readings 
being taken at lo intervals. 
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The R~3z?5?zYg Yii2nlzetse:‘Q9 Vti blunt nose (nose A) 
was 1.24 x 10 When testing configurations with the 
oodoal nose (nose B) there was oanslderable vibration of the model at m3ximum 
totel pressure, thought to ba due to scme disturb:rice in the rdcc czuscd by the 
refleoted nose shock wave*. This vibration could only be reduced by decreasing 
the tunnel total pressure so that most of the test3 on o igurations with the 
conioal nose were done at a Reynolds number of 0.43 x IO s" . 

4 ACCU?A'.X OFRESULTS 

The presented data, for any configuration, have the follownving maximum 
probable errors. 

Configuration3 0, %I e 

Pins off Nose A ?Io.o03 LO.004 to,02 
Nose B to.010 ?0.012 so.02 

Fins on iQo.004 20.006 LO.02 

These errors in C& and Cm give rise to error3 in the centre of pressure posi- 

tion, x 
op' 

which vary with incidenoe. In the follcdng table, the errors in 

xop 
in terms of body calibres sre presented for 'low 8' (8 + 2') and. 'high 0' 

(0 + 9') and the error varies continuously between these two values. 

The results from the tests on nose B are less accurate then the results 
fromNose 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 

slight curvature of the flow in the tunnel giving rise to pitching moments at 
a nomindl zero incidence. Before using the results therefore to determine xop 
the curve3 were translated so that they passed thr 
for 0 2 2O, x 

the origin. Secondly, 

ap 
was determined by dividing Cm by CN and adding a constant to "$" 

give the result relative to the shoulder of the mcdel); far 0 = 0 it was 
determined from the ratio of the mean slopes of the Cm v 0 and (& v 0 curves 

as ddained by using the method of least squares on the experimental points 
between 9'. The values of x op obtained at 0 = 0 therefore should be more 

accurate th3n is suggested above for low 0. 

5 RESULTS FOR Eb I 2.00 

Thi3 section seals with all the results for Id I 2.00 with the exception 
of those concern& with the effect of the sleeve. The relevant figwes are 
Nos. 2 to ?O. The first part of eaoh figure is a plot of the normal foroe 
ooefficient, ON, against incidence, 8, and the second part a plot of centre 
of pressure position, xcp, against 8. Each figure shows 3 compsison between 

* Reoently, the vibration ha3 been found to occur in tests on this model in 
the 8' x 89 tunnel snd has now been ntjzibuted to flow separation over the rem 
ena of the body. -7- 



tie configurations differing in only one respect and thus 5ndicates the effect 
of changing one component of the model. (In th e comparisons between the two 
nose shapes the different values of the Reynolds number is an additional 
factor.) For each figure, unless stated otherwise, the mdel configuration 
was as follows: Nose A, splines off, pods on, pipes on, fins off, sleeve off, 
$ O0 . The results from all configurations show the same general character, 
thi t& v 0 curves being smooth and. non-linear and the x 

CP 
v 0 curves show% 

gradual rea?x%rd movements of the centre of pressure with increasing incidence 
(see for example Fig.2). The non-linearity of each (& v 0 curve can be 
attributed to the lift from the viscous cross flow over the body llhioh causes 
the centre of pressure to move rearward with increase of incidence since the 
lift from the nose varies more or less linearly ydth incidence. An assessment 
of the characteristics of q configuration can be obtained, therefare, from 
the normal force curve slope snd centre of pressure position at zero incidence 
and, to show the effect of inci&nce, values of %I s,nd x at some higher 

inoiaence which has been arbitrarily taken as 8O. In sn'zffort 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 nose shape and fairk in of nose splines 

Variables 0 = 00 e = 8O 
Configuration 

Nose Splines Q% xcP % X0-P 

1 A On 0.0549 -0.07 0.520 -0.46 
2 B on 0.0610 -0.10 0.560 -0.38 

4 A off 0.0539 -0.17 0.515 -0.48 

5 B Off 0.0602 -0.11 

Factnrs constant for all tests: sleeve off, pods on, pipes on, fins a $=O". 

The camparison between the results for the ixo nose shapes, with the 
splines on, is shown in Fig.2 and for the splines faxred-in, in Fig.3. 

The conical nose (nose B) is seen to contribute more lift than the 
blunt nose (nose A), the increment in CN~ at zero incidence betig 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 faire&in or not. The percentage difference in CN at 80 incidence 

is % and the positions of the centres of pressure differ by 0.12 calibres. 
These figures apply to the case when the splines were on but they probably 
apply also to the case when the splines were faire&in. 
obtained above e = 6O). 

(No results were 
The results from the seme 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 ad gives the comparison 
of splines on and splines off, The effect of fairing-in the splines is very 
smsll at zero incidenoe, there being only a 2% decrease in C& for both noses 

e 
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. For higher incidcnccs the 
effect of the splines is negligible. 
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5.7 Effect of rollmg the mcdcl throu& 90 0 

Most of the tests acre made: at xro roll angle as the missile VELS 
expected to be least stable in the plane of the pods. However as the m&silo 
can deviate from its flight path in any dircotion one test was madc irith the 
model rolled through 90' in order to d&ermine the stability of the missile 
in the plane normal to the plane of the pods. It should bc noted that the 
axes takw are sting axes and that % and x 

CP 
are obtained from forces measured 

in the sting pltoh plane. 
it is rolled through 90°. 

This corresponds to the yaw plane of the mcdel~rhcn 

The results arc as follows:- 

‘6’ 
1 ’ I3 I 

’ 
900 00 I i / 0.0543 0,0584 -0.07 -0.53 j 0.520 0.530 -0.45 -0.70 

1 
1 I 

Factors constant for all tests:- Nose A, splints on, slcew off', pocis on, 
p1pcs on, fins off. 

For the model rolled through 90' the normal force curve slopti at zero 
inc5iionce was 6+$ greater than for Q = 0 and the centre of pressure was 0.46 
calibres further back. The s v 0 curve for the Q = 90" onsi: is rather more 

linear than for the rp - 0' oaso and the two curves cross at 0 = 9's~ that 
differences between them are negligible at high inordencc. The centre of 
pressure also moves back less rapidly wth inoidenca, for (a = $100, and at 8' 
the diffcrenoe betwxn the two casts is only 0.24 calibres. Presumably this 
is because the lift from the pods, when they are in this plane, is more n~sx-ly 
linear than when they are 111 the pitch plane. 

5.3 Effect of pods, pipes and fins 

In Figs. 7, 8, 9 are sholvn the results of tests on oonfiguratlons 6, 7, 8 
respectively ~a& of which differed in? only one respect from the so-called 
datum conf%guration (No.&). The r?sults from the tests on the datum oonfigsxra- 
tion are plotted ~1 each figure to make thi: comparison easier. The results are 
sumsrised in the followmng table and It can be seen tln;lt a comparison of 
conf'iguration 6 with configuration 4 gives the cffeot of removing the pods, 
configuration 7 with configuration 4 gives the effect of rcmovillg the pipes, and 
configuration 8 with configuration 4 gives the effect oe adding the fins. 

e = 00 8 = 8O 
Fig. config. Pods Pipes Fins 

%e 
x 

CP % "cp 

4 Oil On Off 0.0539 -0.17 0.515 -0.68 

7 6 Off On Off 0.0494 +0.15 0.492 -0.30 

a 7 on Off Off 0.0508 -0. IO 
1 -1.48 

0.&35 -0.42 

9 8 On on Oil 0.0797 0.720 -1.55 
I 

Factors constant for all tests:- Nose A; splints off; $ = O". 
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It CM be seen that the pods carry a fair amount of lift even when they 
are in the incidence plane. For the model without p&s the normal force curve 
slope at zero incidence is % less than for the model with pods and. the centre 
of psssure is 0.32 calibres further forward. On inoreasing incidence their 
effect falls off slightly and at 8' incidence the percentage differcncc in C3 
is .@ and the change in x 

cp 
only 0.18 calibres. 

For the model without pipes the normal force -e slope at serc incid- 
ence is 6$ less than for the model with pqes end the centre of pressure is 
slightly further forward. These differences betrvcen the two cases do not 
change with incidence and at 8 = 8O there is still 6$ difference between the 
values of s snd a slight change in the centre of pressure position. 

The effect of a&Sng the fins is, of ccurse, ccmstierable. For the 
mcdelwith fins on, the normal force curve slop: at zero incidence is m 
greater than for the mdel without fins and the centre of pressure is 1.31 
calibres further back. As the lift frcm the bo*y increases with incidence 
more rapidly than does the lift from the fins, the effectiveness of the fins 
falls off slightly and at 0 = 8O the percentage difference in (& is 3% and 

the change in oentre of pressure position only 1.08 calibres. 

6 STABILCTY OF THE lvJISSILE 

The pitching moment coefficient about the missile centre of gravity is 
normal force coefficient ~fl Fig.lO(a) and against incidence 

the following four configurations:- 

config. Nose 6 FiIlS 

2 B 00 Off 

4 A 00 off 

3 A 90' Off 

8 A 00 on 

The position of the centre of gravity was taken to be 2.27 calibres aft of 
the shoulder. 

It can be seen that the model is unstable at this Mach nuder for all 
four cases. As was to be expected the model is most unstable in pitch. It 
is slightly less unstable in yaw because of the greater lift from the motor 
fairings in this plane. The mcdel with conical now is seen to be slightly 
less stable than the model with blunt nose though this is only really apparent 
at the higher values of s. The addition of the fins considerably decreases 

the unstable mcment, the value for sny incidence being only about 5% of the 
value for the fins off case at zero roll. 

It is interesting to note that for the fins off cases the Cmcg v 6 curves 

are effectively linear. If the linear lift is assumed to have a constant 
centre of Fesswe position, it appears that the centre of pressure position 
of the non-linear lift also remains constant and coincident with the position 
of the missile centre of gravity. 

It shouldbc appreciated that this note gives an assessment of the 
stability uucler aercdynsmic loads only. The overall stability of the missile 
also involves the stabilising effect obtain& by the autcmatio control of the 
swivelling motors. 
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7 _EFlBCT OF SmW AT PI = 0.70, 0.90, 1.32 AN3 2.00 

7.1 Results for I,i = 0.70 and 0.90 

The model was tested in the transonfc section of the 3' x 3' tunnel in 
order to obtain a quick check on the effect on the centre of pressure posation 
of the step in the body profile. Tests were made on configuration 6 with the 
step in the profile present (sleeve off) and on configuration 9 where the stop 
was eliminated by the addition of the sleeve. 

Variables e = 00 6 = 8O 
Fig. c0nf1g. 

M SlC?WC 
QJe 

x 
oP % xop 

13 6 0.70 Off 0.0402 0.49 0.352 0.25 

9 On 0.0459 -0.12 0.390 -0.18 

6 0.90 Off 0.0406 0.65 0.365 0.29 

9 On 0.01+76 -0.15 0.408 4.22 
A 

Factors constant for all tests:- 
off, $6 = 00. 

Nose A, splines off, pods off, pipes on, fins 

It can be soon from Fig.13 that the effect of the sleeve is quite con- 
siderable. At EI = 0.70, cn adding the sleeve, tho zero incidence normal force 
curve slope increases by IL% and this increase in lift is retained on incrcasdng 
incidence, the difference in C& being about 11% at 80 incidence. At X = 0.90, 

the effect is evon greater the differences being 1% l~1 CR at sore incidence 
and 7274 in s at 8O incidence. e 

These changes in lift are accompanied by corresponding changes in the 
centre of prossure positions. At Ivi = 0.70, for the model with sleeve, the 
centre of pressure at zero incidence is 0.61 calibres further back than for 
the sleeve off case. At higher incrdcnces the diffcrcnoc is smaller snd at 
8O it is only 0.43 calibres. On increasing Mach number to 0.90 the value of 

*cp 
for 8 = 0 remains constant for the sleeve on case but moves forward 0.15 

calibres for the sleeve off case. Hence the diff'ercnces betwecn sleeve on and 
sleeve off casts are even greater at Id = 0.90 than 0.70, the values cf these 
differences being 0.80 calibres at zero incidence and 0.51 calibres at a0 
incidence. 

7.2 Results for M = 1.32 

To provide confirmatory results on the effect of the sleeve at lcw 
supersonic Maoh numbers the corm-oylindor model cf Ref.2, was mcdif'ied to make 
the body length correspond to that of Blue Streak. The step in the body prc- 
file of Blue Streak was reproduced and a sleeve was made which could be fitted 
over the rear part of the body. The nose shape was a IO0 semi-engls cone with 
small tip radius. Details of the model are shown in Fig.12. 

Tests were made on this model with and without sleeve at Li = 1.32. The 
results are plotted in Fig.14 and are summar ised in the table. 

I  Ii . 



Fig. Sleeve 8 = 00 0 = a* 

se xcp % "cp 

14 Off 0.04.02 0.91 0.365 0.44 

on 0.0412 0.72 00377 0.25 

The effect of the sleeve is still significant at X = I.32 thmgh it is not 
nearly SC important as at M = 0.70 and 0.90. 

7.3 Results far Id = 2.00 

Since the effect of the sleeve we.9 so marked at transcnic speed3 there 
was the possibility cf a srcdl but apprmiabla effect at iui = 2.00. In order 
to determine this, therefare, tests were made with pods off, with and withcut 
sleeve; also since in any mcdel of the actual missile the pods should be 
represented, tests were made with pods on, with and. without sleeve. The 
results are as fcllcws:- 

Fig, Ccnfig. 
Variables e=o Q = 8O 

Sleeve Pods %e 
x 
oP '% xop 

15 6 Off Off 0.0494 0.15 0.492 -0.30 

9 on Off 0.0512 0.05 0.508 -0.39 

16 4 Off On 0.0539 -0.17 0.515 -0.48 

10 cm On 0.0532 -al0 0.515 -0.45 

Factors constant for all tests: Nose A, splines off, pipes on, fins off, 
6 = 00. 

mhen the pcds are off, adding the sleeve causes a % increase in s 
8 

at zerc incidence ad a remm.rd movement of the centre cf pressure cf 0.1 
calibres. At higher inoidenccs there is a similar increase cf s in ciq and 

again a rearnrar d movement of 0.1 calibres in x 
cp' 

Tnen the pa33 are cn, the 

effects cf adding the sleeve are smaller at zero incidence (as would be 
expected since the pods cover pert cf the step) and, in fact, they becme 
negligible an increasing incidence. 

Since the effect of the sleeve writs so mch ~6th LIaoh number it is 
worthwhile s uumarising the main results. In the table bclaw are sham the 
changes in the ncrmel force curve slope and centre cf.pressurc poslticn at 
zero incidence, of the body without pods, caused by elimina.ting the step in 
the bdy prcfile by the addition of the sleeve. 
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ibdel 

i Blue Streak 
Blue Streak 

Cone-cylinder 

Blue Streak 

8 COMPARISON f/ITH RESULTS F&X&i A CO&i%-LTIER AT M = 2.00 

Ref.2 gives the results of tests on cone-cylinders of small fineuoss 
ratio, ccrrcsponding approximately to the fineness ratio of Blue Streak, One 
nose shape (a IO0 sen;i angle cone wxth large tip radius) is comparable with 
nose A of the present tests.o Diagrams of the +xo modLls are shorn in Pig.11 for 
comparison. In Fig.17 the results from 'he tests on the con+oylinder arc 
compared with the results from configuration 9 of the present tests i.e. sleeve 
on and p&is off, The results from the Elue Streak model wtrz mcdified to allow 
for the effuct of the pipes. 

piqYr- 
e = o” I e = 8' 

There is an appreciable diffcrcnce bztweon the two sots of results. The 
Blue Streak model has 7% more lift and the centre of pressure is 0.3 - 0.4 
calibres further back for all incLlonccs. 

The reasons for these discrepancies 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 dif'fcrent nose shape, a slightly 
shorter body length and splines along the rear part of the body. The values 
of the test Reynolds numbers were also different being 1.24 x 
streak and 0.43 x 106 for tbc cono-cylind~r. 

IO 6 for Blue 

Compared with the cone oylindur, Blue Stresk has more lift which appears 
to act near the base of the mcdel since it has a centre of pressure further aft 
thsn the cone-cylinder. This suggests that the diffcrcnt nose shape is not 
responsible for tho discrepancies. The lower lift and more foxward centre cf 
pressure of the longer body suaest 
lift over the last 0.26 calibres. 

that the cone-cylinder carried negative 
(This possibility has been demonstrated in 

Rof.3.) In order to check this brief tests were m&c on the cone-cylinder 
model but the results indicated that the efftict of the longer body length is 
small. 

The splints could affect the results at zero inoidonce since they might 
have an appreciable effect on the boundsry layer thickness at t/he base. This 
would modify the effective base area and thus the normal force curve slope 
since it is proportional to the bas 13 aria aoccrding to slcndtir body theory. 
The splines could also affect the results at incidence since they might modify 
the visoous cross flow over the body. 
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9 CQNCLUSIONS 

At a Mach number of 2.00, the m&cl without fins is unstable, both in 
pitch and in yaw, but is slightly less unstable in yaw because of the gceatcr 
lift Prom the motor falrings in this plane. With four fins of small aspect 
ratio at$xhed to the rear of the body, the instability is considerably reduced 

being reduoedby a~oxiwtely 5C$. 

s=o 

The effects of th4 various Components of the m&31 on the zero incidence 
normal force curve slope and centre of pressure position, are as follows: 

(i) The value of s for the b&y with the conical nose is 11s greater than 
e 

for the body with the blunt nose but there is very little dif'ference in the 
centre of pressure positions. In each case the effect of fair--in the 
splines is almost negligible. 

(ii) With the model rolled through 900, relative to the balance, the value 
of c 

N0 
is & greater than in the unrolled condition ard the centre of pressure 

is 0.46 calibres fbrther back. This is mainly due to the increased lift from 
the motar fairings in this position. Even in the unrolled condition, however, 
the fairings contribute some lift and l&e cffcct of removing them is to reduce 
CrJ by about &$ ard to move the centre of pressure 0.32 calibres tither 

fl3kfid. 

(iii) The short fuel pipe am3 the longitudinal control fairz.ngs, together 
prcduoe an appreciable amount of lift snd tiorease s by 6$, though with 

B 
little effeat on the aentre of pressure position. 

(iv) The four stabilizing fins of very low aspect ratio, sat at 4.5' to the 
incidence plane, ndd considerably to the overall lift from the mdel. With 
the fins in position the value of CN is 4% greater than with the fins off 

6 
and the centre of pressure is 1.31 calibres further back. 

The effect of the step in the bdy profile at transonio spcds was quite 
oandderable giving a value of L$ which was 12 - 1% less m that obtained 

e 
without the step and a centre of pressure position 0.6 to 0.8 calibres further 
formrd; atM = 2.00 the dif'fcrenoe in slope was o&y $ ard the centre of 
pressure ohsnge only 0.1 calibres. 
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LIST OF SX&SOIS 

% 
Normal force coefficient 

cm 

Normal force = 
q. s. 

Pitching moment coefficient 

Pitching moment about balance centre = 
q. S. d 

Balance centre is 0.307 calibres aft of model shoulder 

c = Pitching moment about centre of gravity 
m 

of3 cl* S. d 

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

CP centre of prcssurc 

x 
CP 

distance, in calibres, of centre of pressure forward of model 
shoulder 

a Maximum body diameter (neglecting splines) 

S ,a2 Mnr,rmrmcross-sectionalarea = - 
4 

q Bee stream ajmarmc pressure 

M Maoh nvmbcr 

e Sting incidence 

ti Roll angle 
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TABLZ 1 -- 

Results at M = 2.00 

(Re. KO. 1.24 x 106 urd~ss stated. othenvise) 

Donfi; 

-3.00 
-1.98 
-0.97 

0.05 
1.07 
2.08 
3.10 
4.11 
5.13 
6.14 
7.15 
a,15 
9.16 

10.15 
11.15 

ation No. 1 - 
-0.163 ' -O.ojp 
-0.100 : -0.030 
-0.054 i -0.015 

FLoga I 
0.001 

0.115 I 
0.013 
0.022 

0.168 
0.229 
0.294 

22 . 
0.538 
0.6% 

Es 2: . 

0.032 
0.032 
0.025 
0.002 

-0.034 
-0.093 
"0.170 
a.279 
-0.411 

E ation No 2 
3e. No. 0.85 x 1 06 

-4.00 i -0.245 ' -0.034 
-2.99 ! -0.179 -0.032 
-1.98 -0.125 -0.032 
-0.96 -0.057 -0.0166 

0.05 0.003 1 0.001 

-8.99 
-7.99 
3.98 

:z 
0:05 
2.06 
4.07 
6.09 
a.09 
9.10 

10.10 

-0.671 0.118 -0.13 
-0.570 0.051 -0.22 
-0.393 -0.025 -0.24 
-0.244 -0.050 -0.10 
-0.114 -0.030 -0.04 

0.002 0.001 -0.10 
0.125 0.021 -0.14 
0.252 0.039 -0.15 
0.397 0.030 -0.23 
0.570 -0.047 -0.39 
0.668 -0.107 -0.47 
0.779 -0.199 -0.56 

xcp 

-0.07 
-0.Oj 

-0.07 

-0.12 
-0.12 
-0.17 
-0.22 
-0.30 
-0.38 
-0.48 
-0.58 
-0.68 
-0.78 

-0.17 
-0.13 
-0.05 

-0. 1 

-0. 1. 

1 

5 

:onfquration No. 3 

-9.03 
-8.03 
-6.01 
-4.00 
-1.98 
-0.96 
0.05 
1.06 
2.07 
3.08 
4.09 

56':: , 

7171 
a.12 
9.12 

10.13 

W.-I - 

-5.18 
-4.17 
-3.15 
-2.14 
-1.12 
-0.11 
0.90 
1.92 
2.93 
3.95 
4.96 

-0.650 
-0.554 
-0.387 
-0.241 
-0.115 
-0.058 

Z.063 
0.120 
o.la< 
0.244 
0.311 
0.380 

;*;g 

0:6jo 
0.7jo 

&ticjn No 

-0.300 -0.006 
-0.236 -0.018 
-0.174 -0.024 
-0.116 -0.020 
-0.060 -0.008 
-0.008 0.001 

0.049 0.005 
0.103 0.010 
0.158 0.019 
0.217 0.022 
0.283 0.018 
0.351 0.001 
0.429 -0.036 
0.514 -0.088 
0.608 -0.162 

0.301 
0.225 
0.120 
0.053 
0.018 
0.011 

-0.001 
-0.017 
-0.0% 
-0.041 
-0.057 
-o,oal+ 
-0.117 
-0.164 
-0.214 
-0.280 
-0.367 

x 
W 

-0.77 
-0.71 
-0.62 
-0.53 
-0.46 

-0.53 

-4L59 
-0.53 
-0.54 
-0.58 
-0.61 
-0.67 
-0.70 
-0.75 
-0.81 

-0.29 
-0.23 
-0.17 
"0.13 

-0.17 

-0.22 
-0.19 
-0.21 
-0.24 
-0.30 
-0.39 
-CL@ 
-0.57 



TAEm 1 (contd) 

e 1% 1% 
3onfigu 1‘8 
2e. No. C 

-5.14 
-4.?4 
-2.12 
-1.12 
-0.11 
0.89 
I.90 
2.91 
3.91 
4.92 
5.92 

oonfiau ra 

-5.19 

$2 . 
-2.15 
-1.13 
-0.11 

0. VI 
1.92 
2.94 
3.96 

:;8' . 

i:: 
9.01 

10.01 

Ll!s&i2 ra 

-5.18 

$2 
-2:14 
-1.13 
-0.11 

0.90 
1.92 
2.93 
3.94 
4-96 

'6';: 
7199 

.tion No.5 

1.43 x 106 
-0.331 
-0.259 
-0.130 
-0.071 
-0.011 

0.051 
0.111 
0.170 
0.239 
0.301 
0.383 

-0.045 
-0.050 
-0.034 
-0.013 
-0.001 

0.004 
0.017 
0.015 
0.029 
0.037 
0.024 

.tion No.6 

-0.312 
-0.222 
-0.162 
-0.107 
-0.056 
-0.006 
d.045 
0.094 
0.148 
0.203 
0.266 
0.334 
0.409 
0.494 

.tion No.7 

-0.2eO 

2% 
Al07 
-0.056 
-0.006 

0.047 
0.100 
0.152 
0.208 
0.267 
0.333 
0.403 
0.485 

-0.051 
-0.062 
-0.060 
-0.047 
-0.027 
-0.003 

0.021 

iE%i 
01072 
0.074 
0.075 
0.049 
0.004 

-0.074 
-0.157 

a.030 
-0.038 
-0.034 
-0.025 
-0.014 

0.001 
0.009 
0.017 
0.027 
0.030 
0.027 
0.015 

-0.013 
-0.062 

-I- 
t 

L 

x 
cl, 

-0.17 
-0.12 
-0.05 

-0.11 

-0.16 
-0.22 
-0.19 
-0.19 
-0.25 

-0.15 
-0.03 

0.06 
0.13 

0.15 

0.18 
0.15 
0.05 

-0.03 
-0.08 
-0.19 
-0.30 
-0.43 
-0.53 

-0.20 
-0.13 
-0.10 
"0.07 

4.10 

-0.13 
-0.13 
-0.16 
-0.21 
-0.26 
-0.34 
-0.43 
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0 

:onfXpuration No. 8 

-5.08 
-4.09 
-3.09 
-2.10 
.I.10 
-0.11 
0.89 
1.89 
2.88 
3.88 
4.87 
5.86 
6.85 

-0.422 0.513 
-0.332 0.400 
-0.245 0.299 
-0.167 0.200 
-0.088 0.109 
-0.012 0.023 
+0.070 -0.070 

0.151 -0.163 
0.224 -0. XXI 
0.306 -0.361 
0.4.00 -0.477 
0.4.92 -0.599 
0.594 -0.731 
0.702 -0.875 
0.815 -1.031 

%x-it'tintion No.2 

-5.18 

-1.15 
-0.11 
0.91 
1.92 
2.94 
3.95 

8.00 
9.00 

10.00 

-0.293 
-0.227 
-0.166 
4.110 
-0.057 
-0.005 

0.047 
0.098 
0.153 
0.211 
0.276 

::f$ 
0.508 
0.592 
0.710 

:onfiwation No.10 

-0.035 
-0.045 
-5.047 
-0.039 
-0.020 
-0.004 

0.016 
0.036 
0.055 
0.060 
0.059 
0.045 
0.012 

-0.041 
-0.111 
-0.206 

-5.13 
-4.17 
-3.15 
-2.14 
-1.13 
-0.11 
0.90 
1.92 
2.93 
3.95 
4.96 

2% 
7:99 
8.99 
9.99 

-0.300 
-0.234 
-0.171 
-0.115 
-0.059 
-0.006 

0.047 
0.102 
0.155 
0.214 
0.276 
0.349 
0.425 
0.512 
0.609 
0.719 

-0.015 
-0.026 
-0.029 
-0.024 
-0.013 
-0.001 

0.009 
0.021 
0.032 
0.035 
0.031 
0.012 

-0.022 
-0.078 
-0.154 
-0.258 

- 

-1.52 
-1.51 
-1.53 
-1.50 

-1.4.8 

-1.38 
-1.46 
-1.49 
-1.50 
-1.53 
-1.54 
-4.55 

‘57 

-0.19 
"0.11 
-0.03 
0.05 

0.05 

0.06 
0.06 

-0.02 
-0.09 
-0.18 
4.28 
-0.39 
-0.50 
-0.60 

-0.26 
-0.20 
-0.14 
-0.10 

4.10 

-0.10 
Co.10 
-0.14 
-0.20 
-0.27 
-0.36 
-0.46 
-0.56 
-0.67 



TAT3LE 2 

Results at idi = 0.70 ard 0.70 

(P.e. No. 1.76 x 106) 

0 

Confwation No.6 
M = 0.70 
-5.12 -0.218 -0.140 
-4.10 -0.168 4.121 
-3.09 -0.128 -0.097 
a.07 -0.08& -0.066 
-1.05 -0.044 -0.033 
-0.04 -0.003 -0.002 
0.98 0.039 0.033 
2.00 0.079 0.065 
3.02 0.119 0.096 
4.03 0.164 0.126 
5.05 0.207 0.153 
6.07 0.256 0.175 
7.08 0.303 0.189 
8.09 0.354 0.193 
9.11 0.411 0.192 

10.11 0.472 0.175 

Id = 0.90 

-5.14 -0.227 
-4.12 -0.176 
-3.10 -o.ljO 
-2.08 -0.085 
-1.06 -0.045 
-0.03 -0.002 
0.99 0.038 
2.01 0.081 
3.04 0.123 
4.06 0.168 

‘6’7: 
7112 

:'z 
0:3,6 

8.14 0.374 
9.15 0.438 

10.17 0.509 
-- 

-0.j74 
-0.149 
-0.121 
-0.083 
-0.043 
4.002 
0.038 
0.075 
0.110 
0.146 

:-:;: . 
0.214 
0.218 
0.214 
0.193 

T 
T 

0.44 
0.41 
0.45 0.48 
0.49 

0.52 
0.50 
0.46 
0.43 
0.38 
0.32 
0.24 
0.16 
0.06 

0.46 
0.54 
0.62 
0.67 

0.65 

0.62 
0.59 
0.56 
0.50 0.44 
0.37 
0.28 
0.18 
0.07 

c 
i, 

e I % 

%nf i - m.ration No.' 
%I = 0.3 

-5. IO -0.235 
-4.09 -0.189 
-3.08 -0.139 
-2.06 -0.093 
-1.05 -0.048 
-0.04 -0.002 

0.98 0.01+7 
1.99 o.cy2 
3.00 0.140 
4.02 0.186 
5.03 0.237 
6.04 0.284 
7.05 0.338 
8.06 0.392 
9.07 0.451 

10.08 0.514 

[\I = 0. VI 

-5.11 
-4.10 

I:*: 
-1:05 
-0.03 

0.98 
2.00 
3.01 
4.03 
5.05 
6.06 
7.08 
e.oy 
9.11 

10.12 

-0.254 -0.034 
-0.201 -0.031 
-0.150 -0.026 
4.099 .0.018 
-0.050 .0.007 
-0.002 0 

0.047 0.006 
0.094 0.014 
0.143 0.026 
0.192 0.036 
0.244 0.043 
0.297 0.046 
0.350 0.04G 
0.414 0.036 
0.482 0.019 
0.552 -0.010 

- 

L 
2’ 

1: 

%I 

-0.038 
-0.037 
-0,032 
-0.020 
-0.010 
0 
0.002 
0.018 
G. 028 
0.038 
0.046 
0.052 
0.053 
O.Ol,Y 
0.037 
0.014 

x 
OP 

-- 

-0.15 
-0.11 
-0.08 
-0.09 

-0.12 

-0.11 
-0.11 
-0.10 
-0.11 
-0.12 
-0.15 
-0.18 
-0.23 
-0.28 

-0.17 
-0.15 
-0.13 
-0.13 

-0.15 

-0.16 
-0.13 
-0.12 
-0.13 
-0.15 
-0.18 
-0.22 
-0.27 
4.32 

Config. Nose Splines Pods Pipes Fins Sleeve 6 
I 

6 A Off 
9 1, ,I 
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TABLE3 

Results at Eri = 1.32 on modified 
cone-cylinder m&21 

Sleeve on 
Re No. 1.13 x IO6 

-5.37 
-4.29 
-3.21 
-2.14 
-1.06 

0.02 

12% 
3:26 

$2; 
Re No. 

5.22 
6.27 
7.31 
a. 35 
9.40 

IO.44 

0. 

I 

:; $2 
-01135 
-0.088 
-0.044 

0.001 
0.045 
0.090 
0.137 
0.100 
0.210 

65 x jo6 
0.225 
0.278 
0.336 
0.398 
0.466 
0.544 

Sleeve OTT 
Xe No. 1.13 x IO6 

2:: -0.229 

-3122 
-0.178 
-0.130 

-2.14 -0.089 
-1.06 -0.041 

0.02 0. 001 
1.10 0.043 
2.18 0.086 
3.26 0.131 
4.34 0.176 
4.88 0.202 

Re No. 0.65 x IO6 
0.01 ' -0.002 
2.10 0.001 
4e?9 0.171 
6.27 0.272 
7.32 0.323 
8.36 0.384 
9.41 0.44-Y 

- 

-0.508 
-0.411 
-0.313 
-0.209 
-0.1oy 
-0.001 
0.110 
0.212 
0.312 
0.414 
0.460 

o&30 

z; 
0:748 
0.029 
0.908 

c m 

-0.525 
-0.420 
-0.322 
-0.215 
-0.108 

0.005 
0.118 
0.229 
0.333 
0.433 
0.483 

0.001 
0.217 

0.792 
0.081 
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- 

x 
OP 

0.49 
0.55 
0.66 
0.72 

0.72 

0.70 
0.62 
0.54 
0.53 

0.47 
0.40 
0.32 
0.22 
0.<2 
0.01 

x 
CP 

0.63 
0.70 
0.82 
0.76 

0.91 

1.00 
0.88 
0.00 
0.73 

1.02 
0.78 
0.58 
0.52 
0.40 
0.30 

Printed In h&md for Her Najesty’s Statmteq Offs-x by 
the Royal Arrcraft Establtshment, Fambomu~h. Y.T.59.X.U. 



FIG. I. GENERAL ARRANGEMENT OF MODEL. 
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FIG. 2. EFFECT OF NOSE SHAPE ; SPLINES ON. 
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FIG. 3. EFFECT OF NOSE SHAPE; SPLINES OFF. 
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FIG.9. EFFECT OF FINS. 
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FIG. IO(a) VARIATION OF Cmcg. WITH C,., . 
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CONE- CYLINDER (2 5” DIA ) 

BLUE STREAK (4 0” DIA ) 

DIMENSIONS IN CALIBRES 

FIG. II. COMPARISON BETWEEN BLUE STREAK 
(WITH SLEEVE) AND CONE-CYLINDER MODEL 

OF REF. 2. 
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DIMENSION IN CALIBRES 

MODEL DIAMETER 2 50” 

FIG. 12. MODIFIED MODEL OF REF 2. FOR TESTS ON 
EFFECT OF SLEEVE AT M=I.32. 
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FIG.13. EFFE& OF &EVE AT M-0-70 AND O-90; 
PODS OFF. 
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FIG. 14. EFFECT OF SLEEVE AT M = I.32 . 
MODIFIED CONE-CYLINDER MODEL OF REF. 2. 
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FIG. 15. EFFECT OF SLEEVE AT M=2-00; 
PODS OFF. 
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FIG.16. EFFECT OF SLEEVE AT tvl=2-00; PODS ON. 
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FIG. 17. COMhlSON BETWEEN RESULTS FROM 
BLUE STREAK MODEL (WITH SLEEVE) AND 
RESULTS FROM CONE-CYLINDER MODEL OF REE 2. 
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533.6.013.412: 

533.6.013413: 
53X6.011.5: 

533.6.013.5 

WIND 'lUNhELMU3JhMEh'TS OFNORllALFOR(E AN9 PITCHING 
HCtCNT BT AtlAM l,WBER OF 2.00 ON A 1:3Q SCALE HO!XL 
OF BLUE ,SlRFX. Hunt&y, E. naf, 1959. 

4.R.C. c.:. .:a.737 623.451-5rg: 

Y3.6.013.412: 

533~6.013413: 
533.6.011.5: 
53X6.013.5 

WIND 'lUVNELpIEAsuREtlENIs OF NOUAL FORCE Ah'3 PITCHING 
MOPlENT AT A MACH MMBER OF 2.00 ON A 1:30 SCALE fiOOEL 
OF BLUE STREAK. Huntley, E. nw, 1959. 

Tests have been n?dc In the 3' x 3' tUnruZ1 at R.A.E. B?dfCn-d, to 
dctemlne the stability ol a mdol of the Blue Streak nlsslle both In 
pitch and in yaw, at a Mach rumba- of 2.00. The effects on th? norm1 
force and pItchI,% momnt CNractorlstics of changes in the Var,aus Corn 
ponfnts of the mdcl wwf also detrx-nincd; these Included the Effects of 
nose shape, lo@tudlnal splints on the nose, mtor fairIn& Sue1 pipes 

(weI- 

6-R c. C.?, :io 7=s. 623.451-519: 

533.6.013.412: 
533.6.013413: 
533.6.011.5: 

533.6.013.5 

WIND -DNNELHEAi%~ISOFNOPXAL FORCE ANB PITMING 
i-WENT AT A I'UCH NWBER OF 2.00 ON A 1:JO SCME KODE,. 
OF PUIE STREAK. Hunt&y, E. n4y, 1959. 

Tests have toe" nado in the 3' x 3' tunnel ct R.A.E. Bedford, to 
detenline the stablllty of a rode1 Of the Blue Streak nlssllf &th in 
pitch and In yaw, at a Na.cb "unbar of 2.00. 'IXe effects on the nonxal 
IOrCB and pitchinS m0ne"t ~haraCterlst.lCs Of chanG%. in the Vak-icnis cOr- 
PaWIts Of the riodcl were also dctelCll"ed; these included the effects Of 
nose shape, longitudinal splines on the nose, wtor fairin~s, fuel plpcs 



and rim. The effects of the step in the body pmfflc !ma also datemlmad 
toth at transonic speeds and at H = 2.00. 

ltzc mdcl without fins was found to be $aClcally u~table both in 
pitoh and 1n yaw. With far sCablllal% flns attached to the rear of ti-e 
model It was also mstablo Lwt Che nnoments were reduced bY nPProXiWtelY 
Em at any given 1ncldence. 

The model without fins was found Co bc statically unstable b3thln 
pitch and In yaw. With four stablllzlng iinS aCtached Co tk3 ,-XI- Of the 
mdel it was also unstable lut the mmntS wro I'CdLIcOd by a~roximately 
50% at any g‘"en lncidcmo. 

'Rre nod01 wIthout flbs AaS icam to be Statically unstable both In 
pitch and In yaw. With four sCabillzl"z IlW attached to the rear of th0 
rmdol It was also unstable Cut the mments war.3 redlced by approximately 
55% at any slven Incidence. 
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