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SULBIARY

Six compenent balance tests have been made on a 1/30th scale mcdel at
Mach nwibers from 0.95 to 2.80., BScme measurements of static pressure cver
the engine pods were imade, and an wnvestigation of the dynamic stabilaty in
pitch carried out.

The results show that inere are significant effects due to head shape
and fans on the size ¢f the de-siobilizing pitching moments in a typacal
trajectery. The effect of body vortices on the measured static pressure is
shown and the derived negative asrodynamic damping coeflficients given. The
reason for the latter i1s shown to be the presence of a step in the bedy
profile, but the total damping is likely to be adequate {or the rigad mode
on the full scale massile,
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1 INTRODUCT ION

Blue Sireak is an inertis—guided ballistic missile approximately
70 £t long and 10 £t in dismeter. The masile is to be pewered by two
rocket motors at the rear and since aerodynamic stability i1s negatave,
stable flight is to be achieved by servo contrel of the rocket nozzles
swivelling in gymbals. The maxumum value of the dynamic pressure for the
proposed trajectory is 750 1b/ft2 and occurs at an altitude of 40,000 ft
when the lfach number is 1.6, but high values cccur from high subscnic
speeds up to a Hach nunber of about 3. Under these conditions the angular
moevement requared of the neczzles is likely to be near the maximum available,
so that there are two sein problems from an aercdynamic pomnt of view,
firstly, the non-linearities and asscciated peak values at transonic speeds,
and seccndly the static stability at supersonic speeds up to sbout M = 3.0
(with particular reference to speeds near M = 1,6). The transonic problems
have been investigated in Refs.1 and 2 1n some deteirl using the present
model in ithe 8 £t x 6 £+ and 3 £4 x 3 £t tunnels at R.A.E. The present
tests were principally intended to check the stability at supersonic speeds
up to M = 2,3, but a short investigaticn of the dynamic stability in pitch
was also made,

2 MODEL DETATLS

The medel, which was of 1/30th scale, represented the proposed flight
laycut in some detail, as mey be seen in I'ig.1. The basic shape is a
¢ylinder 4..88 calibres long, the last 0.63 calibres being reduced to
0.9 calibres diameter to form a'step' in the body profile. Heads of varicus
shapes were fixed tc the forward end of this cylindrical body, and for some
tests four small stub fins were fitted wmediately ahead of the rear slep.

The complicated nature of the model 13 likely to cause scue confusacn,
particularly when previcus tumnel vork 1s referred to. The state of the
model for lhe present tests, unless stated otherwise, was as follows:-

Basic model configuration

(a) Engine peds included, but squared off at the base,
(b) Tuel pipes and the small body fairing included.

(c) Splires on both nose and body exposed.

(A) Rear step in body profile present.

(e) PFins and 'ncse blister' (Refs.1 and 2) net included.

The four head shapes 'A', 'B', 'D' and 'BE'! used are shewn in Pig.A
and it should be noted that in the configuraticn with head 'E', an extra
nose fairing and two rear fairings (aft or the step) were included. The
squaring off of the engine pods and the fin design were both new developments
for these tests., A few extra tests were made with the nose splines faired
(by filling the grooves between them), with the rear bedy step filled by
means of an annular sleeve, and with the ongine pods extended as in Refs,1
and 2. The stub fins were fitted for some of the tests with heads 'B' and
D', but for the later tests with head 'E' these were nct used since the
inclusion of Tins full scale had been abandcned,

2

The model was sting mounted and two internal strain gauge balances
were used ! a six component balance fir the tests waih heads 'A', 'B' and 'D!,
and a five couwponent balance (no oxial force) for the tests with head 'I',
Beth balances had moment reference points just aft of the 'shoulder', Base
pressure was measured inside the hollow medcl and the cfTects of secondary
Zlows were avoided by means of a baffle attached to thz stang (Fag.h).

-6-—1



Transition was nct fixed by means of wires or roughness bands,
since the exposed splines would have been adequate in this respect. In
the few cases tested with the splines faired there was a rapid change
of prefile at the same pesition which would have been equally effectave,

3 DETATLS O TESTS

The tests werc made in the 8 ft x 8 ft superscnic tunnel at
R,AE, Bedford in three w.ort series during Septexber 1957, September 1958
and October 1959, The main part of the data was obtained from the last
two series, but a few results from the first series, during which the
rear step was faired throughout, have becen included,

3.1 Test range

The Reynolds number for the tesis was 0.75 x 106, based on calibre,
except for the few results shewn in Figs.L7 to 50 from the first test
series, where the Reynolds nunber was 1.21 x 106, The Mach number range
was from M = 1.13 tc ¥ = 2,80, and in additicn, some subscnic tests at
M = 0,95 were made with head shapes 'B' and ’Ei. At M = 4,13 there was
some slight interference from the reflecied bow shock at some incidences,
but at and above I = 1,19 this shock was clear of the model base.

Both pitch aad roll angles cculd be varicd during the tests, and
most cof the data was obtained by palching the model from 0 = -4.° to +12°
at roll settings of ¢ = 0, L5 and 90°, but as a check on symmeiry, a
complete range of roll angles (i.e. %180°%) was tested at M = 0,95, 1.19
and 1,20 with head 'B' and at 11 = 4,40 with head 'E!,

3.2 Axes and definations

The axes system used 1s given in Faig.2. The roll setting angle is
considered positive fer a clockwise rotation from the zero position wath
the "small body fairing" uppermost, (Fig.1), and the pitch angle 1s
defined as that between the missile axas and the free stream directicn,
The forces and moments presented here are queted relative to an axis
system moving with the missile in patch but net in rcll. The patching
moments are given about the expected full scale (.G, position, the varia-
tion of this with Mach number being shewn in Fig. 3,

2

The force coefficients have been based on the area EE—- and the
3
moment coefficients on E%— , where 'd' is the missile calibre. The area

2
for base drag correcticn vas taken as (0.9)2 Eﬂ;,, i.e. the area with the

rear step allowed for, but without the base area of the pods,

2.3 Subsconic wall corrections

For the tests at M = 0.95 the ccrrect speed was assumed 4o be the
empty tunnel value ancreased by O.43 of the peak rise measured at the
tunnel walls. This cerrection was in fact only 0.005 ain Mach number
since the model was unusually small for the 8 ft x 8 £t tunncl (0.14,%
cross-sectional area ratio), No ccnstraint cerrections have been applied
to laft curve slope or drag.

3.y Accuracy

As a rough guide based on experimental scatter the following can
be taken:-



LY

-G , C_ and -C 20.01
m X
Ce *0,002
c *0,005
P

(Se¢ also rcfercnce in 3.5 to weight ccrrecticn errors.)

3,5 Presentation of results

The main part of the data given here 1s presented as graphs of -CZ

and Cm against 6 and ¢ in carpet form (Figs.7-46). In these carpets the

nominal values of ¢ have been guoted since the variation due to acrodynemic
load was very small, and in the resolution of the balance forces and moments
for calculation of —Gz and Cm the nermanal values of ¢ have also been used,

The pitch angles quected, however, have been obiained by taking the mean of
the plotted values at all the roll settings avarlable., The actual values
of O, however, were usually within *C.05° of the mean values gqucted. VWhere
tests with fins were mode, thesc results have been included as detted lines
against 6 only. The appropriate moment reference pcint in calabres aft of
the shoulder ("C.A.S.") is gaven on cach plet of C.»

There was a small variation n —CZ, Cm and C& with roll angle when the

model axis wae along vind (8 = 00), and since this was mainly duec to slight
exrrors in the application of model weight corrections rather than te tunnel
flow deflcctions, 1t was considcred best io make this line on cach carpet
straight, adjusting the whole of cach constant -¢ curve sc that the slopecs
with respect te © weuld not be affected. TFer the mest part these correcticns
were within £0.02 for —CZ and Cm and within *0,002 for 06'

The 117t slopes and C,P. positions shown an Fags, 51«70 and 73%3-76 were
deraved graphically, In one cr twe cases the slepes were alse dbtaned by
the method of least squares as a check on accuracy.

Base drap has been subtracted fran the mecasured axzal force in the
usual way. This is shown in Fag.80.

L RESULTS AND DISCUSSION

hel Normal ferce and pitching moment

The basic data is shown in Figs.7-46 for the medel with hceds 'B', 'D!
ond "B!'. In general the curves are surprisingly free from irregularitices
considering the model was far from acrcdynamicslly clean., In this respect
the symmetry of the results with roll angle 1s also notable, particularly at
M= 0.95 (Fags.7 and 8), but this was not checked at hagher speeds or with
the blunter head 'D'. A few results from the first scries of tests have
been included in Figs.47 and 48 to show that the lift ond stabilaty results
with head "A' lie, as might be expected, between those with heads '8! and 'D'.
No other tests with head 'A' were made.



e1ad The effect of the rear step

Since the first series of tests were made with the rear step faired,
and although there were cther slight model differences, the selected
camparisons with results from the later series shown in Figs.L9 and 50
may be used to indicate the effect of the rear step cn 1ift and stability.
The 1ift curve slope 13 little changed, but the presence of the step
appears to cause a small forward shift in the centre of pressure
position particularly with the stub fins present (about O.1 calibres).

The induced flow separations at the step might well be expected to
decrease the efficiency of the fins, but the flow structure near the
step, pods and fins is complex, as may be Judged from the oil flow
photograph in Fig.5.

Lel.2 The effect of the fins

In Fags.7-46, the curves of normal ferce witheouiu the fins present
are non-linear with incidence {due to the cross-flew body 11ft) and the
pitching moment curves are ‘almost straight, but with the fins added the
normal. force curves become steeper and the pitching moment curves very
non-linear, The effect of the fins on pitching moment is particularly
evident at M = 0.95 and the lower supersconic speeds (e.g. F1gs.8 and 10)
and at roll angles near 90° (i.e. when the engine pods are across the
flow), The fins lie ahead of the pods wath respect to the local flow
and have the same disposition at both ¢ = 0° and 90° (Fig.1). It is
thus probable that the fins cause an adverse interference effect on the
1ift from the pods at ¢ = 90° and that this adverse effect 1s reduced
rapidly with increase of incidence. This 1s wade clear by the 1ift slopes
and C,P. positions given in Pige.51 and 52 which have been cbtained from
Figs.7 and 8 for the model with head 'B' at Ik = 0.95. The curves for
¢ = O° show the large effect of the fins on C.P, pesition which decreases
steeply with incidence, Comparing the curves at ¢ = 90° with those at
¢ = 09, the rearward C.P., shift due to the pods is reduccd at zero
inciadence by the presence of the fins from 2.7 calibres to 0.9 calibres,
but at an incidence of 40° this reduction is only from 1.0 to 0.65
calibres. This adverse effect cf the fins cn the lift from the pods is
much smaller at higher speeds.

Lete3 BEffects of incidence

The typical effect of inecidence on the 1ift slope and centre of
pressure position 1s shown in Figs.53-58 for the confaguration with
head 'E' and in Fags.59-60 with heads 'B', 'D' and 'E', The orientation
of the engine pods causes large changes in the rate at which the C.F.
moves aft with incidence, particularly at speeds near M = 1, At M = 1.6,
the C.P. position mcves 1.1 calibres aft at ¢ = 0° for a 10° increase
in 6, and at ¢ = 90° this movement is 0.8 calibres., However, at M = 0.95
the C.P, movement is almost 2 colibres at ¢ = 0% and cnly 0.5 calibres
at ¢ = 909 The inference is that the extra lift from the pods is larger
at speeds near M = 1 than at higher speeds, but it decreases much more
rapidly with incadence. The effect of removing the pods at ¢ = 0° is
shown in Ref.1 tc be small (less than 0.15 calibres) end sc the ¢ = 0°
cage in the present tests can be taken as being equavalent to a 'pods off!
condation.

k.1.y Lift curve slope and stobility at 0 = 0°

As regards the 1ift slopes and C.P. position at zero incidence,
there is a significent effect of head shape, as may be seen from
Figs.61 and 62. The lift slcpe with the blunt shape 'D' is smaller than
that with the conical head shape 'B' particularly at high speeds (20
lower at M = 2,4) but the position of the aercdynamic centre is hardly
affected. On the other hand the comparatively small geometrical

-9~
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differences between the heads 'B' and 'BE' cause as much as a 0.5 calibre
change in C.P, position at high speeds wzth little change an 1lift slope.
This applies at all roll angle settings, but the rearward shift in C.P.
position at ¢ = 90%, due to the pcds, appears 1o be almost independent of
head shape and decreases with increase of Mach nuiber so that the C.P.
position is almost stationary over the test range 0.95< M%< 2,8,

The effect of fins and rell angle at 6 = O° is summarised in Faigs, 63-70.
The symmetry of lift slope and C,P. positien wath ¢ is worth noting, and the
small influence of head shape on the effect of the fins and pods.

L.1.5 Pitching mement

From the preceding scetions 1t is c<bvious that the {crward position of
the centre of pressure at ¢ = 0% is the werst case frem a contrel point of
view, but the varaiaticn of 1aft slope rassile C.G, position and dynemic
pressure in flight will affect the maxirmma value of the de-stabilizing
moment, In Fags.71 and 72 values of CmG o at 8 = 6° are given, and using

the expected variation of dynamic pressure full scale, the tetal static
pitching moment about the C.G. has been caleculated. The maximum pitching
moment occurs with head '¥', and this is 9% higher than that with head 'B'
although the differences in head shape are comparatively small, The cone
figuration with the blunter lLiead shope ('D') has much smaller mements at
high speeds,

ke 1e6 Comparison with results from other tunnels

This is shown in Figs.73-76. Tests have been made with the present
model and balance in the R.AE, 8 ft x 6 £t and 3 £t x % £t twmels
(Refs.! and 2), but at an earlier date when the gecmetry of the model was
leas certain. It is thus dafficult to find identical configurations and
the examples shown here rewresent the ncarest comparasons pessible. The
test results gaven from the 8 £+ x 6 £+ and 3 £t x 7 £t tunnels
(at Reynolds numbers of 0.65 x 100 and 0,85 x 106 respectively) were made
with a nose fairing similar tc that used with head 'E' in the present
tests, For 0.8 < M < 1.2 the results of Ref.1 show that removing this

a-C
fairing reduces aez by 0.0015 approximately and moves the C.P. posaition

forward by 0.1 calibres, MAllcwance for these adjustments wvill reduce the
discrepancy betwcen the results from the three tunnels, If the pod extensions
used an some cf the tests can be asswied ¥¢ have caused only slight effects,
the overall impression from these camparzscns i1s one of fair agreement,

L.2 Relling moments

These are shovm in Pigs,77 and 70, and, as might be expected for this
configuration, the general level 1s small and nct likely to raise any
problems full scale. There are several itcms of interest, hcewever. Firstly,
although the rolling moment at zero pilch angle s neglagible with head 'B',
this 18 by no means sc with heads 'D' and 'E!', This 'hasic! rclling moment
varies with Mach number and may be due to wake interference between the ncse
fairing and the pods in the case of the medel with head 'E', but the reason
for this with the blunt head 'D' 15 obscure., Secondly, although the rolling
moment varies smoothly with incidence, the variation with roll angle is far
from symetraical, presumably due to the asymmetry of the pipes. TFanally,
the effcet of the fins is larger with the blunier head 'D' than wiih the
conical head 'B', particularly at ¢ = 0° when, apart from the pipes, the
model is symmetraically disposed to the stream. The maxumua value of the
rolling moment ccefficient cccurs near ¢ = 609, determined by the mutual
interaction between the paipes, pods and fains.,

- 10 -



ho3 Axial ferce

P1g.79 gives the values of -C_ at 8 = 0° pletted agoinst Mach

number., The axial force coefficient with head 'B' reaches a maximum
value at a Mach nunber of 1.2, but with the blunt hecad shape 'D' the
axral force continues to rise rapidly with Mach number up to about

M = 1,60, and remains roughly constant sbove M = 2,0 at a level more
than twice that with head 'B'. The mncrease in axial force due to the
fins 1s much larger with the blunter head shape 'D! than with head 'B',
but the reason for this is net knowm.

A comparison is made with sane results from the 8 £+ x 6 ft
tunnel tests! for the model with head 'B'. The velues appear to agrec
at subsonic speeds but to differ by about 20% at superscnic speeds.
This 1s much more than maght be expected from the small model differences
in the two cases, and cen only be ascribed to mnterference effects from
the reflected bow shock at low supersonic speeds.

Lol Pressure measurements

Measurements of body static pressure are presented in Fig.81.
These were obtained frem a single static hole 0.69 calibres shead of the
rear step and at a clockwise roll angle of 3,° This static holc was
positaoned between two of the longitudinal splines but the effect of the
local secondary flows on the measured pressures must have been quite
small and can be ignored in this context,

Two points are werth noting. Farstly therc 1s an asymmetry in the
measured preszures on the two sides, presumably due to the presence cof
the fuel pipes, etc. Seccondly, at the higher incidences there is an
inflexaon in the circumferential distribution of pressure due to the
presence of a pair of body vertices. The effect of these is apparent at
a pitch angle of 6° at speeds near M = 1, but at progressively higher
angles at the higher speeds. There are alsoc indications that the pressure
field of the vortices 1s most intense near M = 1,40, when the general
level of body static pressure is at a minimum.

he5 Dymamic instability in pitch

During the routine tests of static stability it was noticed that
there was a merked tendency for the model to beceme unstcady at high
Mach numbers and high incidences. Samilar experience was cncountered
during the 3 £t x 3 £t tunnel tests reported in Ref.2, Thas ‘unsteadincss'
made the measurement of static forces and moments dafficult, and 1t was
decided to make a special investigation of the phenamenon to try and
determine its cause. Measurements of model amplitude and frequency were
made under various cconditions and some cirl flow studies carried out. The
resulta of these tests are given below.

LeHe1 Oscillatory characteristiecs

Film records of the model omplitude showed that the model
'unsteadiness' was in the form of a divergent pitching cscillation,
approximately sinuscidal and with a frequency of 28 c.p.S. (equivalent
to a reduced frequency boscd on diameter of 0.035 at M = 2), The fre-
quency of oscillation was scnsibly canstant under all tunnel conditicns
since the scrodynamic stiffness was amall compared with the structural
stiffness. The oscillations, once started, appeared to diaverge until the
mechanical stops were reached, or, in the cascs where no steps were
fitted, until the aercdynamic excitation was balanced by the amplitude-
sensitive structural damping (see Fig.83). Amplitudes as high as 20
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were recorded on ccecasions, equivalent to a balance piatching wcment signal
stress of *30,000 1b per sq in.

The axis of oscillation was at approximately one calibre aft of the
'shoulder', as may be seen from the Schlieren photographs in Mig.85. Both
frequency and axis position were almost independent of the roll angle
setting of the model.

hebe2 Aerodynamic factors

As prtch angle was wncreased, a critical valuec was reached for the
davergent cscillation ic start, and this critical angle was independent
both cn Mach number and stagnation pressure, as uay be seen in Pig,B82,

The effect of Mach number was not fully investigated, but at constant
Reynolds number, instability wcersened as the ilach nuwiber was increased to

M = 2, thereafter recovering a little, Ne oscillations were encountered

at subsonic speeds, but pitch angles greater then 10° were not investipgated.
The effect of stagnation pressure increase at constant lach nuiber was to
lower the craitical paitch angle and to worsen the hysieresis between
mereasing and decreasing values of O, C(n one occasicn at a high stagnation
pressure, the oscillations, once started at a pitch angle of 8%, did not
stop even when the angle was reduced to zero. At constant Reynolds number,
the appreciable decrease in aar density with increase in Mach nwiber ceould
have been expected to be favoursble, The inference is that the adverse
effect of Mach muber increase must have been strong to cverride the effect
of reduced densily, at any rate up to M = 2,

LeB5.3 Model geometry and rell pegation

The configuration with the pointed head 'B! appeared itc be much more
prone to vibration than that wath the blunter head 'D'. On the other hand,
the additicn of the fins cr rolling the model until the pods were across
the pitching direction (i.e. ¢ = 90%) cach stabilized the mocdel, presumably
by increasing the aerodynamic damping. However, the most significant effect
of model geometry was thal of fairing the rear step since thas remcved all
tendency for vibrations to develop under all conditions even though the
prtch angle was increased to 13°,.

LeB. . Implications full scale

At M = 2 the natural frequency of the full scale imssile, considercd
as a rigad body oscillating about the C.G., 1s expected to be in the regiecn
of 1 c.pss., and thais fortuitously gives a reduced frequency very near that
of the present model. However, the axas of natural oscillation full scale
is expected to be a little cver a calibre aft of that on the tunnel model,
and 1f we assume that the instability is due to some rearward excitation,
this means that the tunncl results can be token as a little pessimistic on
this acceount.

Lheb.5 Discussion

The flow field over the step, investigated with surface oil, shewed
remarkable insensitivaty to pitch angle, so it is difficult 1o ascribe the
loss of stabilaty to a change in the flew regime over the rear step
(subgect, say, to iach nurber and Reynolds nwiber), Again, there seecms to
be little chance of a wake resonance effect being responsible, since
measurements with a transducer (which can be seecn in the lower photegraph
of F1g.85) demonstrated ihat there vas no disproportionate spectrum of model
vibration fregquency in the wake. The presence of nen-lincarities in the
static stability curves was carefully looked for, using continucus line
recorders, but no signs of these were chaerved,
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In view of these cbservations and that there seems to be little
doubt that the presence of the rear step was the prime cause of the
instability, the most probeble explanaticn would appear to be that the
model has negative sercdynamic demping due tc time lags in the separated
flow at the rear step vhich, as pitch angle 1s increased, also increases,
depending on Mach nunber and perhaps Reynolds number, until the positive
structural demping of the rig is overcome and divergence ensues, At
first this solution seemed unlikely since the frequency parameter was
80 low (stream wave-length is sbout 30 times the body length), but the
damping coefficient of the basic body 1s probably very small, and could
easily be wade negative by very small lags in flow formation at the
atep,

In order to obtain some approximate values of the negative aero-
dynamic damping coefficient, the level of structural damping was measured
by & decaying oscillaticon experiment and is shewn in Fig,83. There is a
large variation with model amplitude and a value at a semi-amplztude of
*0.25° has been arbitrarily selected to represent the level exceeded by
the negative aerodynamic damping at davergence. The possible effects of
Reynolds number were ignored, and at each recorded value of pitch angle
for divergence, -(mq-) + mﬁ) was calculated using body calibre and the f{ree

stream values of U and p. The results arc plotted in Fig.8,, and, as in
Fig.82, 1t 1s presumed that the scatter between successive tests wos due
o variations in structural damping. TFer the full scale mssile, the
amount of artificial positive damping included tc cerrect the main servo
loop lag is very much larger numeracally than the values quected in
Pig.&,, Thus no dynamic instability 1s likely full scale, provided
there are no large adverse effects of Reynolds number and Mach number,
It must, however, be noted that it is not withian the scope of this
investigation to say whether any of the bending modes of the full scale
missile are likely to be affected.

5 CONCLUSIONS

(i) Static stability

In general the results are free from irregularities, but the
crientation of the engine pods caused large changes in the movement of
the C.P. with incidence, particularly at high subsonic and low superscnic
speeds. These effects were very much accentuated with the stub fins
present owing to fin-pod interfercnce. The comparatively small geometrai-
cal differences between the head shapes 'B' and 'E!' caused significant
changes in C.P, position particularly at thc high end of the speed range,
but the large difference between shapes 'D' and 'B! caused less effect.
The missile with the blunt hecad 'D', however, had a censiderably lower
lift-curve slope than with the conical heads (as much as 25% less at
M = 2.8). The largest de-stabilizing patching manents occur at a roll
orientation of zero, and for a typical flight tragectory, the maxuaum
moment at an incidence of 6% is lakely to be 9% higher, with the 'Et
head shape than wath the 'B' and 'D' shapes.,

(i1) Rolling moments

Although all the rolling mements ueasured were small, the incrcase
due to the addition of the fins was more marked with the blunt head
shape 'D', The maximum rolling mcment occurred at a rcll setting of

¢ = 6000
(iii) Axial force
The axial force coefficient with head 'B' was approximately L5% of

that with head 'D' at speceds above M = 1.6, and the increase due to the
fins was also much swaller,

-~ 13 -
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(iv) Pressure measurements

These showed the presence of a bedy vertex field abeve ancidences
of 6° at the lower Mach munbers tcsted, this angle being pregressively
larger at higher speeds,

(v) Dynamic ainstabality

Investigations of a davergent oscillation which occurred on the medel
under certain conditions have suggested that the missile full-scale is
lakely to have negative aerodynamic damping due to the presence of the rear
step, The size of the coefficients measured in the tunnel, however, 1is
very much smaller numericelly than that already proposed for the main servo
loop, and thus no instability of the ragid mode should cecur in flight.
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APPENDIX 4

TESTS ON THE 1/30TH SCALE MODEL CF BLUE STREAK
IN OTHER WIND TUNNELS

The tests reported in Ref.1 were made in the 8 £t x 6 £t transonic
tunnel at R.A.E. Farnborough between February and April, 1957, and were
principally concerned with the overall static stability at {transonic speeds.
The effects of fins {different to those of the present Note), alternative
head shapes (A, B and C) and various other missile components such as
external stringers, fuel pipes, rear peds, etc. were measured. The tests
were made at a quno%ds number based on calibre of 0+65 x 10°, compared with
a value of 0+75 »x 10° for the majority of the B £t x 8 £t tunnel tests. The
results showed that, about the flight C.G., position, a roughly linear variation
of Gm with 0 existed, with no serious irregularities within the range of Mach

numbers (080 to 1+25), roll angles (0° to 90°) and incidences (-3° to +15°)
investigated, except with the fins present where there was some non-linearity,
particularly at subsonic speeds. At zero incidence the values of de/dG were

greater than was expected from earlier tezts on simple cone~cylinders, however,
this discrepancy was shown to be entairely attributable to the various modsl
components fstringers, pipes, pods, rear steps ete.).

In order to obtain some preliminary results at superscnic speeds before
the 8 £t x 8 ft wind tunnel became operative, the model was tested in the
3 £t x 3 £t tunnel at R.A.E. Bedford between April and July, 1957 2, Because
of the large size of the model relative to the 3 ft x 3 £t working section,
tests were possible at supersonio speeds at M = 2+0 only, due to shock wave
reflection. Two head shapes were tested (A and B), and the effect of fins
(identical to those tested in the 8 £t x 6 ft tunnel) pods, splines, pipes
and rear step fairing determined. In addation the effect of the rear step
fairing was measured at subsonic speeds, at M = 0+70 and 090, in order to
check the discrepancy in de/dB which had been found in the transonic tests

in the 8 £t x 6 £t tunnel. All tests were made at a Reynolds number based on
calibre of 1+24 x 106 except for the two configurations with head B (testeg
at M = 2¢0 only), which were tested at a Reynolds number of only O*43 x 10°,
the restriction being due to model oscillations of the type described in the
present Note, which were encountered at higher Reynolds numbers.

A comparison of the results obtained in all three tunnels shows fair to
good agreement for the few comparable configurations, viz:i-

() The variation of dCz/de, de/dB and xc.p. with Mach number for
heads A and B at zero roll angle (present Note and Ref.1).

(b) The variation of Cz and Cm with 6 at M = 08, 09 and 1+2 for
head A at zero roll angle1.

(¢) The increments in dC#/dG and de/dB due to the presence of the
rear step .
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A.R.C. C.P. No. T34 533.665 :
533.6.013.15
533.,6.013.412 :
533.6.048.2 ¢
53%.6.011.35/5

[GW] Blue Streak (42)

8 FT x 8 FT TUNNEL TESTS ON 4 MODEL OF THE
DE HAVILLAND 'BLUE STREAK'. Moss, G. F. and
Isaacs, D. July, 1961.

§1ix component balance tests have been made ¢n & 1/30th scale model at
Machk numbers from 0.95 to 2.80. Some mecsurements of static pressure over
the engine pods were made, and an investigation of the dynamic stebllity in
pitch carried out.

The results show that there are significant effects due to head shape
and flns on the size of the de-stabllizing pitching moments in & typleel
trojectory. The effect of bedy vortices on the measured static pressure is
shown and the derived negative cercdynomic damping ceoefficlents glven. The
reason for the latter 1s shown to be the presence of a step in the bedy
profile, but the total darping 1s 1ilkely to be adequate for the rigid mode
on the full scale missile.

A.R.C. CuPe No. T34 533,665 3
533,5,013.15 :
533.6.013.412 :
53%.6.048.2 :
533.6.011.35/5

[aw} Blue Streak (L2}

8 FT x B FT TUNNEL TESTS ON A MODEL OF THE
DE HAVILLAND 'BLUE STREAK!. Moss, G. F. and
Isancs, D. July, 1961.

Si1x component balance tests have been made on a 1/30th scale medel at
Mach numbers from 0.95 to 2.80. Some measurements ¢f statlc pressure over
the englne pods were made, and on investigation of the dynamlc stabllity In
pitch carried cut.

The results show that tThere are significant effects due to head shape
and fins on the size of the de-stabilizing pltching moments in a Typical
trajectory. The effect of body vortices on the measured static pressure is
shown and the derived negative aerodynanic donping ccefficlents glven. The
reason for the latter is shown to be the presence of a step In the body
profile, but the total donping is 1llkely to be cdequate for the rigid node

I. on the full scale missile.

A.R.C. C.P. No. 3L 533,665 3

533.,6.013.15 @
533.6.013.412 :
533.6.048.2 3
533.6.011.35/5

[o0] Blue Streak (42)

8 FT x 8 FT TUNNEL TESTS ON A MODEL OF THE
DE HAVILLAND 'BLUE STREAK!, Moss, G. F. and
Isnacs, D. July, 1961.

S1x ccopenent balance tests have been made on & 1/30th scale model at
Mach muobers from 0.95 to 2,80. Sone neasurements ¢f static pressure over
the englne pods were made, and an investigation of the dynamic stability in
pitch earried out.

The results show that there are significant effects due to head shape
and fins on the size of the de-stabilizing pitching moments In & typlcal
trajectory. The effect of body vortices on Uhe neasured static pressure 1s
shown and the derived negative aerodynanic danping ccefficlents given. The
reason for the latter is shown to be the presence of o step in the body
profile, but the total darping ls 1llkely to be adequate for the rigid mede
on the full scale misslle.
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