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SUMMARY

Six-component force and moment measurements have been made on a fully
representative model of the De Havilland "Blue Streask" at Mach numbers of
0.80 to 1.25, body incadences up to 15° and roll angles up to 90°, to ~heck
the static stability characteristics in the transonic speed range,

With fins off the results are free from serious irregularities and the
pitching moment is approximately linear with body incidence (6) about the
full-scale centre-of-gravaity pcsition. With fins on there 1s some non-
linearity in pitch, particularly at subsonic speeds.

The values of de/de at zero roll angle are greater than was expected

from simple cone-cylinder tests, the difference amounting to about 28% at
M=1 about the full-scale centre-~of-gravity position, Component tests show
that the increase 1s entirely attributable to the various external fitments
(stringers, fuel pipes, nose blister, rear pods and rear step) all of which
increase de/dB.

Replaces R.A.E. Tech. Ncte No, Aero 2610 - A,R.C. 21756.



The results of the R,A.E, Bedford 8 ft and 3 ft tunnel tests, with

which the present results are compared in Section 4.4 and elsewhere, have now
been published and the references are as follows:=

E. Huntley Wind tunnel measurements of normel force and pitching moment
at a Mach number of 2,00 on 2 1 : 30 scale model of Blue
Streak,

AR.C. C.P, 732, May 1959.

G.F. Moss and 8 ft x 8 1t tunnel tests on a model of the De Havilland
D, Izancs YBlue Streak!,

AR.C. C.P. 734, July 1961,
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1 INTRODUCTION

Tests have been made on a model of the De Havilland "Blue Streak"
missile in the R.A.E. 8 ft x 6 ft Transonic Tunnel, as a check on the static
stability characteristics at Mach numbers between 0.8 and 1.25. Measurements
were made of normel force, pitching moment, side force, yawing moment,
rolling moment and axial force at body incidences of up to 15° and roll
angles up to 90°, with fins on and off. Three head shapes were tested and
the effects of various components such as external stringers, fuel pipes,
nose blister, rear pods and a rear step (Fig.1) were investigated at zero
roll angle.

Selected results are preserted graphically to illustrate the main trends
and the effects of the various modifications. Comparisons are made with %he
results of tests on the same model in the 3 £ x 3 ft and 8 ft x 8 f+
tunnels at R.A.E, Bedford, and on a simplified cone-cylinder model
("Model 80"} in the 3 £t x 3 ft tunnel.

2 DESCRIPTION OF MODEL AND TESTS

2.1 Model details

The model was constructed by De Havailland Propellers Ltd. in aluminium
alloy and reproduced the external characteristics of the full-scele missile
in some detail. Drawings are given in Figs.1 and 2 and photographs in
Fig.3.

The model consisted basically of a cylinder 4 inches in diameter (D)
and 19,5 inches (4.88D) long to which could be attached the three heads
A, B and C and the various external fitments. The junction of the cylinder
and the nose cone is referred to as the shoulder.

Head shapes. These are shown in Fig.2. The standard head A was made
up of a frustrum of a 19.4° included-angle cone with a relatively bluff
noge—~cap having a radius of 0.544D. What would otherwise have been an
abrupt junction between the ncse-cap and the cone was faired by a corner
radaus of 0,06D. The overall length of the model with head A was 25.5 inches
(6.38D). Head C was of similar type, with the same cone angle, but was
0.42D shorter and had & nose—cap radius of 0.495D. Head B consisted of
bead A up to the forward ends of the stringers (Fig.1) but with the bluff
nose-cap of head A replaced by a 30.2° included-angle cone and a nose radius
of60.1OD which faired tangentially anto the cone, increasing the length by
0.60D.

Rear step, There was a step 2.5 inches from the rear of the cylinder
at which the diameter was reduced from 4.0 inches to 3.6 inches (Fig.1). 4An
annular sleeve was provided enablang this step to be filled in for some of
the tests.

Stringers. In the basic configuration, fore-and-aft surface stringers
were represented on the rear half of the cylinder ahead of the step, and on
the nose cones up to 1 inch from the front of head A, Around the cylinder
there were 48 stringers 0,05 inch high and 0.06 inch wide, and around the
noge-cones there were 60 stringers 0.03 inch high and 0,05 inch wide., For
some of the tests removal of the stringers on the nose cone was simulated by
filling the spaces between them with Araldite to give a smooth surface,

This condition 1s referred to briofly as "stringers off" although tho nose-
cone stringers wore faired over rather than removed, and those on the
cylinder were left untouched.



Rear pods. Two removable pods were fitted at the rear of the model on
top and bottom surfaces, as sketched in Fig.,1. These were roughly cylindrical
in shape with a conical front fairing, and were solad.

A nose blister was fitted just ahead of the shoulder, wath a nose shape
similar to that of a high-speed aircraft canopy but with a 0,2 inch step
towards the rear (Fig.t). This blister was alsc removable,

External pipes. Three removable pipes were fitted as shown in Fig.i.
On the port =zide there was a short length of circular pipe on the rear part
of the body at 414° above the horizontal, and a long circular pipe extending
from ghead of the shoulder to ahead of the rear step at 41%0 below the hori-
zontal, These pipes were respectively 0.08 inch and 0,10 inch in diameter,
with centres 0,12 inch and 0.19 inch above the body surface. On the starboard
side there was a larger pipe at 263° below the horizontal, extending from ahead
of the shoulder to behand the rear step, and with cross-section as shown in
Fig.1. The overall dimensions of this pipe were 0,28 inch wide by 0,16 inch
high and it was mounted 0.08 inch above the body surface.

Fins, Four stub fins could be attached to the rear of the model,
inclined at 45° to the principal planes. These had a root chord of 4.34 inches
and a nett semispan of 1.24 inches and were of double-wedge section with
thicknesses as shown in Fig.i.

In addition to thesc removable items there was a small fixed blister
mounted on top of the body 4% inches ahead of the rear step, as shown in
Fig.1.

The model was mounted on a 6~component internal strain-gauge balance
and attached to the tunnel incidence strut by a central sting, Fig.3. The
sting diameter was 1.57 inches at the base of the model, and the sting taper
(1ncluded angle) was 2,2° over the first 2.7 inches behind the model, 4.7°
for the next 10 inches and 17° for the next 5 inches, The annular space
around the sting at the base of the model was filled, to within about J.1 inch
of the model internal diameter, by a base plate attached to the sting, Fig.3,
minimizing secondary flows within the hollow model. The pressure inside the
model, i.e, the effective '"base" pressure, was measured by a pair of pressure
tubes sbove and below the sting.

The tests were begun before the sting rolling gzear was installed in
the tunnel, and varaiation of model roll ang.c was therefore effected by
rolling the model rolative to the fixed sting and balance, Provision was
made in the model for roll angles of 0, 22%, 45, 674 and 90 degrees.

2,2 Description of tests

Most of the tests wers made at Mach number intervals of 0.1 in the
range M=0.8 to M=1.2, with additional measurements at 0.05 intervals 1in some
cases., The body incidences tested were generally -3, -2, -1, 0, 1, 2, 3, 5,
T, 9, 12 and 15 degrees. The tests were done at constant roll angle and
Mach number, varying incidence, The mean test Reynolds number was 1.94 x 106
per foot6 giving a Reynolds number of 0.65 x 106 based on model drameter or
L.1 x 10° based on model length (head A). Moasurements werc made of normal
force, pitching moment, side force, yawing moment, rolling moment and axial
force, relative to axes fixed in the sting (ax1s and force conveniions are
discussed lator). The static pressures at orifices in the roof and one wall
were also measured to give some indication of the passage of the bow shock
and expansion system down the tunnel.

The cases tosted, and their identification numbers, were as followsi-



TABLE 1

Configurations tested

Case | Head | Roll | Straingers gzg; bﬁzzzer Pipea| Fins | Step g,
1 A 0 On On On On Off | Present 5
2 A | 208° Off On On On | Off | Present | 16
3 A {459 On On On On Off | Present | 16
I A | 6730 off On On On Off { Present | 16 B
5 A | 90 On On On On Off | Present | 16
6 A 0 off On On On On Present | 17
T A | 45° Off On On On On Present 17
8 4 | 900 Off On On On On Present | 17
9 A 0 off On On On Off | Present 6

10 B 0 On On On On Off | Present 5
11 B | o Off on On On | Off |Present | -
12 C 0 ort On Cn On Off | Present 5
13 A]o0 On 0ff | On On | Off |Present | 7
14 A 0 Off Off On On Off | Present 7
15 A 0 On On off On 0ff | Present -
16 A 0] off On On Off | Off | Preseni 6
17 A G Off On On On off Filled T
18 A 0 Off off Cn On Off | Failled 7

In the table the items primarily under investigation in each test are
underlined,

The tests were performed in three stages (this accounts for the
apparently arbitrary variation of stringer configuration in table 1). In
February 1957 the basic model without fins was tested at roll angles of
0, 45° and 90°, and the effects of head B, the nose blister and the rear
pods were examined (cases 1, 3, 5, 10, 13, 15). It was then decided to
investigate the effects of fairing over the front stringers, and tests with
this done were made in April 1957. The additional head C was tested at the
seme time and further roll angles of 223° and 673° were included (cases 2,
4, 9, 11, 12). The effects of the fins (6, 7, 8) and pipes (16) were also
investigated. Finally, tests were made in July 1957 to investigate the
effects of filling-in the rear step (cases 14, 17, 18),

3 REDUCTION, ACCURACY AND PRESENTATION OF RESULTS

3.1 Axes and definitions

As noted above, the model was rolled by rotating it relative to the
sting and balance., The measured forces were therefore obtained about axes
which moved with the model in pitch but did not rotate with it an roll, and
this axis system has been retained in the final presentation of results.

The unrolled model condition is as shown in Fig.1, with the rear pods in the
vertical plane and the nose bligster uppermost. A sketeh 1s given in Fig.h,
and it w1ll be seen that following standard 8 ft x 6 ft Tunnel practice the
normal force Z i1s regarded as positive downward and the axial force X as
positive forward. In the figures the normal-forece and axial~force
coefficients are given as (-CZ) and (- X)’ 1,6, in the usual 1lift and drag

Benses,



The incidence & referred to throughout the text and figures is
the body incidence measured in the fixed (verticul) XZ-plane, as shown in
Fag.L.

The force coefficients are based on the model frontal areca IDe/h and the
moment coefficients on WDB/A. The centre for pitching and yawing moments 1s
2,16D behind the shoulder (Fig,2) for all cases,

3.2 Wall corrections

No corrections have been applied for wall constraint on Mach number
and incidence, the effects of which are thought to be esmall. The model
blockage ratio (frontal area divided by tunnel cross-sectional ares) has the
relatively low value of 0.18%, 8o far as shock reflections are concerned,
static pressure readings at the tunnel walls and at the base of the model
suggest that the reflected nose shock and expansion system cleared the base
of the model by about M=1.15., Below about M=1.05 any reflected waves should
be fairly weak. Between these speeds soms interference from reflected waves
is possible but the effects of this on the measured forces are not known.

The effects are not thought to be large, however, since as will be seen below
good agreement is obtained, after allowance for model differences, with the
"Model 80" cone-cylinder tests in which the ratio of model length to working-
gection height was one-and-a-half times as great.

3.3 Accuracy

Neglecting a few points which were obviously either wrongly recorded or
were recorded before steady conditions had been reached, the accuracy of the
final coefficients, as indicated by the scatter of the experimental results,
is as follows:-

Cy 0,02 (4% of max, recorded value)
¢y *0.01 (5% " " ")
C, %0.01 (1% " " ")
C, 20,005 (136 © " ")
¢, *0.025 (1% " L ")
c_ *0,025 (105 " " "oy

n

The inaccuracy in C, is due largely to the temporature drift noted below
(para 3.4). The infccuracies of the other components are higher than the
usual 8 £t x 6 £t Tunnel figure of 3% of the maximum recorded value, The
reason for this is that, in the interests of speed, the model was built
eround an existing balance designed to measure considerably high lcads than
those actually experienced, and the 1% inaccuracies in CZ and Cm ars no

higher than expected in view of this., The higher percentage inaccuracies in
CY’ C6 and Cn are due simply to the fact that throughout the tests these

gquantities remained small,

3«4 Presentation

A selection of the measured coefficients is given graphiecally in
Flgs .5 to 22 as Pollows:—

Figs,5 to 15 deal with normal force and pltching moment at zero roll
angle, O0f these, Figs,5 to 10 represent direct measurements of the effects
of head shape, stringers, nose blister, pipes, pods and rear step, with fins
off, Because of the number of fittings involved 1t was not possible to test
all ocombinations of them in order to determine mutual interferences; instead

-8 -



measurements were made of the effect of removing each part in turn with the
others all present, Exceptions to this are that the effects of the pipes and
the rear step were measured with the forward stringers already faired over,
and the effects of the pods and tle rear step wers determined together as
well as separately in view of the possibility of large mutual interference,
So far as the other items are concerned there is no reason to expect large
interferences, On this assumption Figs,?1 and 12 have been derived from 1ihe
measured results, to illustrate the effects on normal-force and pitching-
moment slopes and aerodynamic centre position of progressively stripping the
model of external fittings, to give finally a derived "clean" condition,
These derived results for the clean condition cen then be compared with some
earlier results on simple cone-cylinders (Model 80, described in para.h.?
below), The sare assumption is also made in Figs,13 to 15 comparing the
present results with results for the same model in other tunnels., The actual
or adjusted condition of the model is given in each figure, together with a
note of any adjustments that have been made to reduce the results to a common
condition,

Figse16 to 18 and Fig,21 show the effects on normal force and pitching
moment of rolling the model by up to 900, with fins on and off, For these
tests the model was in the basic Blue Streak condition with all external
fitments present, No tests were made on the effect of removing external
fitments with the model rolled, Figs,.19 and 20 illustrate a few trends in
the side force, yawing moment and rolling moment behaviour; a fuller presen-
tation 1s not given in the figures since these forces and moments are generally
small compared with normal forece and pitching moment,

Finally, Fig,22 shows some typical variations of axlal force with Mach
number at zero incidence, Only & limite¢ number of axial-force results are
shown because the balance used was of an early type having a relatively
large drif't of axial force reading with temperature, due to thermal stresses,
Since the measurement of drag was not an important test requirement it was
not considered worth while to spend the time required to allow for this drift
in all cases, particularly in view of the scatter remaining after all allow-
ances had been made (parz,3,3). In the value of (- v nett the measured

base pressure is replaced by the free-stream static pressure, The base area
used for this purpose is that with the rear step present (D = 3.6 inches),

In connection with the results for the model in the rolled condition,
it should perhaps be noted that the external pipes and the nose blister are
not symmetrical with respect to the model Brincipal planes, so that the
characteristics for roll angles between 90° and 360 may diffeer somewhat from
those meqsured in the first quadrant, The chief reason for not covering the
full 360o was that at the time of the tests, the object of rolling the model
was simply to check that induced roll and cross=coupling effects on the rear
pods and fins were not unduly large, and for this purpose 90o of roll sufficed,
A fow results have been obtained for roll angles up to 360° in the 8 £t x 8 £t
Tunnel, Bedford, and these are referred to in para,L,5 below,

L NORMAL-FORCE AND PITCHING MOMENT RESULTS

Lol Baslc configuration at zero roll angle, fins of'f

Plots of (- Z) and C_ against incidence for different Mach numbers are

given in Fig,5 for the basic configuration without flns, From these, and



from Figs.6 and 7 giving similar rosults for other configurations, 1t can be
seen that the curves are free from marked irregularities within the test
incidence range of -~5° to 15°, The normal force 1s of course non-linear with
incidence due to cross-flow effects on the body, but the pirtching moment
varies moce or loss linearly wath incidence about the chosen axis position
2.16D behand the shoulder, which corresponds approximately to the full-scale
centre of gravity position for this speed range.

The values of (—dCZ/dB) and de/dB at zero incidence, and the aerody-

namic centre position as given by the ratio of the two, are ploltced against
Mach number an Figs,11 and 12, At M=1.0, de/dB 18 0,131 and the aerodynamic

centre 1s 0.8D ahead of the shoulder. Comparcd with the results of the early
Model 80 cone-cylinder tests*, which are alsc shown on Figs.11 and 12,
de/de at the chosen azis position 13 28% greater at M=1, and the aerodynamic

centre 1s about 0,5D further forwvard. One object of some of the further tests
was to investigate possible sources of this increased instability of ihe

fully reprosentative Blue Streak model compared with Model 80. To avoird miz—
understanding 1t should perhaps be pointed out that there 1s no requirement
for positive static stability on this model; on the full-scale missile
artificial stability is provided by swivelling rocket exits at the recar.

L.2  Effect of various modifications at zero roll angle

k.2.1 Head shape

The change from head A to the more conical head B has little effect on
CZ and Cm despite the increase in length of 0.6D. For the shorter head C,

bowever, there are significant differences, particularly at Mach numbers of
0.8 and 0.9 where dC Ede at zero incidence 1s reduced by between 10% and 15%,

Fig.5. At supersonic speeds there 1s little effect on dC /dB but there is a
small increase in (—dCZ/dB). .

4.2.2 Siringers

The effect of fairing over the forward stringers is 1llustrated for one
case in Fig.6. Similar effects occur for other cases, e,g. with head B in
place of head A and with rear pods off instead of on. The stringers are
responsible for increases in both normal-force slope and pitching-moment
slope throughout the test Mach number range. At zero incidence the effects
are greatest near M=1.0, where (-dCZ/de) 18 increased by 0,004 (10%) and

de/de by 0,004 (3%), and the acrodynamic centre is moved rearward by 0.25D,

as illustrated in Figs.11 and 12, At this Mach number the centre of pressure
of the added normal force is about one diameter behind the shoulder.

LI--2-3 PiEGS

These also increase the normal-force and pitching-moment slopes, Fig.6,
At M=1,0 and zerc incidence (—dCz/de) 1s increased by 0,003 (3%) and de/de

by 0.007 (6%), and these increments are sbout the same throughout the Mach
number range, as 1llustrated in Fig,12. The pipes give a rearward acrodynamic
centre shift of about 0.1D and the centre of pressure of the addcd normal
force 1s about two diameters behind the shoulder.

* A descraiption of Model 80 1s gaven in para 4.3 belows seec alsc Fig.2,

-~ 10 =



4.2.4. Nose blister

The effect of the nose blister 18 not large and curves against incidence
are therefore not presented. 4s indicated in Fig.12 the blister increases
(—dcz/de) at zero incidence by about 0.001, and decreases de/de by about

0,001 at supersonic speeds.

4.2,5 Combined effect of stringers, pipes and nose blister

The combined effect of these apparently minor external fittings is
quite large. At M=1 and zero incidence, for instance, they increase the
normal-force slope by about 20% and the pitching-moment slope by about 8%,
and move the aerodynamic centre rearward by about 0.4D. Compared with the
srmple Model 80 results, Figs.,11 and 12 indicate that allowance for these
items would account for about 35% of the discrepancy in de/dB at M=1 noted

in para 4.1 however, the discrepancy in aerodynamic centre position would
be increased, from 0.5D to 0.9D, because of the accompanyilng change in
normal~force slope.

4.2.6 Effect of rear step and pods

The remaining signifaicant external differences between Blue Sireak and
Model 80 are the rear step and pods, and the effects of these will be con-
pidered together in view of the mutual interference between them,

Fig.7(a) gives the normal-force and pitching-moment results with and
without the rear step, with pods on. Fig.7(b) gives the corresponding results
with pods off. Figs.8 and 9 show the offects of pods and step respectively
on the normal-force and pitching-moment slopes at zero incidence, including
results from the 3 ft x 3 £t Tunnel, Bedford on the present model and on
Model 80.

The results show that at transonic speeds both the pods and the rear
step decrease the normal-force slope end increase the pitching-moment slope,
i.e. they produce a loss of 1ift acting near the rear of the model. In the
case of the step this is as would be expected in view of the effective boat-
tailing of the flow behind the step at these Mach numbers, and the maximum
decrease in the measured normal-force slope of 0,006 at M=0.9, Fig.9, agroes
well with the estimated value of 0.007 from slender-body theory assuming
re-attachment at the base of the model, At higher Mach numbers experience
shows that re-attachment fails to occur and this probably accounts for the
much smaller effect of the step beyond M=1. In the case of the pods the
reason for the loss of 1ift 1s not known.

Figs.8 and 9 show that there is considerable interference between the
pods and the step. At M=1, for instance, tho increase in pitching-moment
slope due to the pods is 0.011 waith the step filled but only 0.004 with the
step present. lakewise the increase due to the step is 0.014 with pods off
but only 0.005 with pods on., Fig,10 shows the rearward aerodynamic centre
movement due to filling-in the step. With pods off there is a maximum shift
of 0,7D compared with only about 0.2D with pods on,

The combined effect of pods and step on the zero incidence normal-force
and pitching-moment slopes and aercodynamic centre position can be seen from
Figs.11 and 12. They are responsible for an aincrease of pitching-moment
slope of 0.019 (about 20%) at Mack mubers of 0.8 to 1.0, with a smaller
effect at M=1.1, 1.2. The combincd forward aerodynamic centre movement
amounts to 0.75D at Mach numbers of 0.8 to 1.0, falling to 0.35D at M=1.2.

- 11 -
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L.3 Comparison with Model 80 results at zero roll

F1gs.11 and 12 enable the present results to be compared with unpub-
lished tests made on Model 80 in the 3 ft x 3 ft Tunnel Bedford. This model
consisted of a plain cylinder to which heads of dafferent cone-angles and
spherical nose radii were fitted, Of the shapes tested, head B of the Model
80 series most nearly represents the basic head A of the present tests. The
shapes are compared in Fig.2 and it can be seen that the chief differcnce is
in the nose cap, which has a smaller radius on Model 80 and fairs tangentially
into the nose cone. Also, the cylindracal bedy 1s 0.2D shorter on Model 80.

As noted earlior Figs.11 and 12 show quite large differences in zero-
incidence prtching-moment slope and aerodynamic centre between Model 80 and
the basic Blue Streak configuration (stringers, pipes, pods and nose blister
on, step unfaired and fins off), The dafferences are largest near M=1, whore
Blue Streak has a priching-moment slope 0.029 (28%) greator than Model 80,
an aerodynamic centre position 0,52D further forward and a somewhat hagher
normal-force slope. In the figurcs, intermediate curves are given showing
the effect of progressively removang or fairing over the various external
fitments on Blue Streak, to grve finally a deraved "clean" condition, As
noted in para 3.4, 1%t was necessary fto assume that the effects of certain
1tems were additive without additional interferonces in deriving Figs.11 and
12. The nearcst approach to a fully clean condition in the tests was Case 18
of table 1, for which the stringers and rear pods wore removed and the step
was filled, but the nose blister and the pipes remained and had to be
allowed for on the basis of measurements made at other model conditions,
Figs.11 and 12 show that despite this, agreement botween the derived resultis
for the "clean" Blue Streak configuration and the results for the simple
Model 80 configuration is very good.

The differences betweon the basic Blue Streak results and the Model 80
results can thus be attributed almost entirely to the various external
fitments on Blue Streak. Opcrationally, the most important characteristic of
those under consideration 18 the pitching-moment slope which determines the
control movement required. Fig,12 shows that so far as thas characteristic
is concerned each of the external fitments has an adverse effect, except the
nose blister which has a negligible effect. At M=1 the stringers, pipes and
nose blister account between them for about 35% of the measured drfference,
and the rear pods and stepr for the remaining 65%., The largest single item
tending to increase the pitching-moment slope 1s the rear step, It should
be noted, however, that the increment shown in Fig,12 corresponds to the
case with pods already removed; if the pods are left on the effcct of
filling-in the stop is smaller (F1g.9) as already noted.

4.4 Comparison wirth other tunnels at zero roll

The same Blue Streak model has been tested in the 3 ft x 3 £t Tunnel
Bedford at Mach numbers of 0.7, 0.8, 0.9 and 2,0, and also 1n the 8 £t x 8 £t
Tunnel, Bedford at Mach numbers of 1.20 to 1.73. Results of theosc tesis are
to be published separately but 1t 1s of intorest to see how the present
results compare with them. Figs.13 and 14 give such direct comparisons of
CZ and Cm against incidence as are possible in view of diffcrences in con-

figuration from the present tests, and Fig.15 comparcs CZ/B and Cm/b at
8=0° and 6=10° over the Mach anumber range 0.7 to 2.0, with some adjustments
for differences in configuration which are noted in the figurcs,

Comparison with the 8 ft x 8 ft Tunnel results at M=1,2, F1g.13, shows
good agreement on pitching moments and fear agreement on normal-forces the
present results give 4% higher normal-force slope at zero incidence and a
somewhat greater non-lincar 1lift increment, Comparison with the 3 ft x 3 ft
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Tumnel results at M=0.8 and 0.9, Fig.14, also shows good agreement especially
at low incidences at high incidence there s again some tendency towards a
higher non-linear lift increment in the preosent results. The reason for

this 18 not known,

Results from all threc tunnels are compared in Fig,15, where CZ/B and

Cm/e at 8=0° and 9=10° are plotted againgt Mach number. It can be seen that

the various results give a consistent variation with Mach number, and the
scalter is reasonably small bearing in mind the non-lincarity of the basic
curves and the lower experimental accuracy compared with the usual standard

(para 3).

4.5 Effects of roll angle, Tins off

Fags.16(a) (b) and (c) give carpets of C, and C against incidence and

roll angle (up to 90°) for Mach numbers of 0.8, 1.0 and 1.2 with fins off
and pipes, pods etc on. It can be seen that rolling the model increases the
normal force and decreases the prtching-moment, 1.e. there i1s an incrcease of
1ift towards the rear of the model. This 1s most marked near M=1.0 and
least marked near M=1.2. An obvious source for this 1s of course the rear
pods, and these would be expected to have their maximum effoct at $=000,
However, Fig.16 shows that the increase in normal force is greatest near
¢=67%9, indicating that the various pipes also have some offect, Since
component tests were only done at zero roll it 1s not possible to determine
how much of the change with roll angle 1s due to the pods and how much to
the pipes.

As noted earlier, the present tests covered only 90° of roll, and the
asymmetry of the pipes and the nose blister to the model principal planes
might lead to somowhat different results for roll anglos beyond 90°, In
this connection, some measuremonts have since been made up to 360° of roll
in the 8 ft x 8 ft Tunnel, Bedford and some typical results are shown in
Fig.21 for incidences of 6° and 10° at a Mach number of 1.19. The results
are presented as polar diagrams of —CZ and Cm against roll angle, and from

these diagrams it can be secn that the differences between the first
quadrant and the other three are quite small., In particular, the pitching
moments measured at ¢=0° are within 1% of the maximum recorded values
(occurring at ¢=180°, Fig.21),

4.6 Effects of fins

Figs.17(a) (b) and (¢) show the effect of the fins on C, and C_ at

Mach numbers of 0.8, 1,0 and 1.2 and roll angles of 0, 450 and 90° (the only
angles tosied with fins on). The offect of the Tins is non-linear with inci-
dence and the non-linearity varies with Mach numbers at M=0,8 the valuc of
de/dB with fins on decreases quite markedly with incroase of inecidence,

whereas at M=1.2 it tends to incroaso, particularly at ¢=90°, The changes

in normal-force slope and pitching-moment slope at zero incidence due to the
fins are shown in Fig,18 for M=1, from which 1t can be seon that there 18 &
loss of zero-incidence fin cffoctiveness with increaso of roll angle amounting
to about 23% at $=90°, presumably due to intorfercnco From the rear pods, A
zero roll the measured increments in normal-force and pitching-moment slopes
are in quite good agrecment with slonder-body theory, as shown in Fig.18.
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5 SIDE FORCE, YAWING MOMENT AND ROLLING MOMENT

5.1 Siade force and yawing moment

As noted in para 3.1, side force and yawing moment (and also rolling
moment, below) are given with rospect to axes which move with the nodel in
pirtch but do not rotate with 1t in roll, Fig.h.

At zero roll angle the side force and yawing moment coefficients CY
and Cn arc small for all incidences and Mach numbers, the maximum numerical
values being 0.05 and 0.10 respectively compared with 1.2 and 2.0 for CZ and

Cm; no results are plotted for this condition.

Rolling the model produces more or less steady variations of CY and Cn

w1th incidence, with the largest increments occurring at the highest test
incidence of 15°. Figs.19{a) and (b} show how these maximum or minimum values
of Cy and C_ vary with roll anglo (up to 90°) at M=1. The peak values of

CY are -0.15 with fans off and -0.22 wvath fins on, at a roll angle of about
250, and the peak value of Cn 15 about 0,25 with fins on or off, at a roll
angle of about 45°. The signs of Cy and G andrcate that the added side

force due to roll acts near the rear of the model, but in the absence of
component tests with the model rolled the relative contributions of pipes
and pods are not known, The maximum measurcd value of Cn 1s about 12% of
the maximum measured value of Cm.

5.2 Rolling moment

Typical Cg-ecurves are given in Fig.20, 1llustrating the effects of

pipes (at zero roll), fins and roll angle.

At zero roll angle with fins off, Fag.20 shows that C& decreases with

increase of incidence, reaching a value of about -0.015 at 8=15°., Removal
of the pipes eliminates this and gives more or loss zero rolling moment
throughout the incidence range.

At zero roll angle with fans on, Cﬂ 13 positaive at all incidences and

increases with 1ncidence to a valuc of about 0.02 at 8=15°, The change in
gsign and slope compared with the fins-off case must be attributed to inter~

ference from the pipes since at zerce roll these are the only unsymmetrical
features of the model.

The offect of rolling the model up to 90° 18 illustrated in Fig.20
for M=13 the behaviour at other test Mach numbers i1s similar., The values of

C, at 6=15°, M=1 are plotted against roll angle in Fig,19(c). Wath fins off
Cﬂ reaches a maximum value of about 0.03 ncar ¢=55°; with fins on C, falls

gradually from about 0,02 at ¢=0° to 0,01 at $=90°.

4

In terms of control deflectrons the mcasured rolling moments are gquitc
small. Thus, if 1t 1s assumod that pitch control is provided by the applica-
tion of normal force 2.5 diameters dbehind the c.g., and roll control by
circumferential forcc 0.5D from the axis, then at 6=15° the force requared
to balance the maxamum measured value of C i1s only about 7% of that

required to balanco the maximum measurcd value of Cm (2.0, fins off),
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5.3 Highor roll angles

The abovo results for side force, yawing moment and rolling moment are
for roll angles up to 90°, The measurements of thsse componcnts in the
8 £t x 8 £t Tunnel, Bedford at higher roll angles (para 4.5) showed appreciable
scatler and are not presented here. The results showed, however, that the
side force, yawing moment and rolling momeni remained small throughout the
360° range of roll angls,

6 AXIAL FORCE

F1g.22(a) gives the variaiion of the nctt axial-forco coefficient with
Mach number at zero incidence for tho three head shapes tested, and shows the
effoct of removing the pipes and the pods. As noted earlier, the nett axial-
force coefficient 18 the measured value adjusted to frec-stream static con-
ditions at the base of the model by the bese pressure correction ACXB' Mean

values of AC,. are shown in Fig.22(b)j the actual values vary slightly from

XB
case to case. The individual points are not shown in Fig.22{a); as discussed
in para 3 there is an experimenial scatter of about 0,02 in Cx about the mean
curves given.

Fig.22 shows that as might be expected, the drag of the model with
head A is intermodiate betwoen that with head B and that with head C, At
M=1,2 the valuese of (-CX) 4 8Fe about 0.40 for head B, 0.48 for head A and

ne

0.56 for head C. With head C the drag 1s still rising at M=1,2; with the
other heads it 19 more or lesa constant near M=1,2,

The pipes and pods cauge significant incroases in drag, particularly at

the higher toot Mach numbors where tho pipes incroaso (-—CX)nott by about 0,035

and the peds by about 0,055, Removing the nose blister, fairing over the

forward stringers, or filling in the rear step have little effect on (-Cx)nett.

In the case with step fi1lled, howeover, 1t can bo argued that the base pressure
correction should be applied over the total base area {D=4") instead of, as
here, over the stopped-dovn base area {D=3.6")j if this were done (-C,)

X' nett
would be about 0.04 smaller belween M=1,1 and M=1,2.

It should perhaps be noted that there is no particular operational
significance 1n the base-pressure correction since i1n flight the base pressure
will not an general be equal to the free-stream static pressure, Its purpose
is simply to reduce cxperimental results, measurod in the presence of an
erbitrary base pressure depending on the support sting, to a known but no
less arbitrary common datum. The effect on drag of filling-in the rear step
on the full-scale missile may be quirte different from that measured hers,
with or without the base pressure correctiony this is particularly so with
rocket efflux prescnt,

7 CONCLUSIONS

The results show thal with fins off the static stability characteraistics
of the tested Blue Streak model are free from serious irregularities at Mach
numbers of 0,80 to 1.25, roll angles up to 90° and incidences up to 159, and
the pitching moment 1s roughly linear with incidence about the full-scale
centre-of-gravity position for this Mach number range, With faine on there
is some non-linearity, particularly at subsonic speads,

At zero incidence the values of de/de are greator than was expected

from earlier tosts on simple cone-cylinders, The dizcrepancy is greatest
" | .
near M=1 where 1t amounts to about 28% for the choscn axis position.
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Component tests show that the increase is entirely attributable to the
various external fitments, all of which increase de/de.

The induced rolling moment, and the yawing moment and side force
{in a plane normal to the body incidence plane) are fairly small for all
test condatzons.

Good agreement 1s obtained, after adjustment for model differences,
between the preosent resulis, the results obtained on the same model in the
3ft x 3 ft and 8 £t x 8 ft Tunnels, Bedford, and the carlier Model 80
cone-cylinder tests,

-6 ~
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A.R,Cu CoPa N0o 735 533, 665¢
533,6,011,35:
533.6,01 3.1

8 F7 X 6 PT TIRINEL TESTS ON A MODEL OF THE DE HAVILLAND Blue Streak

"DLUS STRE:K® AT MACH NUMBERS OF 0,80 TO 1,25,
Cowrtney, s.L, 4pril 1959,

Six-ccoponent force and moment measurements have been
nade on a fully representative nodel of the De Havilland "Blue Streak! at
Mach mmbers of 0,80 to 1,25, body Incidences up to 15° and roll angles up
to 90°, to check the static stability characteristics in the transonic
speed range,

With fins off the results are free froo serious irregularities and the
pltehing monent ls @pproxinmately linear with body Incidence (60 ) about the
full=-scale centre-of=-gravity position, With fins on there 1s seme non-
linearity in piteh, particularly at subsonic speeds,

PIT.C.

-
4y

A-Roco CaP. NOOES 533.665:
£33.5,011, 35,
533.6,013,1.

B FT X 6 PT TUNNEL TESTS ON A MODEL OF THE DE HAVILL.ND Blue Streak

"BLUE STREAK" AT MACH NUMBERS OF 0,80 TO 1.25,
Courtney, A.L. April 1959,

Six~component force and noment neasurenents nave been
nade on a fully representative nodel of the De Havilland "Blue Streak" at
Mach numbers of 0,80 to 1,25, body incidences up to 15° and roll angles up
te 900, to check the static stability characteristics in the transenic
speed range.

With fins off the results are free fron serious Irregularities ang the
pitching nanent 1s approxinately linear with body incidence (9 ) about the
full=scale centre~of=gravity position, With fins on there is saoe non~
linearity in pitwch, particularly at subsonic speeds,

P.T.C.

AR.Cy CoPe NO-BS 533.665,
533.6,011,35:
533.6,013.1:

8 FT X 6 FPT TUNNEL TESTS ON A MODEL OF THE DE HAVILL.ND Blue Streak

"BLUE STREAK® AT MACH NUMBERS OF 0,80 TO 1,25.
Courtney, A,L, April 1959,

Six~component force and ropent measureanents have been
nade on @ fully representative model of the e Havilland "Blue Streak" at
Mach mmbers of 0,80 to 1,25, body incidences up to 15° and roll angles up
to 9% to check the static stabliity characteristics In the transonic
speed range.

With fins off the results are free froo seriocus Irregularitics and the
pitching noment 1s approximately linear with body Incidence (8 ) about the
fuli-scaie centre—-of-gravity position, Aith fins on trere 1s sone non—
linearity in pitech, particularly at subsoni¢ speeds,

P.T.Q,



The values of cI:,_lfd@ a4t zerc roll angle are greater than \as expected

fren sinple cone-cylinder tests, the difference amounting To about 28 at
=1 cbnut tne fullesczle contre-of=-gravity position, Cotaponent tests show
that tre incresase is entirely actributable to the varlous externzal fitnents

(stringers, fuel pipes, nose btlister, rear pods and rear step) all of which
inerease &£/ 4,
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A

The walues of cbn/c16 at zerc roll angle are grenter then ves expected

tron sinple cone=cylinder tests, the difference ansunting to about 28 2t
M=1 about the full=~-scale centre-—of=gravity pcsition, Conponent tests show
that the Increase 1s entirely attributable to the various externzl fitnents
{stringers, fuel plpes, nose blister, rear nods and rear step) all of which
fncrease a./ do,

The values of tnalde at zero roll angle are greater than +as expected

Iran sinple cone=¢ylinder testsy; the difference amounting to about 28: at
M=1 about the full=-stcale centre-cf-graviiy pcsitlon, Conmponent tests show
that the increase is entirely attributable to the various external fitments
(stringers, fuel pipes, nose blister, rear pods and rear step) all of which
increase &0 /d6,
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