C.P. No. 566

MINISTRY OF AVIATION

AERONAUTICAL  RESEARCH  COUNCIL
CURRENT  PAPERS

Exploratory Tests on

Sting Interference at a
Mach Number of 6.8

by

D. H. Peckham, B.Sc., A.F.R.Ae.S.

LONDON: HER MAJESTY'S STATIONERY OFFICE
1961
THREE SHILLINGS NET

C.P. No. 566



U.D.C. No. 533.6.07%1.4 : 533.6,011.55
C,22 Mo, 560

October, 1960

EXPLORATORY TESTS ON STING INTERFERENCE AT A MACH NUMBER OF 6.8
by

D. H. Peckham, B.Sc., A.F,R.Ae.8.

SUMMARY

Tests with slender models at zero incidence showed that if the length
of a supporting sting has to be kept short, it is desirable for transition
to occur wstream of the base of the model, if interference effects are to
be avoided., This type of flow corresponds to full-scale hypersonic vehicles
operating at moderate altitudes. In addition it was found that there was no
advantage to be gained in using e small diameter sting.

If the ouse of complete laminar flow over a hypersonic vehicle becomes
of intercst, which may happen if extreme altitudes are considered, greater
interference problems would arise, and longer stings would be needed,
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1 INTRODUCT ION

The future programme of the 7" x 7" hypersonic tunnel includes tests
on a variety of slender shapes, such as cones and delta wings. Force and
pressure meagurements will be made from zero incidence up to 30° incidence,
and a sting mounting designed to give continuous coverage through this range
is shown in Fig.1. The limited space available in the working section
restricts the length of the sting support to about 3 in. for a model of
5 in. root chord; the requirement for electrical leads or pressure tubes to
be carried internally through the sting, and the need for adequate sting
rigidity, result in the diameter of the sting needing to be not less than
about 3/8 in. Also, the junction of the downstream end of the sting with its
mounting is quite bluff,

It was thought that a sting mounting of the proportions described
above might affect the flow round slender models, and that it would be
prudent to make some exploratory tests on sting intorference effects with
equipment and models already to hand, beforc the design of models and sting
supports for future tests was finalised. This Note describes some tests
maede with & simple rig, using two delta wing models already available from
previous flow visualisation experiments, and & simple cone model specially
made for the present tests.

2 DESCRIPTION OF MODELS

Drawings of the two slender delta wings available from earlier experi-
ments are given in Fig.2. It should be noted that these wings had a small
hole drilled in each leading odge*. These holes proved useful in that they
encouraged transition on the models, and therefore a turbulent wake, which
was the main flow condition to be investigated., Anothur modcl, a smooth
coné of the same "thickness/chord" ratio as the dolta wings was also tested;
with this model an all-laminar boundary layecr could be expected at zero
incidence, with transaition occurring either at, or downstream of, the trail-
ing edge. This was the second flow condition to be investigated.

All the models could be fitted with stings of diemeters ranging from
3/16 in. to 3/8 in., which gave ratins of sting diameter to base thickness
gd/%) of from 0.3 to 0.6, On the largest sting, an axisymmetric "windshield"
Pig.2(c)) could be vcsitioned anywhere along its length, to give a free
length of sting betwecn the base of the model and the windshicld of up to
L in, This windshield had a greater frontal arca than 1hic end of the sting
support shown in Fig.1 (which in front view is ellipticul in shepe), and was
therefore likely to cause greater interforconce cffects,

3 DESCRIPTION OF TESTS

The models were fitted to long stings which, in turn, were mounted on
a larger sting support, which could be traversed in a fcre and aft direction
in the working section. In this way, any part of the model and sting
assembly could be brought opposite the windows of the working section. Using
the Schlieren apparatus, one photograph of the flow over the model was
obtained, and then, with the sting assembly traversed further upstream, a
second photograph was obtained of the wake behind the model. The two
photographs were then joined to give a complete picture of the flow round
the model and sting, as shown in Figs.6, 7, 9 and 10. The variation of
Mach number along the axis of the working section is small, so no appreci-
able error should be involved in using this technique.

* These holes connected with a duct inside the model, through which water
had been introduced into the airstream.
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The main series of tosts was made with the models nominally at zero
incidence. Some slack in the mounting systom resulted in the models
settling at a small incidence when the tunnel was ruining, but it is con-
sidercd that this does not affect the qualitative intorpretation of the flow
photographs, A limited number of tcsts was made with the smaller of the two
delte wings, mounted on various stings, at an incidence of 20°,

L DISCUSSION OF RLSULTS

4,1 General

In the 7" x 7" hypersonic tunnel, the naximum Reynolds number obtain-
able at a liach number of 6.8 is about 6 x 10°/ft, and hence there is a
tendency for all-laminar boundary layers to be obtained on slender models at
zero incidence. However, transition can generally be triggered by roughen-
ing the model surface. Full-scale hypersonic vehicles at very high altitudes
would operate at Reynolds numbers sufficiently low for all-laminar boundaxry
layers to exist, but at lower aliitudes some turbulcnt flow on their surfaccs
can be expccted.6 The situation is illustrated in Fig,3, where a Reynolds
number of 5 x 10” for transition at the trailing edge is assumed.

The separated flow pattern downstream of a body depends on Reynolds
number and transition location (as well as on body shape and Mach number) .
Fig.4 shows two typcs of flow pattern that may occur. &t low Reynolds
numbers, with transition occurring in the wake, a long cavity region of low
cnergy flow exists behind the body; at high Reynolds numbers, with transi-
tion occurring on the body, the flow is able to expand rapidly round the
base of the body, and a short distance downstream of the base there is a
rccompression, which is the origin of the trailing shock wave. Different
basc pressurcs will result from these different flow petterns, and Fig.5(a)
is a typical plot from Ref.? of thc variation with Reynolds number of
pressurc on the basc of a body. If onc defines a "critical sting length”
such that a sting length loss than critical affects the base pressure, it
has been found that the variation of critical sting length with Reynolds
numbcr is similar to the basc pressurc variation?. Thus vwhen Reynolds
numbers arc low enough for transition to occur in the wuke, the critical
sting longth varics repidly with Roynolds number, and is in general higher
than the critical sting longth associated with the flow wherc transition
occurs on the model., This is showvn in Fig.5(b).

So, if sting lengths have to be kept short, it secms desirable to aim
for transition to occur upstrecam of the base of the modcl. For this reason,
the present serics of tests concentrated mostly on the case where a turbulent
wake was obtained bchind the model, However, a few tosts were made with the
flow over a modcl completely laminar, a state vhich might be encountered when
aiming to reproducc conditions appropriate to flight at great altitudes, and
some indications arc given of thc interfercnce problems introduced with this
type of flow.

Le2 Effect of sting diameter

For these tests long stings were used, and it is considered that for the
ceses where turbulent wakes behind the models were obtained, no interference
c¢ffcets from the traverse-sting support occurred at the model position,

The sct of photographs in Fig.6 shows the larger delta model at zero
incidencc, supportcd by stings of various diamcters. On this model, transi-
tion was upstrcam of the base, triggered by the holes in the leading cdges
of the wing; this can be scon in the Schlieren photographs®. For all but

* It should be noted, though, that the Schlicren photographs show the situa-
tion only at the planc of symmetry of thesc three-dimensional models. It does
not neccssarily follow that the boundary laycr was turbulent over the whole
span.
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the smallest diemeter sting, the wakos behind the model were of one type,
with the flow expending rapidly round the boase of the model to re-attach on
to the sting a short distance downstream; at this position, there was a
recompression of the flow and o trailing shock was formed. (The flow
separation at the downstreom end of the sting was duc to the proximity of
the blunt end of the traverse~-sting support.)

The type of wake obtained when the ratio of sting diamcter to base
thickness of the model was 0.3 is difficult to interprot, but eppears to fall
between the pattern obtained with larger diamcter stings, and that obtained
with o small diameter sting on the cone model, shown in Fig.7. It is
possible thet the wake was unsteady, and tended to oscillatc betwecn the two
basic types of wake,

Exporiments at suporsonic Mach numbers have shown that, with a turbu-
lent weke, basu prossure decreascs steadily with incrcase of sting diameter,
until the sting diamcter bocomes about 0.8 timcs the basc diometor of the
modcl. Results from Refs.2 and 3 erc plotted in Fig.8, This offect is due
to the flow over the basc of the model being more nearly two-dimensional in
charactor with the largor sting diamecters, and it scoms likely that similar
conditions cxistcd at the liach number of the present tests. As a closecd
turbulent woke essociated with a low basc prossure is likcly to boe more
stable than one with a higher base pressurc (which is closcr to the laminar
wake condition) there is therefore nothing to be gained from using o very
small diameter sting.

L.3 Effcet of windshicld position

The ¢ffect of the windshiocld on the turbulent wake behind the larger
of the dclta models is shown in Fig.9. The windshicld caused & seperated
flow region on the sting, but for sting longlhs grecter than the windshiold
diemeter therc was no evidonece of this soparation interfuering with the
re-asttochment of the flow on to the sting immediately behind the model.
According to Crocco and Lecsk, disturbances downstream of this re-attachment
cannot affect the flow upstrcam, and it would uppear, therefore, that the
pressure on the base of the model will be unaifocted by the presence of the
windshield so long as tho sting length is greatcer than the windshield
diameter. The longth of sting available on the sting mounting shown in
Fig.1 should thereforv be sufficient to avolid interfcrence offects.

£lthough not chocked in the prosenc tests, it is likely that a wind-
shicld in an unclosecd laminar wake would have greater influcnce upstroam
than in the case of a turbulent woke, and o greator length of sting would be
requircd to obtain intcrferonce-f'res flow over the base of the model.

Loy  EBffecect of sting diametor with model at incidonce

For the few tosts ot an incidencoe of 20°, the smoller of the delta
models had to be uscd to keop the 1ift load sufficiently low. Results are
given in Fig,10, and it can be scen that almost tho same [low pattorn wes
obtaincd with o1l stings, (0.4 < 4/t € 0.6). Onc small diffurcnce was that
the lower trailing shock moved further away from the sting axis witl
increasc of sting diametcr, and interfored with the bow shock wave slightly
earlicr. No upstrecam effect of the stings on the flow over the modcl was
apparcnt. As thore was no indication of particular difficultics arising in
the incidence cese, no other tosts wore made at the time. However, further
tosts will be made at a latur date (sue Scetion 6).



5 CONCLUSIONS

Al though much remains to be done befcre a complete understanding of
sting interference effects is obtained, the main conclusion to be drawn from
these exploratory tests is that, if sting lengths have to be kept short, it
is desirable to aim for transition to occur upstream of the base of the model
s0 that a turbulent wake is formed. This type of flow corresponds to fullw
scale hypersonic conditions at moderate altitudes., If wind tunnel tests are
required on models with leminar wakes, to reproduce full-scale conditions at
great altitudes, greater sting lengths will be required,

For models with which a turbulent wake is obtained:-

(1) There is no advantage to be goined in using a small diameter
sting; in fact, there is some evidence to show that a rclatively large sting
diameter gives a more stable wake,

(ii) The length of sting available on the sting mounting designed
for the /" x 7" hypersonic tunnel should be sufficient to prevent inter—
ference effects arising from the blunt end of the sting mounting.

(iii) In the few tests made with a model and sting support at
incidence, the flow pattern on the model was not affccted by sting diameter
in the range O. € 4/t 2 0.6.

6 FURTHER WORK

The future programme for the 7" x 7" hypersonic tunnel includes axial
force measurements on a variety of slender shapes over a wide incidence range,
and base pressure measurements will have to be made, It will then be possible
to relate these pressures to the flow patterns observed in the wake of the
models, and to obtain the effects of sting diameter quantitatively.

If the case of complete laminar {flow over a hyperscnic vehicle becomes
of interest, which may happen if extreme altitudes arc cownsidered, the
regions of rapidly changing basc pressure and critical sting length with
Reynolds number (Fig.5) will become more important , and further cxperiments
will have to be made.
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