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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 upstream of the base of the model, if interference effects are to 
be avoided. This type of flow corresponds to full-soale hypersonic vehicles 
operating at moderate altitudes. In addition it was found that there was no 
advantage to be gained in using a small diameter sting. 

If the o&se of complete laminar flow over a hypersonic vehicle beoomes 

of interest, which may happen if extreme altitudes arc considered, greater 
interferenoe problems would arise, and longer stings would be needed, 
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1 IIQRODUCXION 

The future programme of the 7” x 7” I'lypersonic tunnel includes tests 
on a variety of slender shapes, such as cones and delta wings. Force and 
pressure measurements 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 Pig.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 aarried 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/B 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 interference effects with 
equipment and model s already to hand, before the design of models and sting 
supports for future tests was finalised. This Note describes some tests 

made with a simple rig, using two delta wing models already available from 
previous flow visualisation experiments, and R simple cone model specially 
made for the present tests. 

2 DESCRIPTION QF MODXLS 

Drawings of the two slender delta wings available from earlier oxperi- 
ments are given in Fig.2. It should be noted that these wings had a small 
hole drilled in each leading edge*. 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. Another model, a smooth 
cone of the same "thickness/chord" ratio as the dolta wings was &LSO tested; 
with this model an all-laminar boundary layer could be expected at zero 
incidence, with transition occurring either at, or downstream of, the trail- 
ing edge. This was the second flow condition to bc investigated. 

All the models could be fitted with stings of diameters ranging from 
3h6 in. to 3/8 in., which gave ratios of sting diameter to base thickness 

t 
d/t) of from 0.3 to 0.6, On the lL~:~gest sting, an axisymmetrio %~indshield" 
Fig.2(c)) could be ucsitioned anywhere along its length, to give a free 

length of sting between the base of the model and the windshield of up to 
4 in. This windshield had a greater frontal aroa than tllc ond of the sting 
support shown in Fig.1 (which in front view is elliptical in shape), and was 
thereforo likely to cause greater intorforcnce effects, 

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 modei and sting 
assembly could be brought opposite the windows of the working section. Using 
the Sohlieren 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 
3iaoh number along the axis of the working seotion 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 tests was made with the models nominally at zero 
incidence. Some slack in the mounting system resulted in the models 
settling at a small incidoncc when the tunnel was running, but it is con- 
sidered that this does not affect thu qualitative intorprctation of the flow 
photographs. A limited number of tests was made with the smaller of the two 
delta wings, mounted on various stings, at an incidence of 20'. 

4 DISCUSSIOTu' OF RIXJJLTS 

4.1 General 

In the 7” x 7” hypersonic tunnel, the taximum Reynolds number obtain- 
able at a 15ach 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. iW.l-scale hy,,c;rsonic vehicles at very higil altitudes 
mould operate at Reynolds numbers sufficiently low for all-laminar boundary 
layers to exist, but at lower al'iitudes some turbulent flow on their surfaces 
can be expected. The situation is illustrated in Fig.3, where a Reynolds 
number of 5 x IO6 for transition at the trailing edge is assumed. 

The separated flow pattern downstream of a body depends on Reynolds 
number and transition location (a s vrcll as on body shape and Mach number). 
Fig.4 shows tvio types of flow pattern that may occur. At low Reynolds 
numbers, with transition occurring in the wake, a long cavity region of low 
energy flow exists behind tho body; at high Reynolds numbers, with trarisi- 
tion occlXrring 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 
recompression, which is the origin of the trailing shock wave. Different 
base prcssurcs &ill result from these different flow patterns, and Fig.!?(a) 
is a typical plot from Kcf.? of the variation with Reynolds number of 
pressure on the base of a body. If one 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 y$ith Reynolds 
numbor is similar to tho base prcssure variationl. Thus when Reynolds 
numbers arc low enough for transition to occur in the whke, the critical 
sting length varitis rapidly with Reynolds number, and is in general highor 
than the critical sting length associated with the flow where transition 
occurs on the model. This is shov:n in Fig.5(b). 

So, if sting lengths have to be kept short, it seems desirable to aim 
for transition to occur upstream of the base of the model. For this reason, 
the present series of tests conccntrstcd mostly on the case where a turbulent 
wake 8as obtained behind the model. Howcvor, a few tests were made with the 
flow ovor a model complotcly laminar, a state Tlhich might be encountered when 
aiming to roproduco conditions appropristc to flight at great altitudes, and 
some indications arc given of the interf'eronco problems introduced with this 
ty-e of flow. 

4.2 Effect of sting diameter 

For those tests long stings wore used, and it is considered that for the 
cases where turbulent wakes behind the models were obtained, no intcrferencc 
affects from the traverse-sting support occurred at the model position. 

The sot of yhotographs in Fig.6 shows the larger delta model at zero 
incidence, supported by stings of various diameters. On this model, transi- 
tion was upstream of the base, triggered by thl: holes in the leading edges 
of the wing; this can be seen in the Sohlicrcn photographs*. For all but 

* It should be noted, though, that the Schliwcn photographs show the situa- 
tion only at the plane of symmetry of these three-dimensional models. It does 
not necessarily follow that the boundary laycr was turbulent over the whole 
span. 
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the smallest diameter sting, the wakes behind the model were of one ty$e, 
with the flow expanding rapidly round the base of the model to re-attach on 
to the sting a short distance downstream; at this position, there was a 
recompression of the flo-~1 and a trailing shock was formod, (The flow 
sqgaration at th6 downstream end of the sting was due to the prOXbity Of 
the blunt end of the traverse-sting support.) 

The type of wake obtained when the ratio of sting d&meter to base 
thickness of the modclwas 0.3 is diffioult to interpret, but appears to fall 
between the pattern obtained with larger diamctcr stings, and that obtained 
with a small diameter sting on the cone model, shown in Fig.7. It is 
possible that tho wake was unsteady, and tended to oscillate between the two 
basic typos of wake. 

Experiments at supersonic Mach numbers have shown that, with a turbu- 
lent make, baste pressure dccroascs steadily viith incrcasc of sting diameter, 
until the sting d&meter becomes about 0.8 times the base diameter of the 
nodcl . Results from Rofs.2 and 3 arc plotted in Fig.8, This effect is due 
to the flow ovt'r the base of the modal being more nearly two-dimensional in 
chnractor with the largsr sting diameters, and it scems likely that similar 
conditions oxistcd at the lGsch number of the prcscnt tests. As a closed 
turbulent wake associated with a low base pr~ssurc is likely to be more 
stable than one with a higher base pressure (which is closer to the laminar 
wake condition) thcrc is therefore nothing to be gained from using a very 
small diameter sting. 

4.3 Effect of mindshield position 

The oi'fect of the windshield on the turbulent wake behind the larger 
of the delta models is shown in Fig.9. Tilt windshield mused a separated 
flow region on the sting, but for sting lengths greztcr than the windshield 
diameter thcra was no evidence of this separation interftiring with the 
re-attachment of the flow on to the sting immediately buhind the model. 
According to Crocco and Lccs$ disturbanctis detinstream of this re-attachment 
cannot affect the flow upstream, and it would ;~ppear, therefore, that the 
pressure on the base of the model will be unalfected by the presence of the 
windshield so long as the sting length is groatcr than the windshield 
diameter. The length of sting available on the sting mounting shown in 
Fig.1 should theref'orc bu sufficient to avoid interfcrcncc effects, 

Mthough not chocked in the pr&sen'l; tests, it is likely that a wind- 
shield in an unclosed laminar wake would have greater influence upstream 
than in the case of a turbulent v~kc, and 3 gmator length of sting would be 
rsquirod to obtain intorfercnce-free flow over the baso of the model. 

4.4 Effect of' sting diamctJ,r with model at incidence 

Por the few tests at an incidence of ZOO, the smaller of tile delta 
models had to be used to !~,op the lift load sufficiently low. R~ults are 
given in Fig.10, and it can be seen th&t almost the same i'low yattcm was 
obtained with all stings, (0.4 C d/t s; 0.6). One small difforcnce was that 
the lower trailing shock moved further away from the sting axis with 
increase of sting diamctcr, and interfzrod with the bow shock wave slightly 
earlier. No upstream effect of tilt stings on the flov; over the model was 
apparent. As those was 110 indication of particular difficulties arising in 
tht: incidence case, no OthCt* tOStS v,Urc iXd.G XL th,C time. 
tests will be made at a later date (sue Section 6). 

IIowevcr, further 



5 CONCLUSIONS 

Although much remains to be done befcre a complete understanding of 
sting interference effect s 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 
so that a turbulent wake is formed. This type of flow corresponds to full- 
scale hypersonic conditions at moderate altitudes. If wind tunnel tests are 
required on models with laminar wakes, to reprcduce full-scale conditions at 
great tititudes, greater sting lengths will be required. 

For models with which a turbulent wake is obtained:- 

(i) There is no advantage to be gained in using a small diameter 
sting; in fact, there is some evidence to show that a relatively large sting 
diameter gives a more stable wake. 

(ii) The length of sting available on the sting mounting designed 
for the 7" x 7" hypersonic tunnel should be sufficient to prevent inter- 
ference effects arising from the blunt erad 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 affected by sting diameter 
in the range 0.4 e a/t < 0.6. 

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 hypersonic vehicle becomes 
of interest, which may happen if extreme altitudes are cozsidcred, the 
regions of rapidly changing base pressure and critical sting length nith 
Reynolds number (Fig.5) still become more important, and further experiments 
mill have to be made. 
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