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SOMF. PRELIMINARY EXPERIMENTS ON PROBE INTERFERENCE

+

IN HYPERSONIC NEAR WAKES

by

E:
Pasquale M. Sforza

Polytechnic Institute of Brooklyn

SUMMARY

Prelimipary results concerning the effects of probing
the recirculation region of a slender cone in hypersonic flow
with conventional diagnostic techniques are presented. Experi-
ments were performed at a free stream Mach number of 11.8 and
unit Reynolds number of 0.6 x 10° per foot on a 5° half-angle
cone with a base diameter of 10 in. The cernterline axis of
the recirculation region was investigated with various probes
extended from the base (probe diameters were roughly one-
hundredth of the base diameter) while base pressure at the base

centerline and centerline pitot pressure at a station in the

The research has been conducted under Contract Nonr 839(38}) for
PROJECT DEFENDER, and was made possible by the support of the
Advanced Research Projects Agency under Order No. 529 through
the Office of Naval Research. The author extends his apprecia-
tion to Professor R. J. Cresci for many stimulating discussions
concerning this research.
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supersonic near wake were monitored. Similar studies were made
while monitoring only the stagnation temperature psofile in

the supersonic near wake. It was found, for the above experi-
mental conditions at least, that probes placed along the axis
distorted downstream pitot pressures while off-axis curved probes
did not appreciably alter either base pressure or downstream
pitot pressure. In addition, it was found that extending even
the off-axis probe too far from the base into the recirculation
region (iico the vicinity of the rear stagnation point) greatly
disturbs the stagnation temperature profile at a station in the

supersonic near wake.
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T. INTRODUCTION

The study of the hypersonic near wake is quite complex,
from both the theoretical and experimental point of view. 1In
this region of the flow field of a hypersonic vehicle the flow
and state properties vary widely, necessitating different
experimerital, as well as theoretical, approaches in various
regions. In particular, the range of subsonic to transonic to
supersonic to hypersonic flow generally occurs within a region
one base diameter high by four base diameters long. Some pre-
liminary observations concerning the sensitivity of this near
wake region to probing of the recirculating flow is the basis
for this report.

The present experimental program was carried out in the
Muo=12 blowdown tunnel of the Polytechnic Institute of Brcoklyn
Aerospace Laboratories (PIBAL) hyperscnic facility. The model
was a cone of 10° total included angle and 10 in. base diameter
and was wire supported (for a discussion of the support system
see Zakkay and.Crescil). A sketch of the model and instrumenta-
tion in the test section appears in Fig. 1. The experiments were
carried out at a free stream Mach number of 11.8 and fre2e stream
unit Reynolds number of 0.6 X 10° per foot. The ratio of model

wall temperature to free stream stagnation temperature was around
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0.33 (uncooled) for the pitot pressure experiments and both 7,10
and 0.33 for the stagnation temperature experiments. The boundary
laver was laminar along the entire cone surface for the above
conditions. The free stream stagnation pressure was nominally
490 psia and both pitot and base pressures were measured with
Hastings Type DV-13 gauges. The free stream stagnation tempera-
ture was nominally 1800°R and stagnation temperatures were
measured with 40 gauge (.0035 in.) chromel-alumel thermocouples.
The bas~ mounted probes utilized in this investigation are
shown in Fig. 2a. They were constructed of heavy wall 1/8 in. 0O.D.
stainless steel tubing and secured at the base interior by
Swagelok fittings which enabled the probes to be displaced axially.
The "axial" probe was mounted at the base centerline while the
"“offset" probes were mounted 7/8 in. off-axis. The sensing
portion of all probes was therefore coincident with the axis
of the base. 2 typical installation of an offset probe and the
downstream pitot probe is shown in Fig. 2b; for clarity it is
emphasized that each base-mounted probe was tested indenendently

as shown, for example, in the figure.
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II. EXPERIMENTAL INVESTIGATION

A. Pitot Pressures

The centerline base pressure was menitored for a '"clean" base
configuration (i.e., no rear-mounted probes) while a centerline
pitot pressure survey of the supersonic n2ar wake was conducted.
The result of this investigation was considered the norm for
the subsequent studies. HNext an axially mounted pitot probe
extending from the hase centerline was utilized tc measurz total
pressure at several stations on the axis of the recirculation
region. The centerline pitot pressure at a downstream station
in the supersonic region (X/D = 1.875) was monitored simultan-
eously. Finally, an offs=2t probe was extended from the base
into the recirculation region while both centerline base
pressure and downstream centerline pitot pressure were monitored;
the total pressure at several stations in the recirculation
region was also measured with the offset total head probe.

The results of this serices of experiments is presented in
Fig. 3. 1It is clear that the utilization of axially mounted
recirculation regicn probes distorts the centerline pitot pres-
sure in the supersonic region while the offset probes do not
appreciably alter either the centerline base pressure or the
downstream centerline pitot pressure. It seems reasonable to

assume then, that under the present conditions, i.e., probes
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completely within the subsonic region, axially mounted probes
alter the flow field to such an extent that the downstcream
behaior is adversely affected. It must be pointed out that, for
the present test conditions, no measurements of pressure on the
base near the axially mounted probe were performed., Further
experiments conducted subsequently in the MGDHB.O tunnel of the
PIBAL hypersonic facility indicate that no significant departures
from the clean base configuration results were observed. The
results of this test series are s¥_wn in Fig. 4. 1In these MOO=8
experiments fon a 10° half-angle cone) the probe-to-base diametcr
ratio (1.5%) was rouynly equa’ to that in the Ml3=ll.8 results
reported herein. The major difference was that the length of

the prc! » was 2.2 diameters, i.e., it extended well into the
supersonic region. Thus it appears that, althouagh the bhase
pressure in the vicinity of the centerlir~ is unaffected by a
axiaily mounted probe (Fig. 4), the flow field in the supersonic

regior downstream may be disturbed (Fig. 3).

B. tagnation Temperature Profiles

Similar investigations were carried out while the profile
of stagnation temperature in tra downstream supersonic region
(in jarticular, at a station X/D=1.875) was monitorad. In
addition, two different ratios of wall to free stream stajrtion

temperature were utilized. The resuits of this study appear in
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Fig. 5. It is evident that for offset probes at stations Xp/D ~ 0.5,

the data for both wall temperature ratios are in agreement with
eacii other and with the clesan base results. Howevzr, when the
offset prcbe is moved out from the base to grecater distances,
i.e., Xp/D = 0.7 and 0.9, the stagnation temperature profile at
X/D = 1.87% is badly distorted. it had been estimated1 that for
these flow conditicns, the rear stagnation point is located at
approximacely X/D = 0.8. It is apparent that the Elacement of

a probe in the vicinity cf this point should, znd indeed does,

greatly influence the downstreim behavior of the flow field.

III. DISCUSSION

Th2 experimental results indicate that axially mounted
probes adversely affect the flow field in the supersonic near
wake region, wh.le offset propes, if not placed in close
proxim’ty to the rear stagnation point, do not appreciably alter
the flow field. It is felt that this is a consequence of the
range of inflvence of disturbances caused by different probes
in this region. The parameter which describes this influence
for subsonic viscous flows is the Reynolds number. Henze with
an axially mounted probe in this region, one has a body £
revolution of small transverse radius of curvature in a rapidly

decelerating (stagnating) ax-symmetric flow field. This is
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enough to cause large boun”® ry layer buildup. In addition,
however, the Reynolds number in this region may be extremely low,
thus extending further the range of influence of the disturbance
caused by the axially mounted probe. This displacement effect
may be manifested in an alteration of the iritial portion of

the dividing streamline, thus affecting the dcwnstream flow
properties. The base pressure near the rim ot the cone would
thus appear to be the most pertinent parameter in this connection.
This possibility is currently under investigation.

With the offset probe, nowever, there is no appreciable
length »f axisymmetric body along the axis:; the major portion
of the body of the probe is normal to the flow which proceeds
along the base away from the base stagnation point.

One may make some crude estimates of the ratio of Reynolds
number on the axis of the recirculatior region to that on the
surfa e ot the cone and arrive at curves similar to those shown
in Fig. 6. It is apparent from these figures that the Reynolds
number ratio for a fixed core angle and centerline base pressure
ratio (here pb/pc =1 has been assumed) varies appreciably with
free stream Mach number (i.e., Rec/Res ~ Mc;hv) and with the
assumed value for the characteristic Mach number on the axis of
recirculation region, Mc. These Reynolds number estimates are

1 : 1 o= 1 ‘3/4 V= - -
based on (1) JC/JS \TC/TSI . (2) 1.4, (3) P_ = P, anc

e e o T e e T R e e g o i R 5k It i S SRR = S———" r - e g _i;




(4) the ratio of characteristic lengths LC/’S Z tan-; the curves

are meant only for illustration of the wide variation in the
Reynolds number ratio that may ccour. It is suggested that
more accurate numerical values be culculated in specific cases.
It is important to note that the Reynolds number in the
recirculation region may reach into the Stokes flow range,
particularly at high Mach rumk °rs (Moo> 10). 1It is clear though
that an effort must be made to determine as accurately as possible
the Mach number in the recirculation region since this guantity
is important for calculating an accurate recirculation reaion
Reynolds number. Furthermore, from perusal of Fig. 6, it may
be noted that, for relatively low Mach numbar - high Reynolds
number experiments, these flow interference effects, as described
‘terein, may not be as important as indicated in the present

experimental program.

IV. COGNCLUSIONS

It has been found, based on preliminary experiments, that
probing of the recirculation region, if not carefully under-
taken, nay lead to disturbed downstream flow fields. It also
appears that the centerline or near-centerline base pressure
is not as sensitive a quantity as downstream pitot pressures

or total temperatures for determining the extent of probe
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interierence. It is suggested that the Reynolds number of the
recirculation region is the critical parameter describing the
extent of these effects and that the bhase pressuie near the rim
of the cone may be more pertinent a flow proper.y than the
centerline base pressure in this connection.

Further investigations conduzted under various Mach number
and Reynolds number conditions are necessary to aid in the more
precise definition and understarding of these interference

effects.
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