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Flow Inclination Measurements
in Hypersonic Tunnels

Hyman H Avpum*
Aerospace Research Laboratories, Wright Patterson
Adr Force Base, Ohto

This note comments on the characteristics of four
types of null flow direction indicators The com-
ments are based upon measurements that were
made in three Aerospace Research Laboratories
(ARL) hypersonic tunnels at Mach numbers rang-
ingfrom M =115to M = 17

Nomenclature

C, = pressure coefficient at o = 0°

M = Mach number in freestream

P = pressure differential between ports symmetrically located
on either side of the body in the pitch plane

P, = claw tube impact pressures for recovery cone at « = 0°

P;, = impact pressures behind normal shock in freestream

¢ = dynamic pressure in freestream

Rp = Reynolds number in freestream based on diameter of circle
inscribing body cross section at pressure ports

Sa = sensitivity of flow direction indicator to small changes in «

T, = stagnation temperature

T, = temperature on cone surface or within spiked cylinder

a = piteh angle ~ zero yaw deg

6 = cone total angle

Cones

HE use of cone surface pressures in determining flow
direction in supersonic tunnels is discussed in numerous
references ! However, in many hypersonic tunnels and in
some supersonic tunnels, it is difficult to use cone surface
pressures to determine mean flow inclinations with high pre-
cision (better than == 005°) The pressure differentials (P)
across the surfaces of cones, at low angles of attack, may be so
small that it is difficult to measure them accurately Further-
more, low cone surface pressures sometimes require excessive
lag times before the pressures stabilize in the tubing
The sensitivities (S,) of the surface pressure on various right
circular cones are available from Ref 1 and inviscid theory 2
These are shown in Fig 1 as a function of M  Since the pres-
sures measured by most null-flow direction indicators vary
linearly with a near a = 0°, Sais defined as

8a = (1/9)(0P/0c)ao

Figure 1 and Table 1 also shows measured values of S« for
two cones (Figs 2a and 2b) Scaggs of Ohio State University
found that with the 90° cone he could determine the flow
angularity in the ARL 30-in tunnel to within = 01°at M =
17(1000-psia stagnation pressure)

Cobra Probe
Fusfeld® indicated that flow angularity can be determined in
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Fig 1 Sensitivity of cone surface pressures to flow in-
clination

supersonic tunnels by using a null indicator that is sometimes
called a cobra probe or a Conrad probe (in England) His
data show that the cobra probe is about as sensitive as the
surface pressures on a 45° cone at M = 1 8 and a 60° cone at
M = 28 Experimental measurements at M = 14 (Table 1)
were obtained for a similar cobra probe (Fig 2¢) This cobra
probe had about the same sensitivity at M = 14 as Fusfeld’s
probe displayed at M = 2 8

Spiked Cylinder

‘While attempting to position a spiked cylindert (Fig 2d) at
a = 0°with an M = 12 flow, it was found that a pitch angle
of @ = 0 1° would change the face edge pressures by as much
as 109, of the & = 0° value Table 1 shows the flow-sensing
characteristics of one spiked cylinder (Fig 2d) at M = 12, and
another spiked cylinder (Fig 2e) at M = 14 At M = 14 the
measured C, values were strongly influenced by body tem-
perature as predicted by Wood ®* However, Wood’s theory
predicts reattachment pressures for this spiked body at M =
12 which are about five times higher than the measured C,
shown in Table 1 This may be because this flow direction
indicator had a relatively large pressure port at the edge

Recovery Cone

Sivells® reported the use of a highly sensitive flow direction
probe, termed a recovery cone in this note At M = 5, this
20° recovery cone was reportedly 20 times more sensitive to
flow angularity than the surface pressures of a 20° conel A
30° recovery cone (Fig 2f) was designed using this same
concept Knowledge of the flow characteristics in the ARL
3-in hypersonic tunnel permitted zero alighment in yaw by
geometric means As may be seen in Table 1, the 30° re-
covery cone was exceptionally sensitive to flow direction at
M = 12 and at M = 14 Furthermore, P, was measured
quite easily since it was even higher than P,

Although a detailed study was not attempted, Fig 3
roughly shows the variation of P,/P,, with Rp and M chang-

Table 1 Measured characteristics of probes

Flow angle M = 12 M = 14

indicator RBp X 1075 Tg . °F Cp Rp X 10— Ts  °F Cp Sa
20° cone 0 16 920 0 07 0 017
Cobra probe 0 50 102 0 065
Spiked cylinder ¢ 0 34 550 011 0 168 1 60 150-550 0 16-0 10 0 276

Recovery cone?® 015 800 572 2 05 0 07° 660 2 40 114

2 Data using conical low nozzles AM = 0 4/in along centerline in test section
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ing at the same time The variation of the ratio of P; on the
surface of a sharp 30° cone to P;, was computed using inviseid
theory and is also shown as a function of 3 Tigure 3 and
the change in S, between M = 12 and M = 14 (Table 1)

imply that anyone contemplating constructing such a probe
should give serious thought to the location of the claw impact
pressure tubes within the entropy-viscous layer, since this
will most likely have a pronounced effect upon S, and C,
Furthermore, experiments at these Mach numbers involving
the use of a pressure probe near thé surface of a cone may
well require very precise positioning of the model relative to
the flow, judging from the extreme sensitivities shown in Table
1 for this particular case

References

1Pope, A, “Wind tunnel calibration techniques,” NATO,
AGARDograph 54 (April 1961)

2S8ims, J I, “Supersonic flow around right circular cones,
tables for small angles of attack,” Army Ballistic Missile Div
Rept DA-TR 19 60 (April 1960)

3 Fusfeld, R D, “A probe for measuring inclination in super-
sonic air streams,” J Aeronaut Sci 18, 356 (1951)

4 Bogdonoff, S M and Vaz, I E, ‘ Preliminary investigations
of spiked bodies at hypersonic speeds,” J Aeronaut Sci 26, 65—~
74 (1959)

5 Wood, C J, “Hypersonic flow over spiked cones,”” J Fluid
Mech 8, 584-592 (1960)

8 Sivells, J C, “Operational experience with a 50-inch diameter
Mach 8 tunnel,” STA-AGARD Wind Tunnel Panel, Marseille
available from Arnold Eng Dev Center Tenn (September 1959)



