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Experimental Measurement of Pilot
Pressure in the Boundary Layer on a
Model in a Hypersonic Gun Tunnel

A J CABLE*
The War Office, Royal Armament Research and

Development Establishment, Foi t Halstead, England

RECENT interest in hypersonic boundary layers has led
to the development of instrumentation to measure the

pitot pressure in the boundary layer on a model in the (Royal
Armament Research and Development Establishment) no 3
Hypersonic Gun Ttfnnel,1 which, at its present stage of de-
velopment, is capable of simulating both full scale Mach num-
bers and Reynolds numbers foi quite large vehicles The
flow duration in this tunnel is of the older of 40 msec

The model chosen foi exploratory testing was a flat plate
with a hemicylindrical leading edge (-J-in radius) that had
previously been pressure plotted The model with the small
pitot tube for boundary-layei measurements is shown in Fig 1
The pitot was constructed of flattened hypodermic tubing
measuring 0 022 in X 0 018 in externally and 0 Oil in X
0 009 in internally Ihe tube was brazed to a body contain-
ing a Statham type PM 222 TC transducer The body could
be moved inside the model to position the pitot tube in the
boundary layei from a point 0 1 in from the surface of the
model to flush with the suiface

The model was tested at a Mach number of 8 4, and the
Reynolds number at the pitot position was 6 2 X 106 based on
freestream conditions and its distance from the leading edge
Foi some of the tests, an externally mounted pitot tube was
also used to measuie the pitot pressure in the region between
the bow shock wave and the limit of movement of the in-
ternally mounted pitot tube The boundary layer was

Fig 1 Model showing boundary-layer pitot
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Fig 2 Pitot ti averse close to model surface

traversed at 0 01-in intervals by the internal pitot and at
approximately J-in intervals with the external pitot

Figure 2 shows the distribution of pitot pressure in the
region between the surface and 0 1 in from the surface for
the model at zero and 5° incidence Also indicated are the
surface pressures measured in previous tests In each case
the surface pitot pressure is close to the surface static pressure
It can be seen that the measurements are repeatable except
for the legion around 0 04 in from the surface at zero in-
cidence On examining schlieren photographs (Fig 3), it was
noticed that the shock wave caused by the small pitot tube
ended abruptly at about this height This indicated the
position of the sonic line in the boundary layer, and it is
consideied that the nonrepeatability of measurements in
this region was caused by the flow being choked locally by the
presence of the pitot tube Since the position cannot be meas
ured to a gi eater accuracy than ±0 005 in from the photo
graphs, the sonic line is shown hatched in Fig 2 A similai
effect occurs at incidence but at a lowei height

The pitot piessure distribution in the flow between the
model suiface and bow shock wave (Fig 4) shows that there
is a region where the pitot pressure does not vary with height
above the surface (0 1-0 4 in at zero incidence) On exam-
ining schlieren photographs (e g , Fig 3), it can be seen that this
region conesponds to a light region with ill-defined edges
This has been interpreted as the entiopy layer in previous
tests,2 and a similar interpretation is plausible in this case
The extent of the region measured from the schlieren photo-

Fig 3 Schlieren photograph of model at M = 8 4
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Fig 4 Pilot traverse between model and shock wave

graphs is shown on Fig 4 and corresponds closely with the
region of constant pitot piessuie

The position of the internally mounted pitot is accurate to
±0 001 in and that of the externally mounted tube to ±0 02
in The piessures are measuied to an accuracy of ±0 1 psi

It has been shown that it is possible to measure the pitot
pressure in the boundary layei on a model in the running time
of a hypei sonic gun tunnel (40 msec) Other results, which
call for fuithei investigation, are the identification of the
sonic line in the boundaiy layer and the boundary of entropy
layer
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Analysis of Air Arc-Tunnel Heat-
Transfei Data

DANIEL E ROSNER*
AeroChem Research Laboratories, Inc , Princeton, N J

Nomenclature

cp = specific heat of mixture
Di = Fick coefficient for diffusion of species i through the

mixture
h = specific enthalp\ (including chemical contributions)
k = Boltzmann constant
kR(T) = termolecular (homogeneous) atom recombination rate

constant at temperature T (dni/dt = —2kn »fl
- (m.**. \i~n\l-T /^9^w»..Mi/2n/.kw i

Lei
mi
n
n
N
p
Pr

= Lewis number == Di/[\f/(pcp /)]
= mass of species i
= true reaction order
— number density ( p / k T )
= number of thermochemical energy carriers
= pressure
= Prandtl number for heat conduction =

prD = Praiidtl number for diffusion = (jct/p)/Z>t
q = calorimeter heat flux
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Sin i =

T =
u —

recovery factor for chemical energy3 associated with
species i; rn i = (Lei)Q 6 for stagnation-point boundary
layer

local Stanton number for convective transport of
species i

absolute temperature
component of gas velocity parallel to surface
generalized gas-phase recombination parameter Eq (4)

mass fraction of species i in the mixture
heterogeneous recombination coefficient (probability

that an atom incident upon the surface will recom-
bine)

thermal conductivity of gas mixture
dynamic viscosity of mixture
mass density of mixture
extent of recombination for species i] fa =

&h h m »/M h m i m x
operator meaning change in (across boundarv layer)

Subscripts
chem = chemical contribution

on
7

= at outer edge of boundary layer
= pertaining to local thermochemical equilibrium
= chemically frozen
= pertaining to species i

e
eq
/
i
min = minimum value (no recombination)
max = maximum value (complete recombination)
w = at wall
1 = pertaining to atoms in a binary mixture

In ti eduction

WETHERN1 has compared data on subsonic air arc-
tunnel heat transfer to a water-cooled copper calorim-

eter with the predictions of several limiting theoretical models
end concluded that the assumptions of chemically frozen
boundary-layer flow and a noncatalytic wall were virtually
exact for most of the conditions studied Since a copper
surface can behave this way at stagnation pressures and en-
thalpies approaching 1 atm and 104 Btu/lbm, respectively,
calorimeter catalytic activity becomes an important param-
eter, particularly if effective heats of ablation or total enthal-
pies are subsequently to be determined from heat-transfer
data obtained at thermally significant dissociation levels
In this note, a direct procedure for estimating catalytic activi-
ties from such calorimeter heat-transfer data is illustrated,
and a prediction is made of the stagnation pressure levels at
which gas-phase atom recombination should mask the ob-
served effects of calorimeter surface specificity under arc-
tunnel conditions Implications of this result for materials
testing, and factors governing the probability of atom re-
combination on metal and metal oxide surfaces, are briefly
discussed in the light of recent kinetic observations

General Theory

It is a short step to go from limiting heat fluxes (i e , pre-
dictions or data giving #"max and ^min) and calorimeter heat
flux data of the type presented in Ref 1 to quantitative esti-
mates of the relevant atom recombination probabilities,
particularly when the stagnation pressure level and calorim-
eter size are sufficiently small so that gas-phase atom re-
combination (in the boundary layer) can be neglected f
Applying the methods exploited in Refs 2 and 3, one can
readily show that

N
/ , <f>iTD iAAchcm i max

N (D

f See section entitled "Gas-Phase Recombination "


