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Introduction

ONE of the remarkable characteristics of laminar corner
flow is the special shapes of its isovels in each section,

normal to the corner line. Each isovel in the outer part of the
boundary layer has an outward bulge on the plane of sym-
metry as shown in Fig. 1, which was discovered ex-
perimentally by many authors.3'8'11 However, many
researchers1'2'9'10 theoretically predicted that isovels in the
boundary layer always resemble hyperbolas in shape, and the
outward bulge seems to have been generated due to some
special reasons, such as the influence of the leading-edge
profiles of both flat plates or lack of uniformity of the
freestream velocity, etc.

This analysis was undertaken to determine whether these
predictions are correct or not.

Basic Equations
Referring to the orthogonal curvilinear coordinates, the

Navier-Stokes equations and the equation of continuity can be
written as follows12:
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where x represents the streamwise distance from the leading
edge of plate A. ^, f, and H are defined by the following
equations,

and u, f, and w are the velocity components in the x, 17, and f
direction, respectively. a(ir>a>0) is the angle between
plates A and B, which are shown in Fig. 2.

Approximate Equation in the Neighborhood
of the Plane of Symmetry

Since f is small in the neighborhood of the plane of sym-
metry,//can be written as

Now, we put

9 dx

where Y= (U/vx) I/2nr] and f = f/?? where U is a freestream
velocity and the prime indicates differentiation with respect to
Yq and q is a constant. Substituting them into Eqs. (1) and
(4), and assuming that the two-dimensional boundary-layer
approximation can be extended to this three-dimensional case

Fig. 1 Isovels in the boundary layer.
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Fig. 2 Curvilinear coordinates.
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etc., then the following equation can be obtained in the
neighborhood of the plane of symmetry:
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In this domain, we can also write
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Since lim f^O, it can be decided that A = 00 when q>Q
y~oo

and A=Q when q<0.

Isovels in the Neighborhood of the
Plane of Symmetry (Case of a = 90 deg)

When a is 90 deg, we use q=l. Then, isovels in the
neighborhood of the plane of symmetry can be written as
follows:

(7)

Differentiating this twice by 6 and putting 6 = 45 deg and
fe=0, we get

(8)
f"

where r=\IU/vxr and the prime means differentiation with
respect to Y.

On the other hand, putting n = 1/2 and #= 1 into Eq. (5), we
get

(9)

where

Solving Eq. (9), we get

F=f'+f'ff

On the other hand, since Hv= (U/4x) (f - 1 -g), we can
get lim g = 0, which gives

y—oo
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Therefore, substituting these into Eq. (8) yields

f2-fffifi>0

= 0 (11)

(12)

This shows that each isovel has an outward bulge on the plane
of symmetry.

Isovels in the Neighborhood of the Plane
of Symmetry (Case of 180 deg > a > 0 deg, a ̂  90 deg)
In this case, we put q = 2n — \. Then each isovel in the

neighborhood of the plane of symmetry can be written as
follows:

const = £//£/=/'exp[ (7-/I)cot2 (0/n)] (13)

Differentiating this twice with respect to 6 and putting
0 = n 7T/2, fe = 0, we get the following:
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where the prime means differentiation with respect to Y(2n~})

and F]=2(\-n )/' +/&. Then, putting q = 2n-\ and
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From Eq. (15),
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In the vicinity of the outer edge of the boundary layer, we
get F, -2(1 -n) >0. Substituting this into Eq. (16), it is

f" =exv[->/<$(!+g)dY]\Y (-F/Y2)Qxv[y4\(l+g)dY]dY found that/^ >0 when/ i> »/i and/^ <0 when / i< /2 .
Joo

(10)

In the vicinity of the outer edge of the boundary layer, one
can assume that/' — 1 and/^ = 0; consequently, F—\. From
this, we can find that

On the other hand, we obtain

lim r (2- / / / 7 )/"=lim ——]=0 (17)
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Then, substituting these into Eq. (14) yields

r2-rree>0 (18)'

This shows that each isovel has an outward bulge also in this
case.
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Conclusions
The analysis proves that each isovel in the vicinity of the

outer edge of the laminar boundary layer has an outward
bulge on the plane of symmetry for any value of ct(ir>ct>G)
without any special conditions.
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A Hot-Film Static-Pressure Probe
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Nomenclature
d = probe tube diameter, cm
£ = distance from probe tip to orifices, cm
PHF ~ pressure measured by hot-film probe, mmHg
pc = pressure measured by conventional probe, mmHg
RCtl = resistance of unheated sensor, ft
#c'old = cold resistance of heated sensor, 0
/?hot = resistance of heated sensor with 1.5 overheat ratio,
NRe = freestream unit Reynolds number, I/cm
VB = output of rear sensor, mV
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Fig. 1 Conventional probe configuration and the internal locations
of the hot-film sensors and the sonic orifice (all dimensions in cm).
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Fig. 2 Probe calibration apparatus.

Introduction

A CONICAL-NOSE, static-pressure probe with orifices
located ten or more tube diameters downstream of the

tip1 can measure freestream pressure within 1-2% in
supersonic flow. However, for blowdown tunnels, the
pressure settling time in the connecting tubing and the readout
equipment may be of the order of the tunnel run time. This
makes static pressure surveys of the flowfield between a body
and its shock impractical because of the large number of runs
required to traverse the region.

To reduce response time, increase traverse speed, and
obtain reasonably accurate values of static pressure, a probe
has been developed which consists of a pair of hot-film
sensors and a small orifice installed inside the probe down-
stream of the exterior orifices (Fig. 1). The rear sensor is
operated at an overheat ratio C#hot/^coid) °f 1-5 to 1.8. A
constant-temperature anemometer keeps the sensor at the
temperature set by the overheat ratio, and the bridge voltage
will vary according to the velocity, pressure, and temperature
of the fluid. By installing a sonic orifice downstream of the
sensors and connecting the probe to a vacuum pump, the
velocity of the fluid over the sensors will be constant and low
subsonic. To account for the fluid temperature, a second
sensor (front) is operated as a resistance thermometer (at a
low-fixed current).

The procedure is to calibrate the probe in the gas of the
interest over the range of temperatures and pressures an-
ticipated in the wind-tunnel tests and then apply the
calibration to reduce the data from those tests. Some other
details of this study are contained in a paper2 published
previously.

The concept of using hot-film sensors and a sonic orifice is
similar to that of Remenyik and Kovasznay,3 who used a
single hot wire in a wall orifice to measure the pressure
fluctuations, and to that of Thermo-Systems Inc., who use a
single sensor and a sonic orifice in their aspirating probes.4


