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The approach described above ean also be applied to refine -

the analysis for the internal stresses in three-dimensional com-
posites. However, the difference in results calculated by the
equations corresponding to the first and second approxima-
tions [Eq. (A20) vs Eq. (A31)] is small as shown in Fig. 10.
The stress distribution along lines ab and be (see Fig. 1) is
shown in Fig. 15.
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A Study of Hypersonic Corner Flow Interactions

Ravpu D. WaTson* AND LEoNarRD M. WEINSTEIN |
NASA Langley Research Center, Hampton, Va.

Characteristics of the hypersonic flowfields over three sharp leading-edge internal corner
models have been measured at Mach 20 in helium. Wedges of equal angles (0°-0°, 5°~5°, and

10°-10°) intersecting at 90° formed the models.

The measurements include heat-transfer and

surface pressure distributions, Pitot surveys in the base plane of the models, oil-flow photo-
graphs, and electron beam flow visualization photographs. The data indicate that the broad
features of external and internal shock structure observed at supersonic Mach numbers also
occur at Mach 20; however, the presence of large vortices and thick boundary layers distort
the flow in the immediate vicinity of the corner. Observed peaks in surface heat transfer
correlate with a strong vortex near the corner and a disturbance propagated from the in-
viscid flow into the boundary layer. The flowfield appears to be basically conical in na-
ture except for large values of ¥ the hypersonic viscous interaction parameter. Corner
heating rates, relative to undisturbed wedge or flat-plate heating rates, increase signifi-
cantly with increasing freestream Mach number.
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Subscripts

c = calculated value

L = based on maximum z length

m = measured value

max = peak value

P = Pitot value

T = stagnation value

W = wedge value, including viscous interaction effects
x = based on distance «

FP = flat-plate value, including viscous interaction effects
o = freestream value

Introduction

YHE corner flow problem, because of its practical im-
portance, has given rise to a large number of experi-
mental and theoretical studies in recent years.!—16 Several
classes of configurations have been investigated, from simple
sharp leading-edge flat plates intersecting at right angles to
more complex bodies having leading-edge bluntness effects,
sweep, unsymmetrical wedge angles, and various intersection
angles. Mach numbers have ranged from 2.5 to 16, and
boundary layers have been both laminar and turbulent.

In spite of the amount of information which has accumu-
lated, the flowfield is not well understood. It has been
divided into near-corner and far-corner regions in Ref. 6,
the near corner being the region immediately adjacent to the
corner juncture, extending laterally to where a sharp drop in
surface pressure occurs. The far-corner region is character-
ized by complicated shock interactions and internal flow-
field disturbances at high Reynolds numbers, as well as by
viscous interactions at low Reynolds numbers.

In early analyses of the inviscid flow, the wedge shocks
were assumed to be planar up to their line of intersection,1
but more recent work has shown that this is not generally
true. The flowfield survey of Ref. 10 showed the presence
of an intermediate corner shock joining two wedge shocks at
Mach 3.17 for wedge angles of 12.2°. Korkegi’s later calcula-
tions indicated the wedge shocks could not intersect in most
cases'® and proposed that the most general case consists of a
corner shock joining the two wedge shocks. Based on the
mternal shock model of Ref. 10, a theoretical iteration
scheme was devised to determine the location of an internal
shock and thus the inviseid characteristics of the flowfield.!

A solution for the corner boundary layer in laminar com-
pressible flow was developed using an integral approach.?
This solution is accurate for corner intersection angles be-
tween 60° and 120°. A later analysis for incompressible
flow more correctly considered the boundary conditions of
the problem.! An extension of this work to compressible
flows® showed that compressibility increases the secondary
crossflow. The latest development is a theoretical solution
to the problem by Rudman and Rubin'® which calculates
the entire flowfield between the shock and the bedy, in-
cluding viscous effects. Experimental evidence of secondary
flows for incompressible turbulent boundary layers can be
found in Refs. 18 and 19.

Most corner configurations occurring on flight vehicles
contain unsymmetrical intersections, leading-edge bluntness,
boundary-layer buildup before the surface juncture occurs,
and leading-edge sweep. However, in the simplest geometri-
cal case of all, that of sharp wedges intersecting symmetrically,
the flowfield details are not well known. In an attempt to
clarify further simple corner flows at hypersonic Mach
numbers, where appreciable viscous-inviscid interactions
occur, an experimental program was conducted at Mach 20
in the Langley 22-ih. helium tunnel. Model wedge angles
were 0°, 5°, and 10° intersecting at 90°, and freestream
Reynolds numbers based on maximum model length varied
from about 1.3 X 10° to 6.7 X 108, giving predominantly
laminar flow over the models. Heat-transfer and surface
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Fig.1 Sketch of model with coordinate system.

pressure distributions, flowfield Pitot surveys, and oil-flow
and electron beam flow visualization photographs were ob-
tained. (Some .results for the 10° wedge corner were pre-
sented in Ref. 20.) Data from other sources are compared
with the present results.

Model and Coordinate System

The model consisted of two sharp leading-edge wedges
intersecting at a 90° angle, symmetrical about a midplane
through the intersection juncture. The steel base plate
was pivoted so that it could be set at 0°, 5°, and 10° incidence
to the flow: this plate contained pressure orifices. Side
plates (separate sections constructed for each angle of attack)
consisted of a metal frame coated with a 1.3-cm-thick layer
of Fiberglas-impregnated resin. After making oil-flow
studies, cavities were machined in each plate to receive a
heat-transfer insert containing thermocouples. The heat-
transfer inserts were installed flush with the side plate surface.
End plates attached to the base and side plates minimized out-
flow effects. A sketch of the model including basic dimen-
sions and the coordinate system used is shown in Fig. 1.

A 10-tube Pitot rake designed for detailed surveys in the
base plane of the 5° model traversed in a direction perpendicu-
lar to the upper surface of the base wedge. Details and
dimensions of the rake are shown in Fig. 2. It should be
noted that the Pitot tubes were parallel to the undisturbed
base wedge flow but not parallel to the undisturbed side
wedge flow. However, data? indicate only small errors due
to pitot tube misalignment in hypersonic flow for angles up
to about 8°. An electron beam flow visualization test
showed no upstream distortion effects of the Pitot rake on the
corner flowfield.

Test Conditions

Tunnel

The tests were conducted in the 22-in. helium tunnel of
Langley Research Center.?? Because of the possibility that
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Fig. 2 Pitot rake arrangement.
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Fig. 3 Flowfield survey on 5° corner model.

the large size of the model might affect the freestream flow,
Pitot and total temperature probes were mounted below the
leading edge of the model, and checks on freestream flow
conditions were made for runs in both heated and unheated
flow. Freestream Mach numbers determined with the model
in the tunnel were 19.0, 20.3, and 21.3 at stagnation pressures
of 345, 690, and 1380 N/cm? respectively, independent of
the stagnation temperature or wedge angle of the model.

Pressure distributions, oil-flow photographs, Pitot surveys,
and electron beam photographs were made in unheated flow
at a total temperature of 300°K. Heat-transfer studies
were made at a nominal total temperature of 450°K. Rey-
nolds numbers in heated flow were about 359, lower and %
values about 269, higher than cold-flow values at the same
stagnation pressure. The data of this investigation indicate
that the resulting effects in the flowfields would be small.

Instrumentation

Pressures above 0.7 N/cm? were measured using unbonded
strain-gage transducers; below 0.7 N/em?, variable capaci-
tance transducers were used. Heat-transfer measurements
were obtained using iron-constantan thermocouples spot-
welded to a 0.025-cm-thick Inconel-X plate. A desecription
of the electron beam apparatus used, as well as flow visualiza-
tion photographs of several corner flow configurations, can
be found in Refs. 20 and 23.

Tunnel Wall Boundary-Layer Interference

For all configurations, parts of the base and side wedges
were immersed in the tunnel wall boundary layer. Estimates
of the tunnel boundary-layer thickness at different stagnation
pressures were made using the calibration Mach numbers
determined with the models in the tunnel. The ideal gas
area ratio for a given freestream Mach number gave a value
of 6* which was multiplied by 2 to obtain 8. Reference 24
shows that é is approximately twice 8* for the wall boundary
layer of this tunnel.

a=10°

-
VORTEX / VORTEX -—/

BASE PLANE ILLUMINATION
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Fig. 4 Electron beam photographs.
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Resulting values of 8 were used to determine which in-
strumentation might lie within the tunnel wall boundary
layer for a given model and run condition. Data points at
these locations were omitted from the results of this investi-
gation; the caleulated boundary-layer edge is shown in oil-
flow photographs and Pitot surveys presented herein.

Results and Discussion

A resumé of data obtained in the 22-in. helium tunnel
follows, after which a discussion of the corner flowfield will be
presented.

Mach 20 Data
Flouwfield Pitot survey

Figure 3 shows a three-dimensional representation of the
Pitot pressure in the base plane obtained by plotting Pitot
pressure vertically on a base of the coordinates zZ/x and
%/(x c0s5°). (The base plane is not perpendicular to the
upper surface of the side wedge.) The original pitot traces
consist of slices parallel to the §/(z cos5°) coordinate; these
were smoothed and a plaster cast made to produce the model
shown in Fig. 3. Clearly visible are the wedge shock layers
(regions of high constant Pitot pressure), a corner shock,
the wedge boundary layers (regions of low Pitot pressure
adjacent to the surfaces), and high pitot peaks in the region
between- the corner and the corner shock. Also visible are a
weak disturbance extending through the boundary layer to
the surface at z/x = 0.21, and a low-pressure region sur-
rounded by a thin layer of high Pitot pressure flow.

Electron beam photographs

An electron beam swept in a vertical plane at the base of
the models illuminated a cross section of the flow in the
sweep plane. The resulting visible cross sections, which
appear similar to vapor screen condensation’ photographs,
are shown in Fig. 4. In these photographs, bright regions
correspond to regions of high density. Shock locations are
clearly visible, including a central corner shock and internal
shocks, especially for the 10° case. Also visible are what
appear to be single vortices on the base plate for the 5° and
10° cases. Since the models are symmetrical, corresponding
vortices should be seen on the vertical plates; however, be-
cause of the viewing angle, details of the vertical plate flow
cannot be seen. No vortex is visible for the @ = 0° case;
however, a faint corner shock can be seen.

Surface pressure distributions

Measured surface pressure distributions at three Reynolds
numbers are shown in Fig. 5. The data have been normal-
ized by calculated laminar viscous-induced pressures for
sharp plates and wedges, where values of Py /P,, as a function

o =10° a=5° a=0°
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Fig. 5 Surface pressures at Mach 20.
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of G(x/2) were taken from Ref. 25. Monaghan’s equation®
for G was used with ¥ = § and Pr = 0.688:

y = 1)[ T | 465 Prit ~ 3.65Pr1/3] P

G = 1.7208 (——2 T 55

M

where T, is the surface temperature and T., the adiabatic
wall temperature. The reference temperature values of
density and viscosity were used in calculating €' using
Monaghan’s equation? for Jaminar T':

T _ y—1 z]Tl’
,EO—AI[]—}—( 2 )Mm T’I’+

[1 — Al + A2<7—;—1)Mmz] @)

1 — 0.468Pr'/3
(1 — Al — 0.273PrV%)Pry?

where
Al

A2

The data are plotted in conical coordinates for all cases,
even though such a coordinate system should not be appli-
cable for the 0° case where viscous effects are large. Even
so, this manner of presentation achieves a good degree of
correlation in all cases.

Pressures about 4.2 times, 3.2 times, and 1.8 times loecal
wedge pressure are measured for the 10°, 5°, and 0° cases,
respectively, in the immediate corner region. A sharp pres-
sure drop outside this region is followed by a compression, a
local dip, and then a final approach to wedge pressure.
Shown for the 5° and 10° cases are the pressure levels calcu-
lated using the simple two-shock method of Ref. 10. These
values appear to be upper bounds on the inner pressure rise;
interestingly, the calculated shock location is close to the ex-
perimentally determined edge of the high-pressure region.

Oil-flow photographs

Surface oil-flow patterns on @ = 5° and 10° models are
shown in Fig. 6. In both cases, a distinet pattern of s-shaped
streak lines is thought to indicate the presence of vortices.
Outside the s-shaped lines at a = 10°, a featherlike pat-
tern can be seen which is not visible at o = 5°. Addi-
tional oil-flow studies have shown that the feather pattern
appears at a = 5° with sufficient nose bluntness added.

Outside of the feather pattern at & = 10° and the s-shaped
lines at a = 5°, a strong crossflow region can be seen, termi-
nating in an oil accumulation line. Beyond the oil accumula-
tion line, the flow gradually approaches two-dimensional
undisturbed wedge flow. No oil-flow photograph is avail-
able for the @ = 0° case since the surface shear was too
low to produce distinet oil-flow patterns within the Reynolds
number range and run time of the tunnel.

Measurements made from the photographs of Fig. 6 indi-
cate that the surface flow patterns are highly nonconical for

as10° M <19.0 as5° M <203
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Fig. 6 Oil-flow photographs.
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Fig. 7 Heat transfer at Mach 20.

values of X greater than about 4. For % less than 4, the
patterns are nearly conical in nature, with the outer oil ac-
cumulation line and the beginning of the s-shaped curves
showing somewhat faster growth than the outer edge of the
s-shaped curves or the @ = 10° feather pattern.

Heat-transfer distributions

Values of surface heat flux, normalized by the measured
wedge heating value, are shown for the 0°, 5°, and 10°cases
in Fig. 7. Calculated values of wedge heat flux were not
used as normalizing parameters, since lateral conduction
effects are present in the data. Starting transients in the
22-in. helium tunnel required that the data could not be
reduced until 1 to 2 sec after the flow had started. The
heat-transfer insert was heavily instrumented, and; because
of the size of the disk calorimeter used, lateral conduction
effects are significant after £ sec. An experimental investi-
gation employing step heat inputs to the insert indicated that
the conduction heating error was linear in time and nearly
independent of the heating level for the rates encountered
in the present fests. For this reason, the data are thought to
represent correct trends.

The nearly conical nature of the flow is again evident by
the correlation of the data at several z locations for a given
angle of attack. A peak in heating occurs close to the
corner in the region with the highest pressure. Estimates
of the levels of peak heating which would occur due to a
pressure rise alone were made for the 5° and 10° cases using
the conservative two-shock pressure value and assuming
dp/dx = 0. Measured peak heating is higher than these
calculated values, actually about 10 times the local undis-
turbed wedge value at o = 10° and about 7 times wedge value
at @ = 5°. Note that, as for the pressure distributions, the
two-shock location predicts with fair accuracy the extent
of the high heating region near the corner juncture. It has
been shown in Ref. 12 that the ratio of peak heating to local
laminar flat-plate heating is not constant at different x loca-
tions for symmetrically intersecting wedges at Mach 8.
The present heat-transfer data are not detailed enough to
determine whether or not this is the case at Mach 20.

Flowfield Analysis

In the following discussion, the symmetrical corner flow
problem will be divided into two categories:

a) The first is the case of a greater than 0°, ¢ = 90°, where
strong wedge shocks interact and where, in the limiting case
of inviscid flow, the flow is conical. Although viscous
effects are significant at Mach 20, the observed conical nature
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Fig. 8 Corner flow structure at Mach 3.17.

of the flow indicates that the inviscid interactions probably
dominate the flow.

b) The second is the case of « equal to 0°, ¢ = 90°, where
the flowfield is determined by viscous-inviseid interactions.

a>0° ¢ = 90°

Only two cases of published experimental data on sym-
metrically intersecting sharp leading-edge wedges are known
to the authors: that of Charwat and Redekopp, and that
of Stainback and Weinstein.!? Only Ref. 10 presents data in
enough detail for an analysis of the flowfield to be made.
Extensive results were obtained on a 12.2° corner model at
Mach 3.17; however, limited results at other Mach numbers,
wedge angles, and wedge intersection angles were presented.

Figure 8 shows a cross section of the flowfield on a 12.2°
corner model at M = 3.17 in air determined from Pitot
surveys, with results from the heat-transfer and surface
pressure data shown. Noted in the figure are zones of flow
deseribed in Ref. 10 as follows:

Zone I: a region of conical flow bounded by slip lines
and the corner shock.

Zone I1: a region of complicated flow bounded by the slip
lines and by a strong internal shock.

Zone IIT: an “outer interaction region” characterized by
a compressive fan centered at the triple shock intersection
point.

Zone IV: undisturbed wedge flow.

The Mach 20 flowfield on a 10° corner model is shown in Fig.
9, along with locations of features of the heat-transfer and
pressure distribution data from the present study.

A flowfield feature common to both flows is the central re-
gion, Zone I. At Mach 3.17 this region is bounded by almost
straight slip lines, whereas at Mach 20 the region is squeezed
away from the corner by the presence of what appear to be
large vortices. These vortices correspond to regions of high
peak heating near the corner at Mach 20. The Pitot survey
at Mach 3.17 contains a small region of low Pitot pressure
near the location of peak heating. We conclude that this

APPROXIMATE WEDGE BOUNDARY
TUNNEL LAYER THICKNESS

M= 20.3

-3
BOUNRY. QUTER DISTURBANCE 1l e
e (UNDETECTED)
e 1 PEAK HEATING
INNER SHOCK MODERATE LOW HEATING

2nd HEATING PEAK
HEATING MINIMUM

2
CORNER SHOCK ;
| 5 SHARP PRESSURE DROP
s
7
N

WEDGE SHOCK

COMPRESSION
PRESSURE DISTRIBUTION
DISCONTINUITY

!
1
1
1
1
Iy
1
1

4 .3 0
LAMBDA SHOCK L‘SHO(:K LOCATION FROM 2-SHOCK METHOD

VORTEX
o HEAT TRANSFER RESULTS
@ 0 @ PRESSURE DISTRIBUTION RESULTS

Fig. 9 Corner flow structure at Mach 20.

—

N1

ATAA JOURNAL
RL=3.6xI06
M3 M_ -20.3
b7 ;/52 T -53
- ° - °
10.0 el 10,0 ¢ /L
8.0 8.0f - 2-SHOCK VALUE
6.0 6.0 o 0175
o 025
p 40 o p 4 o 045
F— -SHOCK B s 0650
W, | VALUE ’w,c“ 5 08
: : FAIRING OF DATA
FAIRING OF DATA
1.0 —
8 8
. 6

. )
0 2 .4 6_8 1012140 .2 .4 .6_.8 1.0 1.2 1.4

> frel
> inat

Fig. 10 Surface pressures at Mach 3.17 and Mach 20.

region of low Pitot pressure represents the core of a vortex
which is the cause of high peak heating found in other corner
flow data. Similar low Pitot pressure readings were found
in the center of high-vorticity flow in the study of the flow
behind delta wings at Mach 2.7

Away from the corner, a dip in heating corresponds closely
to the outer edge of the vortex determined from the s-shaped
lines of the oil-flow photographs and the extent of the low-
pressure vortex core at Mach 20. Beyond the heat-transfer
dip a second, lower peak in heating occurs, corresponding
closely to the location where a disturbance extending through
the wedge boundary layer strikes the surface. In this re-
gion, a featherlike pattern can be seen in the oil-flow photo-
graph of the 10° corner model in Fig. 6. Such a pattern
could be produced by counter-rotating vortices; however,
the disturbance resembles one leg of a lambda shock in the
Pitot survey on the 5° model. 1In the opinion of the authors
of the present study, the disturbance is a lambda shock caus-
ing a local surface pressure compression at the point where it
touches the surface, causing outflow in two directions.
Whether or not this pattern appears in the oil-flow photo-
graphs would be a function of its strength and the thickness
of the boundary layer through which it penetrates (a func-
tion of « for the test conditions of this study).

Beyond the boundary-layer disturbance, the heat transfer
exhibits a gradual increase to wedge value. Near the region
where wedge heating occurs, a discontinuity in the slope of
the pressure distribution occurs, corresponding approxi-
mately to a line formed by the coalescence of the surface
streaming oil. This oil accumulation line is the outer bound-
ary of Zone III on the surface of the model. The boundary
of Zone III in the flowfield was detected in the Pitot surveys
of Ref. 10 but not in the present data.

From the preceding discussion, evidently the Mach 3.17
and Mach 20 flowfields exhibit gross similarities in internal
and surface features. However, pressure distributions at
Mach 20 do not exhibit the overexpansion found in Mach
3.17 data shown in Fig. 10. The data of Ref. 10 drop below
wedge pressure, whereas those at Mach 20 are always higher,
an effect probably attributable to thick boundary layers at
Mach 20. Similarities are noted in the correspondence of
three flow features common to both flows. Far from the
corner, a dip in surface heat-transfer rate, the location of an
oil accumulation line, and a slope change in the pressure dis-
tribution curve are closely related. This is the outer extent
of the disturbance noted in Ref. 10 as bounding zone III.
Outside this region, a gradual approach to wedge pressure
and heating is found. Note that the two-shock value of
pressure and shock location is a convenient outer bound in
the high pressure near corner region at both Mach numbers.

o =0° ¢ = 90°

The greatest amount of data on any one corner flow con-
figuration exists for sharp leading-edge flat plates inter-
secting at 90°. Stainback has published®¢ pressure and
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heat-transfer measurements at Mach 4.95 and heat-transfer
measurements at Mach 8. Additional Mach 8 data in the
form of peak heating rates and peak pressures have been
published by Gulbran et al” Cresci has measured surface
pressures, heat-transfer rates, total temperature, and Pitot
surveys in the flowfield at Mach 11.2 and Mach 11.8 in the
strong interaction regime.’®!! Bogdonoff and Vas! measured
surface pressures at Mach 13.2) and Miller et al.* have
measured surface pressures and heat-transfer rates at Mach
16.

At conditions where viscous effects are small, it is not clear
whether a corner shock always occurs or whether, in some
cases, the shocks cross. A simple analytic check of the
occurrence of crossing shocks can be made for a conical
symmetrical flow pattern, since crossing shocks can be
treated as planar shocks reflecting in the plane of symmetry.
This problem is equivalent to the shock reflection problem
discussed in Ref. 28. The approach gives no consideration
to the flow past the point of intersection, and so the method
does not imply that the flow will accommodate to the surface
boundary conditions with calculated possible shock inter-
section. Calculations for both air and helium are shown in
Fig. 11 for intersection angles of 60°, 90°, and 120°.§ For
wedge angles below the calculated curves, intersections can
occur; above the curves intersections are not possible. For
¢ = 90° and above about Mach 3, as the Mach number in-
creases, shock intersections are possible only at wedge angles
below about 8°. Thus, thick boundary layers or large
vortices at high Mach numbers which give rise to effective
wedges could produce corner shocks. Conditions for the
finite o cases of Ref. 10 and the present study, indicated
on the figure, are outside the limit for shock intersection.
It may be possible in some a = 0° cases for large viscous
effects near the leading edge to induce a corner shock, after
which, in the weak interaction region, a crossed shock struc-
ture could oceur.

In an attempt to define surface features of the a = 0° corner
flow in terms of heating rates, the Mach 8 heat-transfer re-
sults of Ref. 6 are plotted in conical coordinates and com-
pared with Mach 20 results in Fig. 12. Reasonable correla-
tion is obtained, indicating that the inviscid effects, although
a direct result of viscous interference, are almost conical in
nature. In both cases, the peak heating rates and heat-
transfer minima lie close to the corner. No second peak in
heating is found in either case indicating that lambda shocks,
if present, are weak.

The theoretical analysis of the laminar corner boundary
layer in Ref. 9 indicates that compressibility increases the
extent of secondary flow within the boundary layer. This
implies that vortex development, and thus peak heating
rates, may be a function of the freestream Mach number.
In order to determine what effect Mach number has on both
peak heating rates and peak pressure for the 0° corner (¢ =
90°), available data from Mach 5 through the present results

§ Calculations supplied by Richard D. Wagner of Langley

Research Center.
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Fig. 12 Heat transfer at Mach 8 and Mach 20.

at Mach 20 are shown in Fig. 13. Peak heating rates shown
in the figure are to be viewed as representative levels, since
the magnitude of the peak heating would undoubtedly be a
function of R and x. Near the leading edge, at large x the
shock-vortex system merges with the boundary layer, and
peak heating rates would show z-wise variation. Away
from the leading edge, Ref. 6 has shown that 0° corner peak
heating at Mach 8 is a function of (R.)Y2, but invariant
with  for finite a corners (within the range of the experi-
ment). For some strong shock-vortex systems, it might
be expected that 0° corner heating would exhibit the same
trend as finite « corners.

Too little data exist for an attempt at correlation of all
parameters; however, Fig. 13 shows the peak heating to be
a strong function of Mach number, whereas peak pressures
are influenced to a lesser extent. Evidently, simple bound-
ary-layer pressure ratio analyses cannot predict peak corner
heating rates.

Conclusions

From measurements of the flow characteristics over sym-
metrical sharp leading-edge corner flow models at Mach 20,
the following conclusions are made: '

1) The basic features of the flowfield previously observed
at Mach 3 also occur at Mach 20, but are distorted by large
vortices and thick boundary layers.

2) The flowfield on 5° and 10° corner models remains
more or less conical in nature if the viscous interaction
parameter ¥ has values less than about 4. With X greater
than 4, the flowfield is nonconical.

3) The presence of a vortex near the corner postulated by
several authors has been found at Mach 20 in oil-flow and
electron beam photographs and a flowfield survey. The
vortex location coincides with the first peak in heating near
the corner.
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Fig.13 Mach number effect on 0° corner maximum heat-
ing and pressure.
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4) The second peak in heating coincides with a disturbance
within the boundary layer originating from the internal
shock and resembling one leg of a lambda shock.

5) Increasing Mach number increases the level of peak
heating and corner pressure rise. At Mach 20, 10 times the
undisturbed local wedge heating rates were observed in
corners formed by 10° wedges. The peak heating level
cannot be accounted for by the consideration of the peak
pressure level only; i.e., a large portion of the increased heat
transfer is evidently due to the influence of a localized
vortical flow.
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