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Experimental Wake Flow Properties of a Viking '75 Entry Vehicle
JAMES F. CAMPBELL* AND CLARENCE A. BROWN jR.f

NASA Langley Research Center, Hampton, Va.

An experimental investigation has been conducted to obtain the flow properties in the wake of a model of the
blunt Viking '75 entry vehicle. Data are presented for the model at several angles of attack at freestream Mach
numbers from 0.2 to 3.95. The characteristics of the wake flowfield are discussed and results are shown to
demonstrate the significant variation of wake centerline flow properties in the transonic speed range, the shift in
wake profiles with change in angle of attack, and the similarity exhibited by the velocity profiles across the wake.

Nomenclature
b = value of z that corresponds to (V^ - VJKV^ - K1CL) = 0.50
D = maximum diameter of model of Viking entry vehicle
M = Mach number
q = dynamic pressure
V = velocity
X, Y, Z — inertial axis system
x,y,z = distances along X, Y, Z axes
a — angle of attack of model centerline

Subscripts
I = local flow property
CL = property value on wake centerline
oo = freestream flow property
stag = value at wake stagnation point

Introduction

NASA'S goals of planetary exploration have resulted in a
program to land an unmanned, instrumented payload on

Mars. This program has been designated as Viking '75 and is
scheduled to commence with a launch in mid-1975 for an
encounter with Mars in mid-1976. Research on the atmospheric
properties of Mars have indicated the surface pressure to be on
the order of 5-10 mbars, a thin atmosphere compared to our
Earth's surface pressure of about 1000 mbars. Because of this
low pressure, the unmanned spacecraft has a low ballistic
coefficient and utilizes an auxiliary decelerating force to land.
The deceleration system selected for the Viking '75 entry vehicle
is a large diameter parachute. Such a parachute, together with
the low ballistic coefficient of the entry vehicle, will provide
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the necessary aerodynamic deceleration required to traverse the
Martian atmosphere and enable the spacecraft to soft land.

The selection of an aerodynamic drag-producing parachute
deployed aft of a forebody requires a knowledge of the flow
structure of the wake. This information is fundamental in any
attempt to estimate parachute inflation-drag and -stability
characteristics, drag efficiency, and structural loading. Because
the flowfields behind bodies, especially blunt bodies, are
extremely difficult to model analytically,1"5 experimental tests
are usually performed to provide the desired information.
References 6-11 illustrate some of the studies that have been
conducted to experimentally define the flow properties of wakes
behind a variety of bodies. In response to initial design studies
related to the Viking mission, a comprehensive wind-tunnel
investigation was undertaken to measure the flowfields aft of the
large-angle cone type of blunt body.12"14 During this study,
wake data were obtained for a preliminary version of the
Viking '75 entry vehicle with freestream Mach numbers from
0.20to3.95.15~17

The purpose of the current paper is to summarize the
experimental results in order to evaluate the characteristics of
the flowfield aft of the Viking '75 entry vehicle for a wide range
of freestream Mach numbers. In addition, the effects on the wake
resulting from changing vehicle angle of attack are also
considered.

Experimental Arrangement
The wake survey was performed using a pressure rake located

aft of a model of a preliminary configuration of the Viking 75
entry vehicle (see Fig. 1). The basic component of the model
was a 140° cone which had a spherical nose radius of 0.25 D
in addition to a small shoulder radius at the point of maximum
diameter (D). This model also had an afterbody in the base
region composed of frustums of two cones. The current con-
figuration of the Viking '75 entry vehicle has slight differences
in the nose radius and afterbody section from the model used
in this wake evaluation.

Two wind-tunnel facilities at the NASA Langley Research
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8.928 di am

D = 12.192 diam

.089 rad

Fig. 1 Sketch of Viking entry body used in wake survey; all dimensions
are presented in centimeters.

Center were used during the course of this investigation; sub-
sonic and transonic tests were conducted in the 8-ft transonic
pressure tunnel, and supersonic tests in the Unitary Plan wind
tunnel. Both facilities are of the variable-pressure, continuous-
flow type.

The model was mounted in the respective wind tunnels using
a sting support, Fig. 2a, for the subsonic and transonic tests,
and using a cantilevered wall-support strut, Fig. 2b, for the
supersonic tests. Although the wall-support strut is the more
desirable mounting arrangement, it was not possible to use this
for the subsonic and transonic tests. There, of course, will be
interference effects involved with both types of mounts, but the
wall strut has the advantage of permitting pressure data to be
measured along the wake center line. Care was exercised to
provide symmetry in the support systems in order to avoid
significant errors in the wake results. This follows the experience
of Carmel and Brown18 who observed an asymmetric wake
pattern that resulted because of warpage in a wall-support strut
that spanned the tunnel test section. During the supersonic
tests15 a selected amount of data were obtained aft of the
cantilevered wall-support strut to assess its influence on the wake
flowfield. The data showed the existence of an interference
effect, but it was not large anough to alter the discussion or
conclusions of the present study.

The inertial (XYZ) axis system shown in Fig. 2 is situated
so that its origin is placed on the centerline of the model at
the point of maximum model diameter. The longitudinal X-axis
is in the direction of airflow, while the Z-axis is in the vertical
direction perpendicular to X. The lateral Y-axis is perpendicular
to both X and Z axes. Static and total pressures were measured
in the model's wake with a pressure rake, the resulting measure-
ments being used to calculate the various flow properties, such
as Mj, Vv and qv Although measurements were made through-
out the wake flowfield during the experimental tests, the present
paper will discuss results of data obtained only in the X-Z plane.
These data cover x/D distances from 1.0 to 11.0, and z/D distances
from +1.2 to -1.2. The reader is referred to Refs. 15-17 for
detailed information concerning the wake survey locations,
model description, wind-tunnel apparatus, test conditions, and
accuracy of the measured data.

The Reynolds numbers for the tests varied from 4 to 14 x 106

per meter, depending on M^, and are within the range of values
expected to be encountered during the Viking mission. Since the
test Mach numbers are below those where real-gas effects are
important, the wind-tunnel data obtained in air should be
analogous to data obtained in a Mars environment for com-
parable Mach and Reynolds numbers. The test results are
discussed in the following sections and provide a general
description of the wake of the Viking '75 entry vehicle. These

. data can be used to evaluate the performance of a decelerator

in the wake, a complete evaluation being dependent, of course,
on the mutual interference effects between the decelerator and
the wake flowfield. These interference effects could become more
significant at subsonic and transonic speeds where the perturbed
wake is more communicative.

Results and Discussion
Angle of Attack = 0°

Since wake dynamic pressure is an important parameter in
determining parachute efficiency, the effects on the wake flow-
field due to changes in M^, x/D, and a are assessed by
examining the distribution of dynamic pressure across the wake.
An example of this is shown in Fig. 3 where dynamic-pressure
profiles are presented for a range of x/D locations for freestream
Mach numbers of 0.6 and 2.3. It is noted that the data are
essentially symmetrical about the X-axis (z/D — 0) which they
should be with the model at a = 0°. The differences between the
dynamic pressures in the wake and in the freestream are
greatest in the wake center at x/D = 1.0, and generally decrease
as x/D or z/D increases. The wake center is defined as the locus
of points in the wake where minimum dynamic pressures occur
and is synonymous with the X-axis for this a = 0° case.

The profiles obtained in the near wake (x/D ^ 3) are
characterized by a region of flow reversal, by large pressure
gradients (particularly in the Z-direction), and by recompression
shocks at supersonic freestream Mach numbers. Measurements
of zero dynamic pressure were obtained when the pressure
tubes were located at the point of zero flow (rear stagnation
point) or in the region of flow reversal. The region of flow

a) STING SUPPORT USED FOR SUBSONIC AND TRANSONIC TESTS

h) WALL SUPPORT STRUT USED FOR SUPERSONIC TESTS

Fig. 2 Schematic of Viking entry body mounted in tunnel.
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Fig. 3 Dynamic pressure profiles at longitudinal locations in wake of
Viking entry vehicle for several freestream Mach numbers.

-1.2
.4 .8 1.2

Vqoo
b) x/D =6.0

Fig. 5 Effect of supersonic M ̂  on dynamic-pressure profiles at several
longitudinal locations in the wake of the Viking entry vehicle.

reversal is largest at the subsonic Mach numbers and decreases
in extent as the supersonic Mach number increases. For a given
profile, the large gradients in dynamic pressure occur in a region
where the velocity varies from the value in the flow reversal
region to the value in that part of the flow that has expanded
around the shoulder of the model. Sizable dynamic-pressure
gradients also can occur in the vicinity of the recompression
shock, as is partially evident in the profile at x/D = 2.5 for
M^ = 2.30, Fig. 3b. The presence of this shock becomes more
obvious at higher supersonic Mach numbers.15'16

The dynamic-pressure profiles obtained downstream of
x/D = 3 indicate that the flow has only small gradients along or
away from the wake center and is void of any shocks. An
increase in z results in an increase in dynamic pressure so that
ql approaches qx at the limits of measurement. The trends for
dynamic pressure that have been discussed here are similar to
those observed by McShera8 in the wake of a cone-cylinder
configuration and by Rom et al.9 behind a two-dimensional
wedge-flat-plate model.

The effects of freestream Mach number on the dynamic-
pressure profiles are typified by the results shown in Figs. 4 and 5
for selected x/D locations in the wake. The data indicate that
an increase in subsonic M^, Fig. 4, results in a corresponding
decrease in qjq^ throughout the wake. At M^ — 1.0, this trend
is confined to the wake center. An increase in supersonic M^,
Fig. 5a, causes an increase in qjq^ in the flow in the near
wake (x/D ^ 3) close to the wake center, and causes a decrease in

1.2 1.6

Fig. 4 Effect of subsonic M^ on dynamic-pressure profiles at a
specific longitudinal location in the wake of the Viking entry vehicle.

4iA?o> m tne fl°w toward the outer limits of measurement. At
x/D locations downstream of 3, Fig. 5b, increasing the super-
sonic M^ decreases qjq^ throughout the wake.

For a planetary entry, a decelerator system (such as a
parachute) is inflated at least several entry-body diameters down-
stream of the maximum diameter of the entry vehicle. The
importance of determining the effects of x/D and M^ on the
wake flow properties is emphasized by the realization that the
decelerator must operate efficiently in a flow environment that
is continuously changing as the vehicle-decelerator assembly
decelerates from supersonic to subsonic speeds. An indication of
the effect of M^ on the flow properties at the wake center
may be seen in Fig. 6, where centerline dynamic-pressure and
Mach number ratios are plotted for various distances down-
stream of the Viking entry vehicle. The effects of x/D and

x/D x/D
————01.5————C7 4.0
————D 2.0——-—Q 5.0
————A 2.5———-0 7.0
———O3.0—-—08.4

z / D = 0

Ml

1.2

1.0

.8

.6

.4

.2

.4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0
MACH NUMBER, M^

b) MACH NUMBER RATIO,

Fig. 6 Variation of wake centerline properties with freestream Mach
number for Viking entry vehicle.
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Fig. 7 Effect of freestream Mach number on location of wake
stagnation point

M^ on the dynamic-pressure profiles that were discussed in
Figs. 3-5 are reflected in the trends of (qJq^cL* Fig. 6a. One
of the most pronounced effects of freestream Mach number
occurs in the transonic speed range where a noticeable drop in
centerline qjq^ results between M^ = 1.6 and 1.0. The decrease
in (qJq^cL is approximately 75% and 47% for x/D stations
5.0 and 8.4, respectively. It is believed that these results explain,
in part, the reason for the abrupt loss in parachute drag force
at transonic speeds which was reported in Ref. 19. The plot of
centerline Mach number, Fig. 6b, has similar trends through the
transonic speed range.

Two other characteristics of the wake which are dependent
on freestream Mach number are the location of the rear
stagnation point and the similarity of the velocity profiles in the
flowfield. These characteristics have practical application to the
design of decelerator systems and are integral parts of any
theoretical attempt to describe the wake. A stagnation point
exists when the static and total pressures are equivalent (that is,
dynamic pressure equals zero); and, in the present case, its
location represents the most rearward part of the recirculation
region immediately aft of the body. For a = 0° the stagnation
point is positioned along the X-axis, its location being obtained
by plotting (qJq^cL as a function of x/D for the range of test
Mach numbers, and observing (qJq^cL as it approaches zero.
The variation of (x/D)stag with freestream Mach number is pre-
sented in Fig. 7 along with measurements obtained by other
investigators. McErlean and Przirembel11 found the stagnation
point to be located at x/D = 1.08 behind a flat-base circular
cylinder aligned with an M^ =0.1 flow. Taking this data point in
conjunction with data from the present study shows that
(x/Z))stag increases with increase in subsonic M^ until a maximum
location of about 4 is attained at the sonic condition. An

.8 1.2 1.6
z/b

b) M^-2.30

increase in supersonic M^ causes the stagnation point to move
closer to the body and eventually approach the value of
(x/D)stag obtained by Martellucci et al.20 at hypersonic speeds.
The data suggest that the length of the recirculation region
has its largest value at M ̂  = 1 and varies quite rapidly in the
transonic speed range. These physical changes that the wake
undergoes might help explain the trends of dynamic-pressure
loss observed in Fig. 6a.

In an effort to determine if the velocity profiles exhibit
similarity, velocity data were plotted in the usual similarity form
where the velocity deficit in the wake is nondimensionalized
by the maximum deficit and plotted as a function of z/b. The
results are shown in Fig. 8 for two of the test Mach numbers
and demonstrate a degree of similarity for the velocity profiles
at subsonic and supersonic speeds. A theoretical velocity profile
obtained by Goldstein3 for an incompressible far wake is shown
for reference.

Angle of Attack = 5°
An angle of attack other than 0° can occur for the type of

entry vehicle considered in the present study and may be due to
perturbations about the ballistic trajectory resulting from a
variety of disturbances, or offset e.g. locations which allow the
vehicle to fly a lifting entry. Any change in angle of attack from
a = 0° will result in changes in the wake structure which, in
turn, will influence the behavior of a decelerator (for example,
parachute) system operating downstream of the vehicle. If the

1.0 1.2

a) M

.2 .4 .6 .8 1.00 .2 .4 .6 .8 1.00 .2 .4 .6
Vi-

.b) M -1.60

.8 1.0

Fig. 8 Velocity distribution across the wake of the Viking entry
vehicle, plotted in a form to illustrate similarity.

Fig. 9 Dynamic-pressure profiles behind the Viking entry vehicle at
a = 0° and a = 5°.
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parachute is not aligned with the forebody at deployment,
asymmetrical loads in the riser and bridle lines will result.

The effect of changing the angle of attack of the Viking
entry vehicle model from 0° to 5° is illustrated in Fig. 9, which
shows dynamic-pressure profiles for several x/D locations and
two Mach numbels. The primary angle-of-attack effect is to shift
the profiles away from the a = 0° centerline; the values of
<?i/<?oo at tne wa^e measuring limits do not appear to be affected
by the change. The shift to positive values of z occurs because
the orientation of the vehicle's lift vector in the negative Z
direction results in a corresponding upwash in the wake. This
shift of the profiles prevailed for all locations and Mach numbers
tested, although the effects of angle of attack were smallest at
the largest values of x/D.

Conclusions
The importance of determining the effects of freestfeam Mach

number M^ on the wake structure is emphasized by the
realization that a decelerator must dperate efficiently in a flow
environment that is continuously changing as the vehicle-
decelerator assembly decelerates from supersonic to subsonic
speeds. Accordingly, an experimental investigation has been con-
ducted to obtain the wake flow properties of a model of a
preliminary configuration of the Viking '75 entry vehicle, for
several model attitudes (a) and with M^ from 0.2 to 3.95. Efforts
to evaluate the characteristics of the wake flowfield lead to the
following conclusions:

1) The largest difference between the dynamic pressure in the
wake (q^) and in the freestream (q^) occurred at the wake
center and generally decreased with increase in x/D or z/D.

2) A significant drop in the wake centerline value of qjq^
was observed in the transonic speed range, which partially
explains the reason for the abrupt loss in parachute drag
obtained at these speeds in previous experimental studies. This
decrease in (qJq^cL coincided with a downstream shift in the
location of the wake stagnation point.

3) Changing angle of attack shifted the dynamic-pressure
profiles away from the a = 0° centerline, this shift prevailing
at all x/D locations and M^ investigated. The angle-of-attack
effect was smallest at the largest value of x/D.

4) The velocity profiles across the wake exhibited a degree of
similarity at subsonic and supersonic speeds.
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