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Axial velocity decay data for hypersonic sphe.e wakes
obtained with the sequential spark and probe array technigques
have been fitted with an equation of the form Vu/Veo = C; (X/D) 2,
This power law is found to fit the data very well for axial
distances between 300 and 1000 body diameters behind the body.
Values of C; and C; obtained from sequential spark measurements
are given as a function of radial distance from the wlke axis.
Near the axis, the absolute value of C, is slightly greater than
unity, decreasing to about one-third at radial distances of
about two body diameters.
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It has been shown by Townsend (1) that in the case of the
incompressible "self-preserving" axisymmetric turbulent wake, the growth
of the viscous core varies as the 1/3 power of the distance behind the
body, while the decay of the wake velocity varies as the minus 2/3 power
of the distance. For the hypersonic turbulent wake, there is a large amount
of wake growth data (2,3) existent to show that the 1/3 power law is obeyed
over a range of axial distance from 100 to 10,000 body diameters behind a
body. Until recently, velocity data has not been available on which to
test the minus 2/3 power law in the hypersonic case, where the effect of
large density variations might be expected to cause departures from such :
a law, l

E . periments using CARDE hypersonic range facilities are now in progress
to measur: both velocity and mean density profiles across the turbulent
wake (4,5). Consideration here will be restricted to velocity data. Most
of this data has bheen nbtained using the sequential spark experiment
which measures the velocity profile across the wake at given axial distances .
behind the projectile.

The sequential spark technique,which is based cn stereo measurement
of tae displacement history of an illuminated ionized path across the wake,
has been described in recent putlications (4,6). Considerable data has
been generated for spheres over a range of pressures at hypersonic velocities.
Ir addition measurements of wake velocity have been obtained at CARDE using
arrays of electrostatic probes (7) and this data is in good agreement with
the sequential spark data (8). The purpose of this note is to present
preliminary results regarding the decay .of the hypersonic turbulent wake
velocity behind spheres as a function of axial distance downstream and of
radial distance from the wake axis.

The velocity data obtained from measurements in a large number of
firings at various axial distances (X/D in body diameters) has been
separated according to various values of radial distance (R/D in body
diameters) from the wake axis. For each value of R/D, the pertinent data
has been fitted by the least mean squares method on an equation of the form

v/ Voo = Cy (x/D)°2 J

where Vw/Veo is the normalized wake volocity and C, and 02 are constants
for a given R/D.

Figure 1 gives an example of such a power law fit of sequential
spark data at a radial distance of 0.7 B.D. (body diameter). Tha spark
data (open points) pertains to 1.0 inch diameter sphere firings at 40
torr (PoeD = 100 torr cm) at velocities of 12,000 to 15,000 ft/sec and
is concentrated at axial distances of 300, 600 and 1,000 B.D. behind the
projectile. Also shown for comparison are velocity results obtained with
arrays of probes (solid points) using 2.7 inch diameter sphere firings
at 20 torr (Peo D = 135 torr cm) over a range of velocity from 1,000
to 15,000 ft/sec. The agreement between the two sets of results is very
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good. Figures 2 and 3 show similar comparisons at values of R/D of 0.9
and 1.2 B.D. respectively.

In Figures 4 and 5, the values of C] and C; obtained from least
mean squars fits of sequential spark data are plotted as functions of R/D.
Because of the large =catter in the data, which masks a weak dependence on
pressure and a weaker dependence on Mach number, it was desirable to lump as
much of the available data as possible to increase statistical accuracy.
The crosses on the figures indicate data uvbtained from rounds at 20, 27, 4O
and 76 torr, with velocities from 12,000 to 15,000 ft/sec. (Assuming a
linear dependence of wake velocity on ambient pressure, the distributions of
points are reasonably balanced, giving an average pressure of 4O torr.)
These results may be compared with the open circle points, in which only
data obtained at LO torr is used. In the case of the "lumped" data, the
number of data points is roughly 20 at 300 B.D., 10 at 600 B.D. and 40 at
1000 B.D. In the 4O torr case there are about li points at 300 B.D., 8
at 600 B.D. and only 4 at 1000 B.D. It is possible that these differences
in the distribution of data points between the two cases may affect the
slopes obtained from the powe:r law fite, eince the sequentisl spark data
indicates a curvature departing somewhat from the power law fit at small
R/D (Figures 1 and 2). However, despite the differences, both cases
show the same trend.

Considering the exponent C,, it may be seen that the velocity at
small R/D decays approximately as €ho power of minus unity, while weaker
values of the exponent occur at larger radial distances. Plotting the
velocity decay at constant values of radial distance normalized to the
wake width would result in higher absolute values of C,. The values of
C1 in the two cases show comparable trends, excspt for the apparent
deviation at small values of radial distance. The solid black circles

on Figures 4 and 5 are values of C; and Cy obtained from the electrostatic
probe array velocity data shown on Figures 1 - 3.

The most important result of this work is thait the wrke velocity
at intermediate values of axial distance (300 - 1000 B.D.) behind
spherical projectiles appears to decay with a pownr law dependence on
axial distance. The value of the exponent variss smoothly between values
of the order of minus unity near the wake axis and about minus 1/3 at
radial distances of about 2.4 body diameters.

1. Townsend, A.A. "The Structure of Turbulent Shear Flow," (Cambridge
University Press, Cambridge, England, 1956), Chapter VII, pp 169-171.

2, Lyons, W.C., Brady, J.J. and Levensteins, Z.J. "Hypersonic Drag,
Stability, and Wake Data for Cones and Spheres,” AIAA Journal,
Vol 2, No.ll, pp 1948-1956, November 1964 .

3. Clay, W.G., Labitt, M. and Slattery, R.E. "Measured Transition from
laminar to Turbulent Flow and Subsequent Growth of Turbulent Wakes,"
AIAA Journal, Vol 3, No.5, pp 837-841, May 1965.




4.

5

7.

UNCLASSIFIED
3

Lahaye, C., Léger, E.G. and Lemay, A. "Wake Velocity Measurements
Using a Sequence of Sparks," AIAA Journal Vol.5, No.l2, pp 2274-76,
December 1967. '

Tardif, L. and Dionne, J.G.G. "™Density Distribution in Turbulent and
Laminar Wakes,™" Submitted to the AIAA.

Lahaye, C., Léger, E.G. and Lemay, A. "Radial and Axial Velocity Profiles
of Hypersuaic and Supersonic Wakes Measured by the Sequential Spark
Method,” Conference Proceedine No,19 of the AGARD Specizlists Meeting

on the riuid Physics of Hypersonic Wak~s, Colorado University, May, 1967.

Kirkpatrick, A., Heciman, D. and Cantin, A. "Wake Plasma Turbulence
Study Using an Electrostatic Probe Array," AIAA Journal Vol.5, No.8,
pp 1494-95, Aug 1967.

Heckman, D., Cantin, A., FEmond, A. and Kirkpatrick, A. "Convection
Velocity Measurements in Hypersonic Sphere Wakes." AIAA Journal,
Vol.6, (To be published).

]
3
]




UNCLASSIFIED
L
] T 1 T | L] 1 T
_O_SEQ. SPARK
ot = _®_PROBE ARRAY -
VW/ Ve[ !
e

~
R/D=0.7 ©
Ol .
[ 1 1 1 i A 1 1 1 ]
200 400 600 1,000 2,000

X/D (BODY DIA)

FIGURE 1 - Power law fits of sequential spark and electrostatic probe array
wake velocity data at R/D = 0.7. The spark data is from 1 inch
diameter sphere firings at 4O torr and velocities from 12000 to
15000 feet/sec while the probe data is from 2.7 inch sphere
firings at 20 torr and velocities from 14000 to 15000 feet/sec.
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FIGURE 2 - Power law fits of sequential sparks and electrostatic probe array
wake velocity data at R/D = 0.9. The spark data is from ). inch
diameter sphere firings at 40 torr and velocities from 12200 to
15000 feet/sec while the probe data is from 2.7 inch sphere
firings at 20 torr and velocities from 14000 to 15000 feet/sec.
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FIGURE 3 - Power law fits of sequential sparks and electrostatic probe
array wake velocity data at R/D = 1.2, The spark dats is from
1 inch diameter sphere firings at 4O torr and velocities from
12000 to 15000 feet/sec while the probe data is from 2.7 inch
sphere firings at 20 torr and velocities from 14000 to
15000 foet/sex.




UNCLASSIFIED

7
T L} L T L
xx
100} . e . ‘
X0
C (®)
! o x: 000 !
o) - 0 ]
xx 'JE
»
x O j
10 e 5 ; K
X ) 4
; !
y ;
X ;
I+ o - 2
X X -
« i
(@) 2
H
X
(@) x#
O
o' y _— 1 1 1 1
o) 4 8 1.2 1.6 2.0 24

R/D (BODY DIA)

FIGURE L - Constant C) as a Function of R/D




UNCLASSIFIED
8

] L ] ) ||
X
1.2} X o 0O -
009! 0%
-C2 oO X
1.0} e =
x ©O
¢ X
® xOO
8 ~ -
X
X
ol O x x i
5 X
41 X x
5
O
2
@)
OjI
0 1 1 A1 1 1
0 4 8 |2 1.6 2.0 2.4

FIGURE 5§ = Value

of Exponent C, as a Function of R/D

R/D (BODY DIA.)

- -

‘ot




UNCLASSIFIED

!ocuml Clsssificstion

(Secwelty olassiticotion ol title,
1. ORIGINATING ACTIVITY (Corporale auther)

DOCUMENT CONTROL DATA-R &L D

al abatresi and Indoning anneitetion must be antered when the aversll
20, REPORT SECURITY CLABNIFICA TION

Unclassified
N/A . I

3

' Ini. oROUP

Canadian Armament Research And Deye n
La_iﬁm YiTLE E tlﬁ! &“nt

- Velocity Decay in the Intermediate Wake ch:lon Behind Hypersonic Spheres

4. DESCRIPTIVE NOTES (Type of reper! and Ineshusive dutes) I

8. AUTH rel name, middle & lael nome)

C. lLahaye - D. Heckman

76, TOTAL NO. OF PAGED 75. NO. OF REPO

s
March 1968 8 8

T OR ORANT NO. ARPA omer 133 1“ 86, ORIGINATOR'S REFPORT NUMBER(IS)

021~
N oo metlonhettbpL onpEsct m(zfl N | cARDE T.N. 1796/68

D46-95-51~10

”“ll REPONRY NOLS
o report)

s N/A

10. DISTRIBUTION OTATEMENTY

Distribution Unlimited

(71 SUPPLEMENTARY NOTES 10. SPONDORING MILITARY ACTIVITY
Washington, D.C.
Joint Canada/US Ressarch Program .| U.S. Army Missile Command, Redstone
sponsored by CARDE and ARPA Arsenal, Alabama, 35809
13, KSSYRACY ;

‘Axial velocity decay data for hypersonic sphere wakes obtained with
the sequential spark and probe array tachniqun have been fitted with an
equation of the form\¥w/Voo = C; (X/D)“2. This power law is found to fit the
data very well for axial distances betwsen 300 and 1000 body diameters behind
the body. Valuee of C] and C3 obtained from sequential spark measurements
are given as a function of radial distance:from the wake axis. Near the axis,
the absolute value of C, is slightly greater than unity, decreasing to about

one~third at radial distances of about two body diameters.
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