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Pressure Measurements on a Mach 5 Sabot During Discard

Jason N. Dick* and David S. Dolling1"
University of Texas at Austin, Austin, Texas 78712

An experimental program has been conducted in a Mach 5 airflow to obtain surface pressures in the scoop and
on the underside of a sabot at different stages of the discard process. The data are needed to validate computer codes
used for predicting the trajectory of the sabot during discard and to aid in the design of minimum-interference
sabots. Because of wind-tunnel size constraints, the tests were carried out using a model with one sabot petal. The
remaining sabot petals were modeled by using splitter plates as symmetry planes. Assessment of the data indicates
that the complex flow structure between the sabot and projectile is simulated using this approach. Because of the
complex shock-shock and shock-boundary-layer interactions, the pressure distributions on the sabot underside
have very distinctive shapes with large maxima; if a code can locate these maxima and predict their magnitudes
reasonably well, then the integrated forces and moments (which determine the sabot trajectory) should be modeled
reasonably accurately. The current data should prove useful in that regard.
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Nomenclature
= diameter of projectile, in. (cm)
= overall length of sabot, in. (cm)
: Mach number
= pressure, psi (N/m2)
: sabot body coordinate, in. (cm)
= temperature, °R (K)
= coordinates relative to projectile base (see Fig. 4),
in. (cm)

= shock wave angle, deg
= vertical gap between top of projectile and back of sabot,
i.e., in 7-axis direction, in. (cm)

= boundary-layer thickness, in. (cm)
: flow deflection angle, deg
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Subscripts
static = static value of the freestream flow
w = value at the surface of the sabot
0 = stagnation value
1 = freestream value, value upstream of normal shock
2 = value downstream of normal shock

Introduction

C URRENT design practice for antiarmor kinetic-energy pro-
jectiles requires a sabot for the launch from the gun. These

projectiles are typically long, slender bodies, which are fin stabi-
lized during flight, and the sabot provides the structural support
needed to prevent buckling of the projectile during the launch. In
addition, within the bore the sabot also provides gas sealing and
reduced sectional density. Upon leaving the barrel of the gun the
sabot, usually consisting of three or four petals, breaks away from
the projectile, thereby allowing the projectile to continue on in low-
drag flight. The sabot discard process is a result of the action of
elastic, inertial, and aerodynamic loads,1"6 and during this process,
aerodynamic interference between the sabot petals and the projec-
tile may perturb its trajectory.1'3-6 To minimize such interference,
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various sabot configurations are being designed and tested by the
U.S. Army to examine their effectiveness in reducing the perturba-
tion to the projectile.

In an effort to predict the sabot discard process and to aid in the
design of a low-interference sabot, AVCO Systems Division devel-
oped a computer model.2"5 The AVCO code is limited to relatively
simple geometries, and an effort is being made at the Institute for
Advanced Technology (IAT) at the University of Texas at Austin to
update this code for more complex geometry sabots.7-8 IAT is mod-
ifying the original AVCO code to predict the trajectory of the sabot
during discard. To evaluate this approach, projectile-sabot launches
are being made with a two-stage light gas gun at IAT. X-ray and
witness plate techniques provide radial and angular displacement
at specific downrange locations and are being used for comparison
with the predictions of the modified AVCO code. To determine the
sabot trajectory, this code relies on predicted surface pressures.7'8
IAT is developing computational fluid dynamics (CFD) programs to
predict the surface pressures on the sabot. However, the advanced
geometry of the sabots being tested by IAT requires that the va-
lidity of the predicted pressure be checked by comparisons with
experimental pressure distributions in the front scoop and along the
underside of the sabot.

In earlier experimental work, Schmidt6 measured pressure dis-
tributions on a generic sabot/projectile at Mach 4.5 in one of the
NASA Langley Research Center facilities. Three-dimensional, lam-
inar, Navier-Stokes computations by Nusca9-10 in 1990 and 1991
compared favorably with the pressure measurements on both the
projectile and sabot surfaces. Lesage and Raw11 also computed
pressure distributions for Schmidt's configuration (as well as other
external ballistics configurations) using a Navier-Stokes code and
captured the basic trends of the pressure distribution on the sabot
centerline. Because Schmidt's sabot had a very simple geometry
and the tests were conducted at a relatively low Reynolds number
(6.6 x 106 m"1), the data are of limited value to thfc current study.
In a more recent experiment by Lesage and Girard,12 a geometry
similar to that used by Schmidt was tested, at Mach numbers of 3.5
and 4.0. In addition, surface pressures were obtained on a full-scale,
antitank penetrator projectile-sabot. Overall there was reasonable
agreement between experiment and computation. However, in both
cases the geometry was significantly simpler than the sabots under
investigation by IAT.

Because of the limited size of the wind-tunnel test section at the
University of Texas, an experimental setup similar to Schmidt's was
used. Because it was not practical for Schmidt to use multiple ac-
tuated sabot components, he devised a method that simulated the
flowfield by using only one driven sabot segment and splitter plates
as reflecting planes of symmetry for the trilaterally symmetric flow.
The approach was validated by comparing results with splitter plates
obtained at a specific point in the sabot discard process with a test
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including all three sabot petals fixed at the same discard point. The
pressure distributions measured on the projectile and sabot compo-
nent agreed qualitatively quite well in both cases, and there were
only small differences in the locations of the primary flow structures.
However, the pressure levels were slightly different for the two tests
and were assumed to be due to the viscous effects associated with the
splitter plates. The plates have boundary layers, and at their intersec-
tion with the projectile, a corner flow develops. Schmidt concluded,
"while exact quantitative agreement is not arrived at due to greater
viscous interactions observed with the splitter plates installed, suf-
ficiently good qualitative comparison is developed to conclude that
the test technique is valid within the approximations and limitations
of any scale model wind tunnel experiment."6 On that basis, a similar
approach was adopted in the current work.

Note that the ultimate goal of this work is the accurate compu-
tation of the sabot trajectory. The latter depends on the integrated
forces and moments that act on the sabot, and these are, in general,
relatively insensitive to details in the pressure distributions. Signif-
icant discrepancies in predicting a sharp local pressure peak may
have little effect on the integrated force or moment.

TAPS 1 - 7 250 TYP

Fi§- 3 One-quarter petal

fices;
flow is from left to right.

. 2 2 5

Experimental Program
Wind Tunnel and Model Design

The tests were conducted in the Mach 5 blowdown wind tunnel of
the University of Texas at Austin. The tunnel has a freestream Mach
number of 4.95 at the nozzle exit. The test section of the wind tunnel
measures 7 in. (17.8 cm) high by 6 in. (15.2 cm) wide with a length
of 27 in. (68.6 cm). The air used in the wind tunnel is compressed
by a Worthington four-stage compressor and stored at ambient tem-
perature at a maximum pressure of 2550 psig (17.6 x 106 N/m2).
Nominal stagnation pressures and temperatures for all tests were
PO = 335 ±5 psia (2.31 ±0.03 x 106 N/m2) and r0 = 630± 10°R
(350 ± 6 K), respectively. With these nominal conditions, the
freestream Reynolds number was 15.9 x 106 ft"1 (52.1 x 106 m"1).

The sabot used is designated by IAT as the four-petal HVP_94_016
model (Fig. 1). The sabots used by IAT in their tests are scaled down
to the bore size of their two-stage light gas gun. The sabot used in the
present study had the same geometry but was modified on the upper
external surface to simplify instrumentation installation. Because
the wind tunnel has a 7 x 6 i n . (17.8x15.2 cm) test section, it was
only feasible to model part of the entire sabot-projectile assembly.
Therefore, as noted earlier, a setup similar to that used by Schmidt6

was used. Figure 2 shows a schematic of the model setup in the
tunnel test section. For clarity, the splitter plates are not shown.

01.320 01.200 (2 PLCS) 01.450 U PUS)

. 2 2 1

Fig. 1 IAT HVP_94_016 four petal sabot; flow is from right to left.

Fig. 2 Wind-tunnel test section for sabot at 14-deg AOA (splitter plates
not shown).

The 90-deg included angle sabot component is mounted on a sting
attached to the ceiling of the test section, and the projectile and
splitter plates are mounted on a sting attached to the test section floor.
The positions of the projectile and splitter plates can be adjusted
independently by sliding them fore or aft in the lower support and
securing them with set screws. The one-quarter sabot petal was
fabricated from brass, and the modifications on its outer surface
were made to accommodate the stainless-steel pressure tubing and to
provide an attachment point for its sting. Because the areas of interest
on the sabot are the front scoop and underside, it was anticipated
that these modifications (on the top and toward the rear) would not
result in interference to those areas.

Figure 3 shows the locations of the 47 static pressure taps: 7 taps
were placed in the front scoop (taps 1-7), 16 were placed on the cen-
terline on the underside (taps 8-23), and two rows of 12 each were lo-
cated at different radial positions along the left (taps 36-47) and right
(taps 24-35) sides. On the left side the taps are 0.225 in. (0.57 cm)
from the underside edge of the sabot. On the right side, with the ex-
ception of the first and last taps, the taps are 0.300 in. (0.76 cm) from
the underside edge of the sabot. The first and last taps were placed
0.225 in. (0.57 cm) from the underside edge, the same as on the left
side. The purpose of having two taps at the same radial location on
both sides was to determine whether the sabot is yawed with respect
to the freestream flow. The radial positions of 0.225 in. (0.57 cm) and
0.300 in. (0.76 cm) are the minimum and maximum locations that al-
low the pressure tubing to be taken out of the upper slot on the sabot.

The static pressure taps were connected to 0.050-in. (0.13-cm)
stainless-steel tubing, which was used to take the pressures out of
the wind-tunnel test section. Nylon tubing was then used to connect
to a Scanivalve with a 50 psia (3.45 x 105 N/m2) differential pressure
transducer installed inside it. A LeCroy data acquisition system,
controlled by a Hewlett-Packard workstation, was used to record
the data.

The projectile was also fabricated from brass and has a diameter
of 0.250 in. (0.64 cm) with a hemispherical nose, which is the projec-
tile configuration used by IAT in their tests. The splitter plates have
an externally beveled leading edge with a 7-deg angle and to with-
stand aerodynamic loads, especially during startup, are made from
0.125-in. (0.32-cm) stainless-steel plates. The sides facing the sabot
are polished, and the splitter plates are positioned 90 deg apart.

Test Program
The experimental program involved four distinct configurations,

which are identified by the sabot's angle of attack (AOA) and vertical
separation distance from the projectile (Table 1). Figure 4 shows the
coordinate system, which is fixed to the projectile with the origin at
the base of the upper edge of the projectile. The vertical separation
distance is given by Ay (Fig. 4), whereas AOA is determined rela-
tive to the freestream velocity vector. The sabot's body coordinate
system has its origin at the sabot's rear underside edge and is the
coordinate system that is used to present the results.
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Table 1 Sabot discard
points used in experiments

AOA, deg Y, in. (cm)

3
7
14
23

0.03 (0.08)
0.03 (0.08)
0.20(0.51)
0.03 (0.08)

Fig. 4 Coordinate system of experimental setup.

Each AOA and corresponding vertical separation employed a sep-
arate sting. In addition, because it was uncertain how well the splitter
plates would model the shocks generated by the missing sabot petals,
a number of tests with the splitter plates at different axial positions
relative to the projectile nosetip were performed for each angle.

Results
Splitter plates were used as symmetry planes to account for the

effects of the missing three sabot petals. As noted earlier, Schmidt
used a similar arrangement and obtained results that were qual-
itatively correct and very close quantitatively to results obtained
without splitter plates.6 However, the experiments of Ref. 6 were
conducted in a much larger facility [test section of 4 x 4 ft (1.2 x 1.2
m)], with a much larger sabot and projectile than in the present study.
The splitter plates were smaller relative to the projectile diameter
(d/8) than in the present study (d/2), where d is the diameter of
the projectile. This larger relative scale is necessary to withstand
aerodynamic loads, especially during startup.

To address the question of whether the splitter plates act as sym-
metry planes with slight viscous effects or whether they significantly
alter the flow, experiments were performed in which the axial loca-
tion of the splitter plates was varied. In the ideal case, the reflected
waves correspond to the waves that would have been generated
by the missing sabot petals. Therefore, varying their axial position
should not affect the sabot underside pressures as long as they are
still reflecting the shock waves generated by the front scoop. Results
of these tests will be presented later in this section.

Uncertainties in the measurements are due to a number of causes.
The repeatability of the Scanivalve pressure transducer is 0.05% of
full scale. The deviation of the transducer calibration line from the
calibration data points was at maximum 0.3% of the fitted value. The
major contribution to the uncertainties in the measurements is drift
in the calibration from one test to another. When the repeatability
is examined, it is found that a particular data point can shift by up
to 0.7% of full scale. The full-scale pressures are typically found
in the front scoop of the sabot and, thus, the uncertainty there is of
order 1%. In the worst case, for the lower pressures typically found
on the underside of the sabot, this shift corresponds to a maximum
uncertainty of about 7%.

Sabot Only
The one-quarter petal sabot was first tested alone to obtain data on

its free-flight behavior. These tests were also performed to determine
whether the sabot was yawed with respect to the freestream flow.
As the AOA of the sabot increases, the pressures on its underside
increase (as shown in Fig. 5). The horizontal lines shown in Fig. 5
correspond to the pressure ratio through a conical shock with cone
half-angles equal to each AOA. The measured pressure ratios for
the angles of attack of 3,7, and 14 deg remain fairly constant along

Horizontal Lines are the Equivalent
onical Pressure Ratios

4 3.5 3 2.5 2 1.5 1 0.5 0

Fig. 5 Sabot in free flight, underside centerline pressures.
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Fig. 6 Centerline pressures for sabot in free flight at four AOAs.

the undersurface although their magnitudes are lower than the coni-
cal pressure ratios because the flow is highly three dimensional and
flow relief occurs very rapidly. The lower magnitudes show that the
geometry of the model is too complex for simple methods to yield
useful results. The measured pressure ratios for the sabot at 23-deg
AOA increase at the aft end of the sabot, which is unexpected be-
havior but might be the result of shock-boundary-layer interaction
on the tunnel floor.

The behavior of the pressures in the front scoop is more complex.
Two-dimensional shock/expansion theory suggests that, because the
leading edges of the borerider (upper portion of front scoop) and
lower ramp are not sharp [^0.057 in. (0.14 cm)], the shocks are
detached. The shocks should then be swept back at approximately
the angle corresponding to the equivalent two-dimensional wedge,
culminating in a series of shock reflections off the lower ramp and
upper portion of the front scoop. These reflections will compress
the flow to very high pressures. However, for an AOA of 23 deg, the
deflection angle of the upper portion of the front scoop corresponds
to a two-dimensional wedge deflection angle of 43 deg, which is
greater than the maximum deflection angle for M = 4.95. There-
fore, it would be expected that the front scoop would generate a
normal shock and the flow inside the scoop would be subsonic and
no reflections would occur. These predictions are supported by the
experimental data, which are shown in Fig. 6.

The pressures shown in Fig. 6 begin at pressure tap 3, which is
0.375 in. (0.95 cm) from the leading edge of the sabot [S » 5.225
in. (13.27 cm)]. This is far enough back from the leading edge that
the high-pressure ratios characteristic of a detached shock cannot
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be seen for the 3- or 7-deg cases. The leading-edge bluntness of the
upper front scoop is small [0.057 in. (0.14 cm)], and so in a very short
distance the shock is swept back to the angle that would be generated
by a two-dimensional wedge, and the pressure measured does not
correspond to that downstream of a normal shock. However, for the
14- and 23-deg cases, evidence of a normal shock can clearly be
seen in the pressure ratio. For M = 4.95, the pressure ratio across a
normal shock is given by P2/P\ = 28.4, which is very close to that
shown in Fig. 6 for 14 and 23 deg. At 23 deg, the maximum deflection
angle is exceeded and, therefore, a normal shock is generated ahead
of the front scoop. Inside the scoop, as noted earlier, there is no
sharp increase in pressure from shock reflections. Because the sabot
is at a high AOA, the pressure taps at the back of the front scoop are
measuring the stagnation pressure of the flow, and for a M = 4.95
flow, Po2/P\ = 32.0, as shown by the dashed line in Fig. 6.

At 14 deg, the measured pressure ratios inside the front scoop are
initially close to the normal shock value of 28.4. However, there is a
sharp decrease followed by a sharp increase in the pressure, which
suggests that a normal shock occurs in front of the front scoop, but
it is localized to the upper portion of the front scoop as for the 3-
and 7-deg tests. It appears that the normal shock is most localized
for the 3-deg test, and as the sabot's AOA increases then the area
affected by the local normal shock increases until the sabot reaches
the maximum deflection angle of the flow. At this point the normal
shock occurs ahead of the entire front scoop.

As noted earlier, the pressure inside the front scoop of the sabot
can become very high due to shock reflections. The highest pres-
sures indicated in Fig. 6 correspond to the saturation pressure of the
transducer. If the pressure transducer is calibrated for the entire ex-
pected pressure range, then the uncertainty of the lower pressures on
the sabot underside is increased. Because of this, the pressure trans-
ducer calibration range was chosen from 0.3 psia (2.1 x 103 N/m2) to
.28 psia (1.9 x 105 N/m2) mainly to capture the pressures on the un-
derside of the sabot because it was originally judged more important
to determine the shock interactions that occur in this region rather
than the very high pressures in the back of the scoop. However, two
tests were performed for the sabot at 3-deg AOA in which sepa-
rate calibrations were performed to capture accurately the pressures
on the underside only and in the front scoop only. Figure 7 shows
the data from these two tests, as well as the data obtained using the
narrower calibration range. There is very good repeatability for the
different tests. The values in the front scoop overlap, whereas the
values on the underside are only slightly shifted. Because the shift
is the same for all of the points, this indicates it is due to calibration
drift. More importantly, the pressure ratio at the previously saturated
tap is now captured and is 74, which corresponds to a static pressure
of 47 psia (3.2 x 105 N/m2). This very high pressure ratio of 74
indicates shock reflections in the front scoop.

Flow Symmetry Tests
To simulate the ideal sabot discard process, the sabot must

be aligned properly with the flow. Therefore, there should be no
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Fig. 7 Comparison of sabot-only configuration for different calibra-
tion tests.

Fig. 8 Pressure tap pairs, located at 0.225 in. on each side of sabot,
used for yaw analysis: closed symbol, right side and open symbol, left
side.

yaw with respect to the freestream flow. Because an economical
model/sting design was necessary due to budgetary constraints, the
sabot is mounted on a sting that has a fixed AOA and is rigidly
bolted to the tunnel ceiling. As a result, it is very difficult to make
fine adjustments to the yaw angle. Therefore, it was necessary to
estimate the accuracy of the test model geometry.

As noted earlier, two side pressure taps at the front and back of
the sabot are positioned at the same radial locations of 0.225 in.
(0.57 cm) on both the right and left sides of the sabot. If the sabot is
perfectly aligned with the flow, then the pressures on the right and
left sides should be the same. Figure 8 shows the pressure ratios
for these pairs of corresponding taps for the four AOAs. The values
are generally close but not always the same. The largest difference
is 21% (at 23-deg AOA), whereas the smallest difference is 5% (at
7-deg AOA); the average is 14%. To determine how significant these
percentages are in terms of model misalignment, an example of a
simple plate at small AOA can be used. If the plate is at an AOA of
1 deg at M = 4.95, the difference between the pressures on each side
will be 27%. This result shows that the pressures are very sensitive
to small yaw angles. Because the measured differences are always
lower than 27%, the yaw angle with respect to the freestream should
be less than 1 deg for all four test cases and on average is probably
around 0.5 deg. It is very close to 0 deg for the test with the sabot
at 7-deg AOA.

Sabot and Projectile Only
Test cases were also run using only the sabot and projectile. The

purpose was to determine the behavior without the splitter plates.
Because of space constraints, only the results for the sabot at 14- and
23-deg AOA are presented in this and the following sections. The
results for the remaining tests can be found in Ref. 13. Figures 9a
and lOa show an analytical prediction of the shock pattern generated
by the sabot-projectile system based on blast wave theory14 and
two-dimensional oblique shock wave theory. Figures 9b and lOb
show the pressure distributions for the tests for the sabot/projectile
combination and the sabot-alone tests.

The experimental results at 14-deg AOA, shown in Fig. 9b, sup-
port the analytical predictions shown in Fig. 9a. At this AOA, the
shock generated by the lower ramp is reflected off the projectile and
generates a pressure peak [at S — 1 in. (2.5 cm)]. The locations of
this pressure peak and the peak upstream of it correspond to the
analytically predicted oblique shock impingement points (as can be
seen in Fig. 9).

The results at 23-deg AOA shown in Fig. 10 are harder to explain.
At this high AOA, the flow deflection angle is such that a normal
shock is formed. Evidence for this normal shock was presented ear-
lier (Fig. 6). The normal shock also explains the increased pressure
around S = 2 in. (5.1 cm), which is probably due to its reflection.
The magnitude is greater than the maxima of Fig. 9, which is fur-
ther evidence of a normal shock. The pressure rise at the back of
the sabot is probably due to both the shock from the lower ramp
and the flow choking in the narrow channel between the sabot and
projectile.

The bow shock generated by the projectile does not appear to
affect the pressures on the underside of the sabot. Blast wave theory



DICK AND DOLLING 27

Blast Wave

a)

9=34, p=48.4 (deg) y •
9=14, p=23.4 (deg)

40-

35-

30-

25-

20-

15-

10-

oJ

••̂  ——— Pressures Saturated -*-s«

I • -«-SJ; -i\
\

• • • • •X£sl • > T f f-1

3b-proj.
jb-only

r • « ' i • i « i » • • i < » . i . . • i » » < i

b)

Fig. 9 Analytical prediction and experimental test results for sabot
centerline pressures and for sabot at 14-deg AOA.

0=43 (deg), Therefore Normal Shock

Blast WaveTheory

:̂

9=23, p=33.4 (deg)

Fig. 10 Analytical prediction and experimental test results for sabot
centerline pressures and for sabot at 23-deg AOA.

shown in Figs. 9a and lOa shows that the projectile bow shock
impinges at a location on the sabot at which its effect should be
measurable. Neither the 14- nor 23-deg test shows any effect of the
bow shock. It is probable that the relieving effect of the flow greatly
weakens the shock as it moves downstream so that its effects are
negligible when it impinges upon the sabot.

Tests with Splitter Plates
Sabot at 23 Degrees

Results at 23-deg AOA are shown in Fig. 11. In the legend of
Fig. 11, the location of the splitter plate is measured relative to
the nose of the projectile. In the flush position, their leading edges
are positioned at the same X coordinate as the nose of the projectile
[X = 5.6 in. (14.2 cm)]. The 0.35-in. (0.89-cm) and 1.0-in. (2.5-cm)
positions indicate that the leading edges of the splitter plates are
these distances downstream of the nose of the projectile, i.e., X =
5.25 in. (13.3 cm) and X = 4.60 in. (11.7 cm).

Pressure ratios across a Normal Shock

Fig. 11 Sabot centerline pressures for varying splitter plate locations
and sabot at 23-deg AOA.

Fig. 12 Sabot centerline pressures for varying splitter plate locations
and sabot at 14-deg AOA.

The simple analytical approach used to predict the flow structure
shown in Fig. lOa is also useful in determining the flow structure
when the splitter plates are used. Three distinct flow features on
the underside of the sabot can be seen in Fig. 11. There is an initial
pressure peak (peak 1), a smaller peak (peak 2), and a sharp pressure
rise at the back of the sabot. Blast wave theory predicts that the bow
shock of the projectile will impinge upon the sabot at approximately
S = 2.75 in. (6.99 cm). Figure 11 shows that this is approximately
the location of the beginning of peak 1. Whereas the location of
peak 1 corresponds to that position predicted by blast wave theory,
the very high level of peak 1 (^20-26) suggests that it is caused
by the reflection of the normal shock generated by the front scoop.
The peak magnitude varies slightly with splitter plate location, but
the differences are exaggerated due to the large spacing between
pressure taps. If the tap resolution was refined to 0.125 in. (0.32 cm)
or 0.063 in. (0.16 cm), then the location of the pressure peak could
be determined more accurately. It is quite possible that the peak is
shifted by less than 0.250 in. (0.64 cm) when the splitter plates are
repositioned. The cause of peak 2 is harder to determine. It is either
a second reflection of the front scoop normal shock or the shock
generated by the lower ramp in the front scoop. The pressure rise
at the back of the sabot is probably due to the flow choking as the
flow area decreases.

Sabot at 14 Degrees
Pressure measurements. The results for the 14-deg AOA case

present a complex picture. Figure 12 shows that there is a greater de-
pendence on splitter plate position. The simple flow model in Fig. 9a
clearly predicts the behavior for the sabot-projectile-only test but is
not nearly so clear when the splitter plates are included. Based on
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Fig. 9a, it would appear that pressures in region 1 are due to the re-
flection of the projectile bow shock and possibly the reflection of the
shock generated by the upper portion of the front scoop of the sabot.
Pressure peak 2 is probably due to the shock generated by the upper
portion of the front scoop. The previous tests with splitter plates
showed that the peaks generated by the front scoop were shifted
downstream slightly, and it might be expected that the same trends
would occur for the 14-deg tests. The pressure peak that is due to the
lower ramp of the sabot is also probably shifted slightly downstream
and, therefore, is masked by the sharp pressure rise at the back of
the sabot due to the normal shock that occurs when the flow chokes.

To explore the flow structure further, more tests were conducted.
These involved checking the repeatability of the data and using other
splitter plate positions. The results of the tests involving additional
splitter plate locations [0.125, 0.50, 0.75, and 1.5 in. (0.32, 1.27,
1.91, and 3.8 cm)] can be found in Ref. 10. The results showed
that the only significant changes occurred in region 1. The effect
on peak 2 of shifting the splitter plate location downstream is to
reduce its magnitude and to move it slightly downstream. However,
both effects were relatively small and might be mainly due to the
coarseness of the pressure tap spacing.

Because each test required the removal of the lower model (pro-
jectile, splitter plates, supports) for the adjustment of the splitter
plates, there was ample opportunity to examine the effects of this
repositioning on the data. The results shown in Fig. 13 indicate that
the differences between repeated tests are relatively small compared
with the differences for different splitter plate locations.

Kerosene lampblack flow visualization. To help understand the
effect of splitter plates, kerosene lampblack surface flow visualiza-
tion was used. Tests were done for the splitter plates in the flush,
0.125- (0.31-), 0.35- (0.89-), and 1.0-in. (2.5-cm) positions. The
results for the 1.0-in. (2.5-cm) test are presented in Fig. 14. The
remaining lampblack figures can be found in Ref. 13. On the lamp-
black figures certain common features can be identified.

A major feature that is evident in all of the tests is the parabolic-
shaped separation line that follows the shape of the reflection of
the shock generated by the front scoop of the sabot. The parabolic
shape indicates that the shock itself is either conical or parabolic
because, when a circle or ellipse intersects a plane, a parabola is
formed. Another feature is the second branch that appears on the
outside edges of the splitter plates. This pattern is probably due to the
shock pattern caused by the complex geometry of the front scoop.
The outer edge and the lower ramp generate shocks of different
strength, which result in a complex pattern on the splitter plates. On
the centerline, both branches appear to merge into one shock. For
this reason peak 2 of Fig. 12 is probably caused by both the upper
edge shock and lower ramp shock of the front scoop. In addition,
the position of this shock remains fairly constant for all of the tests,
as seen in Fig. 12.

Fig. 13 Repeatability for splitter plates in 0.35- and 1.0-in. positions
at 14-deg AOA.

Fig. 14 Lampblack flow visualization picture for splitter plates in 1.0-
in. position and sabot at 14-deg AOA; flow is from top to bottom.

Aft of the merge point of the parabolic shock pattern is another
fairly constant flow feature that occurs at the sabot coordinate of
approximately [5^0.3 in. (0.76 cm)], which corresponds to the
sharp pressure rise seen in Fig. 12.

Model Validity
At this point a fairly clear picture of the flow structure for the tests

(sabot alone, sabot-projectile alone, and splitter plates) has been de-
veloped. The critical question is whether the flow that would occur
using four sabot petals is simulated using splitter plates. The only
truly definitive way to answer this question is to conduct experi-
ments involving all four sabot petals and compare the results with
the splitter plate data. Because this is not possible, the present ex-
perimental data must be used to infer an answer.

There is no question that the splitter plates must introduce dis-
turbances into the flow. The only question concerns the nature and
magnitude of the disturbances. First, note that, because the front
scoop of the sabot is in freestream flow, the pressure is independent
of the splitter plate location and, therefore, can be taken to be the
same as for a test involving four sabot petals.

For an angle of attack of 23 deg, changing the position of the
splitter plates does not have a significant effect on the underside
pressures, and the flow features are clearly identifiable. The only
changes are slight shifts in the location and magnitude of the fea-
tures, which may be due to differences in the boundary layers on
the splitter plates. When the splitter plates are moved from the flush
position to the 1.0-in. (2.5-cm) position, the estimated boundary-
layer thickness at X = Q in. decreases by about 14%. Changes in
boundary-layer thickness will affect the local shock-boundary-layer
interaction and can cause the differences in the pressure data. The
reflection of the front scoop shock off the projectile and splitter
plates is a complex process. Any changes in boundary-layer thick-
ness will change the shock reflection pattern and may explain the
slight differences seen in the pressure data. Another possible ef-
fect is shock-induced/boundary-layer separation, which will affect
the reflected shock and will contribute to differences between the
present test and a test involving four sabot petals.

For the test with the sabot at 14 deg, the interference of the split-
ter plates is more significant. However, the only notable effect was
to distort and alter the interaction of the projectile bow shock with
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the sabot boundary layer. The front scoop impingement details ex-
hibited only minor differences with splitter plate location changes.
These minor differences were the same as in the tests examining
data repeatability.

Overall, the splitter plates do not appear to change the funda-
mental structure of the flow. The question is how significantly the
surface pressures are being affected. In Schmidt's study,6 the differ-
ences varied from station to station and, in general, were approxi-
mately 20%. The maximum difference between the data with and
without splitter plates occurred in the lower pressure areas and was
25%. If Schmidt's experiments are used as a guide for determining
the validity of the present study, then it is necessary to understand
the similarities/differences between the two experimental arrange-
ments. One means of comparison is the ratio of boundary thickness
in the gap at the aft end of the sabot to the overall length of the
sabot (8/L). This ratio is about the same in both studies (0.031 for
Schmidt and 0.028 for the current arrangement). One major differ-
ence in scales between the two studies is in the normalized gap size
at the aft end of the sabot (Ay). For Schmidt's study the ratio of
<5/A;y was typically about 0.96, whereas for the present program
it is about 5.2. Thus in Schmidt's experiments, there should be a
very small inviscid region in the gap. Because the boundary-layer
thickness in the present study is far larger than the gap size, the flow
will choke sooner. In fact, Figs. 11 and 12 show that the throttling
shock occurs about 1.0-in. (2.5-cm) upstream of the aft end of the
sabot. Further, the pressure ratio across this throttling shock could
be much greater.

Conclusions
Wind-tunnel experiments have been conducted as part of a study

of sabot discard at high Mach numbers. The objective was to deter-
mine the static pressures on the sabot front scoop and underside to
deduce the overall flow structure and to provide data suitable for the
validation of computer codes. The two stages of the sabot discard
process examined are defined by the sabot at angles of attack of 14
and 23 deg.

Because of wind-tunnel size constraints, the model was restricted
to the projectile and one sabot petal only. Splitter plates were used
as symmetry planes to simulate the missing petals. Experimental
results show that the interference generated by the splitter plates
mainly affects the bow shock generated by the projectile but is not
significant enough to change the fundamental structure of the flow.
Comparison of the experimental flow structure with the predictions
of a simple inviscid analysis shows that the results are qualitatively
correct. At the aft end of the sabot a throttling shock is present, and
the pressure ratio across this shock is probably higher than for a test
involving the four sabot petals because of the boundary layer due to
the splitter plates.

Because of shock-shock interactions, shock-boundary-layer in-
teractions, and the gap throttling process, the sabot pressure distri-
butions have very distinctive shapes characterized by large pressure
peaks. If a code is able to predict the locations of these features, then
this is strong evidence that the essential flow structures have been

captured. Even if the magnitude of the peaks is not reproduced ac-
curately, it is unlikely that the forces and moments will be seriously
in error because they are obtained through integration of surface
pressures. In such a process large local errors are washed out. Thus,
despite the difficulty in determining precisely the uncertainty of the
present data, they should prove useful in comparisons with CFD
codes.
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