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I. INTRODUCTION

This study examines the effect of blockage on target loading from non-
decaying (step) versus rapidly-decaying blast waves. A previous study!,?
conducted by the Ballistic Research Laboratory (BRL) quantified the effect
of shock tube blockage on the net axial loading of a simple target struck
by a step shock wave. For that study, the two-dimensional (2-D) cylindrical
version of the HULL3:* hydrocode was used to simulate a step shock striking
a non-responding cylindrical target having its axis coincident with the axis
of a cylindrical shock tube. Shocks with overpressures of 34.5 kPa (5.0
psi), 68.9 kPa (10.0 psi), and 137.9 kPa (20.0 psi) were simulated.

That study showed that drag-phase* loading on the target is signifi-
cantly modified by blockage of the test section by the target. Blockages
as small as 10 percent of the cross-sectional area of the shock tube altered
loading so that target response was changed significantly. A formula for
the proportional increase in dynamic pressure in the constricted region as
a function of the blockage ratio was derived. (The constricted region is
the region between the target cylinder and the shock tube wall. This region
is shown in Figure 1.) This formula, along with a drag coefficient relation,
was used in a vehicle overturning code to predict the change (caused by
blockage) in the minimum incident shock overpressure required to overturn
three representative tactical vehicles. There was some question as to the
validity of applying predictions based on non-decaying shock wave results
to the more realistic decaying waves modeled in large blast simulators.

IN. B. Ethridge, R. E. Lottero, J. D. Wortman, and B. P. Bertrand, "Flow
Blockage and its Effect on Minimum Incident Overpressures for Overturning
Vehicles in a Large Blast Simulator," Proceedings of the Seventh Interna-
tional Symposium on Military Applications of Blast Simulation, Vol. II,
Medicine Hat, Alberta, Canada, 13-17 July 1981.

ZN. H. Ethridge, R. E. Lottero, J. D. Wortman, and B. P. Bertrand, "HULL
Hydrocode Computations of Flow Blockage and Its Relation to Overturning

of Vehicles in a Large Blast Simulator," (to be published as a BRL Report),
US Army Ballistic Research Laboratory, Aberdeen Proving Ground, MD.

3M. A. Fry, R. E. Durrett, G. P. Ganong, D. A. Matuska, M. D. Stucker,

B. S. Chambers, C. E. Needham, and C. D. Westmoreland, "The HULL Hydro-
dynamices Computer Code," AFWL-TR-76-183, US Air Force Weapons Laboratory,
Kirtland Air Force Base, NM, September 1976. (AD #B14070L)

4J. A. Hasdal, B. S. Chambers, and R. W. Clemens, "Support to BRL: HULL
Code Implementation on a CDC 7600," SAI-80-701-AQ, Science Applications,
Ine., McLean, VA, August 1979.

*There are two distinct loading phases: A '"diffraction" phase dominated by
the initial shock interaction and subsequent interactions of relieving
rarefaction waves, and a "drag" phase dominated by drag on the target due
to the flow behind the incident shock.
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Hence, a corresponding series of computations for rapidly-decaying shocks
having peak overpressures equal to the step shock overpressures was per-

formed. In that way, the two extremes of shock loading encounters could

be documented.

Hydrodynamic flow-field variables from the LAMB® subroutine coding
(curve fits for estimating free-field air blast based on a standard 1 KT*
nuclear burst®) was used, after modification, to numerically simulate the
decaying shock waves. HULL calculations were made for decaying shocks with
peak overpressures (corresponding to the step shocks) of 34.5 kPa, 68.9 kPa,
and 137.9 kPa. (From this point forward, any reference to, for example,

a 34.5 kPa shock refers to a decaying shock with that peak incident over-
pressure unless specifically stated otherwise.)

The program modifications to HULL are discussed in Section II. The
computations are discussed in Section III. Results are presented in Section
IV and some conclusions given in Section V.

I1. THE COMPUTER CODE

The HULL hydrodynamic computer code used for this project is an air-
blast version received at the BRL from the Air Force Weapons Laboratory
(AFWL) in September 1978. It was modified to run on the BRL CDC 7600 by BRL
and AFWL personnel, and by personnel from Science Applications, Inc. (SAI),
under contract to the BRL. Other changes were also made by SAI and BRL
personnel. This collection of coding is actually a closely-related set of
codes, including a grid generator (KEEL), the hydrocode itself (HULL), a
plotting code (PULL), and ancillary programs and subroutines.

The program of principal interest, HULL, solves the inviscid Euler
equations by an explicit time-step scheme "in the spirit of Lax-Wendroff."
The HULL program runs are preceded by a KEEL run which generates the compu-
tational grid and initial flow-field conditions. The results can be examined
through PULL runs which plot and print results stored by HULL. Each of these
programs is a collection of subroutines and coding from which appropriate
code is selected by a preprocessor.

Changes were inserted in both the KEEL and HULL codes to simulate planar
decaying shocks. All the shock waves simulated for this study had a plane
front. The value of pressure and other hydrodynamic variables for the

50. E. Needham and L. A. Wittwer, "The Air Force Weapons Laboratory Low
Altitude Multiple Burst (LAMB) Model," AFWL-DYT-75-2 (unpublished).

60. E. Needham, M. L. Havens, and C. S. Knauth, "Nuclear Blast Standard
(1XT)," AFWL-TR-73-55 (Rev.), US Air Force Weapons Laboratory, Kirtland
Air Force Base, NM, April 1975. (AD #A014850)

*kilo-ton TNT, blast equivalent.




decaying shock waves decreased as the distance behind the shock front in-
creased. (The step shocks in the previous study had constant hydrodynamic
values behind the front.)

A preliminary program, independent from HULL except that it used the
same LAMB subroutines, was used to determine the time at which the shock
front reached the desired overpressure. It was also used to compute the
distance to the shock front from the burst point (which is outside of the
computational grid for HULL) and the approximate decay rate behind the
shock. Runs of about 120 ms (over 20 crossing times* of the target) were
desired; these were typical run times for the step shock cases. For a 100
KT ground burst, for example, the overpressure at a radius of 1.48873 km
(the distance from the burst point to the position where the incident shock
overpressure reached 68.9 kPa) decayed by 19 percent to 55.8 kPa in 120 ms.
Similarly, for ground bursts of 10 KT, 1 KT, and 0.1 KT the decay during that
time for a 68.9 kPa incident shock was 37, 64, and 96 percent, respectively.
The 0.1 KT yield was chosen because it represented an extreme case of nearly
complete overpressure decay within the simulated time. This yield was also
used for the 34.5 kPa and 137.9 kPa shocks.

The planar decaying shock waves were produced by transforming the
spherical shock wave from the LAMB coding into a planar wave in HULL by
mapping sea-level flow-field variables from LAMB into HULL and using the
velocity magnitude from LAMB for the axial component of velocity. The
effective rotation of the velocity vector from a spherical coordinate system
to a direction parallel to the axis of symmetry in a cylindrical coordinate
system had the following effect. The transformation of the velocity vector
from LAMB to the velocity vector in the shock tube is exact on the axis of
the shock tube. (The axis is assumed to point toward the burst point.) At
radial positions away from the axis, the LAMB velocity vector has two
additional velocity components (if viewed in a three-dimensional Cartesian
coordinate system). The '"elimination" of these velocity components by this
rotation of the vector caused increasingly larger '"error" as the radial
position in the shock tube increased. For the 1 percent blockage case, this
error, at the entrance of the shock tube, ranged from 0 at the axis of
symmetry to 3.4 percent at the outer-radial boundary. Once the computation
was begun, the flow was constrained by the outer-radial boundary of the
shock tube. This produced a shock wave which was different from that
for a point-source blast wave because there was no further radial divergence
in the shock tube.

Because the LAMB values for flow-field variables were computed from
fitted curves, they are not necessarily self-consistent. Further, the
velocity transformation used here produced some inconsistencies because
the momentum equations in cylindrical coordinates do not contain the same
radial divergence terms as in spherical coordinates. Once the HULL
computation was begun, the input flow-field variables were used in the

*A crossing time is defined as the time required for the incident shock to
travel the axial length of the target. The crossing time for the 68.9 kPa
shock is 5.1 ms.
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difference equations for cylindrical coordinates (with a no-outflow
condition imposed at the outer-radial boundary) to compute mass, momentum,
and energy transfer. This caused a set of perturbing waves to occur,
further modifying the blast wave which was initially mapped into the compu-
tational grid.

The resulting shock wave in HULL and the comparable shock wave from
LAMB are shown in Figures 2 and 3. Figure 2 shows the distribution of
side-on overpressure and dynamic pressure as functions of radial distance
for the spherical blast wave from LAMB and axial distance for the modified,
planar blast wave in an empty shock tube. For convenience, the location of
the front face of the target (if it were in the grid) is redefined as 0.0.
The profile shown in Figure 2 is taken at 18.73 ms after the incident shock
passed the position where the front face would be. The absence of radial
divergence in the blast wave in the simulated shock tube is evident in both
the side-on overpressure and the dynamic pressure curves, with the LAMB
values less for both. Figure 3 shows similar curves at 43.73 ms. Here,
the differences are even greater. Note the distinctly earlier arrival
time for the stronger planar shock wave and a distinct compression wave
between -20.0 and -5.0 m. This compression wave is probably due to the
mismatched initial flow conditions mentioned earlier.

This modification of the blast wave is not of direct concern for this
problem. The intent was only to simulate a rapidly-decaying blast wave.
However, this discussion does serve to point out the need for caution in
attempting to use a simplified technique such as this if a specific yield
is to be simulated.

The LAMB coding associated with HULL was recentlg used to simulate a
decaying shock for a three dimensional (3-D) problem,’ with the radial
divergence included. The original plan was to simply transfer some of
this coding into the 2-D portions. However, the 2-D coding for HULL already
contained part of the needed programming (with a slightly different approach)
so it was used, because fewer changes were needed.

The grid generation program, KEEL, was modified to initiate the com-
putation with the computational flow field in the cylindrical shock tube
partly filled by the decaying, planar shock wave. The HULL program was
changed to allow continuous input of this decaying wave at the bottom
boundary of the grid. (In HULL terminology the radial coordinate, X,
increases from left to right and the axial coordinate, Y, increases from
bottom to top.)

73. D. Wortman, "Blast Computations over a Hemicylindrical Aircraft

Shelter, "ARBRL-MR-03115, US Army Armament Research and Development
Command, Ballistic Research Laboratory, Aberdeen Proving Ground, MD,
July 1981. (AD #B058960L)

11
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III. COMPUTATIONS

The first set of hydrocode computations for the decaying shocks was ‘
made for a nominal 20 percent blockage for all three shock strengths. The
grid for the 20 percent blockage was the same as that for the step shock
study »2 except the simulated shock tube was made a little longer. The
computational grid extended in the axial direction 32.7 m upstream from the
front face of the 2.18 m long target cylinder, and 19.62 m downstream from
the back face of the target cylinder. This total axial distance of 54.5 m
was divided into 500 equal computational flow field cells (AY = 10.9 cm),
including 20 cells for the target length. The computational grid extended
radially from the axis of symmetry (at X = 0.0) to X = 472.56 cm, with 44
equal cell divisions (AX = 10.74 cm). The target extended radially from

= 0.0 to X = 214.8 (20 AX divisions). The radius of the target was chosen
so that the front face area would match the presented cross-sectional area of
a communications shelter on a 2% ton truck parked with its sides parallel to
the incident shock front. (The 20 percent blockage approximates the blockage
caused by the truck with shelter 1n the large blast simulator at the Centre
d'Etudes de Gramat, Gramat, France.®: %) The axial length of the target was
equal to the distance across the shelter in the direction of travel of the
shock.

Runs were also made for an empty (i.e., unobstructed) shock tube for
each of the three decaying shocks to provide reference flow-field data. 1In
these cases there was no target and only 4 cells in the X direction. Other-
wise, these runs were like the bleckage runs.

In addition, one run with a 68.9 kPa shock was made to simulate a target .

in a free field. A large-radius shock tube was simulated by using 100 equal
divisions in the X direction with AX = 10.74 cm, followed by 38 divisions
with geometrically increasing widths (a cell-to-cell ratio of 1.05) out to

= 2230.797 cm. This produced a blockage of less than 1 percent. Because
there was no return of a wave from the reflective outer-radial boundary of
the shock tube to the target during the run, and only the axial force on the
target was of interest, this was effectively a free-field (no blockage)
computation. This was still not like a point-source shock wave in the free
field; the shock wave was a plane wave.

In all the HULL computations, the shock front was initially located at
54.5 cm (5 computational cells) upstream from the front face of the target.
For the step shocks, all the cells 6 or more cells upstream from the front

8J R. Crosnier and J. B. Monzac, "Large Diameter High Performance Blast
Simulator, " Proceedings of the Fifth International Symposiwm on ifilitary
Applications of Blast Simulation, Stockholm, Sweden, May 23-26, 1977.

9J. R. Crosnier, S. Gratias, J. B. Monzac, and H. Richard, "Concepts and
Design for a Large Diameter High Performance Blast Simulator,' Pro-
ceedings of the Fourth International Symposium om Military Applications
of Blast Simulations, Southend-on-Sea, England, September 9-12, 1974.
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face of the target were filled with shocked air at the uniform state of the
gas behind the shock. For the decaying shocks, subcell, mass-weighted,
average values from the LAMB computation were put in each of these cells.*

During the HULL runs, the decaying shock computed by LAMB was fed in
through the bottom boundary of the grid as a function of time. The top
boundary was transmissive. Both of these boundaries were far enough from
the target that no false reflections from them reached the vicinity of the
target during the runs. An axis of symmetry existed at X = 0.0; the outer-
radial boundary was reflective.

Various time references were used for different parts of the study.
The KEEL runs were initiated with times set between 100 and 400 ms; these
times corresponded to the times at which the shock front in LAMB decayed to
the desired level. These times were transferred to LAMB to produce consistent
initial flow-field conditions for HULL. When the HULL runs were initiated,
the time was reset to 5 ms for HULL so that HULL would produce restart dumps
containing all of the flow-field data at intervals matching those for the
step shock runs. The correct time shift to use imput values from LAMB was
introduced by temporary coding in HULL. For the remainder of this report,
for convenience and consistency, time is redefined to a reference value
of t = 0.0 at the theoretical shock arrival at the front face of the target.

IV. COMPARATIVE RESULTS

Figure 4 shows gas velocity (hereafter referred to as 'particle
velocity") vector plots for the 68.9 kPa step shock run at 3.7, 13.7, and
103.7 ms. Figure 5 shows corresponding particle velocity vector plots for
the decaying shock with 68.9 kPa overpressure. The times are referenced to
zero for shock arrival at the front face. The HULL plotting procedure plotted
the velocity vectors from about every fourth cell in both directions.

Figures 4a and 5a show velocity vectors after about 0.7 of a crossing
time. At this time, the vector plots are nearly the same. Figures 4b and
5b show velocity vectors after about 2.7 crossing times. At this time the
target (the clear area in the velocity vector plots) has been completely
enveloped by the shock. The two plots are now a little different, primarily
due to a difference in scaling of the velocity vectors. The greatest particle
velocity in the flow field at this time for the step shock is 210 m/s. Hence,
the scaling is 250 m/s per inch (of the original-scale plotting surface).
The maximum velocity for the decaying shock is 191 m/s and the scaling is
200 m/s per inch. Figures 4c and 5c show the velocity vectors after 20
crossing times. There are now significant differences between the two cases.
The maximum velocity for the decaying wave case is 57 m/s while the maximum

*Each cell was subdivided into 9 subcells, and each subcell was filled with
shocked air behind the decaying shock front as calculated by LAMB sub-
routines for sea level at a distance from ground zero corresponding to the
subcell center.
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velocity for the step shock case is 201 m/s. The decaying wave case has a
significant vortex on the side of the target and the velocity magnitudes
near the back face are greater than those near the front.

Figure 6 shows the force on the front face of the target, the force
on the back face, and the net axial force (force on the front minus force
on the back) for the 68.9 kPa decaying shock with 20 percent blockage. The
force on a face is obtained by integrating the overpressure over the area
of that face.

It is instructive to follow the loading process. When the incident
shock strikes the front face of the target, the pressure behind the reflected
shock builds up quickly to 2.53 times the incident shock overpressure and
then decays due to the passage of a strong expansion wave travelling radially
(inward) across the face. This expansion wave was initiated at the outer
edge of the front face immediately after the reflection of the incident shock.
The reflected shock expands radially, weakening continuously. It eventually
arrives at the reflective outer-radial boundary of the shock tube and
reflects from it. When this reflected wave reaches the front face again,
the force there is enhanced, reaching a local maximum. It then reflects
from the axis of symmetry, and travels back toward the outer-radial boundary.
Reflected waves continue to move back and forth radially for an extended
period of time, thus the successive local maxima and minima.

After one crossing time the shock front begins to load the back face.
The force on the back face increases as the shock front travels along the
back face toward the axis of the shock tube. The force is enhanced by the
reflection of the shock front at the axis of the tube, and by the arrival
of the first reflected wave from the outer-radial boundary of the shock tube.
For the example in Figure 6, the net force approaches zero after 3.4 crossing
times and becomes negative 3.2 crossing times later. This initially surprising
result 'is discussed later.

The histories of net axial force on the target for the three shock
strengths are plotted in Figures 7, 8, and 9. The three figures are all
similar. During the drag phase, the net forces from the step shocks
oscillate about positive values, and the net forces from the decaying
shocks oscillate about negative values. For each shock strength, the
frequencies of the oscillations are approximately the same for the step shock
and the decaying shock. This is also true for the amplitudes of the oscil-
lations for the two weaker shocks. For the 137.9 kPa shock, the amplitude
of the oscillations for the step shock is damped more rapidly than that for
the corresponding decaying shock because of the near choking condition in
the constricted region for the step shock.

The net forces for the free-field runs are included in Figure 8. This
shows the effects of blockage on the net force. The 20 percent blockage has
negligible effect during the diffraction phase (t < 20 ms). In fact, it has
no effect until the reflected shock travels to the outer-radial boundary of
the shock tube and back to the target (about 3 crossing times). The increased
net force due to blockage is clearly shown for the step shock. After the net
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Figure 6. Axial forces on the target cylinder for a 68.9 kPa decaying shock
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force for the decaying shock becomes negative (at about 30 ms) there is
very little obvious blockage effect except for oscillation. The net force
for the decaying shock in the free field becomes negative much earlier and
remains negative for the duration of the run (which did not reach the end
of the positive phase of the shock wave).

It was initially surprising that the net axial force for the decaying
shocks became negative while the bulk movement of the surrounding gas was
still in the positive direction. This negative net force is not due to the
blockage, but rather is due primarily to the rapid decay of the simulated
blast wave. Once the shock front passes the plane of the back face, this
causes a higher side-on overpressure in the plane of the back face of the
target than at the front. The spatial distribution of pressure can be seen
in Figures 2 and 3. Figure 10 shows the side-on overpressure and the
dynamic pressure versus time at the location of the target front face
for both the LAMB blast wave and for the empty shock tube computation
using the modified planar blast wave. Figure 11 shows the same curves
at the location of the back face. After the peak overpressure is reached
on the back face, the side-on overpressure in the plane of the back face is
greater than that in the plane of the front face of the target. This is at
least partially compensated for by the drag force on the target, computed by

2
Fp = Cpl 0 V), (1)

where CDis a drag coefficient (= 1.2) and % p Vz is the dynamic pressure

(in the axial direction) at the plane of the front face. Here, p is the
density and Va is the particle axial velocity. It is interesting to note

that there is relatively little difference in the dynamic pressure for the
two blast waves.

The net force on the target for these decaying shocks in the free
field (see Figure 8) becomes negative somewhat sooner than expected. HULL
may be computing a slightly higher pressure on the back face than it should.
There should be at least a modestly-sized annular region of relatively low
pressure on the back face of the target due to the generation of a toroidal
vortex. HULL has been demonstrated to significantly underestimate the
strength (hence overestimate the pressure) of a strong cylindrical vortex for
a 2-D Cartesian computation with similar resolution.? It may be making a
similar, but much smaller, error in this case, thereby causing the net force
to become negative sooner than expected. For the one unblocked decaying
shock case (shown in Figure 8), the net force becomes negative after about
4 crossing times and stays negative for the remainder of the computation.

Figures 12, 13, and 14 show the net axial total impulse* on the
cylindrical target for the various cases. The results are similar for all
three shock strengths. The net impulse increases rapidly from the time the

*Total impulse is computed by successively summing the product: (average
force due to overpressure on a target face during a time interval) times
(the time interval).
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Figure 10. Side-on overpressure and dynamic pressure versus time for the
LAMB blast wave and the planar HULL blast wave at the location
of the front face.

24




100
0O EMPTY TUBE
80 - A LAMB
60
)
& -
wJ
% 40 |-
4 SIDE-ON
Lu | ad
(=74
[«
20 -
B DYNAMIC
0k nué
-20 ] ] ] | ] | | | L1 1 1 ] ]
-20 0 20 40 60 80 100 120

TIME (ms)

Figure 11. Side-on overpressure and dynamic pressure versus time for the
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incident shock strikes the target until the blast wave envelops the target.
The net impulse for the step shocks then increases at a steady rate, consis-
tent with the positive net force. The net impulse for the decaying shocks
reaches a maximum and then slowly decreases; this is consistent with having
negative net force on the target.

Figures 15, 16, and 17 show the average magnitude of the particle
velocities in the constricted region in a line of cells from the center of
the side surface of the target to the outer-radial boundary. (See line AB,
Figure 1.) The particle velocity initially increases rapidly for both types
of shock. The velocity for the step shocks then increases slowly to a plateau
value. For the decaying shocks, the increase after the initial jump is smaller
than that for the step shock (with no further increase for the 137.9 kPa
decaying shock); the average velocity magnitude then decreases steadily from
a local maximum which occurs shortly after the initial peak.

Figures 18, 19, and 20 show the average dynamic pressure, % p V2,

(V is the particle velocity magnitude) in the constricted region averaged
across the same row of cells as the particle velocity. In addition to the
dynamic pressures for the 20 percent blockage runs, these figures include
the dynamic pressure for the decaying shock in an empty tube. This reaches
a peak value and decreases smoothly toward zero. The corresponding dynamic
pressure for a step shock in an empty tube is a step function, which jumps
from zero to a constant value.

Figures 21, 22, and 23 show the effect of blockage on the normalized
average dynamic pressure in the constricted region for the step shocks and
the corresponding decaying shocks. The average dynamic pressure for the
step shock is normalized by dividing by the dynamic pressure (3.995 kPa,
15.27 kPa, and 56.11 kPa for the 34.5 kPa, 68.9 kPa, and 137.9 kPa shocks,
respectively) behind the incident shock prior to its interaction with the
target. The dynamic pressure of the decaying wave for computations where
blockage is simulated is normalized by dividing by the corresponding dynamic
pressure at that time from the empty-tube computation. The dynamic pressures
for the decaying shocks become smaller as time progresses, ultimately making
the normalized values meaningless. However, the blockage effect on dynamic
pressure is greater in a relative sense for the decaying shocks than for the
step shocks.

The relation developed in References 1 and 2 to predict the increase
in dynamic pressure due to blockage is

9(2'64 R1.038)

Qy/Q, = ) (2)

where: QB average dynamic pressure with blockage present,

free-field dynamic pressure with no blockage,

dO

o]
n

blockage ratio, the cross-sectional area of the
target divided by the cross-sectional area of the
shock tube test section.
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This assumes unchoked flow in the constricted region. This relation was
derived to fit the normalized dynamic pressures (QB/QO) for the step shock

at late time in the drag phase. Equation (2) is satisfactory for predicting
dynamic pressures in the constricted region for step shocks (which maintained
a nearly constant value throughout the drag phase), but is unsatisfactory for
use with rapidly-decaying shocks. It gives a marginally satisfactory approx-
imation to the enhanced dynamic pressure at the beginning of the drag phase,
but becomes increasingly worse as time progresses. As can be seen in Figures
18, 19, and 20, the dynamic pressures for the decaying shocks become smaller
as time progresses. This increases the likelihood of introducing an error
when predicting their ratio.

The effective net force for overturning in the drag phase was computed
in References 1 and 2 by assuming that the force was directly proportional to
the dynamic pressure in the constricted region. For the rapidly-decaying
shocks considered in this report, the net axial force on the target becomes
negative near the beginning of the drag phase (see Figures 7, 8, and 9).
Because the dynamic pressure remains positive, this relation for force is
incorrect for the rapidly-decaying shocks considered here, and probably for
rapidly-decaying shocks in general.

V. CONCLUSIONS

For the incident shock overpressures considered here, this study of the
effect of blockage on loading from rapidly-decaying shocks shows that block-
age has much less effect for rapidly-decaying shocks than for step shocks.
Loading during the diffraction phase is not affected significantly for either
step or decaying shocks. However, unlike the step shocks which showed sig-
nificant blockage effects throughout the drag phase, the rapidly-decaying
shocks showed blockage effects primarily in the early drag phase. Even
then, the effects were much less than for step shocks. Except for oscillations
due to the reflecting shocks, there is little effect on loading during the
rest of the drag phase.

An initially surprising result of this study was that the HULL computa-
tions indicated that the net axial force on the target becomes negative
shortly after the end of the diffraction phase. This was due primarily to
the gradient in the side-on overpressure of the blast wave. This produces
a pressure in the plane of the back face which is greater than that at the
front face. This (negative) pressure difference is partially compensated for
by the drag force exerted on the front face.

Net impulse shows a corresponding decrease from a peak value after the
end of the diffraction phase. This is in contrast to net impulse for the
step shocks, which increased monotonically.

The flow conditions in the constricted region are enhanced for the
decaying shocks. Although the relative enhancement at late time is large
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compared with values for the same decaying-shock/target interaction in the
free field, it is an enhancement of relatively small values of velocity and
dynamic pressure in an absolute sense.

The relation developed in References 1 and 2 for predicting the enhance-
ment of dynamic pressure in the constricted region as a function of blockage
ratio for step shocks is not valid for rapidly-decaying shocks. In its
present form, its utility is limited to step and slowly-decaying shocks.

The rapidly-decaying planar shock wave used for this study was a
mathematical reconstruction of a spherical blast wave predicted by LAMB for
a 0.1 KT burst. Because the shock wave in HULL was initially constrained to
eliminate its radial divergence and was then constrained to move down a
simulated cylindrical tube, it became an increasingly less accurate approx-
imation to a 0.1 KT point-source blast wave as time progressed. This was
not important for the present application, because the intent was only to
define a rapidly-decaying shock wave for use in the computation. Depending
on the application, this expedient method may not be sufficiently accurate
if a decaying shock wave for a specific yield and ground range were desired.
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