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SECTION 1
INTROBUCTION

' The interaction of blast waves from two or more simultanecus
explosions can lead to much higher pressures than would be found from i
the individual blast waves. This phenomenon has been called cumulation ]
by Kuhl (Reference 1) in a thorough analysis of the interaction for a 1
six-burst situation described below,

T LT

A field test designated MISERS BLUFF II-2 (MB II-2) was con-
ducted by the Defense Nuclear Agency at the Planet Ranch test site near
Lake Havasu, Arizona, 30 Augu=t 1978, for measuring the jnteraction of
six blast waves from the simultaneous detonation of six 120-ton ANFO
charges arranged in a hexagonal pattern with 100-meter separation.

e Aioan s

T e T

Reference 1 presents a comprehensive analysis of the basic
interactions involved in this six-burst blast interaction. Reference 1
also develops a semi-empirical method for predilction of the peak shock
overpressures and makes comparisons with the measured data from the
MB II-2 test. The need for a hydrecode to be used in prediction of the
interaction, particularly to obtain overpressure~time waveforms, is
noted in Reference 1.
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The objective of the present investigation has been to deter-
wine whether the REFLECT hydrocode would have the potential, if modified,
‘ for computing the interaction of blast waves from multiple nuclear
bursts simultaneously detonated at ground level and to indicate the
modifications needed.

L i i reMeaat

A principal feature of the REFLECT code 1s the representation
of the refracted (reflected) shock waves in a two-burst interaction as
"sherp" shocks using the Rankine-Hugoniot (R~H) equations. If blast
waves from additlonal bursts interact with these blast waves, as for the
six-burst array being studlied, it 1is expected that the additional shock
waves might also have to be represented in such a calculation by the
R~H equations 1n order to obtain satisfactory accuracy.

RS LS

The approach taken has been to make a limited modification to
the REFLECT code so that a preliminary comparison could be made of the
code results with the MB 1I-2 test data. Only the two shock waves that
are currently modelled in the code as R-H shocks, the first refracted
shork and the first Mach shock, would be modelled. The shock waves
appearing later would then be smeared shocks in these calculations.

This comparison would ennble an assessment to be made of the potential
of the REFLECT code were oae or more of the additional shock waves to be
modelled as R-H shocks.
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f‘ Sharp R-H shock representation is expected to be very important
) to accurate calculation of blast wave interaction from multiple bursts.
% Without R-H shock modelling, the shocks become smeared as compressions

i over a number of cells introducing strong numerical viscous effects into
£ the computed interaction. Several other improvements to the REFLECT

£ . i

i code should also be considered for the calculations, and +they will be

) discussed and summarized below.
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SECTION 2
REFLECT-3 HYDROCODE

= 2-1 REFLECT-1 MODEL FOR TWO-BURST INTERACTION.

e Mt ek ity S, . i,

The blast wave pattern for six charges in 2 hexegon~! jpattern
is shown in Figure 1 for a time shortly after the waves bejs inter-
act. The blast waves all first interact at the charge bisec.

Because the charges are equally spaced aand equidistant from the array
center, the wave pattern is symmetrical on the two sides of ach of the
six charge bicectors.

T S T g
anmeit A

3 T

The REFLECT-1 code (Reference 2) computes the rflow field
within the shaded region for a plane of symmetry which is in this case

i_’

;1 the charge bisector plane. The solution is axisymmetric about the line i
k joining the two charges. A sketch illustrating the REFLECT-1 solution !
fi and its relationship to the six-burst problem is shown in Figure 2. The 5

code computes the flow field between the refracted blast shock and the
charge bisector plane until the time that the refracted shock intercepts
i the plane of the charge radial.

¢ The REFLECT code employs the Godunov differencing scheme
v (Reference 3) with an expanding cell system. The cell system, Figure 2,
E is axisymmetric about the axis passing through two adjacent burst i

! centers. Each cell is a torus centered about the axis. The cells are .
Q arranged in columns with the generators for each column emanating from a
iz common point on the axis on the opposite side of the charge bisector

plane.

system. The charge bisector plane is the second boundary of the cell
system. After the Mach shock M; forms between the intersection of the !
shocks I and Ry and the bisector, it becomes the third boundary of the

cell system. Further description of the cell system is given in Reference 2,

ra The refracted blast shock R; is one boundary of the cell
|
'

Lf The Godunov method conserves mass, momentum and energy in each
cell. The equation of state for air is taken from Brode (Reference 4).

The REFLCCT~1 code then computes the flow within the region in
Figure 2 bounded by the refracted shock Ry, th2 charge bisector plane
; and the Mach shock My after it forws, Figure 3. The boundary conditions
for the calculation are the following. At the shock Ry the properties
and flow velocities of the blast wave immediately ocutside of the shock
g provide the boundary conditions. At the bisector plaune the impermeable
4 surface conditions apply. At the Mach shock M;, when it forms, the
P atmospheric counditions apply at the boundary.

o b« carhealits, o okl

The cell layout used in the present calculations is the same
layout employed in Reference 2. There are 24 columns of cells between
! the axis and the triangular coruner cell at the juncture of the Ry wave [
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Figure 1. Blast pattern shortly following simultancous burst
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REFLECT-1 model of two-burst blast interaction.
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stepwise from the axis to the corner cell. Also, the number of cells
within a column increases with time as the cell system expands. The
maximum number of cells in a column is limited to 16.

,1 ; with the charge bisector., The number of cells in a column decreases
|
|

After the Mact shock M; is formed the triangular corner cell ]
is replaced by one or more four-sided cells. This cell array is called
tie outer mesh system in Reference 2, The maximum number of cells i
reached in the outer mesh system in the prerent calculations was 16 in a
4 x 4 array.

i
I
M l
I
!

The number of cells used in the present calculations was i
limited to the capability of the REFLECT code developed in Reference 2. o
o A recommended improvement to be emphasized below would be to increase o
the number of cells significantly.

2-2 SIX-BURST INTERACTION.

~ ol i 8

Up to the point in the calculation where the shock Ry reaches
the charge radiel the REFLECT-3 code is the same as the REFLECT-1 code
of Reference 2, with the exception of iwmprovements made to the code
regarding iteration methods, tolerances and other associated technlques,

- SN V——T B

When the Ry shock reaches the charge radlal the changes made
for the REFLECT-3 code apply. The cell layout for this period is shown
in Figure 3, where ecach cell shown in the sketch represents four cells
in the calculation.

The adaptation made to the REFLECT-1 code for this problem has
been to limit the expansion of the cell system to the boundary provided
by the charge radial. Therefore each column of c¢ell cross-sections
shown in Figure 2 expands until it reaches the charge radlal, as shown
in Pigure 3. In the inner nine columns shown in the sketch the cells
are bounded by the charge radial. The outer four columns are bounded by
the reflected shock Ry and the Mach shock M;. As the incident shock Ij
moves closer to the array center, the remalning columns one by one reach
: the charge radial. During the whole period, of course, the width of the
) columns increases.

. il s et Wit e i . i Nt

When the cells reach the charge radial, a pressure wave .
reflects back towards the charge bhisector. This is the refracted shock
wave from the next clockwlse burst, 90 degrees from the bisector.

) The sequence of waves from the time the blast waves first

‘ interact is shown in Figure 4. The waves are sketched in this figure
essentially in the shape obtained in the REFLECT-3 results. The shock

; waves that are computed correctly as R-H shocks are identified by double
: lines and the other shocks by single lines.

11
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Adjacent blast waves first interact on *he charge bisectors at
284.1 feet from the array center, Figure 4a. The shock pattern aiter
the initial interaction is shown in Figure 4b, Up to this point all the
ghock waves are computed by the REFLECT-3 code as R-H shocks.

| The pattern after the Mach shock M) forms is shown in Figure 4c.
The refracted shock Ry is not represented as an R-H shock ir the REFLECT~3
code, so it smears over several cells. The results of the REFLECT-3
calculations indicate the triple point Ij-Rj-M; intercepts the charge

; radial at 24.5 feet froum the array center., This compares well with the

I 24 feet given by the method of Kuhl (Reference 1).

After the triple point 11-R)-M; intercepts the charge radial,
the Mach shoci. My is formed with the triple point Mj-Rp-Mp. Because the
shock Rg 1is smeared in tie present form of the REFLECT-3 code, the
triple point hecomes spread out along the incldent shock M1-M9. The
smearaed triple point therefore would be expected to reach the charge i
bisector ahead of the time it would 1if instead it were formed by an !

R2 shock that is sharp.

P 2

s

The arrival of the principal part of the smeared triple point i
was identified from the REFLECU-1 results by the abrupt risce in pressure '
behind the My shock as being at 9 feet. This compares well with the
arrival of the triple point given by Reference 1 as 8 foot,

WEIFTTE 1 m T e

Ihe shock Ry refracts across the charge bilsector as the R
wave shown in Figure 4e and the Mach shock My ds formed. The shock Ry
ig smearzd in the REFLECT-3 calculations, but the front of the dmploding
' wave coatinues to be formed by the R-H shock in the code. This imploding
' shock has the triple point My-Rq-My according to the model of Reference 1.

i
i
i
} The triple point My-Rg-M4 18 smeared in the caleuluotions i
because the shock R 1g smearced. The arrival of the leading edge of the
smeared zone at the charge radial s indlcated in the computed results !
) by a marked rise in pressure behind shock My at the raclal at 3 feot i
Ll from the array center, PYrom there dnward the results dndicated that the
i pregsure on the rad il behdnd the ineddent shock lnercased to casentdally

t

b

@: equal the pressure at the bisector,
b

shock on the bisector reached within 0.43 feect of the array center. At
that point the cell system was frozen., Irowm then on the waves moved
through the mesh with all the waves boelng smeared. At this polnt the
; cell system had four cells along the iwmploding shock between the charge
f bisector and charge radial. BEach cell had a 0,056-ft front on the
imploding shock and a length in the radial directlon of 0.20 feet.

The REFLECL-3 calculatilons were contilnued until the incildent }
!
i1

L The calculations were continued untll 0,073 scconds after the
ﬁ scaled AFWL 1-K1-STD(REV) burst., This corresponds to about 0,080
seconds for the 120-ton ANFO bursts.
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The PFAB code has been developed for computing the shock wave
that radiates frowm the array center after the imploding wave r :aches the
center. (This wave is called the mailn reflected wave in Reference 1).
This cnde is described in the Appendix. The code computes the reglon
inside of the outward-facing shock and the sector bounded by the charge
bisector and radial. The boundary conditious for this zone are the
conditions ahead of the outward-facing shock, given by che REFLECT-3
calculations, and the impermeable surfuce conditions at the charge
bisector and radial. The PFAB code for computing this region has been
prepared and debugged.

A computer routine 1s required to input the necessary data
from the REFLECT-3 code into the FFAB code. Tha REFRA mating code was
developed for use with the REFLECI-1 code output, and minor modifications
are required for its use with the REFLECT-3 output,

There is a point concerning the three=dimensionality of the
REFLECT=3 model that should be noted, The vertical plane from the
ground along the charge vadial is represented in the REFLECT-3 code as a
slightly curved surface. 'This 1s due to the fact that the cell geometry
of the REFLECT-3 code is axisymmetric about the axis joining the charges.
In the code the boundary for the charge radiusl 18 a conical surface
having 1ts apex at the charge. ‘The charge radial on the ground is a
generatrix of the cone, The dncluded angle of the coue 1y 120 degrees,
80 the radlus of curvature uormal to thoe surfoce is very large compared
with the distance from the radiul to the bilsector, and the ratlo of the
two becomes dnfindte approaching the arvay center., Because the radius
of ¢urvature becomed inereasingly large relative to the distuance between
the charge radlal and charge biscector as the iunceldent shock approaches
the chargo center, caleulations have indicated that the curvature is not
expectaed to have a sigulficant influence on the results, partdlcularly
approachdng the array center.
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SECTION 3
RESULTS

The test results of the MISERS BLUFF II-2 test are presented j
in Figures 5 to 12. These resulcs have been photocopied from Reference 1,

St

The free-air blast data are an Input to the REFLECT-3 code. :
Two blast models are compuared with the test data in Figures 5 and 6. i

The records of the overpressures measured in the MB I1-2 test
are presenved in Figures 6 and 7 for stations aleng the charge radials
and bisectors, respectively. The records have been reproduced from
Raeference 1., The sta%ions are ldentified by the radial distance from
the array center in meters and angle from one of the charge bLisectors in {
. degrees; e.g., Station 25-30 iy 25 meters from the array center and ;
y 30 degrees from the basgeline charge bisector,

i

e —— e e i

i The output of the REFLECT-3 calculations is comparced with
; the test results in Figures 6 and 7 for the charge radials and bisectors, !
& regpectively. The times for the REFLECT-3 results presented in these

! two figures have been adjusted to match the measured arrival of the

, first shock of each pressure record, The incldent shock pressure-range

b results are compured with the test data in ¥Wigure 8. The pressure-range
f results for the main reflected wave are compared with the test data in

P Flgures 9 and 10. The shock positdous as a function of tilme dre comparoed
with the test results in Filgurces 11 and 12.

s . L it o .

i 3=1 BLAST-WAVL MODEL.

-1l shock Overpressurce.

e ——— e = L

o e
cwn e e T i e, = W]

The REFLECT code uses the data from the undisturbed blast wave
from a single burst as input to the code caleulatdions, ‘'he calceulatlons
arc as accurate ay thls Loput,

: The incldent shock overpressure, Ap,, given by two methods L

¥ compared in Flgure 5 with data from the MB 112 test results. The

MB LI-2 dato used here for comparisons have been obtalned from Reforence 1,
The absclusa s the dlstance from the ceuter of the 6-burst array.,

- S —

The crossed In Figure 5 yepresceat the ANFO calculation by AFWL
for the MB Ti~2 test au glven in Reference 5.

n The shock overproesysure .
‘ presented here for these data was determined by the current method !
E recommended by Referenca 6 wherein the shock overpvessure is taken ag §
' the peak zomputed pressure and the location of the shock is taken as !

the point where the computed pressure is u.ce-half of the peak pressure.
Previously Reference 7 had recommended a 4-point extrapolation of the
pressures to obtain the shock overpressure, That method generally gilves
a shock overpressure about 2 to 4 percent higher chan for the curve
shown., At the 82-ft wtation the ANFO calculation gives a shock over-
pressure that 1is 10 percent higher than a mean c¢f the data,

——n o —

41-ft station the ANTFO calculation shows good agreement with the test
duata.

T

|
q
i
1
For the !
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The second blast model was obtained from scaling the AFWL
1-KT-STD(REV) of Reference 8 for a free-air yield of 0.67 KT for the

i{ ambient conditions of the MB II-2 test. The shock overpressure for

&1 this model is also compared in Figure 5 with the MB 1I-2 test results.

il The agreement with the test data is very good at both the 82 and 41-ft
stations.

]
'
ol
;o 3-1.2 Overpressure Wave Form.
t
1
i

At test stations on the radials at a distance of 82 feet from
ﬂ’; the array center, Flgure 6a, the overpressure during approximately the
) first 0.025 seconds following the arrival of the I} shock is produced by
: the blast wave from the charge located on the radial. For this period

b the overpressure wave forms for the ANFO calculations and the scaled

k 1-KT-STD(REV) models cau be compared against the test data. Two records
have been used in the comparison: from Stations 25-30 (30° radial) and
- 25~210 (210° radial). For Station 25-30 the ANFO computed values, using
' at the shock the 4-point extrapolation, are about 10 percent higher (as
i a fraction of the shock overpressure) than the test data during about
E‘ the first 10 milliseconds, they essentially agree with the test data

3 during the middle of the period and fall about 5 percent below toward

B the end. The scaled 1-KT-STD(REV) values are in good agreement for

the whole period.

TEET TN epres

;! For Station 25~210 the ANFO calculations agree fairly well

with the test data. The scaled 1-KT-STD(REV) values are about 10 percent
lower than the test data at early times and about 10 percent higher when
the period ends (with the arrival of the Ry wave). It is concluded

from these comparisons that the waveform measurements at 82 feet from
the array center support the ANFO and 1-KT-STD(REV) blast mcdels about

equally well.

Two stations were located on charge radials at 41 feet from
the array center: Stations 12.5-30 and 12.5-150. The records are
shown in Figure 6b. The I waveform lasts only about 0.005 and 0.003
seconds, respectively, at the two stations. The record for Station
12.5-150 indicates the I} waveform is terminated by a double peak.
Except for that the scaled 1-KT-STD(REV) values agree well with these
waveform data to within the resolution of the graphs (about 0.2 to

0.4~in. amplitudes).
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These comparisons on the radials provide an evaluation of

! the modelling of single ANFO blast waves at the ground level. From

these comparisons it is concluded that the scaled 1-KT-STD(REV) blast
model agrees with the test data within the data scatter at 82 and 41 feet
of the array center until 0,05 seconds. There are no single-burst blast
v data nearer to the array center than the 41-ft statioun or later than

" about 0.06 seconds, because of the blast interactions from the other

d charges.
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3-1.3 Selection c¢f Scaled AFWL 1-KT-STD(REV) Blast Model.

Because of the differences in shock overpressure at the
82--ft station, it is concluded that the scaled AFWL 1-KT-STD(REV) blast
model is in somc rhat better agreement with the test data than 1s the
ANFO calculatlonal results. As far as the overpressure wave form
comparisons, however, the two models agree about equally well with the
test results.

There 1d¢ another problem with using the ANFO calculational
vesults., The propertien in the region of the smeared shock must be
defined and that would require some exploratory work,

Therefore the decislon was made to use the scaled AFWL
L=K''~81TD(REV) blast model with a free-air yleld of 0.67 KT as the input
Lo the REFLECT=3 calculations to represent the 120-ton ANFO charges used
in the MB I1-2 test., It is concluded that the ANFO calculational results
support this blast model for use in this inner 100~ft region of the
bLlast array wilthin about 10 percent an shock overpressure.

32 Rl-Ml. WAVLS.

The dnltial toteraction of the blast waves occurs along the
blaectors, The Ry waves are produced by this iatersction. A record for
thiv dnteractlon 1s shown dn Tlgure 7a fov Stations 86.6~60 and 86.6-240,

The dndtial shocek overpressure for an 86.6-m bisector station
can be caleulated didrvectly from the propertles of the incident shocks by
ugliug the R=I equations. Yhis is csusentlally an exact calculation,
dependent upon the strength of the dnecddent shocks. Because the two
blaut models (ANFO computed and scaled L=KI-8TD(RLEV)) were shown to
agroee within about 10 percent with the measurements of the Ty shock
overpressure and overpressure waveform, this calculation might be con-
gldared for use an an ovaluatlon of the test simulaticn. The ANFO
calculated blast wave pives an dndtlal chock overpressure that ig
7 percent higher than the scaled 1-KT=-STD(REV) value at the 86.6-m station,

Y

The test data from Station 86,6-60 hag a shock overpressure
that s 25 percent below the gcaled 1-KT-81TD(REV) value and the test
data of Statlon 86.6~240-AB hauy a shock overpressure that is 36 percent
below that value, Therefore 1o 1s concluded that the shock overpressures
measurced ot Initlal blast intercept appear Lo be low by about 25 percent
or more.

B s g

o

Thene differences cannot be used as a definite evaluation of )
the experiment because of questions regarding use of the blast models at
Lthe 164=It (50-m) blast range. The comparisons made in Flgure 5 are

37

— —

i i s, 1 32 N o S G B e, il Yo s e b




o
o
.

ITTTONY

B

T AR TR
S e e O

TR TN

= el W

TR A ST T

for 246-ft and 287-ft blast ranges, respectively, for the 82-ft and
41-ft stations. The ANFO calculation showed a shock overpressure that
tends to be high at the lower blast radius (82-ft station). The scaled
AFWL 1-KT-STD(REV) shock overpressures, although they agreed at the 246
and 287-ft blast ranges, are much larger in the proximity of the burst
center than for a high explosive. Therefore a definite conclusion
cannot be reached at this point on the test accuracv. But the com-
parison does point up the possibility that the test overpressure might
be low by as much as 25 percent or more compared with an ideal test,

The predicted overpressure waveform for Station 86.6~-60 from
the REFLECT-3 calculation are shown in Figure 7a to be within 10 perceut
of the test data by one millisecond after shock arrival. The differences
with the test data for the 86,6-240 Station are much greater until about
five milliseconds after the intercept.

The record for the 164-ft station on the charge bisector,
Fipure 7b, appears to indicate that one blast shock arrives about 1 1/2
milliseconds ahead of the other, tending to reduce the peak pressure.
The REFLECT-3 shock value 1s 29 percent higher than the measured peak.

At the 82-ft stations or the charge bisector, Figure 7c,
Statdon 25-0 has & large shock juwp at 0.0448 seconds followed by a
second jump about 0.003 seconds later. Station 25-240 shows a similar
sequence, although tihe overpressure in the later case falls off about
15 percent before the second jump. The REFLECT~3 prediction essentially
fairs through the test data of Station 25-0 for about 0.013 seconds
after the arrival of the M; wave. The second jump in the overpressure
may be due to an irregular type of Mach reflection. Irregular Mach
reflectior results in a compressive peak following the Mach shock due
tc the irteraction ol a slipline with the (virtual) reflecting surface.

At about 0.058 seconds the REFLECT-3 overpressures in Figure 7c
begin to climb above the test values. This departure is attributed to
the early arrival of the leading edge of the smeared R, shock. The
Ry wave arrives early as a result, It is expected that this effect
could be eliminated by making the Rj, shock a sharp R-H shock in the
REFLECT-3 code, as are the R; and Mj shocks. In general, however, the
predictions shown in Figure 7c¢ are in fair agreement with the test vecord.

For the 52-ft station on the charge bisector, Figure 7d, the
RAFLECT~-3 prediction agrees well with the first peak of the trace. The
measurad pressure trace has a elight dip until about 0.06 seconds, but
the agreement with the REFLECT-3 prediction otherwi_2 is good. Beginning
at 0.06 secouds the predictions again show the effect of the early
arrival of the smeared Ry shock folloved immediately by the R3 wave.

At 41 feet on the charge bisector, Figure 7e, the REFLECY-3
prediction agrees well with the first peak measured value for the Mj
wave for Station 12.5-240 shown in the lower trace. However, the measured
peak for Station 12.5-0 is about 20 percent lower and has a flat waveform
for about 3 milliseccnds, followed by a sudden dip, instead of the more
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classical wave form of Station 12.5-240., At about 0.060 seconds the
overpressure predicted by the REFLECI-3 code rilses above the measured
values for both the 0-deg and 240-deg stations due to the smeared
RZ-R3 wave.

The comparison for the 20-ft stations on the 240-deg bisector
is shown in Figure 7f. The REFLECT-3 predictions for the M; wave are
25 to 50 percent higher than the measured values for Station 6-240. How-
ever the predicted values fall below the measurements of Statlon 6-180
by up to 25 percent. 8o the REFLECT-3 prediction falls between the measure-
ments. Several factors make it appear that the calibration of the record
for Station 6-180 may be in error; this will be discussed in Section 3-5,
The predicted overpressures begin to rise at about 0.065 seconds duc to
the early arrival of the smeared Rp-Rj wave.

Rl—R2 WAVES.

The Ry wave in the REFLECT-3 code reaches the radial as a
sharp shock as shown in Figure 4c. It refracts across the radial as
the smeared Ry wave in the present form of the code. The Ry shock
appears to refract at the radial as a regular shock reflection., The
Ry wave following the intercept of the Ry shock is indicated on the
traces in Figure 6,

3-3

In Figure 6a the R, wave comparisons are shown for 82 fecet {rom
the array center. The arvival time of the Ry-Ry wave for the REFLECT-3
prediction is within 0.0008 seconds of the measured arrival time for
Station 25-30 (note: the measured variatlonr in arrival tdme between the
30 and 210-deg test stations is 00,0004 seconds). This 1s good apreement.
A second shock arrives 0.00085 and 0.0021 seconds after the first Ry
shock at the two 82-ft radial stations. The REVLECT-3 results also show
a rise following the shock arrival to a second peak about 0,004 seconds
later., In fact both of the test traces show 4 third peak a few mllli-
seconds behind the second. The second peak may dindicate a delayed
arrival of one of the R1 waves at each of the stations, and the third
peak may indicate an idrregular type of interaction of the shocks.

The REFLECT=3 results in Figure 6a again falr through the test
data for the Ky wave fairly well up to about 0.056 seconds. At that
point the REFLECT-3 values become higher, which is attributed agaln to
early arrival of later waves due to shock smearing. Resolution of the
sharply peaked Ry, shock wave shown in Tigure 6a would also 1cequire
reduction in the size of the cells for the KEFLECI-3 code.

Figure 6b shows the comparison at the 4l-ft distance. For
Station 12.5-30 the predicted arrival of the R,-R; wave is 0.0010
seconds after the measured arrival, which is w%thln the 0.00125-8
difference measured between the arrivals for the two stations. Again
the REFLECT-3 resul%s fair through the test results until 0,067 seconds.
The predictions then rise, which is again attributed to the wave smearing
by the code, in this case by the smeared main reflected (M-R) wave.
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The predictions again do pot show the gharp peak ol the test data, but
that would require the smaller cells., Thae predictions do not agree
quite as well with the test data for Statlon 12,5-150 but that station
has an anomalous waveform with the two smalloer waves preceding the
apparent Rj-R,) wave glving a slgnificantly different overall waveform
than for Station 12.5-30,

At the 20-ft stations on the charpge raddaly, Pigure G6e, the
REFLECT=3 overpressure predictions have a waveform somewhat similar to
that of Station 6210 for about 0.004 scconds after arrival of the shoek
My. At Station 6-270 the My shock is proceded by a weaker shock, wheroeas
at the 150 (not shown) and 210~deg rvadials the My ghoek arvrvives firvst.
The level of the proedictions Ly about 25 to 50 percent hipher than the
measured values, but there are differences of +20 percent between the
measured Ry overpredsure wave forws for thoe three stations at thiws
range, 80 1t iy not clear that the aweasurwed Interactlons at this din-

tance from the array conter are aceurate enouph for much botter resolution.

But it doey appear thoat the trend of the pradicted values s hilghor than
for the test data at thls range,

At aboult 0,066 seconds the REFLECT=3 predletions 4n Wlpgure oe
bepin to rlse signifdcantly above the tont values. This {ollown the
trend at the more outward statlony attvibuted to the effeets of shocek
smearing and cell slze,

3=4 RZ-RB WAV,

The Ry wave dntercepty the chorge bluoector and voeifeets
(regular) as an Ry shock, ag shown in Figure 4o, Both shocks are smearaed
in the REFLECT-3 code.  The Ry wave appoears at the 82-1t statdions shown
in Wgure 7¢, but it oceurs too late for complete comparloson with the
test datu.  Comparison of the REFLEGT-3 vesults with the Rq wave form in
Flgures 7d to p show that the REFLEC!-3 wave dy smeared and would need
a sharp Ry shock and smaller celly to reproduce the relatilvely oharp
peak of tﬁc Ry wave,

Fipure 4e¢ shows that statlons on charge blsectors within Y
leet of the array center would be expected to have the Mach shock M3
arrdive filrst, Carveful Ingpectlon of the trace for Station 1.22-180
shows a stacp indtial shock Jump very nearly equal to the REFLECY-3
shock jump diundicated by the first point. 'The REFLECT-3 values continue
to elimb as do the test data, but the REFLECT-3 valucs continue to climb
due to the carly arrival of the smeared M-R wave. The Indtinl shock
Jump 18 not quilte as distinet for the trace of Statlon 1.22-240, but tho
REFLECT=-3 results compare simlilarly.

3-5 M-R WAVE.

The blast waves from charges that are located more than Y0
degrees away around the hexagon produce the wave identifled here as the
M-R wave, taken again from the terminology in Reference 1 where it 1a

called the main reflected wave. For rolnts on the radials, as shown in
Figure 6, the M-R wave 1s produced by three charges. For points on the
bisectors, as shown in Figure 7, it 18 produced by two charges.
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AL Lthe stations within 20 feet of the array center the M=R
wave arvives carly enough to allow comparisons of the REFLECT-3 rosults.
Thase comparisons arve shown in Flpures 6¢ and 7f to 1,

The M=R wave predictod by the REFLECT=3 code 18 of course
smeared, but, with one exception, the magnitude of the peak overpressuron
ponorally agrees fadly well with the test vesults. Thoe oxeeption o for
station 6-180 which 44 boldeved to have an orroncoun eallbratioun, whlch
Lg supported by several other features (the rvapld decroase In the overs
prososure of the My shock along tho 240=dep chavpe blsector that would
rasult between 20 and 10 feet ol the arvay center and by comparison of
results with those for Station 6=-240).

3=0 ARRAY GUENTER,

The comparlison for near the centor of the warrvay 1o shown {n
Fipuve 74, The REFLECT-3 rosults are for a point on the bisector 0,43
from thae wayreay conter, Thue M, vhoek Jump predictoed by the REFLECT-)
code T 570 pul (309 megapuneals) o Tt comparos wol b with the whoek
Junp measured at the two wtatlong, au dodicated by the fivst sbarp rise,

The peak overpressure prodictad by tha REVLEGT-3 code at
Oy Toot T 1ol pel (LU mopapasealn), whiteh Ta 720 porcent ol the
poaka ol about 2200 pol (LYo megapoateals) meavuced Trom Lhe vecords ol
the two wtatlonn o Flgure 70 ab thoe arvay conter. This in vary good
apraoment o view of the velatbvely lavge slzo of thoe colls employed du
the REFLECT-coda and Lho smoarlng of the Ry and Ry nhock waves,  The
wavae form of the REFLECE=-3 overprossure e relatively sdnllar Le the
measurad wave form ol tho M=R wave exeopt for tha praatur width and
raduced peaks The compavlaon 4o vory encouraging for the potentlal of
tho code,

37 INGLDENT SHOUK OVERPRESSURLS .,

The shoek overpressuren for the tneldent shock at podnts on
vaddbaly aud bisectors within 100 feet of the arrvay centor atre plotted 1n
Flgure 8 voproduced from Reference Lo The REFLECE-3 valuos are plottod
for comparioon,

The REFLECT=T vadial valuews from 100 foot inward to 20 foal
are tho gscaled 1T=KT=8TDREVY input values Lo the code, no they do nnt
provide a comparluon for code evalbiuatlon. O the bluector at 82 foet
Lhe REFLECT3 values are about 10 to 29 parvceut hipgher thaw glven for
the tast data., Howaver the test data, Figure 7¢, have a second pealk
vecurring ouly about 0,003 seconds aftor the incldant nhock, and thae
REFLECT-3 value 18 only 7 peveent hilgher than the scecond-peak value {or
Station 25-0-AB,

AL 52 feaet on the biscctor the REFLECT-3 walues ayree with the
test peak value. AL 41 feet on the bisector the REFLECT-3 whock ovors
presuure agrees with the test value for the 240-deg station.  The shock
value for the O-dey station 1o lower by 10 percent, but this record,
Plgure 7¢, hag o pecullar waveform, 8o tho value 18 quest{onaed,
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AL 20 teet on the blsoctor the peedicted volue of 140 pal
faulls between Lhe measured valuos of 932107 pal and 188210 put for the
240 and 180=depg blsoatoens, respecetively. Nowever, the eelibrotion of
tho lattor vocord appears quentlouablo, an ddsenssed i Sectdon 3«5, wo
the prodleviow way bo ullghtly hiyhe  The REFLECT-3 curve ffor Lhe
Dluyector fo Mipure 8 hauo a small visoe botwarn the 22 dand 18<0¢ statlond,
This vise fu attrlbuted to the advance arvival of tho amoarod ty =Ry=Ms
teiple polut, AL 10 Feot oun Lhe biscctor Lthe predictod values arc shown
o Wlpure 0 to ba aboul AU pereeac highor thar the measured pedk valuay
'rom the L8O and 240-deg Lluecelord,

Al dlevauee of about Y feat from the arvay aanter the
REVLECT=3  Lacldont shoek overprosaare on tha biscetor heglng o ol Inb,
Thin correspouds with che prosenca ol the My wave showa dn Flyure bde.
Becnua the Ry and Ry waves are ok moded Loed dn REFLECT<3 at this tlme
Al Rell whoeksy tha proadtetod Ineldont shock overpiesuurs dnerepasoen
sneothly inutoad of with the ghock Jump thae would be espectod {n the
aetual cane, AU 4 fool Lrom Lho areay contor Lhe prodieted fneddent
shock ovaypraunare Lo about two-thivds of the weluen peportod in
Ratorenea Lo Howevor, Lhe rocond for Stagdon 1a2d«lY0 bas a shoep
foltfal vive Lhat eorvesponds wall with the REFLECT-Y valua, and Whla
vise may bo the actual My ghoek, and the vatua veported o Referenee |
may be that of a peal alter the My sbock arvival,

Mo REFLECT=3 whock overpressure oo the radlal for the fneddant
shoek voaches 593 pel when the shoclk e 0049 faot from Lho array coaley,
AL that potut the eell ayoten wan Vrosone On Che biseator the loneldont
shock wag whithin 0043 Feet of the avredy cantoer wich an overpressure
plven by the REFLECE-3 codo ol 570 pail,

ety coneludaed that whe dineldent sahoek otroenpths on the
bigectors ava prodicted well date 41 feat. Frow 20 to 10 feal tho
predicllony appear to vun somewhat hiph by as much as ubout 30 parcant,
which may be Jduw to early arvvival of Lhe Rq wave due 1o mneardiug. At
4 feel tho REFLECYT=3 rasults appoary Lo ayxuu wall with the data.,  The
same dgrowment also exluto near the arcay center,  So, the REFLECP-3
results for the sueldent shock vverprowvsura on tha radial appoeavs Lo
aprec well with what are holinved to be the bost data, exeept where
" smearing of the Ry wave appears to produce higher pradicted overpressores,

Along the radlol rhe REFLECE-3 dpcident shock overpressure lu
soen in Wlguro § o fncrease at about the 24t statlon where the My
wave shown Indicates o fump.  Agaln, che Inefdent shock In the REVLECT-3
model. 1s o ReH shock but the vellected Ry wave ds dlffuse, #o the visc
would be expected to ba not as sudden as In the test, At 22 1/2 feet
Lthe REFLECT=2 value wgrees with the shock Interaction analysis pradiction
of Raterence 1. AL the 20-ft station the REFLECT~Z Incident shock
overpressure s about 25 to S0 pereant higher than the measured peal
values. However, as mentioned in Sectdon 3-3 theve are slgniflcant
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diiterences fn the wavelorms measured on the three radlals (150, 210 and
270 dogroes, Fipure 0c¢). In tact, the wavelorm for the 21u=dog radlal
continuey to climb atter ghoek areival reaching a peak only 0,0018
seconds atfter ghocek arrvival that aprees well with the predicted shock
overprogsure, On the 2/0-deg radtal [t appears the By wave has not
ovartaken the tnefdent shocek at the 20-tt statlon,

o

Tho REFLECEY pradleted Inetfdont shock overprossure on the
radlal, Flpure 8, continues o tnercase pgradually to about the 3=it
stabion, AL the 10-1L and 4=£'L statlons 1t Iy about 50 to 115 poercent
higher than the meagured peak values, butl comparisons with the tost wave
Formy have nol been made, AL 4 veot the measured shock overpressuros
range from 102 to S22 pol (Relerence 1) and the REFLECT=Y value Ia
JO5 paic AL the 3-fC station Lhe REFLECT=Y value reachos osnsoentially
Che game valua as on the bildector and rematns nearly the same fnward to
049 [oot from the array centor whore the mesh wan stopped,

il

Tt 1a coneluded that the lncldont shoek strenpth {8 prodictoed
woll where the M, shoek Fleat Formae at about the 24-IL statfon, The
Ji REPLECT=3 value continuen to olimb whorean the test values decroan
I fueard to the 1087 statlon, but the Jdifferences are unrosolvoed.  From
F A taet luward the prodictfons are sapportod by gome of the teal results,
. bat the test resulty dLEfor afgndflcantly.

e . .l i

; 3=t MALN REFLEGTED SHOCK OVERPRESSURLS .

Shioek overpresyuros predicied for the maln refloctod wave by
Lhe REFLECT=9 code ora compared with the MB 11=2 data In Flpuros b
and 10, Yo the chorge radial there 18 one point for compavison whilch
1w at 20 feot., The apreemeal witch the test results lu oxeellent.

For the charpe blsaector, Pipure L0, thoere are pradletions for
three locattons Lo 10 Cact.  The apreemant at 10 and 4 feet {u exeellent,
At 043 foet the prodiction du aboul 29 poreent low,  IL 18 balleved
thot a smaller coll wize woula Laprove the predictlon, particualarly
Lecausue of the steepness of thae peak (Flgure 71),

38 SHOCK FRONT TRAJECTORTES.

The predicted trajectory ol the dneldent shock along a charpe
radial Ls compaved wlith the test data Lo Wigure 11 Tnward to the 23-
It statlon the veloelty ls that plven by the scaled 1=KT-5TD(REV)
model.  'The shock veloeity agrecs with the test data in thla range,
which servew couentially as a consistency check becausw the predicted

. - et e . M ot Bl

overpressyres were found to sgree there with the test data.  The shock té
arrival tiwme for the scaled 1=KT=-STD(REV) mode) 1¢ about 6.6 milllueconds y
less than meosured, which I8 expected as Lt {8 a nuclear blast wave

model,

Batween the 24,5-f% station and the array conver the predicted !
shock veloeity along the radial increases because uf tha greater ‘
strength of the My shock that forms at 24.5 tect. The LEFLECT-3 M,

J
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shock 1y gonerally stronger than measured, but by the time the dneddent
shock 1s near the array center the separation {n arvival time between
the predlcted shock and the test data hay decreased by about 0.0 milli-

secondy, {

The shock front trajectories alony the blsectors are comparod
e Flgure 12, At the 82-10 statlon the REFLECT=% shock arrives ahead of i
the test shocks by about 6.2 milliseconds,  The geparation decreasuon K
sliphtly, to about 6.0 wmilllsoconds ot about the 50=ft station, and it 1
ramalng cosentially coustant from there on luward to the array conter. ;
It o noteworthy that the prodicted apeed of the Ineldent shock incereasoes

]
in the final few feet from the center roughly simllar to the speedup
shown by Lhe test data.
]
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SECTION 4
DISCUSSION

The overpressure measurements from the MIGHTY MACH 11-2
(MB 11=2) six-burst test have been employed here as the basis for
evaluat lon ol the REFLECE- code resultd.  Before reviewlop the com-
parison, o fow commenty are noted regarding the use of the test resultya,

e detonatton of glx lavpe hiph=explosive charpges to produce
blast wavey suftlelently fdentical fn space and time to converge at the
arvay canter with the sceurvacy that mipht occur for nuclear explosions
Lo o dbffleult toehndeal Ltask.  BEvldence of the problem can be geen 1o
the dittferences obtolued tu the overpressure histories measured on
different bluectors Tor the Interaction ol almply two blast waves,
Flgura 7o, The shock overpressure lfor the palr dntercepting on the
240=-dey bilsector o 30 percent lower than for the paly datercepting on
tha 00=dep blgoctor, and the latter fu 25 and 30 percent below the two
values cowputed from the blast wmodels (Secetion 3=2),

The vverpraessure test records are presented in Flpures 6 and 7
prouped Lo pates by simllar locations for comparlson purposes,  The
dirfferences between traces for any one palr do veaddlly apparent.  Uhe
differences are I aveival tlme, waveform and magnltude,

Many of the differencen that could be expected between the
blast waves themselves — guch as time of arveival, sgpherdelty, ote.
would pencrally be oxpeeted to tend to lower the Interactilon over-
pressured. A hydrocode caleulaclon, on the other hand, having identical
blagt waves and that employed accurate hydrodynanle modelling - guch ay
"aharp" Ranklne~tluponiot shock waven, suffictently swall cell or mesh
tnlzod, olte.s — would bue axpected to glve overprossures that would occur
under fdeal burst and atmospheric conditions, A pood lhydrocode cal-
culatlon L expected to serve din definfug the upper Limlt of over-
presaures that could be expected for blast wave iateractions, in
particular for nuclear bursts,

The REFLECE-3 code In ity present form Ls oxpected to be most
aeeurate prior to dnteraction of the refracted Ry waves at the charge
radlals. 'Thls perlod terminates with the interception of the triple
polnt Il‘Rl'Ml and the charge radial, Figure 4e¢, which is predicted to
oceur on radlals at 24.5 feet from the array center. During this period
the shock overpressures predicted along a charge bilsector for the
incident shocek My arce found to agree well with the maximum overpressures
measured from 82 feet Inward to 41 feet in the MB II-2 tests, Figure 8.
the 24.5-ft intercept of the triple point and the charpe radial is In
pood agreement with the 24 feet predicted by Kuhl (Reference 1) and the
test results, Definlite conclusions regarding the overpressure wave
forms predicted for this perlod cannot be made because of some anomalies
In the test data for points on the charge bisectors, Figures 7a-e.
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. However there (s good agreement between the predicted wave form and one
3 test record, for the polnt of flrst Intercept at 284 feet on the 60-deg
charge bisector, Yigure 7a, starting at one mlllisecond after shock

4 arrvival, and there ls supportive agreement with other records.

The REFLECT-3 prediction of the Ry-shoek arvival time for
_ points on the charge radlal is in pood agrecment with the test results
" for tiwe 82 and 41-ft stations, Filgurces Ga=b, The REFLECT-3 prediction
hag the shock jump at the beglnning of the Ry wave, because Lt employs
the sharp Ry shoceks  The test records show a very sharp pressure spilke
for this Ry wave lollowlng the shock and the predicted results essentfally
fadr through Lhuese wave forms,  Resolutlon ol the overpressure peak
would require some reduction in the cell sizes used in the code.

T

TR T

The Ry and Ry shocks (Figure 4e) have not been modelled in the
present form of the REFPLECT-3 code as sharp Rankine-tlugoniot shocks, so
thege shocks become smeared over sceveral cells in the results.  This
smearing causes the pressures ahead of these shocks Lo rlse carly. Vor
example, the rige of the dincident M) shock overpressure predicted along
a charpe blgector, Flgure 8, commencling at the 22-1t statlon and amounting
to about 10 poercent s attributed to Lhils Ro=glhiock smearing effect. The
' pradicted fucldent shock overpressure 1s found to be hilgher than measured
' by up to 30 percent from L8 1/2 feet inward to 10 feet which fs attri-
buted in part to the smeared Ry shock. 7The marked climb in the My shock
y overpraessure commencing at the 9=-fL statlor 1s assoclated with the
arrival of the bulk of the smearced Ry shock,

LT P

The Ry shocks ivtercepting at a charge blsccetor form the Ry
waves.  The early arrlval of the leading odge of the smeared Ry waves
appeatrs to affect the predicted overpressure wave forms at statlons on
the biscctor from 82 feet faword to 10 feet, Figure 7c¢-g. Trom 82 feot
Inward to 42 feet Lt appears to cause a pressure rise about 0,01 to 0.02
seconds cuarly, beglnnlng at about 0,06 scconds. AL 20 and 10 feet the
overpredictlons beginning fmmediately with the arrvival of the incident
M| shock are attributed te Lt

T e,

g After the predicted formation of the incldent Mp shock (at

) 24,5 feet) on the radlal and the Incldent My shock (at 9 feet) oo the

' bisector, the incident shock overpregsure predicted by the REFLECT-3

F code c¢limbs monotonlcally along both the radial and the blsector inward
f to the array center, Figure 8. This result is in contrast to the trend
glven by the shock interactlon analysls of Reference 1 of decreasing
shock overpressures.

2 Relatlve to this question the test results show the following.
i The predicted incldent shock cverpressure at 22.5 fect on the radial

Z agrees well with the prediction of Refernnce 1 and the test results at

] 7?0 feet, Figure 8. Comparisons of predicted wave forms and test records
1 have not been made for the radial inside of 20 fcet, sn an evaluation

3 cannot be given. At 10 feet on the bisector the advance arrvival of the
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smeared Ry shock affects the comparison. But by 4 feet this effect
would be expected to be essentially over, and at 4 Ffeet and 0 feet the
predicted lncident shock overpressure agrees well with the test results,
Figure 7h-L. 1t is concluded from this comparison that tihe strength of
the incident shock increases after the My and Mg shocks are formed, but
the conclusion is tentative, dependent upon calculations with sharp Rgy
and R3 shocks and smaller cells.

The main reflecved (M-R) wave formed from the implosion of all
six blast waves at the array center is of primary concern as it results
in the highest overpressures observed, Figures 9 and 10. At 0,43 feet
fFrom the center the peak overpressure predicted for the M-R wave by the
REFLECI-3 code ds about 23 percent lower than measured, Figure 10. At
4 feet on the bisec.or the predicted value falls slightly below the data
and at 10 and 20 feet on the bilsector and radial, respectively, it lies
somewhat above. ‘There is thercfore a trend for the prodiatoed peak
overpressure of the M-R wave to decrease more slowly than for the test
results and to be higher at the further distances than measured in the
test.

The test records indlcate a rather sharp peak for the M-R
wave, varticularly for the array center. The predicted M~R wave forms
are stretched out more in time. This stretch-out 1s expected to affect
the peak value predicted, The stretch-out 1is attributed to the finite
cell size, and 1t 1s expected to have a greater effect on the comparison
close to the array center where the cell dimension becomes wmore important
and the test record lndicates the most rapid decay timewise.

A reduction In the cell size usced in the REFLECT-3 code would
tend to ralse the peak pressures predicted in the M-R wave. the in-
cerease could well result in ralsing the peak pressures of the M-R wave
at all distances from the center, In fact, the nredictions might well
then all fall well above the measured peak overpressures. Without
further information on the characteristics of the imploding shock
segments in a multiple-burst event relative to the effects of non-
uniformity fn blast detonatilons, atmospheric and terrvain effects, etc.,
it is reasonable to specuiate that perhaps higher peak overpressures
might be attainable. This possibility is supported by the rapild decay
indicated in the measuved overpressure In Figures 9 and 10, a factor of
two in a distance of only 4 to 6 fest, Flgures 9 and 10, which might
fmply stringent time-of-arrival requir.ments.

In general it 1s concluded that the potential of the REFLECT-3
code has been well demonstrated in these comparisons with the MTISERS
BLUFF TI-2 data. The two improvements Lo the code that have been
indicated throughout are (1) to represent the reflected shocks Ry and
Ry as sharp Rankine-Hugoniot shocks, as are the Ry reflected shock and
the three incldent Mach shocks, My, M, and M4, in the present REFLECT-3
code, and (2) to reduce the cell sizes for better wave form definition.
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SECTION 5
CONCLUSTONS

The REFLECT-3 code has been developed by making limited
modifications to the original REFLECT code (DNA Report No. 3470F). The
objective has been to determine from comparisons with the test results
of the MISERS BLUFF T11~-2 event the potential of the code, if modified,
for computing the interaction of multiple nuclear blast waves from
ground-level detonations. The MISERS BLUFF II-2 test consisted of the
simultaneous detonation of six 120-ton ANFO charges placed in a hexa-
gonal array with 100-ft separations. The follewing conclusions were
reached from the comparisons.

1. Betwecn 100 and 41 feet of the array center the predicted
incident shock overpressures for the charge bisector agree
{i well with the maximum values measured.

2. Within about 22 feet of the array center the smearing of the
Ry and Ry refracted shocks arfects the predictions of the
incident shock overpressure. Overpredictions relative to the
test results of up to 30 percent are observed. Within 4 fect
of the array center, where the smearing effect may be less,
the predictions agrec well with the incident shock overpressures
measured.,

3. The peak overpressure predicted for the main rrflected wave is
1615 psi at 0.43 feet from the array center (the closest point
from the center computed), which is only about 23 percent

' below the test result. At 4, 10 and 20 feet from the center f
! the agreement is very good. Based on considerations concerning

¥ the code calculations and test factors, it is possible that j
¥ higher overpressures might be obtainable than measured; it is 4
3 expected that they could be adequately predicted following i
i code improvements indicated below.

E 3
t 4, The two improvements to the code that have been indicated

i throushout are (i) to represent the two reflected shocks Ry

3 and Ry as sharp Rankine-Hugoniot shocks and (i1) to reduce the :
f sizes of the cells. j
)
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APPENDI X ;
i
THE PFAB CODE
GENERAL DESCRIPTION OF CODE.
, ‘ The PFAB computer code was developed as a modification of
;1 the FAB-2D code of Reference 9 for computing the main reflected wave
% : ‘ in the six-burst problem. The method employed is to solve the planar

!
‘%
i

o two-dimensional transient fluid-flow problem of the reflection of an
initially prescribed blast flow from the corner of a wedge-shaped
boundary, as indicated in Figure 13.

The flow field outside of the computational cell system shown
in Figure 13 is a prescribed time dependent flow, which is in the present
application given by the REFLECT-3 code. While the REFLECT-3 code does
compute this same problem as part of its late time solution, the PFAB
code 1s more realistic in that the main reflected blast wave is repre-
sented as a sharp Rankine~Hugoniot shock front (which is smeared in the
REFLECT-3 code) and the PFAB geometric cell layout 1is better adapted
to the features of the main reflected wave.

I
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The code computes the flow in a moving cell roordinate system
similar to the one shown in Fiéure 13. The cell system consists of an
| arbitrary number of '"szctors'",” three are indicated in Figure 13 (designated
J=1 to 3) each of which is subdivided into an arbitrary number of cells,
| as illustrated in the figure for sector 2 (J=2) for a 5 radial cell con-
i figuration (I=1 to 5). Cell dimensions and distances are expressed in
; terms of the radial distauce r and the polar angle 6, with the origin of

coordinates being taken at the corner of the wedge-shaped space.

P T
ol _ach PRSI

The outer boundary of the cell system represents the outer
limit of the calculated flow region, which is initially specified and
moves radially thereafter for each sector according to the speed of
the shock wave at the outer boundary of the outermost cell of the sector
and the local outer prescribed flow region. The inner and outer
boundaries of all cells, such as aa', bb' in Figure 13, are taken to
fir move outward similarly, at speeds proportional to the ratio of their
i initial radial distances from the origin of coordinates to the initial
shock front radius for the same polar angle.

i - couded

Within each sector the radius from the origin of coordinates "
to the curved circumferential cell boundaries (aa', etc) is taken to
vary linearly with the polar angle between the values at the two rays
designating the sector boundaries.

i
L:’w
;‘ .
L
A
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*
These shapes are not precisely true sectors in that their outer \
boundaries deviate slightly from circular ercs. g
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The pressure, density and velocity components in each cell
(abb'a'a, etc.), as expressed in polar coordinates, are taken to be
constant throughout the cell.

The flow between adjacent cells in the moving coordinate system
is computed using the Godunov technique in the same manner as for the i
REFLECT-1 code (Reference 2). More specifically, in the interior of the )
disturbed region, the flux conditions at cell boundaries are computed
as locally isentropic shock-expansion phenomena for large pressure and
velocity differences between cells, using an isentropic exponent
(Ye = (dln(p)/dln(p))s) which is the average of the values for the two

YT |

adjacent cells; for small pressure and velocity differences between adja-
cent cells a linearized approximation is used. For the outermost cell
bcundary of the disturbed region, the shock front velocity and associated
fluxes are calculated on the basis of the exact Hugoniot relationships
for air.

i ket S

The code assumes a real air medium with thermodynamic equation-
of-state properties given by Brode's 1965 analytical representation
(Reference 4).

Input to the code consists of the specification of the

, pressure, density and velocity in the entire disturbed fluid field at

; a time shortly before the incident blast wave strikes the corner and

’ also the time dependent incident blast flow conditions outside of the
computed flow region for all later times. These required initial and

! time dependent flow conditions would be obtained from the results of a

i REFLECT-3 run. The conditions would be inputted to the PFAB code by

an interpolation code designated REFRA (Reference 10). The REFRA mating

code was developed for use with the REFLECT-1 code. Minor changes are

required for its use with the REFLECT-3 code.

e e e a2 Ao

Program output consists of tables of pressure, density and
velocity and configuration geometry printouts for selected times. 1

The PFAB code has been set up on a CDC CYBER 176 computer.
The code has a core requirement of 164K octal SCM and 376K octal LCM
for a 5000 cell configuration.
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