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SECTION 1
INTRODUCTION

This report is concerned with the problem of accurately
predicting the blast effects of a nuclear explosion in a horizontally
stratified non-homogeneous atmosphere. It differs from previous work in
this area in that the problem is analyzed here by a basically two~
dimensional code (FAB-2D), obtained by generalizing the FAB one-dimensional
code of Reference 1, which represents the blast front as a sharp shock.
Blast properties are computed to overpressure levels down to as low as

0.1 psi.

This study was undertaken because the previously existing
methods for predicting the blast effects of nuclear explosions (e.g.,
see References 2-~5) have not yet been demonstrated to provide a fully
reliable and practical method for taking into account the effects of the
non-homogeneous (''exponential’) atmosphere on blast properties to low
overpressure levels. Present prediction methods generally consist of a
basically one-dimensional theory or an empirical test data base which is
adapted to the two-dimensional non-homogeneous atmosphere case in one of

several ways.

Probably the best known adaption approach it to relate blast
effects in a non-homogeneous atmosphere to those in a uniform atmosphere
by the method of modified Sachs scaling (e.g., see References 2, 3
or 4). This approach is ecasy to apply and has been supported for some
conditions by the theoretical studies of References 3 and 4. Those
theoretical studies also indicate some conditions where modified Sachs
scaling is less accurate (see also Reference 5), but since the theories
are approximations in themselves they do not provide a firm basis for

assessing the reliability and limitations of modified Sachs scaling.

With regard to experimental evidence, shock overpressure tower

data from nuclear tests, as modified Sachs scaled to sca-level conditions

and represented by the U.5.-'59 data in Reference 2, have been compared




with predictions of the FAB and AFWL-1-KT-STD-REV codes (see Reference 1).

For both codes, large differences in shock overpressures have been found
between the code predictions and the test data for overpressures below
about 7 psi. The question arises whether modified Sachs scaling may be
in error or whether some other effect of the atmosphere such as an

inversion layer near the ground may alter the blast wave.

A second useful approach to non-homogeneous atmospheric
effects on nuclear blast effects is provided by Naval Ordance Laboratory
methods (e.g., see Reference 2), which take into account the variation
of atmospheric properties through use of analytical studies of the one-
dimensional problem of an explosion in a spherically symmetric non-

uniform atmosphere.

Other more simplified approaches to the non-homogeneous

atmosphere blast problem are discussed in Reference 2.

The rest of this report presents a description of the FAB-2D
computer code in Section 2, a summary of calculational results for 1-KT
and 1-MT bursts in Section 3, and an evaluation of the reliability of

the modified Sachs scaling method in Section 4. Conclusions are pre-

sented in Section 5.
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SECTION 2
THE FAB-2D CODE

-1 GENERAL DESCRIPTION OF CODE.

The FAB-2D computer code was developed as a generalization of

*
the FAB-1D code of Reference 1 to solve the axially symmetrical two-

dimensional transient fluid-flow problem of the expansion of an initially
prescribed flow into an initially undisturbed horizontally stratified
atmosphere, including gravitational effects. In the present application
this code deals specifically with the problem of modeling the fluid flow
produced by the detonation of a nuclear explosion in a non-homogeneous

horizontally stratified standard atmosphere.

The code computes the flow in a moving cell coordinate system

similar to the one shown in Figure 1. The cell system consists of an

%k
arbitrary number of "sectors', 5 indicated in Figure 1 (designated J=1

to 5) each of which is subdivided into an arbitrary number of axi-
symmetrical radial toroidal-like cells, as illustrated in the figure for
sector 2 (J=2) for a 5 radial cell configuration (I=1 to 5). Cell
dimensions and distances are expressed in terms of the radial distance r
and the polar angle 9, with the origin of coordinates being taken at the

burst point.

The outer boundary of the cell system represents the outer

limit of the disturbed flow region, which is initially specified and
grows radially thereafter for each sector according to the speed of the
shock wave created between the outermost cell of the sector and the

local outer undisturbed atmosphere. The inner and outer boundaries of
all cells, such as aa', bb' in Figure 1, are taken to increase similarly,

at speeds proportional to the ratio of their imitial radial distances

from the origin of coordinates to the initial shock front radius for the

same polar angle.

*
The FAB code of Reference 1 is referred to hereafter as the FAB-1D
code to emphasize the one-dimensional character of this code compared

to the FAB-2D code.

** . I3
These shapes are not precisely true sectors in that their outer boundaries
deviate slightly from circular arcs.

-
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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.

Except for effects of gravity (discussed below) the pressure,
density and velocity components in each cell (abb'a'a, etc.), as expressed
in spherical 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 (e.g., see Refecrence 6
or 7) in a manner similar to that previously used in nuclear blast-field
calculations by Thompson and Ruetenik (Reference 8). 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 adjacent cells; for small pressure and velocity
differences between adjacent cells a linearized approximation is used.
For the outermost cell boundary of the disturbed region, the shock front
velocity and associated fluxes are calculated on the basis of the exact

Hugoniot relationships for a real gas.

Gravitational potential energy is taken into account in com-
puting the flux of energy across cell boundaries and the gravitation
force is taken into account in the momentum equations. In addition,
because of very large cell sizes experienced in late time blast cal-
culations, it proved necessary to take into account the vertical
variation of the pressure and density between cell centers and hounc
due to the gravitational force. This pressure variation ('p) was cal-
culated as Ap = .gAz, where Az is the vcertical distance from the center
of the cell to the center of a cell boundary. The corresponding density

variation was taken as an isentropic function of the pressure variation

(with y=1.4).
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The code assumes a real air medium with thermodynamic equation-
of-state properties given by Brode's 1965 analytical representation

(Reference 9).

In addition to hydrodynamic phenomena, the code takes into
account the thermal radiation of a nuclear blast, with the total radiation
flux computed as a function of time according to Reference 10 and the
spatial distribution of radiated energy being calculated according to

the model used in Reference 11.

Input to the code consists of the specification of the initial
pressure, density and velocity in the entire disturbed fluid field.
These initial conditions are presently generated from early-time pre-

dictions of the AFWL Nuclear Blast Standard (1KT) code (Reference 12).

Program output consists of tables of pressure, density and

velocity and configuration geometry printouts for selected times.

The FAB-2D code has been run primarily on a CDC CYBER 176
computer. The code has a core requirement of 123K octal SCM and 400K
octal LCM for a 5000 cell configuration. Approximately 200 CP minutes
are required for a complete run with 4290 cells. This is discussed

further in Section 3-2.
2-2 SHOCK FRONT PROPERTIES.

The procedure used to determine shock front properties from

the code results for presentation here is described below.

Studies of the FAB-1D code results indicated that, because of
the finite thickness of the cells, slightly greater accuracy can be
achieved in determining the shock overpressures at the lowest overpressures
by linear extrapolation of the cell pressures to the outer boundary of
the outer cell, rather than simply using the pressure for the outermost
cell. The improvement is greatest at the lowest overpressures and
amounts to at most a few percent.

With the 273 radial cells used in the FAB-1D code calculations

of Reference 1, shock overpressures accurate within about 0.01 psi were

obtained down to 0.1 psi overpressure by taking the pressure in the

Sy e
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outer cell as the shock pressure. A comparable accuracy was achieved in
the present calculations using the FAB-2D code with 110 cells by linear
extrapolation of the pressure in the outermost cells near the shock

u front. The effect is only important at the lowest shock overpressures

where the small error can be reduced to below one percent. The shock

I
front properties presented in this report were determined in this way. ;
I
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SECTION 3
FAB-2D CODE RUNS

This section describes and lists the principal FAB-2D runs
made, presents selected numerical results for three runs with a 110 radial
cell configuration, and presents some comparable modified Sachs scaled
one-dimensional code results. Code reliability is tested here by com-
parisons of FAB-2D and FAB-1D code predictions for the case of a 1-KT

burst in a uniform atmosphere.
3~1 CELL CONFIGURATIONS.

Developmental runs were made with the FAB-2D code for a large
variety of cell configurations, covering from 3 to 39 sectors and from
37 to 110 radial cell groups up to a maximum of 39 sectors with 110 radial
groups for a total of 4290 cells. These runs were made primarily to
determine the minimum number of sectors to be used to achieve accurate
predictions. It was found that 19 sectors were required for prediction
of overpressure effects of a 1 KT burst at an altitude of 1000 ft for
overpressures down to about 0.2 psi and that 39 sectors were required

for a 1 MT burst at an altitude of 10,000 ft.

The principal FAB-2D code runs made are listed in Table 1.
The radial cell size distribution of the 110 cell groups used is listed
in Table 2, where cell radial widths are listed in order of increasing
distance from the origin of coordinates. Cell radial widths were

selected so that absolute pressure changes between adjacent cells did

not generally exceed about 2 percent.

In addition to the FAB-2D code runs scveral runs were made
with the FAB-1D code (Reference !). These runs included 1 KT and 1 MT
sea level runs made with the same 110 radial cell configuration used
for the FAB-2D runs. These FAB-1D results were used as one set ot

reference cenditions to compare with the FAB-2D results.
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TABLL .

v

CELL CONFIGURATION FOR PRINCIPAL. FAB-.D CODF XUNS
CELL RADIAL WIDTH No ekl
(PERCENT OUTER RADIUS) THIS Wihin
10° K
6 2
4 2
3.5 2
3.0 3
2.0 6
1.125 4
1.0 6
0.7 5
0.5 8
0.45 10
0.225 20
0.125° 40

a
Innermost cells

bOutermost cells

C———

PP

e e,

-~




3-2 COMPUTER TIME.

The computer time required, in terms of the central processor
(CP) time, was found to be essentially proportional to the number of
sectors and nearly proportional to the square of the number of radial
cells. The accuracy of the calculations was found to improve by
increasing the number of sectors and radial cells. The number of
sectors and cells must be increased together to accomplish an increase

in accuracy while maintaining a minimum of CP time.

The CP times used for calculation of the 1-KT burst at a
1,000 ft altitude (Run 45) and the 1-MT burst at a 10,000 ft altitude
(Run 44) were respectively 3.5 and 1.3 hours. The calculations were

performed to post-burst times of 20 and 200 seconds, respectively.
3-3 ACCURACY.

The "internal"” accuracy of the calculations with respect to
effects of number of sectors and cells used was established bv making
many developmental runs in which the cell configurations were varied,
primarily by varying the number of sectors and number of radial cells,
as well as their distributions in the radial direction.* Analysis of
these results enabled the assessment of the internal accuracy of the

final runs.

The internal accuracy of the calculations with reference to
peak shock overpressure for the 1-KT burst at 1,000 feet altitude was
one percent or better down to an overpressure of (.15 psi. For the
1-MT burst at 10,000 feet the one-percent accuracy extends down to an

overpressure of 0.2 psi.

The internal accuracy of the positive overpressure duration
for the final runs is found to be pencrally within one percent out to

the overpressure limits given above.

*[nternal accuracy as defined and discussed here covers the major
sources of error which have been observed in running the FAB-2D code
which can be discussed in a quantitative manner. There are, however,
some indications of other sources of small errors associated with
code details which are not cevered by this internal accuracv appraisal.
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The overall accuracy of the code remains to be tested by
comparison with test data. This would be accomplished through com-

parison with nuclear test data.
3-4 CODE RESULTS FOR PRINCIPAL RUNS.

Results of the principal FAB-2D code runs for the 110 cell

configuration have been recorded on magnetic tapes. Tables 3 to 5 and
Figures 2 to 18 present representative data interpolated from these run ;
results in a form convenient for comparison with other results. Figures 2

to 6 and Table 3 present results for a nominal 1-KT burst in a uniform

sea-level atmosphere, neglecting gravity effects (Run 46). Figures 7,

9y, 11, 13, 15 and 17 and Table 4 present FAB-2D results for a nominal

1-KT burst in a non-homogeneous atmosphere at a 1000-ft altitude.

Figures 8, 10, 12, 14, 16 and 18 and Table 5 present similar results for

a 1-MT burst at a 10,000-ft altitude.

Tables 4 and 5 and Figures 7 and 8 present shock overpressures
as functions of altitude and range from the burst point. Figures 9
to 18 present altitude~range contours for shock dynamic pressure
(Figures 9 and 10), positive overpressure impulse (Figures 11 and 12),
positive dynamic pressure impulse (Figures 13 and 14), duration of
positive overpressure (Figures 15 and 16) and time of shock arrival

(Figures 17 and 18).

Also presented in Tables 4 and 5 and VFigures 7 to 18 are modificd
Sachs scaled (MSS) data based on FAB-1D code results or 1D predictions
of the AFWL-1-KT-STD-REV code (Reference 12).  These 2D and modified

Sachs scaled 1D results are compared and discussed in Section 4.

3-5 COMPARISON OF FAB-UZn AND FAB-1D CODES.

As an initial test of the reliability of the FAB-2D code,
Table 3 and Figure 2 present comparisons of FAB-2D and FAB-1D predicted

shock front overpressures versus slant range for the case of a nominal

1-KT sea-level burst in a uniform atmosphere.  The FAB=2D results are




TABLE 3

COMPARISON OF SHOCK OVERPRESSURES
FOR A 1-KT BURST IN A UNIFORM
SEA LEVEL ATMOSPHERE FROM THE

FAB-2D AND FAB-1D CODES

Run 46 for the FAB-2D Code (110 radial cells);

1 for the FAB-1D Code (273 rad.

Run FAB 273-5 from Ref.

cells).
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YIELD = IKT; SEA LEVEL BURST
OVERPRESSURE (PS1)
SLANT
RANGE FAB-1D FAB-2D
(F1) Run 273-5 Run 46
175 371.883 372.001
200 257.092 256.948
225 186.813 186.619
250 141.446 141.404
275 110.618 110. 59
300 88.730 88.670
325 72.550 72.435
350 60.260 60.154
375 50.822 50.768
400 43.205 43.226
450 32.607 32.704
500 25.848 25.922
550 21.219 21.218
600 17.798 17.775
650 15.174 15.155
700 13.123 13.117
750 11.495 11.501
800 10.184 10.197
850 9.111 9.129
900 8.222 8.241
950 7.475 7.493
1000 6. 840 6.857
1105 5.772 5.791
122 4.900 4.915
1350 4.174 4.185
1492 3.572 3.581
1649 3.067 3.074
1822 2,644 2,650
2014 2.283 2,289
2226 1.978 1.983




YIELD = 1KT;

N K

SEA LEVEL BURST

OVERPRESSURE (PS1)

SLANT
ﬁgﬁgh FAB-1D FAB-2D
Run 273-5 Run 46
2460 1.718 1.723
2718 1.496 1.500
3004 1.304 1.309
3320 1.139 1.144
3669 .997 1.001
4055 .874 .878
4482 .767 771
4953 674 .678
5474 .592 .597
6050 .522 .526
6686 460 464
7389 . 406 .410
8166 .358 .362
9025 .316 .320
9974 .282 .283
11023 .250 .251
12182 .222 .222
13464 .197 .197
14880 .175 .175
16445 .156 .155
18174 .138 .138
20086 .123 122
22198 .109 .108
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TABLE 4

R v

SHOCK FRONT OVERPRESSURES FROM THE FAB-2D CODE

AS A FUNCTION OF ALTITUDE AND SLANT RANGE

FOR A 1-KT BURST AT 1000-FT ALTITUDE

AND COMPARISONS WITH MODIFIED

SACHS SCALED 1D DATA

Run 45 for FAB-2D code;

Run FAB 110-50 for FAB-1D code;

both runs with 110 radial cells.

Te
to

!

| o
1
P
‘
I
|

!

|




YIELD = 1 KT; HOB = 1 KFT: HOT = 0.0 KFT

OVERPRESSURE (PSI)
SLANT e T
RANGE MggAiQBHS MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
1000 7.300 6.861 6.853
1100 6.229 5.839 5.832
1200 5.412 5.058 5.053
1300 4.771 4,446 4,642
1400 4.257 3.955 3.951
1500 3.836 3.553 3.549
1600 3.485 3.219 3.216
1700 3.190 2.938 2.935
1800 2.937 2.699 2.696
1900 2.719 2.493 2,489
2000 2.530 2.313 2.310
2250 2.147 1.954 1.951
2500 1.859 1.685 1.682
2750 1.635 1.477 1.474
3000 1.456 1.312 1.309
3250 1.310 1.177 1.175
3500 1.188 1.066 1.064
3750 1.0s6 .973 971
4000 0.998 .894 .892
4500 0.857 767 .765
5000 0.749 .670 .668
5500 0.663 .593 .591
6000 0.594 .532 .530
6500 0.537 481 479
7000 0.489 .438 437
8000 0.413 .372 .370
9000 0.357 .322 .320
10000 0.313 .283 .281
11000 0.279 .252 .250
12000 0.250 .226 .225

%
HOB designates burst altitude; HOT designates target altitude.
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YIELD = 1 KT; HOB =

1 KFT: HOT = 0.0 KFT

OVERPRESSURE (PSI)
SLANT
RANGE MggAiggHs MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
13000 0.227 .206 .204
14000 0.207 .188 .187
15000 0.191 .173 172
16000 0.176 .160 .159
17000 0.164 . 149 .148
18000 0.153 .139 .139
19000 0.143 .131 2130
20000 0.135 .123 122
22500 0.117 .107 .107

w e i
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YIELD = 1 KT; HOB = 1 KFT: HOT =

0.5 KFT

OVERPRESSURE (PSI)

SLANT
RANGE N oA MOD SACHS
(FT) SCALED FAB-2D
AR FAB-1D
1-KT-STD-REV
500 27.563 25.801 25.743
550 22.474 21.112 21.058
600 18.762 17.680 17.636
650 15.969 15.072 15.034
700 13.812 13.042 13.011
750 12.110 11.432 11.406
800 10.740 10.134 10.112
850 9.619 9.070 9.051
900 8.689 8.185 8.169
950 7.907 7.441 7.427
1000 7.243 6.808 6.796
1100 6.178 5.792 5.782
1200 5.366 5.017 5.009
1300 4.730 4.409 4.402
1400 4.219 3.921 3.915
1500 3.801 3.522 3.517
1600 3.454 3.191 3.186
1700 3.160 2.912 2.908
1800 2.910 2.674 2.670
1900 2.694 2.470 2.466
2000 2.505 2.292 2.288
2250 2.126 1.936 1.932
2500 1.841 1.669 1.666
2750 1.619 1.463 1.460
3000 1.441 1.299 1.296
3250 1.296 1.166 1.164
3500 1.176 1.056 1.054
3750 1.075 .963 .962
4000 0.988 885 853
4500 0.849 759 758
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YIELD = 1 KT; HOB = 1 KFT: HOT = 0.5 KFT
OVERPRESSURE (PSI)
SLANT
RANGE MggAiggHs MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
5000 0.741 .663 .662
5500 0.656 .587 .586
6000 0.588 .526 .525
6500 0.531 476 475
7000 0.484 434 .433
8000 0.409 .368 .367
9000 0.353 .318 .317
10000 0.310 . 280 .279
11000 0.276 . 249 . 248
12000 0.248 .224 .223
13000 0.225 .203 .203
14000 0.205 .186 .186
15000 0.189 171 171
16000 0.175 .159 .158
17000 0.162 .148 147
18000 0.151 .138 .138
19000 0.142 .129 .129
20000 0.133 122 122
22500 0.116 .106 .106




i
‘ YIELD = 1 KT; HOB = 1 KFT: HOT = 1.0 KFT i

OVERPRESSURE (PSI)
SLANT r
RANGE MggAiggHS MOD SACHS
(FT) SCALED FAB-2D
ATWL FAB-1D
1-KT-STD-REV
175 377.846 371.176 370.912
200 262.796 256.402 256.044
225 191.814 185.996 185.897
250 145.443 140.758 140.781
275 113.736 110.019 110.067
|
300 91.233 88.184 88.208
325 74.758 72.048 72.019 )
350 62.377 59.755 59.739 :
375 52.860 50.492 50.398 "
400 45.402 42.956 42.867 v
K
450 34.645 32.442 32.381 '
500 27.426 25.668 25.627
550 22.353 20.993 20.952
600 18.654 17.575 17.536
650 15.872 14,978 14.941
700 13.724 12.958 12.924
750 12.028 11.356 11.326
800 10.665 10.063 10.037
850 9.550 9.005 8.981
900 8.624 8.125 8.105
950 7.847 7.385 7.367
1000 7.186 6.755 6.739
1100 6.127 5.746 5.733
1200 5.321 4.975 4.965 \
1300 4.689 4,371 4,362 L
1400 4.182 3.887 3.879
1500 3.767 3.491 3.485
1600 3.422 3.162 3.157 , .
1700 3.131 2.886 2.880
1800 2.882 2,650 2.645 |
]
l
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YIELD = 1 KT; HOB = 1 KFT: HOT = 1.0 KFT

OVERPRESSURE (PSI)

SLANT
RANGE N o asiS MOD SACHS
(FT) SCALED FAB-2D
ARVL FAB-1D
1-KT~-STD-REV
1900 2.668 2.447 2.443
2000 2.481 2.270 2.267
250 2.106 1.917 1.916
2500 1.823 1.653 1.650
2750 1.603 1.448 1.446
3000 1.427 1.286 1.284
3250 1.283 1.154 1.152
>500 1.164 1.045 1.044
3750 1.064 1954 .952
4000 0.978 .876 875
4500 0.840 751 750
5000 0.734 656 655
5500 0.649 581 580
6000 0.581 .521 520
6500 0.525 471 470
7000 0.479 429 429
8000 0.405 364 .363
9000 0.350 315 315
10000 0.307 277 277
11000 0.273 1246 246
12000 0.245 1222 222
13000 0.222 .201 201
14000 0.203 184 184
15000 0.187 1169 170
16000 0.173 157 157
17000 0.160 146 146
18000 0.150 136 137
19000 0.140 128 128
20000 0.132 120 121
22500 0.115 1105 105
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YIELD = 1 KT; HOB = 1 KFT: HOT = 1.5 KFT

OVERPRESSURE (PSI)
SLANT
RANGE MggAiégHS MOD SACHS
(FT) petey SCALED FAB-2D
FAB-1D
1-KT-STD-REV
500 27.290 25.538 25.513
550 22.233 20.875 20.848
600 18.547 17.470 17.437
650 15.775 14.886 14.848
700 13.635 12.874 12.837
750 11.947 11.280 11.245
800 10.590 9.994 9.962
850 9.480 8. 940 8.912
900 8.560 8.065 8.040
950 7.787 7.329 7.307
1000 7.130 6.703 6.683
1100 6.077 5.700 5.683
1200 5.276 4.934 4.921
1300 4.648 4.334 4.323
1400 4. 144 3.853 3.844
1500 3.733 3.460 3.452
1600 3.390 3.134 3.127
1700 3.102 2.859 2.853
1800 2.855 2.625 2.620
1900 2.643 2.424 2.419
2000 2.457 2.249 2.245
2250 2.085 1.899 1.896
2500 1.805 1.637 1.634
2750 1.587 1.434 1.432
3000 1.412 1.273 1.272
3250 1.270 1.142 1.141
3500 1.152 1.035 1.034
3750 1.053 .944 .943
4000 0.968 .867 .867
4500 0.831 T4t .743




- X
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YIELD = 1 KT; HOB = 1 KFT: HOT = 1.5 KFT

OVERPRESSURE (PSI) s
SLANT by
RANGE MggAiggHS MOD SACHS |
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
):
5000 0.726 .649 .649 '+ g
5500 0.643 .575 .575 -
6000 0.575 .515 .515
6500 0.520 466 466
7000 0.474 .425 425
8000 0.401 .360 .360 o ]
9000 0.346 .311 .312 x
10000 0.303 274 .274 .
11000 0.270 244 244 A
12000 0.242 .219 .220 |
13000 0.220 .199 .200
14000 0.201 .182 .183
15000 0.185 .168 .168
16000 0.171 .155 .156
17000 0.159 .144 .145
18000 0.148 .135 .136
19000 0.139 .126 127
20000 0.131 .119 .120
22500 0.113 .103 .105
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YIELD = 1 KT; HOB = 1 KFT: HOT = 2.0 KFT
[
i
|
: OVERPRESSURE (PSI) 9
w SLANT
? RANGE MggAiggHS MOD SACHS r
| (FT) SCALED FAB-2D
* AFWL FAB-1D 4
“ 1-KT-STD-REV 3
1000 7.074 6.652 6.627
1100 6.027 5.654 5.634
1200 5.231 4.894 4.877 .
1300 4.607 4.298 4.284 E
1400 4.107 3.820 3.809 .
1500 3.699 3.430 3.420 %
1600 3.359 3.106 3.098
1700 3.073 2.833 2.827
1800 2.828 2.601 2.595 .
1900 2.617 2.402 2.396 g?
2000 2.434 2.228 2.224 L
2250 2.065 1.881 1.877 l
2500 1.787 1.621 1.618 i
2750 1.571 1.420 1.418 :
3000 1.398 1.260 1.259 4
3250 1.257 1.131 1.130 3
3500 1.140 1.024 1.024 1
3750 1.042 .934 . 934 .
4000 0.958 .858 .858
4500 0.822 .736 .736
5000 0.718 .643 .643
5500 0.636 .569 .569
6000 0.569 .510 .510 :
6500 0.514 461 L461 3
7000 0.469 L420 421 .
]
3000 0.396 .356 .357
9000 0.342 .308 .309
10000 0.300 271 .272
11000 0.267 261 242
12000 0.240 217 218
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YIELD = 1 KT; HOB = 1 KFT: HOT = 2.0 KFT

{
OVERPRESSURE (PSI) |
SLANT
RANGE MggAiggHs MOD SACHS
(FT) AFWL SCALED FAB-2D r
FAB-1D ]
1-KT-STD-REV g
i
|
13000 0.217 .197 .198 b
14000 0.199 .180 .181
15000 0.183 .166 .167
16000 0.169 .153 .155
17000 0.157 .143 144
18000 0.147 .133 .135
19000 0.137 .125 .127
20000 0.129 .118 .119
22500 0.112 .102 .104




YIELD = 1 KT; HOB = 1 KFT: HOT = 3.0 KFT

OVERPRESSURE (PSI)
SLANT
RANGE MggAiggHS MOD SACHS
(FT) SCALED FAB=2D
AFWL FAB-1D
1-KT-STD-REV
2000 2.387 2.186 2.181
2250 2.024 1.845 1.841
2500 1.751 1.589 1.587
2750 1.539 1.392 1.391
3000 1.370 1.235 1.235
3250 1.232 1.108 1.108
3500 1.117 1.003 1.004
3750 1.020 .915 .916
4000 0.938 .841 .842
4500 0.805 721 722
5000 0.703 .629 .631
5500 0.623 .557 .599
6000 0.557 .499 .501
6500 0.504 .451 453
7000 0.459 L411 .413
8000 0.388 .348 .350
9000 0.335 .301 .303
10000 0.294 .265 .267
11000 0.261. .236 .238
12000 0.235 .212 .215
13000 0.213 .193 .195
14000 0.194 .176 .179
15000 0.179 .162 .165
16000 0.165 .150 .153
17000 0.154 .140 142




YIELD = 1 KT; HOB = 1 KFT: HOT = 3.0 KFT

OVERPRESSURE (PSI)

Rt

SLANT
RANGE MggAiggus MOD SACHS ‘
(FT) SCALED FAB-2D i
AFWL FAB-1D i
1-KT-STD-REV ;

18000 0.143 .130 .133 D
19000 0.134 122 .125 3
20000 0.126 .115 .118 ]
4

22500 0.110 .100 .103




YIELD = 1 KT; HOB = 1 KFT: HOT = 4.0 KFT

OVERPRESSURE (PSI)

SLANT
RANGE MSEAEQSHS MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
3000 1.342 1.211 1.211
3250 1.206 1.086 1.086
3500 1.094 .983 .984
3750 0.999 .897 .898
4000 0.919 .823 .825
4500 0.789 .706 .708
5000 0.689 .616 .619
5500 0.610 .545 .548
6000 0.546 .468 .491
6500 0.493 461 b4
7000 0.449 .402 .405
8000 0.380 .341 -344
9000 0.328 .295 .297
10000 0.288 .259 .262
11000 0.256 .231 .233
12000 0.230 .208 .211
13000 0.208 .188 .192
14000 0.190 172 .176
15000 0.175 .159 .162
16000 0.152 .147 .150
17000 0.150 .137 .140
18000 0.140 .128 .131
19000 0.131 .120 .123
20000 0.124 .113 .116
22500 0.107 .098 .101




TABLE 5

SHOCK FRONT OVERPRESSURES FROM THE FAB-2D CODE

AS A FUNCTION OF ALTITUDE AND SLANT RANGE

FOR A 1-MT BURST AT 10,000-FT ALTITUDE

AND COMPARISONS WITH MODIFIED

SACHS SCALED 1D DATA

Run 44 for FAB~2D code;

Run FAB 110-51 for FAB-1D code;

both runs with 110 radial cells.
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YIELD = 1 MT; HOB = 10 KFT: HOT = QO KFT ']

OVERPRESSURE (PS1)
SLANT %
RANGE MggAiggHs MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D /4
1-KT-STD-REV |
3 1
10000 7.300 7.045 7.043
11000 6.229 5.991 5.995 e
12000 5.412 5.187 5.193 ]
13000 4.771 4.556 4.563 {
14000 4,257 4.050 4.056 ‘
15000 3.836 3.636 3.641
16000 3.485 3.293 3.296 ;
17000 3.190 3.004 3.005 ! S
18000 2.937 2.758 2.757 o
19000 2.719 2.546 2. 544 =§
20000 2.530 2.362 2.358 b
22500 2.147 1.994 1.987 {
25000 1.859 1.719 1.710 '
27500 1.635 1.506 1.495 1
30000 1.456 1.337 1.325
E
32500 1.310 1.199 1.187 4
35000 1.188 1.086 1.074 3
37500 1.086 .991 .978
40000 0.998 .910 .897 {
45000 0.857 .781 .768 |
50000 0.749 .682 .669
55000 0.663 .603 .591 ,
60000 0.594 .541 .529 ,
65000 0.537 .489 477 ,
70000 0.489 446 .435 v
80000 0.413 .378 .367
90000 0.357 .327 .317
100000 0.313 .287 277
110000 0.279 .256 .245
120000 0.250 .230 .218
130000 0.227 .209 .195 .
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YIELD = 1 MT; HOB = 10 KFT: HOT = 5 KFT

OVERPRESSURE (PSI)
SLANT - i
RANGE MggAigghs MOD SACHS
(FT) AFL SCALED FAB-2D !
AB-1D
1-KT-STD~REV F
5000 26.365 25.130 24.781
5500 21.416 20.584 20.181
6000 17.816 17.223 16.907
6500 15,115 14.652 14.442
7000 13.035 12.644 12.512 .
7500 11.397 11.056 10.968
8000 10.083 9.778 9.716
8500 9.010 8.733 8.687 :
9000 8.122 7.866 7.831 v
9500 7.377 7.139 7.110 -
10000 6.746 6.520 6.497 e
11000 5.736 5.530 5.513
12000 4,970 4.776 4.763
13000 4.371 4.186 4.176
14000 3.892 3.714 3.706
15000 3.501 3.329 3.322
16000 3.176 3.010 3.004
17000 2.903 2.743 2.736
18000 2.670 2.515 2.509
19000 2.470 2.320 2.313
20000 2.295 2.150 2.143
22500 1.945 1.811 1.804
25000 1.682 1.559 1.551
27500 1.478 1.364 1.356
30000 1.314 1.209 1.201 ’
32500 1.182 1.084 1.076
35000 1.071 .981 .973
37500 0.979 .894 .887
40000 0.900 .821 814
45000 0.772 .703 .696




YIELD = 1 MT; HOB = 10 KFT: HOT = 5 KFT

OVERPRFSSURE (PSI)

SLANT

RANGE MgEAiggHS MOD SACHS

(FT) SCALED FAB-2D

ATWL FAB-1D
1-KT-STD-REV

50000 0.674 .614 .607
55000 0.597 543 .536
60000 0.534 1486 480
65000 0.482 1439 433
70000 0.439 400 .39
80000 0.371 1339 .333
90000 0.321 .293 288
100000 0.281 1258 1252
110000 0.250 1229 1222
120000 0.225 .206 1198
130000 0.204 1187 177

T Tal




YIELD = 1 MT; HOB = 10 KFT; HOT = 10 KFT

OVERPRESSURE (PSI)

SLANT
RANGE N AL noHS MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D
1-KT-STD-REV
1750 367.713 366.749 366. 680
2000 254.515 249. 665 249.611
2250 184. 860 180.328 179.957
2500 139.478 135.273 135.128
2750 108.532 105.049 104.980
3000 86.630 83.850 83.805
3250 70.641 68.415 68.385
3500 58.660 56.806 56.780
3750 49.477 47.788 47.832
4000 42.302 40.736 40.757
4500 31.996 30.530 30.415
5000 25.120 23.865 23.785
5500 20.317 19.418 19.316
6000 16.834 16.210 16.102
6500 14.229 13.767 13.664
7000 12.229 11.856 11.766
7500 10.658 10.340 10.260
8000 9.402 9.120 9.050
8500 8.379 8.126 8.063
9000 7.535 7.304 7.246
9500 6.829 6.615 6.562
10000 6.231 6.031 5.983
11000 5.279 5.098 5.058
12000 4.559 4.392 4.358
13000 3.999 3.840 3.811
14000 3.553 3.401 3.376
15000 3.189 3.043 3.021
16000 2.889 2.747 2.728
17000 2.637 2.499 2.483
18000 2.422 2.289 2.274




YIELD = 1 MT; HOB = 10 KFT: HOT = 10 KFT

OVERPRESSURE (PSI)
SLANT
RANGE MSgAiggHS MOD SACHS
(FT) SCALED FAB~2D
AFWL FAB-1D
1-KT-STD-REV
19000 2.238 2.109 2.095
20000 2.078 1.953 1.940
22500 1.757 1.641 1.631
25000 1.517 1.410 1.401
27500 1.331 1.232 1.224
30000 1.183 1.091 1.084
32500 1.063 .977 .971
35000 0.963 .883 .878
37500 0.879 .805 .800
40000 0.808 .738 .734
45000 0.693 .632 .628
50000 0.605 .551 .548
55000 0.535 <487 484
60000 0.479 <436 <433
65000 0.432 .393 .391
70000 0.394 .358 .356
80000 0.333 .303 .301
90000 0.287 .262 .260
100000 0.252 .230 .227
110000 0.224 .205 .200
120000 0.201 .184 .178
41
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YIELD = 1 MT; HOB = 10 KFT: HOT = 15 KFT

I
OVERPRESSURE (PSI) l
SLANT ‘
RANGE MggAigg“S MOD SACHS
(FT) SCALED FAB-2D
AFWL FAB-1D f
1-KT-STD-REV i
5000 23.962 22.796 22,929 |
5500 19.295 18.357 18.546 ’
6000 15.922 15.246 15.346 .
6500 13.406 12.922 12.924 ‘{
7000 11.481 11.112 11.054 K
X
7500 9.973 9.670 9.587 i
8000 8.771 8.508 8.419 ;
8500 7.795 7.561 7.472 [
9000 6.991 6.780 6.694 !
9500 6.320 6.127 6.045 4
"
10000 5.754 5.575 5.498 )ﬁ
11000 4.856 4.697 4.630 4
12000 4.180 4.034 3.976
13000 3.655 3.519 3.468
14000 3.239 3.109 3.065
15000 2.902 2.777 2.739
16000 2.623 2.503 2.469 ;
17000 2.390 2,273 2.244 ‘1
18000 2.192 2.079 2.054 |
19000 2.023 1.913 1.891 {
20000 1.876 1.769 1.749
22500 1.583 1.484 1.469
25000 1.364 1.272 1.261 »
27500 1.196 1.110 1.101 ]
30000 1.062 .982 974 . ]
32500 0.953 .878 .873 ’
35000 0.863 .793 .789
37500 0.787 722 719
40000 0.723 .662 .659
45000 0.620 .566 .564




o

YIELD = 1 MT; HOB = 10 KFT: HOT = 15 KFT
OVERPRESSURE (PSI)
2
SLANT
RANGE MgBAiggHS MOD SACHS
(FT) SCALED FAB-2D
AFUL FAB-1D
1-KT-STD-REV

50000 0.540 492 .492 x
55000 0.478 .435 .435 b
60000 0.427 .389 .389 L
65000 0.386 .351 .351 »
70000 0.351 .320 .320 ;ﬁ
80000 0.297 .270 .271 i
90000 0.256 .233 .234 b
100000 0.224 .205 .204 |
110000 0.199 .182 .180 "
120000 0.179 .164 .160 E

2 A B X




YIELD = 1 MT; HOB =

10 KFT: HOT = 20 KFT

OVERPRESSURE (PSI)

SLANT
RANGE MggAiggHS MOD SACHS

(FT) SCALED FAB-2D

AFWL FAB-1D
1-KT~STD-REV
10000 5.314 5.152 5.041
11000 4.465 4.324 4.227
12000 3.829 3.702 3.617
13000 3.338 3.221 3.146
14000 2.950 2.839 2.774
15000 2.636 2.530 2.473
16000 2.378 2.276 2.227
17000 2.163 2.064 2.021
18000 1.981 1.885 1.847
19000 1.825 1.732 1.699
20000 1.690 1.600 1.571
22500 1.422 1.338 1.317
25000 1.224 1.145 1.129
27500 1.071 .997 .985
30000 0.949 .880 .872
32500 0.851 .787 .780
35000 0.770 .710 .705
37500 0.702 .645 .643
40000 0.645 .591 .589
45000 0.552 .505 . 504
50000 0.481 .439 440
55000 0.425 .387 .389
60000 0.380 .346 .348
65000 0.343 2312 .314
70000 0.312 . 284 .286
80000 0.263 . 240 .242
90000 0.227 .207 .209
100000 0.199 .181 .182
110000 0.177 .161 .160
4
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YIELD = 1 MT; HOB = 10 KFT: HOT = 30 KFT

»
| OVERPRESSURE (PSI)
4
: SLANT <
[ RANGE MggAiggus MOD SACHS
(FT) SCALED FAB-2D ,
AFWL FAB-1D
1-KT-STD-REV i
20000 1.362 1.299 1.248 ,
22500 1.139 1.080 1.042 P
25000 0.975 .919 .892 1
27500 0.850 .797 777 3
30000 0.751 .701 . 686 -
32500 0.672 .625 614
35000 0.607 .562 .555 .
37500 0.552 .510 .505 ' ]
40000 0.506 467 463 i
45000 0.432 .397 .396 -Q
50000 0.376 344 .345 f
55000 0.332 .303 .306 {
60000 0.296 .270 274 3
75000 0.267 .243 247
70000 0.243 221 .225
80000 0.205 .186 .190
90000 0.176 .161 .163
100000 0.154 .141 .142
110000 0.137 .125 .126 :
120000 0.123 112 .110
1
'




YIELD = 1 MT; HOB = 10 KFT: HOT = 40 KFT 1
‘
|
OVERPRESSURE (PSI)
SLANT
RANGE MggAiggHS MOD SACHS ]
(FT) SCALED FAB-2D -
AFWL FAB-1D
1-KT-STD-REV
§
30000 0.587 .552 .524 |
32500 0.523 490 469
35000 0.471 440 423
37500 0.428 .398 .386 ! 4
40000 0.391 .363 .354 E
45000 0.333 .308 .303 -
50000 0.289 . 266 .264 !
55000 0.255 234 .234 ‘
60000 0.227 .208 .210 0 3
65000 0.205 .187 .190 3
70000 0.186 .169 .173 A
80000 0.156 142 .147 | 4
90000 0.134 122 127
100000 0.118 .107 111
110000 0.104 .095 .097
120000 0.093 .085 .086
130000 0.084 .077 .078
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for a 9 sector by 110 cell configuration (Run 46). The FAB-1D results

in Table 3 are for the same 110 cell configuration; the FAB-1D results
in Figure 2 are for the more detailed 273 cell configuration of
Reference 1 (Run FAB 273-5).* The FAB-2D predictions in the table and
figure are seen to be in good agreement with the FAB-1D results with
differences generally near to or less than one percent for shock over-

pressures down to about 0.1 psi.

Similar comparisons between the FAB-2D and FAB-1D results for

these same runs are shown in Figures 3 to 6 for overpressure distribution,

positive overpressure impulse, duration of positive overpressure and

blast arrival time.

The overpressure distributions, shown in Figure 3 for a shock
overpressure of about 1 psi, are seen to be essentially the same for the
2D and 1D codes near the blast center and near the blast front, with

some small differences occurring in the negative overpressure range.

Positive impulses for the two codes, shown in Figure 4, are
generally in good agreement. The FAB-2D code does appear to predict
slightly lower impulses at the largest slant ranges, but differences
are less than 3 percent in range or impulse for ranges corresponding to

shock overpressures down to 1 psi.

Durations of positive overpressure for the two codes, shown in
Figure 5, are in good agreement, with differences generally less than
one percent for ranges over 1,000 feet, and not over 8 percent at very

short ranges.

Blast arrival times for the two codes, shown in Figure 6, are

essentially identical.

In summary, the above comparisons indicate that the FAB-2D
code, as applied to the one-dimensional blast problem, gives predictions
which are generally in good agreement within a few percent with the
corresponding predictions of the FAB-1D code. This result supports the

overall reliability of the major features of the FAB-2D code.

*Some comparisons in this report use 110 cell FAB-1D data and others

use 273 cell FAB-1D data. The 110 cell case 1s of interest since

it is the same as for the FAB-2D runs; the 273 cell case is of interest
because it is a slightly more accurate standard.

68

R




SECTION 4
DISCUSSION

This section presents a comparison of the FAB-2D code results
with modified Sachs scaled results of the one-dimensional FAB-1D

(Reference 1) and AFWL-1-KT-STD-REV (Reference 12) codes.
4-1 MODIFIED SACHS SCALING.

A major purpose of the present study was to assess the accuracy
of the Modified Sachs Scaling method for predicting two-dimensional
blast field properties from calculations or data for blasts in a uniform
(one-dimensional) atmosphere (e.g., see Reference 2, 3 or 4). This
method assumes that the blast pressure, density and velocity at a
target at a given altitude and slant range from a two-dimensional
detonation are the same as the blast properties from a detonation of the
same yield in a uniform atmosphere with the ambient atmospheric properties

of the target altitude.

In order to partially assess the accuracy of modified Sachs
scaling, altitude-range contour plots for various blast properties as
obtained from the FAB-2D code (Run 45 for 1-KT and Run 44 for 1-MT)
are compared in Figures 7 to 18 with the corresponding contour plots
obtained by modified Sachs scaling (MSS) of results of a 273 cell one-
dimensional FAB~1D run for a 1-KT burst in a uniform sea-level atmos-
phere (FAB-273-5, Reference 1). Also presented and discussed are contour
plots indicating the accuracy of modified Sachs scaling for shock over-
pressure and dynamic pressure based on comparisons of FAB-2D and MSS FAB-1D
calculations made with the same 110 radial cell configuration (Figures 19

to 22).
4-2 SHOCK OVERPRESSURE.

Considering shock overpressure first, it is seen from Figure 7a
that for a 1-KT burst at a burst altitude of 1000 feet the modified Sachs
scaled FAB-1D 273 cell results are generally in very good agreement with

the two-dimensional FAB-2D results. For a 1-MT burst at a burst altitude
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of 10,000 feet, Figure 8a, agreement is also generally good but with
slightly larger differences than for the 1-KT case.

Other comparisons of FAB-2D and modified Sachs scaled over- ]
pressures are presented in Tables 4 and 5, for FAB-2D and FAB-1D cal- i
culations having the same yield and radial cell configuration (110 radial ;
cells). The results in these tables indicate the same type of good
agreement as for the above-described comparisons using the 273 cell

FAB-1D data.

4-3 SHOCK DYNAMIC PRESSURE.

Comparisons of shock dynamic pressure contours, shown in

Figures 9a and 10a for 1-KT and 1-MT bursts, respectively, indicate the

same type of trends discussed above for the overpressure. For the 1-KT
burst the two~dimensional results are generally in very good agreement
with the modified Sachs scaled one~dimensional results. For the 1-MT
burst (Figure 10a) agreement is also generally good. However for very
! high altitudes above the burst point the modified Sach scaled results
i are seen to overestimate the ground range for a given level of dynamic

pressure.
: 4-4 SHOCK OVERPRESSURE AND DYNAMIC PRESSURE ACCURACIES.

As a more precise assessment of the accuracy of modified Sachs
scaling (MSS), calculations were made of the error involved by comparing
FAB-2D and FAB-1D-MSS shock overpressures and dynamic pressures for the
same yield and the same 110 radial cell configuration (see Figures 19
to 22 and Tables 4 and 5), for both 1-KT and 1-MT conditions. Results
of these calculations are shown in Figures 19 to 22, where the error
parameter indicates the percentage values by which the modified Sachs

scaled pressures exceed the FAB-2D pressures.

For the 1-KT burst at 1,000 foot altitude, the MSS overpressure
error is seen to be less than 1 percent for overpressure levels down to
1 psi and also for overpressures down to 0.5 psi for altitudes up to

somewhat over 6,000 feet (Figure 19).
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The corresponding shock dynamic pressure percentage error

for the 1-KT burst (Figure 20) is essentially twice the overpressure

error.* It amounts to less than one percent error for dynamic pressures
down to 0.005 psi for altitudes below and near the burst altitude, up to
altitudes between 3,500 and 5,300 ft, depending on ground range. The $
error remains less than 3 percent for altitudes up to 7,000 feet down to :

the 0.005 pressure range. b

For the 1-MT burst at 10,000 foot altitude, the MSS over-
pressure error is generally less than one percent for altitudes below or
near to the burst altitude out to at least 30,000 foot ground range

(Figure 21). The error is always less than about 4 percent for over-

pressures down to 1 psi. Near zero altitude the error increases to
about 4 percent at 100,000 foot ground range and directly above the
burst it increases to about 7 percent at the 0.25 psi level near 50,000 feet

altitude.

*
burst (Figure 22) is essentially twice the overpressure error and does

X
The corresponding dynamic pressure MSS error for the 1-MT i~

not exceed about 9 percent for conditions corresponding to overpressures

down to 1 psi. It generally amounts to less than two percent for altitudes

below or near to the burst altitude in the below 0.005 psi dynamic

pressure range, up to 70,000 foot ground range. Near zero altitude the

error increases to about 5 percent at the 0.005 psi level near 70,000 foot

ground range. Directly above the burst the error increases up to about C 4

25 percent at the 0.005 psi level at about 65,000 feet altitude.
4-5 POSITIVE OVERPRESSURE IMPULSE.

Positive overpressure impulses contours are shown in Figures 11
and 12 for the 1-KT and 1-MT burst conditions. For the 1-KT condition

(Figure 11) it is seen that the modified Sachs scaled contours have

T~

generally the sume shape as the FAB-2D contours and differ by less than
3 percent in slant range or 5 percent in impulse down to the 1 psi
overpressure level. The slightly smaller ranges observed far the

FAB-2D results are not due entirely to MSS errors, judging from the com-
parison of the FAB-2D and FAB-1D code impulse results for the uniform ¥

atmosphere case discussed in Section 3-5.

*
This follows from the fact that the shock dyvnamic pressure is pro-
portional to the square of the overpressure for small overpressures.
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For the 1-MT burst, Figure 12, the FAB-2D and modified Sach
scaled FAB-1D results are in reasonably good agreement near or below the
burst altitude. For altitudes well above the burst altitude, the MSS
results generally indicate appreciably larger impulses than are given by
the FAB-2D code, the differences being considerably larger than the
differences noted above for the 1-KT case. However, down to the 1 psi
overpressure level, the MSS values at worst do not exceed the FAB-2D

values by much over 6 percent in range or 12 percent in impulse.
4-6 POSITIVE DYNAMIC PRESSURE IMPULSE.

Positive dynamic pressure impulses are shown in Figures 13
and 14 for the 1-KT and 1-MT burst conditions, respectively. For the
1-KT condition (Figure 13), the modified Sachs scaled contours are the
same shape as the FAB-2D contours, differing at most by about 3 percent
in range or 4 percent in impulse. The slightly smaller ranges observed
for the FAB-2D results are probably not due entirely to MSS errors for
the same reasons discussed in the previous section regarding the positive
overpressure impulse. For the 1-MT burst, Figure 14, agreement is
generally good below the burst altitude, but well above the burst altitude
the MSS contours indicate significantly larger ranges and impulses than

are given by the FAB-2D code.
4-7 POSITIVE OVERPRESSURE DURATION.

Positive overpressure durations are shown in Figures 15 and 16
for the 1-KT and 1-MT burst conditions, respectively. For the 1-KT
condition the FAB-2D and modified Sachs scaled contours are similar for
altitudes near to or below the burst altitude, but the modified Sachs
scaled FAB-1D results indicate significantly shorter contour ranges
(larger durations for a given range) at much higher altitudes. For
overpressure levels down to 1 psi the MSS results differ at most by
about 5 percent in range or 2 percent in duration. For the 1-MT con-
dition the modified Sachs scaled FAB-1D results indicate shorter contour
ranges (larger overpressure durations) than the FAB-2D values for slant

ranges from the burst greater than about 30,000 feet. For overpressure
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levels down to 1 psi the MSS results differ at most by about 19 percent
‘'n range or 5 percent in duration. These differences are consistent

with the positive overpressure impulse differences discussed above.

4-8 BLAST ARRIVAL TIME.

Blast arrival time contours are shown in Figures 17 and 18 for
the 1-KT and 1-MT burst conditions, respectively. For the 1~KT con-
dition (Figure 17) the FAB-2D and the modified Sachs scaled FAB-1D
results are generally in good agreement everywhere. For the 1-MT case
(Figure 18), agreement is also good but the modified Sachs scaled FAB-1D
code gives slightly larger contour ranges (shorter arrival times) at high

altitudes.
4-9 COMPARISONS WITH AFWL-1-KT~STD CODE.

Comparisons are shown in Figures 7b, 8b, 9b and 10b between
shock front overpressures and dynamic pressure contours from the FAB-2D
code with modified Sachs scaled results of the AFWL-1-KT-STD-REV code
(Reference 12) for the 1-KT and 1-MT finite burst altitude conditions
(see also Tables 4 and 5). In each figure the pressure contour shapes
are similar for the two code results but the pressures given by the
AFWL-1-KT-STD-REV code are seen to be always significantly larger than
those obtained from the FAB-2D code. These differences are consistent
with the differences between the FAB-1D and AFWL-1-KT-STD-REV code

results observed in Reference 1.
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? SECTION 5 3
CONCLUSTONS

The FAB-2D hydrodynamic code has been developed to compute the i
blast flow characteristics of a nuclear free-air burst in a non-homogeneous
atmosphere. Numerical results have been obtained on a CDC CYBER 176 \
computer for a 1-KT burst in a uniform atmosphere, for a 1-KT burst at a

1000-ft altitude, and for a 1-MT burst at a 10,000-ft altitude, where

the last (longest) run required about 3.5 hours of CP time for computations v
to 200 seconds after burst time. Evaluation of these results and com- ';
parisons with modified Sachs scaled results from the one-dimensional
FAB-1D code and the AFWL~1-KT-STD-REV code indicate the following

conclusions.

1. The internal accuracy of the FAB-2D calculations of shock '

i B D b Bl S i

overpressure and positive overpressure duration, in

regard to cell size, is about one percent or better down |

PN

to overpressures of 0.2 psi.

2. For the case of a 1-KT blast in a uniform atmosphere,

overpressures, pressure distributions, positive over-

pressure impulses, positive dynamic pressure impulses and

shock arrival times calculated from the FAB-2D and FAB-1D

8 e et =

codes are in good agreement to slant ranges of about

20,000 feet and down to overpressures of about 0.1 psi.

3. For a 1-KT burst at a 1000-ft altitude and a 1-MT burst
at a 10,000-ft altitude, shock overpressures, shock
dynamic pressures and shock arrival times calculated by .
the FAB-2D code are generally in good agreement with
modified Sachs scaled (MSS) FAB-1D results. For the
1-MT burst the FAB-2D code indicated somewhat lower
overpressures and dynamic pressures than the MSS values
at altitudes well above the burst altitude, with at most i
about 4 percent differences for overpressure and 9 percent

for dynamic pressure for overpressure levels down to

1 psi.
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For the 1-KT 1000-ft burst altitude condition, positive

overpressure impulse and dynamic pressure impulse from
the FAB-2D and the modified Sachs scaled FAB-1D code were
generally similar. For the 1-MT 10,000-ft burst altitude
condition, results of the two codes were similar for
altitudes near to or below the burst altitude, but the
FAB-2D code indicated appreciably lower impulses at much

higher altitudes.

Overpressure and dynamic pressures obtained by modified
Sachs scaling of results of the AFWL-1-KT-STD-REV code
were found to be generally larger than those predicted
by the FAB-2D code. These differences are consistent

with the differences between the FAB-1D and the

AFWL-1-KT-STD~REV code results observed in Reference 1.
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