et

AD 729775

BRL MR 2118

BRL

MEMORANDUM REPORT NO. 2118

AIR SHOCK LOADING OF EXTERIOR WALLS OF SHELTER MODELS

by
George A. Couiter

August 1971

,.

Approved for pudifc release; distribution wnlimited.

U.S. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER
BALLISTIC RESEARCH LABORATORIES Reproduced by
ABERDEEN PROVING GROUND, MARYLAND  NATIONAL TECHIICOL

Scringfiald, Ve 22157

ffz?




—-—-—W——
Secun 8
DOCUMENT CONTROL DATA - R & D 1
Raewrity clossilication of title, of abatrast and inde. t2om sot be d when the sverell repart ts claseiifed)
i-JIéCIN:\ﬂN. A:hﬂ\;;v (mkﬂn“:}: d D 1 c t 8. REPORY SECURITY CLASMFICATION
.S. Army Aberdeen Research and Development Center s
Ballistic Research Laboratories ;—-‘E&é}‘ ified
Aberceen Proving Ground, Maryland 21005 T
3. AEFONRY TITLE

AIR SHOCK LOADING OF EXTERIOR WALLS OF SHELTER MODELS

4. ORSCRIPTIVE NOTES "Type of repert and inchunsive dotes)

S. AUTHORIS) (Firet nome, middie Inltlal, last heme)

Ceorge A, Coulter

P —

8- REFOAT DATE 78, TOTAL NO. OF PASKS 75. NO. OF KRS
Asgust 1971 139 7

88. COMTRACY CR GRANT NO. 08 ORIGINATOR'S REPORT HUNMIERLS)
& PROJECT KO. Memorandum Report No. 2118

«.0CD DAHC-20-70-W-0310

0. " NE
g"r’nx REPORT NO(S) (ARy ofher nunbers Mot ney So sesigned

[ A
10. HETRISUTION STATEMENY

Approved for public release; distribution unlimited.

BTt SUPPLEMENTARY NOTAS 13. SPONSORING MILITARY ACTIVITY
Office of Civil Defense
Office of Secretary of the Ammy
Washington, D.C. 20316

1%, AGSTRACY

AExperinental results for input shock ovexpressure of 5 psi are shown for differential
loading on the exterior walls of a shelter model with a single front entrance. Further
results are shown for a basement shelter model, where it is assumed that the top floor
structure is blown away and the blast wave enters the basement from above. Air veloc-
ities and dynamic pressures are given for the interior of the model./

" N—

Detalls of illustrations in
this document may be better
studied on microfiche

Unclassified
5




Destroy this report when it is no longer needed.
Do not return it to the originator.

Secondary distribution of this report by originating or
sponsoring activity is prohibited.

Additional copies of this report may be purchas>d from
the ii,S. Department of Commerce, National Technic:.i
Information Service, Springfield, Virginia 22z151

secossossesioserabeesateraise & 5 BTS2

sases arevesmasserisesansn PO

" s y
PRTR AT AEALAILITY COES
§ST. | AVAR. stse SPERIAML

A

The findings in this report are not to be construed a3

an official Department of the Army position, unless
so designated by other authorized documents.,

T use of trade names or moufacturers’ names in thia report
does mot oonstitute indoreement of any ocymeroial product.




) !ﬁuﬁw E'nli’lc-dm

14. me
KEY WORDS IR A LINK B LINK C
Chamber Filling
Blast Loading
Transient Flows
_—u_——-——_“—h-ﬂ- -_
Unclassified

Secwrity Classification




=

BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPCRT NO. 2118

AUGUST 1971

AIR SHOCK LOADING OF EXTERIOR WALLS OF SHELTER MODELS

George A. Coulter

Terminal Ballistics Laboratory

Details of iliustrations T~
this document may be better
~ $tudied on microfiche

Approved for pudlic release; distridution unlimited.

This work was supported by Office of Civil Defense, Work Order
Number DAHC-20-70-W-0310 (OCD Work Unit Number 1123C)

ABERDEEN PROVING GROUND, MARYLAND

&%w&%&&w%w&m%ﬂwﬁwﬂww%ﬁm%u&&ﬁ%mw&h&%m&m&iﬁhﬁﬁmmmuﬁwgmmwﬁdﬂﬁwﬁﬁmm&mwmm%@@&%&@%ﬁ“x““;

(e, i

S

b evddidhtad

FRYER A

oA Spe et




2} Dt ]

R O AT,

TR P AT T

bl CLINED AL ki

AT TADg o nor

DAt VRIS EXa AR

LY )

AnD

st awRgme, | TR

B ARG R UTT I

e

S

A P T 3 IR A RTYP | MR  IH HPR

SUMMARY

As Introduction

The results are presented from a study to determine the differential
pressure loading across the exterior walls of a shelter structure when
i< has been exposed to a blast wave. Experimental pressure-time records
obtained from opposite sides of the walls and the algebraic subtraction
of the two records are shown for an input shock over pressure of 5 psi.

Preliminary results are shown for a basement type shelter model in
which it is assumed that the upper floors of the structure containing
the shelter are blown awasy by the blast wave. High speed photography
was used to record the motion of the shock wave as it entered through a
top entrance into a two-dimensional modei. A smoke grid tracer method
was used to foilow the shock created air flow within the mcdel.

B. Exgeriments

Two- and three-dimensional models were exposed to step shock waves
produced in the Ballistic Ressarch Laboratories (BRL) shack tubes. As
was notea above, photography was used to monitor the twou-dimensional
experiments. Pressure transducers placed in the walls of the three-
dimensional loading model were used with a tape recorder system to acquire
the pressure-time loading data.

C. Results and Conclusions

The Appendixes of the report contain pressure-time records, a
computer program to predict the loading on the out:ide of the front wall
with a single opening exposed to a step shock wave, photographs, and
tables of flow calculations.

Comparison is made of the experimental loading results with the
prediction methods given by the Army design manual, TM5-856-1.

The following conclusions are believed to be valid over the test

pressure range of 5 to 10 psi.

1. The clearing time which is the time required to reduce the
front wall to stagnation pressure, is apparently proportional to the

3




smaller of the half-width or the height, and not proportional to a
veighted sum of the wall opening-edge Jdimension as indicated in the
design manual. This is probably true because reflections from the \
entrance walls do not allow the faster predicted clearing time to occur.

)

2. Internal side wall reflections cause a higher internal
front wall loading than is predicted by the manual. Also, some type of

oscillating loading function should probably be used in any prediction
method devised.

3. The area influenced by the edge vortices may be limited
to that within a few inches of the edge. For full size structure walls,
this region might be neglected if the major vortex effects still occur
in the first few inches from the edge.

4. The basement shelter results are quite preliminary, but
thcy appear to show a strong flow towards the floor from the overhead
entrance, and not at a shallow angle into the model, as it previously
was thought to occur.
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ABSTRACT

Experimental results for input shock overpressure of S psi are
shown for differential loading on the exterior walls of a shelter model
with a single front entrance. Further results are shown for a basement
shelter model, where it is assumed that the top floor structure is
blown away and the blast wave enters the basement from above. Air

velocities and dynamic pressures are given for the interior of the model.
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1. INTRODUCTION

The purpose of this study is to determine the differential loadiang
across the exterior walls of a shelter structure when it is exposed to
a biast wave. A secondary goal of the study is to determine the internal
air flow inside of a basement type shelter if the upper fioors have been
destroyed by the blast wave. In this case, the blast wave is free to
enter through the overhead interior stairwell. T7he problems of structure
removal and the debris are not considered. The internal flow study will
continue into the next work period and initial results are reported
here. The work is sponsored by the Cffice of Civil Defense (OCD) under
a contract {Work Order Number DAHC-20-70-W-0310 with the Ballistic
Research Laboratories {RRL}.

The differential loading part of the study was done with a three-
dimensional model exposed tc tep shock waves produced in the 5.5 ft
BRL shock tube. Pressure transducers were used to measure the pressure
as a function of time at locations on each of the shelter walls. The
differential load was recorded by electronicaiiy combining the outputs
from each pair of transducers inside and outside.

The study of internal flow was begun with a two-dimensional model
exposed to air shock waves in the photographic section of the 4 x 1S5 in.
shock tube. The shock induced air flow within the model was photograph-
ically monitored with smoke grid tracers.

Data from each experiment are placed in the Appendixes. Appendix A
shows the several pressure-time histories recorded during the diffraction
loading experiments. Appendix B lists & computer program for calculating
the air shock loading parameters on the outside of a froat wall of a
shelter structure with an opening. Appendix C shows the photographs
from the flow experiment with the two-dimensional basement model.
Appendix D contains the air flow tables and vector plots calculated

from motion of the smoke grids.

Preceding page biank 13




It. EXPERIMENTS

In order for existing structures which are used for shelters
(References 1, 2, and 3)' to be evaluated for strenyth correctly, the
differential loading caused by blast waves needs to be better defined.
Accordingly, experiments are being carried out a' the BRL Shock Tube
Facility to acquire this type of information. Part A below describes
one such experiment at the 5.5 ft diameter shock tube.

If one assumes that the upper floors of a protective structure are
removed by a blast wave, the problem then becomes one of flow into thke
basement through the intarior overhead entrance. A two-dimensional
experiment described in Part B below, was designed to visualize tne
internal air flow associated with this type of filling process.

Table I summarizes the pertinent model data.

A. Three-Dimensional Experiment

This experiment consisted of instrumenting the interior and exterior
walls of a model of a single room structure with one entrance. The
model was then exposed face-on to step shock waves of a nominal 5.5 psi
overpressure inside the 5.5 ft shock tube. Figure 1 shows a sketch of
this model (Model 37) with the transducer locations.

The pressure transducers used were a ceramic piezoelectric type
(Susquehanna Instruments ST2) coupled to a source follower (Piezotronics
PCB 402A), and the voltage output (nressure-time history) was recorded
by a tape recorder (Bell and Howell VR 3206). The FM recorder had a
frequency response of near DC to 20 KHz.

The same instrumentation was used to determine the loading for the
two-dimensioral wall - Model 38. A sketch of this model with transducer
locations is shown as Figure 2. This model was two-dimension early in

time only, until reflections or rarefactions returned from other edges.

*
References are listed on page §2.
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2 Tebla I. Model Data

Model Size Type of Input A/AF,% V/A,ft |Remarks
; . Filling | Pressure,
3 psi
hodéls for 5.5 ft Shock Tube

.

37 10x15x25 in. Front 5.5 . 117 6 6 1/2x8 in.
38 2 3/4x13 1/2 in. |Front 5.6 - - entrance

38-A 4.18x8.375x3 in. |- 5.0 No Opering two-dimen-
sional

W T

wall

.4 Mod¢l for 4 x|15-in. Shock Tube

- 39 21/2 x 4 in. Top S, 10 - 0.83 two-dimen-
sional

3 1 x4 in.
entrance

at top

ne
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In both experiments, the differential records were obtained by differential
operational amplifiers which electronically combined the output of =<ach

set of exterior-interior (or upstream-downstrean) transducers.

B, Two-Dimensional Smoke Grid Experiment

A - The smoke-grid model {dodel 39) was designed to simulate a basement
.é type shelter when the above ground floorsare assumed destroyed by the

‘ blast wave. Figure 3 shows a2 sketch of the model mounted in the

3 4 x 15 in. shock tube photographic test section. A high speed framing
'3 camera was used to record the motion of the smcke grids as the air was
disturbed inside the model.

= 3 III. RESULTS

E .3 The results are presented in twe sections; (A), the results of the
A differential loading experiments, and (B), those from the basement model.

A. Differential Loading

1 i The complete set of pressure-time records from the loading experi-
i f ments are placed in Appendix A. The records for Model 37 are shown first
3 3 in the order cf front wall, side wall, and back wall. After these are
3 shown records obtained with Model 38; and last are the records for the
E. % input shock waves. These records display oscillations caused by reflec-

E tions from the model.

"5 Three representative sets of pressure-time histories of the wall
loading of Model 37 are shown in Figures 4 - 6. Figure 7 shows the
first set of traces recorded at the gage location nearest to the edge of

3 \f Model 38. Table II summarizes the data obtained with both modeis. All
arrival times referred to in this re¢port indicate the time of arrival
"3 at the front of the models and are not shown on these traces, but are
: listed in Table II.
:;'Vt Figure 4(A) shows the pressure-time history for Position 3 on the

outside of t.c front wall of Model 37, There are three main regions of

interest that can be observed. Iaitially, the incoming shock wave was

18
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Table II.

Summary of Resuits

A. Differential Loading Experiment

shot

s’ Wall Position| First max’ Arriv-|Model|Remarks
psi Peak, | psi al
psi Time,
Husec
5-70-5 15.5 |Front | 1 12,1 |12.1 0 37 |3-D Model
1A - 10.1 | 326
1-14  {12.0 |12.0 - Shot 5-70-5
5-70-5 |5.5 |Front | 3 11.9 11i.9 o | P = 14.7 psi
3A - 10.8 | 436 T, = 39.4°%C
3-3A  [11.8 |[11.8 - A, = 1163 ft/sec
5-70-5 |5.5 |Frent | 4 12.¢ l12.0 0
4A 1.5 9.7 320 Position 2 Lost
4-aa  |12.2 |12.2 -
5-79-5 |5.5 |Front | 5 1.7 |11.7 0
5A 1.7 |10.6 | 343
5-5A  l11.6 {11.6 0
Shot 5-70-10
5-70-10 {5.3 |Side |12 54 57 | 239 |37 [P =14.9 psi
12A 5.7 | 9.8 | 401 T, = 27.5°%C
12-12A | 5.6 |-6.2 | 229 A, = 1141 ft/sec
Shot 5-70-8
5-70-8 |5.5 [Side |13 5.6 | - 255 P = 14.8 psi
13A 2.3 | 8.9 | a0 T, = 29.4°C
13-13A | 5.7 {-6.1 | 255 A, = 1145 ft/sec
5-70-8 |5.5 |Side |14 5.2 | 6.3 | 245
14A { 2.8 | 7.7 | 449
14-14A | 5.1 | 6.1 | 243
Shot 5-70-3
5-70-9 [5.9 |[Side |15 3.8 | 6.2 | 977 P = 14.8 psi
154 3.4 110.1 }1090 T, = 33.9°%
15-15A | 3.8 |-4.8 | 989 A, = 1153 ft/sec

24




Table 1I.

A. Differential_&ggding Experiment

Summary of Results (Continued)

E
|

St.ot Ps, Wall Position] First Pmax Arriv-|Model] Remarks
psi Peak, |psi al
psi Time,
L usec
5-70-8 5.5 |Side 16 4.7 | 6.5 |1000
16A 3.4 | 9.6 [1052
16-16A | 4.5 [-5.3 | 977
5-70-9 [5.9 |Side 17 4.8 | 6.3 | 958
17A 4.7 | 9.2 |1043
17-17A | 4.8 |-5.1 | 968
5-70-9 |5.9 |Side 18 4.5 | 7.5 [1710
18A 4.6 |12.5 |1833
18-18A | 4.1 |-6.4 1703
5-70-8 5.5 |Side 19 4.8 | 6.3 {1713
19A 3.1 10.7 }1829
_ 19-19A | 4.3 |-5.7 {1713 _
Shot 5-70-9
5-70-9 |5.3 |[Side |20 5.1 | 6.2 {1703 | 37 | P_ = 14.8 psi
20A 2.4 110.3 [1776 T = 35.9°C
20-20A | 5.1 |-5.3 }1685 A = 1153 ft/sec
Shot 5-70-7
5-79-7 |5.5 |Rear |21 3.4 | 5.7 2184 | 37 | P = 14.9 psi
21A 10.0 [13.7 [1915 T, = 31.4°C
20-20A |-S.8 |[10.5.]1912 A = 1149 ft/sec
Shot 5-70-10
5-70-10 {5.3 |Rear |22 1.1 | 6.6 |2166 P = 14.9 psi
) 22A 6.5 [10.8 11861 T, =27.5%
22-22A |-6.6 |-8.1 |1861 A = 1141 ft/sec
5-76-7 15.5 |Rear |23 1.4 | 5.9 |2184
23A 7.0 [10.6 }1847
23-23A 1-7.0 [-8.8 1ig43
25




Table II.

A. Differential Loading Experiment

Summary of Results (Ccntinued)

shot [P, |Wall |PositionFirst nax’ | ATTiv-|Modkl] Remarks
psi Peak, |psi al
psi Time,
usec
5-70-7 |5.5 |Rear |24 1.5 | 6.2 |2189
24A 5.3 |13.8 |1868
24-24A |-5.0 |10.0 {1876
5-70-10 |5.3 |Rear 125 1.3 | 7.4 [2452
25A 3.3 |10.7 |1813
25-25A {-3.4 |-9.0 |}1823
5-70-7 (5.5 |Rear |26 3.1 | 6.9 |2618
26A 3.8 [15.6 {1801
26-26A |-3.6 |-8.4 |1783
5.70-11 {5.6 |Fromt | 1 12.3 {12.3 | 0 38 | 2-D Model
1A 1.4 | 6.0 | 401 P, = 14.75 psi
1-14 - - - T, = 36.2°C
2 12.6 [12.6 0 A, = 1160 ft/sec
2A 1.2 | 6.9 | 656
2-2A - - -
3 12.7 |12.7 0
38 1.1 | 6.8 | 822
3-3A - - -
4 12.8 |22.8 0
aA 0.6 | 7.5 |1036
4-44 - - -
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Table II. Summary of Results {Continued)

B. Flow Experiment

Shot Ps, Grid Time, Velocity | Q Model A/AIN Remarks
psi Position |usec ft/sec 1b/ft2 .
359 | 4.9|Front 165 11-456 [0-261 39 .25 p_ Shock
206-288 | 5-311 !0-194 I]—
330-371 | 7-239 |0-106 I
412-453 {11-372 |0-159 Model 39
454-535 | 8-278 0-106 1 in.
entrance
Ali Shots
P1 =‘14.8
psi
. T, = 20.7°C
363 | 4. *:~iddle 124 2-144 }0-23 39 .25 T. = 21.2%

b 8
! 166-208 | 2-251 |0-72
]

249-332 |42-730 |1-752

374-457 [19-230 |i-64
498-623 | 9-267 10-47
365 | 4.9|No Swacke 39 25 | T = 2:.7%
Grid
366 |10.1[No Smoke 39 25 | T = 21.7°C
Grid
368 |10.0!No Smoke 30 25 | T =21.0
Grid
27
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input shock wave strengcths. A series of rarifaction waves from the
edges of the entrance and front wall reduce the pressure to zome

4 average stagnation pressure value. Other positions on the outside wall
B experienced similar loads with some pressure-time variations dependiug
on the nearness of the relieving edges.

‘i Figure 4(B) shows the position on the inside of the front wall
corresponding to Figure 4(A). A more complicated pressure-time history
P exists on the inside than on the outside. The shadowgraphs shown in

; Figure 8 (taken from Reference 4} illustrate the complicated multiple
:; E reflections of the incoming shock wave. The first group of reflections
. .3 (b - 3 msec) come from the near side walls, and later from the rear wall
3 .i? (3 - 10 msec). A third, larger period of oscillations compared to first
3 ;{ two groups correspond to a fill-time frequesncy.

Figure 4(C) is obtained by the electronic subtraction of the second
1 from the first trace. The result is the differential loading for a
g ¥ pesition. The front loading is first inward (positive) until the
3 .SZ reflected shock wave returns from the back wall and the loading becomes
'f outward (aegative). This outward force remains until an equal pressure
3 is estahlished on both sides of the front wall.

Figure 5 shows a similar set of traces representative of the side
wall daia taken at Positions 13, 13A, and the difference of the traces.
E 3 The outside wall pressure is about equal to the pressure of the input
E ; shock wave {5.5 psi) at early times. Subsequently there is some decay
"E to a lower pressure (3.0 psi) and an increase back to an average value

E 3 of about 4 psi.

The pressure record of Position 13A on the inside of the siu: wall
resembles the record from the inside of the front wall, second trace,
Figure 4. As in Figufe 4, there is an initial group of side-wall
reflections, followed by a second group with larger ampiitudes. There
seems to be a lack of any sudden low pressures Jdip indicating the presence

of a strong vortex created by the nearest edge, 3 1/2 in. awey. The
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Figure 8. A Shock Wave Entering the Front of a Model
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first portion of the hottam trace, Figure Q(b), shows a positive ,
inward pressure which results in a positive differential pressure where
the second group of reflections arrive from the inside back wall. The
difference becomes negative, or outward. Appendix A shows the records
from the remaining side wall positions.

Figure 6 shows a set of traces taken from the back wall of the
model at Positions 24, 24A, and the difference between them. The upper
trace, from the outside wall, shows an increasing rise to a pressure
equal or above that of the input pressure* of Ps = 5.5 psi. A ncticeable
pressure dip follows which was possibly caused by a vortex propagated
from the rear edge of the model top.

The corresponding inside Position 24A, shows pressure oscillations
similar to those seen at Positions 3A and 13A. Because of these large
oscillations in the pressure, the difference trace between 24A and 24

gives an almost all negative, or outward result. Again, the remaining

. records for the rear surface are to be found in Appendix A.

The results of the second differential loading experiment are given
in Table II for Model 38, shown in Figure 2. The model positions are
numbered from the outside free wall edge, toward the bottom plate.
Upstream facing positions are numbered Positions 1 - 4, and positizas
behind the wall are labeled Positions 1A - 4A. Refering back to Fizure 7.
records from Positions 1, 1A, and the difference between them are shcwn.

The upper record, taken at the front of the wall shows a pressure
decay from the initial reflection of the input wave to some value near
stagnation pressure. Three portions of this decaying part of the record
correspondad to arrival of rarefaction waves from the dirferent relieving
edges of the model wall. Only the first rarefaction is really two-
dimensional. Mounting plate edges cause additional relief after this

initial two-dimensional relief phase. An undershoot in pressure in

“This stepwise pressure growth is to be reported in more detail in a
BRL Memorandwm Report to be publizhed.
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the decay phase occurs which lowers the pressure below stagnation

pressure; then pressure builds up again to about the value for stagnation
pressure.

The second trace shows the pressure-time record from the rear of
the wall, Position 1A. During the time of this trace, the shock wave
has diffracted over the wall and down the back with a corresponding
pressure decay. The sharp dip to zero pressure is caused by the vortex
from the back edge of the wall. The pressure builds again to a value

somewhat below the side-on value of input pressure.

The difference trace, shown at the bottom of Figure 7 shows a

positive loading against the front of the wall during the recording time.

Records for the remaining positions on Model 38 may be found in
Appendix A, Figure A-4. Examination of these traces does not show the
vortex dip, as was observed at Position 1A. The last three positions in
this group, Figure A-4, show a smail negative difference for a short
time. This net inward pressure on the outside of the rear wall is
caused by reflections cf the shock wave at the base of the rear wall.

B. Flows in the Basement Model

Preliminary resuits from a two-dimensional basement model are
presented in this section. The -shock wave was allowed to approach over
the top of the model; it then meved into the model through the overhead

entrance.

Photographs of the entrance-shock wave interaction display a
relatively complicated process. Previous work (Reference 4) showed the
shock wave as it enter~d through the front entrance of a geometricaliy
similar model. A comparison of the two types of entrance effects are
shown in Figures 8 and Y. The reflection processes of the shock wave
appear similar in the two models. However, the flow into the model from

the top entrance as indicated.by the general direction the vortices are
moving appears to be directed primarily downward in Figure 9., The
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Figure 9. A Shock Wave Entering Model of Basement Shelter
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direction of the vertices is not towards the far end of the model as

expected. The vortices stay near the front of the model instead nf
crossing tne model.

Table II presented before, summarizes the average air flow speeds
at discrete times, measured from the time when the shock wave reaches
the inside of the entrance. The range of speeds is quite wide and
speers of several hundred feet per second were calculated. This agrees
with earlier work which was discussed in Reference S. Similar flow
speeds were found for a variety of entrance configurations at the same
input pressure.

Appendixes C and D contain the photograplis, air flow tables, and
vector plots of data from Model 39.

IV. COMPARISONS OF RESULTS WITH THEORY

The purpose of this section is two-fold; first, to present an
empirically derived computer program prediction for the pressure loading
by a step shock wave on the front wall of a structure with or without
an opening.' Second, the results of the present differential loading
experiments will be compared with the structure loading prediction
methods of Refersnce 6.

A. Front Wall

The pressure-time records from the outside of the front wall show
three main divisions of pressure which will affect the uall.loading,L:
Initially, the input shock wave loads all position on the wall with
reflected pressure at a given position. The reflected loading remains
until a rarefaction wave arrives from the nearest edge. This second
phase, or unloading process, continues as other rarefactions reach the
position from the cther edges and openings until the stagnation pressure

¢

--

*4 more general case allowing multiple openings and a general waveform
for the input shock wave will be reported later as a BRL Memorandwn
Report,
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for the input wave is reached. The unloading process occurs in some
clearing time for the entire front face. The front wall load lasts at

a higher level for a longer time than is predicted from Reference 6.

A semi-log plot of the pressure-time curves led to the assumption that
the decay portion of the loading might be represented by two exponential
decay equations. These equations tcgether with their time bounds are
shown in Figure 10 with a schematic of a front wall with an opening.

For the computer program, thLe front wall is divided into general
zones with incremental area subdivisions, then calculations for pressurc-
time loading at each of one-hundred increments of area are performed.

The total loading is calculated by summing the incremental pressures
over the area for each of fifty time increments. An example of the
output format is shown in Table III. The Fortran IV program is listed
in Appendix D.

Figure 11 shows a sketch of a rectzagular model (Model 38-A) with
no openings, used in the experiments of Refercnce 7. Predictions from
the machine program are compared ir Figure 12(A) with experimental
records obtained from Positions A and C. Figure 12(B) compares the
experimental pressure loading obtained from Positions A, B, and C with
the computer prediction and the loading prediction from Reference 6
using the method below.

The clearing time is given by

L 3h' /Crefl , (8)

where h' is height of Model 38-A since h < width/2 and Crefl is the
sound speed for reflected shock. For P_ =5 psi, and t, = 852 usec.
The average loading curve is drawn as now identified. The average
loading_ggéggpgééiin this way is higher than the experimental results.

Figure 13(B) shows a similar average loading comparison for Model 37,

which has an entrance. The notation is that used in Reference 6.
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(3) PREDICTED

Figure 12.

TIME , x SEC.

AVERAGE PRESSURE LOADING ON THE FRONT WALL

Loading for Front Wall of Model 38(A)
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Figure 13. Loading for Outside of Front Wall - Model 37
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wW-FT

2083
.083
«.083
«033
.083
«083
.083
083
.083
«083
.083
083
«083
«083
<083
«083
083
+.083
.083
«083
«083
«083
082
«083
«083
«083
083
«083
-083
»083
«083
»083
.83
<083
«083
-083
083
083
.082
«083
«083
083
.083
«083
«083
«083
.083
«083
083
-083

H=FT

.058
<058
«058
" «058
<058
«058
«058
«058
«058
058
«058
«058
058
«058
« 058
«058
058
«058
058
<058
+«058
«058
<058
-058
«058
<058
«058
«058
<058
«058
«058
<058
<058
958
958
«058
«058
«058
«058
«058
- 058
-058
058
-058
«053
058
«058
«058
-058
«058

Table III. Exemple of Machine Progrsa Output

TIME-SEC

« 0000061
«000057
.000113
000170
+000226
«000282
+000338
«0003%4
«000450
«000506
«000562
«000618
«00067%
+000731
~ 000787
«300843
«003899
«000955
001011
«001067
+001123
+003179
001235
«001292
«001348
«001404
«001460
«001516
«001572
«0.1628
. 00 N .l“
«00} %0
+00} 6
<0018 3
«001909
«001965
«002163
«002362
«002560
«002759
«002957
«003156
«0033%4
«003553
«0037%1
+«003950
«004348
« 004347
« 004548
« 004744

PRESSURE-PSI

12.200
12.200
10.426
8.539
8,427
8.315
8.206
8.098
T.991
7.886
7.782
7.679
7.578
7.478
7.380
T-.282
T.186
T.082
6.998
6.906
6.815
6.725
6.636
6549
6.463
6.378
6.293
6.211
6.129
6,048
5.968
5.960
5.760
5.960
5.960
5,960
5.9460
%.960
5.960
5.960
5.960
5.960
5.960
$.960
5.960
$.960
3.960
5.960
5.980
5.960

FORCE-LSS

34.177
34.177
29.20%6
23.921
23.606
23.295
22.988
22.685
22.386
22.091
21.800
21.%132
21.229
20.949
20673
20.40C
20.132
19.866
19.604
19.346
19.091
18.839
18.591
18.346
18.104
17.868
17.630
17.398
17.169
16.962
16.719
16.6%6
16,696
16.696
16.696
16,696
16,690
. 16696
16.696
16,696
£6.696
16.696
16.46%6
16.696
16.69%6
16.696
16.6%
16. 596
18,696
16.69%

P-T

PSI-SEC

«000016
+000700
«001285
«001764
«002237
«002703
«003164
«003618
«004066
«004508
004945
«005376
«005801
«006220
«006634
«007G43
»007446
007844
«008236
+002624
«008006
«009383
«009756
-010123
«010486
«010843
«011196
«011545
.011889
«012228
«012563
012897
013231
«013566
«013900
«014234
«015418
«016601
«027784
«018967
«020150
021333
«022516
«023699
-024882

‘026065

«027248
«028431
«029614
«030797




Table III. Example of Machine Progrus Output (Cemtinued)

TINE=8EC

0,000001
6,00003?7
0,000%33
0,2&9370
¢,000226
0.000282
0,000338
0,000304
0,000450
0,000806
0,000862
0.000638
0,000874
0,000731
0,000787
3,000843
0,000899
2.000958
0,00101¢
g, 0ulce?
0,004123
0,004179
0,001238
0,004292
0,001348
0,008404
8,001360
0,001519
0,001872
0,001628
0,003884d
N,001740
0,001796
0,001883
0,008%0%
0,00196¢8
0,002163
0,092362
0,0028¢0
9,002789
0,0020s?
0,003156
0,003384
0,0038s3
0,00378}
0,003980
6,004148
0,004347

0,004848-

0,004744

FORCE ON FRONT
TOTAL FORCE~iS,

2734,
2717 .7 -
24868,9
290,14
2288 ,7
2817.3
2030,9
1987 ,7
1804,4
1840,5
1804,1
1773.4
1747 .2
1721 .4
1696,0
1671,0
1646,.,4
1622,.1
1398,2
1574,7
1551 .3
1328,6
1806,.4
1484,0
1462,1
$440,6
§439,.4
1398,.6
1378.0
1357.7
1337,.8
1338,7
1333,7
1338,7
1338,7
1335,7
1338,7
1338,7
1335,7
1338,7
133%.7
133%,7
£338,7
133%,?
1333,.7
133%8,7
1333,7
£1333,7
1338,?
133%,.?

41

AVERASE PRESSUREeFS!

12,20
020‘3
11.40
10,22
0.8
9.458
9,06
8,74
8,45
3,21
8.0%
7.91
780
:’.6“
7.57
7.46
74353
7.24
7.43
7.03
6,92
6,82
6,72
6,62
6,52
6,43
6,33
6,24
6,15
6,06
3.9
8.96
5.96
3,96
5.96
5,96
5.96
5,948
5,96
5,96
5,96
5,86
95,96
5,96
5,96
G.96
3.568
8,96
5.96
$.,96




The clearing time,

] s
t, =3h £f/Crefl. , 9)
. § h A ,
n'n’n .
where h £ lET <h ; (10)

vhere Af is net area of front, An is area of zones on front. (See
Figure 10), hn equals the distance between edges which relieve the
pressure in zones la, hn equals the smaller of height or width for zones
1b, and hn equals the distance between the edge relisving and the
opposite side of zone 2. Gn equals on?-half for the zones designated la
and equals one for all other zones. h equals the smaller value of the
height or half-width ?f the front. The values of t'c equals 892 usec
for Model 37, where h £ equals 4.38 in. and Cref equzls 1236 ft/sec.

A similar prediction can be made for the inside front wall of
Model 37, where

. § h_ A
nnn

hje =2

= 3.5 in, (1

From Figure 14, P equals 1.82 psi, the average inside peak pressure

soi

" for an opening 17 percent of the total front wall area. For the ambient

sound speed, CO, of 1163 ft/sec for the experiment, then,

6 Psei 1/2
uio = Co 1+ P = 1198 ft/sec, (12)
(+]

the speed of the shockwave inside with pressure Psoi' The reflected
pressure for Psoi at an ambient pressure, Po, of 14.7 psi is found from
the Equation 13:

= 3.8 psi . (13)
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Figure 14. Average Transmitted Peak Pressure on Inside of Front Wall
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The clearing time for the inside of the front wall is

.= ]
E. E t=4h /C =1 msec . (14)
; The time for the return of the first reflection from the back wall is:
: / =
Li/uio + Li'co 3.53 msec (15)

where, Li/C° = 1,79 msec. The decay of the peak pressure to the outside
value is calculated from Equation 16:

1
3h if/cc = 0.75 msec . (16)

Figure 15 shows a comparison of particular loads cn the front wall
with the average predicted loads calculated from the equations of
!‘ ; Reference 6. The particular loidd may be quite different from the
::.i average load calculated this way.

B. Side Wall

Particular records from Positions 17 and 17A are compared in
Figure 16 with average ioading predictions from Reference 6. The equations
; » : used in obtaining these predictions are listed below.

Calculations for the average outside, side wall loading are as
follows:

For Ps = 5.5 psi, Us = 1336 ft/sec, P

= Ps’ Po = 14.7 psi,
1]
L=2.5ft, andh = 1.167 £,

SO

td = L/Uo = 1.87 msec .

(17)

"7 ? .« 0.4 (18

p —P/Ps-009+0-1 1 -FSO/PD = -9 : ~0)

C is the average pressure near the bottcm of wall (zone 3 of Reference 6)
' when the shock wave has reached tiie rear corner; P = 5.2 psi.
2

L}

= P = - = 19}

P =P/P = 0.5+ 0.125 (2 pSO/Po) 0.83 , (19}
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and P = 4.6 psi, the minimum average pressure.

SL/U0 9.4 msec (20)

and

]
15 k /Uo 13.1 msec (21}

L
where h is least of L/2 and h.

Calculations for the average inside pressure are as follows:

L
Using the values of Psoi’ Pi-refl, Uio’ hf , and LO calcuiated

from above and letting Li = 2.083 ft, the following parameters may be
calculated:

Li/Uio = 1.7 msec , (22}
/ = 3
2 Li’co 3.5 msec s {(23)
and
]
3h C/C0 = 0.94 msec . (24)

Two observations may be made from the comparisons in Figure 16:
First, it is obvious that there is, no loading at a given »osition
until the shock wave arrives there. If an average loading value were
used in this case a pressure would be predicted, even thougi in reality
one does not exist. The second observation is that a low predicted
value of the average transmittal peak pressure inside occurs. The back

wall reflected wave therefore, is also too small.
C. Back Wall

A comparison of records from Positions 25 and Z5A (center of back
wall) is made in Figure 17 with average loading predictions. The loading

predictions were again made using the methods of Rafevence 6.

Calculations for the out:.ide loading are as rfollows:

]
td = L/'UD = 1.87 msec, h = lesser of h or W/2 = W/2 = .833 ft

~~
[
w
St

1
Back wall buildup time, ty = 4 h /C0 = 2.87 msec.
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(ﬁgack)max = Py (%9 {1+ (1 B)Z-B] . (26)

which gives the average peak pressure at buildup time, tb.

PS°= Psb = PS = 5.5 psi, for step shock wave.
g = 0.5 PSO/P° = 0.187 ) {27)
and

( = 4.6 psi

Pback)max

- - - 2
Poack _ Pback)max (Pback)ma;]I; - (gt tb)]
P - M L T . (28)
s P, s Jl o |

Calculations for average ioading on the inside of the back wall are

as follows:

]
Ty = Li/Uio = 1.7 msec and h T Li’ since there are no

openings in the back wall. 2 Li/co = 3.6 msec.
'
3h ib/C0 =3 Lilco = 5.4 msec . (29)

P ,; = 1-82 psi, P,

soi = 3.8 psi, and PS + 0.85Q = 5.9 psi.

-refl
Fer a step shock wavé the positive duration, tys approaches infinity,
and Pback = )

The major differences between the average loading predicted and the

(P max.

back
data recoxds occur again for the inside loading. The reason for this

was previously, an underprediction of Psoi and thercfore, pi»refl' If
the predicted value for Pi-refl should be much higher than the outside

t p + 3 5.
pressure, then j-refl would fall to Pstag’ instead of Ps + 0.85Q as

predicted.

The underprediction of PSoi seems to be a serious deficiency, of
the method.

4G




3 \': V. SUMMARY AND CONCLUSIONS

.; The Appendixes of this report contain the pressure-time loading

3 records from the differential loading experiments, a computer program
used to predict the outside wall loading from a step shock wave for the
case of a single opening; high speed photographs of the two-dimensional
: f} basement model-shock wave interaction, and tables of the flow calcula-

tions.
From these data the foll~wing conclusions appear valid:

1. The time that is required for refiected pressure to clear
from the outside front wall is proportional to the wall half-width or
height dimension, whicrever is smaller. The proportionality «ppears
3 3 also to hold for the front wall with an opening. The clearing time is
; not proportional to a weighted sum of the opening-edge dimensions as

indicated in Reference 6.

_ 2. The internal reflections on the inside walls are more
& ‘é complex than is assumed in previous prediction methods. This causes
2 larger inside loads than were predicted before. It is possible that an
3 3 oscillitory loading function could be used to account for the reflections

3 from the side walls.

¥ 3. The side and top wall areas influenced by the vortex
motion from the model's edges are localized near the edges and the
ﬁf,? effects of vortices does noi seem to extend too far from the edge (some

E few inches).

4. The basement shelter mcdel results are quite prcliminary,
but they appear to show a strong air flow direction tcwards the floor
from the entrance above. Additional experiments are being started with
larger three-dimensional mcdels instrumented with stagnation pressure

) ; transducers. It is planned to continue this phase of the work through

the next work period.

5. Clearing time for the front wall and frequency of internmal
pressure reflections should scale for a full size room. An example is

given in Appendix E.
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APPENDIX B

COMPUTER PROGRAM
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The computer program for predicting the outside front wall loading

is written in Fortran IV with slight changes for the BRL computer.

The input data nceded are listed at the end of the main program.
The first line includes the width of the front (ft), the height of the
front (ft), the two x-coordinates of the opening, and the two y-coordinates
of the opening measured from the lower left corner of the outside of tle
front wall (looking at the front). The second line of input data includer
the reflected shock front pressure (psig), the stagnation shock front
pressure (psig), the shock front speed {ft/sec), the length of the side
wall (ft), sound speed in reflected pressure region (ft/sec), and total
duration of the input shock wave {sec). The third line specifies 2
new set of input coaditicns for the case in which there is no wall
opening. The negative numbers (-10's) replace the coordinates for the

opening. The last lire hac the same meaning as line two.
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T8 175 OCO LOADING OF STRUCTURES-COULTER 491l

. ]
* LIST(START) A4
s MAXT( S)IMINS, 3
s MAXO ( 8000 )L INES 4
c OUTSICE FRONT WALL - SINGLE OPENING 2
lglNENSION W(10),H{10)sT(50)sP(10,10¢50),PT{1C,10450),FORCE(10430+5 5
) AS
1 FORMAT(6F12.5) 6
P4 FORMATCLHL s L X o GHN=F T o TX o 4HH~-FT s TX o BHTIME-SEC, 7
13X o1 2HPRESSURE-PS1,5X ¢ SHFORCE-LBSs5Xo11HP-T PSI~SEC///) A7
2 FORMAT (3X, THOPENING) 8
4 FORMAT(2(F6e3¢5X)1F90a695X1F663910XoF6e398XsFi0e6) 9
S10  READ(S,1)WDsHT,Al,A2,81,82 10
IF{WD)500,5004+520 Al0
c PLACE BLANK CARD AT END JF DATA CARDS AALO
520 READISe1) PREF,PSTAG,UsxLsCREF,TO 11
WRITE(6,2) 12
c IF NO OPENINGs, PUNCH ALL NEGAL(IVE NUMBERS FOR Al,A2,R1,AND B2, 13
Will=0eD 14
H{1)=0e0 Al4
1F{ALeLT140.0)27,28 AALl4
27 AFRONT=WD#HT AAALS
GOTO 33 AABl4
28 AFRONT=WDSHT - (A2-A1)#(B2-81) Al4
33 DELW=WD/20. 15
DELA=0. 01 3HT *WD at7
L=1 817
DO 300 I=1,;0 18
wWil)=Wi{L)+DELW 19
DELW=WD/10e AAL9
t=1 Al9
M=1 819
H(1)=0.0 €19
DELH=HT/20, 019
00 300 J=1,10 20
H{J)~Hd{M) +DELH 21
DELH=HT/10a AA21
M=J A2l
T(1)=0 22
PY(]edel)=0 23
N=1 A23
Ki=1 823
DELT={ND/U)/ 1000, €23
00 300 K=1,50 24
T(K)=T(N)+DELT 25
N=K A25
1F(21aLTe00e ANCeBleLTo04 15070 100 26
TFINIT)eGToALoANDeWiI)eiToA2) 29,32 27
29 IF(H(J) «GTeBloANCoHIJ)oLTcB2) 31,32 28
100 IFIW{I)eLEeND/ 200 ANDoW{T)eLESHT-H{J}ISOTO 110 29
TFIN(E) oLEWD/24 o ANDoW{1)oGToHT-HI{J))IGOTO 120 30
IF(N{1)}eGToWD/2e e ANDoWD-H (1) o LEcHT-H(J})IGOTO 130 31
: TF(W{IYeGToWD/20 e ANDWD-W{1)eGTaHI-HIJ}IGOTO 120 32
3 sTO? 33
1 116 C=n(1) 34
y 55
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120

130

32

11

13

50

10

20
21

22

30
200

12

DR=AMINI(WND/ 24 4HT ) A34

GOTO 59 35
D=HT~-H(J) 36
DR=AMINLIND/ 24 oHT ) A36
GOYO 50 37
D=WD-N(1) 38
DRsAMINL(WD/ 246 oHTY ) A38
GOTO %9 39
IF(W L) oLEaALloANDHIJ) oL ToBL) GOTO S 40
FF(R{1)eLEcALoANDLHIJ)oLELB2;5G0TO 6 41
IFIHCTI)oLEcALoANDoHIJ) e LELKHTIGOTO 7 42
IFIN(T)elLEcA2eAMDHIJIoLESBL) GOTO 8 A3
IF(N(])oLEoA2oANDoHLJ) o LELHTIGOTO 9 44
IF(W(I)aLEoWDa ANDoH{J) oL ToeB31)GOTC 11 45
IFIN{TI)eLECHDGANDoH{J ) oL To82)60T0 12 46
TIF(W(])elLEaWDo ANDOH{ L) o LT HT)}GOTO 13 47
ST0P 42
D1=3QRT((BI~H{J) )®82+(AL~N(]1))®s2) 49
O=AMINL{W(]I),0})) 50
OR=A1l AS0
G070 50 51
D=AMINLI(NII) Al=WI1)oHT=-H{I)} 52
ODR=A1/2, AS52
G0Y0 50 53
D1=SQRT((H{J )~-B2)e*2+{AL-N(i))es2) 54
D=AMINL(WIT) 4Dl KT-H{J)) 55
DR=AMINL(AL: HT-82} AS5S
GOTO S50 £%
UsAMINL (NI} ¢BLl-H(J} oWD-N(I)) €7
DR=B1 M7
GOTO S0 .48
D=AMINLIWIE) sHT-H{J) JHIS)=B2,H0=-¥(I)} 5
DR=(HT=-B2)/2. 14
GOTO SO 60
D12SQRT{(B1~H{J) )*52+ (N [)-A2)8%2) 51
D=AMINL(BLl-~H{J) W(]1}):D1) 62
DR2WD~-A2 A62
GOTO 50 63
DAMINLA(NO=NW{I) oML )=A2KT=H(J}) 64
OR=({WD-42})72, Ab4
GOTO S0 65
DI=SQRT((M(S)~B21e8Z+(WH([)~-A2)982) (1.}
O=AMINL (DL HO-W{I) oy HT-H{JI )N (E)) 67
OR=AMINL(ND=-A2,HT~B2) A67
TR=D/CREF 68
DR=AMINL{ND/ 24 ¢HT )} A68
TC=2.58PR/CREF 69
IF(T(K)LLEL.TR)GOTO 10 70
IF{T(K)eGTe TR ¢ANDeTI(K)oLEL.TCIGOTO 2C 71
TF(TCelTaT(K)oAMD.TIXK)oLE.TQ)GOTO 30 72
PCieJeK}2PREF 73
GOTO 200 T4
IF(T(K)aGTaTReANDATtK) LT (2.5%TR) 1IGOTO 22 15
PilsJsK)nPREFSEXP(=a36%(TIK)=2:5%TR}I/{TC=2,5%TR) 1%, 70 ATS
GOTO 200 AATS
PllsdoK)=PREFSEXP(-0,23208({T(K)=-TR)/IR) 875
GOTO 200 T¢
P{1,J:K}=PSTAC 17
DELPT=P(I,J.K)SDELY 78
PT(14J9K)2PT{19J¢KK)SDELPT 19
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KK =K

AT9
FORCE(404K)2P{1,J,K)®DELA 80
FORCE(T,JoK)2FORCE(T,JoK) 144, A0
GOTO 210 81
3] DELT=(XL/U)/ 10, A8}
IF{K.EQeS501GOTO 530 82
GOYC 3200 A82
530 WRITE(6,3) £882
GOT0 300 83
210 NRITE(bo#)H(l).H(J)of(K%cP(l,JoK)oFORCE(KoJcK)oPT(loJcK) 84
IFIK.ER.S50) WRITE(6,2) AB4
IFET{K}oLEel 3e8WD/2.1/U)310,330 FYY.7)
310 DELT=(WD/U)/23, AAABS
GOYO 300 AABS4
330  DELT=(WD/N)Z6.5 AAC84
300  CONTINUE B84
WRITE(6,55) 85
320 DO 350 N=1,50 86
MM20 A86
FTOTAL=0 87
PTOVALTO A87
00 350 L=1,10 88
00 350 M=}1,10 89
lF(P‘L'"'N)'GYQOQ,""3""01 AS9
FTOTAL=FTOTAL+FORCE(L ,MoN) 90
PTOTAL=PTOTAL+B{L,M,N) A90
TF{L.EQu10sANDM.EQe10) 340,350 91
340 IF{MM.EQsC )GOTO 345 8491
PAV=FTOTAL/FLOAT (MM) A91
GOTO 344 AC91
345 PAV=Q, 2491
346 WRITE(6,66)T(N),FTOTAL,PAV 92
350 CONTINUE 93
GOTO 510 9
55 FORMATE1H1420X ¢ L4HFORCE ON FRONT ///.SX 95
18HYIME-SEC, 10Xs 15HTOTAL FORCE-LBy 5X,20¢AVERAGE PRESSURE-PSIZ/) 96
66 FORMAT(3XoF10e69 20Xy F9el,15X,F9,2) 97
500 END 98
* LIST 99
. DATA 100
. 1667 lelb? 0.5 14167 e 562
3 12.2 5496 ‘292. 2.5 12320 :5
3 «698 2348 -10. ~10¢ -~10. ~10e
3 L ila4 5.58 1284, 25 122'0 «01%

E 3 87
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APPENDIX C

HIGH SPEED PHOTOGRAPHS - MODEL 39
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Figure C-1. Shadowgraphs of a Shock Wave Entering
Model of Basement Shelter - PS =5 psi
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Figure C-1. Shadowgrzphs of a Shock Wave Eri:ring Model of
Basement Shelter - Ps = 5 psi (Cotinued)
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Figure C-1. Shadowgraphs of a Shock Wave Entering Model of
Basement Shelter - PS 5 psi (Continued)
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APPENDIX D

AIR FLOW TABLES AND VECTOR PLOTS
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USE OF APPENDIX D

Appendix N consists of two parts. The first consists of tables of
the results of the calculations made from measurements from the smoke
grids and the second consists of time plots of the first vertical row
of grid intersecrions taken from the photographs of Appendix C.
Additicnas plots of velocity vector fields computed from several grid
intersections are shown for a few discrete frame times to illustrate the

many directions of flow throughout the mcdel.

The tables list the frame time in microseconds, the x-y coordinates
in inches as measured from an orxigin at the inside, lower left bottom
of the model, the average velocity of a particular smoke grid inter-
section (positions in frames behind and ahead of the given frame in time
are used to find the average for the known camera framing speed),
1verage angle of flow direction measured from a norizontal axis, the
.-.nity obtained from the grid size and ambient grid area (density), and
¢ i+ 'jual to one-half the density times the velocity sauared).

The first plotv of =ach of the figures shows the path of smoke grid
intersections followed from some initial time labled "start" to end
times "T." Each path of the plot starts at a dot and ends at a time
symbcl, circled number. The remainder of the plots for each figure show
average velocity vectors for many grid intersections for discrete times
"T." The vector magnitudes are scaled at 1 in. = 200 ft/sec. The shot

number is giver for a reference with the photographs of Appendix C.
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Table D-I.

1 THE A 4
T1eRNSEC IHUCHES THCHES
41,20 0.,287¢ 2.U53/
0,2481 {0019
De264A8 1.26¢7
0,264¢& N,4537
L2648 HaeUNGY
6,061} 2,1907
00,0648 1.7058
N /G993 1.,268%
(6593 fle9ib?
0.0944 G.ultbo
1,u0352 24253/
0.9(‘48 10,111
0,9815 1,34b1
U.9BLS G.957a
Ge9796 o337
1,9869 2.2574
1.3859 1,8000
13963 1.3796
1.,3556 06,9981
13907 Goudbo
82,40 n,250% Z,068%
062793 te0d1a
08,2793 1,2160
0,2793 0.,8480
0,2793 01,0036
0.6360 201135
0.£919 1,04%¢
0,599 1.,2847
0.6739 (1,890}
06733 00,0036
1.U018 2.1982
U.9766 1.8793
00,9712 1.9171
1,01G& 0.9504
1,u09(C C.,0036
1.2775 2.263}
1.2775 1.6811
13387 1,3760
1,3387 leulol
1.,3387 0,ul30
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Flow Calculations - Shot 359

'y

FT/SeC

54,2
(AN
41 43
3F,4
26,2
15,0
72.1
37 .9
4€.,5
34,6
27,4
1.6
eC,1
4244
Het
78,4
24,4
30,1
7.3
34,5
5R.3
39.7
39,8
30545
23(,5
141,7
56,14
28,6
5.6
153.6
97,8
42.3
48,7
30,0
98,2
95,1t
103,¢
34,5
945

105

THITA
NEGRFTS

132,73
6247
43,2

«3E N

n,n

104,00
<h7

144,58

=4].3

R0
8¢€ .2

-7F,4

-C5,2

~25,%

-16,4

wlzoN

01,1
cb.6

1€4,0

1E0 .0

=77 .5

~A2.4

70,7
41,2

=i0,h

-38,7

=34 .5
25,7

=11,3

166,0

=1%7 .6
=53 ,6
=jC2,.,8
.2¢2
fe0
=14%5,1
-1‘7.9
-16705
-40,4
-168,7

‘F'QSKTY
SLULS/CUrT

JNL211Y
11903
flitcAn
122228
12228
N 20187
WNi02642
Jhr2404
JANR27000
2002700
WE1HR2
il 19%7
OG204N
oi1:2122
cH.2122
01957
0662645
e(.G2322
o'C2122
«(C19527
062155
2002323
«PC2141¢
« (L2362
002362
JNE25i92
«0C2080
102027
«0CR2477
«002477
001927
NC2877
L2440
02513
«GC2513
+0:2877
G244
J002513
JN02513
L2877

NOT REPRODUCIBLE

8
Lbss O1iF )

J.1t
4.3
l el
fohl
e 9%
l'.?j
Goist
1.7¢
2%
1.6%
n,LY
Lk
i1edl
141
tiei,a
itecY
9,9
He2d
Helb
NeCS
1.28
3.9
teFhY
1.87
fe10
58,22
26,.C1
.19
102
22.72
13.7%
2.1¢
2498
1,13
§3.87
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13.4Y
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Table D-I. Flow Calculations - Shot 359 (Continuod)

: i TR X Y U THFTA DENRSITY v
F ITLROSEC  INCHES INCHES FT/SEC  DEGREES SLUGCS/CUFT LB/SGFT
: 123,50 0,2944 2,0204 128,7 74,4 001704 14,10
3 042907 §1.,5630 141,9 302,56 NE21AK 21.03
: 0,2778 1,2296 47 .4 87,8 JN61892 2,13
: 0,2944 0,8726 6,6 56,7 LGL2302 0,05
5 01,2944 Goun37 5,5 ) LNB2302 B.C3
; 0,8389 2.0481 136,7 -89,2 JGl4160 36,2%
1 0,7648 1,6074 136,7 -129,9 004080 34,90
: 01,7593 1.,2926 99,9 51,7 02672 13,33
] D.6870 C.9lft 35,4 =99,0 L0C2493 tohd
3 U.6869 20,0956 3,6 1600 (02493 fen2
3 0,9426 2,133$ 169,6 “92.5 JOL1910 27,55
4 1.0222 1,6333 78,4 72,4 N03014 9.26
? 0.9722 1.307‘ 74'2 -6202 .002457 6.76
g 1.ug96 0,9550 62,9 “112,1 <NE2346 4,65
3 1.u093 0.3037 7.5 166,0 s0C2346 007
3 1,3693 2.2019 108,7 34,3 .00G3014 17 ., 8u
:: 1.;(93 1.7500 70.9 18.'! 00(12457 b.l7
3 1.,2963 1,3574 23,7 674 002326 0.60
; 1.3776 0.,9722 18,8 60,9 002346 0,41
3 1,3615 0.,0037 9.3 11,3 03014 0.13
E 15a,80U 0.2847 1,945¢% 219, “91,5 02504 60,14
; 0.2486 1,5045 181,7 98,2 602619 43,23
3 0.2811 1.1712 §18,5 84,6 .002317 16,27
1 0.282¢ 0,8541 126,1 “130,8 002458 19,56
i 0.2647 0,0030 82,4 10,0 .N02458 8.2
1 0,6378 1,784 :82,3 T/ J2217 3n,82
3 G.609¢C 1.545% 150,6 95,7 012401 27,22
0,6703 1.2072 147,18 “132,.4 L0N2379 25,706
: 0,6665 0.8559 86,3 -£6,3 0712695 10.C4
t G.6703 0,0N30 11,4 $70.5 002695 hel?
3 0,9946 2,0306 229,9 «67 .0 JOUL8ET 49,09
1.,0000 i ., 0054 92,2 54,2 o 102675 11.3¢8
3 1.0054 £.2523 107,9 51,3 ,002503 14,58
: U.9874 0,9027 54,3 92,0 L002433 3.59
3 1,0018 0.u054 20,7 5,2 ,N02433 N.52
1.36%8 2,2018 146,3 50,2 SNL2675 28,61
f, ‘034‘1 1,7027 g 1P )('025“3
3 1,3477 1,550 77.8 602433
E 1.3477 0,9946 38,2 “101e3 002433 1.78
: 1,3477 0,0054 13,1 ) .G02675 Uec3
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Table D-I.

X
1LCHES

he2hRY
Ne2b70
Ue2D56Y
"0213U
De213.
{iet211
(1,750 ¢
0.”611
Ce0G2¢:
YL
1oulih
f 3L
!OUSLQ
1Q'l?7i\
1.,u2%0
1.4G10
1.3870
1.3671
1.,3704
1.3044
042847
Ve27735
Ge2775
02072
De27 0
Ne81(8
0.7%2b
0eb10B
Deb4fA
Devd6h
Ue 9GRS
1.0667
1.0h4G
1.0649
1.u640
105333
100613
143982
1,9964
1.50862

]
It LB

le08/
{9533
1.113v
r,735¢
el 3/
1,664
14590
{1,105
Uetsehy
NeuNi7a
1,924}
1.,5420
1.224a1
e 0
Heufe
2. WGuys
f.0n00
0.937”
{1 e9352
Letisd7
1755
1,45%9
1.1441
lig /30
Letilet
1,/387
t.4144
iel158D
NHZ34
(tgedfifel.
f,0db0
} .24
felf7C
u,e797
[PRTEIN ]
2.1F.04
§ 67297
lec9)
0.9351
G,uftds

1l
F1/5cC

193,2
57.¢
27 .0
124,7

L

29,9

226 46
77 .7
39,4
2éd,v

185,¢

10H,2

1id 6
bR, 0
~n3,8

17d,6

121,.¢
7641
77 .7
51.1

127 ,4
76,9
75,0

151,14
5046

199,C

14,4

145,48

118,040
LY

21i 41

152,14

13403

136,4
%7

21¢4,6

Suf,7

301e5

123,14
bb.2

107

THETA
SECTFES

wCllgt
-f0,3
YA
127,71
-161 6
=iA,?
LIV
-140,7
“15307
“17103
-£2,9
=&,
=C 4.9
=102
ey h
-13,9
(3.0
-4740
0,7
- el
=461 N
-07.2
i3, 0N
70,4
=21

Flow Calculations - Shot 359 (Continued)
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3
3
4
3
3
-
3
3
4
3
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1re
HI1CRNSEC

268,40

328,60

Table D-I,

X Y
INCHES INCHES
0.,2889 1.6778
0,2907 1,3074
0,2722 1,040/
C.263C 0.,6444
0,2630 0.uftg9
0,8907 $L.0833
0.80%6 1,3722
0.,7278 1,uU574
0,727¢8 0,7222
0,7278& 60,0056
1.1244 1,737¢
1,124} 1.4241
1,124 1.1222
1.1241 0.8074
1.,1222 0,0037
146181 2.1259
1.5§48 1,574}
1.4796 1.,2204
1.,4796 0,8815
1,479¢ 0,u019
0,2865 1.6094
0,2665 1.,1856
0,2865 0,9556
02565 0.7586
0,2865 N, ullia
0.,8162 1.6036
0,8562 i.,3181
0,7207 1.077%
0,717} 0.,8144
U,7189 0,0018
1.1838 1.,6486
1,126} 1.3694
11117 1.1171
1.1117 0,7820
1.0577 0.,0018
1,7243 2.1387
15333 1.5261
15063 11,1856
1.4649 0,0036

u
FT/8EC

147,6
273,5
160,6
80,2

7.3
136,8
110,41
138,1
71,6
72.9
274,6
167,9
89.6
105,9

7.5
194,.,4
218,4
158.,5
97.9
67 .4
121.3
28,2
64,6
88,7
95,5
39,7
145,85
7349
5%.7
37,5
162,6
95.7
66,2
‘2.3
43,1
157,3
140,9
105,5
87,1
80,6

108

THETA DENSITY
DEGREES SLUGS/CUFT
89,3 (02051
88,1 «N02405
6,7 2001785
1.3 02535
0.0 JN02555
wt7.7 04221
=77 .6 « 002833
«36,.4 «N2109
7.3 «N12553
1.4 «N02553
46,9 J001725
=60, N «0126R4
47,1 02667
«63.4 002704
-1¢6,0 <002704
6.5 002688
«70,5 002667
-a6,4 ,002704
25,0 2002704
0.0 .J1n2688
~{14,.6 ,002034
=$3.8 JNU3I391
28,5 L£02835
£5,9 .002383
1.1 2002343
=134,7 <003694
-124,5 .003736
59,5 «N02312
47 47 «NL2623
w29 002623
=54,8 JN01782
«30,6 002772
«52,8 .,002569
12.8 .002607
2,5 .102607
0,0 «N02772
«23,5 < N02569
®16,5 102607
=2%,% «N02607
1.3 62772

Flow Calculations - Shot 359 (Continued)

t
LB/7LQFT

22,35
89,94
23,02
8,22
1,07
39.48
17 .17
204,12
6.5%
6.79
65,03
37.27
6,47
15.18
6,08
50,79
65.63
33,99
12,97
6.11
iS.c2
1.%4
5.9:
9,38
10,87
i10h,12
39,52
6.51
A4.37
1.4
23,57
12,70
597
2.33
2.42
34,30
25,546
14,50
%.29
8,99




Tabla D-T. Flow Celculaticne - Shot 35¢ {Continued)
P10 X Y { THETA PEISITY «
HILTOSEC 1IICHES Jticile s FT/SLC TEGPEPS  SLUGS/CUFT  turs5l
370,80 0.2589 1.9h8Y 146 ,u -1i4,3 L3084 32.57
L.2589 1.27906 he6 ~123.7 1612917 G,k
0.,3276 1090 23,7 €246 2564 N,7%2
V43241 (7074 50,6 50,7 LNt2uQt PP
Ue3574 UMY 841 153,4 12501 NGy
N /7244 1,146 156,9 w67 .3 JL2Y7Hh 36,03
0,7741 $1.253/ 135,6 “Gh 2 ot 2044 2202
Ue7645 0.9944 123,2 60,2 L2830 23,07
0,7648 Q7 8y 140,5 56,1 JN1.2487 24,0L5
U.76£8 n.Un:,/ 76.6 ’04 QG'\2437 7014
1,2167 f.uGHE 145,090 =G2.1 L1165 h 17,62
1.,2656 § 375y 117,.4 =40, JLi25) 17,54
1,1648 1685 143.% -H,%H L NU258% 2h47}
1.164b 1,816/ 105,7 22,3 JNE240; 13,90
1.,1648 Geuniy 14043 n,7 SL2401 24,%¢
1,7H67 21254 177.7 8.9 +00251% 3u,73
1.,06426 1.5185 109,06 47 o0 012535 th, 02
1.,5796 1.190/ 979 20,0 2401 11,98
1,5574 G.b44a 107,0 =137.8 J00.240Q% 1a.25
1.,5593 I RY; 134,9 ofied JE2H1h 22.87
A12.0.0 0.,2270 1.4775 124,09 b6, 02436 19,11
0.,2R29 1.1502 114,3 =71.,9 5063427 22414
U,3081¢ t.9%40 162,0 =013 2288 Sty o0l
0,3117 G.7153 6l.0 =00, 0 JGL2300 4,39
L2793 C,uibs 33.6 176,48 «D02300 1.51
0,6234 1.4480 364,3 wZh,h OL3770 250,1°
9.,8018 1.1748 324,60 wi7.0 LN0320H 168,41
0.7838 N,¥h7n {65,6 3.5 JGU2172 37 .4t
3 04,7946 06,0091 130,9 =£6,1 JNC2631 22,57
;£ 0,794 N.uC3o0 7341 “1.5 20026814 7.16
£ 1.1784 1.5045 275,06 ~a8,3 L01527 99,2¢
3 1.,2036 1.262Y 197.5 58,6 +NC3084 618
2 19234;. ioU’sSU 151.1 .17.3 .ﬂ02855 32.5;
1.2000C 0.7261 1668 «%2.6 «N(2633 27.4%
4 o 1964 0,u"30 140,5% 0.0 NE2698 2h,57
: 1.,820% 2.122647 196G ,n 1.8 Ju3una 56,04
1 1.,6072 $1.4468 231 .0 18,4 .G1128B55 7615
; 1.3010 1,1387 159.4 29,6 +N2693 34,20
3 1.5676 0.,8414 122,95 =3ed 002693 22U
] 1.50R2 0,uills 112,4 1,0 » 023084 19,48
X
Ei 109

———— - A ma e DRI - ~ s FS e " N A 4+ m e oa

L it ik eyl

G S LA A L bl




T1INE
HTLROSEC

453,20

494,40

Tabie D-1. Flow Calculations - Shot .358 (Continued)

X
IMCHES

29,2889
0,324}
0.324¢4
0.3244
0.324§
1.0463
11,0296
0,9481
0,8370
0.,8370
1,4000
1.,3074
1.,3074
{1.3037
1,3037
1.9519
$.8593
1.7167
1,6685
1,6704
0.,2847
0.290%
0.,2901
0,291%
0.2901%
0,8216
0.,8775
0.,877%
0,854}
0,8%50S
19333
1,3910
1,3009
1.2667
1.2378
1,899
{8138
1.7477
1.6775%
1,7135

Y
IMCHES

1,4556
144722
0.8444
0,6463
0,0049
1.3537
1.1556
1,00%6
0,63%¢6
80,0019
1.4000
1,2093
f.,024%
0,7278
0,U0Q8%
20“907
1.5907
1.,1130
0.,7963
0,009
1,0829
0,8829
0,06180
00,0054
t1,2739
00,8847
88,6252
0,0054
i.,44206
1.140%
20,9495
0,654}
0,0000
241297
1.3564
1.13069
0.7550
0,0054

U
F1/8EC

75,4
98,7
114,4
100,4
10,9
176,8
114,9
126,58
95,9
$6,5
370,8
238.0
117,.8
99.3
42,1
9.1
2121
158,55
141,.4
116,7
81.9
141,0
75,8
66.3
39.‘
216.4
199,.4
148,9
12,0
28,1
22243
199,.4
119,2
38.4
30,0

115,0
108,3
174,2

110

THETA DENSITY
DEGREES SLUGS/CUFT
39,1 «002206
=85,8 « (02152
99,2 «6G019/1
=§01,95 000242‘
[ « (02424
-00,6 « 006033
-a8,2 +005891
wd],5 .Qﬂ2076
-%1:2 002383
1.8 «002383
-14,5 2N02163
.37.2 .0”2266
-55.1 .002659
-‘702 .002916
5,0 «002918
9C.0 « 002266
-13,9 «0N2659
0,7 2+ 002918
38,2 03029318
1.8 20N2266
=1¢0,5 « 002632
=$00,7 +002810
=f{10,2 «N0G1992
=62,9 +002334
2.7 «002334
-41,1 «002611
28,0 .003388
=68,6 « 002369
38,7 «003013
0,0 «003013
=29.8 002157
25,6 «004005
30,2 « 002251
43,0 2002607
«3,6 «002607
<{78,3 «004005
.i79o4 e302251
30,3 « 002607
=i9.4 « 002607
0.0 +00400%

‘
LB/SQFY

6,23
10653
12,90
12.22

0.14
94,26
38,00
16,61
10,96

3.1

148,73
64,47
18.44
14,38

2,58

0,09
59,33
36,67
29.19
15.42

8,23
27 .95

S.73

8.68

131
61.11
67.30
26,25

Ne22

1.19
533430
79.60
19,98

1.92

‘317

17.23
13.37
60,75




Table D-I. Flow Calculations - Shot 359 (Continued)

TI0LE X Y u THETA LEKRSITY G
LILPOSEC INCHES ItLCilES FT/5EC DEGREES  SLUGBS/TUFT  LR/sSUFD
532,450 D,2741 1.3759 6,4 JNN1722

0,2981 1,u362 KEADINGS lidVAal.lb
01,2381 N,7770 132.7 -08,7 e CU2436K 21 .40
143630 Ned704 127 .4 38,7 + 012698 22.,"'h
0,3630 G UNA/ 105,.8 3.0 202698 15,11
1.2074 1.,213u 269 ,4 -rb,4 oLU72A7 262,93
1,2037 1.undu READINLGS IKVALLD
1,004 .0h&Y 171.4 43,7 J0n27414 A}, 20
U 8463 fN,0dbt 59,5 ~§i7,3 20N2388 4,22
0,85648% D.unty 33.3 170.5 «OU23R% 1.2
1.5907 1.2%0/ 180,4 38,8 LCu0b71 10678
1.,456%52 1.124, 142,7 ~0H1.8 MARE LY 55,1
1,4093 i ,9040 113.4 =.i3.7 oilt278R4 17 .91
1,3345 00,7019 62,9 «22.1 «fi1234AQ a.,h%
1,333 C.udnu 13.6 1t.3 0112344 Mgt}
Vo213 2.3y 191,.,4 1.9 15463 100,00t
0,2037 1.574a} 101,9 =28,9 .002784 14,47
1,8148 1,06356 96,0 =56,h 2 N12349 10,59
1,763 G.,7063v 80,3 2.6 LNN2349 7.%7
1,8426 GouDiY 3¢ 13,4 JNEBERY (1atb
57¢.60 1.7:153 1.4414 43,7 L0, 1 READINSS [HYALTD
KO READIKG READINGS INVALLID
0e2703 Ce/D32 67.1 -]dG,Q 202571 S5¢7%
0,3946 0.%441 READLIIGS ThvALID
Led946 (TR Y READINGS 1HVALID
1.0054 f.uBtt 179,.8 -£0,4 READINGS THVALID
K REALING REARIHGS 16sVALLL

1.,0000 UeZh70 READINGS THVALILID
0,8270 0.573v READINGS InvALlb
0,b180 0.,ul00b REARINGS TivALYD
1.5369 f.2¢342 194,7 -135,.4 NO01850 35,35
1,4577 1.,0162 244,8 =99,2 «BU4DET 136,88
1,382¢ v.872¢ 383,4 -3C3,6 NU28%1 209,51
13243 0,6306 READINGS THVALID
1.2559 0,u036 READIAGS THVALTL
2,0883 2,124 READINGS IHVALIL
1.,8994 1,3477 READINGS INHVALIL

1.8000 1,0577 KRELDINGS TNVALLD
17568 0,/514 27 .8 =703 JNN2718 1,00
1,7063 Daul%y 12,4 §79,.,0 <Na567 28,84

111




1 HIE
"ICROSEC

616,00

659,20

Table D-I. Flow Calculations < Shot 359 (Continued)

X Y
INCHES INCHES
0.2815 £,3333
0.,2083 1,02%59
00,2407 0.7444
NO READING
NO READING
1,2093 1,0352
1.,2000 0,7%537
NO READING
NO READING
WO READING
1.4537 11,1596
1,4463 0.8852
1.3204 20,5963
NO READING
NG READING
NO READING
NO READING
NO REATING
147722 80,7370
1.7315 0.,0637
NC READING
NO READING
NO READING
NO READING
NO READING
1.,0018 1.,0054
1.,0018 0,8757
04,9856 0,713
0.9730 3.517%
1.0018 00,0036
1.5318 1.0883
1.,5910 0,98%92
1,013%5 0,8883
1,3676 0,8886
1,842 0,0018
$.9027 2,2480
2.,0847 1,4306
0,1928 1.1183
17946 0.7099
11,8739 0,008

V)
FT/8EC

READINGS
READINGS
READINGS
READINGS

READINGS-

76,6
READINGS
READINGS
READINSS
READINGS
147,7
£37,.6
134,40
READINGS
READINGS
READINGS
READINGS
READINGS

56.8
169,56
READINGS
REALINGS
READINGS
READINGS
READINGS
READINGS
READINGS
READINGS
READINSS
READINGS
138,8

66,2

76,3
READINGS
READINGS
READINGS
READINGS
READINGS

72,3

41,2

112

THETA
DEGREES

INVALID
INVALLID
INVALID
INVALLD
INVALID
92,7
INVALLID
INVALID
INVALLD
INVALID
.92.1
=1{.5
7.0
INVALID
INVALLD
INVALID
INVALLD
INVALLD
=47.6
2.5
INVALID
INVALLID
INVALLD
INVALID
INVALID
INVALID
INVALID
INVALLID
INVALID
INVALLD
=24,4
‘5103
21,9
INVALEID
INYALLD
IRYALLID
INVALLID
INVALID
«31.2
2.6

DENSITY

SLUGBS/CUFT LB/SaF T

« 005310

READINGS
READINGS
READINGS

READINGS
READINGS

003039
+000766
+00219%

2002633
«000766

‘

15,59

INVALID
INVALID
INVALTIY

INVALLD
INVALLD

9.37
1.68
6.41




Table D-II. Flow Calculations - Shot 363

TINE X Y U THETA DEN&STY @

HICROSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/SQr:

41,50 1,2185 2,1852 41,7 =i77,.4 002414 2,09
12167 1,6537 52,6 «175.8 10025653 355
f.2185 1.2074 74,6 =157,2 002939 8,21
1.,2185 {.1000 69,4 ={72.0 002502 6.03
1.2167 0,2037 8740 ={78.,4 «002502 S5.61
1,3907 2,224% 12,8 115,2 « 002508 0,20
1,8%37 1,6315 8,2 =167 ,6 «002€04 12,55
11,8259 11444 99,6 ~162,8 002416 11,98
$00241 C,8463 87.6 «166,0 « 002494 957
1,82414 0,0037 83,2 -178,7 «002494 8,64
2.3204 2,0000 76,6 ~148,2 002393 7.61
2,2833 16083 84,6 =169,% «002%%0 9.13
242278 1,137¢0 104,6 «178,5 «002581¢ 11,92
24,2296 06,8963 103,3 ~176.8 002273 12.13
24,2093 09,0037 i0§,3 178,9 « 002275 11,68
2,935 §,9889 78,5 2§159,.1 « 002550 7.27
249333 §1499¢4 90,9 «$56.3 002181 9,01
2,9315 142222 83,6 ~174,7 «00227% 7698
2,9313 0,83135 84,3 «170,8 . 002273 8,08
2.9315 06,0037 83,3 i77,.4 «0025%0 8,85

83,00 f.1082 22,2626 5.3 =4S,0 002264 8,03
141784 1,879 64,4 -£33,.8 002359 4.9¢C
11640 02183 46,5 180,0 « 002639 2,85
1.,15840 1,0882 46,2 173,2 002416 2,65
1,1640 0.0009 44,7 177 .6 «002416 2,41
1.8919 2,2626 82,6 i72,2 002356 8,03
1.,8013 $1,6515 44,2 i65,4 002288 2,23
1,008 101189 67,7 -164,1 «002340 S.82
1,8018 0,9234 65,8 =3174,8 «002464 4,68
18048 0,6038 63¢2 «178.3 «(102464 4,93
2,3027 2,0346 48,3 157 .4 0002377 2,78
242593 1.626¢ 507 «§{31,6 «0023%§ 3.03
2,2090 101074 8.3 «153,4 «002286 0,08
2,209¢ 0,8890 39,2 174.6 002296 1,77
2,9171% 2,0500 47,6 128,7 «002351 2,67
2,9189 146093 i.6 «§53,4 «002285 1,98
2,9189 11150 53,9 170,93 « 002296 1,32
2.,9189 60,8319 35,9 158,7 002296 1.48
2,9189 G,0087 33,5 -176,8 «00235% 1,352
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Table D-II. Flow Calculations - Shot 363 (Continued)

CTIME X Y v THETA  DEWSITY 0
HICROSEC INCHES INCHES FT/%€EC DEGREES SLUGS/CUFT LB/SOFT
124,50 102222 2,1018 143,7 w42,0 «002487 23,67
141722 1,6074 68,4 32,3 0020647 6.13
E g 1e1722 1.,2074 68,1 “52,3 003243 7.51
= 1,1722  0,0086 38,2 5.8  ,002573  1.88
3 1.8093 2,2382 36,4 «§27.0 «002338 1.52
. 1.,8181 1,6426 47,4 2,3 002416 2,68
E- 2 1.764%¢ 101289 26,9 90,0 +032300 0.83
g 17630 0,9407 140,4 89,3 «002292 22,60
147644 0,0019 2,6 »46,8 002292 6.01
E 2,27%9 22,0108 13,6 87.9 +302267 Ge21
M 2.23‘9 105052 ‘3’2 "‘6.9 .002716 0.24
F 3 2,2204 141333 6,0 87,4 «002271% 0,04
E. 3 2.‘907 86,9002 ‘.. «l22,.4 »032273 0,035
E 3 2,1944 0,0037 1.8 180,0 +002273 0,00
29049 2,02%¢ 14,3 §38,8 «002716 0,29
2,8963 1,3739 1.8 0.0 «002271 0,00
e 2.898¢ 0,8444 31,8 53,0 002273 1913
" 166,00 1,3045 2.,1668 210,4 27,9 +002675 59,23
3 1.,2498 §,6302 180,98 «30,4 «002803 i8,47
3 1,2034 $1.1648 i21,7 «38,8 +094342 32,14
§.2048 1,0338 158,9 «30,8 0024838 29,86
1,2018 0,0038 96,8 w2e2 002456 11,49
11,8703 2,2339 147,7 ©10.9 003453 26,78
1,3186 11,6496 119,7 35,8 «062463} 17,68
1,8018 $01497 107,9 =2.0 « 003396 19,77
1,8036 1,?‘33 83,7 12,3 20023358 8,51
E .3 1,8056 ¢.0019 83,7 13 «002318 8.12
P 2,3099 2,048} 08,2 24,4 +003363 13,82
E. ;3 2,2728 1,6227 116,0 6.4 003312 18,56
- 2,2072 101131 79,4 «20.6 «002116 6,68
E- 2,2054 0,8832 76,6 5.6 +0C2273 6,67
E 2,2072 0,0038 74,4 al.4 002278 6.39
L] 2.9083 2,0595 3347 14,0 +202312 3,33
249207 1,6093 vd,7 L1 PY .002116 3,14
2,8423 1,0997 88,8 0.0 00022798 3054
2,938 0.8047 84,0 3.9 002278 3032
2,938¢ 0,0019 55,8 0,0 «033312 Jeb0
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249,00

Table D-II.

X
INCHES

1,074
1,30L9
1,2667
1,2704
1,2625
1,937
1,9185
1,8685
1,6463
1,8444
2.3741
2,3537
2,2944
2,2667
2,2685
2,9537
2,9648
2,9537
2,9519
2,0537
1,4904
1,3063
1,2911
1,2703
142721
2,0018
1,9459
1,8868
18865
1,8865
2,4054
2,3354
2,2067
2,2468
2,2468
2,9676
2,9532
2,9351
2,9351
2,9369

Y
INCHES

2,0833
$.5315
1315
0,9852
80,0019
2:,2074
1,5907
1.1222
0,9593
09,0037
2,0630
1,3981
1,1050
0,9074
06,0019
2,0389
11,5643
1.1278
00,8481
56,0019
22,1458
£,5097
$1,103%
0,6353
00,0019
2,3524
$1.5997
1.0748
c.3276
6,0019
2,0289
11,6053
1,1208
0,8602
09,9019
2,063¢
1,6036
1.1227
0,8334
0,0019

v
FT/8EC

187,5
152,2
97,8
2134
70,6
153,8
109,7
110,9
250,8
83,2
97,4
65,6
60,2
39,8
61.6
33,
24,2
28,9
1.8

354,6
214,6

READINGS INVALID
READINGS INVALID

138,8
134,6
98,2
128,9
648,35
128,9
72,9
58,8
81,9
$0,2
96,7
63,3
71.0
46,8
46,5

115

Flow Calculations - Shot 363 (Continued)

THETA DENSITY
DEGREES SLUGS/CUFT
6,5 «0023660
«83%,2 «002832
39,0 «00300%
71,2 «00277¢
=f,6 «00277%
30,8 002321
=27.1 « 002518
«39,9 002770
«70,6 +002308

2.0 002318
«§0,2 «002228
«15,3 « 002762

7,3 « 002332
29,0 002323

2,8 002323

3,6 «002762
«10,0 «002332
107 .4 «902323

90,0 «002323

0,0 0002762
92,0 «002378
'6003 00025‘7
«54,3 +001740

’7.7 00033“
.360‘ .002705
82,7 « 002287
46,2 «002984

0.0 « 002984
.‘602 .002472
39,8 «002628
w8, 4 «002182
«50,5 «00239%

0,9 «002395
.2236 .002626

29.4 +002182
45,0 002388
6.8 «002398
0.0 003628

e
LB/SQFY

46,77
32.8¢
14,37
63,07
6,90
27 .43
18.14
17.03
72,48
7498
10,90
5.95
4,59
2,63
1.84
5,25
1,38
0,68
0.97
0,00

162,60
40,06

22,30
23,44
13.02
24,78
10,91
20,33
6,9
377
8.03
3.02
12.28
8,08
6.03
2.62
2,84




TIME
MICROSEC

290,50

332,00

Table D-II,

X Y
INCHES  INCHES
1,3882 31,4588
143681  {,4833
13993 0,533
N3 READSNG

NG READING

2,0907 2,889
2,0241  1,5130
1.9278  1,0444
1,9352  0,8667
1,9296  0,0037
2,4630  {,970¢
2,4093 1,559
2,3500  1,0870
2,3185 0,844
2,3185 0,509
3,0426  2,0019
3,0241 1,598}
3,0037  §,0778
2,9981 0,853/
3.0000  0,0019
1.6432  1,9944
1,4072  1,4196
1,3333  1,0020
13207  0,7885
1,3297  0,0038
2,0937  2,1649
2,026  §,4944
£.9318  1,0690
1,9297 47883
1,9297 <0019
2,4885  2,0136
2,4180  §,5518
2,3423  {,0614
2,3423 0,7932
2,3405  0,0057
3,0018  {.9982
2,0306  §,5672
3,0088  1,0729
2,9866  0,7740
2,9856  0,0019

v THETYA DENSITY Q
FY/8EC DEGREES SLUGS/CUFT LB/SQFT
216,2 wdd? + 002982 68,99
139,.8 wdi,? «003374 32,94
114,7 52,8 READINGS INVALID

READINGS INVALID
READINGS INVALID

174,93 58,5
130,3 «54,3
‘s.‘ '7.3
58,0 “4i,5
43,4 0,0
82,‘ 0,7
99@1 -32.9
96,6 38,1
137.2 -35.‘
94,1 2,3
,3.’ .62‘3
'3.9 .25.2
83,6 «36,8
78,2 49,7
48,8 0,0

56,6
227,0 58,4
42,1 13%,0

READINGS INVALID
READINGS INVALID

142,3 ©i7.9
102.3 *f{.0
‘33.5 '12.9
86,5 8,7
9lo1 2.0
159.4 2.8
116,8 9.2
92.8 =32,7
70,4 =$2,2
3te7 Sed
50.7 OC.G
67.0 =04
82,3 6,8
9..‘ .2’01
"Q3 -"a

116

Flow Calculations - Shot 363 {Continued)

«002548
+«002812
002832
002730
«002730
002632
«002818
«002618
«002418
« 002418
«002638
«002618
«003418
«002418
«002618
«002838
«D02988
«00384S

« 002387
«002881
o 201898
«002793
«002793
v002932
« 302612
«002208
0002776
0002778
003612
«0052035
«082276
002776
0002512

38,7%
23,88
2463
4,63
2,39
9.03
12,86
12,21
16,60
10,72
7e13
9,67
8,44
7,40
J.12

77,03
1,63

24,17
14,91
16,91
10,48
11,39
17,00
17,80
9.50
6,88
1,39
336
4,95
9,48
13,36
10,40




AMEACEE S ML L LA

5o oy AR

TIME
MICROSEC

373,50

415,00

Table D-II.

X Y
INCHES INCHES
1,78%2 2.,0611
1,4706 3739
$.3296 0,968%
NO READING
NO READING
2,2259 2e1463
2.,12%9 1,91118
2,0874 f¢Cl148
2,0204 0,8537
2,0204 0,0037
2,5778 1,9739
245241 1,5333
2,4278 1,0570
2,3870 0,8296
2,3500 0,0037
3,0026 1.9944
3.0870 1,575%9
3,08%2 $1,0870
J3,08%52 0,8093
3.,0889 0,6000
1,8162 2,0816
16090 $,4503
1,4565 0,9604
14324 0.,7932
04342 8:,09038
2,2995 20,2090
2,18%94 1,5518
2,0919 1.,0614
2,0631 0,8353
2.0775 0,9038
2,5886 2,0040
2,5338¢ 11,5599
2.4739 i,05%56
2,4378 0,8162
2,4378 0,0977
3,0908 2,0576
3,0908 1.,9338
3.07%7 1.,0882
33,0688 0,7836
3,068%5 0,0038

Flow Calculations - Shot 363 {Continucd)

u THETA DENSITY Q
FT/S8EC  DEGNEES SLUBS/CUFY 1LB/SQF7
174,.5 8,7 2062638 49,13
204,9 8,6 « 002483 52.1%
122,0 ~i18,% READINGS INVALID

READINGS INVALID
READINGS INVALID

172.,2 14,9
159,2 21,3
16§,2 2,7
145,6 i9,6
148, 4 0.7
100.0 *5ed
117,68 3.7
132,2 2.5
98,6 13.5
97.7 L8
106,83 33,9
61,2 12,7
73,8 13,7
83,8 6,6
83,2 1.3
203,1 49,5
188,85 «i{4,9
169,6 3.8

READINGS INVALID
READIN3S INVALID

88,0 =§0,1
13'.‘ ’6.2
109,3 .15.4
119,9 ={8,0

87,9 $,5
146,7 9.5

81,0 9,2

95,1 =4 3

7243 «{8,0

78,1 0.0

69,2 «30,7

73,0 29,7

‘5.‘ '35.0

30.0 -29.7

18,7 5,7

117

«002608 38,53
+0027%8 34,94
«003158 40,93
.0038102 31,10
+003101 34,13
« 302780 13,89
+00273¢& 13,99
+002482 21,068
2002373 11.54
0002373 11,33
«002736 15,61
« 002482 4,65
« 002373 6,81
+002373 8,33
«002736 9,48
«003327 64,48
«002664 47 .29
«002169 3t.18
«002741¢ 9,90
+002803 26,85
«002419 13,35
«003003 21,62
«00300% S.0¢4
«002564 27 .58
< 002916 9,57
« 002430 £0,99
«002784 7,28
«+003784 8,49
«002916 6,96
2002430 6,82
«002784 2,87
«002784 1,28
«00291% 0,51




Table D-II. Flow Calculations - Shot 363 (Continued)

TIME X y v THETA DENSITY ]
HICROSEC INCHES INCHES FY/®EC  DEGREES SLUSS/CUFY LB/SQFT
456,50 t1.2167 1,9074 149,4 »290,3 003288 36,30
1,661 1.3278 202,93 wi7.9 «002883 58,58
14963 0.,8337 220,83 *373,3 READINGS INVALID
NO REALIWNS READINGS INVALID
2,3G93 2,1318 98,8 «27.%3 «002602 11,95
2,2630 1.4863 104,6 «9.8 « 002094 16,37
2:1574 06,9818 30,8 =id,9 « 003249 13,12
2,1333 c.8848 94,8 o740 +003345 19,02
2,0778 G,0083 77.8 0,0 « 003345 10,12
2,6349 2,108 3,8 15,5 «902433 1072
2,6037 1.820¢ 94,1 »i,2 « 002930 13,06
3 2,4886 0,8074 67,4 *6.6 002016 5,94
3 2,4278 0,007 36,4 6,1 002616 1,73
3 3,1%519 1,9893 69,5 33,6 «002980 7.33
] 3.184¢ §1.,5389 64,8 38,6 «002660 $,58
E Je1222 $1.,061} 87,0 “i7.7 002616 4,24
J.818188 0,79446 46,7 2547 003616 2,086
35,1074 0,00%9 43,4 0,0 «6039%50 2,78
498 ,0¢ 11,9439 1,9388 230,9 52.9 « 003381 90,16

1.,3874 0,949¢ 248,0 »{l.8 «003812 54,48
1,2084 0,7663 READINGS INYALID
d02034 0,0038 READINGS INVALID

2,344 2,1649 92,6 10,4 «002808 12,04
3 202724 1,35346 106,2 4,0 «003014 17,01
: 2,5784 1,03084 104,3 A Py | +002698 14,67
g 2,1368 0,823 83,1 10.3 +0C3343 11,56
3 21390 0.,0038 102,7 5,2 «60334% 17 .62
2,62488 1.5576 102,3 0.0 « 0020352 14,91
2,5207 1,0937 100,7 4,2 2002601 13,18
1 2,5048 0.8088 128,6 2.8 082797 22,40
i 2,4739 0,0038 122,7 0,9 002797 21,09
) 301477 2.01903 194,68 65,4 +002882 54,13
5 342405 {1.,9940 78,3 15.8 «002601 7,38
s 3.1297 10719 70,8 2%,9 «082797 7.01
31447 0,8008 78,9 43,0 002797 8,790
321187 0,0038 S4,.0 2,0 002882 4,15

(AR St 4 las )

118




TINE
MICROSEC

539,50

281,00

Table D-11I.

X Y
INCHES INCHES
2,0%556 2.0907
$1.8907 §,2704
147370 0,9296
NO READING
NO READING
2.,4000 2,1481
2,3685 1,5037
2.2641 0,9870
2,2142 0.8296
2,1796 6,0000
27352 1,9944
2,7086 1,5204
2,6222 1,0222
2,3845 0,2130
2,5500 0,0056
3,2296 2,1370
33,2241 1,5593
3,1333 1,0983
3,1667 0,8500
3.16114 06,0037
1,9207 1,6745
§47730 1,2434
16126 0.8966
NG READING
NO READING
243622 22128
2,3333 1,5269
2,2685 1.0307
2,2468 0,7989
2,2468 0,0019
2,7099 2,0289
2,6667 1,5729
2.5856 $.,0480
2,5604 0,8085
2,5568 0,0038
3,1622 §,5863
3.1514 1.1016
3.,1377 0,8027
3,1477 0,0019

Flow Calculations - Shot 363 {Continued)

LV THETA DENSITY 9
FT/8€EC DEGREES SLUGS/CUFTY (B/SQFT
. “95.4 «00309¢
64,6 ~63,4 « 003882 7,94
227,3 5.8 READINGS INVALID

READINSS INVALID
READINGS INVALID

5‘04 69.4
6200 w71
90,8 4,9
23,8 18,5
92,3 1.2
34,4 0,0
43.0 22.1
650‘ *Sel
56,1 0.0
83,2 0.0
3%.1 62,4
23.0 .‘9.5
37.7 5‘.8
36,2 340
36,2 ©3,0
159,9 123,.1
52,4 6,1
226,3 =28,5

READINGS INVALID
READINGS INVALID

89,6 131,6
20,8 63,4
24.5 .".7
7!08 .53.‘
READINGS INVALID
93 186,0
37,4 95,7
46,6 94,6
26,8 33.7
10,0 ~g21,8
104,1 ~108,8
28,4 =168,7
9.5 101,3
16.6 .26.6
22,% 0,0

119

«002848 3.76
« 002983 5,73
2003228 13,30
603000 13,21
«003000 12,77
« 002426 1043
«053189 2,68
«003138 6,75
« 002824 4,44
«00282) Y77
«003139 2,43
2003158 0,84
0020821 2,09
002821 1,85
«003189 2,09
«003643 46,33
«003206 4,39

READINGS INvVALID

« 002749 11,02
«003183 0,59
« 032893 0,87
« 003528 2.34
+ 002931 0,13
«003964 2,14
+002630 2,86
« 002948 1,06
«002948 0,15
«003064 16,39
«002630 1,06
«002948 013
«002948 0,41
«0083064 0,76




TIHE
HICROSEC

622,50

664,00

Table D-II.

X Y
INCHES INCHES
1.9685 2,224
1,9426 1,2648
1,9352  0,8222
NO READING
NO READING
2,3407 2,2148
2,3778 1,5222
2,2574  0,9630
2,2574  0.7722
NO READING
2,7259  {,9944
2,7019 io5574
2,6185  {,068%
2,6037  (,8278
2,5593  0,00i9
3,1963  2,0389
3.1963  1,5337
3.4815  1,1056
3,185  0,8426
3,833  0,0037
NO READING
1,8288  {,2740
1,5495  0,8372
1,2360  0,7625
NO READING
2,2486  2,2703
2,2937 §.5691
2,1838 1.0116
2,1568 09,7798
2,0847  0,0019
2,6216  2,0193
2,5964 1,5806
2,5099  §,0499
2,6739  0,7989
2,4378 85,0006
3,0883  2,0461
3.0883 $5748
3.09014 £,0825
3.0883  0,810¢
3.07%7  0,0019

Flow Calculations

v
FT/8EC

READINGS
64,0
87,0

READINGS

READINGS

127,7
88,i
87,2
92,9

READINGS
89,2
75,9
76,0
87,4

119,95
78,2
78,1
64,4
60,2
72,4

READINGS
41,3
93,4

READINGS

READINGS

READING2Z

Q34,0
READINGS
84,8
7.7
80,6
35,5
41.1
64,7
18.4
20,8
32,8
9.3

120

- Shot 363 (Continued)

THETA
DEGREES

INVALID
28,8
'136.7
INVALID
INVALSID
§83,.1
$33,2
~i67,3
-153.0
INVALID
«i73,8
173,8
178,95
.17307
177,2
."‘.4
171,23
162,68
172,7
180,0
INVALID
82,2
121.2
INVALID
INVALID
INVALID
93,3
76,9
75.7
JHYALID
108,3
104,0
=72,9
-’6.0
5.2
=18.4
§35,0
'79.7
«103,2
~168,7

DENSITY

SLUGS/CUFT LB/SGQFY

«004217

8,63

READINGS INVALID

«002710 22,11
«003022 S.10
« 002827 13,74
READINGS INVAL!P
«002391 11,49
«003308 8,32
« 003839 8.20
« 002788 10,64
002788 19.92
«003305 i0,10
«002839 8,00
202788 5,79
+003788 3,05
2083308 8,68
«003280 2,79
«002663 11,63
«003089

«002789

« 003438 94,70
2002948 10,60
«092982 0,09
«002614 3,34
2002788 £476
002788 2435
«002982 6.24
«002614 0,44
«002788 0,60
+ 002788 .47
+ 002982 0.13




TIME
MICROSFC

703,50

747,00

Tabie D-il
X Y

INCHES INCHES
1,8204 2,2667
1.9484 {1.2241
1.8870 0,9019
NO READING

NG READING

NQ READINC

2,3370 2,224}
2,3944 1,5500
2,3148 0.9981
NS READING

2,7037 2,0759
2,7000 1.,5640
2,633 1,0204
2,5000 07920
2,6000 0,0056
J.2574 2,0485
3.1833 §,5667
3.,1852 1,08%2
3.1741% 0.8111
S.174¢ 06,0019
NO READING

1,9386 1,303%
19495 0,908%
1,9359 0,7683
NG READING

201694 2.3450
2,3423 1,6246
2+2667 $1.,0£33
2,2158 0,7721
2,2036 0,0049
2,6324 2,1496
R,6324 $,6208
2,5982 1,0876
2,5586 0,8123
2,3604 0,0938
301207 2,0618
3.1405 1.,5902
J.1405 1,0940
3,117 0,7817
303878 0,0038

Flow Calculations

U
FT/SEC

READINGS
134,8

READINGS
READINGS
READINGS
74,1
83,2
54,8
FEADINGS
138,3
54,2
89,0
36,i
123,1
36,0
5‘.7
52,0
40,9
41,7
REALINSGS
14,%
69,7
READINGS
READINGS
READINGS

165,
READINGS

121

- Shot 363 (Continueq)

TRETA
DEGREES

INVALID
14,9
i0,0

INVALID

INVALID

INVALID
48,8

149
8,1
INVALID

INVALID
39,8
170,38
INVALSD
INVALID
INVALID
=8%,6
«96,9
=06,6
INVALID
-i18,8
153,5
114.4
84,0
=43,0
«{58.4
71,6
148,.2
162,86
i76,3

DENS!TY
SLUGS/CUFY

« 003366

¢

LB/SQFY

30,357

READINGS INVALID

+00279¢ 7.69
+001741 6,03
READINGS INVALID
.002562 22,07
003086 4,54
.002902 11,49
.003043 11,28
.093043 23,08
«003086 2,00
002902 4,34
«003043 4,11
.003043 2,54
,003086 2,63
«004434 0,47
.005033 12,22
,002872

.002655

.0032%7 42,20
+002585 9,31
J0u2933 3.86
002656 2,68
,003153 1,99
,003153 0.04
+002933 13,51
<002656 0405
.003533 3,32
+003153 1,53
002933 1,65




T T e

-

Y ST P Y O TR

TR T

TR T

e

TINE
MICROSEC

788,50

830,00

Table D-1I. Flow Caiculations - Shot 363 (Continued)

X  {
INCHES INCHES

1.6074 2,2833
£,9593 £,2333
f1.8188 0,9130
1,73195 0,7667
NO READING

2,2704 2.2333
2.3382 1,6037
2,3315 1,0313
2,2963 0,8389
2,3204 0,00%56
2,6630 2,00i9
2,664% $1.6019
2,648 i,0611
2,6037 0,8278
2,6037 0,0019
341585 $1,9833
3.18%52 1.5722
3,1463 1,109
3.1444  0,8201
3.1407 0,0937
1,6468 2,310%
2.0898 1.4177
NO READING

NO READING

NO READING

241207 2,3182
2,344} 1.7204
2,3264 1.,0403
2,3405 0,8851
202973 0.0057
2,6072 2,1630
2,6396 11,6688
2,6162 §,0682
2,6108 0,3581
2,5010 0,2038
sel #0014 2'02‘2
3,122%8 $.,6301
3,1387 1.1268
Jei268 0,8066
J.126; 0,0019

U
FT/SEC

READINGS
128,7
READINGS
READINGS
READINGS
58,8
96,2
63,5
172.8
94,1
25'7
‘6.7
19,7
52,8
30,8
5.0
81,4
32,8
26,6
9,2
96,7
289,9

THETA
DEGREES

INVALID
60,7
INVALID
INVALID
INVALID
151,14
68,9
24,3
41,1
2.3
152,0
3.1
23,0
6,3
0,0
=327,.3
110,6
93,2
70,14
«{2.,0
178,9
S6.1

READINGS INVALID
READINGS INVALIL
READINGS INVALID

134,8
1103
84,0
163,0
89,3
88,9
777
104,18
£150
72,6
74,6
710
61,9
69,7
52,1

122

‘55.6
84,2
24,9
24,9
1,2
68,6
69,0
41,4
391

2,9
24,3
84,0
41,3
46,1

0.0

DENSITY
SLUSS/CUFT

004018

« 003256
«003344
«003414
« 003697
«0036%7
« 003092
«003097
«0029212
2000150
003130
«003097
«0029012
+003150
+0031%80
+003097
«303379

3
LB/3GFY

31.75

5.06
£85,46
7.32
55,16
16,38
1.27
S.38
0,36
4,39
1.49
3,99
3,84
1.69
1.11
0,13
12,06

RZADINGS INVALID

+«002699
«002772
+ 003804
« 033775
«003778
« 0030686
2002917
«002772
s 0032379
+ 003279
002917
«202772
« 003279
«00327¢
002917

24,32
16,885
13,43
$3,.30
15,04
4,80
3.50
15.01
21,68
3,64
8.11
7.00
6.29
7.9%
J.99




b At A L AL AR i § £ R R LA R € A M A

TIME
M.CROSEC

875,50

913,00

X Y
INCHES INCHES

1,811, 2.2852
2,1037 1.4481
1,97%9 0,9278
1.,9037 0,8481
NO READING

2,1481 2.2889
2,3963 1,730
2,4074 1,0667
2,448§ 0,993
2,4093 0.,0037
2,6833 2,0537
2,6926 1,674%
2,6926 1,12%6
2,6926 0,%000
2,67%9 0,0956
3,1630 2.,0574
341926 1,6426
3,1926 1,1509
301926 0.,8704
3,1926 0,0037
1.35477 2ev0Un9
20414 1,4522
NO READING

NO PEADING

NO REAT...3

2,1622 Q.1726
2,3264 1,838
2,3802 f1.2150
2.,3586 0,9139
2,3568 0,0000
2,5892 2,1458
2,6412 1,7166
2,6%23 1,1802
2,6%539 0,3698
2.,6396 0,0038
301189 2.1228
3.15814 11,6955
3.1388 1,159}
3,1550 0.2706
3.1368 P,0038

FY/3¢EC

99,8
40,9
READINGS
READINGS
READINGS
182,0
114,9
92,6
34,1
60,0
25,0
S50.1
125,0
68,9
48,8
106,83
64,6
38,3
7343
30,8
148,4
221,.3
READINGS
READINGS
READINGS
26,3
46,6
106,5
47 44
T4
39,2
3749
60,6
S4,0
7042
39,4
18,7
4G,
53.2
32,1

~ Shot 242

THETA
DEGREES

=178,6
87.9
INVALLD
INVALID
INVALID
wld, 1
99,1
S4,.i
§7.2
-5,%
«136,3
85,9
72,6
49,0
0,0
74,14
63.‘
58,7
86,7
3.6
=142,
79.4
INVALID
INYALID
INVALLID
=473.,9
85,4
44,3
=gy .8
0,0
174,6
11,3
35,9
.2.0
L3 73]
98,1
0,0
135.4
1.1
0.0

[(Coanti nun:l)

A aree v es -

Id

DENSITY
SLUBS/CUFT

<002304
. "03743

«002990
«0083008
+004433
«00397%
«003935
. 003307
303147
«003199
«003114
+003114
«003347
+0C3199
+003584
«003114
« 003147
002872

]
LB/SQFT

1147
3.13

34,54
19,86
17.71
2,28
7.08
1,04
3496
23,40
7,38
3é71
17,67
6.67
2.28
8,36
1.49
31,62

REAGINGS INVALID

+004006
+ 002331
¢ 002943
+«006395085
«003505
«002904
2003001
002720
«003%62
«0D3162
+903001
« 002720
« 003162
2003162
«003001%

£.38
3906
16,69
3,94
9,59
2,23
2.16
6,03
4,60
7.9¢C
2.33
0,38
2,55
"‘a
4,07




Table D-1I. Flow Calculations - Shot 363 (Continued)

TIME X Y U THETA DENSITY e
MICR” SEC  INCHES INCHES FT/3EC DEOREES SLUGS/CUFT LB/SOFT
954,50 1,3944 2,1944 367,7 69,8 ,002887 193,13
201444 1,6648 3%9,8 181.5 003434 222,28
; 2,0963 0,9463 READINGS IMVALID
C 2,0222 0,7833 READINGS INVALID
E NO READING READINGS INVAL3D
3 2,1222 2.28%2 301,2 140,8 003293  149.39
3 2,4000 1,7593 126,9 «178,5 «082960 23,82
2,4833 §e1407 READINGS INVALID
2.4833 0,8778 68,8 116,35 . 003894 9,22
2,4833 09,0037 82,8 173,7 2203854 5,42
2,6444 2.,9574 118,7 152,6 .003479 23,27
2,7296 1,6815 78,9 160.0 «0083253 10,13
3 27463 1,6907 88,2 162.9 .003817 12,75
3 2,7463 C.8981 5746 §69,.5 +003159 5,24
1 2,7463 0,0037 67,0 78,4 .003139 7.08
. 3,1574 2,0485 82,3 -178,8 +003253 13,85
! 3.1926 1,6259 110,5 =144,9 .003517 21,47
‘ 3,2318 11593 10,3 154,.4 «003159 16,54
] 3,2444 0,8813 88,7 178,.8 «003159 12,42
3 3,2444 0,0037 87,0 »178,4 .0063253 7.29
E 996,00 1,1874 2,2377 208,.2 -156,9 .002994 64,93
3 1,9099 1.,7856 237,3 147.8 READINGS INVALID
; 1,9495 1,0786 32,5 59,8 READINGS INVALID
3 1,9183 0,7893 82,8 9.9 READINBS INVALID
4 NO READING READINGS INVALID
; 1.,9297 2.3623 122,7 180.0 .003046 22,93
, 2.2000 1,8238 100,2 130.5 READINGS INVALID
3 NG READING READINGS INYALID
{ 2.3279 0,9752 100,6 70,6 003581 18,16
Y 2.30‘8 0.0057 7.‘ OeO 000353‘ 0010
; 2,4793 2,248 38,6 “118,: ,002928 1.46
1 2,5694 1,7434 78.9 136,.9 003420 10,65
3 2,57312 1,205 100,58 92,4 2002637 £3,31
i 2,6048 0,86290 48,6 79.7 .003226 2.79
2,573 9,0019 7.4 0,0 ,003223 0,09
3,0270 2,1209 48,3 105,06 .003420 3,98
! 3,0613 {,6323 29,8 $3,6 «002637 1,17
3 3,0667 §.2032 50,14 88,7 .003226 4,04
: 23,0667 0,8755% 12,5 26,6 .003226 0.25
: 3,0901 0,0019 5,3 45.0 .003425 0.05
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Figure D-1. Flow Vectors from Modei 39 - Shot 359
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APPENDIX E

APPLICATION TO A FULL-SIZE ROOM
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The conclusions reached from the study of the air shock loading of
the front wall of Model 37 may be applied to a full-size room with the
help of the following exarple.

Assume a full-size room with twelve times larger linear dimensions
than the model and c¢mpare positions on the front wall simiiar to model
Positions 4, 4A, and their difference. Figure E-1 illustrates such a
scaled up full-size room. Figures E-2 and E-3 are the corresponding
pressure-time records for the model and those predicted for the full-size

room. Times are scaled by the linear dimensicn factor of twelve.

To understand this better, consider first the loading on the outside
of the front wall. This loading may be divided into three types: (1)
reflected pressure, (2) rarefaction decay, and (3) stagnation pressure.
For example, as the input shock wave of 5.3 psi reflects from the front
wall, the pressure rises to a reflected value of 12.2 psi. The reflected
pressure remains until a rarefaction reaches the gage location from a
distance, D = 2.5 ft, the nearest rel.eving edge. The first rarefaction
arrival time, TR, may be calcmulated from Equation E-1.

TR = D/CREF , (E-1)

where CREF is the sound speed, 1232 ft/sec, in the reflected pressure
region.

The reflected pressure decays by a series of rarefaction waves
which arrive from the other more distant relieving edges. After a
clearing time, TC, the pressure falls to the stagnation value, PSTAG, of
about 6 psi. The clearing time may be calculated from Equation E-2."

TC = 2.5 DR/CREF , (E-2)

*Variations of this equation may be found elsewhere, such as in "The
Effects of Nuclear Weapons," Departiment of the Army Farphlet No. 39-3,
Hq., Department of the Army, April 1962,

Preceding page giank  12°




where DR is the smaller of the front wall height of 14 ft, or one-half
of its width, 10 ft. A more complicated method of calculating DR by
means of weighting the various par.s of the front wall for clearing
ability may be used but is probably not needed.

The pressure-time loading on the inside of the front wall is
complicatec. by the many internal reflections of the entering shock wave.
However, tc understand something of the inside loading, the reflecticns
may be grouped according to their origin at the interior side walls, or
at the interior rear wall.

No loading occurs inside, of course until the shock wave arrives
at the gage position at a time, TAI, which may be calculated from
Equation E-3.

TAL = TH/U + DI/UI (E-3)

where TH is the thickness of the front wall, 2.5 ft, U is the speed of
the input shock wave, 1293 ft/sec, DI is the distance measured from the
edge of the entrance to the gage position, 2.5 ft, and UI is the speed,
1178 ft/sec, for the transmitted shock wave pressure of about 1.5 psi

calculated for tie position.

The first of the group of reflections, 3 psi, returns from the near,

side wall at a time calculated from Equation E-4.
TW = 2 DR:F/UI (E-4)

where DREF is the distance to the near side wall, 1 ft away. The
reflections in this group repeat with a period proportional to the width

of the room. Equation E-5 gives this relationship.
PERIOD = WDI/C: , (E-5)

where WDI is the intericr room width of 15 ft and Cl is the ambient
sound speed, 113(C ft/sec.

The last group of refiections returns from the back interior wall
at a time equal to one round trip of the length of the room, is given

by Equation E-6.
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TB = (XLI/U) + (XLI/Cl) , (E-6)

where XLI is the length of the roam and U is an average speed (U + Cl1)/2,
of the speed of the input shock wave and the speed of the shock wave
(assumed to be Cl) when it reaches the side wall. These reflections
occur with about the same period as those from the side wall. They
decrease in pressure amplitude until, at about three round trips of the

room, stagnation pressure is reached.

The pressure difference curve betweeu the outside and inside loading

of the front wall will follow times as calculated above.
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Figure E-1. Fuli~Size Room

132




n n \
l:m.(. w mY Y]
= = Y =
(Vg I P.JS
™~ . [V} )
(7)) 5 W n
- - =< (oo}
(=] -~ [} «
['$} g g N n..‘.-
[ (W]
w d
2 2 . )
3 3 o
cl -~ c -
. Wi . uw :
L< M z U< r D=
<
-2 -2 v
4
. < - D-v
<
< <
o bl 7]
0
g 0 " 0 b4
\w -
~ ) - o oyl w ™ = N <
16d *URESIUSE2A0 18d 3RS IYSHIA0 15¢ " 3URESIYSL3A0
— “’E.i}u.rik Ty et ,.F.L.Fbtnhr...t dertiudl, ,:”Li.; bt il M APt AN S A ) s Fhaatiatag

133

— ——— e 5 o et e =

Records vrom Model 37

)

F1 glln E'z.

-t ——— = s




TR bos 4 TR = 28 MSEC
.2:T« PREF TC = 20 3IMSEC
) -
a—
g 8 \A PSTAS
- i b g O
[7ad
W 4 —
&
m -
)
>
D 0 T B , T T 1 S ¥ h L4 1 § l L} ]
o 60 120 180 240 300
le TCH
TIME , MSEC
TE= TH/U = 19 M3EC
Tal= 4 MSEC
POS 44 TW = 1 7 MSEC
: PERIOD =13 3 MSEC
9— PREFB T8 =41 4 MSEC
— i 3TB =124 2 MSEC
. M
z € &7
: 2 i
E % oResw] l
3 &
o PsOl l;
>
{
O 0 A l L4 v % T 1 1 l L] i ] ; ¥ LS 6
. 60 120 180 240 300
A
T PER TIME  MSEC
wh ERY.
TE+ T8
PCS 4 -P0S. 4A
|2-1l\
a -y
a.
Y 8
p
2 i
L72]
€ 9 \r'\/\
Q
« .
w
>
o o R e
o} ] 120 i80 24C 300
k/ TIME, MSEC

Figure £-3. Records for Model 37 Scaled to a Full Size Room
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