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1. INTRODUCTION

1.1 Background. The work being reported is part of a current research
task at the Ballistic Research Laboratory (BRL) to desiga a large blast/
thermal simulator for multiservice use. The simulator is to be large
enough to conduct full-size vehicle tests throughout a broad spectrum of
blast/thermal effects, simulating a range of blast and thermal from nuclear
environments. The simulator facility is to be similar to the French facil~
ity of Gramat (Reference 1), but is to have expanded operational capabili-
ties, both in size and in the simulation ranges. Previous phases of the
task at BRL have been reported in Reference 2, 3, and 4.

1.2 Objectives. The experiments reported here were designed to answer
some questions concerning the basic shock parameters necessary to the
design of the full-size blast simulator. The«e parameters are: the test
station pressure as a function of driver pressure, the driver length/volume
aeeded to produce the desired range of yields, the cold gas driver effect,
and the effect of the recompression fan from the expansion of the divergent
throat nozzle. These effects were to be examined both experimentally and
by hydrocode simulation. References 2, 4, and 5 describe the BRL-QID
hydrocode used for the computer simulation.

2. TEST PROCEDURES

The experimental parameter study task consisted first, of the design
and fabrication of a 1:57 scale, single cold air driver model of the antic-
ipated full-size blast simulator; secondly, of a selection of a range of
driver/throat baffle configurations to produce the desired test pressure/
yield levels, and to record the pressure-time results as a function of test
section location. The model is described in the next section.

2.1 Simulator Model. The 1:57 scale for the model was chosen for the
experiments, primarily because of the ready availability of the steel pipe
components of the simulator model. A sketch of the shock tube model is
shown in Figure 1. The drivers consisted of assorted lengths (6.05-288.0
cm) of 10.16 cm inside diameters, smooth thick-walled pipe. This was
attached to the long test section (.254 I.D. by 17.14 m long - closed at
end) through a converging throat or baffle to the diaphragm section. A
diverging section expanded to near the inside diameter of the test section.
Cold rompressed air was used for the driver gas. Mylar, aluminum, and
copper diaphragms were used to contain the monitured driver pressure uatil
the diaphragm self-ruptured.

Stations for pressure transducers (side-on and stagnation probes) were
located along the test section at 7, 15, 20, 24, and 28 test section
diameters as noted on the drawing in Figure 1. The stations are listed on
the pressure-time plots as 70-280, respectively, in the Results section.

The recording and data reduction instrumentation is described ia the
next section.

2.2 Instrumentatfon. Two separate sets of recording instrumentation
were used for the experimental shots. Figures 2~A and 2-B describe the two




<103BINUTS 3ISB]g 93187 JO [Opol I9ATIQ 918UIS S1BOS £G:] JO Yd3IdS ] 2In3Ty

S¥313IWVIQ 8Z PYP $Z'0Z 'Sl 'L =1S 0°88Z-50'9 WO¥4 WO¥3 QIvA 1@
0z p1L! 1a »)
_..lm v 81— 6972
- 1484 16°¢
i8’€
26'91 | +
_ | VA
- PP . - | - | - -
_ o 189 e

v.wu \JV.J.EJ./_W\.. o_wo_

0s°1
30vO
WOVYHAVIQ 3OLINOW A1ddNS

3V
JAISNI 304 33V SNOISNIwIQ ()
0y 10 v ‘YVIAW J¥IM SWOVYHIVIA (€]
3IvDS OL ION (Z)
S¥I1IWILNID NI SNOISNIwIa (1)
:S31ON

LN
P A A




ANALOG TAPE

] SIGNAL DATA RECORDER |
| TRANSDUCER CONDITIONER AMPLIFIER REPRODUCER |
PCB BRL | HONEYWELL
| | 11324 PIEZO-SF vyr— 101 |
l & DET ZERO |

BRL 400 kHz
IONIZATION |
LsAsuc DATA ACQUISITION PROBE R
T T T T T T o i eerann T =17
[ PRINTER | | OSCILLOGRAPH AMPLIFIER |
| TEKTRONIX | vl
4641 I 1858 |
l I VISICORDER
HARD_COPY | L QUICK-LOOK DATA _
| [ exrromix L —_—_—— e ——
4631 _ ———————-——-——]
l PLOTTER COMPUTER A/D CONVERTER
| TEKTRONIX TEKTRONIX BIOMATION I
4662 4052 8101010 l
] SOFTWARE
DIGITAL PROGRAM |
| TAPE DRIVE
TEKTRONIX BRL I
| 4924
FINAL DATA REDUCTION
L J
A, Tape System
Figure 2. Schematic of Data Acquisition/Reduction Systems.
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types used. Both were used to record the output generated by the PCB Model
113A24 quartz pressure transducers (Reference 6). The tape recording
systems (Figure 2-A) was used for the initial multi-station recording.
Later in the test program only two stations were used, so the second system
(Figure 2-B) with the digitizing oscilloscope was used.

Both systems recorded the output from the transducers coupled through
power supply interface cards and data amplifiers to the recorders. On-site
comparisons of the pressure-time plots were made directly from the hard
copies produced. Final data processing was completed with the computer,
printer, and plotter. Plots of pressure-time records for various driver
configurations are shown in the Results section.

2.3 Test Matrix. A variety of shots were fired with the various
driver configurations. The test matrix is given in Table 1 for several
shot conditions. The shots are listed by number, with driver parameters,
ambient test conditions, and test section overpressure at Station 70 (7
dia.) listed for reference.

The driver lengths varied from a minimum of 6.05 cm to 288 cm for the
maximum "long"” driver. The inside diameter of the drivers remained con-
stant at 10.16 cm. The pressure in the driver varied from about 300 kPa to
a little over 18000 kPa. Throat baffles at the diaphragm section varied
from a test section to throat baffle area ratio of 16.1 to 64:1. Sam-
ple pressure-time records and a discussion of their characteristics are
given in the Results section.

3. RESULTS

The primary results from the test program are the pressure-time records
and their impulses from the test stations for the various test configura-
tions. This section will discuss the change of pressure-time records
(side-on, stagnation,and dynamic) as the driver parameters were changed.
Stations at 7 and 20 diameters, in particular, will be compared with com-
puter code predictions. Both short (11.16 cm) and long (288 cm) drivers
will be used for the comparisons. Finally, particular examples of cold
gas/recompression fan effects will be shown.

3.1 Test Station Pressure as a Function of Driver Parameters. The
first set of records shown in Figure 3-6 illustrate the decay of peak pres-
sure along the test section for a short driver (11.12 cm) as a fuaction of
driver pressure. The driver pressure was varied within the range 314 kPa
to 14479 kPa for this series of shots. These values are plotted in the
graph of Figure 7. 1Initial test section pressures (20-225 kPa) measured at
7 diameters decay with distance along the test section to a station at 28
diameters. Decays of about 25 to 43% were measured over this distance.

The hydrocode predicted similar decays, but for driver pressure above
3000-4000 kPa the predicted shock overpressure was higher than the experi-
mental values. Below this driver range the predicted values varied both
above and below the experimental values.

It can be seen from the family of curves plotted from the long driver
data and shown in Figure 8, that there is very little attenuation of the

5 The text s continued on poaore 8.
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315 overpressure in traveling from 7 to 28 test section diameters since “"flat-
?}: top” shock waves have only viscous attenuation. The hydrocode has no

ﬂﬁ: program for viscous attenuation and, therefore, shows no decay at all.

]

Figure 9 is an operating curve showing the peak overpressure to be

- expected at the two important stations (7 and 20 dia.) as a function of the

;J:| driver pressure. The values plotted in Figures 8 and 9 were taken from the

g-t pressure—-time records shown in Figures 10-13. Typical examples of

?ﬁ? pressure-time records of side-on overpessure, stagnation overpressure, and

ﬁdﬁ their subtraction (the dynamic pressure) are shown for the long driver of

' . 288 cm.

‘0‘.;

t?&. Generally, between 3000 and 4000 kPa driver pressure, the predicted

tﬁdi . (computer code simulation) and experimental shock overpressures deviated.

:Q& At the extreme high end for 13500 kPa, the predicted value of pressure was

‘£¢5 about 270 kPa. Experimentally, the value was 215 kPa. The lower experi-
mental values may be explained by the thicker diaphragm needed at the

iy higher driver pressures. Opening times are finite. Obviously, there is

A not a complete diaphragm removal at zero-time as was assumed by the hydro-

ﬁﬁ‘ code. Incomplete breaking of the diaphragm also occurred. All these fac-

}ﬁﬁ tors tended to produce lower test section pressures than predicted from the

Qﬂﬁ BRL-QID code for the 3000-4000 kPa range. Below this range, the predicted

N values varied above and below the experimental values.

[l

J;- Tables 2-4 summarize the experimental data according to driver length

:2 X and pressure. Representative values of the blast parameters are given for

Hn le the two test stations at 7 and 20 diameters. Additionally, scaled-up

ﬂﬂﬂ values of the parameters for the full-size simulator are given in the last
four columns of the tables. These values were obtained by multiplying by

e the scale factor of 57. The last column of the tables display the equiva-

Qs lent high explosive yield for the full-size conditions. The scaling cal-

g culations will be discussed in some detail in the Analysis section.

e 3.2 Hydrocode Results. One of the basic research efforts at BRL is to

3 computationally model shock tube processes. The BRL-Q1D code used for

%44 these predictions is an adiabatic, inviscid eulerian computer algorithm

b'% adapted at BRL for this purpose. See References 2, 4, 5, and 7 for addi-

A tional descriptions and uses of the code. All references to hydrocode com-

‘h putations refers to the BRL Quasi-one-dimensional code (BRL-QlD).

L

:L, The one-dimensional computational modeling used had the advantages that

=X it was inexpensive to run, had capability to perform parametric stud-

5{1 ies quickly, and was useful for obtaining good engineering approximations

A to the simulator design. Its obvious disadvantage was that the one-

_“4 dimensional analysis was necessarily an approximation. As is seen later,

Wik the BRL-QID code did predict appearance of the cold driver gas and the

_ i recompression fan from the diverging nozzle, but mispredicted the magnitude

SVZ. of both effects and their arrival after the shock front at a particular

5 test station.

. ',:.

iS\' Figures 14-17 show typical records obtained for the short driver (11.13

\gﬁ cm). Stations 1, 2, and 3 of the compuler runs correspond to Stations 70,

. 150, and 200 in the experimental records. As noted above in Section 3.1 of

.”,. the Results, the code predicted higher peak overpressure in the test sec-

:siq tion for driver pressures in the 3000-4000 kPa range. Below this range,

el

fha 21 The text i3 continued on ;e 6.
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Figure 14. tydrocode Predictions - Short Driver, 514 kPa.
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the predicted pressures from the code varied both above and below the
experimental values. The general decay along the test section was similar
to the measured experimental values.

The positive durations predicted were 5 to 10 percent smaller than the
experimental records showed. Station 3 should not be compared here (except
for peak pressure) since it was near the open end of the computational
shock tube. The rarefaction from the open end shortened the positive dura-
tion. The experiments used a long test section with a closed end so no
rarefactions could occur,

The agreement in negative phase between the code and experimental
values was not nearly as close. The code values of negative pressure were
anywhere from 30 to 100X lower (Station 1, 7 diameters; before open end
rarefaction arrived at station) than was actually measured. Overall, the
code predictions were quite useful to predict the general pressure-time
waveforms from the various driver configurations, given the limitations
discussed.

3.3 Cold Gas/Recompression Fan Effects. Figures 18-22 show some of
the code predictions of pressure-time records for the long driver. As was
noted earlier, side-on overpressure begins to be predicted too high for
driver pressures of about 3000 kPa. Both the cold gas and recompression
fan (backward facing shock) arrival are very apparent. Table 5 summarizes
and compares the code results with that of the test data. Figures 23-25
display these comparisons in graphical form.

Theoretically, the cold gas should not appear on side-on overpressure
records at all. It does, however, appear on the experimental records
although the code cannot predict it for the side-on records. It does, of
course, predict it for the stagnation records. See Figure 21. Experi-
mentally, the cold gas region tends to diffuse and be quite turbulent in
nature. The code, instead, predicts very smooth pressure change upon the
cold gas arrival; and it predicts a slower arrival than experimentally
recorded. The cold gas average drag enhancement is predicted by the code
to be higher than the data suggests. It should be noted that higher spikes
do exist on the data records. Only average ratio values obtained from the
impulse data were used to plot Figure 24 from Table 5-C. It should be
noted that the enhancement is about constant along the test section for a
given driver pressure.

The second effect that changed the pressure-time waveform (and hence
yield) is shown by the code results in Figure 20. Notice the very sharp
cutoff of the positive phase and the relatively low, and extensive negative
phase of the records. This effect shows up sooner on the data records and
is more of a rarefaction decav than a discontinuous drop as the code sug-
gests., Experimentally, the cold gas and recompression fan effects move
back from the shock front with travel along the test section. The data
show that Station 70 (7 dia.) cannot be used with a cold driver operation
above, perhaps, 100 kPa side-on overpressure at the station.

A shorter driver, and shorter duration record, ought to minimize the
cold gas/recompression fan effects. Figure 26 shows a comparison of
records from the long, 288 cm, driver with those obtained from a short,
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i

11.13 ¢cm, driver. Indeed, the shorter driver dves show the lesser effects
v the recourds but are still unacceptable for a correct simulation of field
yields at this pressure level if taken at 7 diameters. Station 200 (20
dia.) does show an improvement with acceptable records as seen in Figure
26-D and 26-F.

Accordingly, the full-size predictions for a single, cold gas driver
simulator as presented in the next section are generally for the 20
diameter station.

4. ANALYSIS

The analysis includes a discussion of the full-size simulator yield
predictions as calculated from side-on overpressure impulse scaled from
Reference 8 data, and the effects of changing the throat baffle ratio at
the diaphragm section.

4.1 Yield Predictions as a Function of Driver Configurations. As
shown in the Test Matrix of Table 1, a series of drivers from 6.05 cm to
288 cm was used on the model for a driver pressure range of about 300 kPa
to 1800 kPa. Side-on overpressures at 7 diameters varied from about 10 kPa
to 225 kPa.

Reference 9 presents scaling laws relating the blast parameters between
explosive yields. The treatment of yield here will consider ground bursts
and the impulse available at a given overpressure from a certain yield in
kilotons (kt).

The calculations of predicted yield for the full-size simulator were
made by first scaling up the impulse from the model experiments, by multi-
plying by the scale factor of 57. At the same time, driver configurations
were scaled in the same way. Table 6 lists the full-size predicted peak
overpressure and impulse as a function of driver pressure and configura-
tion. Predicted records of pressure versus time and impulse versus time
for stations at 7 to 20 diameters for the full-size simulator are shown in
Figures 27 and 28. Figures 29 and 30 summarize the full-scale impulse as a
function of driver parameters. Driver lengths and volumes are noted on
each curve.

Values of full-scale impulse from Table 6 were then compared to the
values given in Figure 31. This figure is a plot of data taken from the
Defense Nuclear Agency (DNA) blast program listed in Reference 8. The
yields were then found from Equation 1.

/3

1
II/IZ = (wl/wz) ()

where Il is the impulse for a given reference yield, W (in this case,

ll
1 kt) and 12 is the impulse at the same pressure level for the predicted
yield, Wz. Impulse is given in kPa-s and yield in kt for simulation of
auclear explusions.

It should be noted that for other field scenerios, other yields mayv be
calculated for height-of-bursts (HOB), or for dynamic overpressure impulse,
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e
ey
ﬁ%k if desired. The method of yield calculation would be the same, but

?&? impulses would be compared to another impulse-yield curve instead of Figure

ey 3L,

K The yields as a function of side-on overpressure and driver/throat

™ ratio configuration are presented in Figures 32 and 33. Data are plotted
. from both Tables 3 and 6 in order to compare Stations 7 and 20. These

N curves are ordered very well except for points on the 223 kPa set at the

”.5‘ high vield end. There, the recompression fan has shortened the positive
wave duration and the corresponding yield for a particular driver con-

5$E figuration. As a result, the curve turns away from the left axis to the

2% right - indicating a longer driver is needed.

h

3$f Table 6, above, lists the calculated full-size yields in the last

"4y oy column, as a function of the various test station pressure levels and the
driver configurations used in the tests. The table illustrates the range

oy of yields available for a single, cold gas driver design. Most are

e adequate except at low yields (below 50 kt) for test station pressures
fﬁn: above 200 kPa., The decay rate caused by the relatively short positive
v&fb durations needed, will be substantial. The driver pressure then would have

" to be increased to achieve the desired test station pressure level. This
i would add additional expensive material design constraints on the driver.
‘P;¢ A heated driver design would probably be a better trade—-off for a large

xi- simulator than designing for the expected increased driver pressure needed.
e
JR; 4.2 Throat Baffle Effects. A major element in the design of the
By driver configuration is the test section to throat baffle area ratio

(baffle ratio). As noted in the tables and graphs, throat ratios of 16:1,
N 33:1, and 64:1 were listed for this set of experiments. The throat baffle
! i* size is most important when designing for large yields (600 kt/at low test
zf: pressures (13-15 kPa in these tests)). Values from Table 6 show the effect

:}} of the change in throat baffle ratio. Figure 34 illustrates the similarity
g‘; of waveforms obtained by varying the driver length, the driver pressure,

) and the baffles ratio. To summarize, the increasing baffle ratio (smaller
?;ﬁ irea baffle) restricts the driver flow to add more duration to a waveform
xfi produced by a given driver length. The peak overpressure produced becomes
's;? a smaller value at the same time.,

2.,

: ﬂb Figure 34 illustrates the results of three baffle ratios used. The
maximum driver length needed at the 13-15 kPa overpressure was 42.5 m
(full-size) when it was used with the 64:1 baffle ratio; whereas, a 135
meter length is needed for the 16:1 baffle ratio. A penalty in increased
driver pressure must be paid, however, for the shortened driver as is seen
from Figure 35. The driver pressure (noted in parenthesis) must be roughly
doubled for a throat ratio increase of two times if the test section pres-
sure is to be maintained. At low driver pressures, the smaller length
driver probably will still be a cost effective design for the full-size
simulator.

5. SUMMARY AND CONCLUSIONS
Experimental data have been obtained and compared with BRL-Q1D hydro-
code predictions of blast effects obtained for a 1:57 scale shock tube
model of a single cold air driver for large blast thermal simulator.
9 i Peu ot ) o




SINGLE DRIVER, 16:1 TEST SECTION TO THROAT AREA RATIO

| 101.4 kPa
/
1000 |- x/ 14,7 kPa
- ~,
n /
N
B X
L7
/
-/
100 |- STATION
o O 7 DIA.
B x 20 DIA.

YIELD, kT

10

Fivure 3.0

1

NOTES:

(1) YIELD CALCULATED FROM SIDE-ON
OVERPRESSURE IMPULSE.

(2) AVERAGE OVERPRESSURE IN kPa
LISTED AT TOP OF CURVES.

1 | 1 | 1 1 |
0 50 100 150
DRIVER LENGTH, meters

>, Predicted Yield as a Function of Driver Length, 16:1 Throat Ratio.
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Thermal effects were anot a part of this study. BRL has the task of prepar-
ing a desiga for the Army of a large simulator capable of full-size multi-
service equipment tests to simulate the blast and thermal effects from
nuclear events. The experiments and code comparisons repurted here were
designed to give iansight ianto a number of blast parameters fundamental to
the design of such a simulator.

Parameters studied were: blast wave decay, overpressure in the test
section as a function of driver pressure, blast wave duration and impulse
as a functioa of driver/throat baffle configuration, and effects of the
cold air driver gas/recompression fan arrival at a particular test station.

It was concluded that a station at 20 test section diameters was needed
to minimize the cold gas/recompression fan effects, at test station pres—
sures of, and above, 100 kPa. A pressure decay problem was also evident
above this pressure for low yields (short duration, blast waves). This
could be corrected with the use of still higher driver pressures. The sug-
gested preliminary large simulator design had not provided for these higher
pressures.

A heated driver tu replace the cold driver design should proubably be
considered. Nearer test stations might possibly be utilized in the heater
driver design. Acceptable levels of recompression fan and peak pressure
decay effects, hopefully, could be obtained with such a design. Cold gas
effects would, of course, have been eliminated by the heated driver.
Throat baffles would still be needed to minimize the driver length at the
low pressure/high yield end of the simulator's operating range.

The BRL-QID code was quite helpful in predicting the general waveforms
for the various driver/baffle configurations tested. The predicted
enhancement of the drag because of cold gas/recompression fan effects from
the code were higher than actually measured. Also, the code predicted more
test time to be avallable before the cold gas or recompression fan arrived
at a given test station. The QlD code did furnish some helpful guidelines
for a very complicated blast parameter study; it did it efficiently and at
a low cost. Further computations utilizing two-dimensional hydrocodes,
accounting for the real gas effects preseat experimentally, would of
cuurse, pruvide better experimental agreement. This would be done at
greater costs in both computing time and effort, however.
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