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SECTION 1
INTRODUCTION

If a blast wave propagates in a medium where a thin layer of high-temperature gas
is located near the ground, a precursor develops. In an earlier report sponsored by
the Defense Nuclear Agency (Contract No. DNA-001-84-C-0342), the fundamental
features of the interaction processes were described and illustrated. Different

techniques were successfully developed to

- create and control high-sound-speed layers in the laboratory.
- demaonstrate which physical questions may be asked.

- determine which questions can be answered by such tests.

Two experimental methods proved to be especially successful in reproducibly

simulating relatively thin high-sound-speed layers in a small shock tube:

1) Hot air layers formed by electrically heated metallic strips

2) Free helium layers on the surface of porous ceramic plates (Filtrokelit plates)

To increase the understanding of the fluid dynamics of airblast precursors, DNA
awarded another contract (DNA-001-86-C-0075) to EMI to undertake the following

tasks:

Task 1: Conduct a series of shock tube experiments using a helium layer from a
porous plate and a heated plate to create a surficial high-sound-speed

layer.

Task 2: Conduct a series of small charge tests in an enclosed environment using a
helium-induced high sound speed layer introduced from a circularly

symmetrical ceramic porous plate.

* H. Reichenbach, Laboratory-Scale Airblast Precursor Experiments, Vol. 1:

Exploratory Shock Tube Tests; DNA-TR-85-352, Defense Nuclear Agency,
Washington, D.C. 1985.




The results of Task 1 have been reported earlier.* The shock tube tests were able

to

answer such questions as:

Why does the precursor wall jet become turbulent?

What is the effect of the thermal layer vertical gradient on:
shock structure? (negligible)

wall jet shape? (important)

wall jet turbulence? (important)

Why does the wall jet show fine-scale turbulence?

What is the influence of the wall boundary layer and wall roughness?

The present report describes small (laboratory) scale height-of-burst experiments.

Because such small charges were used (0.6 g spheres of hexogen), we called the

tests of Task 2 "Micro-Mach Experiments."

The objectives of the tests were as follows:

1)

3)

To utilize the EMI optical capabilities to give a high-fidelity flow visualization
of the evolution of an HOB airblast precursor without the influence of a

membrane (i.e., similar to physical problems).

To measure pressure histories on the surface without influence of terrain and

weather effects.

To compare ideal and non-ideal blast wave environments under well-controlled

conditions.

* H. Reichenbach, Laboratory-Scale Airblast Precursor Experiments. Vol.2: Parametric

Studies, FMI Rep. £ 6/87.




SECTION 2
EXPERIMENTAL APPARATUS

2.1 TEST CHAMBER.

The Micro-Mach experiments were conducted in a cubical test chamber (120 cm by
120 cm by 60 cm) shown in Figure 1. This approach gave well-controlled ambient
conditions, and protected personnel and sensitive laboratory equipment from the
effects of the explosion. The chamber was shock-isolated from the floor to minimize
any blast-induced vibrations of the sensitive optical equipment. The chamber was
equipped with optical quality windows (69 cm by 20 cm by 2 cm) for high-speed
photography (see Fig. 2).

The aluminum walls of the chamber were bolted together and easily replaceable. A
removable circular roof plate provided easy access to the chamber for charge
emplacement and instrumentation adjustments. A small crane facilitated the handling
of this heavy plate. This roof plate formed the reflecting surface for the height-
of-burst tests. For ideal-surface experiments, a polished aluminum surface was used.
For the precursor test, a helium distribution system was incorporated into the plate.
In the original design, this consisted of a 66 cm-diameter by 2-cm thick porous
ceramic plate (Filtrokelit) mounted flush with the roof of the test chamber. The
high sound speed layer was created by forcing helium through the porous plate by
means of a pressurized chamber mounted behind the plate. In the final design, the
porous plate area was increased, as shown in Figure 3. We have now a good tool at

our disposal for future experiments.

In previous shock tube tests it was found advantageous to have the He layer at the
roof and not at the bottom to control for the buoyancy of helium. Therefore for the
Micro-Mach experiments the He layer was produced at the ceiling. However, when
describing the tests, we speak as if the helium layer were on the bottom or ground.

So we speak of ground zero and height of burst,




2.2 OPTICAL EQUIPMENT.

A Cordin high-speed camera (type 330) or a single frame system were used to
photograph the explosion. The optical setup differs slightly, as shown in Figures 4
and 5. Two spherical mirrors with a diameter of 640 mm each and a focal length of
about 4 m are arranged so as to produce parallel light at the location of the test
chamber. If a knife blade is installed at the second focus of the light path,
schlieren photographs can be taken. This method was also used to visualize the

helium layer.

The continuous writing Cordin camera (Fig. 6) needs a light source with an
adjustable light output in the form of a square wave pulse. If the light duration is
too long, the first frames will be double-exposed. We therefore developed our own
special light source for the Cordin camera with an output diameter of 1 mm. The
light source is shown in Figure 7 together with the energy source, the pulse former,
the trigger, and the delay circuits respectively. The light output can be adjusted

between 40 ps and 700 us depending on the framing frequency of the camera.

The exposure time of a frame in a rotating prism camera depends on the frame
period. In the version we used, the exposure time equals about half of the frame

period.

A photo of the EMI single-spark point light source for shadow and schlieren pictures
is shown in Fig. B. Power supply and trigger circuit are combined with the point
source. Due to the coaxial construction, an exposure time of 300 ns (= 0.3 us) is
achieved. The pinhole in the electrode corresponding to the light output area has a

diameter of 0.5 mm.

The alignment of the optical light path was facilitated by using a He-Ne-laser
system. Due to the long light paths, the optical system is very sensitive to
vibratiand smal!l twisting of the components. Therefore great care must be taken

to get reproducible picture quality.




2.3 ELECTRONIC EQUIPMENT.

2.3.1 Electronic Control System.

In addition to high speed photography of the explosion, pressure measurements were
made. Thus the ignition of the charge, the triggering of the light source, and the
initiation of the 12-channel transient recorder (Le Croy type TR 8837) had to be
synchronized. As will be described later, accurate timing of the He filling process
was also needed to obtain reasonably reproducible helium layers. Therefore, we had
to develop a new timing control system to meet the numerous fiiling and triggering
requirements. Some new devices were produced, as shown in Figures 9 and 10. The

principle of our electronic arrangement is sketched in Figure 11.

For tests without a helium layer the pulse generator (HP 8010 A) is started
manually. The sharp rising pulse triggers three delay generators. The first delayed
pulse starts the 12-channel computer-operated Le Croy transient recorder to store
the pressure-time signals of the pressure transducers (Kistler type 603 B). The
sampling rate of the 8-bit recorder is 32 MHz. The time window can be chosen
between 32 us and 16 ms. The second delayed pulse starts the ignition circuit of the
charge. A capacity of 2 uF loaded to 5 - 12 kV is discharged into a thin wire.
This wire explodes and ignites the charge. A third delayed pulse starts the light
source, either the single spark (Fig. 8) or the special light source of the Cordin

camera (Fic. 7).

For tests with a helium layer, a timing unit with seven independent channels steers
the pump and valves of the gas filling system (see Section 2.4). One of the channels
triggers the pulse generator. When the timing unit is started manually, all the other
functions needed for a test are triggered automatically. Only the Cordin camera is
operated by hand controls because pretriggering by the camera pulse is not possible.
The gas filling system requires 20 seconds for purging and creation of the helium

layer before ignition of the charge.

Figures 12 and 13 depict examples of two timing diagrams for single spark
photography and cinematography with the Cordin camera, respectively. Note that the
time scale for the gas filling procedure is given in seconds whereas the scale for

triggering the ignition and the measuring system is given in microseconds.
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2.3.2  Pressure Recording and Display.

Experiments with such small HE charges require a pressure recording system with a
high time resolution and also a large gain range. It must be able to record peak
pressures between 0.1 bar and 300 bar with a high signal-to-noise ratio. We

therefore installed a computer-operated transient recorder system with 12 channels

{Le Croy type T.R. 8837 F). Kistler gages (type 603 R) with charge amplifiers (type
5001) served as pressure transducers. The signals of the 12 channels are stored in
digital form and can be plotted one after the other on a plotter (Epson type 800).
Our own computer program was developed to calibrate each individual channe!l with
respect to the expected signal level. The plot program allows a choice of formats.
Not only the pressure time curves are plotted but also the overpressure impulse, the
positive duration, and the time of arrival. All the data needed for test evaluation
are printed as a data summary sheet. The recording system is shown in Figure 14.
Figures 15 and 16 are examples of the quality of the plotted curves and the data

summary sheet, respectively.

Great care was needed to install the pressure gages. At first, the blast-induced
vibrations of the walls greatly influenced the transducer signals. We tried different
shock-absorbing mountings. Good results were achieved with the system sketched in

Figure 17.

The locations of the transducers are specified in Figure 18. Gage 1 is placed at
ground zero. The others are arranged along a diagonal at a distance of 57 mm in
each case, except gage 12 with an interval of 11.4 mm to gage 11 (see also Fig.
20).

2.4 HE FILLING SYSTEM.

In previous shock tube tests, it was relatively easy to produce a thin, uniform helium
layer by diffusion through a porous ceramic plate. We therefore expected little
difficulty in applying this technique to the height-of-burst tests. We found, however,
that it was very difficult to create a stable, laminar, uniform helium layer in this
circular layer geometry. After much experimentation, we arrived at the following

design.




—

The plenum chamber contained several broad circular grooves to circulate the
helium. Along one radius, the grooves are interrupted by a barrier. The helium flow
was introduced on one side of the barrier and forced to propagate along the channel
to reach the outlet on the other side of the barrier where the gas is pumped out. A
nearly uniform helium distribution is achieved behind the Filtrokelit plate because
the flow velocity in the grooves is much higher than the diffusion rate through the
2-cm-thick ceramic plate. In Figure 19, the lid with the different grooves can be
seen (upside down) before the Filtrokelit plate was inserted and tightly bolted. In
the middle and in an outer ring, porous bronze pieces are inserted to allow blowing
or suction of helium or air. This permits some variations in the filling process to

influence the helium layer above the ceramic plate.

Figure 20 shows the plastic filling tubes and the small inlet and outlet pipes. To
have a better overview, some of the filling tubes are removed. The positions of the

pressure transducers are clearly visible along a diagonal.

The bore hole locations in the lid are sketched in Figure 21. The holes Py - Pg are
connected with the vacuum pump, see Figure 22. The inlet holes for helium are

marked Hj - Hj3. The function is explained in Figure 23.

As mentioned earlier, some difficulties were encountered in producing a relatively
thin uniform helium layer with a concentration high enough for precursor
investigations. It was impossible to obtain reproducible layers by hand-operating the
filling system. As we learned in the course of numerous experiments, the operating
time of the different valves (see Figs. 22 and 23) must be controlled with an
accuracy better than a tenth of a second. Therefore a special timing device was

developed (see Section 2.3.1 and Fig. 9).

The filling procedure starts with rinsing the vessel. Valve 1 is in the open position.
Air is sucked through the vessel where, near the bottom, a valve-controlled opening
exists which remains open during the whole test. Thus the helium-air mixture of a
previous test may be removed. When the timing device is triggered, valve 2 opens
and the gas in the grooves behind the Filtrokelit plate is sucked out (see Fig. 22).
One second after triggering, valve 1 is closed and the rinsing process of the vessel
is finished. Five seconds later, valve 3 is opened (see Fig. 23) and the rinsing
process of the helium tubing starts. This procedure lasts about 20 seconds and is
sufficient to fill the pipes and the pores of the ceramic plate with nearly pure

helium. About 2 seconds earlier, valve 2 is closed and pumping is stopped. Valves 4




and 5 are operated for about 1 and 1.5 seconds, respectively. They close
simultaneously with valve 3. Because the pressure in the bhelium lines 1 and 2 is
higher than in the rinsing line, helium is pressed through the Filtrokelit plate just
before the charge is fired. The ignition is triggered about 0.5 seconds (typically)

before the closure time of valves 3, 4, and 5.

The timing of the different valves is specified in Figures 12 and 13, which indicate

also the typical pressures in the different lines.

2.5 HE-CONCENTRATION MEASUREMENTS.

As discussed, the procedure to create a helium layer must be controlled very
carefully. Shadow and schlieren pictures alone cannot give enough information. First,
we used 3 helium concentration probes (provided by Dynamics Technology, Inc.)* to
measure the helium concentration in the layer versus time. With the help of the
probes, it was possible to check the concentration inside the helium layer and also
to control the efficiency of the helium filling system. But more than 3 probes were
needed to measure the spatial distribution of helium concentration. We therefore
developed our own automated system that provides measurements at 8 different

positions simultaneously.

2.5.1 Measurement Principle and Probe Construction.

The probe acts as a hot-wire anemometer. A constant gas flow through the probe
was created by a sonically choked nozzle. This flow cools the hot wire by
convective heat transfer, and this changes the electrical resistance of the wire. If
the parameters are kept constant, the cooling effect depends on the helium

concentration in the gas flow. (Helium is more efficient than air.)

The hot wire forms one arm of an electronic bridge. A compensating circuit
balances the bridge so that the wire resistance (or in other words, the temperature)

remains constant. The compensating current is then a measure of the concentration.

* We are very grateful to Dr. Allen Kuhl, RDA, for the idea and for his assistance
in arranging the loan of the measuring device and its transfer from the USA to
EMIL




The probe construction is shown in Figure 24. By means of a vacuum pump, gas is
sucked through a nozzle of a diameter of 0.08 mm. The nozzle used is commercially
available. The ratio of the pressures on both sides of the nozzle is high enough to
guarantee a supersonic flow behind the nozzle. In this case, the mass flow through
the nozzle is constant and independent of the pressure ratio. The wire is located

between the gas iniet tube and the supersonic nozzle.

The circuit diagram of the electronic bridge is given in Figure 25. The output signal

is registered on an 8-channel plotter. An overview is presented in Figure 26.

2.5.2 Calibration of the Probes.

A priori, there is no reason to expect a linear relationship between the helium
concentration and the output signal of the electronic bridge. Hence, we calibrated
the gages in the following manner. The signal resulting from pure air at ambient
pressure being sucked through the probe was defined as zero level signal. The signal
resulting from pure helium was defined as the 100 % level signal. Precise helium/air
mixtures needed for values in between are relatively difficult to produce. Therefore,
we used commercially available mixtures with guaranteed mixture ratios from the
German company Messer-Griesheim. Pressure ratios of 80 % He and 60 % He were

used.

From a total of about 20 probes, we selected 8 with nearly the same calibration
curve and sensitivity to simplify the evaluation of the measured data. A typical

calibration curve is shown in Figure 27.




SECTION 3
HIGH EXPLOSIVES CHARGE

3.1 MANUFACTURING OF THE CHARGE.

The most critical part for Micro-Mach experiments is, of course, the high explosives
charge. To simulate a 1 kt detonation in the laboratory, a linear scale reduction of
about 1 : 1000 must be realized. Cranz-Hopkinson scaling requires then a charge
weight of 1 : 10003. This rough estimate indicates that the model charge should
have a weight of about 1 g. A more careful calculation, taking due consideration
that the model charge must be a more sensitive explosive than TNT, indicates a
charge mass of about 0.6 g. This very small charge should be safe enough to be
handled in the laboratory without any severe restrictions but, on the other hand,
should be sensitive enough to detonate completely if electrically ignited. Primary
explosives such as lead acid or silver acid were eliminated for safety reasons.
Commercially available HE was not sensitive enough to detonate completely in such
small quantities. We therefore developed our own explosive. It consists of extremely
fine powdered nitropenta dissolved in a mixture of gun-cotton and acetone. This
paste dries relatively quickly, so it can easily be formed into a droplet. To get an
ideal spherical shape with an ignitor in the center, we developed the following
method (see Fig. 28).

Two electrodes are fixed in a centered holder so that a very fine wire can be
wrapped around them (Fig. 28a). The holder is dipped several times into the
explosive mixture until a nearly spherical shape is achieved (Fig. 28b - e). Following
a drying process, an ideal sphere is turned on a lathe before the holder is removed
(Fig. 28f). By this method, the ignitor can be placed with high accuracy in the
center of the HE sphere. Because the density of the HE mixture is sufficiently
constant, the mass of the charge is given by the diameter of the sphere. This

measure can be controlled and kept fixed very easily.

As the results discussed in Section 4 confirm, the reproducibility of tests with this

model charge is excellent.
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3.2 DETERMINATION OF THE CHARGE EQUIVALENT.

To be able to compare the results with data from tests with other explosives, an
equivalency factor is required. But is is well known that this factor is not the same
if peak pressure or overpressure impulse data, respectively, of different explosives
are compared. Also, the equivalency factor varies with the pressure and impulse
level where the comparison is made. So it is important to define in which way the

charge equivalent is determined.

3.2.1 Charge Equivalent Related to the Peak Overpressure.

To determine the charge equivalent, the peak overpressure must be known as a
function of the scaled distance R/W1/3 (R = distance, W = charge weight) of the
explosives to be compared. By definition, the same peak overpressure Pgg must exist

at the same distance R for both explosives. Then both charges are equivalent.

If Z is the scaled distance for the peak overpressure Pgg, then

R
1
Z1 (Pgo) = Wr for explosive 1, and (3.1)
1
Ry
Z7 (Pso) = -w—-r7-3—— for explosive 2
2
Both charges are equivalent if R1 = R2 =R
Zl . W]_]-/3 = ZZ . Wzl/3 or

The term (Z2/Z31)3 = fq is the charge-equivalent factor related to the given peak

overpressure.
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3.2.2 Charge Equivalent Related to the Overpressure Impulse.

By definition, the same specific overpressure impulse Ig must exist at the same
distance R for both explosives. In this case, the charges are equivalent. In contrast

to the overpressure p(t), the impulse

s (3.2)

I = f ap(t)dt

0

is a scaling-dependent variable. We therefore plot I3/R as a function of R/Ql/3. For

a desired overpressure impulse Ig,, we get as scaled distance
Zi1 (so/R1) = Ry/W1l/3 (3.3)
Zij2 (s0/R2) = R:z/Wzl/3

Because R] and R2 in both cases should be the same, we receive

Zi1 W11/3 = Zj2 Wzl/3 or

Z1.2 3
Wl=(r1-) g W2
i

The term (Zj2/Z;1)3 = fi is the charge-equivalent factor related to the given
overpressure impulse Igq.

As a rule, the factors f, and f; are not identical and, in addition, depend on the
chosen peak overpressure and overpressure impulse, respectively, where the

comparison is made.
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SECTION 4
RESULTS

4.1 HOB EXPERIMENTS WITHOUT HE LAYER.

Numerous experiments were carried out to determine the influence of the rough
Filtrokelit surface on the wave propagation, the time of arrival, the peak
overpressure, and the overpressure impulse, respectively. The purposes of the tests
were to investigate the reproducibility and accuracy of the results and to evaluate

the airblast scale factors for this charge.

The following heights of burst were chosen: H = 3.3 cm; 6.7 cm; 7.7 cm; 8.5 cm;
12.5 em; 20.2 cmy; 26.9 cmy 33.7 em; and 40.4 cm, respectively. The most preferred
heights were H = 6.7 cm and H = 12.5 cm.

4.1.1 Smootn Surface

To simulate ideal free field values, a polished aluminum plate was used instead of

the porous ceramic plate.

4.1.1.1 Optical Measurements. Cinematographic picture series were taken with a

Cordin continuous writing and framing camera (type 330). Some frames of a picture

series are shown in Figure 29.

The shock fronts are not as sharp as we are accustomed to from shock tube tests.
But one must take account of the fact that in these experiments the blast wave
expands spherically. The wave fronts are curved and the light path is deflected
through inhomogeneous regions. By diffraction effects, the shock fronts seem to
broaden and many details in the flow field are lost. In addition, the pictures are
slightly blurred because the exposure time of each individual frame is too long (~ 3
us). The exposure time in a high speed camera with rotating prism depends on the

frame period. In our camera, the ratio of exposure time to frames period is about
0.5.
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Figure 30 depicts some single pictures of different tests under the same conditions
but with variation of the delay time between charge ignition and triggering the light
source. In this case, the exposure time is 0.3 .s. The snapshot time of the

photographs in Figures 29 and 30 is nearly the same.

It is evident that the shock fronts and the wave interactions in single picture
technigque are much clearer, but many more tests are required to produce a

sequence of photos with this technique.

It can be seen that the wave fronts from different tests are reproducible. The flow
field behind the shock fronts changes a little bit by random effects. Jets from
instabilities on the charge surface are present, and it was not possible to avoid them
completely. During the fabrication of the small charges we made several attempts
to get the most homogeneous detonation pattern, but we were only partially
successful. However, it is well known that jets are also present in large HE field
tests (e.g., DNA’s 500-ton experiments). In this respect, the Micro-Mach tests seem

to be realistic experiments. The wave system is explained in Figure 31.

4.1.1.2 Pressure Measurements. For each test, the pressure-time history was

measured at 12 different locations, as described in Section 2.3.2 (see Fig. 18). When
the Le Croy 12-channel transient recorder was not available (until test No. M 191),
measurements were only possible at 8 stations. The pressure records do permit us to
evaluate the time of arrival (TOA), the overpressure impulse (I+), and the positive
phase (t+), respectively (see Fig. 15). The results for different heights of burst
(HOB) are presented in Table 1, which also shows the mean values and the standard
deviation values. The data demoanstrate the excellent reproducibility of the tests.

Records are shown in Figure 42,
4.1.2 Rough Surface.

As shown in a previous report, the roughness centers on the surface of a slightly
polished Filtrokelit plate have a height of about 30 um.* In addition to the
roughness effect on the parameters of the blast wave, we also have to consider that
a small inflow exists in the pores of the ceramic plate. So we havec to expect that
the time of arrival, the overpressure, and the impulse are a little bit smaller

compared to the smooth surface data.

* See Figure 11 of volume 2: Parametric Studies, EMI Rep. £ 6/87
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4.1.2.1 Optical Measurements. As in the case of the smooth surface,

cinematographic pictures with the Cordin camera and pictures in single frame
technique were taken. Significant differences between the smooth and rough surfaces
cannot be detected. In Figure 32, two single frame pictures at different times are

shown as examples.

4.1.2.2 Pressure Measurements. The pressure records of the rough surface

experiments look like those obtained in smooth surface tests. The data are specified
in Table 2 in the same format as Table 1, so an easy comparison is possible. The

data are self-consistent and confirm the good reproducibility of the tests.

4.1.3 Comparison between Smooth and Rough Surface Data.

The diagrams of the peak overpressure and impulse (versus distance from ground
zero) (Figs. 33 and 34) show that there is, as expected, a tendency for smaller
values in the case of rough surface data. But the error bands (+ o of single values)
overlap each other. From a statistical standpoint, a significant difference cannot be
stated. If more tests can be carried out with a more extended rough surface (as
possible with the new design shown in Fig. 3), more precise results are to be

expected. The same happens if the roughness of the surface is enlarged.

4.1.4 Determination of the Charge Scale Factor.

4.1.4.1 Comparison with TNT Free Field Data. Two methods were applied to

compare Cordin camera data with TNT free field values.

At first, from the Cordin camera pictures, the time-distance values of the shock
front were measured along a line parallel to the surface at the distance of the
height of t'irst. These values should correspond with the free field values as long as

the Mach stem does not reach the measuring line.

Using the first method, the data were then compared with the time of arrival
values of TNT free field results. The upper diagram in Figure 35 shows the
comparison of the measured values with the TNT standard curve before matching. In

the lower diagram a TNT equivalent factor (see Section 3.2.1) of
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fo = 1.4

was applied. Now the data match very well in the range between 0.5< R/WL/3 < 2,
This means that in the given range 1 g of our charge corresponds to 1.4 g of TNT.
According to the second method, the measured time-distance values of the shock

front were fitted by a polynom of 6th order.

X = i bt 6.1)
n=9

This function was differentiated in respect to t and derived from the sound speed of

air, a5. The result is an analytical expression of the Mach number of the shock

front.

6
21 n-1
M =g 2. nbt
° nh=o (4.2)

If one assumes ideal gas behavior the peak overpressure as function of the shock
Mach number is given by
=P 7 (M2
P=P21-1=5M2-1) (4.3)

Converting Eq. 1 the peak overpressure can be determined as function of distance.

With the same TNT equivalent factor of
fo = 1-4

the data match very well with overpressure-distance curves for TNT” in the range

0.7 bar © 2Pg~ 3 bar, as shown in Figure 36.

* Charles N. Kingery and Gerald Bulmash, Airblast Parameters from TNT Spherical
Air Burst and Hemispherical Surface Burst, ARBRL-TR-02555, April 1984,
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4.1.4.2 Comparison with RDX-HOB Curves. Numerous HOB data are available from
earlier tests with spherical RDX charges. Results are given in EMI Report E 26/85.*

The Nitropenta small charge overpressure measurements were compared with the
RDX-HOB curves. As shown in Figure 37, the data are in excellent agreement with

these curves if

fa = 0.7 (RDX)

is applied as RDX equivalent factor. Because RDX is a high explosive with a higher
energy content than TNT it is evident that the RDX equivalent factor of the
Nitropenta charge is smaller than for TNT. Thus 1 g of our charge corresponds to
0.7 g of RDX.

The solid lines in Figure 37 are RDX-HOB curves. The data points represent the

measured values after correction with f, = 0.7.

4.2 EXPERIMENTS WITH HELIUM LAYER.
4.2.1 Helium Concentration Distribution in the {ayer.

The vertical and horizontal concentration distribution was determined with 8 helium
concentration measuring probes (Section 2.5.1). Test results are given in Figure 38.
We defined the direction of the optical axis through the test chamber as ¢ = 00.
® 900 corresponds then with the observed flow propagation direction. Near the
surface, a helium concentration of more than 90 % is measured. The helium layer
concentrations were quite reproducible; test to test variations were within a few
percent. A more uniform distribution is expected with the new design of the test
chamber roof plate (see Fig. 3). There is a uniform Filtrokelit surface and an area

with porous bronze (Poral) at the center and at the outer ring (see Fig. 21).

¥ W. Heilig, H.P. Mehlin, G. Giirke, G. Scheklinski-Gliick, Ermittlung von HOB- und
Tripelpunktstrajektoren, EMI Report E 26/85.
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4.2.2 HOB Experiinents,

4.2.2.1 Optical Measurements. Cinematographic picture series were taken with a

Cordin camera. Two frames are shown in Figure 39 as examples. The formation of
the precursor, the two triple points, the turning shock, the slip lines, the secondary
shock, and other phenomena of the shock structure can be seen. The complete
picture series visualizes the dynamic feature of the airblast precursor. A movie of
cinematographic picture series with the Cordin camera was produced where each
frame was copied with the individually corrected magnification factor. In the movie,
each frame was repeated two times. The movie duration is therefore doubled

without noticeable effect on the dynamic course of the precursor propagation.

The space and time resolution of the pictures is much higher in the single frame
technique. Some examples are given in Figure 40 at different times after charge
ignition. To demonstrate the difference of precursed and ideal HOB-shock structure,
single frame pictures for both cases are shown. Notice that each picture corresponds

to a new test.

In Figure 40a, the pictures are taken 180 us after charge ignition. The marks at the
upper edge are 10 cm apart from each other. The Mach stem has developed at the
nonprecursed blast (upper frame). The triple point is a little bit disturbed by a jet.
The reflected wave and slipline are clearly visible. At the precursed flow (lower
frame), the precursor inside the helium layer can be seen. The flow behind the tip
of the precursor is laminar and then becomes turbulent. The turning shock and the

two triple points have developed.

In Figure 40b, the delay time between ignition and exposure time is 220 us. The
Mach stem in the nonprecursed blast is raised. The reflected shockwave -at the triple
point seems to be fan-shaped but it should be remembered that the flow field is
three-dimensional. The secondary shock and its reflection at the bottom are visible.
At the precursed blast (lower frame), the sliplines from the two triple points change
from laminar to turbulent flow. The same mechanism starts to create the wall-jet
as it is made visible in shock tube experiments. The roll-up of the helium layer and

the formation of shocklets can be noticed.
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Experiments at a delay time between ignition and exposure time of 250 us are
shown in Figure 40c. The pictures are very similar to those of Figure 40b.
Differences can be detected in the helium layer. The sensitivity of the shadow

system at the lower frame was raised to optimize the resolution.

In Figure 40d, the delay time was 350 us. Because the reaction products of the
charge lay behind the incident blast wave, more details can be seen in the flow
field. Structures at the border of the layer are visible especially in the helium
layer. The flow field behind the tip of the precursor is laminar at first. In the

walljet the flow starts to get turbulent and develops small shock fronts.

The picture series in Figure 40 makes flow phenomena visible, phenomena which
often can hardly be seen in free field tests. It should be mentioned, however, that
the interpretation of photographs of three-dimensional events must be done very

carefully.

The objective lense of a camera focuses the points of the object plane to the image
plane. Normally, the density field (refration index) is assumed to be homogenous.
But in our HOB tesi, the light beams are traversing regions of inhomogenous
density. So the optical copying process can be disturbed, especially if high density
gradients are present. Figure 41 serves as an example. The upper frame shows a
small cube. The edges are rectangular to each ather. The cube has just been parted
by the Mach stem of a nonprecursed blast. The edge is slightly deformed at the
roof. A high deformation can be seen at the middle and lower frames. In this case,

the cube is nearly completely embedded in the helium layer.

Figure 41 demonstrates that great care and experience are needed to interpret

photographs of 3-D-events.

4.2.2.2 Pressure Measurements. As described in Section 2.3.2, pressure

measurements were made for cach test at 12 different locations. The helium layer
has as a rule an extension of about 30 cm. This means that only gage No. 1 to
gage No. 6 measured the surface pressure in the helium layer whereas gage No. 7
to gage No. 12 were located in the air layer (see Fig. 18). One can therefore
expect to see in the pressure records the cleanup phase of the precursor. To
compare the differences between ideal and precursed blast propagation in Figure 42,

the pressure-time curves are superimposed. The dark curve belongs to the ideal
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blast, measured at an HOB of 12.5 cm (test M 245) whereas the grey curve

represents the pressure-time history of a precursed blast wave (test M 248).

At ground zero (Fig. 42; MK 1), we observe quite a different overpressure, 15 bars

(ideal black) and 6.5 bars (precursed blast) respectively. As expected, the arrival

time is shorter in the case of precursed blast.

At gage position No. 4 (Fig. 42; MK 4, 17.1 cm from GZ), the sharp peak
disappears at the pressure curve of the precursed blast. The rise time of the
precursor gets longer (Fig. 42; MK 6). We are now just at the barder of the helium
layer. The precursor shock decays more to a compression wave (Fig. 42; MK 7). The
cleanup pnase starts. At gage position No. 8 (Fig. 42; MK 8; 39.9 cm from GZ), the
turning shock T (see Fig. 40) is reflected from the ground and creates a second
peak. This shock becomes more dc'minant in the history of the surface pressure
(compare Fig. 42; MK 9). The front of the precursor steepens more and more. At
position No. 12 (Fig. 42; MK 12), the profiles of precursed and nonprecursed blast
are nearly the same; only the time of arrival differs. The cleanup phase is now

finished.

The impulse curves of ideal and precursed blast are quite similar. At precursed blast
the impulse is always about 10 % - 20 % smaller than in the ideal case. Some
examples are given in Figure 43. As in Figure 42, the records of tests M 245 and M

248 are compared.

The pressure measurements demonstrate the good reproducibility of the experiments
with small charges of 0.6 g only. They also confirm the qualification of the tests

for studying the cleanup phase of the precursor.

As a preliminary result, the peak overpressure versus ground range in the case of
HOB = 12.5 cm is shown in Figure 44. Results are also inciluded for smooth Al
surface, rough (Filtrokelit) surface, and helium layer precursor. The helium stops at
a ground range of about 30 cm. The reflected turning shock can be identified at a
distance of about 40 cm. At the end of the runway it reaches about the same peak

overpressure as the ideal blast.

Figure 44 demonstrates the wide variety of model tests that are applied to solve

problems of precursed blast and to provide data for computer codes validation.
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SECTION 5
SUMMARY AND CONCLUSIONS

SMALL-CHARGE DEVEL.OPMENT.

A new 0.6 g spherical charge of Nitro-Penta (NP) was developed. Also, a technique
for precisely locating the detonator in the center of the charge was designed. A
electrical energy source (~ 50 joules stored energy) was used to ingnite the charge.
This produced an overdriven detonation wave that successfully detonated the
complete charge. The electrical enerqgy coupled into the charge was less than 25

joules (compared to chemical energy of 1756 joules).

5.2 BLAST WAVE DRIVEN BY NP CHARGE.

High speed photography revealed that the charges produced a smooth spherical blast
wave. The secondary shock characteristic of HE-driven blast waves is also evident in

photographs.

The photography revealed some jetting effects that are present in all HE charges
(due to Rayliegh-Taylor instabilities); however, these jets were no worse than those
found in larger HE tests. In the lower pressure regimes of interest here, such
effects were small and could be overcome by performing additional tests when

required.

5.3 BLAST WAVE SCALE.

The blast wave scale was established by two methods based on the "Time-Distance"

curve for the free-air burst (as measured from the high-speed cinematography).
Method 1: compare NP time-distance curve with a standard TNT curve
Method 2: differentiate X-t curve to give shock Mach number and peak

pressure; compare the pressure-range curve with a standard TNT

curve.
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In addition, a third method was used; the HOB curve of the NP charge was
compared with results frorn an RDX charge at the same scaled HOB. Thus the

following HE scale factors were established:

SF = 1.4 (TNT)
= 0.7 (RDX)

5.4 INSTRUMENTATION FOR THE HEIGHT-OF-BURST TESTS.

Two schlieren/shadowgraph photography systems were developed. One was a single-
frame system for high space and time resolution, and the other was an B80-frame
cinematographic system using a Cordin rotating mirror camera and a specially

designed long-duration spark light source.

The high-speed photography made visible the unique features of HE-driven spherical
blast waves reflecting from plane surfaces. These included the shock structure, slip
lines, and turbulent flow features. In particular, the secondary shock S and its
reflection from the surface and interaction with shock R was made visible for the
first time (this shock is not visible on large field tests because the detonation

products are optically dense and the scale is too large).

A high-speed recording system was developed that is capable of accurately
measuring such short duration (30 to 300 us) pressure waves. The pressure records
are self-consistent and demonstrate that the tests are reproducible within a few
percent. This system can be used to give an accurate characterization of

near-surface blast wave environments, for example:

(i) static pressure histories

(ii) time of arrival curves

(iii) peak pressure vs range curves
Giv) impulse curves

(v) pasitive phase duration curves

In addition, the photography can be synchronized with the charge detonation and

pressure-recording system to elucidate particular flow regions of interest.
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5.5 IDEAL HEIGHT-OF -BURST RESULTS.

This small-charge technique can be used to quantitatively study blast reflections
over smooth (ideal) surfaces. The HOB can be easily varied over the range of 3 cm

to 40 cm; this corresponds to 100 ft to 1200 ft HOB on a kiloton basis.

A parametric series of such tests was performed with the 0.6 g NP charges. The
results were scaled (based on the above-mentioned scale factor). The resulting HOB
curves were in excellent agreement with the large-charge data (e.g., 1 kg RDX

charges).

Such comparisons demonstrate and confirm the validity of using this small-charge
technology for accurately studying HE blast reflections in the low pressure regime
(100 psi to 2 psi).

The obvious advantages of this approach are: (1) the well-controlled laboratory
conditions (no wind or terrain effects, etc.); (2) parametric tests can be performed
in a cost-effective manner; and (3) such parametric results can be used to
statistically analyze blast environments to evaluate not only the mean values, but

also the standard deviations of the results.
5.6 HEIGHT-OF -BURST TESTS OVER ROUGH SURFACES.
Height of burst tests were also conducted over a porous ceramic (Filtrokelit) plate.
Surface roughness was approximately 30 ym (3 cm on a kiloton basis). When
compared with the smooth-surface results, systematic trends were found for the
"rough surface" results:

- delayed shock arrival

- reduced peak overpressure

- reduced overpressure impulse (-10 % to -20 %)

These effects were reduced by increasing the height of burst.
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These small-charge experiments then offer an effective technique for parametrically
studying surface roughness (i.e., boundary layer) effects on reflected blast wave

environments.

5.7 HELIUM LAYER PRECURSOR TESTS.

A new method was developed to create reproducible "pancake-shaped" helium layers
applicable to height-of-burst tests. This involves the transient development of a

helium layer forced through a porous ceramic (Filtrokelit) surface.

Specialized anemometry probes were also developed to experimentally map the helium
concentration throughout the layer. High concentrations of helium (92 to 96 %) were

successfully measured near the surface (0 to 2 mm).

The high-speed photography revealed many of the dynamic features of airblast
precursors for the height of burst geometry. These features include the formation of
the precursor shock structure and associated slip lines, the development of the

turbulent wall jet, and the precursor cleanup.

Overpressure histories were also measured on these tests. Comparison with ideal

surface results indicate the following:

(1.) Strong precursor effects were evident; precursor arrival times were as

much as 160 us (or 160 ms/KT1/3) ahead of the ideal surface results.

(2.) Peak pressures were reduced, but no classic second peak was found in

the strong precursor region.

(3.) The precursor cleanup phase was well simulated. The precursor shock
decayed to a compression wave at GR = 23 cm (680 ft/KT1/3); by GR=
40 em (1200 ft/KT1/3) the T-shock reflected from the ground, creating a
second peak. At far ground ranges the overpressure of this shock

approached the ideal surface resuits.

(4.) Positive phase impulses were reduced by 10 to 20 % because of the

precursor effect.
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These results were self-consistent and quite reproducible.

These experiments indicate that this small-charge technique can be used to
parametrically study precursor effects, particulary in the cleanup region, as a

function of height of burst. Noteworthy advantages of this approach are:

(1) A circular "pancake-shaped" layer is used so that the flow field is

symmetrical (i.e., there are no edge effects as in the large field tests).

(2) No membrane is needed to form the helium layer; thus flow develops

naturally and is not disturbed by membrane fragments.
(3) Parametric precursor tests are practical, and may be used to statistically

analyze precursor environments, not only the mean values but also the

standard deviations of the results.
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SECTION 6
RECOMMENDATIONS

Based on the above demonstrated successes of this small-charge technique, the

following experiments are recommended:

1. Perform a parametric series of HOB tests over a smooth surface, to establish
the ideal HE height-of-burst curves for low pressures (100 psi to 2 psi). Use

statistical analysis to establish mean curves and standard deviations.

2. Perform a similar series of HOB tests over one (or more) rough surfaces to

evaluate boundary layer/roughness effects.

3. Perform a similar series of HOB tests over a helium layer to investigate
precursor cleanup effects. Complementary shock tube precursor tests can be used
to investigate the fluid mechanics of precursor wall jets under more simplified

conditions.

In addition, the small-charge technique can be used to investigate other blast
reflection phenomena. Atmospheric inversions can be easily created by this
experimental method (e.qg., by using thick, dense gas layers) to investigate inversion
effects on HOB curves. Also, multiple burst explosions can be simulated by replacing
symmetry lines between charges with reflecting plane surfaces, and examining

airblast cumulation effects near the center of symmetry.
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Figure 1. Test chamber for Micro-Mach experiments.
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Figure 2. Overview picture of the test chamber.

Figure 3. New design of the roof plate.
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Figure 6. Cordin camera with rotator and control unit.

Figure 7, I_inht source with light output between 40 s and 700 .s in the form
nf a4 square wave pulse. Energy source, pulse former, trigger, and
delay circuits are installed in their own cabinet.
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Figure 8. FMI single spark point light source. Power supply and trigger are
integrated in a single box. Exposure time: 0.3 .s.

Figure 9. 7-channel timing unit.
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Figure 10. Charge ignition unit with trigger and delay device.

33




*juawdinba 01U0J30818 ayl jo weudbelp NI *11 ainbi4

st goL - sf Qv pun
DJ3WDI -UIPIO) J w013 1ubl abipys| (22613 pup 1z Biy aas)
3saanos b
_ saajoa Buiyy 10)
_ s|oubis 136611y
“ clolelao)
s ¢'o _ b _:
awnvoiy 3)\buis .—T mt 1
aainos ybn Jo)piauadb Aoyap j0jpa3uab Apjap
=
3

ba”_amu__xwp : LEBB Y)Y Ao1) 3 I (JONUDW) }ID}S ®
122npSUDH 51y 1dwo [lapiodal juaisuoiy - J0}013uab asind
ab :
ainssaud IDYd : JauuDy> 7| 10}013u3b AD]ap v 0108 dH
l joubis
136611y
(JDNUDW) }ID}S © =md—ro
iayuud
ZHNS/B808Z | g pup
layndwo) 193301d prun Buruny
jduuDya ~ ¢

B




*8ZZ0 W 1891 sAeJdiiod
wesbelp ay) °(gz °614) saull wnijay 8yl Ul painseaw ale saJnssald
wnijay uaalb ay) °Aydesbojoyd >xieds ajbuls o} wedbeip HBurwij *Z1 3Inbi 4

6unny sob jnoyiim
(99srl) A} ahoam.coc.e
omq omm oow o@_ 0 Japiosas yuaisuon
kosy a7 10}
joubis yDys
_ Joubis 1366113
321n0s ybi)
_ uo1juby Buniy sob 104
abioyd 11D}S |DNUDW
}JD}S "WO}ND t
(99s)y 07 GE 0¢ mmﬁ 02 Sl 1] S 0 .
. . L _ - L _ _ 0 ,VOl08dH , 1L B3
_ s _A_ommtu A a3s
9H i0q %’( @ .ﬂ.
aH i0q gD @ @ .M
aH 10Q51'0 0000000 ® W
e, W @ »
V77722227 e ©

AAJDA

35




*(sp109aJ1 buiddelaano) ¢HZOW - 9HZOW $1893 .
sAeyjiod weusbelp ayy *(gz *b14) saul] wnijay ayl ur painseaw aJe
saanssald wnijay uwaalb ay) *spiodal elawed ulpJo) Joj wedbeip buiwi] *¢T ainbi 4y
(sr) A}
000t 006 008 00¢L 009 00s 00v 00¢€ 00¢ 001 0 (sp10221 6uiddplianoc)
_ — — Y DJ3WD? ulpIo)
I joubis 1266113
%ﬁun&& 221n0s. 14BN
AL hmvhoumwucw_mco:
I 2
_ uo1}1ub
abipyd
L
T 2
(395) 3 0Y S€ o€ "0 s ot 5
. — . + . - . _ 0 VOI08dH , 11’614
_ s _A 136611y A ?as
94 10q 8’0 7 @ ..Hu
_ D
34 10q 8’0 d @ M.._
Q
3 J0QGL'Q \\\\\\\\\\\\\\\\\\\\\\ @ m..
>
000 g, ®
A P3s0}d
§\\\\\\\\\ - uado @ 1&7
dA)DA

[




p.,,-.}rvﬁﬂ‘] TSty IEERTIN I fts f_?_r'?'y:g,rmn{ HPS Oy U“Hx';ju;},
Dy AT (\;,]if'rafjr)ry ey Ayrd COMDgter, It Freptys s DIt
Tl sy, The _mu,m,»rf!;,v)'; Svitoony e j/';.“.f;;“,—)(j i

f'n‘;zr};“ S,



‘weJbeip ay3l ul Ajjesijewoine
pajutad aJe uoljeanp aatllisod pue ‘[eatade jo awiyl ‘asindwt
wnwixew ‘asinssaidiano xead Joy ejep ay) pdv | = ] ‘esindwi
ainssaldiano ayjy saalb aaina pucoas ayj °s[qisia ate [eubis 1abbiay

aaanos ybil pue 1eubis uorjubr abiey *piooas aunssaid e jo ojdwex] *GT ainbi4
Jeg GG T+ = xewd
("BBTUIBIUI~ " ZJIBA O OGT+) sA OG22 " PGE+ = @3 s
s O0SL° €8T+ = +3 88°€E0"v2
SuNJEQ 880 O+ = +1 700G we A oud Jeqr GMW KWX " G0SpP20
o
0QOT+ 008+ ooe+ 00s+ 009+ 00G+ oov+ OOE+ oo2+ 00T+ o
S 0-
f—F— 2 { U} |DALLID] JO W}  — —]
T _ —— |
00°0 J{ ? —— 6o
ﬁ K
20 0+ - G o+
& >
b4 o
» )
(=] m
f ol
oo+ a y 3 O "¢+
o 3,
& S
i
80° 0+ N\ =~ * S T+
xUEQ
80 O+ 1/!&\ o2+
sSuxJeq Je8qQ
A
+
G 2+

OF " O+

38




,‘Dr’;v::‘!‘(. . Nr oo Q080 Lo i Trat it Lagyr e ! e Nrsas L7,
boane N [ . [ 124
Feaernistor [NEEE L Tl oL e
Meame, -, [N = AV L - r s I
Froquens s e cer . : z
Frsste yacé.r T H o R AR
Verst, Boerepor 1 B L J b ST
it bent [REAIT I VLV VG
boLivey s UMy (SIS L Mhe L Mo
byl b @ M A M - RO T b S MRS
frigqg. wiucei e S LY ok B [EV 2ot By
IS ST TN ) Lo (- P [
Flant e IRINIENN [RISES (AR [RIEETN
Fopuolong [ 1 T n
: Messhereur h N ! ) M
! b hept bar rar . Lt biar
! Fal,-Jeat MNalL Léavstade ot ldevrs U Led stk e La it 0/
; Fal, Zaotr voll L zebig L o aa Prys e b Vratade
Pal. wWern Nl 41 e ' o -
Pl Werr Vall Al [ 1 1t Fagts
versi he Ny L s Car v hataum/zZi oy coep PR "2 B K N A S 1 BN
. Panmal Nr . Nt e : i/ ["(ix}
B Fengter T (W7D : 1.4 : 1.4 1.4 H
; Memory (P Hytes) i : 3 J K i !
. Froequens/lerler s : L4 . L4 ) .
! Freotrigger ] ' Loty . nsiss [
' Verst. bkereich ‘. N : LYV : -} L.\
; (f4omt n. ! R : V. aw @a.va
. Eingang 1t H UMY Do H T M i M@ b
H Filter N o H TR MB j S M N
; Trigg. uuel e DA A ek [ A RN S S
! Lochwetle 1.9 : 1.0 ; 1. 1.6 '
! Flante (3035 . ; PO . t LRI e, i
: topplung [N ! DL ' {if. [l '
; Messbhereirch M . 2 ' 339 (=715 H
! Einhe1t brar ! trer H mbar mtiar :
! tal,-Ze1t Null 14:50:4@Q 14:599:44 14:5@Q: 50
i tal,-Zert Voll (s "7:45 ¢ 1Q:a7 0 ! , LR Rt = B
H tal,-Wert Null 4 : 41 J L/ 5] i
: Fal,-Wert Voll Iv ! sS4 ! D05 L3e '
Versiehs - Me o1 e Parrprpes i Datom. l]r:r @t L T A P T N % R 17 I f
. Panal Nr K4 B (%] 11 [
! Fenster [T 3T ! Lladss Cyidy DG
H Memor v ( By teg) 3 . [ ~ &
Yo Prequens/Ten ler Ll ' Lo E nae e
i Fratrigger v/ = ! noe Vi Qe
: Verst. Berocich 1.3 v ; 230 myY LU my 508 my
: Ot faet a.oe ! a. V. 2" ]
: Founaann O & (I ' LM e L Phe oMy D
: Filter 20 MH: 1 LA Mz TR MMz 20 MH:
: Trigg. Guelle eut, vV ert. Lov ek, ot 2V
' Schwel le {.@ . 1.0 1.@ 1.0
; Flanie ps., ) 05 . [lnl-SW P,
! Fopplong (31 ! [F1 O, D
: Messbereich LW ! 409 H a0 171"
: Finheirt : mbrar H mtrar : mbiar mbar
: bal,-Zert Null ; 14:5¥: 90 14:%0: %5 J R R 1% 1d:h1 a0
: tal.-Zeit Vnll B 1A: Q44 , [ RGO YV I | Cye Sakd e i 155918
botal.-Wert Null ! s ! Lo ! oA A% !
Pobal . —Wert Vnll : 1#37 AR : 1407 1§44 :

Figure 16. Example of a data summary sheet. After each test the sheet is

printed with the calibration data of the 12 measuring channels.
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Kistler
gauge

¢ tat sili Typ 6038
erostat silicon [_[h e
transparent | $30  wall

R

O-Ring O-Ring Lead-ring ¢;=16mm
24~3 10=3 $po=26mm
Kistler silastic
surface
Figure 17. Transducer mounting for vibration damping.

opti :
p ptical window

rd o |

circular lid

test chamber
—1 roof

Figure 18.

r— ) |

optical window

Location of the transducers. Top view of the test chamber Gy . ..

G]2 = gauge location. Distance between two gauges 5.7 cm (11.4 cm
between Gl1 and Gl2). See also Figure 20.
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Figure 21. Side and top view of the bore holes in the lid of the test chamber.
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Fragure 26, A-channel He-concentration measuring arrangement.
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Figure 27.
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Calibration curve for helium-concentration measurements.
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Figure 29. Some frames of a Cordin-camera film. Test No. M 027;
HOB = 12.5 cm, smooth surface (aluminum). Charge weight = 0.6 g.
Exposure time of a frame 3 us.
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Eirpure 30, 5ingle frame photographs. Tests No. M 44, M 46, M42, M 43,
o (2.5 rovy oo wyrface (aluminum). “harge weight = 0.6 g.
Fxponsure time = 0.3 s, First frame shows charge before detonation.




D J
°
TP
LSS S S S S S S S S S
Figure 31. Explanation of the wave system in the case of non-precursed blast

propagation.

D = Detonation point

1 = Incident shock

M = Mach-stem

R = Reflected shock

SL = Slip line

S = Second shock

RS = Reflected second shock
TP = Triple point
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Figure 32.

Single frame photographs.

Tests No. M 513 M 50; M 49; M 48; HOB = 12.5 cmyg
rough surface; charge weight - 0.6 g; exposure time = 0.3
First frame shows charge before detonation.
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Figure 33. Peak overpressure Pg, at smooth and rough surfaces.

HOB = 6.7 cm, charge weight = 0.6 gq. The error bars are marked
left and right of the data points for a clearer representation.
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Figure 34. Overpressure impulse I+ at smooth and rough surfaces.

HOB = 6.7 cm, charge weight = 0.6 g. The error bars are marked left
and right of the data points for a clearer representation.
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Figure 35.

{Fig 35a)}

{ Fig. 35b)

Comparison between measured radius-time values of the shock front
from Cordin camera pictures with time-of-arrival TNT free field

data. Upper diagram is tefore
atching. TNT equivalent factor:

fo = 1.“.
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scaled hight - of -burst HOB (m/kg!/3)

1 I\ 1 i 1 L

0 1 2 3 4 S 6 7
scaled ground range SGR (m/kg!/3)

HE HOB - Curves, W=1kg RDX, EMI| 1984
Data points fitted by 8. degree power functions

Figure 37. Comparison with RDX-HOB curves. In this case, the best fit is
achieved with an RDX equivalent factor of fy = 0.7.
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Helium Concentration in Horizontal Direction

He
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Figure 38. Measured helium concentration as function of radius and height. High

helium concentrations of more than 90% were achieved.




Figure 39, Two frames of a Cordin cinematographic picture series.
Test No. M 228, Frames 59 and 84. HOB = 6.7 cm.
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Figure 40). Precursed and ideal HOB-shock structure. HOB = 6.7 cm.
a) 180 .s after charge ignition (tests M 263 and M 198)

b) 220 .s after charge ignition (tests M 264 and M 190)
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Figure 40. c) 250 .s after charge ignition (tests M 260 and M 183)

d) 350 .s after charge ignition (tests M 262 and M 201)
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Fiqure 4], Deformation of the edges of a cube by light deflection in an
inhomogenous density field (tests M 240, M 236, M 237).
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Figure 43. Impulse curves at different ground range positions for nonprecursed
(black) and precursed (grey) blast (tests M 245 and M 248, resp.)
{continued).
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