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I.  INTRODUCTION 
The experiments in this investigation were to designed to validate the high-fidelity, 

multiphase models developed by the University of Florida (UF) Center of Compressible 
Multiphase Turbulence (CCMT). The experimental validation test is a high speed dispersal of an 
annular particle bed driven by a core of reacting explosive. Many interesting and complex 
phenomena are present in the experiment, including detonation chemistry, turbulence, particle 
collisions, drag forces, real gas effects, shock-particle interactions, and particle-contact 
interactions. These experiments serve as validation for multiphase models developed to predict 
the shock front location, particle front location, and instabilities arising in the particle cloud. 
Additionally, the uncertainty in the experimental inputs were quantified for use in the simulation 
validation effort.  

It is extremely challenging to validate the complex flow associated with explosive particle 
dispersal. It can be beneficial to separate the problem into a set of simpler experiments that 
isolate the relavant physics, as recommended by Oberkampf1. Accordingly, at the CCMT and 
within the general multiphase community the philosophy has been to break the problem of 
explosive dispersal of particles into simplifying conditions, typically by using a multiscaling 
approach that reduces the number of particles considered. The microscale, mesoscale, and 
macroscale are identified by the total number of particles, where the lower scales may be used to 
provide insight into the larger scales. Previous investigations have considered explosive particle 
dispersion at the microscale; this effort focuses on the macroscale investigation that builds upon 
that knowledge. 

Microscale refers to investigations where approximately O(1) to O(104) particles are present. 
In microscale simulations, few particles are considered to allow the fine details of the flow to be 
resolved with high fidelity, such as the flow around each individual particle. In microscale 
experiments, the particle positions, velocities, and forces may be extracted for individual 
particles. Experiments by Takayama and co-workers2–4 used an accelerometer installed inside the 
sphere to measure the force on the particle on sub-microsecond resolution. Various investigators 
have also conducted microscale experiments in shock tubes where an isolated or a small 
collection of particles are allowed to move freely in response to forces exerted on them by the 
shock and the post-shock flow5–7.  Hughes et al.8 tracked the position of a small number of 
particles subjected to a detonation wave with the use of X-ray imaging. 

The mesoscale regime is an intermediate regime that refers to investigations where O(105) to 
O(108) particles are present. The mesoscale regime is characterized by significantly increased 
computational expense in simulations and the fully-resolved flow field around the particle is 
often exchanged for point particle approximations or adoption of a two-fluid model. While it is 
still possible in this regime for each computational particle to correspond to a physical particle, 
an approximation is often made to consider a cloud of physical particles as a single 
computational particle, where super-particle loading quantifies the number of physical particles 
represented by a single computational particle. Physically, the mesoscale regime is also where 
instabilities may begin to manifest. Experimentally, the large number of particles are usually 
characterized in terms of fronts and volume fractions, with only average quantities for drag 
extracted. Wagner and colleagues9,10 have conducted various investigations studying particle 
curtains interacting with a planar shock wave within a shock tube. Particle fronts were extracted 
with high-speed schlieren photography while time-varying particle curtain volume fraction was 
obtained from x-ray imagery. Kellenberger et al.11 performed similar investigations with 
increased volume fraction and a stationary fixed bed of particles. 
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The largest regime is the macroscale, which is characterized by greater than O(109) particles. 
The macroscale regime is usually representative of a realistic engineering application. 
Computationally, it is too expensive within this regime to resolve all the particles, even when the 
particles are represented as point particles; thus the super-particle loading is required for 
macroscale simulations.  High fidelity data for explosive particle dispersal at the macroscale is 
limited in the literature due to the diagnostic equipment available, extreme environment during 
detonation, and relatively high experimental cost.  Frost, Zhang, and collaborators have 
conducted a series of exploratory experiments under varying test configurations to understand 
the nature of explosive dispersal of particles and the resulting instabilities of the rapidly 
advancing particle front through high-speed video analysis.12–15 

However, the exploratory nature of those experiments provides limited data for validation of 
high-fidelity multiphase simulations. The current experiments were designed to provide 
validation quality data for high-fidelity simulations by including a wide array of instrumentation 
to quantify the behavior of the gas, particles, and combined gas-particle flow. In addition, the 
experiments were designed to meet simulation capabilities and limitations of the CCMT. For 
example, the CCMT models are not capable of simulating fragmentation of the case material 
used to contain the particles. Therefore, the experiment was designed to use a thin case material 
to reduce the energy and effect of the case fragmentation on the flow. In addition, possible 
sources of uncertainty have been compiled through extensive discussion between simulation and 
experimental teams and, where possible, these sources of uncertainty have been addressed a 
priori.  

II.  EXPERIMENTAL SETUP 
The macroscale experiments were conducted at the Air Force Research Laboratory (AFRL) 

blastpad, shown in Figure 1. The blastpad is an outdoor testing facility located at Eglin Air Force 
Base (AFB) with an instrument suite including 54 in-ground Kulite HKS-37-375 series pressure 
transducers and four high speed cameras. The test charge is oriented horizontally with the center 
axis placed flush with the ground. The charge is supported with a wooden frame and a Styrofoam 
cradle.  When the test charge is detonated, the lower half of the resulting detonation is directed 
downward, turned, and then exhausts to a pit away from the Blastpad (see Barreto et al.16 for 
further details concerning the AFRL blastpad); the lower half of the charge is not expected to 
contribute to or interfere with the data collection on the blastpad. The complementary simulation 
is a 3D slice of the flow field located on the 90-degree line (camera 3 axis in Figure 1). The 
following paragraphs detail the experimental setup and explain how the simulation capabilities 
affected test design.   
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a) b) 

Figure 1. Details of the macroscale experiments. a) Locations of the test instrumentation relative to the test 
charge, b) Close up view of a test charge suspended above the exhaust ducting; exhaust pit shown in 
background 

 
A schematic of the explosive charge with a particle liner is presented in Figure 2a. Results 

published in the literature suggest that the casing fragmentation is highly correlated with the 
number of jets appearing in the macroscale problem17. However, because the case material was 
designed to minimize the energy required for case fragmentation, the case is not expected to 
drive the jetting behavior in the current test. The test articles were designed with an annular 
structure that has no inner casing between the pressed Composition B explosive and the particle 
bed. Additionally, 3/16” phenolic tubing was chosen as the outer case wall with a set number of 
pre-scored notches traveling the long axis of the test article (see Figure 2b). The notches serve to 
weaken the case structure at pre-determined locations. Though the notches are not expected to 
drive the case fragmentation or gas-particle jetting behavior, they are included for completeness. 
If the observed jetting is correlated to the number and location of the notches, then it will be a 
strong indicator that case fragmentation is a major player in the flow physics, regardless of the 
energy required to fragment the case. If true, the simulations would be required to include the 
case and its fragmentation, which is not currently considered.  

Cost constraints limited the number of test shots to six. AFRL had two legacy test shots of 
bare Composition B charges that could be used for the uncertainty quantification of the baseline 
configuration; thus two additional bare shots were sufficient for this test series. The four 
remaining test configurations were planned to consider the effect of a particle liner surrounding 
the bare charge. To enable analysis of the experimental uncertainty, three of the test articles used 
a steel particle liner. The fourth configuration uses a tungsten particle liner to provide a quick-
look of the effect of changing the particle material properties on the multiphase flow. As noted 
above, the cases were notched for several configurations, where the final shot configuration is 
shown below in Table 1.  
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Table 1. Shot configuration for six test articles 
Shot Liner Notched? 

1 - - 
2 - - 
3 Tungsten Y 
4 Steel Y 
5 Steel Y 
6 Steel N 

 

 
a) b) 

Figure 2. Macroscale test articles. a) Charge cross-section showing thin outer wall, particles, and explosive; 
note there is no inner wall between particles and explosive, b) Charge shown suspended above the exhaust 
tunnel on the wooden frame and Styrofoam cradle 

 
Investigations of explosive dispersal of particles have shown that instabilities will arise for 

even a bare charge (i.e. one that does not have a layer of particles around the explosive) but will 
only persist for early times. Charges that contain a layer of particles exhibit jets that persist for 
significantly longer times14. Furthermore, those investigations show that large instability waves 
persisting for long times12,13,15 when the ratio of the particle mass to the charge mass (M/C ratio) 
is greater than 10. Therefore, the current multiphase liner test articles were designed with a M/C 
ratio of 10. Composition B was chosen for its tie-in to AFRL legacy data, processing ease, and 
high Gurney energy of approximately 2.7 km/s. The Gurney energy may be considered as a 
measure of the explosives ability to quickly accelerate a surrounding layer of metal18. To achieve 
a M/C ratio of 10, each multiphase liner test article contains 85 lbs (39 kg) of particles (steel or 
tungsten) surrounding 8.5 lbs of explosive charge. The case outer diameter was determined by 
assuming a 40% packing fraction, which was realized with the tungsten particles. The steel 
particles achieved a 60% packing fraction, which led to a final M/C of 13. Schematics of the test 
configurations can be seen in Figure 3. 

Simulations of explosive dispersal must include an appropriate reactive burn model to impart 
the correct energy into the simulation. Reactive burn model parameters are calibrated using 
empirical results. The bare charge configurations tested can be used to validate the reactive burn 
model parameters. The two repeated tests for the bare charge are used in conjunction with the 
legacy data to validate the reactive burn model implemented in the simulations by comparing 
pressure fields, shock location, and contact line location.  
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a) b) c) 

 
Figure 3. Test article schematic based on material. a) Bare charge of Composition B with 3.25” diameter and 
17.6” length, b) Composition B charge with 1.25” thick tungsten particle liner, c) Composition B charge with 
2.43” thick steel particle liner 

III.   UNCERTAINTY QUANTIFICATION 
For the current set of experiments, the generalized framework for uncertainty quantification 

and validation presented in Hughes et al.8 may be applied to the macroscale experiments, shown 
in Figure 4. 

  

 
Figure 4. Uncertainty quantification framework used for the macroscale experiments 

 
The Composition B charges were manufactured at the High Explosives Research and 

Development Facility (HERD) located on Eglin AFB. The HERD measured the diameter and 
length of the explosive after manufacture, with several diameter measurements along the length 
to ensure a consistent diameter, see Table 2. A nominal density is also reported in Table 3. In 
addition, the explosive charges were x-rayed to reveal any significant voids within the explosive 
(see Figure 5); none were found. 
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Table 2. Measurements of charge dimensions to assess geometric manufacturing uncertainty 

Charge 
Diameter (in) 

Length (in) 
Bottom  1/4 Mid  3/4 Top Average 

1 3.225 3.226 3.225 3.23 3.23 3.227 17.63 
2 3.223 3.223 3.224 3.226 3.226 3.224 17.63 
3 3.224 3.225 3.225 3.224 3.225 3.225 17.63 
4 3.223 3.223 3.226 3.226 3.226 3.225 17.62 
5 3.225 3.225 3.225 3.226 3.226 3.225 17.60 
6 3.23 3.23 3.224 3.225 3.224 3.227 17.63 

Average 3.225 3.225 3.225 3.226 3.226 3.226 17.62 

Std Dev 0.003 0.003 0.001 0.002 0.002 0.001 0.01 
 

 
           Table 3. Calculated charge density with comparison to percent theoretical maximum density for   

Composition B 

Charge Diameter (in) Length (in) Volume (cc) Mass (lb) Density (g/cc) % TMD 

1 3.227 17.63 2362 9.04 1.736 99.8 

2 3.224 17.63 2359 9.01 1.732 99.6 

3 3.225 17.63 2359 9.04 1.738 99.9 

4 3.225 17.62 2358 9.03 1.737 99.8 

5 3.225 17.60 2357 9.06 1.743 100 

6 3.227 17.63 2363 9.06 1.739 100.0 

Average 3.226 17.62 2360 9.04 1.738 99.8 
Std Dev 0.001 0.01 2 0.02 0.004 0.2 

 
Extensive effort was made to obtain steel particles with high sphericity and a narrow particle 

size range to enable the simulation to assume spherical, monodisperse particles. A narrow size 
range circumvents the need for time-consuming particle sieving, a significant concern because 
85 lbs of steel particles were required per shot. Fifteen vendors were considered, with three 
selected as prospective candidates to investigate further. Samples were obtained from these three 
vendors, American Elements, Atlantic Equipment Engineers, and Sandvik Osprey, and examined 
under the scanning electron microscope (SEM). The results shown in Figure 6 reveal Sandvik 
Osprey to be the most spherical with the narrowest particle size range. 
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  Figure 5. X-ray image of the uncut charges (billets appear at top of the photograph). The x-rays reveal the 

charges are homogenous with no large voids present 
 

 
Figure 6. Preliminary characterization of steel particles under SEM. SEM images are labeled with 
manufacturer and reported size range. Sandvik Osprey provided particles with the highest sphericity and 
narrowest size range 
 

Particle density has obtained from repeated runs of a Quantrachrome UltraPyc 1000 helium 
gas pycnometer. The results are compiled in Table 4 for the steel particles.  
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Table 4. Results of twelve repeated runs in the Quantachrome UltraPyc 1000 helium gas pycnometer for the 

steel particles 
Run Vol [cc] Density [g/cc] 

1 14.54 7.681 

2 14.57 7.664 
3 14.59 7.656 

4 14.59 7.655 

5 14.59 7.654 
6 14.59 7.653 

7 14.59 7.655 

8 14.61 7.646 
9 14.59 7.652 

10 14.60 7.648 

11 14.59 7.652 
12 14.60 7.647 

Avg 14.59 7.655 

Std dev 0.02 0.009 
 

IV.   RESULTS  
The following section will present results for the pressure probes, particle dispersal 

visualization, and image analysis. The image analysis is ongoing and will only address the shock 
time of arrival. Additional effort is ongoing to obtain more advanced prediction metrics such as 
particle front and instability characterization. Results for the secondary diagnostics such as the 
unconfined momentum traps and optical linear encoders are deferred to a future publication.  

A. Pressure Probe Results 
The pressure histories were processed to recover the peak pressure (PP) and the shock time of 

arrival (TOA). The PP was determined as the first peak encountered by the probe. Some of the 
pressure histories are subject to large fluctuations due to noise or debris impacting the pressure 
transducer and have been manually corrected to ensure erroneous peaks were not selected. The 
pressure histories were subject to a delay before the detonator activates. A Pearson probe 
recorded the increase in current in the trigger line, shown in Figure 7a. The sudden drop in the 
Pearson probe signal corresponds to the action of the exploding bridgewire within the detonator. 
In this example, the delay till initiation is 1.893 ms. The activation of the detonator is considered 
to be the initial time in all subsequent plots. PP results are reported in gauge pressure. The shock 
TOA was determined as the time when the pressure reaches 50% of the PP. An example of the 
PP and TOA are shown in Figure 7b.  
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a) b) 

Figure 7. Example results for detonator delay, peak pressure, and shock time of arrival. a) Pearson probe 
results showing the sudden drop in current when the exploding bridgewire within the detonator activates. 
The example delay shown is 1.893 ms. b) Sample pressure trace showing the selected peak pressure (green) 
and shock time of arrival (red). The times in the pressure history have not been corrected to account for the 
detonator delay 
 
 PP contours are presented in Figure 8 for each test configuration. Linear interpolation was 
used between the pressure transducers to construct the pressure field. The bare charge shows 
local maxima at the 0-degree and 90-degree directions. The 0-degree maximum is due to the 
explosive burning towards that direction while the 90-degree results from the cylindrical 
geometry. The tungsten and steel liner shots greatly reduce the PP over the entire measured 
pressure field. In addition, the 90-degree line no longer experiences a local maximum for the 
particle liner shots. Instead, the tungsten liner shot greatly smooths out the pressure field 
compared to the bare charge. The steel liner shot shows a local minimum at the 90-degree line. 
 For validation of the high fidelity simulations on the centerline, results on the 90-degree line 
will be presented. Validation of the reactive burn model employed to model the explosive is a 
major concern for the simulation.  Matching the bare charge results for the shock TOA and PP 
are basic checks for the explosive modeling. The bare charge geometry provides additional 
repeat tests for UQ in this validation exercise. Figure 9 presents the experimental results along 
the explosive centerline for the bare charge with the legacy data, where close examination of the 
data shows no discernible pattern in the results to indicate a bias between the old and new data 
(though note the log scale!).  

 
a) Bare charge b) Tungsten liner c) Steel liner 

Figure 8. Interpolated pressure fields. a) Pressure field of the bare charge configuration (July 2017 – Shot 1) 
showing local maxima at the 0-degree and 90-degree lines, b) Pressure field of the tungsten liner 
configuration (July 2017 – Shot 3), c) Pressure field of the steel liner configuration (July 2017 – Shot 4) 
showing local minimum at the 0-degree lines 
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a) b) 

Figure 9. Consistency of previous data with new results. Result are presented for the a) shock time of arrival 
results and b) peak pressure results on the charge centerline for the bare charge configuration 
 
 As ntoed, the CCMT simulations cannot model the case, and there are no current plans to add 
that capability. The case is required to contain the fine particle bed and certainly influences the 
flow. The experimental results are used to provide evidence that case notching does not affect the 
time of arrival or peak pressure, as shown for the three repeated steel shots in Figure 10. The 
results are given along the centerline since this is the region of interest for CCMT simulation 
validation. The results for shock TOA exhibit very little spread while the PP plot shows a 
greater, but still small, variation (as shown in the log scale). The spread appears to be random in 
nature, with no discernible pattern based on case notching. While it is intuitive that the case has 
an influence on the flow, weakening a case that was designed to require minimum energy to 
fragment does not appear to effect the shock TOA or PP. Thus the CCMT has confidence in 
completing the simulations without modeling the case.  
 The above analysis and discussion of the legacy data and effect of case notching motivates the 
decision to combine all bare charge shots and all steel liner shots, as shown in Figure 11. The 
bare charge configuration now contains a sample size of four, the tungsten liner configuration is 
still a single sample, and the steel liner configuration now contains three samples. The error bars 
in Figure 11 are equal to one standard deviation for the repeated samples. The shock TOA for the 
bare charge is especially vital to validation as the image analysis was unable to recover the 
experimental shock location. 

 
                                     a)                                      b) 

Figure 10. Effect of case notching. a) Shock time of arrival results, b) peak pressure results 
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Figure 11. Compilation of pressure probe results. Error bars are one standard deviation. Bare charge (n=4) 
and steel liner (n=3) configurations are averages while the tungsten is a single sample. a) Shock time of 
arrival results, b) peak pressure results  

B. Particle Dispersal Visualization 
 Figure 12 shows high-speed imagery of the explosive event for the three different test 
configurations as viewed from camera 1 (e.g. along the long axis of the cylindrical charge). Note 
that varying levels of magnification were used for each of the tests shown, and the charge burns 
towards the viewer from this perspective. The brightly luminescing explosive products of the 
bare charge saturates the image and prevents identification of the shock location. However, the 
explosive product front clearly displays the formation of instabilities as it expands.  
 For the steel and tungsten liner configurations, a dense soot cloud is formed at the end that 
obscures the initial development of the particle liner. By 1.67 ms, the tungsten particle liner is 
visible. At 2.42 and 3.76 ms, the tungsten particles are luminescent as they disperse. Some of the 
tungsten particles seem to track almost simultaneously with the shock front, with a bright, dense 
band following. After the passage of this bright band, alternating bright and dark striations are 
present that indicate instabilities in the tungsten particle liner. The steel shot shows different 
characteristics. Specifically, there is little/no luminescence in the steel particles, and the steel 
particles appear to travel well behind the shock front. The steel particles exhibit instabilities 
closer to that shown in the work of Frost and colleagues13,15, with fine fingers racing ahead of the 
front. The instabilities, however, are so numerous that they are not easily distinguishable from 
the next layer of instabilities. Additionally, the amplitude and number of instabilities are not 
easily measurable. 
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a) Bare charge b) Tungsten liner c) Steel liner 
Figure 12. High-speed imagery of the three test configurations obtained from camera 1. Time stamps (from 
top to bottom) are 0, 1.67, 2.42, and 3.67 ms for a) bare Composition B, b) Composition B with tungsten liner, 
and c) Composition B with steel liner (note magnifications are not equal for all test conditions) 
 

Figure 13 offers another perspective of the explosive event from the 90-degree view provided 
by camera 3. The charge is burning from right to left in this image. From this orthogonal 
perspective, the explosive products are restricted to a fairly narrow band with a fireball traveling 
in the burn direction with a trailing dark soot cloud. The basic form is repeated in the steel and 
tungsten liner shots, with the exception that the upstream fireball is occluded by a soot cloud 
after very early times. The still images of the steel and tungsten liner shot reveal the particles are 
initially occluded by black soot and casing fragments but emerge as time progresses. The 
tungsten particles are luminesce such that the brightness of the particle band increases as more 
particles become visible. While not as easily distinguishable, the steel particles are a 
characteristic gray color that emerge from the soot cloud. The brightness of the tungsten particles 
prevent identifying the case fragments, but they are observed in the steel liner shot to break into 
many fine strips. From the view shown here, approximately 11 strips are present across the 
roughly 90-degree area visible. A total of approximately 44 strips around the circumference of 
the casing may be estimated to be present, lending futher credibility to the previous conclusion 



 

13 
Distribution A 

that the case notches had no effect. Additionally, the un-notched case in the third steel shot 
shows similar behavior (not shown below).   
  

 
a) Bare charge b) Tungsten liner c) Steel liner 

Figure 13. High-speed imagery of the three test configurations obtained from camera 3. Time stamps (from 
top to bottom) are 0, 1.60, 2.40, and 3.60 ms for a) bare Composition B, b) Composition B with tungsten liner, 
and c) Composition B with steel liner (note magnifications are not equal for all test conditions) 
 

C. Image Analysis 
Capturing the shocks from multiple perspectives was advantageous for simulation validation. 

The high fidelity simulations to be conducted at CCMT are currently planned as a narrow slice 
orthogonal to the test article. Furthermore, it is likely that the simulations will be restricted to the 
first few milliseconds due to computational cost. High-speed imagery from the 90-degree 
perspective offered by camera 3 reveals that multiple shock fronts are present. If the shock had 
only been captured from a single camera, such as camera 1 or camera 4, significant bias would 
have been introduced. The shocks from the ends of the cylinder initially outpace the shock from 
the center of the cylinder, occluding the location at the centerline. See Figure 14 for an example 
of this behavior. 
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Figure 14. Multiple shock structure visible in the explosive tests. The various perspectives record differing 
results for the shock location, with cameras 1 and 4 overestimating the shock location at the centerline. 
The image shown here is from the first steel liner shot, 1.067 ms after detonation 
 
The high speed videos were analyzed manually to determine the shock location with respect 

to time. Figure 15a shows an example of the pre-shot image containing the calibration fiducial 
used to establish the spatial resolution for the camera. The fiducial was aligned normal to the 
camera and each checker in the pattern is nominally 1”x1”. Figure 15b shows an example of the 
manual selection of the shock for each frame. The previous shock locations are overlaid in green. 
Low contrast areas sometimes made the shock unrecoverable against the dark background even 
with image enhancement. At times when the shock location is not clear, the frame is skipped, 
leading to gaps in the data in the following analysis. 
 

 
a) b) 

Figure 15. Image analysis examples. a) Each camera used a static image with a checker pattern fiducial to 
calibrate the image. b) The location of the shock was selected manually for each frame along the centerline 
and normal to the ground. Previous selections are shown as green markers 
 
 Figure 16 shows the image analysis results for each of the particle liner shots. Shock tracking 
results for cameras 1, 3, and 4 have been included along with the shock TOA results from the 
pressure probes orthogonal to the charge. For the tungsten liner configuration, cameras 1 and 4 
appear to better align the pressure probe results. The steel liner configuration shows that camera 
3 approximately follows the pressure probes for all but the first shot. Camera 1 in the first steel 
shot departs from the values produced by camera 4, an unexpected anomaly when comparing the 
trends of the other three particle liner shots. It is likely that camera 1 has a source of uncertainty 
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not currently understood. The close agreement between the pressure probes and camera 3 for the 
steel shot indicate that ground effects do not significantly affect the shock TOA for the steel 
configuration. The tungsten shot exhibits the opposite behavior expected if observing ground 
effects retarding the shock traveling over the pressure probes. The image analysis shows a slower 
shock traveling away normal to the ground. The pressure transducers were oversized for the first 
particle liner shot (tungsten) and more accurately sized in the subsequent shots (steel). It is likely 
that the pressure probes lag in the tungsten shot since they are responding to a relatively small 
pressure wave. 
  

 
Figure 16. Image analysis results for shock tracking 

 
Finally, Figure 17 presents an aggregate plot of shock TOA including the pressure probe and 
camera 3 results for all four particle liner shots. Cameras 1 and 4 have been discarded per the 
discussion above. The image analysis provides an excellent complement to the pressure probe 
data, especially by providing data at many more points than the four positions offered by the 
pressure probes.  
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Figure 17. Aggregate plot of shock time of arrival for all four particle liner shots 

 

V.  CONCLUSION 
The macroscale experimental data for the simple multiphase configuration tested here 

provides an excellent source of validation data for high fidelity multiphase models. Extensive 
uncertainty quantification of the experimental configuration has been performed a priori to equip 
the analyst with more information than typically available for validation experiments. Particle 
density, particle diameter, and charge characterization have been measured for six explosive 
shots including two bare charges, three steel liners, and a single tungsten liner. Compoarison of 
pressure data for the legacy and current bare charges shows close agreement and allows the 
uncertainty analysis to leverage four total shots for the baseline configuration. The effect of case 
notching was investigated for the steel liner configurations and shown to have no effect for the 
casing material used. High speed video from four different viewpoints provide shock location as 
a function of time. Pressure histories provide further validation data at 54 radial locations around 
the charge, where the pressure probes provide a redundant source of shock time of arrival. 
Additional analysis and comparison to simulation results are planned as future work for this 
project.  
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