
In describing several science experiments
used to validate applications of codes at
Los Alamos National Laboratory, we offer
an experimenter’s perspective on this

process within the context of the US Stockpile
Stewardship Program. The validation of scien-
tific code applications for simulating phenom-
ena related to “weapons physics,” the heart of
the Stewardship Program, differs somewhat
from traditional areas of physics.

The validation experiments1–13 we describe vali-
date particular models and algorithms that may be
used in weapons codes. These validation experi-
ments initially examined the physics well within the
codes’ domain of validity and thereby accumulated
scientific evidence to assure that validity. More re-
cently, experiments have matured sufficiently to in-
vestigate the boundary of code validity—for exam-
ple, a limitation of a fluid simulation code is the
smallest spatial scale at which a fluid instability can
be resolved. Experiments are essential to determine
the precise threshold spatial scale, meaning that the
code can calculate instabilities accurately at larger

scales, but not at smaller ones. Code resolution im-
provements can reduce the smallest resolvable spa-
tial feature, but experimentation is the adjudicator
to determine code accuracy. Our recent experimen-
tal work raises the standard of validation science14,15

not only with experimental enhancements, but also
with novel applications of analysis methods used to
compare experimental data and simulation results.

Code validation at Los Alamos National Labora-
tory has changed with the cessation of underground
nuclear weapons testing (UGT). During the UGT
era, weapons codes—now called legacy codes—were
used to design weapons, making the full-scale
weapon test the ultimate validation experiment.
The US is now committed to stewardship of the nu-
clear weapons stockpile without full-scale testing,
so small-scale experiments validate code modules
that are candidate improvements to weapons codes. 

An essential module of a weapons code is fluid
dynamics. This article discusses several experi-
ments designed to validate the capability of a fluid
simulation code—called a hydrocode—to calculate
the complex flow of a fluid interface accelerated by
a shock wave. This interaction is a fundamental
phenomenon in the field of weapons physics. 

The requirement of greater predictive capability in
codes during an era of banned UGTs enhances the
need for validation experiments focusing on the
specific phenomena that may influence weapon
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performance. These experiments can focus on a
physics model, such as a turbulence model, or on a
combination of models and numerical methods,
such as an adaptive mesh refinement (AMR) Euler-
ian calculation of a fluid instability that evolves into
a disordered flow. Such experiments might be
costly, large-scale, integrated, explosive experiments
known as hydrotests; moderate-scale experiments
requiring a multi-million-dollar facility, such as
pulse power experiments;16 or small-scale experi-
ments conducted by one or two experimenters. 

In this article, we describe a series of small-scale
experiments conducted at a shock-tube facility at
Los Alamos and how these shock-tube data have
been used for model and code validation. Re-
searchers have conducted similar small-scale ex-
periments in the US, England, France, and Russia;
for example, Jeffrey Jacobs’ drop-tank experiments
at the University of Arizona,17 Malcolm Andrews’
water-tank experiments at Texas A&M,18 and Guy
Dimonte’s linear electric motor experiments at
Lawrence Livermore National Laboratory.19

The Physics of 
Shock-Accelerated Fluid Interfaces
A fluid interface subjected to acceleration is a fun-
damental problem in fluid dynamics as well as in
weapons physics. A water surface subjected to grav-
ity is a familiar example in fluid dynamics. The fluid
interface is between water and the air above it; this
interface is stable when air is above water (“stable”
means that surface perturbations die away as damped
gravity waves). However, when the interface is in-
verted so that the higher-density fluid (water) is
above the lower-density fluid (air), the interface is
unstable. The amplitude of a surface perturbation
on a water-above-air interface grows exponentially
with time and creates nonlinearities observed as a
“spike and bubble” morphology. This phenomenon
is called Rayleigh-Taylor instability (RTI), and it has
become a classic problem for hydrocode validation.

If the acceleration at the interface is impulsive
rather than constant, the phenomenon is Richtmyer-
Meshkov instability (RMI), which occurs whether
the acceleration is in the same or opposite direction
as the density gradient (∇ρ) at the fluid interface.
The physical basis for RMI, as well as RTI, is the
baroclinic production of vorticity20 shown in Figure
1. The misalignment of pressure gradient (∇P) and
density gradients (∇ρ) at the interface produces vor-
ticity, which causes instability growth manifest as the
perturbation amplitude increases. The pressure gra-
dient is caused by the shock wave or other impulsive
acceleration in the RMI case and by gravity in the
RTI case. RMI now refers to experiments like the

gas curtain and gas cylinder, although earlier usage
of it was restricted to the growth of initially small-
amplitude perturbations (whereas initial perturba-
tions in gas-curtain and gas-cylinder experiments are
large). The initial distribution of air/SF6 density gra-
dients governs the post-shock vorticity distribution,
as shown in Figure 1.

Experimental Facility and Diagnostics
The experimental facility shown in Figure 2 consists
of a shock tube and the associated optical diagnostics.
One or two experimenters can perform several dozen
experiments daily. The shock tube is a six-meter-long
hollow tube with a square cross-section inside, 75 ×
75 mm. It comprises four sections: shock generator,
driven section, experimental chamber, and runout.
Just before the experiment, the shock generator is
filled to high pressure with nitrogen gas. A solenoid-
actuated knife ruptures a plastic diaphragm between
the shock generator and driven section. This rupture
initiates a shock wave that travels toward the experi-
mental chamber at 400 m/sec (Mach 1.2 in air), and
the shock wave becomes planar during its transit in
the driven section. As the shock wave enters the ex-
perimental chamber, it first triggers several pressure
transducers that measure the shock wave’s speed and
trigger the laser and cameras. Then it accelerates the
sulfur hexafluoride (SF6) gas target, a gas curtain or
cylinder, described later. The shock wave continues
into the runout section, where it reflects from the
endwall. Optical measurements of the SF6 target are
complete before the reflected shock wave reacceler-
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Figure 1. Shocked-gas experiments before and after shock-wave arrival,
showing the pressure gradients (∇P) and density gradients (∇ρ).  At the
shock front, ∇P is directed opposite to the shock-wave velocity. (a) The
density gradient for a gas curtain points into the SF6 at both interfaces,
and the RMI vorticity distribution is approximately a row of counter-
rotating vortex pairs. (b) The density gradients for a gas cylinder point
radially inward, and large vortices form where ∇P is nearly perpendicular
to ∇ρ.
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ates the target. Experiments can be performed with
the endwall closer to the experimental chamber so
that re-shock flows can be investigated. The sheet of
pulsed laser light, 1-millimeter thick, enters the
shock tube through a window in the endwall and il-
luminates a horizontal cross-section of the air/SF6
flow; this cross-section image is recorded by a
charge-coupled device (CCD) camera. The obser-
vation time is approximately 1 ms.

Early experiments used a gas curtain as the gas tar-

get, but later experiments used one or more cylin-
ders of SF6. Sample imaging data for the single-
cylinder experiments are shown in Figure 3, in
which all seven images were taken on the same ex-
periment. These images are produced by laser light
scattered from fog particles in the flow. The figure
also shows a simulation of the experiment in which
the SF6 gas density forms the simulated image. The
data and simulated images can be compared visually
and quantitatively. The quantitative analyses include
fractal dimension, histogram, and structure function.

To raise the standard of validation science, we
supplement imaging data with 2D velocity field
maps. We have used particle-image velocimetry (PIV)
extensively to determine the 2D velocity fields in
the plane illuminated by the laser sheet. Figure 4
presents a sample of velocity data. Our experience
is that direct measurement of the velocity field in a
complex flow tests a hydrocode’s validity far more
than mere imaging. The collaboration to compare
experiment and simulation for the single-cylinder
experiments with imaging and velocity fields3 was
far more challenging and useful for determining
code limitations than was the earlier validation with
gas-curtain experiments having only imaging data.10

PIV is a straightforward but difficult strobo-
scopic experimental technique whereby two images
of a seeded flow are recorded with a small time in-
terval—typically, a few microseconds in our exper-
iments—and with sufficient spatial resolution to re-
solve the locations of tracer particles. The particle
size, roughly 0.5 micron, is well below the camera
resolution, but the particle location is well resolved.
Using a correlation method, we obtain a 2D veloc-
ity vector of the flow for each cluster of 8 to 10 par-
ticles. Tracking individual particles requires seed-
ing the flow with a much lower density of tracer
particles, and the consequent spatial resolution as-
sociated with the velocity field would therefore be
considerably lower. Consequently, we use a high
seeding density and correlation-based analysis. 

Gas-Curtain Experiments 
During the summer of 1992, we began a series of
gas-curtain experiments5–13 in which the experi-
mental chamber contained a slab or “curtain” of
SF6, about 3 mm thick, surrounded by air on both
the upstream and downstream sides. A contoured
nozzle shaped the cross-section of the slowly flow-
ing SF6. Because SF6 is over five times denser than
air, it easily falls through the air, and the flow’s lam-
inar character provides the distinct air/SF6 bound-
ary with the steep density gradient needed to excite
RMI. For each series of experiments, a Mach 1.2
planar shock wave accelerated the gas curtain, and
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Figure 2. Experimental facility. A planar shock wave strikes a column of
fog-traced sulfur hexafluoride (SF6) gas formed in the air within the
experimental chamber. Cross-sections of the column’s density are
photographed just before the shock wave arrives and at specific times
later as the shock wave distorts the column.
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Figure 3.  Experimental data versus computed simulation results for a
shock-accelerated gas column. Darker regions are higher density. The
snapshots at 140-µs intervals show the flow evolution, left to right, with
the initial (pre-shock) condition at far left. Experiments and simulations
show good agreement at larger spatial scales, while differences at
smaller scales are being investigated further.
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we developed progressively better diagnostics to
measure the flow. For the first series, biacetyl vapor
was mixed with the SF6 gas to produce fluorescent
images using planar laser-induced fluorescence.12,13

Direct Rayleigh scattering from SF6 molecules pro-
duced images during the second experimental se-
ries,11 and scattering from tracer fog particles pro-
duced images during the third.9 Thus, a succession
of experimental diagnostics led to enhanced value
of these experiments for code validation, and these
experimental improvements led, in turn, to a better
understanding of hydrocode limitations. We de-
scribe these enhancements in detail later.

Jacobs pioneered this experimental technique of
creating the density gradient without using a thin
membrane by using gas columns of SF6 and he-
lium.21 He and others then used the laminar-flow
method at Los Alamos to create the gas curtain.12,13

In the first series of gas-curtain experiments, we
produced only one dynamic image per experiment
and no image of the corresponding initial conditions.
Consequently, these experimental results offered lim-
ited value for code validation because the calculations
used idealized, not measured, initial conditions. Pat
Crowley (Lawrence Livermore National Labora-
tory) did 2D calculations with idealized initial
conditions and found that upstream–downstream
asymmetry between perturbation amplitudes of the
initial conditions could produce either upstream
mushrooms or downstream mushrooms, depending
on whether the initial upstream or downstream per-
turbations were greater, respectively. Rose Mary Bal-
trusaitis and her colleagues confirmed and quantified
these effects.10

Although this first series of experiments was lim-

ited for use in code validation because the gas cur-
tain’s initial condition was not precisely measured on
each event, they did identify three classes of post-
shock flows: upstream-facing mushrooms, down-
stream-facing mushrooms, and sinuous patterns.
These data stimulated the development of the Jacobs
model to explain the growth of a row of counter-ro-
tating, shock-induced vortices.12 A vortex pair is the
flow expected by RMI for a large-amplitude pertur-
bation roughly sinusoidal in shape, and a mushroom
image is the signature of a vortex pair. An important
lesson is how the experimentation and modeling
produced a boot-strapping effect when done collab-
oratively.22 Exploratory experiments stimulated
model development and, in turn, the model stimu-
lated development of better diagnostics, leading to
experiments that validated the model.

The second series of experiments produced two
images per experiment, one of the initial condition
just before the shock wave impacted the curtain,
and the other of a dynamic image at a preset time
after shock impact, typically several hundred mi-
croseconds. The images were created by Rayleigh
scattering from SF6molecules; this scattering is less
efficient than planar laser-induced fluorescence
(PLIF). These data stimulated the validation of the
Radiation Adaptive Grid Eulerian (RAGE) hy-
drocode,23 and supported the development of
mixed-cell and interface algorithms that dramati-
cally improved the modeling of diffusive inter-
faces.10 So, another important lesson is that valida-
tion experiments may precede the code maturation
for doing the code validation.

The third series of experiments improved the
flow’s visualization so that many more images could

Figure 4. Sample velocity data. Initial conditions (t = 0) and dynamic images at t = 115, 255, 395, 535, 675, and 815 ms after
shock interaction.
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be recorded on each experiment. We seeded the
SF6 flow with a glycol-based tracer fog that scatters
light far more efficiently than SF6 molecules or bi-
acetyl vapor. We could then observe as many as 30
images per experiment. However, to provide the
best code-validation data, an experimental record
of six dynamic images plus an initial-condition im-
age optimized the trade-off between spatial resolu-
tion and number of images, as shown in Figure 4. 

The successful fog-seeding technique led to an
enhanced gas-curtain experiment by the application
of velocity-field measurements via PIV. Gas-curtain
experiments diagnosed with PIV enabled validation
of the Jacobs model, as shown in Figure 5.

The key fitting parameter in the Jacobs model is
the circulation (Γfit), the spatial integral of vorticity
over each vortex. Jacobs proposed this model, based
solely on density images, before we measured veloc-
ity fields. When we measured velocity fields with
PIV, we could determine the circulation (ΓPIV) from
the velocity field data. Then we compared the mea-
sured values of circulation with those inferred from
imaging data by analyzing the growth rate of vortices
with the Jacobs model to determine the estimated,
model-based circulation. As shown in Figure 5, com-
paring these two values for the circulation gave ex-
cellent agreement,5 which validated the Jacobs
model. This comparison demonstrates the predictive

capability of the Jacobs model because it was formu-
lated before explicit velocity-field measurements.

Single-Cylinder Experiments
Building on the code-validation success of gas-cur-
tain experiments, we launched a series of single-cylin-
der experiments.3 The conclusion of these experi-
ments was that the RAGE code does well at
calculating the bulk flow induced by baroclinic pro-
duction of vorticity, but is limited in calculating the
secondary shear instability that occurs during the on-
set of turbulence. The work leading to this conclu-
sion provided many new challenges because this in-
vestigation was the first to use 2D velocity field data
of a shock-induced flow to investigate code fidelity. 

We studied velocity histograms as well as 2D
maps of velocity and vorticity as shown in Figure 6.
Comparisons between data and code output were
complicated by ambiguities of reference frames and
initial conditions. The experimenters and theorists
expected the differences and worked hard to resolve
them collaboratively. Consequently the ambiguities
were resolved within experimental error for spatial
scales ≥ 1 mm. However, the sub-mm vortices seen
in experiments were not seen in calculations, pre-
sumably because of a Reynolds number effect. The
experiment Reynolds number (ratio of inertial to
viscous forces) is roughly 60,000, which is well
above the laminar-to-turbulent transition, so codes
designed for high-speed flows are expected to show
these features. The presence of these micro-vortices
provides one of the most detailed checks of the hy-
dro algorithms in some codes.

Two essential lessons about code validation
emerged from the single-cylinder code/experiment
comparison. The first is the usefulness of the 2D
velocity-field data in determining code limitations.
If the only experimental diagnostic were multi-
frame imaging, not velocimetry, the comparison
would have been far less sensitive. We would have
observed the difference between code and experi-
ment in the onset of the secondary instability at the
leading edge of the vortex pair, but we would have
failed to observe the secondary vortices associated
with the shear instability. The second lesson is the
value of iterating back and forth between calcula-
tion and experiment to elucidate the physics. When
velocity magnitude spectra were not in agreement,
for example, the calculation was improved by a bet-
ter determination of the mean-flow velocity. When
the calculation suggested that the initial density
profile was more gradual than had been measured
with fog seeding, the experiment was improved by
imaging the initial conditions with direct Rayleigh
scattering from SF6 molecules, and this enhance-
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Figure 5. Validating the Jacobs model. Comparison of flow circulation
measured using particle-image velocimetry (PIV) and estimated from
the Jacobs model shows excellent agreement.



SEPTEMBER/OCTOBER 2004 45

ment showed the SF6 diffusion in the initial cylin-
der that was not properly traced by the fog parti-
cles. Thus, we learned that successful code valida-
tion requires a collaborative, iterative approach in
which both calculations and experiments can be
improved to learn the code’s capabilities and limi-
tations. The result is confidence in both.

Double-Cylinder Experiments
Following the code-validation success of gas-cur-
tain and single-cylinder experiments, we explored
a more complex interaction between a planar shock
wave and curved air/SF6 interfaces. We changed
the target from one to two cylinders aligned span-
wise so that the shock wave impacted both of them
simultaneously. This configuration complicates not
only the shock wave/interface interaction, but also
the subsequent flow’s vortex dynamics—there are
two interacting vortex pairs, rather than a single
vortex pair. Our intuition proved to be correct, as
the data showed three distinct flow morphologies
that we labeled as weak, moderate, and strong inter-
actions (see Figure 7). The strong interaction mor-
phology consists of a single vortex pair, which was
found to be a consequence of the initial condition
where SF6 diffusion reduced the modulation of
density gradient in the region between the initial
cylinders. The vorticity produced at the outer re-
gions of each cylinder dominated the flow.

Comparisons between computations and exper-
imental data showed significant differences on
large, intermediate, and small scales when we used
the initial conditions determined by fog-seeding as
input for the calculation. We suspected that SF6
diffusion during the cylinder formation rendered
the air/SF6 density gradients less steep than mea-
sured. However, calculations with estimated den-
sity gradients did not produce the experimental
data. Mark Marr-Lyon’s experimental images of
initial conditions with direct Rayleigh scattering
from SF6 molecules quantified the error of fog-
seeding in the initial condition, which was not pre-
dicted from calculation. When we used an SF6
(non-fog) Rayleigh-scattered image for the calcu-
lations, the computed results matched the data at
large and intermediate scales.

The agreement with the simulations was far
from complete, however. For example, we observed
small-scale features in the experimental vorticity
field that were not seen in the computations. An ex-
perimental advance allowed us to quantify these
differences. In the double-cylinder study, the ex-
periment’s repeatability was improved sufficiently
to permit meaningful ensemble averaging for the first
time in such a flow using a correlation-based tech-
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Figure 6. 2D maps of density, velocity and vorticity at 750 µs after
shock/gas-column interaction, comparing experimental data versus
computed simulation results. Vorticity signs and magnitudes, as well as
large-scale density features, agree between experiment and simulation.
However, significant differences exist at smaller spatial scales.

(a)
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Figure 7. Flow morphologies. The two interacting, shock-accelerated
gas cylinders are at moderate interaction, and the images are at t = 0,
50, 190, 330, 470, 610, and 750 µs after shock impact: (a) S/D = 1.6 and
(b) S/D = 1.5. Images for experiments with larger initial separations
show less asymmetry in each vortex pair and less rotation of the pairs
relative to each other. For smaller initial separation, the images look
similar to a single-cylinder result (see Figure 3).
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nique. We used the ensemble averaging method to
decompose the concentration field into mean (de-
terministic) and fluctuating (stochastic) compo-
nents. We calculated estimates of the concentration
power spectra, assuming isotropy in the measure-
ment plane, for the simulation and for the experi-
ment’s original, ensemble-average, and fluctuating
fields. As shown in Figure 8, the simulation spectra
agree with data for low wavenumber but show dif-
ferences with the experimental results at higher
wavenumber, where the small-scale features are
manifest. The simulated results, however, showed
excellent agreement with the spectra of the ensem-
ble-average field—thus highlighting the agreement
on the large and intermediate scales alone. This ex-
plicit demonstration of the relative lack of small-
scale energy in the simulations provided strong
motivation to move from 2D to 3D, which repre-
sents a significant advancement in William Rider’s
Cuervo code. The relative energy at different scales
has recently been examined in the PIV data, and
these data quantify the onset of turbulence.1

Progressive Validation 
These highly resolved fluid-instability experiments
are extremely useful for hydrocode validation be-
cause they exhibit complex and time-varying flow

features. The interaction between the shock wave
and initial interfaces also produces vorticity distri-
butions that are complicated and sensitive to initial
conditions. The flow becomes progressively disor-
dered and eventually transitions into turbulence.
However, soon after the shock/interface interac-
tion, the flow appears ordered, so visual compar-
isons between experimental data and computa-
tional results, including overlay and differencing
methods, are useful for “early-time” images.

Integral Methods
As the flow becomes disordered, integral metrics
help us examine the large scales—an approach that
is especially useful for model development. For ex-
ample, the convention in studying RTI and RMI
for a single interface is to plot a time history of the
mixing zone width (MZW), which is the stream-
wise length scale that contains regions of both flu-
ids. This scale is the sum of the bubble and spike
heights for RTI. For RTI in the early times, the
MZW grows exponentially, whereas it grows lin-
early for RMI. Various theories predict the time
dependence of MZW at late times for these flows.

These integral metrics are valuable for the phys-
ical science of model development and provide
some useful comparisons of code results with ex-
periments. However, validation science demands
more precise metrics of the disordered phase of
these flows. Spectral methods provide a higher
standard of comparing data and simulation results.

Spectral Methods
The application of structure-function analysis to
gas-curtain data8 and simulation21 quantifies the vi-
sual perception that the “texture” of experimental
and simulated images is substantially different dur-
ing the disordered phase of the flow. The second-
order structure function S2(l) is a measure of spa-
tial autocorrelation as a function of l, a length scale
that is the magnitude of the vector between two
points in the image. For a given value of l, a large
value of S2 indicates strong autocorrelation in the
image—for example, an image of a mesh would
produce a large value of S2 at the length scale equal
to the mesh opening size and its multiples.

Using fog-seeded images of the gas curtain,
James Kamm and his colleagues24 found that two
hydrocodes, RAGE and Cuervo, produced plots of
S2 versus l that agree well with each other (over
nearly two orders of magnitude in l), but not with
the experimental data, as shown in Figure 9. How-
ever, recent PLIF experiments with two- and
three-cylinder targets suggest that this comparison
might be limited by the fog seeding. This limita-
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tion would be clarified by future applications of
structure-function analysis to two- and three-cylin-
der PLIF data and their corresponding simulations,
and/or by repeating the gas-curtain experiments
with high-resolution PLIF measurements and re-
peating the simulations with appropriate initial
conditions from experiments.

Fractal analysis is a spectral method that quanti-
fies an image’s boundaries and contours. In the case
of an evolving fluid instability, the boundaries be-
come contorted and complex. Fractal analysis pro-
vides a quantitative method to compare this grow-
ing complexity observed in the data and simulation
results. The RAGE and Cuervo hydrocodes agree,
but both disagree with experimental data for fog-
seeded flows.

Analysis with a continuous wavelet transform
(CWT) characterizes local behavior, in contrast to
the more familiar Fourier transform that charac-
terizes global or periodic properties of data. When
applied to single-cylinder simulations and data,
CWT shows a result analogous with fractal analy-
sis—RAGE and Cuervo simulations agree well
with each other, but not with experimental data.2

Velocity Fields
In addition to spectral methods for analyzing den-
sity or concentration images, validation science is
elevated to a higher level in this project by the mea-
surement and analysis of 2D velocity fields, which
have been discussed for the gas-curtain and single-
cylinder experiments. Our experience is that ve-
locity fields provide a far greater challenge to codes
than do density images.

Cultural Aspects of
Code and Model Validation
Code and model validation can be done more ef-
fectively with contemporary experiments than with
archival experiments because 

• one can demonstrate predictive capability only
with contemporary experiments, and

• the differences between data and theoreti-
cal/simulation results can be investigated
better. 

The parameter regime of contemporary experi-
ments is limited and far from the operating condi-
tions of nuclear explosives, so archival UGT and
hydrotest data are essential. Each is necessary in the
Stewardship Program.

Achieving a balance of these validations is prob-
lematic. On one hand, archival experiments pro-
duce “integrated physics” data, meaning that a mea-

surement is the integrated result of a sequence of
physics processes. Weapons designers can achieve a
favorable comparison between simulation and data
by adjusting different combinations of parameters
corresponding to the sequence of processes. Deter-
mining which combination best approximates the
actual physics of the component processes is diffi-
cult because the range of experiments is narrow and
the physics is complex. On the other hand, “com-
ponent physics” validation experiments, such as
those discussed here for investigating fluid instabil-
ity and the onset of turbulence, lead to better
physics understanding and fewer adjustable para-
meters. Consequently, they produce more accurate
algorithms, are more reliable for simulations that
must extrapolate into new regimes, and demon-
strate predictive capability. We observe that the
Stewardship Program’s culture appears to strongly
favor the integrated physics validations, despite the
mandate to enhance predictive capability.

Validation with contemporary experiments fos-
ters close collaboration among experimenters, sim-
ulation researchers, analysts, and theorists. This
collaboration creates a checks-and-balances dy-
namic based on the exploration of quantitative dif-
ferences between experimental data and simulation
results. The collaboration routinely exercises the
scientific method whereby hypotheses are exam-
ined with experiments. The consequences are bet-
ter validated codes and models as well as better ex-
periments, which has certainly been the case for the
shock-tube experiments presented here. 

In contrast, validation with archival data often re-
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veals inconclusively explained differences between
experiment and simulation because no further ex-
periments are possible. When experimental evidence
for interpreting these differences is lacking, we of-
ten rely on expert judgment to make predictions and
decisions. However, this judgment competes with
validation science because it is based on experience
and intuition, whereas validation science is based on
data. Expert judgment is needed to make inferences
about parameter regimes that cannot presently be
accessed through validation science, but the risk of
doing so is great. Despite this high risk, we observe
that expert judgment is often misperceived as sci-
ence, and that the stewardship culture lacks the sys-
tematic validation of the experts’ credibility that was
in place during the nuclear test era.

Because expert judgment is an important element
of stewardship, the validation process is essential to
ensure the experts’ intuition and predictive capabil-
ity. Accurate prediction of contemporary experi-
mental data provides evidence of computationalists’
acumen, and thereby attests to the reliability of their
expert judgment and their comprehension of code
limitations. Thus, proper validation of computa-
tionalists’ credibility, in addition to that of models
and codes, reduces the risk that expert judgment
will make inaccurate predictions. In a high-stakes
enterprise such as stockpile stewardship, the valida-
tion of researchers’ judgment is a major benefit of
contemporary validation experiments.

A difficulty of applying validation science is the
structure of knowledge and ignorance in codes. Be-
cause we usually focus on knowledge and ignore
how we manage our ignorance, weapons-physics
computationalists are reluctant to apply the new
understandings produced by contemporary exper-
iments. Traditional physics disciplines (like nuclear
and condensed-matter physics) localize ignorance
in parameters such as “effective mass” and “effec-
tive potential” terms, so that improved experimen-
tal data can be efficiently applied to improve the
physics models. In contrast, the complexity and his-
tory of nuclear explosives has led to the develop-
ment of simulation codes in which ignorance is not
localized, so the benefits of new code-validation
data are far more difficult to accrue. Consequently,
computationalists are reluctant to engage in vali-
dation exercises with contemporary experiments
for fear of decalibrating codes by improving the
physics models.

We observe an unfortunate, adversarial relation-
ship15 between researchers engaged in validation sci-
ence with contemporary, collaborative experiments
versus computationalists using only nuclear test data
and hydrotests. This tension is apparent in the

rhetoric—for example, simulation results for archival
experiments are often called data, a term usually re-
served for results of physical experiments; the code
simulations are called numerical experiments. In con-
trast, researchers engaged in validation science with
contemporary experiments use data to refer exclu-
sively to experimental results and simulations or cal-
culations to refer to codes, and they recognize clearly
that the scientific method is the bedrock of science.
We perceive this confusion of language as an effort
to suggest that validation with archival data is more
credible than it actually is, and we believe that such
rhetoric problems complicate the process of validat-
ing codes for the Stewardship Program.

These fluid instability experiments
will be modified to study turbulence
and re-shock phenomena (that is,
shock-accelerating the gas target a

second time). Also, the diagnostics and data
analyses developed for code validation will be
applied to other experiments, such as interfaces
driven by high explosives and radiographically
diagnosed flows.
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