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ABSTRACT

The boundary layer forming over a sharp cone at Mach 8 has been measured using non-intrusive laser diagnostics in
a blowdown wind tunnel. Temperature profiles have been obtained using Coherent Anti-Stokes Raman Scattering
(CARS) and streamwise velocity profiles using Femtosecond Laser Electronic Excitation Tagging (FLEET). Conditions
have been swept through a range of Reynolds numbers representing laminar, transitional, and turbulent flow. Results
are compared with historical probe-based measurements, recent high-fidelity computations, and theoretical
relationships including the velocity-temperature correlation.

1. Introduction

One of many definitions for what separates the hypersonic flow regime from the supersonic regime
is the paramount importance of temperature. This is most famously known in regard to surface
heating and material response as well as gas chemistry effects when the temperature becomes
extreme. But temperature also plays a greater role in compressibility effects in fluid dynamics at
high Mach numbers. Velocity fluctuations are accompanied by temperature fluctuations, and how

these relate to each other becomes a key question in the behavior of a flow field.

For these reasons, a gas-phase temperature measurement is needed to accompany a velocity
measurement when studying hypersonic flows. For many decades, this was accomplished using
probe instrumentation. For temperature probes, the most common design was a sheathed
thermocouple placed inside a vented tube to slow the flow and measure total temperature.
Velocity was measured using many different variations on Pitot probes and, in fewer cases, using
hot-wire anemometry. Disappointingly, the probe technologies feasible at the time suffered from
systemic errors due to probe size, wall interference, streamline distortion, thermal biases,
inadequate venting, and especially bandwidth limitations for fluctuating quantities; therefore much
of the data is suspect. An exhaustive survey of the measurements of this time period and the

deficiencies they exhibit was conducted by Fernholz and Finley [1, 2].
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Fig. 1 Sharp cone geometry (left) rendered showing locations for surface sensors; (right) mounted

in Sandia's Hypersonic Wind Tunnel.

More accurate approaches are needed to support the validation of computational models and the
development of new turbulence models that better represent the physics at very high Mach
numbers. Modern laser-based diagnostics offer a means of interrogating hypersonic flows without
the error sources inherent to physical probes. To measure temperature, Coherent Anti-Stokes
Raman Spectroscopy (CARS) has a long record of successfully providing instantaneous point
measurements in high-temperature or reacting flows and recently it has been expanded to function
in the low-density, cold-flow environment of a blowdown wind tunnel [3]. For velocity, Particle
Image Velocimetry (PIV) has seen some limited application to hypersonic flows but has been
assessed to have large errors in turbulence quantities due to particle lag [4]. Instead, Femtosecond
Laser Electronic Excitation Tagging (FLEET) has emerged as an effective velocimeter in hypersonics

[5].

The present study revisits canonical boundary layer measurements in hypersonics using CARS and
FLEET to compare with those experiments known in the literature and thought to be reliable, as
well as validate modern high-fidelity computations. These new measurements also can directly
assess historical and recent theoretical models of the relationship between temperature and

velocity in highly compressible environments.

2. Experimental Apparatus

The Sandia Hypersonic Wind Tunnel (HWT) is a conventional blowdown-to-vacuum facility with
interchangeable nozzles and in-line flow heaters for nominal Mach numbers of 5, 8, and 14. In this
report, only the Mach 8 system was used, which has a 355.6 mm diameter axisymmetric test section
supplied by pure nitrogen. At Mach 8, the stagnation pressure Po ranges from 1720-6890 kPa and
the stagnation temperature To from 500-890 K, yielding a Reynolds number (Re) range from 3.3 —
20 x 10° /m. This allows conditions to sweep from laminar flow, through stages of transition, and
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finally reach a fully turbulent state. The noise level of the HWT is 3—5%, quantified as the root-
mean-square Pitot pressure between 0 to 50 kHz over the mean Pitot pressure. Typical wind tunnel

runs lasted approximately 30-50 seconds.

The wind tunnel model is a 7-deg half-angle sharp cone with a base diameter of 0.127 m and a
length of 0.515 m. A sharp nose of radius less than 0.05 mm was used. As seen in Figure 1, the
model is built with numerous inserts for sensor installation. In the present experiments, a sensor
insert was modified to mount a coaxial thermocouple for wall temperature, a shear stress sensor
for skin friction, and sensors for mean and fluctuating wall pressures. These were placed at the
same location as the laser-based measurements. The model was mounted using a sting at the base
of the cone and all testing was performed at zero angle of attack. The wall temperature on average
was 7,=316 K with a standard deviation of 8.3 K.

3. Diagnostics

Coherent Anti-Stokes Raman Scattering (CARS) has been implemented in the HWT to measure the
gas temperature. The Sandia system is a hybrid CARS approach that generates a pump beam from
a femtosecond laser (Ti:Sapphire Solstice Ace) and a probe beam from a pulse-stretched
picosecond beam formed from a portion of the frequency-doubled femtosecond source [6]. As
opposed to a nanosecond CARS system, the hybrid system pumps many ro-vibrational transitions
to provide much improved sensitivity in the cold, low-pressure nitrogen test gas in HWT. A short
probe delay for temperature measurements nearly eliminates the gas-phase molecular collisions
that may alter the Raman coherence. The femtosecond laser operates at a 1 kHz repetition rate

with 3 mJ per pulse.

Considerable effort was invested over several years to assure the accuracy of the measurements in
the Mach 8 blowdown nozzle [7], culminating in the demonstration of [3]. The low-density, low-
temperature environment is a very different regime than the usual application space for CARS,
requiring an expansion of the software fitting tool and a series of tests to ensure that energy

deposition from the femtosecond laser does not perturb the flow.

The velocimetry diagnostic used in HWT is Femtosecond Laser Electronic Excitation Tagging
(FLEET). When illuminated by a 1 kHz femtosecond-time-scale laser (the same Ti:Sapphire Solstice
Ace), nitrogen fluoresces and points or lines can be written into the flow, whose motion is then
tracked in time typically using an intensified camera [5]. Such seedless velocimetry is necessary in
hypersonics to avoid the particle lag errors associated with PIV, and the FLEET technique enabled

by ultrafast lasers accomplishes such measurements with relative ease compared to older methods
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that required separate write and read lasers and typically involved toxic gases. The technique was
first successfully demonstrated in HWT by [8].

The Sandia implementation of FLEET has written lines into the flow at the third harmonic (267 nm)
for a more Gaussian-shaped fluorescence distribution and negligible deposited energy [9]; pulse
energy was about 0.5 mJ. Depending on optical and flow configurations, lines typically were
5-10 mm in length. Fluorescent light was collected using a high-speed camera (Phantom TMX
7510) coupled to an intensifier (LaVision IRO, S25 photocathode). During the runs, the IRO precisely
gated the images to frame-straddle the first and second exposure of the displaced FLEET lines onto
separate images with a time separation of 1.2 ps. To protect the surface of the model from damage
from the focused FLEET line, the measurements were limited to the locations of the sensor ports

into which the beam could be directed, plugged using a sealed piece of wire recessed by 6.5 mm.

The locations of the CARS and FLEET measurements as reported here are not precisely the same.
Non-simultaneous temperature and velocity profiles were acquired at x=475 mm, also the location
of the surface sensors. However, analysis of the CARS spectra was not complete in time for this
report and therefore earlier measurements conducted at x=385 and 490 mm are substituted here
instead.

4. Temperature from CARS

Mean temperature profiles from the CARS instrument are shown in Figure 2. A measurement
volume of 50 um was formed and both the pitch and catch optics were translated on motorized
stages to scan from the freestream to the wall. The scan rate was slowed as the measurement
approached the wall to acquire a greater number of data points in the high-gradient area. Profiles
were assembled by averaging 10-25 single-shot spectra over the measurement volume to improve
the signal-to-noise ratio. Two locations were scanned at x=385 mm and x=490 mm from the
nosetip, where xis the distance along the axis of the cone, not the distance along the 7-deg surface.
Four Reynolds numbers were tested in which the lowest value remained laminar over the cone, the
highest became fully turbulent before the measurement locations, and the middle two values of
Re provided transitional conditions. The plots in Figure 2 normalize the temperature axis to
compensate for differing freestream conditions as Re is changed, but the y axis remains
unnormalized to indicate growth of the thermal boundary layer thickness. The ratio of the wall
temperature to the boundary layer edge temperature, 7,/ 7., varies with each case due to variations
in 7. as the wind tunnel Re is altered. Therefore, the normalized wall temperature is marked for

each case in Figure 2 using an “x" of matching color.
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From Figure 2, the thermal boundary layer is probed with impressive precision and spatial
resolution, revealing the peak temperature near the wall due to boundary layer heating before the
temperature decreases again as a result of the relatively colder wall temperature. As Reis increased,
this peak can be seen to move closer to the wall. Meanwhile, the boundary layer thickness increases
with Re and with downstream distance. These features all are consistent with generally accepted
physics for supersonic and hypersonic boundary layers. The laminar cases are well behaved and
exhibit little scatter, but as Re increases, the scatter becomes prominent, particularly at the
downstream location. This is due to convergence error for the relatively small quantity of samples
that form each data point as the measurement volume is translated. While shot-to-shot
measurement error is a factor, the increased scatter also is a marker for greater turbulent
fluctuations as Re rises. Some data dropouts due to low signal-to-noise near the wall were

observed for Re=8.6x10°, the source of which is not yet identified.

Fluctuating temperatures were recorded at several discrete locations above the wall by pausing the
translation stages for 5 sec and gathering a much larger number of data points. These results are
shown in Figure 3 for the fully turbulent case at Re=18x 108 note that some troubleshooting in the
analysis code is still ongoing and appears to be limiting the lowest temperature magnitudes. The
range of fluctuations is illustrated by plotting all available instantaneous points at the measured y
locations, then quantitatively assessed via the standard deviations written alongside each position.
Also included are three sample histograms to show the distributions of the temperature
fluctuations as a function of position within the boundary layer. Although the location nearest the
wall, where the mean temperature is hottest, displays an approximately symmetric distribution, the
two histograms further from the wall appear to be skewed with a greater probability of larger

positive temperature fluctuations.

5. Velocity from FLEET

Velocity profiles were built from writing a line at x=475 mm from the nosetip where a sensor port
could be used as a beam dump. Spatial calibrations were completed using a dot target to provide
image mapping. Images were rotated to align with the 7-deg cone surface. For each image pair, a
Gaussian smoothing filter was applied in the streamwise direction but no binning in the wall-
normal direction was used. Pixel rows with poor signal-to-noise ratio were rejected; in practice, this
only occurred far from the wall where the beam intensity was low. A cross-correlation algorithm
was used to independently interrogate each row in an image pair and sub-pixel accuracy was
extracted from the correlation function using a three-point Gaussian fit. One-component

streamwise velocities were produced.



22nd LISBON Laser Symposium 2026

B x=490 mm

- Re/m x 10°
i 37

i - 6.9

» - 8.6

i - 18.0

[ TR R BN ¢ \.":J:‘J T A LIV Ne .|"| I |
0 1 2 3 T/Te 4 5 6

Fig. 2 Thermal boundary layer mean temperature profiles at (left) x=385 mm from the nosetip and
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Fig. 3 Fluctuating temperature data at x=385 mm for the Re=18.0 x 10 condition; (left) superposed

on the mean temperature profiles; (right) histograms of fluctuating temperatures for three

wall-normal locations.
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Figure 4 shows profiles of the mean streamwise velocity and the streamwise turbulent stress for a
sequence of Reynolds numbers in the boundary layer of a sharp cone at Mach 8. Each case is
derived from 5000 instantaneous snapshots. Velocities are normalized to the value at the boundary
layer edge, U, to account for stagnation temperature differences as the wind tunnel conditions are
varied, but the wall-normal distance y remains unnormalized to visualize changes in the boundary
layer thickness. Reynolds numbers are swept from laminar conditions through transitional cases
and finishing at fully turbulent conditions. The fullness of the boundary layer velocity profile can
be seen to increase monotonically with Re, as does the boundary layer thickness. Similarly, the peak
magnitude of the turbulent stress increases monotonically with Re and the peak location settles
closer to the wall. This is true until the highest Re values are reached, at which point interference
from the wall may limit further refinement of the trend. Regardless, the turbulent stress profiles are
remarkably smooth and well behaved, illustrating the performance of FLEET in this challenging
environment. The highest amplitude peak occurs for Re=8.14x10° which is the final stage of
transition before a fully turbulent boundary layer is realized; intermittent switching between

turbulent spots and laminar conditions is most intense at this stage [10].

Of note in Figure 4 is that the velocities do not approach zero near the wall, as should be observed
for a no-slip wall condition. Several possible explanations exist. Spatial averaging due to camera
and IRO resolution may be a factor. The near-wall boundary layer may be perturbed by the pressure
tap serving as a laser dump port. Vibration of the model also is a factor. Identification and
correction of this error source have been investigated in a more recent ancillary experiment but

the results are not yet available.

Since a large number of points was acquired for each location, histograms can be built of the
velocity distribution. Examples are shown at three different wall heights in Figure 5 for a transitional
case of Re=7.65x10° At y=3.7 mm, which is at the edge of the boundary layer where fluctuations
are small, the distribution is Gaussian. But as the measurement is moved deep into the outer layer,
the velocity distribution becomes skewed. Finally, low in the boundary layer in what is expected to
be the log-law region, the distribution becomes broader and flatter. These differences in velocity
distributions may be due to the passage of turbulent spots and intermittency of turbulence in the
boundary layer at this Re. This needs to be more carefully studied using conditional triggering from

simultaneous surface sensors before a conclusive observation can be asserted.
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Fig. 4 (left) Mean streamwise velocity profiles and (right) streamwise turbulent stress profiles at

x=475 mm from the nosetip.
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Fig. 5 Velocity histograms at selected positions through the boundary layer for Re=7.65 x10°.

6. Velocity-Temperature Correlations

Seven different experiments were identified in the literature that provide both temperature and
velocity profiles through a hypersonic boundary layer. These measurements were probe-based and
date from the 1970s and ~1990. The experiments are classified by the type of geometry on which
measurements were made: on one wall of the wind tunnel nozzle, on a flat plate suspended from
a sting in the core of the test section, or on a cylindrical model with an ogive or conical nose
mounted on a sting. Notably, all of these historical measurements were conducted in larger wind
tunnels than HWT with much larger boundary layer thicknesses. Nonetheless, those conducted on
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a flat plate or a cylinder possess Reynolds numbers and temperatures in a similar range as those
of the present experiment. Fernholz and Finley have determined that data acquired on a wind
tunnel wall are flawed for evaluating compressible boundary layer theory due to the upstream
history of evolution and heat transfer along the nozzle wall [2]. Therefore, only data acquired on
sting-mounted wind tunnel models are considered here, which limits the appropriate historical
selection to Keener and Hopkins (1972) [11], Horstman and Owen (1972) [12], and Kussoy and
Horstman (1989, 1992) [13, 14].

The primary reason why historical experiments were selected only if they acquired both velocity
and temperature profiles is so the data could be used to evaluate theoretical relationships between
these two quantities. The present experiment achieves the same by (non-simultaneously)
measuring the velocity profiles using FLEET and the temperature profiles using CARS. Presently, the
CARS data at x=490 mm is related to the FLEET data at x=475 mm, but a new data set recently has
been acquired wherein the locations and flow conditions are precisely matched; this will be
analyzed in future efforts. Additionally, the velocity profiles have been corrected on an image-by-
image basis for the vibration of the wind tunnel model, which is imperfect but yields improvement

in the near-wall behavior.

The collection of new and historical data is suitable to evaluate Crocco's theory of the relationship
between velocity and temperature, which is key to understanding compressibility effects in
hypersonic boundary layers and constructing lower-fidelity models. Comparison of the individual
velocity and thermal boundary layer profiles with all the relevant data is beyond the scope of the
current paper. Crocco is widely perceived as having originated the estimation of the boundary layer
thermal profile from the velocity profile via a quadratic equation, utilizing simplifications such as a
constant Prandtl number of nearly unity and zero pressure gradient (see, for example, Fernholz and
Finley [2] or Smits and Dussauge [15]). Walz rearranged the equation into the form most commonly

employed:

T T, T,—T,(u -1 u\?

- - e )
Figure 6 expresses the relationship of u/Ue.to 7/7e in the present data. These normalizations are
chosen because the edge properties are easily and accurately found from the present boundary
layer profiles themselves, whereas the wall temperature is not as well measured nor is conversion
of the CARS static temperature to total temperature without substantial uncertainty. Though more
complex relationships have emerged recently with broader applicability and fewer assumptions

(e.g., [16, 17]), here the data are used to test the classic Crocco equation which should apply to
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Fig. 6 (left) The velocity-temperature relationship from the present boundary layer data compared
to (left) Crocco theory and (right) historical measurements acquired on sting-mounted wind tunnel

models.

adiabatic equilibrium boundary layers. A recovery factor of r=0.85 has been used to represent
laminar flow for the two lowest Re cases and r=0.90 has been used for turbulent conditions at the
two highest Re cases (though the Re=8.6x10° case is intermittently turbulent).

The data agree fairly well with the Crocco relationship in Figure 6 (left) for the laminar and fully
turbulent cases but the two transitional cases exhibit substantial deviation. At present, it is not clear
why the Crocco theory is deviant for transitional boundary layers. The sensitivity of the result to
choice of the recovery factor is too small to provide an explanation. The intermittent nature of a
transitional boundary layer, repeatedly switching between laminar and turbulent states, may
disrupt the equilibrium assumption. The higher temperatures associated with the transitional cases
are consistent with the well-known hypersonic phenomenon in which transitional conditions often

induce the greatest surface heating.

The literature measurements acquired on sting-mounted wind tunnel models are shown in Figure 6
(right) alongside the present data. These historical cases are fully turbulent. The fully turbulent case
from the present measurements (Re=18.0x10°) is in strong agreement with the literature data,
which cluster reasonably close to each other. The laminar and transitional cases have no peer for

comparison.
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4. Conclusions

Collectively, the present measurements strongly agree with historical probe-based measurements
when conditions are sufficiently matched. This validates that the present nonintrusive diagnostics

are able to return valid physical insight consistent with the literature.

But the new, modern diagnostic capability offers several advantages. First, it has succeeded in a
smaller wind tunnel on a model with a much smaller boundary layer, typically 2-3 mm thick as
compared to historical measurements with boundary layers in the range of 10-35 mm. This is
important as fewer large hypersonics facilities are available and most research is conducted on
smaller scales. Secondly, the CARS and FLEET measurements have instantaneous measurement
capability to accurately measure fluctuating quantities with the bandwidth required for hypersonic
flows, which has scarcely been explored thus far. Moreover, CARS and FLEET have the potential to
be combined into a simultaneous measurement, providing access to the u'T’ term that is critical to
turbulence models in a highly compressible environment. In addition, the present data set sweeps
the Reynolds number conditions through laminar, transitional, and turbulent cases whereas

existing measurements only are fully turbulent.

With the measurement credibility now established, future measurements and data analysis will
focus on exploration of compressibility effects in hypersonics and the key question of coupling

between velocity and temperature variation.

Acknowledgments

The authors thank Rajkumar Bhakta, Brian Denk, Marie de Zetter, J. Clark Pehrson, and Russell
Spillers for their contributions to operating the wind tunnel and instrumentation, as well as Doug
Carter and Yibin Zhang for earlier phases of FLEET development.

Sandia National Laboratories is a multi-mission laboratory managed and operated by National
Technology & Engineering Solutions of Sandia, LLC (NTESS), a wholly owned subsidiary of
Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security
Administration (DOE/NNSA) under contract DE-NA0003525. This written work is authored by an
employee of NTESS. The employee, not NTESS, owns the right, title and interest in and to the
written work and is responsible for its contents. Any subjective views or opinions that might be
expressed in the written work do not necessarily represent the views of the U.S. Government. The
publisher acknowledges that the U.S. Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this written work or allow others
to do so, for U.S. Government purposes. The DOE will provide public access to results of federally

sponsored research in accordance with the DOE Public Access Plan.



22nd LISBON Laser Symposium 2026

References

[1]

(2]

3]

[4]

(5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

Fernholz, H.H., and Finley, P.J., “A Critical Compilation of Compressible Turbulent Boundary Layer Data,”
AGARDograph 223, 1977.

Fernholz, H.H., and Finley, P.J., “A Critical Commentary on Mean Flow Data for Two-Dimensional Compressible
Turbulent Boundary Layers,” AGARDograph 253, 1980.

Richardson, D.R., Kearney, S.P., Beresh, S.J., “Temperature Measurements in Hypersonic Wind Tunnels via
Femtosecond Coherent Anti-Stokes Raman Scattering,” A/AA Journal, Vol. 63, No. 10, 2025, pp. 4337-4345.
Raffel, M., Beresh, S.J., Eppink, J., Scarano, F., Schanz, D., and Schroder, A., and Willert, C.E., “Recent Advances
in Particle Image Velocimetry for Aerospace Science,” AIAA Paper 2026-1102.

Danehy, P.M., Burns, RA., Reese, D.T., Retter, J.E., and Kearney, S.P., “FLEET Velocimetry for Aerodynamics,”
Annual Review of Fluid Mechanics, Vol. 54, 2022, pp. 525-553.

Kearney, S. P., and Scoglietti, D.J., "Hybrid Femtosecond/Picosecond Rotational Coherent Anti-Stokes Raman
Scattering at Flame Temperatures using a Second-Harmonic Bandwidth-Compressed Probe," Optics Letters,
Vol. 38, No. 6, 2013, pp. 833-835.

Richardson, D. R., Kearney, S. P., and Beresh, S. J., “Gas-Phase Temperature Measurements in a Mach 8 and 14
Cold-Flow Hypersonic Wind Tunnel via Femtosecond Coherent Anti-Stokes Raman Spectroscopy,” AIAA Paper
2024-2321, January 2024.

Carter, D.W., Pehrson, J.C,, Bhakta, R, Spillers, R., and Beresh, S.J.. "Hypersonic FLEET Velocimetry on a Three-
Dimensional Expansion-Compression Geometry,” AIAA Paper 2025-1838.

Zhang, Y., Beresh, S.J., Casper, KM., Richardson, D.R,, Soehnel, M.M., and Spillers, RW., “Tailoring FLEET for
Cold Hypersonic Flows,” AIAA Paper 2020-1020.

Casper, K. M., Beresh, S. J,, Henfling, J. F.,, Spillers, R. W., Pruett, B. O., and Schneider, S. P., “Hypersonic Wind-
Tunnel Measurements of Boundary-Layer Transition on a Slender Cone,” A/AA Journal, Vol. 54, No. 4, 2016,
pp. 1250-1263.

Keener, E. R, and Hopkins, E. J., “Turbulent Boundary-Layer Velocity Profiles on a Nonadiabatic Flat Plate at
Mach Number 6.5," NASA TN D-6907, 1972.

Horstman, C. C,, and Owen, F. K., “Turbulent Properties of a Compressible Boundary Layer,” A/AA Journal Vol.
10, No. 11, 1972, pp. 1418-1424.

Kussoy, M. I, and Horstman, C. C, “Documentation of Two- and Three-Dimensional Hypersonic Shock
Wave/Turbulent Boundary Layer Interaction Flows,” NASA TM 101075, 1989.

Kussoy, M. ., and Horstman, C. C., "Intersecting Shock-Wave/Turbulent Boundary-Layer Interactions at Mach
8.3, NASA TM 103909, 1992.

Smits, A. J., and Dussauge, J. P., Turbulent Shear Layers In Supersonic Flow, 2nd Ed., Springer, 2006.

Zhang, Y. S., Bi. W. T., Hussain, F., and She, Z. S., “"A Generalized Reynolds Analogy for Compressible Wall-
Bounded Turbulent Flows,” Journal of Fluid Mechanics, Vol. 739, 2014, pp. 392-420.

Huang, J., Duan, L., and Choudhari, M., “Direct Numerical Simulation of Hypersonic Turbulent Boundary Layers:
Effect of Spatial Evolution and Reynolds Number,” Journal of Fluid Mechanics, Vol. 937, 2022, pp. A3.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



