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Results are presented for a single-laser Krypton Tagging Velocimetry (KTV) scheme
applied to the flow over a hollow cylinder in a shock tube. This scheme is comparatively
simpler and cheaper to implement than previous dual-laser schemes and maintained an
SNR of ≈ 2 in these experiments. Results are presented for experiments performed in 99%
N2/1% Kr and 75% N2/5% Kr/20% O2 with Reynolds numbers ranging from 1e5-1e6. For
the first time KTV is implemented in air at a pressure of 19 kPa and in N2 at 25 kPa. The
data points over the cylinder are mapped to corresponding wall-normal locations above a
flat plate, which allows for comparison with flat-plate boundary-layer theory. Agreement
between theory and experiment is excellent, bringing confidence to the utility of KTV in
impulse facilities and at the aforementioned conditions.

Nomenclature

λvac = Transition wavelength, (nm)
Aki = Einstein coefficient for transition from level k to i, (s−1)
Ei = Energy of level i, (cm−1)
M = Mach number, (-)
Reunit= Unit Reynolds number, (m−1)
Pr = Prandlt number, (-)
γ = Ratio of specific heats, (-)
P = Pressure, (Pa)
T = Temperature, (K)
ρ = Density, (kgm−3)
u = Streamwise velocity, (ms−1)
η = Similarity variable, (-)
µ = Viscosity, (kg/(ms))
R = Surface radius ,(m)
θ = Misalignment angle, (degrees)
x = Streamwise coordinate, (m)
y = Wall-normal coordinate, (m)
yw = Wall location from perceived apogee, (mm)
ym = Measured distance from wall of curved surface, (mm)
yd = Spanwise distance from wall of curved surface to fluorescence line, (mm)

Subscripts

s = Shock wave
1 = Region 1 (upstream of shock)
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2 = Region 2 (downstream of shock, freestream)
3 = Region 3 (contact surface)
4 = Region 4 (driver section)
w = Wall

I. Introduction

High speed flow is characterized by various complex phenomena such as shock waves, turbulence, chemical
reactions and non-equilibrium effects. These phenomena interact with each other, giving rise to additional
time and length scales. These complex phenomena and their interactions have design implications for the
acceptable aerothermodyanmic loads of a vehicle. Consequently, in order to optimize the design of such
vehicles, it is necessary to develop non-intrusive experimental techniques that can accurately measure flow
field parameters.

Two ubiquitous velocimetry techniques are Laser Doppler Velocimetry (LDV) and Particle Image Velocimetry
(PIV).1 These particle-based measurements rely on the assumption that the tracer particles travel identically
with the flow. However, the particle response time can be inadequate in low-density flows with short
time scales. Loth2 found that at low densities the Knudsen number of a particle can become large. This
represents a fundamental limitation of particle-based techniques because the slip condition at the particle
surface culminates in reduced response time. Several researchers3–5 have examined the response of particles
to shock waves in an effort to quantify particle response time. Williams et al.6 suggest that “particle
frequency response analyses based solely on shock response tests may well have overestimated the response
to turbulence.”

Measurement of velocity fluctuations in high-speed turbulent boundary layers is an example that brings the
particle-response time limitation to bear. Lowe et al.7 asserts that “[s]trong evidence exists that experimental
data gathered in high speed flows using particle-based techniques exhibit significant particle lag effects on
magnitudes of turbulence quantities.” This assertion was based on an experimental LDV campaign in a
Mach 2.0 turbulent boundary layer, and the authors made particle-lag corrections to address discrepancies
in their data. Recent work by Brooks et al.8 found that particle-lag effects are more pronounced in the
turbulence quantities associated with the wall-normal velocity than the streamwise velocity. This is because
the wall-normal velocity fluctuation spectrum is flatter (has more high-frequency content) than its streamwise
counterpart.

An attractive alternative to particle-based techniques is tagging velocimetry. Tagging velocimetry9 is typi-
cally performed in gases by tracking the fluorescence of a native, seeded, or synthesized gas. Its advantage
over PIV techniques in high-speed facilities is that it is not limited by timing issues associated with tracer
injection10 or reduced particle response at Knudsen and Reynolds numbers2 characteristic of high-speed wind
tunnels. Methods of tagging velocimetry include the VENOM,11–15 APART,16–18 RELIEF,19–23 FLEET,24, 25

STARFLEET,26 PLEET,27 argon,28 iodine,29, 30 sodium,31 acetone,32–34 NH35 and the hydroxyl group tech-
niques,36–39 among others.40–45

To recreate high speed flow conditions various facilities are used depending on the requirements. In this work
the focus will be on impulse facilities, which are able to create elevated thermodynamic conditions for short
periods of time. These facilities, which include shock tubes and shock tunnels, are used to study flows that
would otherwise be difficult to replicate using wind tunnels. Challenges with making measurements in these
facilities include timing and in the case of particle based techniques, particle injection as well.46 Applications
of velocimetry in impulse facilities include the impulsively started flow over a cylinder in a shock tube,47 bow
shock measurements in a shock tube,48 flat plate flow visualization,49 shocked particle drag measurements50

and PIV in shock tunnels.10

In this work, we focus on a version of tagging velocimetry called Krypton Tagging Velocimetry (KTV), that
utilizes krypton as the tracer particle. As an inert gas, krypton can expand the use of tagging velocimetry to
cases where the chemical composition of the flow is difficult to prescribe or predict. The excitation scheme
used here is a single-laser setup where the fluorescence of the tagged Kr is imaged at successive times. This
technique is applied to the flow immediately behind a normal shock (region 2) in the Stevens Shock Tube
as a means to investigate the utility of KTV in impulse facilities.
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II. Single Laser Excitation Scheme for KTV

In this work, we focus on the use of Kr as a tracer for tagging velocimetry. The use of a metastable noble
gas as a tagging velocimetry tracer was first suggested by Mills et al.51 and Balla and Everheart.52 The key
to the use of Kr as a tracer species for diagnostics are the two-photon transitions that are accessible with
commercially available optics and laser systems; there are several two-photon transitions in the ≈190-220 nm
range. To date, krypton tagging velocimetry (KTV) has been demonstrated by globally seeding high-speed
N2 flows with 1% Kr and air flows with 5% Kr. Applications include: 1) an underexpanded jet (first KTV
demonstration);53 2) mean and fluctuating turbulent boundary-layer profiles in a Mach 2.7 flow;54 3) seven
simultaneous profiles of streamwise velocity and velocity fluctuations in a Mach 2.8 shock-wave/turbulent
boundary-layer interaction;55 4) the freestream of the large-scale AEDC Hypervelocity Tunnel 9 at Mach
10 and Mach 14;56 and 5) Mach 2.8 shock-wave/turbulent boundary-layer interactions over 8◦, 16◦, 24◦ and
32◦ wedges.57 In these experiments, the researchers used a pulsed dye-laser to perform the write step at
214.7 nm to form a write line and photosynthesize the metastable Kr tracer; after a prescribed delay, an
additional pulsed dye-laser was used to re-excite the metastable Kr tracer to track displacement. Recently,
simplified KTV schemes were developed and demonstrated in an underexpanded jet configuration.58 These
simplified schemes utilized either a dye laser and a laser diode or a single dye laser to create the fluorescence
lines. In this work, a single-laser scheme is used to make the KTV measurements.

Following the transitions marked in blue in the energy level diagram in Figure 1 along with the relevant
transition data in Table 1 (labeled as A, B, C), the single-laser KTV scheme is performed as follows:

Figure 1: Energy diagram with Racah nl[K]J notation. Single-Laser Scheme uses excitation at 212.556 nm
with successive camera gating (no read laser). Transition details in Table 1.

1. Write Step: Excite krypton atoms with a pulsed tunable laser to form the tagged tracer through
(2+1) photoionization. Two-photon excitation of 4p6(1S0) → 5p[1/2]0 (212.556 nm, transition B) and
subsequent one-photon ionization59 to Kr+ (212.556 nm, transition C) followed by decay to resonance
state 5p[1/2]0 → 5s[3/2]o1 (758.95 nm, transition A) and other transitions resulting from Kr+. The
position of the write line is marked by gated imaging of the LIF from these transitions, recorded with
a camera positioned normal to the flow.

2. Read Step: After a prescribed delay, record the displacement of the tagged krypton by gated imaging
of the LIF from the residual 5p[1/2]0 → 5s[3/2]o1 (758.9 nm) and Kr+ transitions.

Table 1: Relevant NIST Atomic Spectra Database Lines Data, labels match Figure 1. Racah
nl[K]J notation.

Transition λvac (nm) Nature Aki (1/s) Ei (cm
−1) Ek (cm−1) Lower Level Upper Level

A 758.950 Single-Photon 5.1e7 80916.7680 94092.8626 5s[3/2]o1 5p[1/2]0

B 212.556 Two-Photon (-) 0 94092.8626 4s24p6, 1S0 5p[1/2]2

C 212.556 Single-Photon (-) 94092.8626 112914.433 5p[1/2]2 Kr+
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III. Facilities and Experimental Setup

The experiments were performed in the Stevens Shock Tube, using the single-laser scheme. In this section, we
give an overview of the experimental setup and test conditions. The objective is to able to make measurements
in the boundary layer behind a normal shock.

The write-laser system for the single laser KTV scheme is a frequency doubled Quanta Ray Pro-350 Nd:YAG
laser and a frequency tripled Sirah PrecisionScan Dye Laser (DCM dye, DMSO solvent). The Nd:YAG laser
pumps the dye laser with 1000 mJ/pulse at a wavelength of 532 nm. The dye laser is tuned to output a
637.7 nm beam and frequency tripling (Sirah THU 205) of the dye-laser output results in a 212.556 nm
beam, with 10 mJ energy, 1350 MHz linewidth and 7 ns pulsewidth at a repetition rate of 10 Hz.

The intensified CCD camera used for all experiments is a Princeton Instruments PIMAX-4 (PM4-1024i-
HR-FG-18-P46-CM) with a Nikon NIKKOR 24-85mm f/2.8-4D lens in “macro” mode and positioned ap-
proximately 200 mm from the write/read location. The camera gate opens twice: once for 5 ns immediately
following the write-laser pulse and again at a prescribed delay time of 500 ns for 50 ns to capture the residual
transitions.

A schematic of the Stevens Shock tube is shown in Fig. 2. Three optical windows are placed near the
end of the tube where the KTV measurements were made. Fig. 3 shows more detailed views of the driver
section and the measurement location. The operation of the shock tube is initiated by a diaphragm-piercing
mechanism, consisting of a solenoid and a plunger. Three pressure transducers (P1, P2, P3) are installed
along the length of the pipe, two upstream of and one at the optical windows. There is also an additional
port used to fill the driven section with the krypton gas mixtures. A hollow cylinder with a sharp edge is
installed at the measurement location.

Driver (0.9 m) Driven (8.5 m)

Solenoid                   Plunger                         Diaphragm        Optical Windows/Hollow Cylinder 

Figure 2: Schematic of Stevens Shock Tube.

Solenoid Rod Blades

Window Port

Hollow Cylinder

Screws/Spacers

Port for cylinder

Window

Pressure Transducer

Figure 3: Left: Driver section of shock tube. Right: Optical windows and hollow cylinder for KTV.

For a calorically-perfect gas, the expected Mach number of the shock wave as a function of the pressure ratio
P4/P1 and driver/driver gases in a shock tube is,

P4

P1

=
2γ1M

2
s − (γ1 − 1)

γ1 + 1

{
1−

γ4 − 1

γ1 + 1

a1
a4

(
Ms −

1

Ms

)}−2γ4

γ4−1

. (1)

Equation (1) is plotted in Fig. 4 (left) for three different values of a4/a1, corresponding to air as the driven
gas and air, argon and helium as the driver gas, respectively. Using air as the driver and driven gas, several
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runs were conducted at several pressure ratios (with the driver at atmospheric pressure) with the goal of
shaking down the Stevens Shock Tube. These results appear along the a4/a1 = 1 line in Fig. 4 (left), and
show good agreement with uncertainty predicted as per Moffat,60

δR =

√(
∂R

∂x1

δx1

)2

+

(
∂R

∂x2

δx2

)2

+ ...

(
∂R

∂xn

δxn

)2

. (2)

Fig. 4 (right) shows sample pressure traces from an experiment with air as the driver and driven gas and a
pressure ratio of P4/P1 ≈ 760. The traces indicate a test time of ≈ 0.5 ms, which is the time between the
incident and reflected shock arriving at P3 (this is the transducer installed at the measurement location).

1 1.5 2 2.5 3 3.5 4
10

0

10
1

10
2

10
3

33.5 34 34.5 35 35.5 36 36.5 37
0

1

2

3

4

5

6
P1

P2

P3

Figure 4: Left: Pressure ratio vs shock Mach number. Black bars denote uncertainty. Right: Pressure
data at shock Mach number of 3. P1, P2 and P3 are the three pressure traducers installed upstream of the
measurement location.

The timing of the experiment is designed to keep the lasers at operating temperature. As Fig. 5 shows, the
lasers are controlled by a SRS DG 645 pulse generator (PDG 1). This pulse generator is triggered by the
combined signal from the SR 560 amplifier (Amplifier 3) and the SRS DG 535 pulse generator (PDG 4).
PDG 4 outputs a 10 Hz pulse, and the SRS DG 535 pulse generator outputs a pulse only when the amplified
signal of the pressure transducer reaches a certain value. This happens when the shock passes over P3 in the
shock tube. Once the amplified P3 signal crosses the threshold, the SRS DG 535 outputs a pulse that triggers
the SRS DG 645, which in turn triggers the lasers after a set delay. This allows for making measurements a
set time after the shock has passed over while keeping the laser system at operating temperature. The BNC
577 pulse generator is used to activate the solenoid (via a relay) to rupture the diaphragm. The BNC 577
is triggered by the SRS DG 645 with a set delay to ensure that the write laser pulse occurs 90-100 ms after
the previous laser pulse.

Solenoid

Camera

212.6nm532nm 637.7nm
Dye

laser

Tripling

Optics

Pump

laser
F Q

Beam 

Dump
Shock 

Tube

N2 or air

K-bottle

PDG 2 

PDG 3 Amplifier 1

PDG 1 

Amplifier 3

PDG 4 

Pressure 

Transducer
Amplifier 2

Figure 5: Laser setup and timing for Stevens Shock Tube.
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Two gas mixtures were used in the driven section for the experiments. The first was 75% N2/5% Kr/20% O2

(air) and the second was 99% N2/1% Kr (N2). The driver gas in both cases was helium. The pressure ratio
between the driver and driven section was kept fixed at P4/P1 = 380 and the temperatures were fixed at ≈
298 K. This fixed the shock speed and allowed for a sweep of Reynolds numbers from 1e5-1e6 by changing
the pressures proportionately. The run conditions for air are presented in table 2 and the conditions for N2

are presented in table 3. These calculations were performed using Cantera61 and the Shock and Detonation
toolbox.62

Table 2: Experimental Conditions for 75% N2/20% O2/5% Kr driven gas mixture and helium as driver gas.

Shot Reunit2 M2 P2 T2 ρ2 u2 Ms us

(-) (m−1) (-) (kPa) (K) (kgm−3) (ms−1) (-) (ms−1)

163 2.00e5 1.76 3.46 1450 0.009 1250 4.68 1550

162 3.90e5 1.73 6.37 1360 0.018 1190 4.49 1480

159 7.79e5 1.73 12.7 1360 0.036 1190 4.48 1480

157 1.17e6 1.73 19.1 1360 0.053 1190 4.49 1480

Table 3: Experimental Conditions for 99% N2/1% Kr driven gas mixture and helium as driver gas.

Shot Reunit2 M2 P2 T2 ρ2 u2 Ms us

(-) (m−1) (-) (kPa) (K) (kgm−3) (ms−1) (-) (ms−1)

165 3.86e5 1.71 5.98 1300 0.016 1210 4.36 1510

166 7.85e5 1.73 12.5 1340 0.032 1240 4.45 1550

168 1.17e6 1.72 18.5 1330 0.048 1230 4.43 1540

169 1.67e6 1.73 25.0 1340 0.064 1240 4.46 1540

The boundary layer measurements were made on a hollow cylinder instead of a flat plate. The write laser
excited Kr atoms on a line approximately tangent to the cylinder, and the camera captured the projected
image of the line and its displacement. The locations of tagged Kr atoms on this cylinder were mapped
to corresponding wall-normal points over a flat plate to transform the curved surface problem into a flat
plate problem. This method effectively increased the resolution near the wall by stretching the boundary
layer. This minimized and sometimes avoided the effect of laser ablation on the test article surface that
created large plumes in the fluorescence images which obscured the desired fluorescence lines. Fig. 6 depicts
a sketch of a laser beam striking the cylinder (a pipe). The diagram is useful in the calculation of the mapped
wall-normal location, y, as a function of the measurement distance ym (the quantity measured from camera
images) from the wall location to an observed point of fluorescence, the radius R of the pipe, the angular
offset θ from the true apogee A and the wall location yw from the observed apogee A∗. The derivation of
the mapping expression for y from ym uses this geometry, beginning with the green and red triangles drawn
in the sketch. From the green triangle, a relationship between θ and φ is obtained as

sin(θ + φ) =
R sin(θ) + yw

R
. (3)

Solving (3) for φ,

φ = arcsin

(
R sin(θ) + yw

R

)
− θ. (4)
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In order to find the height of the red triangle, the distance yd is found via,

yd = tan(θ)ym. (5)

Applying the Pythagorean Theorem to the red triangle yields the final expression for the wall-normal distance,

y =
√

(R cos(θ + φ)− yd)2 + (R sin(θ) + ym + yw)2 −R. (6)

Figure. 6 shows the effects of cylinder radius (R ranging from pipe size 1 to 6) on the mapping and fig 7
shows the effects of yw and θ on the mapping from ym to y. The field of view of the current camera setup
allows for a maximum ym of approximately 15 mm. It is observed that the effect of θ is miniscule until
about 20◦, but the effects of R and yw are significant. In these experiments R = 0.084 m (size 6 pipe),
yw ≈ 0− 2 mm and θ ≈ 0◦.

L
a
se

r

Camera

0 10 20 30 40 50
0

5

10

15

20

25

30

35

40
Pipe size 1

Pipe size 2

Pipe size 3

Pipe size 4

Pipe size 6

Figure 6: Left: Geometry of the cylindrical surface (flow direction is out of the paper). Right: Effect of
surface radius on mapping.
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0 5 10 15 20
0

0.5

1

1.5
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2.5

3

Figure 7: Left Effect of yw on mapping. Right: Effect of θ on mapping.
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IV. Compressible Laminar Boundary Layer

In this section the compressible boundary-layer theory is presented, the results of which will be compared
to the KTV results. The compressible laminar boundary-layer equations over a flat plate are63

(Cf ′′)′ + ff ′′ = 0 (7)

and

(Cg′)′ + Prfg′ = −PrC(γ − 1)M2
2 f

′′2. (8)

Here, f ′ = u/u2, g = ρ2/ρ = T/T2, C = ρµ/ρ2µ2 and the derivatives are with respect to the similarity
variable η =

(√
u2

∫ y

0
ρdy

)
/
√
2ρ2µ2x. Following Kuehl,64 C is evaluated using Sutherland’s Law as,

C =
Cµ

√
T2

µ2

√
g

g + (S/T2)
= C0

√
g

g + C1

, (9)

where Cµ and S are given in table 4.

Table 4: Constants for Sutherland’s viscosity law.

Gas Cµ S

Air 1.458e-6 110.4

N2 1.407e-6 111

With this formulation equations 7 and 8 become,

f ′′′ =
g′f ′′

g + C1

−
g′f ′′

2g
−

ff ′′(g + C1)

C0

√
g

(10)

and

g′′ =
g′2

g + C1

−
g′2

2g
− Pr(γ − 1)M2

2 f
′′2 −

Prfg′(g + C1)

C0

√
g

. (11)

The boundary conditions are f = f ′ = 0 and g = Tw/T2 at η = 0 and f ′ = 1 and g = 1 at η = ∞. The KTV
measurements are made at ≈ 0.043 m from the leading edge.

V. Results

In this section the results for the experiments in air and N2 are shown. Corresponding flow conditions are
listed in tables 2 and 3. To process the KTV exposures, the line centers were found in the following way:
1) Crop the image to an appropriate field of view.
2) Apply a two-dimensional Wiener adaptive-noise removal filter.
3) Convert the images to double precision numbers and normalize the intensity to fall in the range of 0-1.
4) Apply the Gaussian peak finding algorithm from O’Haver65 to find the line centers for the top row using
the read lines in the top row of each image as a first guess.
5) Proceeding from the top-down, apply the Gaussian peak finding algorithm from O’Haver65 to find the
line centers for each row using the line center location immediately above as the guess.
Error bars for the KTV measurements are calculated in the same fashion as Zahradka et al.54 as

ŨKTV =

[(
∆̃x

∂U

∂∆x

)2

+

(
∆̃t

∂U

∂∆t

)2

+

(
v′RMS

∂U

∂y
∆t

)2
] 1

2

, (12)

where uncertainty estimates of a variable are indicated with a tilde. The results for air are shown in figs. 8,9,10
and 11; and the results for N2 are shown in figs. 12, 13, 14, and 15. The agreement between the KTV derived
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velocity profiles and the solutions from boundary-layer theory is excellent. Furthermore, since the profiles
should be similar, a collapse of all the KTV velocity profiles is presented in fig. 16 when plotted against the
similarity variable η.

Figure 8: Shot 163 results. Left: Superposition of raw write and read KTV images (inverted Scale). Center:
Superposition of write and read images mapped from ym to y (black). Right: KTV derived velocity profile
in black, results from laminar boundary-layer theory in blue and error bars in red.

Figure 9: Shot 162 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.

9 of 16

D
ow

nl
oa

de
d 

by
 N

ic
k 

Pa
rz

ia
le

 o
n 

Ja
nu

ar
y 

31
, 2

01
9 

| h
ttp

://
ar

c.
ai

aa
.o

rg
 | 

D
O

I:
 1

0.
25

14
/6

.2
01

9-
18

20
 



Figure 10: Shot 159 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.

Figure 11: Shot 157 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.
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Figure 12: Shot 165 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.

Figure 13: Shot 166 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.
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Figure 14: Shot 168 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.

Figure 15: Shot 169 results. Left: Superposition of raw write and read KTV images. Center: Superposition
of write and read images mapped from ym to y. Right: KTV derived velocity profile in black, results from
laminar boundary-layer theory in blue and error bars in red.
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Figure 16: Collapse of KTV derived velocity profiles. Similarity variable η calculated from boundary-layer
theory.

VI. Utility of Off-Surface Measurements

In this section, we present an example where off-surface measurements capture flow features that would
otherwise be difficult to glean by surface measurements of pressure, temperature and heat transfer. Fig. 17
shows the results of an experiment in the Stevens Shock Tube where P2 = 4.7 kPa, T2 = 635 K, u2 = 613 ms−1

and M2 = 1.2. The KTV derived velocity profile clearly shows that the flow is not established over the hollow
cylinder. A possible reason is that the Mach number is not high enough to have an attached shock wave on
the sharp-angled cut at the leading edge of the inner surface of the hollow cylinder. Surface measurements
may have had more difficulty identifying this behavior. Consequently, to determine whether the desired flow
has been established in an experiment, off-surface measurements are invaluable.

Figure 17: Example of unestablished flow. Left: Superposition of raw write and read KTV images. Center:
Superposition of write and read images mapped from ym to y. Right: KTV derived velocity profile in black,
results from laminar boundary-layer theory in blue and error bars in red.
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VII. Conclusions

A single-laser KTV setup was used to study the flow behind a normal shock over a hollow cylinder in the
Stevens Shock Tube. This single-laser scheme has the advantage of being simpler and cheaper than other
two-laser schemes and maintains an SNR of ≈ 2. The scheme utilizes (2+1) photoionization of Kr to create
the tracer atoms whose fluorescence is imaged at successive times.

The experiments were performed in the Stevens Shock Tube using helium as the driver gas and air/Kr and
N2/Kr mixtures as the driven gases. The driver and driven pressure ratio was fixed, which allowed for
individually varying the Reynolds number from 1e5-1e6 by increasing the pressures proportionately. The
experiments in air were performed in pressures of up to 19 kPa and in N2 up to 25 kPa, both of which are
a first for KTV.

A hollow cylinder with a sharp edge was placed in the tube to avoid laser ablation at the surface which
created unwanted fluorescence plumes in the field of view. Consequently, the data points over the cylinder
were mapped to corresponding wall-normal locations above a flat plate.

The KTV derived velocity profiles were compared to the compressible laminar boundary-layer theory and
agreement between the two was excellent. Furthermore, the KTV results collapse to single curve when
plotted against the similarity variable. These experiments show the utility of this KTV scheme in making
measurements in impulse facilities.
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