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Abstract To determine the extent and magnitude of
reflected-shock bifurcation in shock-tube chemistry stud-
ies at elevated pressures, experiments were performed
using a simple laser schlieren technique and a fast-
response pressure transducer. The laser schlieren
diagnostic provided a quantitative measurement of the
normal-shock passage, an event normally obscured in
pressure signals by the bifurcated region. A range of
gas mixtures covering molecular weights from 14.7 to
44.0 and specific heat ratios from 1.29 to 1.51 was ex-
plored. The results were combined with a standard gas
dynamic model to determine the time of arrival of the
normal shock wave, the size and strength of the bifur-
cated region, and the characteristic passage times of
dominant features. All results could be expressed in
empirical correlations as functions of the gas proper-
ties and shock speed. The measured size of the bifurca-
tion zone increased with increasing shock velocity and
decreasing specific heat ratio, but displayed no pres-
sure dependence for the conditions of this study (P5 =
11 − 265 atm., T5 = 780 − 1740 K).

Keywords Bifurcation · Shock tube · Reflected
shock · Boundary layer

Communicated by F. Lu.

E. L. Petersen (B)
Mechanical, Materials & Aerospace Engineering,
University of Central Florida,
P.O. Box 162450, Orlando, FL 32816-2450, USA
e-mail: petersen@mail.ucf.edu

R. K. Hanson
Department of Mechanical Engineering,
Stanford University, Stanford, CA, USA

PACS 01.50.Kw · 47.15.Pn

1 Introduction

Depending on the Mach number of the incident shock
wave and the gas composition, the interaction between
the reflected shock and the boundary layer in a shock
tube may lead to boundary-layer separation and bifur-
cation of the reflected wave (Fig. 1). Bifurcation was
first observed in the schlieren images of Mark [1] and
Strehlow and Cohen [2] and has since been the subject
of much research [3–6]. The contamination of shock-
tunnel hot-gas reservoirs via the cold driver gas bleed-
ing through the bifurcation has been a topic of particular
interest in reflected-shock studies [7–9]. While modern
numerical analyses by Kleine et al. [10], Wilson et al.
[11], Nishida and Lee [12], and Daru et al. [13] add
much to the understanding and prediction of bifurca-
tion in a shock tube, the original analysis proposed by
Mark [1] still provides a simple and reliable description
of the flow field [14]. A result common to all studies
is that the likelihood of bifurcation increases with the
level of diatomic and polyatomic molecules in the test
gas mixture.

Although most shock-tube chemistry and spectros-
copy experiments avoid bifurcation using a monoatomic
bath gas, there is often the need to conduct measure-
ments in mixtures containing realistic collision partners
and, therefore, larger fractions of diatomic and poly-
atomic gases [15]. To better match the conditions of
typical combustion devices, such measurements must
also be performed at elevated test pressures (> 10 atm.),
where the reflected shock wave is interacting with an
assuredly turbulent boundary layer [16,17]. The time
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Fig. 1 Model of reflected-shock bifurcation and corresponding
sidewall pressure trace. For this ideal depiction, the pressure trans-
ducer has zero width and responds instantaneously

scales of the interaction, the size of the bifurcation, and
the ensuing effect on the test gas downstream of the re-
flected shock wave must be known to perform accurate
kinetics measurements. However, few quantitative data
on the size and duration of typical bifurcation features
exist in the literature, and no data at pressures much
greater than 1 atm. were found.

In the present study, a simple laser setup and pressure
transducer were used to characterize the time and length
scales of reflected-shock bifurcation in a high-pressure
shock tube. These measurements were combined with
a basic gas dynamic model to estimate the extent of
the bifurcation. The size (i.e., duration) and correspond-
ing wall static pressures of dominant bifurcation fea-
tures were correlated as a function of shock strength
and gas mixture properties. Provided below is a sum-
mary of the theoretical model, followed by a description
of the experiments. The results are then summarized and
discussed.

2 Theory

When a reflected shock wave interacts with the bound-
ary layer formed behind the incident shock, bifurca-
tion occurs if the boundary layer does not have enough
momentum to pass through the normal shock. Figure 1
details the resulting boundary-layer/oblique-shock pat-
tern. The idealized model presented in Fig. 1, origi-
nally suggested by Mark [1] and extended by Byron and
Rott [18], assumes the energy-deficient boundary-layer
gas collects behind the first oblique shock; this occurs

when the stagnation pressure in the boundary layer is
less than the pressure behind the shock (i.e., P0,BL/P2 <

P5/P2). The second oblique shock wave AC returns the
flow parallel to the wall. A vortex sheet separates the
moving fluid from the stagnant fluid at the endwall [8].
The gas behind the normal portion of the shock wave
above point A is assumed to be at reflected-shock con-
ditions per the conventional shock-tube relations. Mod-
ern flow visualization techniques such as color schlieren
photography [10] produce pictures of the bifurcated flow
field that look remarkably similar to the Fig. 1 model.

From the original gas-dynamic model of Mark [1],
the Mach number of the boundary layer, MBL, in shock-
fixed coordinates is related to the incident-shock Mach
number, Ms, via

MBL = 2(γ − 1)Ms
2 + 3 − γ

(γ + 1)Ms
, (1)

where γ is the specific heat ratio of the test gas. Herein,
a subscript 1 refers to fill conditions of the test gas, and
a subscript 2 refers to conditions behind the incident
shock wave. The boundary-layer stagnation pressure is
obtained from MBL per the following relations, depend-
ing on whether MBL is subsonic or supersonic:

MBL < 1 :
P0,BL

P2
=

[
1 + (γ − 1)

2
MBL

2
]γ /(γ−1)

; (2)

MBL > 1 :
P0,BL

P2
=

[
(γ − 1)

2
MBL

2
]γ /(γ−1)

×
[

2γ

(γ + 1)
MBL

2 − γ − 1
γ + 1

]1/(1−γ )

.

(3)

The reflected-shock pressure ratio, P5/P2, can be found
from the usual 1D normal-shock relations for shock
tubes for a given Ms and γ . As P0,BL/P2 and P5/P2
depend only on γ and Ms, Mark’s theory predicts bifur-
cation will happen over a limited (γ , Ms) region [1].

When bifurcation occurs, the sidewall static pressure
distribution through the disturbance is as shown in Fig. 1
[19]. The initial pressure step corresponds to compres-
sion downstream of the first oblique shock wave (OA).
After the second oblique shock (AC), the pressure again
increases and reaches an overshoot condition when the
stagnation streamline passes over the measurement
station. The final pressure is the endwall pressure,
P5. As seen in Fig. 1, the arrival of the main reflected
shock wave is not evident from the sidewall pressure
profile alone as the bifurcation disturbance masks the
expected pressure increase. This fact led to an addi-
tional experimental technique to monitor the arrival of
the main reflected shock wave as described below in the
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experimental section. The end of the separated region
is denoted by the inflection in the sidewall pressure at
time tD.

At the high-pressure conditions of interest, the in-
cident-flow Reynolds number (Re) is greater than typ-
ically encountered in lower pressure shock tubes (i.e.,
Re/x > 107 m−1). The boundary layer becomes turbu-
lent very quickly at these high Re [17,20], further com-
plicating the bifurcation process which heretofore has
been studied mainly at lower densities where the bound-
ary layer is laminar for some time [17].

When studying chemistry and spectroscopy behind
the reflected shock wave, the arrival time of the normal
portion of the shock wave (i.e., tA), the severity of the
bifurcation, and the duration of the flow disruption are
important. The height of the collected fluid between the
oblique shocks (�) denotes the severity of the disrup-
tion. From geometry, the main parameters x1, x2, and �

can be estimated from

x1 = �tAOVR ; (4)

� = x1 tan θ1 ; (5)
x2

x1
= tan θ1 tan α + 1

tan δ tan α + 1
, (6)

where VR is the lab-frame reflected-shock velocity as
calculated from the shock-tube relations (assumed con-
stant), and x1, x2, δ, and θ1 are defined in Fig. 1. Also,
from geometry, α = δ − θ2 + π/2. Given �tAO from
measurement (i.e., tA − tO, Fig. 1), Eqs. (4)–(6) can be
solved for the lengths x1, x2, and �. The angles δ, θ1, and
θ2 are determined from the oblique and normal-shock
relations for given values of MBL and MR (which are
both known for a given Ms, and MR is the Mach number
of the reflected shock wave in shock-fixed coordinates)
[8]. The most important of these relations for the calcula-
tions herein is the one for the oblique shock angle θ1, or

MR
2sin2θ1 = (γ + 1)

P0,BL
P2

+ γ − 1

2γ
. (7)

It should be noted that Eq. (6) is not explicitly needed
to determine � from the measurements discussed in the
next section but is included herein to indicate how the
shock angles and geometry of the bifurcation feature
can be obtained if needed.

3 Experiment

Measurements were performed in a 5-cm-diameter,
helium-driven shock tube designed for reflected-shock
pressures of 1,000 atm. [16]. A bifurcated reflected shock
wave was produced using mixtures containing one or

more of the following gases: nitrogen, argon, carbon
dioxide, methane, helium, and oxygen. Table 1 lists the
10 mixtures utilized and their corresponding volumetric
percentages of each constituent, γ1, γ2, and molecular
weights (M̄). The γ2 values listed in Table 1 are aver-
age values for the T2 range of this study, although they
typically varied from the values shown by only ±0.01.
The specific heat ratios defined at T1 and T2 were ob-
tained using the Sandia thermodynamic database for
the specific heats of the gaseous species as a function of
temperature. The usual ideal gas mixture specific heat
rules were applied when determining the mixture γ1
and γ2 values in Table 1. Also provided in Table 1 are
the pressure and temperature ranges studied for each
mixture in terms of the reflected-shock conditions. The
temperature uncertainties for conditions behind both
the incident and reflected shock waves were less than
10 and 20 K, respectively. Errors in the quoted pressure
for any experiment were less than 1%. The velocity of
the reflected shock wave was calculated from measure-
ments of the incident-shock velocity extrapolated to the
endwall using the usual 1D normal-shock relations and
the Sandia thermodynamic database.

The characteristics of the bifurcation were determined
at a location 20 mm from the endwall using a simple laser
diagnostic technique and a fast-response piezoelectric
transducer. The laser diagnostic consisted of a cw beam
(1-mm dia, < 1 mW) that passed through fused silica
optical access ports in the shock tube, perpendicular to
the flow direction. A UV-sensitive silicon photodiode
monitored the transmitted laser beam intensity. Upon
passage of the reflected shock wave, the steep density
gradient produces a large change in the refractive index.
The net result is deflection and partial extinction (or
clipping) of the laser beam, creating a schlieren spike
as shown in Fig. 2 from the inverse of the transmitted
intensity. This technique is useful as it detects primar-
ily the normal portion of the reflected shock wave. In
determining tA and tO from the laser extinction trace, tO
is defined as the first step feature due to the deflection of
the laser beam (coinciding at the center of the pressure
transducer, axially) when the initial oblique wave passes
(Fig. 1); tA is defined by the peak of the main spike, coin-
ciding with the passage of the main normal shock. In the
present study, all measurements were conducted using
either the output from a frequency-doubled ring-dye
laser operating in single mode near 306 nm or a HeNe
laser at 632.8 nm.

A fast-response (< 1 μs) PCB 113A pressure trans-
ducer (D = 5 mm dia) monitored the sidewall pressure.
Figure 2 also shows a typical pressure profile in compar-
ison with the transmitted laser intensity (inverse) for a
N2 mixture at P5 = 55 atm. and T5 = 1, 630 K. Because
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Table 1 Test gas mixtures and range of test conditions employed in the reflected-shock bifurcation measurements

Mixture Composition γ1 M̄ γ2 P5 (atm.) T5 (K)
number

1 50CH4 + 17O2 + 33He 1.40 14.7 1.21 14–20 1,450–1,550
2 18CH4 + 12O2 + 23N2 + 47He 1.46 15.1 1.34 47–107 1,270–1,470
3 75N2 + 25Ar 1.44 30.8 1.41 49–87 1,000–1,420
4 N2 1.40 28.0 1.34 54–61 1,560–1,740
5 CO2 1.29 44.0 1.20 10–91 780–1,540
6 60CO2 + 40He 1.37 28.0 1.26 12–118 990–1,800
7 20CH4 + 13O2 + 67N2 1.38 26.1 1.28 37–148 1,150–1,510
8 20CH4 + 13O2 + 67Ar 1.51 34.1 1.38 34–265 1,160–1,540
9 27CH4 + 18O2 + 55N2 1.37 25.0 1.27 54–194 1,040–1,330
10 27CH4 + 18O2 + 55Ar 1.46 32.0 1.33 45–128 1,190–1,360

Only mixtures 1 and 3–6 used the laser schlieren technique. Mixture ratios are given in volumetric percentages

-20 -10 0 10 20 30 40 50 60 70

0.0

0.1

0.2

0.3

Pressure

Laser Extinction

ti

tA-tO

tD

tPeak tE

S
ig

na
l (

a.
 u

.)

Time (μs)

Fig. 2 Transmitted laser intensity (inverse) showing schlieren
spike due to the passage of the normal portion of the reflected
shock. A comparison with the sidewall pressure is also provided
for reference (see Fig. 1). Mixture 4; T5 = 1, 630 K; P5 = 55 atm

the reflected shock takes a finite amount of time to pass
over the pressure sensor, the measured pressure differs
somewhat from the ideal depiction in Fig. 1 and the laser
schlieren measurement by the amount of time it takes
the leading edge of the bifurcated shock to reach the
center of the sensor, or

t0 − ti = D
2VR

. (8)

Hence, the time of arrival of the normal portion of
the shock wave, tA, is related to the time of the initial
rise in pressure, ti, via

tA − ti = �tAO + D
2VR

. (9)

Equation (9) can be used to determine the time of
normal-shock arrival (i.e., time zero) in an experiment

containing only pressure data, as in Petersen et al. [15], if
an empirical correlation for �tAO were available. This is
the very nature of the current study—to obtain an empir-
ical relation for �tAO. Note that the rise time of the
pressure transducer creates an additional uncertainty
but is less than 1 μs in the present study.

4 Results

Measurements of the bifurcation step height � were
obtained for mixtures 1 and 3–6 (Table 1) by combining
the laser schlieren measurement of �tAO with Eqs. (4),
(5), and (7). The procedure is as follows: (1) obtain �tAO
from the available laser schlieren measurements; (2) cal-
culate x1 from Eq. (4) and the reflected-shock velocity
determined from the 1D shock relations; (3) determine
the boundary-layer pressure ratio from Eqs. (1), (2),
and/or (3); (4) calculate θ1 from Eq. (7) using γ for that
mixture; and finally, (5) calculate � from Eq. (5). Table 2
provides the available data for the bifurcation height.
The results for � can be expressed as a function of the
shock speed, the mixture specific heat ratio, and the mix-
ture molecular weight as follows:

�(mm) = 7.5Ms
1.07γ −2.66

2 M̄−0.37 . (10)

The curve fit for Eq. (10) has a statistical goodness of
fit (r2) of 0.98. This result indicates that the size of
the bifurcation zone relative to the tube diameter is
a strong function of γ2, where a smaller γ2 leads to a
larger foot height. Hence, as expected, a larger fraction
of di- and polyatomic molecules in the mixture leads
to a larger disturbance. Equation (10) shows that � is a
weaker function of Ms and M̄, but nonetheless increases
with increasing shock strength and decreasing molecu-
lar weight. Figure 3 presents the measured � data as a
function of the empirical correlation. The uncertainty in
the estimate of � from the schlieren measurements and
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Table 2 Measured results for
� and �tAO from the
simultaneous laser schlieren
and pressure diagnostics

Mixtures are per Table 1

Mixture T5 P5 Ms � �tAO
number (K) (atm.) (mm) (μs)

1 1,453 20.3 3.83 6.8 13.0
1,520 13.8 3.96 7.1 13.3
1,523 18.6 3.96 7.3 13.7
1,529 13.8 3.98 7.9 14.5
1,548 15.2 4.01 7.4 13.5

3 999 86.7 2.37 2.0 4.9
1,071 62.7 2.48 2.1 5.0
1,232 55.0 2.72 2.3 5.0
1,289 54.5 2.80 2.6 5.5
1,298 55.6 2.81 2.4 5.4
1,304 48.8 2.82 2.5 5.6
1,323 50.8 2.84 2.6 5.8
1,347 55.7 2.88 2.8 6.2
1,375 52.7 2.92 2.8 6.0
1,406 54.9 2.96 2.7 5.9
1,423 52.3 2.98 2.7 5.8

4 1,562 55.4 3.36 3.5 8.1
1,570 61.1 3.37 3.6 8.1
1,630 55.4 3.45 3.9 8.1
1,662 55.8 3.50 3.9 8.7
1,718 54.9 3.57 3.7 8.8
1,740 53.9 3.60 4.2 9.0

5 777 11.3 2.62 3.4 20.0
862 89.0 2.86 3.6 22.1
959 9.6 3.11 3.9 24.0
985 77.0 3.18 4.1 25.2

1,232 7.8 3.77 4.8 28.1
1,243 71.3 3.79 4.5 26.0
1,280 91.0 3.87 4.4 25.4
1,326 38.2 3.97 5.1 29.0
1,413 59.5 4.15 5.1 28.2
1,433 31.9 4.20 5.0 27.4
1,543 51.5 4.42 5.2 27.0

6 994 11.9 2.74 3.1 10.0
1,182 66.3 3.11 3.7 11.9
1,296 26.4 3.31 3.8 11.7
1,377 58.4 3.45 4.1 12.0
1,378 118.3 3.45 4.1 12.0
1,519 44.2 3.69 4.5 12.8
1,551 18.4 3.74 4.7 13.1
1,798 39.8 4.12 5.3 13.3

the calculations in Eqs. (4) and (5) was approximately
±0.2 mm. The thickness of the boundary layer at the
measurement location was neglected (see below), but
this extra height should just be added to the � obtained
from Eq. (11).

Similarly, an empirical correlation for the time of nor-
mal-shock passage, �tAO, can be obtained as a function
of Ms, γ2, and M̄. Each measurement for �tAO is listed
in Table 2. The resulting empirical expression is

�tAO(μs) = 4.6Ms
0.66γ −7.1

2 M̄0.57 . (11)

Equation (11) has an r2 of 0.985 and is presented in
Fig. 4. The time of arrival of the normal portion of the re-
flected shock wave also increases with increasing shock

strength, decreasing specific heat ratio, and increasing
molecular weight. The measured value of �tAO has an
estimated uncertainty of ±1 μs. For the range of condi-
tions of this study (Table 1), the primary angles defining
the shape of the bifurcation region, θ1 and δ, ranged
from 36◦ to 50◦ and from 11◦ to 22◦, respectively. The
location (x2) and timing (tCO) of the end of the second
foot at C can be obtained from �tAO, θ1, and the oblique
shock relations.

In addition to the size and arrival time of the main
bifurcation waves, the duration of the entire event is also
important, particularly when the sidewall pressure is a
primary diagnostic [15]. The important features of the
bifurcation region detectable from the pressure trace
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(Figs. 1, 2) include the end of the separated region (D),
the peak pressure, and the complete passage of the dis-
turbance (E). Each feature is defined herein relative to
the arrival time of the first foot at the measurement
location (i.e., the center of the pressure transducer) as
in Eqs. (8) and (9), resulting in �tDO, �tPO, and �tEO.

These characteristic times were found to be indepen-
dent of the shock strength within the accuracy of identi-
fying the primary features in the pressure traces. Hence,
an average value of the arrival times was obtained for
each mixture over the ranges of temperature and pres-
sure investigated. Table 3 lists the resulting times for
all 10 mixtures; in some cases (i.e., for mixtures 2, 3,
5, and 8), the pressure feature at location E was not

Table 3 Average pressure-feature times for each mixture

Mixture �tDO �tPO �tEO
number

1 33 55 73
2 17 27 –
3 11 22 –
4 21 34 53
5 54 113 –
6 30 60 85
7 27 49 71
8 21 28 –
9 26 56 72
10 24 45 70

All times are in microseconds Mixtures are defined in Table 1

clearly discernable from the pressure traces. The typi-
cal uncertainty for each time was ±3 μs for �tDO and
�tPO and ±5 μs for �tEO. Each characteristic time was
correlated as a linear function of the specific heat ratio
upstream of the bifurcation (γ2) and the mixture molec-
ular weight. The correlations for each are represented by
Eqs. (12) –(14):

�tDO(μs) = 190 − 140γ2 + 0.66M̄; (12)

�tPO(μs) = 425 − 322γ2 + 1.53M̄ ; (13)

�tEO(μs) = 508 − 390γ2 + 2.45M̄ . (14)

The r2 for each of the above correlations is 0.96 or
greater. Figure 5 summarizes the results for each �t in
comparison with their corresponding empirical correla-
tions.

It should be emphasized that the specific heat ratio in
Eqs. (10)–(14) is the value behind the incident shock
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wave, i.e., the value upstream of the reflected shock
wave, γ2. This differs from the usual criterion in 1D
gas dynamics that γ can be assumed constant. Use of
the initial value of γ1 in the �t relations did not produce
satisfactory correlations (r2 < 0.80) as opposed to the
results when γ2 was used (r2 > 0.96). However, the orig-
inal 1D theory of Mark [1] still appears valid within the
assumptions employed, which assumes γ = γ1.

5 Discussion

An important application of the above results is the
estimation of the extent and magnitude of the bifurcated
region for experiments having mixture properties within
the range studied (Table 1). From Fig. 3, the height of
the disturbance varied from 2 mm up to 8 mm at the
test-port location. For a 5-cm shock-tube diameter, the
measured � corresponds to 8–32% of the diameter (note
that � is doubled to account for the entire perimeter)
and therefore 15–54% of the flow area.

The corresponding �tAO (Fig. 4) ranged from approx-
imately 5 to 30 μs. The arrival time of the normal portion
of the reflected shock is important as it signifies the “time
zero” for most reflected-shock chemistry and spectros-
copy experiments. Using the measured �tAO, higher
precision on the start of the reflected-shock experiment
can be obtained. Similarly, the total extent of the distur-
bance can be estimated from Eqs. (12)–(14) and Fig. 5,
where the pressure perturbation caused by the bifur-
cated region can last up to 100 μs or more for highly
polyatomic mixtures.

One important conclusion drawn from the data is that
the size and duration of the bifurcated region do not
depend on the test pressure for the range of pressures
and mixtures of this study. Hence, the results should
be generally applicable to both low- and high-pressure
shock tubes. Although the basic trends defined by the
data are expected to be universal, it should be noted
that the magnitude of the results depends on the loca-
tion of the bifurcated shock relative to the endwall. In
the present study, this location was 2 cm. However, the
size and extent should vary linearly with distance from
the endwall for distances relatively close to the endwall,
as in Davies and Wilson [8]. For larger distances from
the endwall, others have shown that the variation in foot
height grows at a rate much less than the linear distance
from the endwall, so care must be taken when extending
the present results to other test locations. The results
herein should be used as a guide for trends in driven
tubes with diameters other than 5 cm and test locations
greater than 2 cm from the endwall. Also, the boundary-
layer thickness was not considered in the calculation of

� from the data. Estimates using an improved bound-
ary-layer theory indicate the boundary-layer thickness
at the time of reflected-shock arrival is <1 mm in the
shock tube utilized in this study [17].

Several observations can be made regarding chemi-
cal kinetics measurements when bifurcation is present.
First, as mentioned above, the magnitude and duration
of the bifurcation event do not depend on the pres-
sure. Because the bifurcated shock creates a spatially
nonuniform flow field, the times for complete passage
of the event as correlated herein can be used to gauge
the timing of an ideal experiment (suitably corrected
for a distance from the endwall other than that em-
ployed herein; see above). In the present context, an
ideal experiment would be one wherein the pressure
perturbation (Fig. 1) has completely passed over the
sidewall test location (i.e., after time tE). In the down-
stream region, the shocked gas is assumed to be at the
conditions determined by the normal-shock relations.

Care should be taken when interpreting kinetics mea-
surements within the flow disruption since the flow field
will not be uniform in the transverse direction during this
time. Such measurements correspond to fast kinetics at
early times after reflected-shock passage. For example,
species concentration time histories involving line-of-
sight laser absorption should be avoided when the for-
mation/depletion of the species is occurring within the
bifurcation event. Measurements at times after passage
of the complete flow disruption should be more reliable
than those performed while the bifurcation feature is
passing.

If interpreting ignition delay times when severe bifur-
cation exists, one has to consider the true “time zero”
as mentioned above. However, the bifurcation should
not affect the core portion of the post-shock region,
where the gases are at the T5, P5 conditions immedi-
ately after passage of the normal shock wave. This core
region still comprises most of the flow area. Ignition
delay times, such as those determined by the authors
in previous studies [15], should be unaffected by the
presence of a bifurcation feature as long as the results
from the temporal diagnostic used to determine ignition
(such as pressure and/or species concentration) occur
after time tE.

6 Summary

A series of experiments was conducted in a high-pressure
shock tube to characterize the size of the disturbed re-
gion when bifurcation of the reflected shock wave oc-
curs. Measurements were performed with a fast-response
pressure transducer and a simple laser schlieren
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technique over a range of mixture specific heat ratios
from 1.29 to 1.51, molecular weights from 14.7 to 44.0,
reflected-shock pressures from 11 to 265 atm., and
reflected-shock temperatures from 780 to 1,740 K. The
data were found to depend strongly on γ and to a lesser
extent on M̄ and Ms. Empirical correlations were ob-
tained for specific features of the disturbance, including
step height and time of arrival of the normal shock,
among others.
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