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Shock-Tube Analysis of Argon Influence
in Titan Radiative Environment
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The effects of argon addition, in the range of 0-20% in a N2-CH4 mixture on the nonequilibrium radiation
emitted behind a normal shock wave, have been investigated in a free-piston-driven shock tube. The intensity
of spontaneous emission, for the B2S+ —» X2S+ electronic transition of CN molecules, is measured at a shock
velocity of 5700 m/s propagating in a 200-Pa test gas mixture. Rotational and vibrational temperature profiles
in the shock layer are obtained by matching three spectral lines simultaneously recorded in the A*> = 0 band
with theoretical spectra calculations. The results show that the nonequilibrium radiation overshoot weakly
increases with argon addition, whereas the equilibrium intensity value is not affected. The characteristic relax-
ation time of radiation is also affected so as to be reduced by argon addition. The vibrational relaxation time
for CN molecules is also determined from the temperature profiles, but the accuracy is difficult to assess since
the temperatures are weakly dependent functions of ratios of intensities.

Nomenclature
c ~ speed of light
F = rotational term, I/cm
G = vibrational term, I/cm
h ~ Planck's constant, J s
/ = intensity of spontaneous emission, W/(cm3 sr)
/ = rotational quantum number
k = Boltzmann's constant, J/K
N = number density, I/cm3

n — electronic quantum number
Gtot ~ total partition function
qv.^r = Franck-Condon factor
Re = electronic transition moment
Sj = Honl- London factor
T = temperature, K
v = vibrational quantum number
v = wave number, I/cm

Subscripts
e = electronic
r = rotational
v = vibrational

Superscripts
' = upper state of transition
" = lower state of transition

Introduction

T HE next saturnine system exploration program, the so-
called CASSINI mission, will integrate the launching and

the landing of the Huygens probe through the Titan atmo-
sphere.1-2 Titan is Saturn's largest moon and is the only moon
in the solar system with a substantial atmosphere. The pre-
vious saturnine missions, Voyager 1 and 2, gave most of the
information about the composition of its atmosphere,3-4 but

Received May 9, 1995; revision received Sept. 20, 1995; accepted
for publication Sept. 20, 1995. Copyright © 1995 by the American
Institute of Aeronautics and Astronautics, Inc. All rights reserved.

*Research Assistant, UMR CNRS 139, Department of Two-Phase
and Reactive Flows.

tProfessor of Mechanics, UMR CNRS 139, Department of Two-
Phase and Reactive Flows.

^Research Scientist, UMR CNRS 139, Department of Two-Phase
and Reactive Flows. Member AIAA.

the molar fractions of the three major species, N2, CH4, and
probably Ar, are still not well defined.5

In the hypervelocity regime considered for the Huygens
entry (about 6000 m/s), many complex processes take place
behind the shock wave such as dissociation, vibrational, and
electronic excitation of molecules, as well as weak ionization.
Furthermore, these physical and chemical processes have the
same time scale as the flow itself, so that the forebody shock
layer is in thermochemical nonequilibrium. Because of the
rapid dissociation of methane in the shock layer, CN mole-
cules are formed in such proportions that a large part of the
radiation is due to spontaneous emission for the B22+ —»
X22 + , CN electronic transition. It is now well known that the
radiation is much stronger in the nonequilibrium region, which
occurs soon after the shock, than it is in the equilibrium region
of the downstream flow.6-7 In previous experimental studies
on nonequilibrium radiation phenomena in nitrogen flows,8

the overshoot in radiation intensity was found to occur a finite
distance away from the shock, unlike the theoretical predic-
tion by the conventional one-temperature reaction scheme.
The delay of the peak radiation is explained when the rate
coefficients for dissociation reactions are assumed to be a
function of both translational-rotational and vibrational tem-
peratures.9-10 Nowadays, the use of multitemperature models
has been generalized for the numerical calculation of re-entry
problems in Earth as well as in Mars atmospheres and has
been also used for the Titan entry problem.11"13

A preliminary analysis has shown that the sensitivity of CN
radiation to atmospheric composition is such that the accuracy
of the N2, CH4, and especially Ar mole fractions in Titan
atmosphere is too low to allow a safe design of the thermal
protection system.14 The previous studies were dedicated to
test the sensitivity of the upstream compositions on the CN,,
radiative heating by means of numerical simulations. Baillion
and Taquin15 have shown that the upstream chemical com-
position that leads to the maximum total radiative heat flux
level is a 3% CH4, 20% Ar, and 77% N2 (in molar fraction)
mixture. Experimental evidence of the choice of both the
worst chemical upstream composition and the level of radia-
tive heat flux was then to be verified in ground test facilities.
A previous shock-tube study was carried out by Park and
Bershader11-16 in the combustion-driven shock tube at Stan-
ford University with a 3% CH4, 1% Ar, 95.7% N2, and 0.3%
H2 upstream gas mixture at a velocity of nearly 6000 m/s. The
authors compared their experimental results with a numerical
simulation using a three-temperature model and a Millikan

162



LABRACHERIE, BILLIOTTE, AND HOUAS 163

3 m

Air reservoir

6.5m 6 m 5 m

Fig. 1 Free-piston-driven shock-tube facility in Marseilles. A-G = pressure probe station and H-J = heat flux gauge station.

and White17 relaxation formulation. Good agreement was found
between experimental and theoretical results, but a few un-
certainties remain, especially because of the large number of
influencing parameters, which are not yet well defined, such
as electron number density, electronic temperature, and col-
lision cross sections, etc.

The present experimental study investigates the influence
of argon addition, in the molar fraction range of 0-20% in
the upstream N2-CH4 mixture, on the peak nonequilibrium
radiation intensity of the CN violet B22 + —» X22 + electronic
transition. The free-piston facility of the Marseilles laboratory
is used to perform spectroscopic experiments downstream of
a 5700-m/s incident normal shock wave at an initial pressure
of around 200 Pa. The intensity of radiation behind the shock
is recorded at three different wavelength during the same run.
This simultaneous wavelengths recording technique of the
time-dependent emission intensities is used to determine the
rotational and vibrational CN temperatures within the non-
equilibrium, one-dimensional shock layer. Acquisitions of the
radiation spectrum have also been obtained by an optical
multichannel analyzer in the equilibrium part of the flow.

Experimental Setup
Marseilles Free-Piston Facility: TCM2

The Marseilles hypersonic shock tunnel18-19 was designed
as part of the Hermes European space vehicle program in
1991. This facility operates in the reflected shock mode with
a free-piston compression driver. The compensation process
was initially used in aerothermodynamical studies by Stalker
in the 1970s,20 because incident shock Mach numbers of 10
can be obtained in the shock tube for a relatively high initial
pressure of the test gas (up to 1 atm). The cancellation of the
Hermes program was announced in 1993, and thus, the initial
calibration of TCM2 was postponed. In radiation measure-
ment experiments, an upstream pressure of up to 100 Pa is
needed to achieve nonequilibrium effects with a significant
level of spontaneous emission. In a free-piston-driven shock
tube such as the Marseille facility, Mach number of 20 can
be generated with an upstream pressure of the test gas higher
than 1 kPa. A schematic of this facility is given in Fig. 1.

For these series of tests, the nozzle throat was removed
and the 70-mm-i.d. shock tube was fitted with the test cham-
ber located 3.5m downstream of the main diaphragm. Typical
velocities of the incident shock wave are about 5700 m/s with
a 200-Pa initial pressure of the test gas. To generate these
conditions, helium at an initial pressure of 3 atm in the
compression tube is isentropically compressed by a 12-kg pis-
ton until the main diaphragm burst pressure of 17 MPa is
reached. The facility operates in tuned conditions, i.e., the
velocity of the piston at the time of rupture is sufficiently high
(about 80 m/s) to maintain a constant driver pressure for a
short time, and low enough so that the piston will gently stop
before striking the end of the compression tube. However,
considerable effort was made to design a specific device for
the piston stop that prevents one from having to replace a
part of the compression tube end in case of mismatch con-
ditions. See the work of Dumitrescu21 for a better description
of this shock absorber device. The test chamber is fitted with
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Fig. 2 Schematic of the collection optic arrangement and the mea-
surement devices.

a wall pressure probe, model PCB M113-A22, three platinum
heat flux gauges for the shock velocity determinations, and
two BK7 glass windows 20 mm in diameter. The internal wall
of the test section of the shock tube was blackened by an-
odization to prevent prerecording of light before the shock
arrives.

Optical Apparatus
A schematic of the optical apparatus for emission mea-

surements is shown in Fig. 2. The emitted light is focused
onto a rectangular fiber optic through a rectangular slit 0.5
mm wide by a 31.7 mm focal length lens. The solid angle of
light collection is less than 0.001 sr and the spatial broadening
at the center of the shock tube is about 0.8 mm. It would
have been desirable to reduce this value because the spatial
widening can appreciably affect the shape of the emission
signal, but in so doing, the signal-to-noise ratio deteriorates
to an unacceptable value. The reception fiber optic, which is
0.2 mm wide and 5 mm high, is imaged on the entrance slit
of a Czerny-Turner 640-mm monochromator (Jobin-Yvon
HR640). The dimension of the grating is 10 x 10 cm, ruled
to 3000 lines/mm; thus, the linear dispersion is about 3.7
A/mm at 4000 A.

Two emission measurement devices are available for the
intensity measurement at the exit of the monochromator: 1)
a time-evolution emission intensity measurement with pho-
tomultiplier tubes (PMT, Hamamatsu R105UH) and 2) a sin-
gle spectrum acquisition with an optical multichannel analyzer
(OMA). The time-dependent intensity of radiation is simul-
taneously recorded at three wavelengths with a special ap-
paratus at the monochromator exit. This system, shown in
Fig. 3, is achieved by means of rectangular bundle of 0.2-mm
fiber optics. The width of each of the three slits is 0.2 mm
and the horizontal spacing between the slits has been fixed
to match with three spectral wavelengths of interest. This
device is particularly attractive in reducing the number of runs
needed because the three scanned wavelengths correspond to
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Fig. 3 Exit slit system for the monochromator. This arrangement
allows measurement of the emission signal at three different wave-
lengths during a shot.
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Fig. 4 Typical evolution of CN emission intensity recorded at 3880
A behind a 5700-m/s shock wave propagating in a 200-Pa N2-CH4
mixture.

identical experimental conditions. Each of the three fiber op-
tics guide the light towards the photocathodes of three iden-
tical PMTs whose voltages are recorded and stored on a Tek-
tronix 150-MHz bandwidth oscilloscope with a 100 Msamples/s
recording. Because of the low signal levels, PMT amplifying
circuits have been designed to produce a current/voltage con-
version of 4 mV/juA on a 50-ft load resistance.22 Unfortu-
nately, the amplifying circuits increase the response time of
the PMTs by two orders of magnitude, or to about 50 ns.

The OMA apparatus consists of a 1024-elements diode ar-
ray (intensified IRY 1000, Princeton Instruments), an MCP
intensifier, and a system controller. The system controller
(Jobin-Yvon, model Spectralink and PRISM software) sets
the total integration time of the detector and reads the charge
from each of the diodes after light integration. In gated mode,
the diode array operates in recording mode as long as a pulse
of voltage, generated by a pulser (Princeton PG-10) and trig-
gered by one of the platinum heat flux gauges, is applied to
the intensifier. The data are read and transferred to the com-
puter memory after the total exposure time (including the
gate time). The time between two acquisitions, limited by the
computer clock, cannot be less than 0.15 s so that only one
single spectrum can be recorded during a shot. The delay and
the duration of the gate pulse can be tuned to account for
situations in which the spectrum is to be measured in the
equilibrium, or in the nonequilibrium region. The spectral
calibration and the slit function measurement of the PMT and
the OMA devices are performed using one of the narrow lines
emitted by a low-pressure spectral lamp. The accuracy in the
spectral calibration of the grating is limited both by the width
of the exit slit fiber for the PMT measurement system and by
the area of the diode element in the OMA device. The ejror
on the value of the reference wavelength is about 0.15 A.

Results
A typical PMT signal of CN emission at 3880 A is shown

in Fig. 4. The radiation rises very rapidly because of the fast
electronic excitation processes. Then the intensity of radiation
decreases until an equilibrium value is reached. The test ends
when the contact surface crosses the test section. Such a non-
equilibrium radiation profile exhibits three characteristic pa-
rameters: 1) the time to reach the peak in radiation intensity,
2) the time to reach the equilibrium plateau, and 3) the ratio
of nonequilibrium-to-equilibrium radiative heat flux. The ex-
perimental determination of the time to reach the maximum
in intensity is limited by the response time of the whole de-
tection apparatus: the spatial resolution at the center of the
test section and the response function of the PMT conditioning
circuit tend to increase this time. The global transfer function
was estimated to be a Gaussian shape with a 100-ns bandpass.
Unfortunately, the deconvolution process considerably am-
plifies the noise present in the signals so that accurate results
cannot be obtained by using such data processing.
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Fig. 5 Record of the pressure behind the shock. Test conditions are
202 Pa, 5590 m/s, and 5% Ar.

The determination of the two other parameters related to
the establishment of equilibrium is limited by both the bound-
ary-layer development and the vanishing of the signal caused
by the arrival of the contact surface. In free-piston shock-
tube experiments, the test time is greatly enhanced by the
compression of the driver gas during the shock propagation.
Figure 5 shows a typical record of the pressure evolution
downstream of the shock. The test time, i.e., the time du-
ration of constant pressure, is about 25 /x,s, which corresponds
to a distance of 15 cm at the test conditions. The boundary-
layer development should be considered for the determination
of intensity at the equilibrium distance: the rotational, vibra-
tional, and electronic temperatures and the density continu-
ously increase with distance behind the shock front,23 so that
the CN emission will rise more rapidly than theory would
predict. In the shock-tube radiation measurements of Arnold
and Nicholls,24 the application of the Mirels boundary-layer
theory accounts for about one-third of the difference between
the theoretical and experimental emission curves for tests at
3500 K and a shock velocity of 2900 m/s. However, for their
tests at 8000 K and 5800 m/s, the rise in temperature induced
by the boundary-layer effects causes the CN to dissociate so
that the emission only slightly increases. The weak influence
of the boundary-layer growth at our test conditions was also
confirmed by computing the intensity of radiation with the
rotational, vibrational, and electronic temperatures and den-
sity evolution corrected for boundary-layer effects.25

Effects of Argon Addition on CN Emission
To evaluate the effect of argon addition in a N2-CH4 up-

stream mixture on the nonequilibrium intensity of sponta-
neous emission, four different upstream gas mixtures were
tested. The initial argon composition was varied from 0 to
20%, while the methane molar fraction was fixed at 3%,
whatever the mixture. The four test mixture compositions
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Table 1 Composition in molar fractions of the
four test gas mixtures

Composition, ±10 ppm
Mixture
1
2
3
4

Ar, %
0
5

10
20

CH4, %
3
3
3
3

N2, %

97
92
87
77

Intensity of emission
(arb. units)
0.7

0% Ar, 193 Pa, 5680 m/s
5% Ar, 202 Pa, 5590 m/s

10% Ar, 213 Pa, 5590 m/s
20% Ar, 202 Pa, 5680 m/s

0 0.5
time ((is)

Fig. 6 Comparison of peak intensity of spontaneous emission for the
four upstream mixtures with corresponding composition, initial pres-
sure, and shock velocity.

used in the present study are summarized in Table 1. To limit
the introduction of impurities in the test gas, a primary vac-
uum of 0.1 Pa is achieved in the shock tube; then the intro-
duction of the test gas at atmospheric pressure is carried out,
followed by another 0.1-Pa vacuum; finally, the shock tube
is filled up with test gas to the desired initial pressure. The
shock speed measurement is achieved by recording the time-
of-flight between the three platinum heat flux gauges located
at the test chamber wall. The error on the shock velocity is
about 200 m/s and the error on the initial pressure of the test
gas mixture is 1 Pa. The reproducibility of test conditions was
evaluated by comparing the radiation profiles at the same
initial test conditions. The difference between radiation pro-
file intensities was never found to be up to 3% for a same
upstream composition.

The comparison of radiation intensity profiles, recorded at
3882 A for each of the four upstream mixtures, is shown in
Fig. 6. The peak intensity ranges, in arbitrary units, from 0.56
for the 5% Ar mixture, to 0.64 for the 20% Ar mixture, for
a maximum relative variation of roughly 10%. The time to
reach the maximum in intensity is not influenced by argon
addition. Unfortunately, the presence of oscillations in the
signal could lead to an underestimate of the value of the peak
intensity. CN excited states are populated by collisional pro-
cesses with electrons, atoms, or/and molecules. Collisional
electronic transitions are much more likely to occur if the
masses of the two particles are nearly equal. When the col-
liding particle is a free electron, its kinetic energy can be
transferred more efficiently to a bound electron, thereby rais-
ing its orbit.7 In the range of the temperature considered here,
a weak ionization of the atoms present in the downstream
mixture is to be expected (the maximum degree of ionization
is about 1%); thus, the argon addition leads to an increase
in the number of free electrons formed by collisional ioni-
zation processes so that the spontaneous emission intensity
will increase. The characteristic excitation time is about 250

ns, but no evidence of time increasing with argon addition
was observed from the four different emission records. How-
ever, the response time of the apparatus should be reduced
to under 10 ns for .a correct measurement of the emission
excitation time.

In Fig. 7, the emission profiles are shown for the whole
record duration. The main effect of argon addition is the rise
in duration of the plateau of radiation. Thus, the intensity of
radiation seems to reach an equilibrium value faster when
more argon atoms are present in the mixture. Under the
conditions of interest in the present experiment, translational,
rotational, and vibrational relaxation are fast compared to the
rates of chemical reactions in the gas. Thus, the radiation
decay time represents the chemical adjustment of the gas since
all degrees of freedom of the molecules are in thermodynamic
equilibrium. Therefore, if more heavy argon atoms are pres-
ent in the shock layer, faster dissociation of CN molecules by
means of collisional processes is to be expected.
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Fig. 7 Comparison of equilibrium intensities of spontaneous emission
for the different upstream mixtures: a) 0%, b) 5%, c) 10%, and d)
20% Ar.



166 LABRACHERIE, BILLIOTTE, AND HOUAS

Determination of Rotational and Vibrational Temperatures
The spontaneous emission intensity of a single rotational

line of the CN transition, produced by excitation behind the
shock wave, is given by26

N(n',v',Jr) (1)

Intensity ratio

2J' + 1

where the set of quantum numbers n', v', and /' is associated,
respectively, with the electronic, vibrational, and rotational
levels of the upper B22+ state. A similar meaning applies to
the quantum numbers n", v", and /" of the lower X22+ state.
\Re\2 is the sum of the squares of the components of the
electronic transition moment at the (t/, v") vibrational band
to which the /' and /" rotational lines belong. N(n', v', /')
is the number of excited-state molecules and v is the wave
number of the transition given by the term value difference:

v = v'e - v"e + G(n', v') — G(n", v")
+ F(n', v',/')- W, *>">-O (2)

Because of the excitation conditions existing behind the
shock wave, it is appropriate to write the number of excited-
state molecules as the product of three Boltzmann factors,
for each of the electronic, vibrational, and rotational degrees
of freedom, each of which has its own effective excitation
temperature, Te, Tv, and Tr, respectively. It can be shown
that the assumption of equilibrium between the different elec-
tronic excited-states is fully justified in the case of the CN
electronic levels B22+ and A2II,.16 Thus, the number density
N(n', v ' 9 J ' ) is

N(nr,
N0(2J'

x exp
— he \ F(n', v', /')

The intensity of I ( v ) at a given wavelength number is then

bands
lines

where b(v) is the Voigt profile function that takes into account
Doppler (temperature) and pressure broadening of the ro-
tational line. The theoretical spectrum obtained has to be
convoluted with the experimental slit function to allow a direct
comparison of the calculated spectrum with the measured one.
The CN spectrum is computed using the program developed
by Arnold and Whiting.26 The values of the spectroscopic
constants for the B22 + —> X22 + electronic transition are taken
partly from Herzberg,27 Spinder,28 and Hornkohl et al.29

Theoretically, the ratio of two intensities in the same vi-
brational band is only a function of the rotational tempera-
ture. The vibrational temperature can be determined similarly
by measuring two intensities in different vibrational bands:
the ratio of these two intensities depends only on the rota-
tional and vibrational temperatures. However, the overlap-
ping of the different bands and the slit function of the instru-
ment prevent obtaining a discrete relationship between the
ratios of the measured intensities and the temperatures.29"31

The temperature dependence of intensity ratios, calculated
for a slit function passband of 1 A, is shown in Fig. 8: the
ratio of /(3879.7A) and /(3875.8A), which belong both to the same
vibrational band (t/, v") — (0, 0), depends only on the ro-
tational temperature and the ratio of I(3879,7A) and /(3869.6A)>
which belong, respectively, to the (0, 0) and (1, 1) band, is
only a function of the rotational and vibrational temperatures.
Unfortunately, above 5000 K the weak dependence of the

10.0

8.0

6.0

4.0

2.0

0.0

x I (3879.7 A) /1 (3875.8 A)
+ I (3879.7 A) /1 (3869.6 A)

0 2000 4000 6000 8000 10000
T(K)

Fig. 8 Calculated intensity ratios for equilibrium temperatures from
0 to 10,000 K. The two intensities I<3879.7^ and /(387S.8A) belong to the
(v', v"} = (0, 0) band and /(3869.6A) to the (1, 1) band of the CN violet
system.
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Fig. 9 Comparison of a) experimental and b) theoretical spectra for
equilibrium conditions (calculated for an equilibrium temperature of
7800 K).

ratios with temperature decreases the accuracy in the deter-
mination of temperature.

Figure 9a shows the CN violet emission spectrum from 3840
to 3890 A, recorded by OMA detection in the equilibrium
region of the shock layer. The accumulation time of the diode
array corresponds to a gate pulse width of 3 /AS. The tem-
perature is determined from a comparison between the com-
puted and the measured spectra. In other words, the tem-
perature is iterated until the calculated spectrum best fits the
experimental one. The value of the equilibrium temperature
is found to be 7800 ± 600 K and is in good agreement with
theoretical calculation.13-25 The theoretical spectrum is shown
in Fig. 9b.

Figure 10 shows the ratios of the three intensities (3869.6,
3875.8, and 3879.7 A) measured for a run with the 20% argon
test mixture at a shock velocity of 5680 m/s with an initial
pressure of 210 Pa. The temperature profiles calculated from
these intensity ratios are shown in Fig. 11. The error on the
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Intensity ratio
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Fig. 10 Ratios of experimental intensities /(3879.7A)/A3875.8A) and
/<3879.7A/A3869.6Ar The plot squares represent the smoothed values used
for the temperature determination. One emission signal is shown for
time comparison.
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Fig. 11 Rotational and vibrational temperatures determined from
ratios of experimental intensities of spontaneous emission (0% Ar,
193 Pa, and 5680 m/s).
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Fig. 12 Numerical results of rotational and vibrational temperatures;
0% Ar, 193 Pa, and 5680 m/s (courtesy of Kossi Koffi-Kpante25).

rotational temperature determination is at least 15% and the
error may be up to 50% for the vibrational temperature. In
the accuracy of the measurements, the temperatures are not
sensitive to argon addition. The temperatures calculated using
a three-temperature model25 including vibration-dissociation
coupling and Millikan and White relaxation laws are plotted
for comparison in Fig. 12. The initial conditions for this com-
putation were set exactly to the experimental values of the
present experiment. The measured equilibrium value of the
temperature is about 8400 K and the calculated one is 7700
K. On the other hand, in the nonequilibrium part of the
downstream flow, the measured and calculated temperatures
diverge, especially close to the shock. The poor agreement
in this region is mainly due to the weak temperature depen-
dence of intensities ratios at temperatures above 10,000 K.
The measured vibrational relaxation time is about 500 ns,
twice the value calculated with the theoretical Millikan and
White formula17 at a temperature of 10,000 K. The spatial
broadening of the radiation measurement at the center of the
test section accounts for this discrepancy.

The simultaneous wavelength measurement technique al-
lows the determination of both the rotational and vibrational
temperatures. However, the accuracy is limited by factors
such as the weak level of the emission signal, the response
time of the photomultipliers, and the errors of the wavelength
positioning. On the other hand, with OMA measurements
the error in temperature determination is decreased, but only
time-frozen intensity measurements can be achieved. In high-
speed radiation measurements, the use of rapid multichannel
acquisition systems such as streak cameras would provide more
accurate nonequilibrium data since sweep speeds of about 10
ns are available with the existing technology.

Conclusions
The effect of argon addition, ranging from 0 to 20% in a

N2-3% CH4 upstream mixture, on the CN emission behind
a normal shock has been studied at a shock velocity of 5700
m/s. The nonequilibrium emission intensity overshoot just
behind the shock slightly increases with argon addition, whereas
the plateau of equilibrium radiation is not affected. The char-
acteristic relaxation time of radiation, which represents the
chemical adjustment of the gas, was found to decrease with
argon addition. Rotational and vibrational temperatures for
CN have been determined from a comparison between mea-
sured and computed intensities of emission in the kv = 0 part
of the violet system. Temperatures in the equilibrium part of
the flow obtained both from OMA and three wavelengths
recording diagnostics are close to numerical three-tempera-
ture calculations. In the nonequilibrium region, there is a fair
agreement between the measured and calculated temperature
profiles. This region requires a more detailed spatial resolu-
tion and accurate analysis to obtain further information about
molecular behavior. Furthermore, the accuracy would be ap-
preciably increased with hf amplifiers of typical rise time in
the range of 10 ns.

However, the present experiment confirms the choice of
the 20% Ar-3% CH4-77% N2 mixture as the most radiative
atmosphere for the Huygens probe.
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