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nucleate boiling heat flux and the wettability exhibited a 
maximum and minimum respectively at approximately 
1.9 mpl %. For the surfactant systems there was no detectable 
change in intensity with concentration for the sodium lauryl 
sulphate mixtures, and a very small reduction in intensity 
with concentration when using lauryl alcohol. Thus we 
deduce that the sound emissions are only dependent on the 
quality of the vapour inside the bubble, that is for the alcohol 
system a steady increase in concentration results in a steady 
decrease in sound intensity. For the sodium lauryl suphate 
solution, although the surface tension of the system falls 
significantly with an increase ofconcentration the vapour will 
be that of water and no change in intensity is noted. The lauryl 
alcohol has a small but higher vapour pressure and a slight 
reduction in intensity occurs. 
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NOMENCLATURE 

temperature; 
room temperature< 
pressure path length. 

? 
emissivity; 
wavelength; 

5, transmission coefficient. 

Subscripts 

c, calibration source; 
r, room condition. 

INTRODUCTION 

IN THIS study the IR emission of the 4.5l.1 combination band 
of nitrous oxide has been measured at temperatures of 1200, 
1700 and 1900°K. The high temperature gas was produced 
in a shock tube and measurements were carried out in the 
end wall region behind the reflected shock wave for the high 
temperature cases, 1700 and 1900°K. The region behind the 
incident shock wave was utilized for the 1200°K case. 

Previous spectral measurements of the 4.5~ band of 
nitrous oxide have been made by Burch and Williams [l] 
at room temperature and by Tien, Modest and McCreight 
[2] at room temperature and at 500°K. There do not appear 
to be any data available at higher temperatures. 

EXPERIMENTAL APPARATUS 

The experiments were carried out in a free. piston shock 
tube which uses a piston compression in the driver section 
to obtain the desired driver conditions of pressure, Pe, and 

temperature, Tq, behind the diaphragm (cf. Fig. 1). The 
diaphragm, which separates the driver gas* from the test 
or driven gas, ruptures due to the pressure difference, 
P.,--P1, and a shock wave forms which propagates in the 
test section. The speed of the shock wave was determined 
from the outputs from thin film platinum thermometers. A 
description of the system which includes details of the piston 
release mechanism and other considerations is presented in 
[3]. References 14-81 may also be referred to for discussions 
of free piston shock tubes. 

The aluminum test or expansion section is 2.7m long 
with a 7.6 cm square cross section and a 3 mm wall thickness. 
For the measurements that were made behind the reflected 
shock wave, corresponding to region 5, the optical window 
was located 3.8cm in front of the end wall. This was the 
condition for the 1700 and 1900°K cases. For the 1200°K 
case, emission measuremen@ were made in region 2 behind 
the incident shock wave. This was accomplished by using 
an extension so that the optical window was then located 
27.9cm from the end wall. This long distance between the 
window and the end wall provided sufficient time for radi- 
ation measurements to be made in region 2 before the 
arrival of the reflected shock wave. 

The radiation emitted from the shock heated gas was 
first passed through a Kodak Irtran 3 window (manufactured 
by the Eastman Kodak Co.) which had a useful transmission 
range from 0.4 to 11.5~. The rays were then directed and 
focussed by a combination of plane and spherical mirrors 
upon the entrance slits of a 0.5 m McPherson grating poly- 

*The driver region behind the diaphragm contained only 
nitrogen for the 1700 and 1900”K,c&es, while a mixture of 
nitrogen and helium was used for the 1200°K case. 
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FIG. 1. Flow regimes in the shock tube. 

cbromator. A long wavelength pass filter was placed at the 
entrance slits to prevent extraneous radiation from the 
shorter wavelengths, L/2, 12/3, etc., from entering the 
spectrometer. The filter has a cut off at 3.08l.t. A collimating 
mirror directed the radiation upon the 160 lines/mm grating. 
The radiation was then reflected onto a focussing mirror 
which directed the rays onto two exit slits which were 1 mm 
wide and 16.5mm apart. The resolution for the system at 
a wavelength of 4.5~ was 6.8cm-’ (0.014~). An indium 

THIN FILM 

IiFRARED 

DETECTORS - 

OETECTOR- 

antimonide pbotovoltaic infrared detector (Pbilco ISC-363) 
was used to detect the radiation. The detector, which 
operated at liquid nitrogen temperature, approximately 
77”K, bad a cut off wavelength near 5~ and a detectivity 
D* of 6 x 10gcm Hz”‘/W. The optical pathlength was 
7.Oc.m. A Tektronix 565A oscilloscope was used to record 
the signal from the detector. An absolute intensity calibration 
was made with both a standard globar and an IR Industries 
463 blackbody source. The calibration was carried out over 
the entire range of wavelengths studied and, in particular, at 
every wavelength at which experimental data were recorded. 

RESULTS AND DISCUSSION 

The radiation emitted by nitrous oxide in the 4.5 u region 
is discussed in [9]. Typical oscillograms for the emission 
measurements are shown in Figs. 2 and 3. As shown in 
Fig. 2, the voltage output from the photovoltaic infrared 
detector increases after the gas is heated by the incident 
shock wave. The vertical scale is O.O2V/div. The speed of 
the shock wave is determined from the output of the thin 
film resistance thermometers which respond rapidly to the 
passage of the shock wave. Figure 3 is a typical oscillogram 
for the emission measurement for the gas in the end wall 
region behind the first reflected shock wave, denoted by 
region 5 in Fig. 1. The vertical scale is 0.05 V/div. For this 
measurement the optical window is located close to the end 
wall so that the effect of the incident shock wave cannot 
be distinguished from the contribution resulting from the 
passage of the reflected shock wave. For completeness, it is 
noted that the testing time in region 2 is limited by the 
arrival of the contact surface (cf. Figs. 1 and 2), while the 
testing time in region 5 is limited by the arrival of the second 
reflected shock wave (cf. Figs. 1 and 3). 

The conditions behind the incident and the reflected shock 
waves are determined from the solution of the conservation 
equations of mass, momentum and energy. The results are 
based on the initial state of the gas and the speed (Mach 
number) of the shock wave. The initial pressure in the test 
section was 20mm of Hg for all runs. For the measure- 
ments behind the incident shock wave, T2 = 12OO”K, 

AFTER INCIDENT SHOCK WAVE 

-Ic 5Opsec 

FIG. 2. Typical~oscillogram for measurement behind incident shock wave. 35% NzO, 65% He, 
7” = 12WK, P2 = 0.53 atm. 
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FIG. 3. Typical oscillogram for measurement behind reflected shock wave. 25% NzO, 75% He, & = 19WK, 
Ps = 2.1 atm. At = 50~s for thin film detector, lOOus for IR detector. 

P2 = 0.53atm, and the gas composition was 35% nitrous 
oxide and 65% helium. For the measurements behind the 
reflected shock wave the conditions were Ts = 17OO”K, 
Ps = 1.54 atm, with 20% NzO and 80% He, and & = 19WK, 
P, = 2.10 atm, with 25% N,O and 75% He. 

The determination of the radiative properties from the 
above results is obtained as follows. The voltage output 
from a narrow spectral region A,? due to radiative emission 

VI0 
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2.15X103 2.25~10~ 

w. Wavenumber (cm-‘) 

FIG. 4. Results for mean line intensity to spacing ratio. 

2.0x103 2.1x103 2.2 x IO3 2.3~10~ 

FIG. 5. Results for spectral emissivity. Runs a, b, c: 
T(“K) = 1200, 1700, 1900; P,,,,,(atm) = 0.53, 1.54, 2.10; 

Ps,o(atm) = 0.19,0.31,0.53. 

from the shock heated gas at a temperature T is given by [3] : 
J n 

c 

_ J expC( - k.,~ XL -(bXh,,ol di. (1) 
Ai i 

where the blackbody radiance, Eb,,,, and the spectral 
transmission coefficient, r,;, are evaluated at a given wave- 
length within the wavelength interval. The other quantities 
are defined in the Nomenclature. Now, if the shock tube 
is replaced by a calibration source having an emissivity a, at 
temperature T, the voltage output is then given by 

V ,.,T, = ~<.Ebi,r<.~ exe( - kT, XL,, dl. (2) 

For well overlapped lines we introduce a mean line intensity, 
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s, and a mean line spacing, d, over a narrow spectral interval 
according to (10) 1. 
^ 

J exp(-klX)dl = exp(-&X)M = exp(-SX/d)Al. (3) 
&i. 2. 

Making this substitution in equations (1) and (2) yields the 
spectral emissivity (3): 3. 

Ed = 1 -exp(-SX/d)N,o,r = 
E,&,T~ vi,, 

. E ~ (4) 
b*,T .a,T, * 

Results for values of S/d and sl may then be obtained and 
these are presented in Figs. 4 and 5, respectively. The 
limitations on the wavelength range are due primarily to the 
characteristics of the detector. 

A band emissivity, E, may also be obtained by integrating 
the spectral emissivity, ei, according to 1.~2. & dn/] & dl,, 
over the band width. For the 1200°K case with P,,,L = 6, 
1.3 atm cm, and P,,,,, = 0,53atm, a value of E = 0.027 was 
obtained. For the higher temperature and higher pathlength 
cases the spectral data do not cover the entire band so that 

7. 

a band emissivity cannot be obtained from the data. How- 
ever, carrying out the indicated integration over the range 
for which data is available, that is, from approximately 
2050-227Ocm-’ yields values for the “partial” band 

g, 

emissivity of 0.013 for 1700”K, PN*O L = 2.7 atm cm, Ptota, = 
1.54atm, and 0.010 for 19OO”K, PNzOL = 3.66 atm cm, 9, 
P ,0tal = 2.10 atm. 
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