@ https://ntrs.nasa.gov/search.jsp?R=19810015855 2020-03-21T14:00:54+00:00Z

iew metadata, citation and similar papers at core.ac.uk brought to you by ,{ CORE

provided by NASA Technical Reports Serve

NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE


https://core.ac.uk/display/42860598?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

(NASA~CR=164 156}

SINGLE-PULJE BROAD-BAKE NBY~Zwarsw -
ROTAT.,UNAL CaiS THEkMUMETKY UGF COLD N2 GAS ]
Annual Kkeview, 1 Mar. 1960 - <b Feb. 1981 ‘

(Yale uUpiv., Hew daven, Coun.,) 7 p Unclas
HC AUZ/HME AU

CSCL 20D G3/34 U4cull

Annual Report

Submitted to the

National Aeronautics and Space Administration

ROTATIONAL CARS APPLICATION TO SIMULTANEGUS AND MULTIPLE-POINT

TEMPERATURE AND CONCENTRATION DETERMINATION IN A TURBULENT FLOW
NASA Grant No. NAG1-37
for the period

March 1 1980 - February 28 1981

by

Richard K, Chang, Principal Investigator
Department of Engineering and Applied Science
Yale University
New Haven, Connecticut 06520

P -




During the first year of this research, both experimental and calcu-
lational results were achieved sooner th:n anticipated in the proposal.
A broad bandwidth CARS system was used to ~btain the entire N, gas roia-
tirnal spectrum with a single pulse of 10 - 15 nsec duration., A computer
program perfnrmed a least syuares comparison of ¢{i2 measured rotational
CARS spectrum with calculated spectra., The CARS-deduced Nz temperature
was compared with thermocouple temperatures over a temperature range of
135 to 296 K. Emphasis was placed on the quantitative evaluation of the
single-pulse rotational CARS technique for temperature measurement of NZ
gas for temperatures at room temperature and below.

Significant results achieved in this first year of research are

reviewed below.

1. Broadband CARS System

The broadband Stokes radiation was provided by a broadband dye laser
source (designed and constructed at Yale) of approximately 40 X bandwidth
at the half-power points., The THG of a Nd:YAG laser was used to pump
the broadband dye laser while the SHG of the same Nd:YAG laser provided
the CARS pump radiation. Both the Stokes and pump radiation were brought
into a windowless Nj gas cell (coolable to 135 K) in a noncoplanar phase-
matching configuration. The resultant spatial resolution within the
gas cell was about 0.2 x 0.2 x 3 mm . Th. broadband anti-Stokes signal
emerged up out of the horizontal plane defined bty the two pump beams

nearly at angle 6, where 6 is the angle at which the Stokes beam is
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directed into the horizontal plane from below. Consequently, the CARS
signal could be spatially isolated from the two pump and Stokes beams.
Using a single-grating spectrograph to disperse the broadband CARS
signal, we found that spatial isolation of the CARS beam from the

pump and Stokes beams was essential for suppression of the elastic scat-
tering caused by the latter three beams.

A low-light-leve'l SIT television camera was used in the conventional
optical multichannel analyzer (CMA) mode with one exception. The entire
CARS signal from the variable temperature N, gas cell was imaged onto
the top half of the OMA, while¢ the entire CARS signal from a reference
N, gas cell was imaged onto the bottom half of the OMA. The reference
cell was filled with N2 at STP and provided a convenient wavelength con-
verter and intensity normalizer for the two pump and Stokes heams. The
CARS spectrum from the N, reference cell had peaks at the same wavelength
as the N, gas in the variable temperature cell. The two spectra could
therefore be compared on the basis of the strength of corresponding CARS
peaks, rather than on the basis of the signal intensities in corresponding
channels of the OMA. Spatial distortions in the OMA and in the spectro-
graph optics made the latter comparison inaccurate. Furthermore, because
the two cells were placed right after each other, both CARS signals were
produced by the same two pump and Stokes beams. It was not necessary to
separately monitor the intensity of the broadband dye laser at each wave-
length and of the two pump beams, since an automatic calibration of
spectral intensity and mode fluctuations of the laser beams was contained

in the CARS signzl from the N, reference cell. Thus, division of the CARS
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intensity wavelength data of the unknown temperature N, gas by the CARS
intensity wavelength data of the STP N, gas produced a normalized CARS
spectrum from which a least squares fit with computed CARS spectra at

various temperatures could be made.

2. Computer Program

A computer program including J-dependent and temperature~dependent
rotational linewidths, nonresonant background susceptibility, dand finite
linewidth of the pump laser (about 1.0 cm_l) was writtea to calculate
the theorctical spectra at 1 K increments from 300 K down to 130 K. To
accotmodate N, pressure changes, a pressure~-dependent rotational line-
width approximation was also included. Comparisons between experimental
and calculated CARS spectra at 1 atm (but variable temperature) were

made in the range of 135 to 296 K. Furthermore, comparisons between

experimental and calculated CARS spectra at room temperature (but variable

pressure) were made in the range of 0.13 to 15.3 atm.

Our results after one year are encouraging for rather accurate in-
stantaneous temperature determination. The accuracy of pressure deter-
mination needs further investigation, which is currently underway.
Extension of temperature determination to flame temperatures is also in
progress. The main objective for the second year is for multipoint
spatially resolved CARS spectra providing simultaneous temperature and
pressure values along a line defined by the noncoplanar phase-matching

geometry.



Personnel

In addition to the principal investigator, Daniei V. Murphy worked
on this project since its inception in connection with his graduvate
studies. A copy of his Ph,D. thesis (completed last December) was sub-
mitted to NASA, and a copy of the abstract for this work can be found on
the next page.

A visiting scientist, Jia-Biao Zheng, has been working on this
project since January.
Publication
D. V., Murphy and R. K. Chang, "Single Pulse Broadband Rotational CARS
Thermometry in Cold Nz Gas," Appl. Opt. 6, 233 (1981).

Préprint of this paper was sent to NASA and reprints will be
forwarded upon receipt. A copy of the abstract can be found on page 6.

Presentation

A talk on this project was presented by the principal investigator
at the Gordon Research Conference on Vibrational Spectroscopy in

Wolfeboro, New Hampshire, in August 1980.



ABSTRACT
BROAD-BAND ROTATIONAL CARS THERMOMETRY IN NITROGEN GAS

Daniel Vincent Murphy
Yale University
1981

Coherent anti-Stokes Raman scattering (CARS) from the pure
rotational Raman lines of N2 is employed to measure the instantaneous
(v 10 nsec) rotational temperature of N2 gas at room temperature and
below with good spatial resolution (.2 x .2 x 3.0 mn’). A broad-
bandwidth dye laser is used to obtain the entire rotational spectrum
from a single laser pulse; the CARS signal is then dispersed by a
spectrograph and recorded on an optical multichannel analyzer. A
best-fit temperature is found in several seconds with the aid of a
computer for eact experimental spectrum by a least squares comparison
with calculated «pectra:. The model used to calculate the thenretical
spectra incorporates the temperisture and pressure dependence of the
pressure-broadened rotational Raman lines, includes the nonresonant
background susceptibility, and assumes that the pump laser has a
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finite linewidth. Tewperatures are fit to experimental spectra

recorded over the temperature range of 135 to 296 K, and over the pressure
range of .1) to 15.3 atm. Emphasis i3 placed on the quantitative
evaluation of single-pulse rotational CARS as a temperature measurement

technique.



Single~Pulge Broad-Band Rotational CARS Thermometry of Cold N2 Cas

D. V. Murph» and R, K. Chang
Department of Engineering and Applied Science

Yale University
New Havcn, Connecticut 06520

Abstract

Coherent anti-Stokes Raman scattering (CARS) from the pure rotational
Raman lines of N2 gas is employed to measure the instantaneous (10 nsec)
rotational temperature of the gas at room temperature and below. An
entire rotational CARS specrrum is generated by a single laser pulse
using a broad-bandwidth dye laser and is recorded on an optical multi-
channel analyzer. A best-fit temperature is obtained for individual
experimental spectra by comparison with calculated spectra. Good agree-

ment between CARS temperatures and thermocouple temperatures is observed.
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