i

"

JOSE CA
-83-C-0170
¥/G 20/4

FLOWS BY

AND AEROSOL
RESEARCH L
19 NO0014

UNCLASSIFIED




w_é..w_m_m_u._ ,..._E
S HEFETH

1-0

25

1

Il
ll=




965 - 1BM - 04

R cee et el et B e e s

o !
Q
© -
(o]
Ty
" OFFICE OF NAVAL RESEARCH
< Contract N00014-83-C-0170
I Task No. 633-844
n TECHNICAL REPORT No. 19
Characterization of Vapor and Aerosol Flows
By Photothermal Methods
by
H. Sontag
A. C. Tam
IBM Research Laboratory
San Jose, California
Reproduction in whole or part is permitted for
any purpose of the United States Government -
This document has been approved for public
release and sale, its distribution is unlimited
é!‘
S _— . =

LI

[

W




i
!
¢

|

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

READ INSTRUCTIONS

T. REPORT NUMBERN

19 E;fi5?:;zrt23§2§:_iééz/

REPORT DOCUMENTATION PAGE

BEFORE COMPLETING FORM

3. RECIPIENT’S CATALOG NUMBER

4. TITLE (and Sublidle)
Characterization of Vapor and Aerosol Flows

S. TYPE OF REPORT & PERIOD COVERED

Technical Report

by Photothermal Methods

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

H. Sontag
A. C. Tam

8. CONTRACT OR GRANT NUMBER(e)

NO0014-83-C-0170

9. PERFORMING ORGANIZATION NAME AND ADDRESS
International Business Machines, Corp.
5600 Cottle Road '

10, PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

800 N. Quincy Street

Ta. MONITOﬁiNG AGENCY NAME & ADDRESS(!{ dilferent from Controlling Ollice)

San_Jose, CA 95193 NR 633-844
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research f=25-85

13. NUMBER OF PAGES

15, SECURITY CLASS. (of thie report)

13a, OECL ASSIFICATION/DOWNGRADING
SCHEOULE

. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for public relea
its distribution is unlimited.

se and sale;

-
~
.

DISTRIBUTION STATEMENT (of the adatract entered in Bleck 20, 11 diffe; xrt irom Repert)

19. SUPPLEMENTARY NOTES

To be published in Proceedings of Fourth International Conference on
Photoacoustics, thermal and related sciences, Montreal, 1985.

19. KEY WORODS (Centinue on severae olde il necessary and identity by block number)

Photothermal, aerosol, flow, spectroscopy.

-

20. ABSTRACY (Centinue en reveras side il neceassery and idontily by dlock number)

+

;7 Pulsed laser heating is used to label aerosols or absorbing vapors which
can be detected by optical means ylelding flow and spectroscopic information.

1

COITION OF 1 NOV 85 15 ORSOLETR
$/N 0102- L 014- 4401

DD , 538" 1473

e EERY e e eemE———- . . o

SECURITY CLASSIFICATION OF THIS PAGE (When Pate Bntereq)

R . e
NPT S L s

IBM - 04

965 -

[

A e A

e T ;

. .
e W B

_._.‘_..ﬁ - -,
. ™ .

i

3

Bt e e - A iy

I o et

B VP PR o e



- . ¥
i:z': . T
- “RJ 4679 (49847) 5/1/85
Physics
CHARACTERIZATION OF VAPOR AND AEROSOL FLOWS
BY PHOTOTHERMAL METHODS
H. Sontag
A.C. Tam
IBM Research Laboratory
San Jose, California 95193
/I
f G
s ‘
i
.l &.
« LIMITED DISTRIBUTION NOTICE
‘t: tor pubhice, oulside of 1BM and wilLgTobs :
manon gyits con . Inview of th )
) ONg INY $PeC
obta{red, res of e aricie (Y peyment of rovainel .r‘s
IgM Research Division )
Yorktown Heights, New York ¢ San Joss, California ¢ Zurich, Switzerland

R
. N - - . : PO -GN i > a
n - - » [ s < o bt 5 o0 -
R . i -




| |

I-— - |
b R o ’
xR

RJ 4679 (49847) 5/1/85
Physics e .

CHARACTERIZATION OF VAPOR AND AEROSOL FLOWS
BY PHOTOTHERMAL METHODS

H. Sontag
A.C. Tam

IBM Research Laboratory
San Jose, California 95193

ABSTRACT: Pulsed laser heating is used to label aerosols or absorbing vapors which can
be detected by optical means yielding flow and spectroscopic information.
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Characterization of vapor and aerosol flows by photothermal methods

H.Sontag and A.C.Tam

IBM Research Laboratories K06-282,5600 Cottle Road, San Jose, CA 95193

Noncontact optical methods are of great current interest in studies of flowing
media as they create practically no perturbation. They can easily be applied to hostile
eavironments yielding informations on flow patterns and spectroscopic identification of
constituents. Most of these methods rely on Mie scattering from particulates seeded in
the flow. These include interferometric methods like laser Doppler auemomctryl and
speckle interferometry? or imaging® techniques. Coherent Raman scattering techniques®
can be used to measure velocity, concentration and temperature profiles in pure vapors.
We have applied pulsed photothermal heating to flows that are either pure or seeded with r
aerosols to obtain flow and spectroscopic information . In pure vapors pulsed laser ;
heating creates a thermal lens which is carried away by the flow and probed further ;
downstream by a cw laser. If volatile aerosols are present pulsed heating causes
evaporation which can be detected by transient Mie-scattering.

' The main parts of our experimental set-up have been shown previouslys. A
Q-switched CO, laser beam (pulse duration 1 ps, energy 1 mJ) is focused onto the flow.
The absorption of the infrared light by the vapor itself or by aerosols leads to the
formation of a travelling thermal lens (TTL) moving with the flow which is probed by a
cw laser further downstream as a beam deflection signal. The cw probe beam from a diode
laser (A=780 am, power 4 mW) is perpendicular to the pump beam for good spatial
’ resolution, which is determined by both focal diameters. In this configuration the thermal
lens corresponds to a cylindrical lens’*8 in contrast to conventional thermal lensing
spectroscopy using coaxial probe and pump beams. The probe beam deflection is detected
by a photodiode (UDT 600, bandwidth 0-1 MHz) located in the Gaussian wing of the
probe beam profile. If aerosols are preseat, they are detected by their backward Mie
scattering using a photomultiplier. Puised laser heating of volatile aerosols causes these ‘
particles to shrink by evaporation causing a local decrease in Mie scattering intensity in ‘ !
the dense aerosol beam. This is a single-ended technique making it especially attractive ' ;
for remote measurements. Spatial resolution for asrosol monitoring is usually kept lower




than for TTL gas-flow monitoring to reduce noise caused by particle number fluctuations
in the probed volume.

The TTL signal strength as a function of the pump and probe beam offset a is
calculatedS as

o(t) =

2
16aEy(vt—a) exp[ _ 2(vt—a) ] o

2
V7r (w?+8D0)*"? w? + 8Dt

where E equals the pump laser pulse energy, w equals the pump laser focal radius, a the
absorption coefficient of the medium, v the flow velocity, a the beam separation and D
the thermal diffusivity of the medium. Experimental curves obtained for different beam
separations are shown in fig.1. The signal decrease is due to the thermal diffusion and can
be used to determine the diffusivity D. From the zero crossings the flow velocity can be
derived. The width of the signal is determined mainly by the velocity and this can be used
to calculate instantaneous velocities , e.g. in turbulent flows. In highly turbulent flows
strong density gradients occur causing additional beam deflections. Signal shapes are
affected by these gradients and additional work is required for analyzing these signals.
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Fig.1: TTL beam deflection signal for indicated beam separations
in a nitrogen/ethanol vapor flow.The CO, laser is fired at t=0.
Signal decrease and broadening is in agreement with eq. (1).
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Another set of experiments was carried out on nitrogen flows seeded with water
aerosols from a ultrasonic nebulizer. As with the pure vapor, TTL measurements can be
obtained from the flow . Flow velocity information is again straightforward, but spectral
dependence can now be due to both vapor or aerosol absorption. To determine effects
originating purely from the aerosols, backward Mie scattering is monitored. Results for
different beam offsets are shown in Fig.2. The widths of these signals is mainly
determined by the focal diameters of the pump and probe beam pulsesd , as long as the
duration of pump pulses is short compared to the transit time. Again, from these type of
measurements, the aerosol flow velocity can be obtained. For these experiments, pump
and probe beams were in the same direction to maximize signal strength. At the pump
power level used (2-5 J/cm2) the aerosols are vaporized almost completely. For large
beam separations or slow flow velocity the transient Mie signal becomes smaller and
broader, possibly due to recondensation of the supersaturated vapor. As this technique is
single-ended with the lasers and the detection system on one side of the flow, this method

is especially attractive for remote sensing applications.
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Fig.2: Transient Mie scattering in a pitrogen flow seeded with !
water acrosols. From the signals at differsnt beam separations !
the mean flow velocity is calculated tov = 1.59 m/s. !
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