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Seme applications of holograpty at
tte ldaro Naticnal Engineevirg laboratory™

Vance 2. Leagon

Instrurent Developmert Brarel, ECEC Tdakn. Inc.
P.O. Pox 1625, ldaho Falle, Idabo 8:415

Abetract

A project was recently completed that irvestigated possible uses cf holography ir the
ruclear reactor safety pregran, A portable holographi? camera which uses a pulsed ruty
laser lar il'umiration wés constructed and used ir various etudies, {rcluding several
desigrec te clarify the properties «f steam/water mixtures that occur during lose-of-
coplant accident8 ir nuclear reactors. The flexibility of the cameras's optical configura-
tion »lso enables it to procuce holographic interferograms, which have eseveral advantages
over conventi‘“nal interferograms and which can te used to measure very emall phvsical
changes ir & giver environment.

Introduction

The Irstrument 'evelopment Branch of EG&C Ideho, Inc., operating contractor for the
Department of Erergy s Idale ational Engineerirg Laboratory (INEl), recently investigated
optical holography an<d related techrigques to determire whether such techniques might he
useful ir characterizing various phenomera influencing pruCiear reactor performance during
atcidents or other akcormal operating conditiors. Many potentially severe accidents
involve failure of *le primary coolant system which leads to extremely complex two-phase
(steam/water) flows and the resultant problems of heat o7¢ mass transfer Fetween phases.
We decided that useful data might be obtaired from holograms ir several areas:

}a Visualization of complex two-phase flow systems. The three-dimensicral nature of
holographic images coupled with the hriel exposure times characterietic of puleed
lasers provides informatior not easilv derived from more traditional imaging
techniques.

Holographic interferometry. The possibility of usirg Folographi¢ irterferometry to
(écord the therma] envirorment near the stesm/water irterface! provides a tool to
evaluate detaile of the heat trarsfer process. Such informatior would improve the
brsic understanding of phase change phenomera, and ultimately, woulc improve the

reliability of computer codes which hzve beer developed to evaluate reactor
performarce durirg logs-of-coolart acciderts.

P

i. Mondestructive evaluation of various reactor comporents, such as fuel rods, pipirp,
and pumps.<

In resporse to thess consideratiors, we acquired the recessary evpertise ard eauipment
to produce holograme. A portable holographic camers was desigred and huilt, incorporating
a 7%0-mJ, cdouble-pulsed ruby laser. This camera wae subsequertly used in several studies
over the past two years. Scme of the results of these studies are reported in this paper,
and the equipment is briefly cescrited.

The portable hologrsphic camera

A portable holographic camera must have these basic features:

} A suitable laser to create the highly coherert, nearly morochromatic lighkt reauired
to record the hologram; and asscciated optics reduired to expard the laser beams
to whatever diameter required by the experimental arrargement.

A holographic plate holder which excludes most arhiert light but permits the laser
light to enter and strike the sensitive plate. Again, a certain numter of optical
comporents are requirel to contrei and position the light.

»~
.

3. The system must be compact ercugh te he trarsported relatively easily ard stable
erough to maintain critical optical aiigrmerts during transportation.

* Work supported by the U.S. Muclear Regulatorv Commiseion urder LOE Contract
No. DE-AC07-761D01570.
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A view of the reccrmstruction system appears in Figure 2. The holographic plate is bel
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epending its orientation durirg ¢posure. This voke can te rotated atoul two orthogonal
1xes wh rotation about the third axis is performed by tilting the entire assembly. The
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The ortable bolographic camera has teen used ir a2 number of studies, including twe
hich required moving the eguipment These moves were made by truck
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Some of the recent applications cf holography at INEL c«
equilibrium vapor gereration ir a nozzle, studies of the pl
studies of various two-phase flow regimes, ancd developmert
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An early pplicatior fhe raphy r this program in sed makinrg pulsed ruby- &y
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egimes ell as which | e nait ne might pr et be t lly opaaure to make
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Figure 7. A short cavitation bble showing bubble collapse.

ew of Figure 9. A dcouble-exposed hologram of

ir/water flow. two-phase bubbly flow.

Holograms

s;y;:rr
heated, 7
pressure.
wire and
forces.

tuay of

w

excellent
mage. F
latinum

greater t
bubble te

the fact

P

T

o

I

L

o~

e
e

" e

EU
ir
an
b
b

srature differ

were made of the early stgges of steam bubhle growth ir superheated water
a bubble dynamics project. The steam bubbles were gererated onr electrica
~-diameter platinum wires immersed in room-temperature water under reduced
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1gure 10 shows a dovhle-exposed hologram of two steam tubkles, ore etill on the

interval betweer exposures was 50 us. The techrique permits 3 detailed
am bubble shape and growth due to the bigh spatial resoluvtior of the image
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normally parallel reference frinrges, in spite of the several-thousend-degree temperature
difference betweer the surrounding air ard the interior of the arc plasme. As 2 result of
these findings, it was decided to perform the measuremerts with the shorter wavelengths
available from an argon ion laser, since semeitivity to density changes increases with
decreasing wavelergth., Also a technique krowr as double-pass interferometry, ir which the
light is directed through the test region twice alorg the identical path, can be uvtilized
to double the sensitivity to denmsity changes. Thie study is currently beirg pursued by the
IMEL's Materials Technology group.

Future work

At present, the holography effort at INEL is relatively inactive; ore group ie pursving
the study of welding arcs using holographic interfercmetry. A major problem with #1] opti-
cal techniques that require ogtical access to the reactor coolant system has teenr surviv-
ability of the window material. Corsiderable work has been dcre already at INEI on
possible window materials; spine) (magresium-alumirum oxide) and titanium dicxide bhave
shown promise of long-term (hundreds of hours) survivability ir high-temperature (350¢C),
high-pressure (15 MPa), chemical-lader water typical of reactor coolant svstems.

The lack of available data or the refractive index of water at elevated temperatures hes
hindered full aralysis of interferometric data taken at reactor operating corditions.
Researchers at INEL are currently preparing to measure the refractive index of water at
high temperatures.

Conclusiors

A portable holographic camera has been built which produces high-resclution ima{es of
both quiescent and rapidly changirg events. Such images are three-dimensioral, allowing
for more complete aralysis. Additionally, the camera car make holographic interferograms
wkich have several advantages over conventional interfercgrams ard which can be used to
measure very small changes in a pbysical environmert; changes in temperature, dersity, and
position, for example.

The camera is desigrecd to be extremely flexible ir optical corfiguration, thus permit-
ting one to tailor the corfiguration to the particular experimert beirg corducted. The
ruby laser, which is the heart of the system, produces 750-mJ pulses with a pulse duration
of 20 ns. It is also possible to fire the laser twice during a single charge cycle for
purposes of interferometry. The delay betweer pulses can be varied between 1 us ard 1 =.

The portable holographic camera has already showr its value ir a number of applications
at the INEL, ircluding two-phase flow studies and studies of steam bubhle growth and irter-
ferometry. Further work is necessary to fully implemert thece techniaues; a suitable win-
dow material must be found and cata or the refractive irdex of water at high temperatures
must te obtaired.

Notice

This report was prepared as an account of work eponsored by ar agercy of rhe Uritred
States Covernment. Neither the United States Coverrment ror ary agercy therecf, or ary
ot their employees, makes ary warranty, expressed or implied, or assumes anv legal
liability or resporsitility for ary third party's use, or the results of such use, of
any informatior, apparetus, product or process dieclosed in thig repert, or represerts
that its use by such thivd party would not infringe privately owred righte. The views
expressed ir this paper are rot nrecessarily those of the U.S. Nuvclear Regulatory
Commission,

Refererces

| C. M. Vest, Holographic Interferomefry, New York: John Wiley and Sers, 107°¢,

i J. L. Loty, B. P. Hildetrard, "The Use of Sardwich Fologram Interferometry for Non-
gestructive Testirg of Nuclear Reactor Components," Optical Frgireering, 21 Mav-June 1982,
pPp. 542-47.

3. J. R. Fincke, V. A. Deason, "Holographic Invest ‘gation c{ Norequilikrium Vapor Cerera-
tion in a Two-Ditensional Nczzle," ASME Bl1-WA/FT-1%, ASME Winter Anruval Meering,
Washington, D.C., November 15-2C, 1G8].

4. J. R. Fincke, L. R. Collire, "The Correlatior of Two-Dimeneioral ard Nereguilikrium
E.fects in Subcocled Choked Mozzle Flow," N 'REG/CR-1607, ECG-2081, March 198]).

- I V. A. Deason, L. Reyrolds, "Eidirectional Cirematography of Steam Evbble Crowth,"
28th Internationel Irst-umentation Symposium, lae Vegas, Nevacs, Mav 3-6, 1687,




