
kS'" hkj)t(E feSmtCN p=| C/ 5e '" O 'v'* *C. *

Ecc P-14982
PREPRINT

Some Applications of Holography at the .

Idaho National Engineerina Laboratory
i

Vance A. Deason

_

Aucust 22-27, 1982 '

SPIE 26th Annual Interreational Technical Symposium

s

This is a preprint of a paper intended for publication
in a journal or proceedings. Since changes may be
made before publication, this preprint is made
available with the understanding that it will not be
cited or reproduced without permission of the author.

f h.s repmt was prepared as an atrount of work +ponsored em an agem, or the Ln.ted States Cosernment
Neither ene ( n. tad States C%ernment not any asemy .hereo or any of their emglovees makes any
wa*ranty espressed or emphed or assumes any legal liebelety or revsons.belitv for any third party 9 uw or the
results of wh use of any etormatson apparatus proder or prtxtes destlosed on tha report or represents
that cs use by such th+rd party would not mftw.ge privatel, ownN shts The siews es;tewed .n thes paper
are not ne'esarily theme of the L; 5 Nuclear Regulatorg (ornmessson

i

|

| 1

|

| m
| 4

E Idaho
~

Idaho Falls, Idaho 83415

I

8211010393 820827
PDR RES
8211010393 PDR

1
!

|

J



-
~ s- z -- ., - m ,

17.
'.... ,

o -, -

x ,,

.\ 353-22
,+

'

x
.

.

-. .

me applications of bologrepFy at
i tre Idaho Naticnal Engineering laboratory *,

,

; , . c ~. m s .

r

I * s % N $. I. .f
'

.

Vance A.?C,64sen ,p
-

-
''

\
' 2t ,

BrarclN Ectf IdabH Inc.1 tC ,
.Y clastrument Development

. - t ,

P.O. Box 1625, Idaho Falle. Idabo 8"415 m
''

; ~ qu * n
Abstract

A project was recently completed that investigateb pcisible uses of bolography in the
A portable holographic..camers which uslaser 4ar il?umiration was constructed and used in various studies, Irr.es a pulsed rubyruclear reactor safety pregrac.-

~

luding several
desigrei to ' clarity the properties of steam / water mixtures that occur during loss-of-
coolant accidents (fr nuclear reactors. Tbv flexibility of the cameras's optical configura-
tion ylso enables'it to produce holographic interferegrams, which have several advantages
overi converitional interferograms and which can te used to measure very small physical
changes,in a' giver environment. [ y

'

(2
_A

Introductionn
' - i,g 'y

The Ins'trument),TevelopantBranchofEG&CIdaho, Inc., operating contractor for the"
; Department of Ecert.y s Idahofiational Engfreerirg Laboratory (INEI), recently investigated

optical holography And re]ated techniques to determire Whether such teCbnioues might be,

useful in characterizing various phenomena influencing ruelear reactor performance during
accidents or other abeormal operating conditiers. Many potentially severe accidents
involve failure of the primary coolant system which leads to extremely complex two-phase
(steam / water) flows and the resultant problems of beat'ord mass transfer Fetween phases.
he decided that useful data might be obtained from bolograms in several areas:

i

1. Vfsualization of complex two-phase flow systems. The three-dimensieral nature of
bolographic images coupled wirb the brief exposure tires characteristic of pulsed

; lasers provides information rot easily derived from more traditional imaging
techniques.;

s

2.s . Holographic interferometry. The possibility of using bolographid; lrterferometry to
T Necora the thermal envirormert near the steem/ water interfacel provides a tool to
\ evaluate details of the heat trarsfer process. Such informatior,vould improve the

basic urderstanding of phase change phenomera, and ultimately, Fould improve the
W it radiability of computer codes which beve beer developed to evaluate reactor

performance ducirg loss-of-coolant acciderts.
3

.3. 'Nordestructive evaluation of various reactor components, sueb as fuel rods, pipire,'

'

and pumps.'

'' In response to these consideratfors, we accuired the recessary eFpertise acd Govippert
'

{ to produce bolograms. A portable holographic camera was desigred and built, incorporatirg
a 750-rJ, double-pulsed ruby laser. This camera was subsecuertly used in several studiesi

| over the past two years. Some of the results of these studies are reported in this paper.
| |

and the equipment is briefly described.

The portable holographic camerag -- '

/; portable = holographic camera must have these basic features:
1. A suitable laser to create the highly coherert, nearly corochromatic light recuired

to record the hologram; and asscciated optics reovired to expard the laser beems

. to whatever diameter required by the experimental arrargement.

2. ,,A holographic plate holder which excludes most orbiert 1ight but permits the laser
light to enter and strike the sensitive plate. Again, a certain number of eptical
components are required to ccatrol and position the light.

3. ~1he system must be compact ercugh to be transported relatively easily ard stable
'erough to maintain critical optical aligrmerts during transportation.

WorksuNortedbytheU.S.FuclearRegulatoryCommiseforurderCOEContract*
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lbEL's portable holographic camera system was jointly desigred by J. D. Trolfrger of
Spectron Developmcr.t Labs and staff meebers of FC&G Idabo, Inc. The cemera incorporates a
750-mJ Apollo ruby laser capable of beirg pulsed twice per charge cycle with a meFIPum 1-s
automatic delay between pulses. The camera corsists of two parts: a light source correir-
ing the ruby laser and associated optics (Figure 1), and a receiver (Figure 2) ebich bolds
the holographic plate ard any necessary optics. Both parts are built around appropriately
sized optical breadboards with magretic steel mounting plates drilled and tapped at regular
intervals. Both units are covered by light-tight enclosures which bave various hinged
secticns to provide access. This design permits great fleFfhility in Fodifyirg the optiCP]
arrangement to suit the particular application. At present, as many as three mutually
ccherent collimated beams, up to 150 mm ir diameter, can te simultaneously produced. The
hologram holder has a solenoid-operated sbutter to limit plate exposure frcm extraneous
light, and filters can be used to further restrict exposure to those wave-lengths rear the
laser line. A 10-mW HeNe alignment laser is used to correctly pcsition experimental com-
ponents in the laser beam ard can also be used to reconstruct holograms in the field.

Reconstructior system plate bolder and positterer

A view of the reccostruction system appears in Figure 3. The holograpbic plate is beld
in a yoke which permits the long axis of the 4 x 5-in. plate to 1e vertical or horizontal,

; depending its orientation durirg exposure. This yoke can be rotated about two orthogonal
axes while rotation about the third axis is performed by tilting the entire assembly. The
plate holder can be translated both vertically and borizontally (along the image x ard
y axis) by stepping motors turning lead screws which engage ruts in the courtirg stages.

| A third motor-driven slide carries ar optical sensor or recording device such as a 35mm,
4 x 5, or video camera, which can be moved along the z axis to provide records of the'

various x-y planes ir the three-dimensional holographic image. The x, y, and z axis post-
tiers are read from a linear optical encoder which is accurate to 0.00025 cm. 15e optical
encoder readings are transmitted to a microprocessor which also controls the various
positioning motors.

Applications

The portable bolographic camera has been used ir a number of studies, including two
which required moving the equiprent to field 1ccations. These moves were made by truck
over rough reads, but the equipment reovired only minor adjustment of the beam-directing
optics. The laser oscillator cavity, the part most sensitive to misalignrent, was
unaffectea.

,

Some of the recent applications of holograpby at INEL consisted of observation of non-
equilibrium vapor generation ir a nozzle, studies of the plasma surrounding a welding arc,
studies of various two-phase flow regimes, and development of holographic irterferometry
for use in two-pbase measurements. In this sectico, several of the applications of holo-

;

graphy at the lhEL are briefly described and some results presented.)
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Figure 1. The transmitter assembly. Figure 2. The receiver assembly.
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f Figure 3. Fologram reconstruction system.
|

|
| honeouflibrium vapor generatfor in a two-dimensforal notrie

and LCFT,g of a study of flow characteristics ir norzles similar to those used in Semiscale ,As par
a two-dimensienal convergirg-divergirg rozzle was constructed from tracsparent '

plastic. Ibe upper and Icwer contours were similar to the Penry's nozzles used ir
Semiscale, while the front and back surfaces were flat. This design eliminated image dis-
tortions caused by vapor nest the walls ard by wall curvature. The object beam was direc-
tec through the flat sides of the nozzle while the reference beam passed arourd. Figure 4
shows the experimental setup ard Figure 5 is a convertional photograph of the nozzle.
Figure 6 shows an overall view of the nozzle and several details of the cavitation region.
All of these views were photographed from the original bolographic image with varying
degrees of ragnificatfor. Figure 7 shows a short cavitation bubble which collapses just
after leaving the throat. This work is fully reported in References 3 and 4.
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Figure 4 The holograpbfe camera system.

| '

* The Semiscale facility is a rmall-scale, electrically heated reactor coolant-system
siculetor. The Loss-of-Fluid Test (LOFT) facility is a 50-MW rest reactor. Peth are|

I located at INEL.
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'Figure 5. The two-dimensional rozrle showing vapor generation or top end
bottom rozzle contour surfaces.
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Figure 6. The full cavitation bubble with details.

Holography of air / water twn-pbase flows

An early application of holography in this program involved making pulsed reby-laser
holograms of air / water mixtures flowing ir a rectangular plastic pipe. A bolographic
camera rented from Spectror Development Labs and operated by Dr. Trolleger was veed in thiF
study. he were interested in determining bubble shapes and dir'ributions for various flow
regimes as well as which flow conditions might prove to be to3 wtically opsoue to make
usable holograms. Figure 8 abows photographs of a typical air / ater mixture. For dis-
persed bubble flows up to a maximum void fraction of 0.2. image cuality was satisfactory.
Above 0.2, image cuality was unsatisfactory, except for bubbles close to the near wall.
' Ibis image degradation was due to multiple reflectiers from bubble efr-water interfaces.
Figure 9 shows the results of double-exposing a hologram witb e 50-us delay between
exposures. The double image permits the velocity of each bubble to be measured sfree the
tubble displacement can be directly measured, and the time irterval is knewr.

I
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Figure 7. A short cavitation bubble showing bubble collapse.
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| Figure 8. Holographic view of Figure 9. A double-exposed hologram of
| air / water flow. two-phase bubbly flew.

Steam bubble erewth

Holograms were made of the early stages of steam bubble growth in superheated water as
support for a bubble dynamics project.) The steam bubbles were gererated or electrically
heated, 75-u-diameter platinum wires immersed in room-temperature water under reduced
pressure. figure 10 shows a double-exposed bologram of two steam bubbles, ore still on the

{ wire and growing, and a secord which has released frem the wire and is rising order buoyart
forces. The interval terween exposures was 50 us. The tecbrique permits a detailed'

stuoy of steam bubble shape and growth due to the high spatial resolutfor of the image, the,

! excellent time resolution of the 20-ns laser pulse, and the three-dimensforality of the
image. Figure 11 is a bolographic interferogram of a steam bubble growing on a 75-u
platinum wire. The fringes surreurdirg the wire indicate a local region with temperature
greater than the bulk cemperature. The lack of frirges near the bubble indicates that the
bubble temperature differs by less than 0.5'c from the bulk temperature, consistert with
the fact that the test cell was operating very near saturation.

Folographic interferometry

A major objective of IhEL's holography project bas been te expleft the unicue advantsges
of holograpbic interferometry. A particular advantage of holegraphic interfercmetry is the
relaxation of the stringent quality reoufrements for optical components compared with those
used in corventional interferometry. Also, under certair experimertal corditiers, the
density distribution can be constructed in three-dimensieral form frem the complex inter-
ference frirge structure recorded on the hologram. This teebrioue is aralogous te the com-
poterized tomography used in medical and orber applications. Urtil recently, inversion
routives were not available at D'EI to compute temperatures from interferometric data.
however, a small subcentract was giver to Dr. C. P. Vest at the Uriversity of Michigan to
determine the most advantageous data conversion scheme for temperature measurements rear a
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figure 10. A double-exposed bologram Figure 11. Holographic freerferogram of
of steam bubbles. growing steam bubble.

steam bubble. A scheme based on the Abel trarpform was developed for ceses where the tem- ,

'perature distribution is nearly radially symmetric. Further work is necensery before a
general asymeetric temperature distribution can be analyred.

The portable holographic camera was also used in an effort to determine if bolographic
interferometry could be used to aralyze the internel struc.ture of a welding are plasma.'

In this study. the intense ligte produced by tha plasma was a significant probler. Tbc
solution irvolved shutterirg to ifmit the time durtrg which the bolographic piste was
exposed to ambient light; the actual eFposure CO meke the lologram was only the 20-es reby
pulse, but the plate was cpen to the plasma light for a far lorger period of time. To
further reducc the plasma light, a Schott colored glass edge filter was esed which passes
Ifgtt with a wavelength near that of the ruby laser output (f 94.3 cm) . A narrew-psse
interference filter was also used. The coulprert artergemert is shown ir Figure 12 and an
example of an interferogram is presented in Figure 13. bote that the plasma is almost
transparert to the ruby light as evidenced by the relatively miror distertions in the

''
canass e |=-

^
_t

. :& .,

.e

'N.
,

~

f.w z .1

i
-

_

= -

,-- -e
..

v

f' .,

D!5
.

'

r

ligure 12. Experimer.tal arrangemert for Figure 13. An interferogram of the welding
holography of eelding arcs. arr plesma.
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normally parallel reference fringes, in spite of the several-tbousand-degree temperature
difference between the surrounding air ard the interior of the are plasme. As a result of
these findings, it was decided to perform the measurements with the shorter wavelengths
available from an argon ion laser, since senettivity to density cbenges increases with
decreasing wavelergth. Also a technique knowc as double-pass interferometry, ir which the
light is directed through the test region twice along the identical path, can be utilfred
to double the sensitivity to density changes. This study is currently beirg pursued by the
IhEL's Materials Technology group.

Future work

At present, the holography effort at IEEL is relatively inactive; ore group is pursuing
the study of welding arcs using holographic interferemetry. A major problem with all opti-
cal techniques that require optical access to the reactor coolant system has been surviv-
ability of the window material. Corsiderable work bas been dere already at INEl on
possible wirdow materials: spinel (magnesium-alumirem oxide) ard titanium dicxide have
shown promise of long-term (hundreds of hours) survivability fr high-temperature (350*C),
high-pressure (15 MPa), chemical-ladte water typical of reactor coolant systems.

The lack of available data or the refractive index of water at elevated temperatures has
hindered full aralysis of foterferometric data taken at reactor operating corditions.

.
Researchers at IhEL are currently preparing to measure the refractive index of water at

# high temperatures.

Conclusions

A portable bolographic camera has been built which produces high-resolution images of
both quiescent and rapidly changira events. Such images are three-dimensforal, allowing
for more complete analysis. Additionally, the camera car make holographic interferograms
which have several advantages over conventional interferegrems ard which can be used to
measure very small changes in a physical environment eberges in terperature, dersity, and
position, for example.

The camera is desigred to be extremely flexible in optical corfiguration, thus permit-
ting one to tailor the corfiguration to the perticular experimert beirg corducted. The
ruby laser, which is the heart of the system, produces 750-rJ 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 I s.

The portable holographic camera has already shown its value ir a number of applications
at the INEL, ircluding two-phase flow studies and studies of steam bubble growth and freer-
ferometry. Further work is necessary to fully implemert these technioues; a suitable win-
dow material must be found and deta or the refrective fedex of water at high temperatures
must te obtaired.

Notice

This report was prepared as en account of work sponsored by an agency of rbe Urfred
States Government. Neither the United States Goverrment ror pry agercy thereof, or any
of their employees, makes ary warranty, expressed or implied, or assures any legal
liability or resporsibility for ary third party's use, or the results of such use, of
any informatf or, apparetus, product or process disclosed in this repert, or represerts
that its use by such third party would not frfringe privately owred rights. The views
expressed ir this paper are not recessarily those of the U.S. Fuclear Regulatory
Commission.
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