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Abstract 

PractIcal aspects of uSlng laser holograph1c Interferometry In some NASA Ames wind tunnels are pre­
sented. These aspects lnclude the development of techn1ques for dual-plate lnterferometry, OptlCS alIgnment, 
and laser allgnment. In addlt1on, methods to allev1ate problems assoc1ated with vibratlon, photographlc 
processlng, photograph1c dry lng, and photograph1c reconstruct1on are dIscussed. 

Introduct1on 

Dur1ng the past decade, laser holographlc lnterferometry has been demonstrated to be an effective, nonln­
truslve tool for measur1ng denslty flelds 1n aerodynamIc applicatlons. The use of short pulsed laser holog­
raphy greatly reduces the vlbrat10n problems 1nherent ln wlnd tunnels. A dlstlnct advantage of using holo­
graph1c 1nterferometry 1S that h1gh qual1ty Opt1CS are not required. Such large scale optIcal components 
normally requIred 1n wInd tunnel flow studles are very costly. The holo~raphlc technIque 1S now rout1nely 
used for wInd tunnel analysIs of two-dimens1onal flows around alrfolls 1, and more recently, has been applIed 
to three-dimens1onal flelds. 3,4 

The bulk of the holograph1c lnterferometry lIterature places emphasIs on the aerodynamIc aspects rather 
than the practIcal aspects of uSIng thlS technIque. ThlS paper presents some practical aspects of using 
holograph1c Interferometry based on stud1es conducted at the NASA Ames Research Center. The specIalized 
alIgnment procedures of the Interferometer and lasers are presented and dIscussed SpecIal photographIc 
processIng of the holograph1c plates, as well as dry1ng and reconstructIon methods for dual-plate holography 
w1ll be dIscussed. 

Interferometer 

Off-aXIs holography IS typIcally used for wind tunnel studIes of flow fIelds. An off-axis Interferometer 
system 1S shown In F1gure 1. The laser beam was SpIlt Into an object beam and a reference beam. The object 
beam passed through the test sectIon contaInIng the model and flow fIeld to be measured, whIle the reference 
beam passed around the test sectIon Both beams were focused on the holographIc recordlng plate to form a 
hologram Deta1ls of off-aXIS holography can be found In any text book on Interferometry.5 Pulsed ruby and 
Nd:Yag lasers are used 1n wlnd-tunnel 1nterferometers because the pulse duration 1S shorter than the high 
ambIent vlbrat10n levels present in w1nd tunnel test1ng envlronments. The pulse durat10ns of these lasers 
are between 15 and 25 nanoseconds. 

Several 1nterferometers have been used at Ames Research Center These 1nclude both permanent and portable 
systems. 6- 8 There are three permanent lnterferometer systems belng used at Ames Research Center. These are 
the Ames 2 x 2 Foot Transonlc Wlnd Tunnel lnterferometer uSlng an Nd:Yag laser as shown ln Flgure 2, the Army 
Aerofllghtdynamlcs Dlrectorate AnechoIC Test Chamber lnterferometer using a ruby laser as shown in Figure 3, 
and the Ames Hlgh Reynolds Number Channel I lnterferometer also uSlng a ruby laser A portable 
lnterferometer uSlng an Nd:Yag laser has been used ln both the 11 x 11 Foot Transonic Wlnd Tunnel (Figure 4), 
and the 6 x 6 Foot Supersonlc Wlnd Tunnel (Flgure 5) Note the long beam path lengths (50 to 100 feet) and 
the numerous optlcal elements (20 to 30) In these systems, WhlCh adversely affect the beam allgnment. Other 
problems affectlng these systems lnclude vlbration, laser beam wandering, as well as dust partlcles and tem­
perature fluctuatlons that are present ln all wInd tunnels. All these problems adversely affect the perfor­
mance of these systems and the overall quallty of the resultlng lnterferograms. 

To Illustrate these problems, the 2 x 2 Foot Transonlc Wlnd Tunnel interferometer system IS used as an 
example, which lS shown ln Figure 6. ThIS system uses a pulsed Nd:Yag laser manufactured by Quanta Ray, 
Inc. The laser operates at 5300 A wavelength In the vlslble green spectrum and has three modes of opera­
tion. These modes are slngle pulse, double pulse, and 10 pulses per second. The laser power output levels 
were set by adjustIng the tlmlng of the Pockels cell trlgger ThlS adjustment allowed the laser cavity to 
f1re at different posltlons on the flash lamp output response curve, shown ln F1gure 7 This response curve 
was sensed by a dIode detector placed along the beam path and vlewed wlth an oscilloscope. Problems incurred 
USIng thIS Interferometer were beam wanderlng, long beam paths, dust on optlcal elements, temperature varla­
t1ons, and v1brat1on, all of wh1ch adversely affected the optlcal allgnment. Allgnment problems also 



lncreased wlth addltlonal mlrrors and lenses. For example, the reference beam allgnment In the 2 x 2 foot 
lnterferometer system was more crltlcal than the object beam because It contalned addltlonal turning mlr­
rors. To facllltate allgnment, remotely controlled, motorlzed actuators were used on those optlcal mounts 
that were not readlly accessible. To reduce the vlbratlon problem, relnforced mlrror mounts were used 
lnstead of standard mirror mounts To reduce optlcal noise In the reference beam, a spatial fllter was added 
at the crossover pOlnt of the mlcroscope beam expander just before the hologram recordlng plate To reduce 
the amount of dust and minor lmperfectlons In the optlcal elements appearlng on the interferogram, the holo­
gram recordlng plate was placed slightly In front of the object beam's focus pOlnt Whlch defocused the images 
of the dust and optlcal lmperfectlons. To reduce temperature varlatlons, optlcal beams were encased In cloth 
bellow enclosures to dlmlnlsh room alr currents and the rooms were kept at an amblent temperature. 

Allgnment 

Laser beam wanderlng necessltated alignment before each test The followlng sectlon describes the allgn­
ment procedure for the 2 x 2 Foot Transonlc Wlnd Tunnel lnterferometer system. First, the laser was turned 
on at 10 pulses per second at a low power (4 to 5 millljoules) for ten mlnutes. ThIS brought the laser up to 
ltS operatlng temperature whlch stablllzed It and thus mlnlmized beam wandering. The allgnment process was 
started by adjustlng the flrst mlrror through a long focal length lens (ft = 1.0 m) to steer the unflltered 
6-mm diameter beam lnto the 150-~ dIameter spatIal fIlter pInhole, also shown in FIgure 6. ThIS spatIal 
fllter pInhole dlameter produced a very smooth beam lntenslty dlstrlbution, maklng It qUIte sUltable for 
holography Three mlcrometers were used to adjust the posItion of the spatIal fIlter pinhole. When the 
pinhole was centered on the focal point of the laser beam, a symmetrIcal dIffractIon pattern appeared down­
stream of the plnhole as shown In FIgure 8a. The spatIal fllter plnhole was perlodlcally replaced because 
the laser beam wanderlng burned the pInhole edges. thIS caused an ellIptIcal shaped pinhole WhICh resulted 
In a dlstorted defractlon pattern as shown In FIgure 8b. Holograms taken wIth nonclrcular pInholes have non­
unIform Intenslty and produced poor qualIty Interferograms The object and reference beams were then 
allgned, separately, along theIr respectIve paths to the hologram recordIng plates. Shutters placed in each 
beam path near the hologram recordlng plate allowed one to VIew and alIgn these beams separately. In the 
flrst step of the allgnment, the laser was operated at 10 pulses per second Thls nearly contlnuous wave 
beam was easlly seen, whlch faclIItated the allgnment Each beam was adjusted untIl a unlform cIrcular pat­
tern was observed on the ground-glass focuslng screen of the hologram plate holder. In the second step, to 
freeze the flow fleld wlthout uSlng a shutter, the laser was sWltched from the 10 pulses per second mode to 
the SIngle pulse mode To check the allgnment In thls mode, a 4 x 5 polarold-type 55 PIN fllm was exposed by 
a slngle low-power laser pulse Correctly allgned beams showed an even, grey-colored cIrcular pattern on the 
polarold prInt, as shown In Flgure 9a. An uneven grey pattern, as shown In Flgure 9b, Indlcated lncorrect 
allgnment It was lmportant to get the proper grey exposure by trIal and error adjustment of the laser 
power, because over or underexposed fllm masked the even clrcular pattern requlred for correct allgnment. 
The flnal step was to check the allgnment at maxlmum laser power (40 to 50 mlllljoules). This high energy 
level was requlred for proper holographic plate exposure. A flnal alIgnment check at maxlmum laser power was 
made by placlng a 4 x 5-lnch sheet of fully exposed and developed Kodak Trl-X fllm on the ground-glass focus­
lng screen and observlng the beam The exposed sheet fllm attenuated the hlgh lntenslty of the beam so that 
It could be Vlewed through the fIlm to check alignment at high power, In case the laser had drIfted. 

Hologram recordIng 

In dual-plate Interferometry,9 an amblent condltlon holographIC plate was recorded (pre- and post-test) to 
gIve the reference denSIty In the wlnd-tunnel test sectIon. A second holographIC plate was recorded at the 
test condltlons Agfa Type-l0E56 4 x 5-lnch glass plates were used to record the holograms. These plates, 
emulsIon SIde faclng outward were loaded In total darkness Into standard double-slded plate holders. InI­
tlally, a numerlcal IdentIfIcatIon number was hand scrlbed on each holographlc plate as they were loaded. 
ThIS laborIous procedure was later replaced WIth a 12-dlglt LED electronlc Identlficatlon system mounted on 
the hologram recordIng plate holder. Thls ldentlflcatlon system pre-exposed a dlgltal code of the test con­
dltlons on the unused area of the hologram plate, as shown In Figure 10. Relatlve posltlon of the test con­
dltlon and ambIent condltlon holographlc plates In the recordIng plate holder were separated by 5 mm, using a 
metal spacer. Thls lndlcatlve space was used durlng reconstructIon to separate the test condltlon and 
ambient condItIon holographIC plates. AmbIent and test condItIon holographIC plates were exposed at maximum 
laser power of 40 to 50 mlllijoules Several ambIent CondItIon and test condItIon holographic plates were 
taken for each test condItIon because varIatIons In the laser's power output and characteristIC mode affected 
the photographIC denSIty of the plates. 

Hologram processIng 

HolographIC plates were developed USIng a standard black and whlte processlng technIque with some modIfI­
catIons. The plates were processed USIng Kodak 4 x 5-Inch metal hangers submerged in one-gallon Kreonite 
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type tanks. The solutIon In the tanks was agItated wIth nItrogen gas bursts, WhICh was controlled by a tImed 
valve system NItrogen gas prevented oXIdatIon of the solutIons and ensured even development of the 
plates. The fIrst step was to load the exposed plates In total darkness Into the hangers and Immerse them In 
the developer Kodak D-19 developer was dIluted with equal parts of water, or used full strength, depending 
on exposure of the plates ProcessIng tIme was determIned by vIsual InspectIon durIng the developing stage, 
WhICh normally took a maxImum of 4 to 5 mInutes at 20°C. The plates were Inspected for exposure densIty 
uSIng dIffused lIght reflected from a safellght. The InspectIon safellght used was a Kodak Model A-15W wIth 
a type OC fIlter and three layers of whIte bond paper to further reduce the lIght level. The second step was 
to qUIckly Immerse the developed plates In Kodak stop bath Type 33 for 60 seconds at 20°C to stop plate 
development. The thIrd step was to lmmerse these plates In KOdak Ektaflo fIxer dlluted with water, 7.1, for 
4 mInutes at 20°C to complete plate flxation. This was followed by washIng the plates In running water In 
the flnal tank for 15 mlnutes at 20°C. The plates were then removed from theIr hangers and lmmersed In a 
tray contaInIng denatured alcohol at room temperature for 15 seconds to allow evaporatIon of the water and to 
mInImIze uneven plate emulsIon shrlnkage The plates were then removed from the alcohol bath and Immediately 
drIed In a Kreonlte temperature-controlled drying cabinet uSIng fIltered aIr. Another method was to blow dry 
them wIth a fan to prevent dust and ImpurItIes from settllng on and dlstortlng the plate emulsIon. Overex­
posed and/or overdeveloped plates were salvaged by bleachIng the densIty uSIng Kodak farmers reducer. Plates 
that were underexposed and/or underdeveloped were salvaged by intensIfYIng the densIty uSIng Kodak chromIum 
IntensIfIer. 

ReconstructIon 

After developIng the holograms, the next step was to reconstruct the Interferograms. A tYPIcal recon­
structIon system IS shown In FIgure 11 The output beam of an argon-Ion 200 mIlliwatt contInuous wave laser 
at 5145 A wavelength was expanded and collImated by a mIcroscope objectIve lens and reflected at an angle 
duplIcatIng the orIgInal angle of the reference beam. ThlS beam passed through the ambIent and test 
condItIon holograms WhICh were held In a plate holder. 

The flrst step of the reconstructIon process was to match the densIty of the test conditIon and ambIent 
condItIon holograms It was found that the matched holograms of medIum density gave the best qualIty inter­
ferograms durIng reconstruction ThIS medium densIty range of 0.85 to 1.07 was measured on a Weston densi­
tometer model 877 LIght and dark densIty plates gave poorer qualIty Interferograms, because of low con­
trast. The usable range of these paIred denslty plates was lImIted by the abIlity to see a silhouette of the 
model (USIng an 8-x magnIfIer on the reconstructIon camera ground glass). The second step of the reconstruc­
tIon process was to place the test and ambient condItIon holograms In the plate holder In the same relative 
POSItIon as they were recorded In the WInd tunnel WIth the emulsion side toward the Incoming reference 
beam. The plate holder was SlIghtly rotated In the vertIcal aXIS so that the reconstructIon beam duplicated 
the approxImate 20° angle of the reference beam and the plates. At the correct angle, the brightest Image of 
the flow was seen MIcrometers on the plate holder were used to move one plate relatIve to the other to 
superImpose the sIlhouettes of the model on both plates. At thIS pOInt, an 8-x magnifier was used on the 
camera's ground glass to observe frInges near the model and to check superImposItIon of the silhouettes. If 
the silhouettes were superImposed, a frInge pattern would be present 

The fInal step was to adjust the plates and reconstruct to an InfInIte-frInge interferogram, i.e., frInges 
on an InfInIte-frInge lnterferogram are constant contours of Index of refraction changes. For two­
dimensIonal flows, the frInges become constant denSIty contours WhICh make interpretation very easy. For 
most aerodynamic applIcatIons, the regIon several model dIameters ahead of the model wlll be a region of 
unchanged or ambIent refractIon Index. USIng thIS regIon of unIform refractive Index, the plates were 
adjusted SlIghtly to get one or two broad frInges In that regIon. This technique was subjective and required 
some knowledge of the aerodynamIcs of the flow. When thIS was accomplIshed, an Infinite-frInge interferogram 
was observed The Image of the reconstructIon was t9Sn taken with a 4 x 5-lnch VIew camera. Figure 12 shows 
a typIcal reconstructed interferogram of an aIrfOIl The frInges from the interferograms were digItized 
and reduced Into denSIty data ThIS was orIgInally done by manually countIng the frInges, tracing them on a 
graphIcs table and connectIng thIS data to a computer. Recently, to replace thIS laborious manual method, a 
semI-automatIc frInge evaluatIon system was developed. 11 This system uses an image-processing unit, De Anza 
1P-6400, that was connected to a VAX 11/90 host computer. 

ConclusIons 

The practIcal aspects of laser holographic Interferometry, as presented here, proved to be highly effec­
tIve In reducIng or elImInatIng many problems assocIated WIth WInd tunnel Interferometer systems. The prOb­
lems and theIr SolutIons are as follows' 
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Vlbratlon problems: solved by uSlng relnforced mounts and encloslng the laser beam paths In cloth 
bellows 

2 Allgnment problems solved by uSlng remotely controlled motorlzed actuators and polarold test fllms 

3 Holographlc recordlng: solved by uSlng plate Identlfler and/or dupllcate test exposure technlques. 
(Several holograms are taken for each test condltlon ) 

4 Photographlc processing solved by devlslng Inspectlon development and drylng technlques. 

5 Reconstructlng Interferograms: solved by addlng turnlng mlrrors to facliltate double-plate adjust­
ments and palrlng of plate densltles for Improved Interferogram recordlng technlques. 
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Flgure 1 TYPIcal off-axls holographlc Interferometer 
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(a) RECEIVING OPTICS AND HOLOGRAM 

(b) LASER TRANSMITTING OPTICS 

Figure 2. Interferometer system in the 2 x 2 Foot Transonic Wind Tunnel. 
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Figure 3. Interferometer in the Army Anechoic Test Chamber. 

LASER AND TRANSMITTING 
OPTICS WITHIN ENCLOSURE 
OBJECT BEAM DIRECTED 
AT WINDOW 

Figure 4. NASA Ames 11-Foot Interferometer System. 
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(a) TRANSMITTER (b) RECEIVER 

Figure 5. 6 x 6 Foot Supersonic Interferometer system. 

Figure 6. 2 x 2 Foot Transonic Wind Tunnel interferometer system, showing location of spatial filter 
pinhole. 
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FIgure 7. Laser flashlamp response curve. 
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(a) GOOD PATTERN (b) BAD PATTERN 

Figure 8. Spatial filter pinhole diffraction pattern. 

(a) (b) 

Figure 9. Polaroid test alignment pattern. a) Even exposure indicating correct laser beam alignment. 
b) Uneven exposure indicating incorrect laser beam alignment. 
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Figure 10. Holographic plate showing identification code. 
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Figure 11. Holographic interferometer reconstruction system. 
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Figure 12. Typical infinite-fringe interferogram of the flow around a model airfoil. 
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