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INTRODUCTION 

The Aerodynamic Research Branch is respons1ble for both theoret1cal and 
exper1mental research on steady and unsteady aerodynam1c flows. Many of our 
research programs are concerned with complex flow fields that involve separat1ons, 
vortex interact1ons, and transonic flow effects. To fully appreciate the spac1al 
relat10nships in such flows, 1t 1S 1mperative that the most up-to-date flow 
v1sualization techniques be used to obtain a global p1cture of the flow phenomena 
before deta1led quant1tative stud1es are undertaken. A w1de variety of methods are 
used to visual1ze fluid flow and a sampling of these methods 1S presented 1n the 
enclosed 1nformal collection. 

It must be stressed that the visualizat10n techn1que is but a means to an end, 
th1S be1ng a thorough quantitat1ve analysis and subsequent physical understand1ng of 
these flow fields. 

Sanford Davis 
Chief, Aerodynam1c Research Branch 



DYE INJECTION TECHNIQUE FOR WATER FLOWS 

Dyes are often used as tracers to vIsualIze flow patterns In water. They can 
be Injected Into the flow by several dIfferent methods. One method Injects dye 
fIlaments Into the regIon of Interest to vIsualIze streak lInes. Dye fIlaments can 
also be Injected locally from the model to vIsualIze flow phenomena near the 
model. For two-dImensIonal models such as a wIng, sheets of dye can be Injected 
from strategically placed slots. 

ExperImental Arrangement 

A NACA 0012 aIrfoIl IS Installed In the Ames-Dryden Water Tunnel. An upstream 
vortex generator (finIte span wIng at a small IncIdence angle) produces a free 
longItudInal vortex (red dye) that Interacts with the wIng boundary layer (green 
dye). The chord Reynolds number is approxImately 50,000. The resultIng vortex-wIng 
InteractIon IS shown In fIgures 1 and 2. 

ExperImenters 

T. T. LIm; R. Mehta 

Date of ExperIment 

July 1983 
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Figure 2.- A plan view of th i nte r action showing symmetric s ep r ti nn , ~ 10° . 
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HYDROGEN BUBBLE TECHNIQUE 

Hydrogen bubbles are used as tracers to v1sual1ze flow patterns 1n a water 
tunnel. The hydrogen bubbles are generated by electrolys1s w1th small W1res act1ng 
as cathodes. Bubbles that are formed on the W1re are carr1ed 1n the flow, tracing 
out streak llnes. In steady flows, streak llnes are 1dent1f1ed w1th streaml1ne 
patterns. To v1sual1ze the local flow near the model, such as separated flow 
regions, wires can be placed on the model. 

ExperImental Arrangement 

The class1cal problem of the flow about a c1rcular cyl1nder was studIed 1n the 
NASA Ames-Army Water Tunnel. Flow v1sual1zat1on p1ctures at two w1dely separated 
Reynolds numbers are shown 1n fIgures 3 and 4. Th1S techn1que was also appl1ed to 
the vortex-wIng 1nteract1on and 1S presented In fIgures 5 and 6. 

Exper~menters 

U.S. Army Water Tunnel: D. Almosn1no; K. McAl1ster 
Ames-Dryden Water Tunnel: T. T. LIm; R. Mehta 

Dates of ExperIments 

U.S. Army Water Tunnel: January 1983 
Ames-Dryden Water Tunnel: July 1983 
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Figure 3.- Cylinder in water with hydrogen bubbles, Reynolds number 35,000. 
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Figure 4.- Cylinder in water with hydrogen bubbles, Reynolds number 300,000. 
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AIRFLOW 

Figure 5.- A plan view of vortex interacting with an airfoil, Reo 37,000, a 
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AIRFLOW 

Figure 6.- A side view of vortex interacting with a stalled airfoil, 
Re c = 37,000, a = +12.5°. 
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SMOKE INJECTION FOR LOW-SPEED AIRFLOW 

Several smOke-InjectIon technIques may be used for flow vIsualIzatIon. One 
Involves InjectIng a sIngle fIlament of smoke ahead of the model. When the fIlament 
hItS the model stagnatIon pOInt, the smoke spreads over the model and enables 
vIsualIzatIon of the flow near the model surface. As an extensIon of thIS method, 
multIple smoke fIlaments may also be used. Another optIon IS to Inject smoke In 
fIlaments or sheets from the model Itself. A brIght lIght shInIng on the smoke 
makes the smoke pattern VIsible. Recently, laser light In the form of a sheet or a 
large beam has been used. ThIS allows visualIzatIon of the local flow near the 
model, such as flow reversal and other complex patterns. 

ExperImental Arrangement 

A small wIng located In the nozzle of a 35- by 15-cm shear layer WInd 
generates a longItudInal vortex that Interacts WIth a free-shear layer. A 
laser lIght IS used to hIghlIght the InteractIon In the cross-flow plane. 
vIsualIzatIon technIque IS Illustrated In fIgures 7 and 8. 

ExperImenter 

R. Mehta 

Date of ExperIment 

February 1983 
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Figure 7,- A cross section through the generated vortex before the interaction 
occurs. 
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Figure 8.- Vortex interacting with a free-shear layer. 
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STROBOSCOPIC SCHLIEREN SYSTEM 

StroboscoP1C flow v1sualizat1on 1S used to analyze unsteady flows by uS1ng a 
pulsed llght source to 111uflllnate the flow at prescr1bed 1nstants of t1me. The 
overall effect created is that of stopped mot1on. If the phase relat1onsh1p between 
the source and flow f1eld 1S slowly var1ed, a slow-mot1on p1cture of the flow f1eld 
1n real t1me 1S obta1ned. The schl1eren effect 1S sens1t1ve to dens1ty grad1ents 
that may be enhanced 1n low-speed flows by uS1ng heated W1res embedded 1n the test 
models. 

Experlmental Arrangement 

The near wake behInd a p1tch1ng a1rfo1l (NACA 64A006, c = 15 cm) 1S examIned 1n 
the NASA Ames 25- by 35-cm Indraft W1nd Tunnel. A th1n Ni Cr W1re was embedded 1n 
the a1rfo1l near the trall1ng edge. F1gure 9 shows the wake pattern at 45 0 phase 
1ncrements at a relat1 vely h1gh, reduced frequency of k - 8. (Note that frames 1 
and 9, at phases 0 and 2n, respect1vely were photographed 1ndependently.) At th1S 
frequency, the maX1~um tra1l1ng-edge veloc1ty was about 40% of the free stre~~ 
veloc1ty and the wake 1S h1ghly d1storted. The presence of locked-in 1nstab1l1ty 
waves on the wake IS also shown 1n th1S sequence. (Further detaIls may be found 1n 
the artlcle "V1suallzatlOn of Quas1perlOd1c Flows," AIAA J., 17, 1979, 
pp.1164-1159.) -

R. Kadlec; S. Dav1s 

Date of Exper~~ent 

August 1975 
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Figure 9.- Stroboscopic schlieren photographs showing wake pattern from an 
oscillating airfoil at phase increments of n/4. 
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COLOR STROBOSCOPIC SCHLIEREN SYSTEM 

An eXlstlng stroboscoP1C schlleren system developed by Kadlec and Davls was 
modlfled by uSlng a strobe llght and approprlate optlcal components. The orlglnal 
black and white system was modifled to a color schlleren system by introduclng an 
array of color transparencles lnstead of the usual Sllt ~rrangement. The result1ng 
color pattern on the schlieren p1cture can be resolved 1nto bars of constant den
Sity. 

Experlmental Arrangement 

An a1rfo1l model (0 = 7.6 cm) (fig. 10) 1S osc1llatlng l~ the Ames 25- by 11-cm 
Indraft W1nd Tunnel at a frequency of 20 Hz. The free-stream Mach number 1S 0.75. 

S. Bodapatlj G. HadJidakls 

Dat~ _of Experlment 

December 1982 
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Figure 10 . - ComposLte s chlip.ren photograph showing color-codecl h, ," o r con nt 
rjr)n:, !ty rlt v 'u'i o IJs pll ase positions dut'ing n osclllCltion cy~lp . 
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SURFACE FLOW VISUALIZATION TECHNIQUES 

The oll-flow technlque uses an 011- and powdered-plgment mlxture palnted on 
the model to create streak patter'ns that lndlcate the surface flow fleld. The 
subllmatlon technlque uses a Solutlon of a sUltable subllmlng solid ln a highly 
volatlle llqUld sprayed on the model to locate boundar-y-layer transltlon by the 
dlfferent rates of subllmation ln lamlnar and turbulent flows. 

Experlmenta~ Arrangement 

Flgure 11 shows the surface oll-flow patterns on the upper surface of a wlng 
model tested at transonlc speed. The oil streaks show the dlrectlon of the alr flow 
over the surface and the occurrence of local flow separation. 

Flgure 12 shows surface oll-flow and subllmlnatlon patterns at low speed ln 
slde Vlews of a pOlnted body of revolutlon. A heavy flow-separatlon llne occurs ln 
the 011 flow and a boundary-layer transltlon llne occurs In the subllmatlon along 
the slde. 

Flgure 13 shows surface oll-flow patterns on a swept bump research model at 
transonlc speed~. The 011 streaks lndlcate hlghly three-dlmensional flow termlnated 
by a flow-separatlon Ilne. 

Flgure 14 s~ows a surface oll-flow separatlon pattern on an aXIsy~etrIc bump 
research model at transonlc speeds. A vortex was generated upstream and passed 
close to the surface of the bU'Tlp, ciluslng the" footprlnts" of vort! ces ln the flow 
separatlon pattern. 

Experlmenters 

Wlng model: E. Keener 
Body of revolutlon: E. Keener 
Swept bump: O. Ozcan, D. Johnson 
Vortex/bump: R. Mehta 

pates of Experlments 

WIng model: August 1932 
Body of revolutlon: June 1976 
Swept bump: June 1983 
Vortex/bump: September 1983 
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Figure 11.- Surface oil-flow f·eatures on a wing model tested in the NASA Ames 6- by 
6-Foot Supersonic Wind Tunnel. Upper: separated; lower: attached. 
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Figure 12.- Oil-flow and sublimation patterns on a body of revolution in the NASA Ames 12-Foot Pressure Wind 
Tunnel; left-side views. Left: Oil flow; right: sublimation. 



AIRFLOW 

FigUl"e 13. - Surface oil-flow features on a swept bump research model in the NASA 
Ames 6- by 6-Foot Supersonic Wind Tunnel. Above, M = 0.7; below, M = 0.925. 
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AIRFLOW 
Figure 14,- Effect of vortex on a separated boundary layer, M 0.8. 
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LASER HOLOGRAPHIC INTERFEROMETRY TECHNIQUE 

Mach-Zehnder 1nterferometry has been used for many years to study flows 1n w1nd 
tunnels. More recently, holographi c interferometry has become an accepted method. 
The pulsed lasers allow Interferometry to be operated 1n the hIgh-VIbratIon w1nd 
tunnel environment where holography allows cancellatIon of phase errors caused by 
10w-qual1ty w1ndows. The techn1que determ1nes the dIstrIbutIon of change of refrac
tIon 1ndex throughout the flow fIeld. From the refractIve Index, the dens1ty fIeld 
can be determined. Other flow parameters such as Mach number, veloc1ty, and pres
sure can be calculated by assum1ng isentrop1c flows. Shock waves, boundary layers, 
and wakes can be read1ly seen by th1S techn1que. 

ExperImental Arrangement 

A serIes of two-d1mens1onal aIrfo1ls have been studIed by holographIC Inter
ferometry to measure surface pressures, density f1elds, wakes, and complex flow 
f1elds. F1gure 15 shows an 1nterferogram of a NACA 64A010 a1rfoll 1n Wh1Ch surface 
pressure d1str1but1ons were obta1ned by holographic 1nterferometry. The instanta
neous dens1ty f1eld and the wake of a NACA 0012 a1rfol1 undergOIng dynamIC stall In 
the funes 2- by 2-Foot TransonIC W1nd Tunnel 1S shown In f1gure 16. F1gures 17 and 
18 show the complex flow f1eld~ on a c1rculat1on control a1rfo1l. The detaIled 
1nteraction of the Jet and the flow near the traIlIng edge of the a1rf01l can be 
seen 1n f1gure 18. The 1nvest1gation of the instantaneous denSIty f1elds on an 
a1rfo1l WIth an osclllating flap are shown 1n f1gure 19. ThIS techn1que has also 
been used for InvestIgatIon of three-dlmens1onal flows USIng tomography as shown In 
fIgure 20. 

ExperImenters 

W. Bachalo, D. Johnson, G. Lee, D. Buell, N. Wood, R. Perry 

Dates of ~~rlments 

1978-1983 
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AIRFLOW 
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Figure 15.- Analysis of density fields to determine surface pressures in a two
dimensional airfoil test in the NASA Ames 2- by 2-Foot Transonic Wind Tunnel. 
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Figure 16.- Investi.gation of instantaneous density field on an airfoil undergoing 
dynamic stall in the NASA Ames 2- by 2-Foot Transonic Wind Tunnel. 
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Figure 17.- Circulation control airfoil. Mach 
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Figure 18.- Trailing edge of circulation control airfoil. Mach 
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Figure 20.- Interferogram of tangent-ogive at Mach 1.25. 
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LASER-INDUCED FLUORESCENCE 

Laser-lnduced fluorescence is a hydrodynamlc-flow-vlsualizatlon method that 
uses dyes WhlCh fluoresce when exclted by a laser llght of a glven wavelength. In 
practlce, a laser llght beam can be confined to a partlcular plane of the flow fleld 
through lhe use of optlcal element comblnatlons. ThlS sheet of laser light excltes 
the dyes present ln the flow and provides a detailed lnterlor View of a Sllce of the 
flow fleld. Multlcolor tagglng of the flow lS possible by uSlng dyes that fluoresce 
dlfferent colors for the same llght wavelength of excltatlon. 

Experlmental Arrangement 

Figures 21 and 22 show two experiments conducted 1n the Ames-Army Water 
Channel: a vortex-wlng lnteractlon and a circular cyllnder wake. The experimental 
arrangement for the vorlex-wing l~teraction is Similar to that descrlbed previously 
ln "Dye InJectlon TechOlque for Water Flows." Note that flgure 21 show') a cross
flow-plqne Vlew of the lnteraction between a streamwise vortex and a two-dlmenslonal 
wlng. The laser sheet lS vertlcally aligned parallel to the wing's tr~lllng edge. 
The vortex lS green, the rotatlon be1ng counterclockwlse, and the wing's upper
surface boundary-layer materlal lS yellow. The two-dlmensional wlng lS at an angle 
of attack of 0 0 and has a NACA 0012 proflle. The wlng Reynolds number, based on 
chord, 1S 4500. 

Experlm~nter 

B. G. McLachl~n 

January 1984 
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Figure 21 . - Cr oss-flow plane vi ew of vortex wing i nteraction . Re 4500 . 

30 



fo'igurp 2? Karman vorte street beh ind a circular cyllnder. Re 58. 
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