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ABSTRACY

A Maoh~Zehnder Interferomster has been designed and cone
structed for use in conjunction with the GALCIT Transonie Wind
funnel, The instrument is to be utilized in making detailed
density moasurements of supergonic air streams. The design of
tho ingtrument is such that, aontrary to general wind tunnel
praotice, both‘ light beams of the interferometer traverse the
test seotian of the wind tuhnel in en effort to minimise bound-
ary layer corrections., A detailed desoription of ths ingtrument
1s prosented, as well as & "oookebook” sdjustment procedure. A
disoussion of the limitations of the instrument is included.



INTRODUCTION

Durin;; the past fow years, the Mach-Zehnder Intarfbramotor.
has come into increased use throughout the country in the iﬁves-
tization of high-speed aerodynamic phenomena. Ladenburg (Ref. 1-
" 5) and his co-workera have been espeéially active in this f-iéld
and the referencos cited give ample information regarding the
opticel theory of the instrument. The instrumemt (Fig. 1) eone
sists 6} four planec-parallel mirrors, whose essential function is
to form two ocheront light beans which are brought together to
form interference fringes at a g1§sn point. In normal prabtioe;
one beam of 1izht is passed around tho wind tunnel, tho'dﬁha? thru
the test seotion of the tunnéi, end the fringes'aro formed at the
test seotion. If the index of refrection of the air in“.the wind
tunnel is changed, the fringe pattern willlbe'ohanged. Tﬁs index
of refraction of air is a linear fumction of the daniéy; hanbo,
shanzes in the fringe pattern may be ovaluated to give dsnsity
ohanges. Two methods of fringe arrengement are avallable for uhq.
In the first of these, before the air in the twumnel .is started,
the optical paths in both legs of the interfercmeter are exactly
equal, rosulting in a uniformly bright (or dark) field, This is
the so-called fringe of infinite width. As the air in the tumnnel
is turned on, the resultant changes in index of_refraction are‘
ghown in a fringe pettern which cives lines of gonstent index of

refreoction. This method 1s used a preat deal in heat



trensfor work, where the lines of constant index of rofrection
are the isothermal lines. An example is shown in Fig. 2 which
'is representative of the isotherms in a Bunsen Burner flame.*

The second fringe arrangement avezilable for use occurs when
one of the four plane-parallel plates is rotated slightly, re-
sultin- in a field of \miforzﬁly,spaced, streisht fringes (Fig. 3).
As tho air is turned on, the fringes will siift, the amount of
the ahii’t being e direct function of the index of refraction. Two
photogrephs, a "before" and e.*"ter picture, and some method of
detamining the fringe shift are necessary for the evaluation of
this type. Fiz. 4 shows the sane Bunsen burner flame of Fig. 2.
introduced into the fringe fleld of Fig. 3. The method of the
infinite fringe doos not find ready application in highespoed
a.orodynamios, since the steep density changes that often ocour
(i.0., shock waves) result in such crowding of the 1sopycni.e lines
that evaluation of the data is well-nich impossible. Zobel (Ref,
6) however, has made. a number of impressive photographs of subsonic
flow past an airfoil by this imethdd.

The evaluation of interferograme is treated for both the oase
of wniformly spaced fringes and thé fringe of infinite width by
Hutton (Ref. 10), by Groth (Ref, 11-14) and by many others and no

7—_-————- . .
Since the Bunsen burner flame has an axially-symmetric tempera-
ture field, the actual isotherms will be sonewhat different from
those shown in Fig. 2. '



point would be sorvad in roproducing the mothod here. A word
nizht be said about the various methods of det&mining the fringg
ahil:, howevor. Thers are alnost as many mothods for determining
the fringe shift ag there are workers in the field. A tabular

suzmmary of these methods, together with references is glven below:

" Workers Method | Reference
Ledenburg, et al a; Microphotomster Trace 1-5
_ b) Plot from Comparator data

Zobel Photographio superpositions of 8
' displaced and undisplaced fringes

Bdelman ‘Photographio superposition of 18
displaced and undisplaced f{ringes,
inoluding printing slightly out of
register to give lines of sonstant
fringe ghift

Gooderwa, et sl ‘Plot from enlarged photographs 17

The simplest method of evaluation appears to be that utilized
by Gooderum, which is essentially that of ladenburg, slthough no
ipgoial egqulpment is required by the former,



DESCRIPTIOR OF THE INSTRUMENT

A schematic diagran of the optical path thru the instrument
is given in Flg. 1. Light from a mercury vopor lamp is ﬁltgred
and fooussed on a small 45° mirror which is placed at the foous
of & paraboloidal mirror. The parailel beam of light from the
latter is split et half-silvered mirror #1 into two coherent
beauns, one passing thru mirror §1 and reflecting off fullesilvered
nirror #3, the other reflecting off mirror #1 and full-silvered
mirror #€. The two beaus are re-combined at half-gilvered mirror
#4 and are drought to focus by a sphorieal ﬁirror. |

The vin.stm,e’nt is set up with eaoch plano-parallel plabevnt
the corners of a 7 3/4" x 35 $/4" rectangle. The ground plane of
the lastrunent, whon it is applisd to the Transonie Wind Pumel,
is horizonfal. The light beams . both of which traveréo the tun-
nel are circular, of 2 1/2"‘ diamoter. The horisontal arrangement
makes the instrument mmch easier to adjust, Both beams of light
traverse the tunnel in an atte:zpt to eliminate the effect of the
boundary layer on the glass walls. The smell field of view was
chosen 80 that the light boams would entor the 12" diameter oir-
cular window of the tunnel at a meximum separation. Sinoe the
" ingtrumont oan be traversed, and since studies of small flow areas
are ocontemplated, the reduced field .of view is no disadvantage.

The adjustment of the j.nstnxz:ent is such that fringes ocan
be produced at any point alonz the lizht path of the instrument.



For normal asrodynamic usse, the frinres are focussed in the plane
(AA in Pige. 1) of the regilon under investigation.

The GAICIT interferomster has been degigned witii e minimm
numbor of air-glass interfaces, in order to eliminate loss of
light; there are four air-glaas (or glass-air) interfacas in the
light path, two a% the lens, and two at the filter. Thése surfaces
are all costed to reduce the light loss to a bare minimm,

f‘igm $ ias & photogreaph o‘t‘- the ocomplete interferomster set-
‘ups The central wooden box carries the plane-perallel plates, the
light source and fhe traversing table and is suspended from the
piping frume work by means of rubbo’rv bands, attached to jackv scrows
thioix allow the box to be traversed in a vertical direction. The
natural frequency of the suspanded system is olose to ome cycle
‘per geoond. The pipe freme is moumted on oaa‘bcré; vhich may be
locked in position, for ease of traversing slong the tg‘s{: ssotion
of tho wind tumel.

The auxiliary equipment, i.e., pareboloidal mirror, spherical
mirror end camera box, o;ra‘ carried directly on the pipe frame-work,
attached by friction fittings which may be easily adjusted.

The various oompoﬁent parts of the _interfercmeter are itted
with a large mmber of adjustmenta., This practice, while giving
rise to an extromely large number of possible mis-alignments, also
‘results in oonsiderable ease of setting up the ihstnmnt. look=

ing devices are present in most caées to prevent any chenge in

the final set-up,



.DETAILED DESCRIPTION OF THE COMPORERT PARTS

1, Light Sourese

The present light source consists of & mercury vapor lamp,
Genersl Electric Type AB-4, housed in a Coheo #67268 lemp hous-
ing, The lamp house is attmshed to & brass tube which conteins
& Bausch and Lomb echrometic lens of 142,9 m fooal length and

- 4640 mm diazw_berQ The bress tube also oontains a receptacle foé
a Wratten Bo. T7A filter, Attached to the top of the brass tube
is & U=-shaped brecket whioh asupports . rectangular ‘ﬁ'amn whioh
intumcarriostmmcswirntoﬁdchiaathahodthoﬂn

x 4 m first suri‘aeo mimr whioh serves as the secondary light
souroce.

At somno later dste, it ia planned %o replaée the meroury
vapor lamp by e magnesium electrode spark gﬁp. flashing thru an
interference-typo filter, so thet short-duration photographs may
be made., -

The 2 x ¢ mm mirror, is placed at the foous of & 5 1/2" dia.
moter x 15" focal length paraboloidal mirror. This mirror is
mted,in e brass mirror oell of the type desoribed by Btrong
(Ref, 18)3 o gentral flexure post and four adjusting screws pro-
vide the fino adjustment of position. Coarse adjusmn;b in the
horizontal plane is afforded by means of a turntabdle bo which the
mirror is attached, while a vertical adjustment is provided by



rotation, in a& vertical plane, of the beam to whisch the turntable

rider is attached,
2. Plane-Parellel ¥irrors

Tho plane~parallel mirrors are oarried in the frame whioh is
shom in Fig. 6. The mirror‘ itsel? is heldv_in a split bress ring,
by moons of a soft rubber, full circumference suppoi't. Two gime -
"bals allow rotatiom of the mirror ebout & horizontal and a vertioai
axis. Rotation of the gimbals ;\.s cbtained by means of remotely eon-
trolled, roversible slectric clock motors. The oubput shaft of
theso motors, (Haydon %zoo)'masm 1 rovolution paé 8 days, resﬁlt-
ing in an extremely fins ocontrol of the angular displacement of the
nirrors. The gear~box on the motor is equipped with uwd motal
goars, and & not inconsidersble amount of baoklash is present, hence
& simple torsion spring is placed at each bearing to supply s backe
lasﬁ-eliminating force.

The frames of all four mirrors are 1d§nt1u1 in their design.
ﬂmiimin castings are used for the ouber frame and the inner gim-
bal, There is no provision for coarss angular adjustment of the
mirrors. Mirrors 1, 2 and 3 (see Fig. 1) are bolted directly to
the top of the plywood boxe. Mirror 4 is mounted o a traversing .
table. This ad justment is required to equalise the length of the |
 1izht path in the two arms of the interferometer. The traversing
mechanisz features a Le Blond, lathe bed type, way, a traversing



sorow of 1 mm pitoh, driven by a hand operatod 50:1 worn gear
reduction unit, a simple mut, and & pin-driven gravity-emplaced

traversing teble.
S. Cemera (Pioture-Taking Components)

. The photographic oomponents oonsist of a 3 1/2" diameter,
24" fooal lencth spherical mirror, an Ilex #6 Universal Shutter
with speeds up to IM'sQMd and # 4" x 5" ﬁraphio oRmeTs
back with ground glass viewing screen and fooussing hood. |

he parallel beams of light in the two arms of the intere
~ferometer which are reocombined at nirréx' 4 are focussed on the
ground glass by means of the lph.!;iol»l inirmrv. The shutter and
cemera back are mmﬁ;ed at éppéas.te ‘ends of a ugixt-tight bo:i,
pernitting photographs to be made using the shutter release or,
for apark photography, the shutter may be operated by a synohro- |

niged solencid.



DESIGN PROCEDURE

The procedure that was followed in the design of the GALCIT
Interferometer is of some interest, since, to the author's knowe |
;edga, the design progran represents a significant departure from
normal practice. Thse author's previous experiemos in the f.iéld
of optical design had been limited to the Schlieren system of the
Trangonic Wind Tunnel, an optical instrument of much grester sim-
plioity than an interferometer. The design procedure was as followss

| 1+ The mounts vfor" the four plane-parallel mirrors llB!‘Q
designed, This represented a fairly amp»le mechanical
degign and was essentially the kinematic problenm of
rotating a flat plate sbout two perpendicular axes with
small ‘mgular deflections.

2. A tompoury set-up was constructed with the mirrors at

the corners of & square (Pige 7)o

The arrangensnt ocnsisted of a large steol plate, resting on
two layers of air-filled automobile imner tubes. The nirror frames
were placed direotly on the steel plate, eemented in place with
wind tunnel waxs an insxpensive lathe milling table was ussd as
the %translating mechanism for mirror $d. A jury-rigged light
souree and soreen were ﬁlao included in the temporary set-up.

The muthor spent several months working with this errange-
ment; the technique of the adjustment of the interfercmeter was prac-
ticed aluost daily. When the fringes ware first seoured, they
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were badly curved, e.z. Figs. 8 and 9. This difficulty was even-
- tually traced to the rubber mountings surrounding the mirror
platos. Stresses sst up by the soft sponge rubber at the edge of
the phtes proved enough to distort the plates so that they ﬁre
n§ longér flat but doubly curved (as the ncddle~§haped fringe pate
terns of Fig. 9 attest), This diﬁ‘ioulfy was roemedied by changing
the mounting media frum‘spange'iﬁbber to two split rubber tuboa;
The resulting fringé patterns are shown in Fizs. S and 10.

When proficiency in the adjustment of the instrument had
been aﬁtained, the final configuration of the mirrors m deter~
%ﬁna@i this arrangement of the innﬁrument was sef-ué’on‘thq tome
porary bass and the layout cheaked for appliaatioﬁ_eo the Transonic
Wind Tumel.

~ Onoe the final arrangement had been settled, the final design
proaégded repidly. Exolusive of the design and Qonatruction time
for fhe plane-parallel mirrors and th;ir frameg, the tbtal time
for the design, construction and aseembly of the instrument was
twblmunths; The porsonﬁnl aotive in the desipgn and construction
included one full-time enginser (the au’thcr) and two full-time
machinists. It should be noted that- this extremely short ocon-
struction time, is, in the maf.n, due to the simplieity of the de~
sign. Of primary importance, in this instance 1s the use éf‘-ood
for the baso plate of the interfémetar. The design of other

interferometeors which havs come to the auvthort's attention is
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inveriably predicated on a massive, rigid, beso-plate, which is

of necessity accompanied by an equﬁny massive supporting struo-
ture. The wooden box on which the QALGIT Interferomster is 'aup-_-
ported, together with mirrors and frames, lizht source and tra-
foraing; table weighs two hundred fifty pounds. The box is allowed
to Idoﬂeet in any feshion it may choose. Once it has assumed its
deflected position, and the mirrors hm'e been 'Srought into adjuste
ment, the shock mounting of the systsm effectively prevents any |

further misalignwent from taking plsce.
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ADJUSTMERT OF THE INSTRUMENT

The adjustment of the interferometer is accomplished in
several stops. These are: A
1. The 1ight beams must be made to strike the test sestion
- walls at gero degrees inéidenoo.
2. The ‘planeopemilol plates must 'be m&e parallel to one
‘another.
Se The light paths in both legs of the interferomster must
be equal.
4 The fringes must be fooussed at the meridian plans of
the test seotion.
B The whito ligﬁt fringo must ba’ centered in the fleld

of view,

The adjustment proocedure is as followst.

8. Level the optieal bench, using the jack sorews at each
of the four obmerc.~ The light beams passing through the test
geotion should be set nearly normal to the test seotion window
_ by eye.

b. Adjust the light beams to enter the test scotion nore
mally. This is accomplished by placing s.out-out oross-hair in
front of the 1ight beam on the wind tumal windew nearest mirras
3 and reflecting the image of the oubeout back from the windoww

on the far side of the tunnel by meens of a small plane mirror



held against tho far window. THe rereboloidal mirror is then
ad justed until the reflocted image coincides with the cut-out.

6s 8ot un the au‘co-oollizmting; telescops et position A
(Fig. 11), (after removing the test section walls) and the venta-
prism at B, adjusting the telescope position so that the refisc-
tion from mirror 3 is coincident with the illuminated oross-hair.
Lovel tho telescopej block the reflection from mirror 3 and edjust
the penta-pri#m so that the reflectlon of the oross-hair from the
front face of the penta-prism coincides with the illuminated cross=
hair. ¥hen all three sets (reflection fram mirror, reflection
from front prism face, and tolesocope orossehair) of orosa~haira
are coincident and both the telescope and prism are levelled, the
axis of the telescops is normal to the prism and parallel to mirror
3¢ Do not disturb the telescope betwsen this step and the follow-

ing P v .
de Set up the ponta-prisn in position ¢ (Fig. 11). Bring

the cross-heir from the front face of the prisa into coincidence
with the tele.scoine cross-hair by moving the prism only, The prism
should Le leovel when this operation is completed. Rotate mirror 2
£o bring the third oross~hair into colneidence. Mirror 2 is now
parallel to mirror 3 and the cables from the switsh box to the
mirrors should be disconnected. Repoat d for nirrors 1 and 4.

¢. The near and far oross-hair meothod is used for the re-

mainder of the adjustment. In the present set-up, the small (2 mm
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x & m) mirror at the lizht source sorves as the far orose-hair
while the supporting wires for this mirror serve as the near
eross-hair, Sot up the telasgoope at D and examine the images
~of the small mirror, Rotate mirror 1 wntll the two images coine
olde. |

f. Exenine the images of the wires, Translate mirror 4
" until the oross-hairs colnoide. This adjustuent oqualires the
light paths in the two lags of the interferometer.

g. Rotate mirror 1 to bring the images of the mmall mirror
into coincidense. (In general, adjustment ¢ ini throw them out
of 1line),

 h. Rotate mirror 4 to get the wire imges into coinoldence.
g end h are nét independent operations @d must be sontinued wmtil
' the process ocmve‘rgo‘s.‘

i. "As both sets of crou-—hdir; begin to approach the coinoi.
denoe point, fringes will appear at or near the imaze of the small
~ Jo The fringes must now be brbughtto foous in .the tost sec-
tion of the wind tumnel. This is accomplished by setting up a
crose-hair in the test section and moving the fringes ustil both
fringes and orossehair é.re in focus. The two splitter pla.fea,
mirrors 1 and 4, must be rotat.ed‘ so &ut the two light beens ap-
pear to cross at the test éecti.on. In praotioe; this appears to
be most easily eccomplished by a trial and error mothod, ‘That 1s,
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mirror 1 may be rotated slightly, the new losation of the fringes
determined, end rotation in the s#ime direction or in tho opposite
‘direction continued, depending on the direction of motion of the
rringes‘. Some care must ‘be u‘or.oised( at thile stage, for the
frinzes may be easily washed out if mirror 1 is rotated thru too
larse on angle in an effort to maks the bemms oross et the test
sectioh. To avoid this;' it s best to rotate both mirrors 1 and
4'1;0 foous the fringes. If the fringes are lost, however, it is
‘& simple matter to find thcm again by re-aligning the oross-halrs
as noted in g and h.

'k, With the fringes at the test seotion, the next step is-
the orientation eand spacing of the f‘riﬁgaa. Agﬁin, mirrora 1 and
4 ere uged for this edjustment. Rotation of the mirrors 'changea |
the fringe spacing end their orientation. An exsmuple will be
described to illustrate the methods

Asgume the fringes to be nearly vertiocal, and that vertical
rriixgoa of a somewhat wider spacing are desired. Then, mirror 1
(or 4)'.15 rotated about the vertiosl axis (1.0., & horigontal dis-
placenment of the virtual courcas. results in a horizontal displace-
ment of the i‘ringaa) until the desired fringe spacing is reached.
The inclination of the fringes is controlled by rotating the mirror
about its horisontal axis., Now the fringes will be found to be
oriemted correctly and of the proper spacing, but they may no

longer be in foous. The focussing, once the fringes are oriented
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and gpaced as desired, is accomplished by displac’mg mirx;or lon
its horisontal axig, thereby making the friﬁgéc inoclined to the
vertical, and then returning the fringes to their vertical posi-
tion by rotating mirror 4 in the opposite direction on its hori-
zontal axis. This method provides a very fine adjustment on tho
location of the fringe position.

1. The final step in the adjustment of the instrument re-
quires that ghe white light fringe be'oen?carod in the field,
White light from a 6 volt G. B. Projection Lamp is introduced ine
to ths interferometer by means of & plane xiirror placed in such
a fashion that half of the field 'of' mercury light is replaced by
white 1ight, Thus, the monoshramatic fringes are slways visible
during the adjustment. With both white and monochromatic light |
in the field of view, the traversing table under mirror 4 is
translated until the vrhi.te light fri.ngo is towsd l'he tro.nslu-
tion of the mirror must be performed with caro. as one turn of
the orank is sufficient to make tho white light fringes move come -
pletel‘y.&crosa the £ield of view. When ‘the white light fringe
has been found, the central dark fringe, nprosenting the zero
interference point, is centered Ln the field of view, and the ad-

Justment is ocomplete.
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USE QF THE INTERFEROMETER IN SUPERSONIC FLO4 RESEARCH

The Masch~Zshnder interferometer is, potentislly, an ex~
tremely uéem tool for basic serodynamic research at high speeds.
The difficulties of adjustment of the instrument, as well as the
kinematios of the installation ca.n_»be solved, and ucoﬁ;linfoma- |
tion cen be obtained., There are, ﬁmmf,' a few oonsideratioms
‘whioh should be noted soc that the limitations of the insgtrument
ﬁl.y bs appreciated.

Tt will bo recalled that tho interferomster is esssntially
a density messuring instrument. In aerodynamio studies, however,
pressure or velooity data are required, Thus, in compiessible K
flow, the interferoneter yields useful data by itself (i.e., with-
out auxiliary data) only if isentropic flow is studied. Hemce,
_ sny flow involving shook Ms reqﬁiru data other then the inter-
ferogram. For examplo, 1f the strength of s shook wve s m.
the flow on either side of the shock wave may be oonsidered isen-
tropio, but with different valuss of stagnation pressure and the
_entire flow field may be determined by means of one interferogres
plus two totai head readings., Of sourss, any process in whioh
some one variable of state is held constant may also be studied
solely by use of the interferometer; thus, fsobaric and isothermal
processes are readily susseptible of eveluation. These ‘processes
are, in general, exceptional ones and 1t is to be expsoted that

measurements of total head or some other variable must always be



mde in conjunction with the taklns of interforogrems. This in
itsolf, is not to be oonstrued as o digadventare of the instru-
nent; o moasurenent of 4total herd, in o compressible gas stroan,
is a rolatively simple operations As notod above, any refion where
tho flow process remsins unchanged may be completely deterumined by
onz tobal head measurenent plus one interferogram. Tho idea of
boin- eble to completely deternine a given flow field by means of
only two distinot measurcments has groat appeal to the experimen-
tal aorodynamicist, v

The interferc_;meter is ot well suited for the purposo of bmm—
darv layer investigations. . Thors are two disedvantages of the ine
strument which come into play in this respsote The first of those
is the fact .tha’;: tho interforometer mi@s no distinction between
changos in the index of refraction (or donsity) due to temperature
verintion end those duc to velooity variation, Since the boundary
larer in compfessible flow conteins a stagnation temperature pro-
file é,s well as a volocity profile, the interferomster will reveal
a density profilo which represents tho total effoct of both tomp-
eroture and‘ veloocity. Il.6., the temperature praﬁio must be Imown
in order to dotermine the velooity profilo and vice vorsa.

A gecond difficulty with resiwct to boundary layer mosgure-
ments results from the fact that an inter{orogram integrated the
index of refraction changes along the test section., Honce, unless
the flow is truly twowdimenaionel, the results will be Ii.n OrTOr,
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In boundery layer work, true two-dimensiomal flow is rarely a-
chieoved, Consider a flat plate spanning the wind tunnel. There
is always & contaninetion of the flow which spresds downstreanm
from tho jimctim of the plate with the wall at an angle of ap-
proximately ten degrees. Henoe, at any point upstresm of the
boundary layer transition region, a sperwise section of the boune
dary layer oontains @& turbulent phase, & laminar phage, and a
ssoond turbulent phase, in that order. Inbegrating the density
.c}ngnges aoross such a path obviously giﬁsu_lan erroneocus result.
G&nwi@ly,'mmta might bo made far downstresm, where
tﬁa entiro boundary layer is turbulent, but again, this is
poseible only if the tezgpemturé i:roﬂld .-it' imown .

In connection with the ides that the interforometer pre-
gonts intezrated results, mote should be taken of the fact that
this applies also to the vlight path outside the wind tunnel, hende,
that part of the pé.th which 1s outside the tunnel must bs made as
emall as possidle sompared to the path within the tuanel and should
aiao be sﬁiqlded» from stray air eu'rrenta“ or temporature mhﬂom’.

A further poani'blu. souroe of error in wind tunnel measure-
| mants is the effest of the boundary layer on ‘the glns. ulh'.thm
‘which the light bean passes. The general practice is to use a com-
ponseting chamber (i.e., @ pressure tight ohamber with glass walls
the same thickness aé those of the wind twnnel walls and of the

gams wldth as the wind tunnel; the pressure in the chamber 1s set



et the approximats level of the statis pressure in the wind tun-
nol) for the lizht beam which does not pass thru the wind tunnel.
The beam passing thru the wind tunnel, however, must also pass
thru the boundary layer on the glass wall, giving rise to an ade
ditional refraction which mey influencs the resulting interferce
gram. It is felt that tﬁn GAILIT interferometer effectively
 minimiges this sourcs of error,. sinoce both light beams pass thru
the wind tunnel walls, snd the only error present results from
the chenge in the thiciness of the boundary layer as it passes
from one beam to the other, This change is emall, since the
wall boundary layer has slready reached w fully~developed turbu-
lent state at the first light beam. The GALCIT interforomster
‘hag elas been desizned with a view toward mekinz relative messe
tn'emsnt§ onlyQ Tf}us, a downgtream ares of dighturbed flow 1g
measured relative to an upstresm area of wniform parallel flow.

A comparigon of the interference method with other optical
methods of flow observation reveals a numbher of interesting char-
actoristics of sach method. The interferomster is sensitive to
density ohanges; the Schlieren system responds to density grad-
ients; while the shadow method shows the curvature of the density
variation. The smount of quantitative information gained from
esch method appears to be in direct proportion to the sost and
oonplexity of the instelletion. On the other hand, the less ocom~

plex methods, due to the very mature of their response, show



steep density fronts much more clearly than doos the interfer-
ometer, This is the reason that turbulence phencmens, 6.g.,

in the wake cf a projeotilc, and shoock waves sghow up so much
more olearly in a ghadow or a Schlieron picture than in an
interferogran. For quantitative results, the interferometer

is vastly superior, since quantitative data ean be obtained
from a Schlieren or shadow photograph only by costly and tedious
photometry followed by equally tedious integration of the photo-

‘meter record,
A further advantage of the interferometer method lies in

1ts ability to present a creat deal of data in & single photo-
graph, thus ellowing precise quantitative studies of nonesta-
tiénary phenomens. For example, to determine the preasure
distribution over an airfoil requires the evelustion of but a
single intefrerogram. and the number of points at which the
péeésure is.meéaured may be varied at will by eimply changing

the original fringe spaoing.
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8TATISTICS OF THE GAICIT IRTERFEROMETER

Diamcter of Plane~Farallel Plates
'I’hioﬁueas of Plene-Parallel Plates
Index of Refraction |
Coating Material

Thickness of Coating on "Full™ Mirrors
Ihickneés of Coating én Beam Splitters
Speed of Tﬁming Notor

- Spesd of Mirror

Gear Retio

" »Dimens&oixa ‘of Base Rectangle

Wave Lonzth of Light Used

Traversins Teble Lead Serew Pitoh

Traversing Table Hand Crank Gear Ratio

5.0 in.
0e5 in.

1.5726 .

- Aluminum

1/4 A

‘146 X

450 RPM
1/8 RPD
5,184,000 : 1l

7 3/4" x ss 3/4"
sa61 £

1l om

60 1 1
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LIST OF DETAIL DESION DRATINGS FOR THE GALCIT INTERFEROMETER

* GALOIT Dwg. No. Title Date
5=273~49 ~ Mirror Support ' B~ 646
5-273-50 Outer Gimbal, Mirror Support 8«13-48
4=273-51 Inner Gimbal; Mirror Support Bwl4-46
2-273-74 Layout, Control Panel 11-12-47
4-273-167 Assembly, Traversing Zable 6= 149
1-273-168 ~ Kut, Traversing Table 5=31-49
2-273-169  Lead Sorew, Traversing Table 53149
4273170 Bed, Traversing Table 6= 149
2-273-171 Carriage, Traversing Table s- 2-49
1.273-172 Bearing Bloock, Traversing Table _ 6= 2«49
2-275-175 Braokst, Worm Drive, Traversing Table B 5§ B
>1-2?3-174 - Drive Flate and Thrust Collar, Traversing 6= 3-49

| Table | ‘
1-273-175 Mirror Teble, Traversing Table 6~ 340
5=273176 Mounting Bench 8-10=49"
5-273179  Suspension Frame 6=17-49
4-273-180 Suspension Spring Eye 68«20+49
4.273-181 Suspension Base ‘6-21-49
1-273-182 ~ Revised Swivel Detail, Suspension Spring Eye 6«22«49
5-273-183 Rail, Rail Celmp and Rider - 62249

5273184 Hirror Cells Gw24~49
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GALCIT Dwg. Bo. Title Date
5~273-185 Light Source Assembly 8-30-49
5-273-187 Detalils, Lizht Source 7-5 5=49
4~273-188 Detail Bo. 7, Ltght Souroe T« G40
24273189 Mounting Braoket, Traversing Table Te 7w40
2275190 Suspension Spring 71149

5=273-195 Shutter, Film Bolder 71849



28

COST OF THE GAICIT IRTERFEROMETER

Plane-Parallel Plates $2000.,00
Mirror Frames 75.00
Turning Motors 5000
Light Source 60.00
Fﬂﬁer‘ 3000
Lens 18,00
Spherical Mirror 27.50
Paraboloidal Mirror 100.00
Shutter 40,00
Comers Back 18,00
Suspension Frame. ' | 34,00
Opticel Bench . 25.00
- Traversing i'able, Switch Box, Mirror Cells, Rails, |
Suspension Clamps, eto, == 8hop labor 150on
. 'Tempomry Set-Up 40,00
Engineering Time 2000.00
O

TOTAL $6007,.50
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