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Abstract-A special differential interferometer with achromatic 4’2 compensation has been used for 
measuring vertical- and horizontal convection density difference profiles in a rectangular box heated from 
below and cooled from above. The sensitivity of this type ofinte~~rometer when set at infinite fringe spacing 
can be chosen such that the flow configurations both in the test gas nitrogen and in the highly refracting 
silicone oil are visualized. The flow patterns and the density profiles have been evaluated quantitatively and 

compared with previously published results. 

beam separation ; 
film; 
acceleration of gravity; 
height of the convection box ; 
refraction index difference; 
objective; 
polarizer ; 
Prandtl number (V/X); 

width of the convection box; 
iem~rature at the lower ho~zontal plate; 
temperature at the upper horizontal plate; 
Wollaston prism; 

X, y, z, coordinates. 

Greek symbols 

:I-, 
coefficient of expansion; 
optical path difference; 

f4 light wavelength ; 
K, thermal diffusivity; 
v, viscosity; 

AP, density difference ; 

PI3 density at the lower horizontal plate; 

P2> density at the upper horizontal plate. 

I, INTRODUCTION 

The optical set up of the L/2 compensated differen- 
tial interferometer is sketched in Fig. 1. It consists ofthe 
light source Q, two Wollaston prisms W, and W, (WI 

180” turned with respect to Wz), two objectives 0, and 
O,, two polarizers P, and P,, the 4’2 plate and the 
camera objective 0 giving an image of the test section 
M on the film F. Without the 4’2 plate the idea1 infinite 
parallel fringe spacing can not be obtained because of 
divergence of the light beam in the Wollaston prisms. 

STEADY convection in a horizontal air layer was 
measured by Gille Cl] and in water by Farhadieh and 
Tankin [2] using Michelson and Mach Zehnder 
~nterferometry. Ma~nger and Panknin [3] applied 
holographic interferometry to investigate heat- 
transfer flows. A survey article was published by Hauf 
and Grigull [4J But with these optical visualization 
techniques a comparative investigation of convection 
in different fluids within a wide range of Pr numbers is 
not possible using the same convection box, The 
opticaLpath difference in gases (Pr = 0.71) is too small 
for ffow patterns to be visualized especially in ret- 
tangular convection boxes of small depths. In the case 

OP, 0 w, h/2 0, hi 0, W, P2 0 F 

FIG. 1. Differential interferometer with A/2 compensation. 

With the J/2 plate the perturbing effect of prism W, is 
compensated by that of prism W,. In the first Wollas- 
ton prism WI each light beam is split into two 
perpendicularly polarized ones which are then made 
parallel by 0, and traverse the test section of width S 
with a certain beam ~paration e. The components of 
the light beams in the plane ofpofarizer P, interfere on 
the film F. In this way the optical path differences AT 
= S. An which are due to the refractive index difference 
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of silicone oil (Pr = 1780) too many fringes are 
visualized and a quantitative evaluation of the in- 
terferograms is difficult. But the Row configurations in 
both fluids with increasing Ra number is up to this date 
still not well understood. We used, therefore, a ii/2 
compensated differential interferometer for measuring 
steady convection in nitrogen and silicone oil. The 
sensitivity of this type of interferometer can be chosen 
such that good interferograms of phase objects having 
optical path differences down to 430 as well as up to 
more than 1001 can be taken. Both horizontal and 
vertical density profiles can be evaluated. 

2. DI~F~E~IAL ~TERF~O~ETER 
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N similar tb stream lines are visualized. Figure 3 shows 
,& _____-----__------_- _____ the flow pattern in nitrogen. The optical path differ- 

9- cc--c : 0 ences are significantly smaller and so the inter- 
ferometer sensitivity is chosen correspondingly 

a- - larger. Therefore, not density gradients, but density 

‘\ differences are measured. 
7m b 

In nitrogen seven convection rolls in the same 
convection box at a Ra number of 10 470 were formed. 

I 5 10 RaI103 This is due to the smaller Pr number of nitrogen 
FIG. 4. Number of convection rolls: -----, silicone oil; -, compared with that of silicone oil. The number of 

nitrogen. convection cells N is plotted in Fig. 4 as a function of 

I 

P - Pl 
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FIG. 5. Horizontal density profile, silicone oil, Ra = 4670. 

An between the two interfering light beams in the test 
section can be visualized. The refractive index differ- 
ence An is then related to the density difference Ap 
using the dispersion equation. The differential 
interferometer therefore measures the components of 
density differences in the direction of beam separation 
e. If the beam separations are small the density 
gradients can be visualized. The sensitivity of the 
interferometer can be varied by using Wollaston 
prisms giving different beam splittings. It may be made 
sensitive to different components of the density gra- 
dients by simply rotating the prisms about the axis of 
the objectives. This offers the possibility of eliminating 
vertical heat conduction profiles. 

A similar compensating differentialinterferometer 
has been applied by Oertel [5] using two L/2 plates, 
within the two Wollaston prisms. Smeets and George 
[6] pointed out that one 1/2 plate outside the prisms 
may be sufficient. We tested this idea by applying it to 
convection visualization and found that the quality of 
interferograms is really much better than those taken 
without a L/2 plate. With the L/2 compensated differen- 
tial interferometer a comparative investigation of 
convection in nitrogen and silicone oil is possible. 

3. CONFIGURATION OF STEADY CONVECTION 

Figure 2 shows the horizontal and vertical density 
difference profile of cellular convection in silicone oil. 
The rectangular convection box has a length of 15 cm, 
a depth of 6 cm (S) and a height of 1.5 cm. The lower 
horizontal plate is heated and the upper one cooled. 
The flow pattern consists of 10 convection rolls which 
are located along the shorter side of the box. The areas 
of upward and downward motion are periodically 
repeated. We find large vertical density gradients and 
therefore many fringes in the area of upward motion at 
the upper horizontal plate and in the area of down- 
ward motion at the lower horizontal plate. Using 
horizontal gradient sensitivity of the interferometer 
the vertical heat conduction is eliminated and lines 

the Ra number. With increasing Ra number the 
number of convection rolls decreases. At a Ra number 
of 5650 the transition to eight and at 8900 to seven 
convection rolls were measured. In silicone oil 10 rolls 
were measured up to a Ra number of 8200. Up to this 
Ra number Koschmieder [7] found a significant 
increase of the wavelength of convection motions in an 
approximately infinite horizontal silicone oil layer. 
This demonstrates the influence of the vertical boun- 
daries of the rectangular convection box which has, 
especially at large Pr numbers, a stabilizing effect on 
the flow configuration. 

4. EVALUATED DENSITY PROFILES 

The evaluated horizontal and vertical density pro- 
files in silicone oil are compared in Figs. 5-7 with 
previously published results. Figure 5 shows the 
horizontal density profile in the middle of the con- 
vection roll. Areas of upward, density minima, and 
areas of downward motion are periodically repeated. 
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FIG. 6. Vertical density profile, middle of the convection cell. 
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FIG. 7. Vertical density profile, zone of upward and down- 
ward motion, middle of the convection cell. 

The vertical density profiles in the middle of the 
convection cell compared with previously published 
results in air, nitrogen, water and silicone oil are plotted 
in Fig. 6. The density profiIe in silicone oil is more 
curved than it is in nitrogen. This is due to the larger Pr 
and Ru number. In silicone oil at a Ra number of 4800 
a density reversal in the middle of the convection box 
has been evaluated. The results are compared with the 
theoretical ones of Lipps [8], Veltishev and Zelnin 
[9] in air and the experimental ones of Farhadieh 
Tankin [2] in water in the middle of the convection 
cell. The discrepancies between the vertical density 
profiles are not sign~~cant and the influence of the PI 
number seems to be small. This is different in an area of 
upward and downward motion as shown in Fig. 7. The 
measured vertical density profiles in silicone oil (Pr 
= 1780) are plotted and compared with those of 

Farhadieh and Tankin [2] in water (Pr = 6.X). Here, 
there are discrepancies of up to 35”,,. 

The &2 compensated differential interferometer has 
proven 1~) be a good method for comparative in- 
vestigations in nitrogen and silicone oil. The COW 
vection flow configurations in both lluids withill ;I 

rectangular convection box can hc visualized. L3rG 
ferent numbers of convection cellx 111 silicone oil ;t116 
nitrogen have been formed along the shorter side of LII~ 

convectioli box. This is due to the different Pr numbers. 
The evaluated density profiles in silicone oil have heel; 
compared with previously publislied results irk dif- 
fercnt test iiuids. L>iscrepa&ies h,tvc hcen fout~ci. 
especially in the areas of upward and d0~11wafd 
motion. Thc”vertical density profiles in water XC It”s~ 
curved than thcy are in silicone nil. At smaller I+ 
numbers the thermal energy transfer is large cornpar& 
to the momentum transfer. Thcrcforc ~hc densit! 
profiles are more equalized. 
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UN INTERFEROMETRE DIFFERENTIEL SPECIAL UTILISE 
POUR L’ETUDE DE LA CONVECTION THERMIQUE 

R&urn&-Un interf~rom~tre diff&rentiel sp&iaI, avec c~mpens~~tion achronlat~~ue i.,2 a Cr6 utilisc pour 
mesurer les profiis verticaux et l~~~ri~ontaux de densitt: di~~rentielle dans une boite r~ctan~uI~re chauff& par 
le bas et r&&die par le haut. La sensibilite de ce type d’illterf~rom~tre r&g% sur les franges B l’infini peut itre 
choisie de fayon que les configurations de I’Ccoulement peuvent Ptre v&&s&es aussi bien dans le cas de 
l’azote que de l’huile de silicone. Les figures d’Ccoulement et les protils de densite sent ttvalu&s 

quantitativement et compar&s avec des r6sultats anterieurement publiks. 

EIN SPEZIELLES DIFFERENTIALINTERFEROMETER ZUR 
UNTERSUCHUNG VON FREIER KONVEKTION 

Zusammenfassung- Ein spezielles Ditferentialinterferometer mit achromatischer i/2-Kompensation wurdc 
zur Messung senkrechter und waagerechter Dichteunterschiedspro~I~ info&e freier Konvektion emgesetit. 
Die Messungen wurden in einem rechtwinkligen Behsitter. dcr van unten hehcizt und van oben gekiihlt 
wnrde. d~~rchgef~hrt. Die Emp~ndlichk~~t dieses Int~rferomctertyps kann hei Einstellung auf Linendliche 
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S’reifenbreite so gewtihft werden, daO die Str~mungsmuster sowohl im Testgas Nitrogen aIs such in dem 
.tark brechenden Silikontil sichtbar werden. Die Str6mungsmuster und die Dichteprofile wurden ~uantitativ 

ausgewertet und mit bereits ver6ffent~chten Ergebnissen verglichen. 

CfIEI.JMAJlbHbIfi JJM@@EPEHlJMAJIbHblti MHTEPQEPOMETP flflfl 
MCCJ’IE~OBAHLUl TEl-IJIOBOZi KOHBEKLJMM 

AHHOT~UIIR-&I uwdepetim npo@mefi wOTHOCTI~ no BepTHKanl H rops30HTanrr npu ecTecTfleH- 
HOfi KOHBeKWW B npflhloyronbsoti KaMepe, HarpeBaeMoti cH~3y w oxnamnaebfofi csepxy, Hcnonb30- 
BanCR CtIeL@iaJlbHbl~ &W#IepeHUHaJlbHbIfi HHTepI$epOMeTp C aXpOMaTHYeCKO# (42) KOMneHCaIJlteii. 

YyBCTBATeJlbHOCTb RaHHOfO HHTepC@pOMeTpa FlpH HaCTpOkKe npetiopa pa l4HTep&peHLWOHHbie 

IfOIK?Cbi 6eCKOHeYHOfi LUlipHHbI IIO3BOJlSieT BB3yaJIii3HpOBaTb KapTifHy TeYeHWS KaK B WX3ie,IlyeMOM 

ra3006pa3HOM a3oTe,TaKW B C~~~KOHOBOM MaCne,~n~am~U~ 6o~b~~~~OKa3aTeneM~penoM- 

nemfB. l7poseaeBa Ko~~qec~aeHHaa 04eeeua KZ~PTE~H TeYemffi w npo&ine2i n.~~~ff~~~, w aaH 


