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Holographic interferometric tomography for reconstructing a three-
dimensional flow field
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ABSTRACT

Holographic interferometric tomography can provide reconstruction of instantaneous three-
dimensional gross flow fields. The technique however confronts ill-posed reconstruction
problems in practical applications. Experimental data are usually limited in projection and
angular scanning when a field is captured instantaneously or under the obstruction of test
models and test section enclosures. An algorithm, based on a series expansion method, has
been developed to improve the reconstruction under the ill-posed conditions. A three-
dimensional natural convection flow around two interacting isothermal cubes is experimentally
investigated. The flow can provide a challenging reconstruction problem and lend itself to
accurate numerical solution for comparison. The refractive index fields at two horizontal
sections of the thermal plume with and without an opaque object are reconstructed at a
limited view angle of 80°. The experimental reconstructions are then compared with those
from numerical calculation and thermocouple thermometry. It confirms that the technique is
applicable to reconstruction of reascnably complex, three-dimensional flow fields.
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Fig. 2 Optical arrangement.
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Fig. 3 Holographic interferograms at a projec-
tion angle of 10° support bars at (a)
RHS and (b) LHS.
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Fig. 4 Example of interferogram reduction:
(a) plot of regression data (dotted
line) and measured intensity (solid
line) and (b)
function.
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Fig. 5 Vertical symmetric plant of the flow
field indicating two horizontal cross
sections of investigation and thermo-
couple positions: dimensions are nor-
malized by a cube side length.
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Fig. 6 Thermal plume at section AA: (a) flow
field obtained from numerical solution;
(b) reconstruction by the VGM; (c)

reconstruction by the CM, at a view
angle of 80°.

(c)
Fig. 7 Thermal plume at section BB: (a) flow
field obtained from numerical solution;
(b) reconstruction by the VGM; (c)

reconstruction by the CM, at a view
angle of 80°
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Table 1 Temperatures obtained from TC,
HIT, and numerical computation

TC No. T7C °C ™ v 1™ °C
Al | 23.75%0.01 | 23.7 23.46
A2 | 24.69+0.01 | 24.1 24.97

A3 25.34+0.01 24.6 25.19
A4 23.93+0.01 24.0 24.26
Bi 23.42+0.01 23.7 23.55
B2 25.07%£0.01 24.5 24.50
B3 24.22+0.01 24.2 24.80
B4 24.67+0.01 24.2 24.89

Table 2 Relative temperature difference be-
tween the results from TC, HIT,
and numerical computation

£, %

TONO e e [ g - goe] g _ e
Al -0.35 -1.28 -0.77
A2 -2.12 1.28 -0.66
A3 -2.69 0.62 2.13
A4 0.13 1.43 1.12
Bl 0.95 0.58 -0.43
B2 -2.37 -2.49 -0.15
B3 -0.24 2.58 2.51
B4 -1.89 0.98 2.75

Table 3 Relative temperature differences of
reconstructions at a view angle of 80°

&, %
TC No.

VGM CM
Al -0.35 0.88
A2 -2.12 -1.26
A3 -2.69 -2.36
A4 0.13 -0.32
B1 0.95 0.00
B2 -2.37 -5.44
B3 -0.24 -1.47
B4 -1.89 -3.07
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