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Gravity Effect on the Compositional Separation by’

Thermal Diffusion in a Rectangular Flow Channel

Hirofumi ARIMA*, Shinya MORIYAMA¥*,
Tsuneyuki SATO and Nobuyuki IMAISHI

A compositional separation by thermal diffusion phenomena (Soret effect) in a locally
heated rectangular flow channel under 1G and microgravity condition was investigated

experimentally and theoretically. Parabolic flight experiments on thermal diffusion were
conducted using binary gas mixture systems of He-SF, and Ne-SF,. Under the conditions of
various G-levels, the local gas mixture was sampled through a fused quartz tube (75*m LD. and
90cm in length) inserted into the flow channel, and analyzed by means of a quadrupole mass

spectrometer evacuated by a turbo molecular pump and diaphragm type dry vacuum pump.

Gas flow, heat and mass transfer in a rectangular flow channel under 1G and *G were also

predicted numerically using a steady state three-dimensional simulation code. The calculated

results of the concentration distribution in the channel agreed well with the experimental ones

under almost all conditions except for the microgravity Ne-SF, system.
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Fig.1 Total Experimental Set Up
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Fig.2 Schematics of Experimental Apperatus with
observed temperature distributions on the walls
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Fig.3 Sampling Points
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Table 1 Experimental conditions

Gas He-SF Ne-SF,
SF, mass fraction 0.2 0.2
at inlet []
Flow rate | 0.9(Re=0.63) | 0.7(Re=1.57)
[L/min] 2.4 (Re=1.57) | 3.8(Re=17.94)
Grashof Number 140 (1G) 1300 (1G)
(Gr) [-] 1.40 (0.01G) 13 (0.01G)
Heater 773 773
temperature [K]
Gravity level [G] | 0.01,0.1,0.2,0.5 0.01
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Fig. 5 3D-Symmetric calculation model
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(1) Transversal plane x=145mm

Fig. 6 Calculated (a) velocity vectors, (b) isotherms,
(¢) concentration distribution normalized with inlet
value and (d) gradation pattern of SF distribution
under 1G
(He-SF,, 0,4=0.2, uy=1.45cmv/s, T;=300K, 7,=773K,
T.=423K, Re=2, Re=0.63, Gr =140)

(1) Transversal plane x=145mm

" Fig. 8 Calculated (a) velocity vectors, (b) isotherms,
(c) concentration distribution normalized with inlet
value and (d) gradation pattern of SF, distribution

under 1G _
(Ne-SF,, 0,,=0.2, u,=1.12cm/s, T,=300K, T,=773K,
T=423K, Re=5, Re=1.57, Gr =1300)

(I) Transversal plane x=145mm

Fig. 7 Calculated (a) velocity vectors, (b) isotherms,
(c) concentration distribution normalized with inlet
value and (d) gradation pattern of SF distribution
under uG
(He-SF,, 0,,=0.2, u=1.45cnvs, T,=300K, T,=773K,
T=423K, Re=2, Re=0.63, Gr =1.40)
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(1) Transversal plane x=145mm

Fig. 9 Calculated (a) velocity vectors, (b) isotherms,
(c) concentration distribution normalized with inlet
value and (d) gradation pattern of SF; distribution
under uG
(Ne-SF,, @,,=0.2, u,=1.12cnv/s, T,=300K, T,=773K,
T,=423K, Re=5, Re=1.57, GFr =13)
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Fig.11 Concentration distribution of SF

in He-SF, system along the center axis
(He-SFq,,=0.2,7,=773K, T,=423K, Re=2, Re =0.63)
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Fig.13 Effect of microgravity level calculated (a) velocity
vectors, (b) isotherms, (c) concentration distribution
normalized with inlet value and (d) gradation pattern of SF

distribution
( Ne-SFq, 0,,=0.2, ug=1.12cnv/s, T,=300K, 7,.=773K,
T,=423K, Re=5, Re=1.57, Gr =13)
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Fig. 14 Concentrations at upper and lower plates in He-SF; at
different Reynolds numbers
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