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A Study on the Mixed Convection in Parallel Plates

Using Liquid Crystals

Ri-Long Piao

Department of Automotive Engineering, Graduate School.
Pukyong National University

Abstract

This paper describes the influence of through-flow on the mixed convection in a
parallel plates with the upper part is cooled and the lower part heated. When forced
convection is imposed on natural convection, it is found that the flow pattern of
mixed convection in the parallel plates can be classified into three patterns which
was affected by Reynolds number. In such a mixed convection, the flow pattern plays an
important role in the heat transfer process. In this study, thermo-sensitive liquid
crystal suspension method is employed, then the visualization image acquired through
the above method is processed by the color image processing technigue and the
two-dimensional velocity vector and temperature configuration are simultaneous
measured,
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Fig.3 Thermocouple position in the test section

b A2+ Shin-Etsu  Silicon Oil  KF-96-100cst
(Shin-Etsu Chemical Co.Ltd)& At&3t¥i, 1 EAAE
Table.lol EFISIEE. AAH o= RM2830(Japan capsular
products INC.)E Al&sle] dej2ode] A ogaks 13
A BEE FEH oF 01%E Aty

Table.l Properties of silicon oil at 25C

Silicon oil [viscosity, v ] 100cst
Density olkg/m'] | 9631
Specific heat  |Cp[J/kg K]| 1507
Thermal conductivity | A [(W/m.K]| 0.16
Expansion coefficient AK™ | 9.5%107*
Thermal diffusivity | o m?/s] 1,1+1077
Pr nmumber Pr 909.1




Photo.2 Photograph of constant temperature bath

Photo.3 Photograph of stepdos pump

w'}o_



FPhoto.4 Photograph of pulse dampener

Photo.5 Photograph of temperature regulator
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Photo.6 Photograph of halogen light

Photo.7 Photograph of water filter



Photo.8 Photograph of digital video camera

Photo.9 Photograph of digital thermometer
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Fig.4 Schematic diagram of image processing
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= RYGCF B (4.4)

Fig.6 A color vector in color space

Photo.11 Visualized image of liquid crystal tracers
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(a) Visualized image

(b) Evaluated temperature

Fig.11 Visualized image of liquid crystal tracers

and evaluated temperature distribution
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Photo.12 Natural convection pattern
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(d) Path line

Fig.12 Experimental results at H/L=15/140, AT=3T
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(a) Visualized image

(b) Evaluated temperature

> U0 f/zee)

(d) Path line

Fig.13 Experimental results at AT=3C, U=1.6[mm/min],
Re=4.0+10"°, Ra=349
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(d) Path line

Fig.14 Experimental results at 4 T=3C, U=5.2[mm/min],
Re=1.3«10"*, Ra=349
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(a) Visualized image
25.8°C

2887

(b) Evaluated temperature

(d) Path line

Fig.15 Experimental results at AT=3C, U=7.5[mm/min],
Re=1.9%10", Ra=349
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(d) Path line

Fig.16 Experimental results at AT=3T, U=11.7[mm/min],
Re=29x10"% | Ra=349
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(1) t=0 sec

(2) t=75 sec

(3) t=150 sec

(4) t=225 sec

Fig.17.1 The visualized image of U=9.0mm/min, AT=3T,
Re=2.3%10"°, Ra=349
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(2) t=75 sec

(4) t=225 sec

2BRT 2BET

Fig.17.2 The evaluated temperature of U=9.0mm/min,
AT=3T, Re=2.3%10" Ra=349
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(3) t=150 sec

(4) t=225 sec

Fig.173 The velocity vector of U=9.0mm/min, AT=3T,
Re=2.3+10", Ra=349
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