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A Numerical Study of Natural Convection for Low Pr Liquids
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Abstract

This study deals with the interaction between buoyancy-induced convection and externally
imposed excitation in the form of harmonic rocking and the effect of the interaction upon heat
transfer in low-Pr liquids. A wide array of system responses are discussed using the spectral
collocation numerical technique. The superposition of buoyancy and Coriolis forces leads to
complex fluid flow and heat transfer. The transition to chaotic convection is accelerated, and heat
transfer rates are reduced as the enclosure is excited at the fundamental frequency of oscillation
associated with the pure buoyancy-driven case. Average heat transfer rates are correlated for Pr
=(.02 and (.03. The heat transfer is affected more in the Pr=0.03 liquid than the case of Pr=
0.02.
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Table 1 Comparison of averaged Nusselt number

in the case of no rocking.

Nitavs
Pr Ra Ball and Present
Bergman” work
0.02 60,000 3.455 3.062
0.03 300,000 4.847 4.667

Fig. 2

Predicted streamline distributions for Ar=3

and Re=5000 at (a) t=0, t=5, (¢) t=10, and

(d)t=15.
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Table 2 Fundamental frequencies for Pr=0.02
and (.03 for various Rayleigh numbers.

Pr Ra f*
(58390) 271.30
60,000 272.78
0.02
90,000 300.39
120,000 329.60
(281545) 585.87
300,000 598.09
0.03
650,000 829.88
1,000,000 1967.86
(Values in parentheses are for Ra.)
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Fig. 6 Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr=0.02, Ra=120,000,
Omax=0°at (a) +=0.5006, (b) £=05009, (c) (=0.5014, (d) #=:0.5019, () £=0.5021, (f) t=0.5024, (g) ¢t=
0.5029 and (h) £=0.5034.
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Fig. 7 Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr=0.02, Ra=0, fnax=
10° at (a) $=0.5006, §=0°, (b) ¢#=0.5009, §=5° (c) +=0.5014, =10°, (d) =0.5019, §=5° (e) t=0.
5021, 8=0°, (f) r=0.5024, g=—5°, (g) +=0.5029, §=—10° and (h) ¢=0.5034, §=—5".
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Fig. 8 Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr==0.02, Ra=120,000,
Onax=10° at (a) /=0.5006, 9=0°, (b) (=0.5009, 9=5°, (¢} t=0.5014, 0=10°, (d) /=05019, §=5° (e) ¢
=0.5021, #=0°, (f) t=0.5024, §=—5° (g) ¢=0.5029, §=—10° and (h) ¢==0.5034, §=—5".

ol Ao Aol sl FASol EAlak vl = doubling)e] FHHF L] 5°< e < 107 9ol 4
Aelhol i Aeatgel Bader Al EEARE 4@ deldel AN, F
Aepe dabe welel wlmd Pro] Azl ¥ sl Pr=0.0230 49k Re] f%ol el of
o] -EAtis Fig 69 Pr=0.022) 4sh f4hah  vlebs gelth A M Guitel Fig 82) g
=52 vebdt, o ahstAer sel el o] Geto] Falsel fAl
Ra=02] 7% (Fig. 10) %% o ©5ge Pr o ob A#usow sldetd sekh ol Fig 9oy
~0.028] B4 fAbd mHe wolth ol % AAew 4EsH FAve Bz FA9) ol
Fel A ARSI ol Aol wheh 5 okshal Asjeba Avhaeh Pr=0.03el 4% w4
Astedeh, ol AEAFEL Pr=0.023] 25e] vlste] 2
A%

wels) el F4E W (Fig 1) 2% 5% 4 sbx %3 ubglol] (Fig. 11(bh), Fig 11()) %
d Hae vebdeh A oMz 5 odel g4 AW A=l abolstalet,
3ol vhehis Wl E S @ 7] % (period



Fig. 9 Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr=0.03, Ra=650,000,
Omx=0° at (a) #=05, (b) ¢t=05004, (c) #=0.5007 and (d) ¢#=0.501
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Fig. 10 Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr=0.03, Ra=0, fnax=
5° at (a) =05, 6=0° (b) £=0.5004, §=5° (c) £=0.5007, §=0° and (d) ¢(=0.501, §=—5"
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Fig. 11

Predicted streamline (top panels) and isotherm (bottom panels) distributions for Pr=0.03, Ra=650,000,

Gnax=5° at (a) ¢=0.5, §=0°, (b) ¢=0.5004, §=5°, (c) +=05007, 6=0°, (d) £=0.501, =-5° (e) ¢=0.
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