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Abstract Thermocapillary convection is driven by surface tension gradient caused by temperature gradient. The flow
is subject to nonlinear interactions between convection and heat transfer, so it has complex transition behaviors. It is
significant to investigate the flow bifurcation phenomenon as parameters in the governing equations change. The POD-
Galerkin reduced-order method is a fast fluid computational method, based on proper orthogonal decomposition and
Galerkin projection. The numerical bifurcation method finds the parameter values at which bifurcation exists by

computing the asymptotic flow states and bifurcation points directly. In order to tackle flow transition problems in a more
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efficient way, a combination of direct numerical simulation, POD-Galerkin reduced-order method and numerical
bifurcation method is applied to investigate the transition behavior of thermocapillary convection in a liquid layer. The
POD reduced-order model of thermocapillary convection in a 2D cavity under different volume ratios is established and
its bifurcation diagram is obtained by numerical bifurcation method. The validity of such a model for Reynolds numbers
and volume ratios that are different from those for which the model is derived is studied and the possibility of modelling
thermocapillary flow in a simple geometry over a range of flow parameters is assessed. Compared with the results
obtained by direct numerical simulation, the accuracy and robustness of the low-order model are verified. The results
show that the reduced-order model reflects qualitatively similar flow characteristics to the original high-order system, and
quantitively, the relative error of frequency of periodic solution of the reduced-order model to that obtained by the direct

numerical simulation is around 5%. Hence, the feasibility of the POD-Galerkin reduced-order method on thermocapillary

convection is confirmed.
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Fig. 1 Limited liquid layer model
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Fig.3 The comparison of time evolution of the monitor point at the

center of the liquid layer
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Fig.4 The comparison of time evolution and frequency spectrum of temperature oscillation at the center of the liquid layer obtained by DNS and

low-order model for various Re (Vr = 1.00)
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3000 64151 6.2264 3.0306 0.06 - Re = 6520.150 H
005
4000 7.2970 7.3998 1.3892 0.04
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Fig. 5 Bifurcation diagram of reduced-order model under different

volume ratios
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Table 5 The comparison of the critical Reynolds number obtained by DNS and reduced-order model

Vr=0.95 Vr=1.00 Vr=1.05
Method
Recl Recz Recl RecZ Recl RecZ
POD 2020 6520 1620 5020 1420 3420
DNS 2450 7250 1925 5050 1650 3550
error/% 17.55 10.07 15.84 0.59 13.94 3.66

6 REFIZEHAMIZES DNS ERIJLEE (Vr=1.00)
Table 6 The comparison of the frequency of the periodic solution obtained by DNS and reduced-order model (V' = 1.00)

Repys Jons Repop Jrop

2000 2.5937 2004 2.6546
2500 2.8728 2504 3.0102
3000 3.0233 3004 3.1878
3500 3.3259 3504 3.3795
4000 3.7516 4004 3.6311
4500 4.1611 4504 3.8926
5000 44706 5004 4.1408

223 XHARELSHOME

(LAY = e R AT STt D 1 b U 1 R e
e 524, T 2% A POD (R4 7 #4, X ARFRLE

ZH Vr S,

H Vr=1.00 5} Re = 2000, 3500, 5000 5 K[

LR, VBN Vr=0.95,1.05 W IERLA, X Ve =
0.95, 1.05 73 sl AR A 7 R, R IRAE — & AR FR L
FI Re JaTH A, (R YE )7 PR BUF I AMIERE ), A R
BT BN S EREE (K] 6~ 7).
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(b) Time evolution
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Fig. 7 The comparison of time evolution and frequency spectrum of

(b) Time evolution

K6 MHLE 0.95 A Re ' 1 DNS FURAER AL V51 1 0=
PR L BEFR 5 IR TR 47 A 0] B

Fig. 6 The comparison of time evolution and frequency spectrum of

temperature oscillation at the center of the liquid layer obtained by DNS temperature oscillation at the center of the liquid layer obtained by DNS

and low-order model for various Re numbers under Vr = 0.95 and low-order model for various Re numbers under V7= 1.05
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