% 53 %5 5 HoF F #K Vol. 53, No. 5

20214 5 A Chinese Journal of Theoretical and Applied Mechanics May, 2021

IJIL17-'Sjj =

SRR AE MIT B R T ED

FHk A&

(TR AW TFE S Sy 558 1% &, #iVL T 315211)

T RO AR L A A Y O [ BE T B R IR AT RS T AR TS L sk RS N ] oh, o H sl i
AT R E PRI MRk R AT A% AORS HE P B B2 L AR 2 A e MR 9T 1 Bﬁé’.%?ﬁﬁi VR 75 A B 4
IERE IR FEEE, 53] T ANF Prandtl ¥ (Pr) N KIS Marangoni £0 (Ma,) 55 RN R &, FE M
TS A A BE AL BT TR AR FCR T 2 ARERLES, /N Pr 1 S ORI A 35,
1M HH i Pr (i SO N RRPAN R R AR AR IR PR 1S Ma. S35 T 1%, T 9950 PERS SO 5 1 sl e e k. 48
tPr R, Mac B Pr IS ORTRE K. 6 TRHBAR A, SRAREE A PR IR AT A7 75 T34 v ) DX, i H A AR 2 )
IR PEARIE R ET H R b, JFHAE S Pr Tﬂﬁﬁﬁéiz"%ﬁftaﬁ%xﬂkﬂﬁ RER AT R EEFIEROE K, SR
T B IEAR G A/ Provi, PRl BT E AT REAE L RE S SO AT RESR S RE R, 1R Pr v, SRS ) T 2 A
T 0T R A A, %ibﬁﬁiﬂ%tib&ﬁ{ﬁmﬁﬁﬁﬁlﬁLﬁﬁf%/}\#&vﬁ KA 5 A BARZ AT
PR B, T HEACURIL A 2 A AN IR, DI FE I SRS M Eh i sh AR O 22 5+

KR MBI, BRI, FE R

hESES: 0357.1  XERFRIRAL: A doi: 10.6052/0459-1879-20-443

CONVECTIVE INSTABILITY IN THERMOCAPILLARY MIGRATION OF A
VISCOELASTIC DROPLET

Zhang Shaoneng Hu Kaixin?

(School of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract Thermocapillary migration of a droplet placed on a non-uniformly heated solid surface appears in a variety
of practical applications, such as microfluidics, inkjet printing, et al. The flow stability analysis is crucial for the precise
control of droplet migration. In the present work, the convective instability in thermocapillary migration of a wall-attached
viscoelastic droplet is examined by linear stability analysis. The relation between the critical Marangoni number (Ma,)
and the elastic number is obtained at different Prandtl numbers (Pr). The flow fields and energy mechanisms of preferred
modes are analyzed. The results show that more kinds of preferred modes are excited by the elasticity. The preferred
modes at small Pr are the oblique and streamwise waves, while those at moderate and high Pr are oblique waves and
spanwise stationary modes. The strong elasticity significantly reduces the Ma., while the weak elasticity slightly enhances

the flow stability. Ma. increases with Pr at moderate Pr. For the oblique wave, the amplitude of perturbation temperature
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may appear in the middle region of flow field, while the amplitudes of other two modes only exist on the free surface.
The distribution of streamlines is almost symmetric at high Pr. The energy analysis shows that the work done by the
basic flow changes from positive to negative when the elastic number increases. The work done by the perturbation stress
may either dissipate or provide energy at small Pr, while the work done by the basic flow is negligible at high Pr. For
the downstream streamwise wave, the perturbation velocity and the work done by perturbation stress fluctuate several
times in the vertical direction. Comparing the droplet migration with thermocapillary liquid layers, it can be found that

due to the differences of basic flow and boundary conditions, there are quite different between their preferred modes and

perturbation flow fields.
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Fig. 1 Thermocapillary migration of a flat droplet on the rigid plane
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F1 Pr=001,0=02,Ma=155,k= 149,06 = 83.4° B4
WR{AS Oldroyd-B A M EFHEERIELE
Table 1 A comparison of most unstable eigenvalues for

Newtonian fluid and Oldroyd-B fluid at Pr = 0.01,
(=02,Ma=155,k=149,0=834°

Newtonian fluid

(n=1=0)

Oldroyd-B fluid
(e =0.01, n/2—>1)

0.0000054 + 0.020763i 0.0000054 + 0.020 763i

—-0.000027 1-0.033 109i —-0.000027 1-0.033 109i
—0.017 790 8—0.079 4561 —0.017 790 8-0.079 456i

—-0.0313976 + 0.015 193i —0.0313976 + 0.015 193i

%2 Pr=1,0=01,7/2=0.1,=0.01, Ma = 123.61,
k=12.582,6 = 46.5° R AEEC B A 3 T HY AR SHHEE
Table 2 Eigenvalues of neutral modes computed by different

numbers of collocation points at Pr =1, = 0.1, /2 = 0.1,
& =001, Ma =123.61, k = 2.582, 0 = 46.5°

Ne o(x107°) oi(x1071)

70 3.150833 1.540058

80 3.150777 1.540058

90 3.150814 1.540058

100 3.150808 1.540058
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Fig. 16 Perturbation flow field of the different preferred

modes at Pr = 100
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Table 3 Values of perturbation energy variation terms

at different Pr
Pr & -N M 1

0.001 -0.007916 0.001 331 0.006 588

001 0.01 —0.013943 —0.001 825 0.015788
0.1 0.054 905 0.001 407 —0.056278
1 0.001230 0.000 126 —-0.001218

0.001 —-0.293359 0.234 088 0.059271

| 0.01 —-0.283 025 0.176613 0.106415
0.1 -0.363 125 0.429016 —-0.065 886
1 —0.056 897 0.095 813 —0.038727

0.001 -12.645819 12.636 228 0.009 594

100 0.01 —12.045470 12.038 172 0.007 300
0.1 —3.192947 3.231241 —0.038 280
1 -27.022725 27.094 056 -0.071307
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Fig. 17 Distribution of (a) the work done by perturbation stress and (b)
the interaction between the perturbation flow and the basic flow in
vertical direction of the different preferred modes at Pr = 0.01.
Here, UOW stands for upstream oblique wave, DSW stands
for downstream streamwise wave, USW stands for

upstream streamwise wave
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