0254-6124/2016/36(4)-487-05 Chin. J. Space Sci. FRATF ¥R

HU Kaixin, HE Meng, CHEN Qisheng. Theoretical analysis for the elastic instability of thermocapillary liquid layers for upper
convected Maxwell (UCM) fluid (in Chinese). Chin. J. Space Sci., 2016, 36(4): 487-491. DOI:10.11728/¢jss2016.04.487

LFE#F Maxwell(UCM) FifE#ELH
B RISRIER M

nirg M 8 KEE

(FEBEREAETIEN WEHEEATRE L 100190)

# E Edn bk Maxwell (UCM) MAKREARBRERESHATRMN, RARGLREEBERR.
BN K R SRR B BT . 5 AR, UCM FikFRE7ENE Rt Marangoni 3%, 24 80AZI5— 157
fER £ AR E MM S, XIS R BB BAESON Marangoni SUA9H TR, 24 MyESGEET 0 B, H
PRBPAE Ak, TR R RS T RS RARBEMR GBI L, B E AR, TRy
A EERIRR. RRATR B R SRR R § B3R 1.

KA UCM ditk, HEMEE, SHREH, BEAR

PESES V524

Theoretical Analysis for the Elastic Instability of
Thermocapillary Liquid Layers for Upper
Convected Maxwell (UCM) Fluid

HU Kaixin HE Meng CHEN Qisheng

(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190)

Abstract The linear stability of thermocapillary liquid layers for Upper Convected Maxwell (UCM)
fluid is investigated. Elastic instability is found. The rate of perturbation growth increases with the
wave number. For UCM fluid, the critical Marangoni number does not exist, which is different
from Newtonian fluid. Instead, a critical wave number is found above which unstable elastic waves
appear. The critical wave number decreases with elastic number and Marangoni number. When
elastic number approaches zero, the fluid becomes Newtonian fluid with the critical wave number
tending to infinity. The wave speed of elastic wave stays constant for different wave numbers and
propagating directions. However, the growth rate reaches its maximum in a specific direction. Energy

analysis shows the work done by perturbation stress contributes most to the perturbation energy of
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elastic wave.
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Table 1 Wave speeds for the elastic wave propagating in different

direction (Ma =1.71, e = 0.5, k = 30, Pr = 100)

#/(°) 0 30 55 60 90
Or —58.48 —26.36 0.12 -0.87 —58.48
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c —83.66 —-83.71 —83.85 —83.79 —83.69
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Fig.2 Variation of wave speed ¢ with Re and A for k = 40, ¢ = 55°, Pr = 100
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Table 2 Variation of eigenvalue with wave number (Ma =1, € = 0.5, ¢ = 60°, Pr = 100)

k 20 30 40 50 60 80 100
Ox —-74.21 —41.39 17.66 114.56 235.81 555.66 978.13
oi —2870.95 —4279.81 —5723.22 —7149.60 —8582.48 —11451.70 —14329.00
c 143.55 142.66 143.08 142.99 143.04 143.15 143.29
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Fig.3

Variation of critical wave number k. with elastic number € and Marangoni number Ma (¢ = 55°, Pr = 100)

£ 3 AREHBTRERMDERERPHEDNE (Ma=0.1, e = 0.5, ¢ = 55°, Pr =100)

Table 3 Variation of each term in perturbation energy growth with wave number for

linear flow (Ma = 0.1, £ = 0.5, ¢ = 55°, Pr = 100)

k o/k -N M I

100 —1.26 — 1417.32i ~126.06 0.0051 —0.0530
110 0.98 — 1417.361 107.71 0.0045 —0.0530
120 3.10 — 1417.381 372.47 0.0045 —0.0530
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