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The study of vortex instability characteristics in MHD natural convection flow
with surface mass flux
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Abstract

The vortex instability characteristics of laminar magneto-hydrodynamic (MHD) natural convection flow
over a horizontal isothermal plate with a prescribed mass flux are studied. In the base flow, similarity solutions
are obtained for a specific magnetic field strength and surface mass flux. The stability analysis is based on the
linear stability theory incorporated with the non-parallel flow model. The velocity and temperature profiles,
local Nusselt number, as well as instability parameters are obtained by conducting a parametric study of all
involved parameters such as magnetic parameter M and blowing/suction parameter f, . It is found that
magnetic effect decreases the heat transfer rate and destabilizes the flow. Furthermore, the influence of
magnetic effect on vortex instability is more pronounced for a blowing surface and fluid with Pr=0.7.
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fu=-0.1 fu=0.0 fu=0.1
M G rx* K* G I'x * K* G I'x * K*
0 (If:??g;‘)”d 2555 0.560 3885 0.582 600.6 0.604
0 259.8844 0.555 402.4215 0571 639.4372 0.585
(100%) | (100%) | (100%) | (100%) | (100%) | (100%)
1 62.8929 0.455 108.3973 0.472 196.6266 0.49
(24.2%) | (81.9%) | (26.9%) | (82.7%) | (30.7%) | (83.9%)
2 224547 0.404 42.6011 0.415 86.5504 0.435
(864%) | (72.8%) | (1058%) | (72.7%) | (135%) | (74.3%)
3 8.1104 0.363 17.5859 0.375 41.4313 0.395
(3.12%) | (654%) | (437%) | (65.7%) | (6.48%) | (67.5%)
4 3.9712 0.335 9.4367 0.351 24.704 0.372
(152%) | (60.3%) | (2.34%) | (615%) | (3.86%) | (63.5%)
(b) -k (Pr=7.0)
fu=-0.1 fu=0.0 fu=0.1
M G rx* K* G I'x * K* G I'x * K*
0 (Jang and
Lai [9)) 15.23 0.910 57.94 0.960 883.5 1.100
0 14.1896 0.891 54.6403 0.931 814.1676 1.081
(100%) | (100%) | (100%) | (100%) | (100%) | (100%)
1 4.2526 0.735 19.0464 0.773 508.8514 0.972
(30.0%) | (82.5%) | (34.9%) | (83.0%) | (625%) | (89.9%)
2 1.834 0.661 9.7445 0.695 407.5841 0.928
(12.9%) | (742%) | (17.8%) | (747%) | (50.1%) | (85.8%)
3 0.9631 0.609 5.8924 0.655 352.8186 0.901
(6.78%) | (68.4%) | (10.8%) | (74.4%) | (43.3%) | (83.3%)
4 0.5746 0.582 3.9389 0.619 317.8223 0.885
(4.05%) | (65.3%) | (7.2%) | (665%) | (39.0%) | (81.9%)
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