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Abstract

This study systematically investigates the flow characteristics, flow direction potential, and energy
conversion efficiency of nanofiuid in microchannels with sinusoidal corrugated walls through the-
oretical modeling and numerical simulation. An electrodynamics model was established, compre-
hensively considering the corrugation geometric parameters (amplitude §, number of waves n,
phase difference 8) and nanoparticle properties (volume fraction ¢). The analytical solutions for
potential, velocity, flow direction potential, and energy conversion efficiency were derived using
the small parameter perturbation method, with numerical solutions validated via Chebyshev spec-
tral analysis. Results demonstrate that while nanofluid introduction reduces overall flow velocity
due to increased effective viscosity, it significantly suppresses backflow in the trough regions, en-
hancing flow stability. When the phase difference 8 between upper and lower corrugations equals
T, the channel cross-section becomes uniform with maximum velocity at the center. Symmetrical
channels exhibit extremum values for central velocity, flow direction potential, and energy conver-
sion efficiency, peaking at critical wave numbers nm = 0.17 and large amplitudes. Moreover, the en-
ergy conversion efficiency increases with increasing nanoparticle concentration. This research elu-
cidates the synergistic mechanism between corrugated walls and nanoparticles, providing theoret-
ical foundations for optimizing mechanical-to-electrical energy conversion devices in microfluidic
systems.
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Figure 1. The schematic diagram of electrodynamic flow in the nano-channel of cor-
rugated surface
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Figure 2. Comparison of analytical and numerical solutions for K =2, =0.01, n = 3/n, x=0.25, Es =—-0.02, ¢
= 0,¢ = 0, where lines represent analytical solutions and dots represent numerical solutions. (a) Potential, (b)
Velocity, (c) Pressure, (d) Pressure gradient
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Figure 3. After adding nanoparticles, the velocity distribution at different cross-sectional positions of the pipeline (red indi-
cates the wave crest, blue indicates the cross-section of the center of the corrugated surface, green indicates the wave trough).
Triangles represent Newtonian fluid, while circles represent nano-fluid with ¢ =0.25 (0=0,0=0.5,R=0.1, K=5,n=3/n)
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Figure 4. Velocity at different cross-sectional positions of the pipe (Red indicates x = 0.5, blue indicates x = 1, and green
indicates x =1.5). ¢ =0,0=0.5,R=0.1,K=5,n=3/n. (a) =0, (b) 6 =7n/2, (c) ==, (d) §=2/3n

F 4. B EFRSEMERNREEUAERRRTx=0.5, BEEBRRx=1, FBRKFx=15). ¢=0, §=0.5, R=0.1, k=5,
n=3/n. (a)8=0, (b)8=n2, (c)f=m, (d)8=2/3n
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Figure 5. The velocity of the flow in the center of the pipe is related to the wave number (a) and the wave amplitude (b). (¢ =
0.1, R=0.1, K=5)
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Figure 6. (a) The relationship between flow potential and wavenumber (red indicates 6 = 0.1, blue indicates J = 0.25, green
indicates 6 = 0.5). (b) The relationship between energy conversion efficiency and wavenumber (6 =0.1). (p =0,6=0,R=0.1,
K=5)
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Figure 7. (a) The relationship between flow potential and nanoparticle concentration. (b) The relationship between energy
conversion efficiency and nanoparticle concentration (6 =0.5,7=0.1,0=0,R=0.1, K=15)
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