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INQUIRY-BASED LEARNING (IBL) APPROACHES

• Approach 1: Internally Funded UG Research

o One semester, one student

o Faculty mentored

o Oral presentation at University-wide colloquium

• Approach 2: Design Assignment in Simulation Course

o 3 weeks, 1-2 students per team

o Largely autonomous

o In-class oral presentation at the end of the semester
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• Key focus areas:

o Geometric shapes & dimensions

o Electrode count & positioning

o Voltage amplitude & frequency

DESIGN INPUT
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Parameter Value

Mean inlet velocity of fluid 0.1[mm/s]

Zeta potential -0.1[V]

Amplitude of voltage signal 0.1[V]

Frequency of voltage signal 8[Hz]

Diffusion coefficient of fluids 1e-11[m^2/s]

Conductivity of fluids 0.11845[S/m]



• Fluid Constraints

– Electrolyte

– Two species

• Inlet Concentrations

– 0 = Species 1

– 1 = Species 2

DESIGN INPUT
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Material property Value

Density 1e+3[kg/m^3]

Dynamic viscosity 1e-3[Pa*s]

Electrical conductivity 0.11845[S/m]

Relative permittivity 80.2
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GEOMETRIES & ELECTRODES

GEOMETRY +1 GEOMETRY -1
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DESIGN OF AN EXPERIMENT: RESULTS
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INLET & OUTLET CONCENTRATIONS



VOLTAGE

-1 [0.15V] -1 [0.15 V] 1 [0.3 V] 1 [0.3 V]

G
EO

M
ET

R
Y

-1 

1

-1 [4 Hz] 1 [8 Hz] -1 [4 Hz] 1 [8 Hz]

FREQUENCY

STEADY STATE CONCENTRATIONS
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BEST DESIGN

• Geometry +1

• 0.3V amplitude

• 4 Hz
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MIXING EFFICIENCY

99% mixing efficiency 
reached in 1.5s

ME = (1- {Γo[(co−cavg)
2]/Γi[(ci−cavg)

2]}1/2)*100%

co = Concentration across outlet

ci = Concentration across inlet(s)

cavg = Mean concentration

Γ = integral across inlet or outlet
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CONCLUSIONS

• Pedagogy

– Extra-curricular approach generated interest & motivation

– Faculty mentoring required 

• Technical

– Many Well-performing Designs

– Sensitivity & Optimization Analysis Would Have Added Value
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