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Background and Motivation

Microfluidics in detecting biochemical analytes

Precise High- Reduced cost Numerical modeling
fluidic throughput compare(_j to can assess Impacts
control analysis comm_erually of various
available parameters to reduce
enzyme-based the experimental
methods complexity
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Experimental Setup
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"Calorimetric sandwich-type immunosensor for quantification of TNF- Nestorova. "Numerical optimization of key design parameters of a
a.” Biosensors and Bioelectronics 126 (2019): 82-87. thermoelectric microfluidic sensor for ultrasensitive detection of

biochemical analytes." Journal of Thermal Science and Engineering
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Numerical Model

Laminar flow Transport of diluted species Heat transfer in fluids
u oT
p% +pu.Vu) =-Vp+V.[u(Vu + aCi . PCp 3¢ + pc,u. VT
Vu®)] + F, (Navier-Stokes equation) E =V. (Di Ci) —u.Ve =V ($<|7T) +7-Vu+0

V.u = 0 (Continuity equation) Heat Source, Q = kg X Cgox X Cqg X Eg

Glucose Oxidase ] ] kJ
Glucose + O, + H,O > Gluconic acid + H,0O, + 79 —

mol

u = Velocity vector :
y = ViIsScous stress tensor

p = Pressure (Pa) k = Thermal conductivity (W m-1°C 1)
F,= Body forces (N) Q = Heat rate (W m™3)

¢; = Concentration of glucose (mol m™3) ky = Reaction rate constant (mol m~3s)
D;= Diffusion coefficient of glucose (m?s~1) E, = Enzymatic reaction energy (J mol)
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Validation of the Numerical Model
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Device Sensitivity vs Channel Height
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Effect of Inlets Flowrate Ratio on Sensitivity
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Material Thermal Properties vs Sensitivity
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Effect of the Heat Sink
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Conclusions

* Critical operational parameters for enhanced device
sensitivity were identified.

* Magnitude of the thermoelectric signal Is inversely
proportional to the channel height and inlets flow rate
ratio.

» Using less thermal conductive material and eliminating
heat sink could increase the device sensitivity by 783%.
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