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Background and Motivation
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Microfluidics in detecting biochemical analytes

Precise 

fluidic 

control

High-

throughput 

analysis

Reduced cost 

compared to 

commercially 

available 

enzyme-based 

methods

Numerical modeling 

can assess impacts 

of various 

parameters to reduce 

the experimental 

complexity 



Experimental Setup
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Numerical Model

Laminar flow Transport of diluted species Heat transfer in fluids
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𝛻𝑢𝑇 + 𝐹𝑏 (Navier-Stokes equation)

𝛻. 𝑢 = 0 (Continuity equation)
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𝜕𝑡
+ 𝜌𝑐𝑝𝑢. 𝛻𝑇

= 𝛻. 𝑘𝛻𝑇 + 𝜏 ∙ 𝛻𝑢+ 𝑄

Heat Source, 𝑸 = 𝒌𝒈 × 𝒄𝑮𝒐𝒙 × 𝒄𝒈 × 𝑬𝒈

𝒖 =  Velocity vector

p =  Pressure (Pa)

𝒄𝒊 =  Concentration of glucose (𝐦𝐨𝐥 𝐦−𝟑)

𝑫𝒊= Diffusion coefficient of glucose (𝐦𝟐𝐬−𝟏)

𝑭𝒃= Body forces (N)

τ =  Viscous stress tensor

k  =  Thermal conductivity (W m-1 °C -1)

Q =  Heat rate (W m-3)

kg =  Reaction rate constant (𝐦𝐨𝐥𝐦−𝟑𝐬ሻ

Eg = Enzymatic reaction energy (J mol-1)    

Glucose + O2 + H2O 
𝐆𝐥𝐮𝐜𝐨𝐬𝐞 𝑶𝒙𝒊𝒅𝒂𝒔𝒆

Gluconic acid + H2O2 + 79 
𝒌𝑱

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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heat sink



Effect of the Heat Sink
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Conclusions
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• 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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