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ABSTRACT: In this study, we have studied the effect of heat transfer and voltage on microchannel with 

electroosmotic flow. We have used the finite elements method to solve the Navier–Stokes equation, and an 

increase in temperature and velocity was found from the increased voltage. The increments of heat flux causes in 

increase of temperature with EDL effect. In general, we can note that two points are accurate, first, in the EDL 

region the velocity is formed, and then the maximum value of velocity reaches on outside the EDL with flat shape 

distributions for all selected cases. Second, the effects of viscosity and applied zeta potentials cause this velocity 

distribution of electroosmotic flow. The main objective of the simulation is to study the effect of electric magnetic 

in microchannel towards fluid flow profiles. The results shows that increasing voltage cause increase in velocity. 
KEYWORDS: Electroosmotic Flow; Trapezoidal Microchannel; heat flux effect. 

INTRODUCTION 

In recent decades, the advent of microsystems has led to a great deal of attention to these systems, both 

microfluidic and microelectronic. These systems are applied in different engineering fields for example, medical 

and biological treatments, energy supply and chemical analyzes [1-3]. One of the essential components of these 

systems is microstructure. Generally, ducts with dimensions or diameters are called micro-micro gradients, which 

generally have a high ratio of surface/volume. Therefore, some of the physical processes that are not important 

in large ducts will be a dominant phenomenon in this microchannel, one of such processes that depends on the 

electroosmotic loads in the walls, electrochemical flows 5, or electroosmotic flows 6 [4]. 

Generally, it has been shown that electrosomal flows are caused by the effect of an external electric field on the 

EDL formed by interaction between the ions in the electrolyte solution and the loads deposited on the walls. This 

layer is referred to as a dual electric layer (EDS) with a layer of pregnant on the wall [5]. 

Early studies on electroosmotic flow have been done by Rice and Whitehead [6]. They have investigated the fluid 

flow in the cylindrical tube. Also, Bergin and Nakaka [7] modeled the electrochemical flow inside the 

microchannel by analyzing the rectangular cross-sectional hair. Yang et al. [8, 9] and Yang and Lee [8] considered 

the flow of fluid in the rectangular microchannel. Their analytical solution predicts the effects of electrons-

viscosity in different aspect ratios. In addition, for electrical pecs, the applied Reynolds number integral 

expression equations for electrolyte and zeolite densities have been proposed, and in both Maslia [10] has studied 

the numerical value of electroosmotic flow with cross sectional variations. 

On the other hand, because of the application of an external electric field on ions adjacent to the wall, a heat 

called a fluid jelly is produced. The thermal effects of this phenomenon can be effective on the thermo-physical 

properties of the fluid, especially during the biochemical activity of this heat, can be a significant source of effect 

[11]. 

Horiuchi and Deto [12] presented a two-dimensional distribution of temperature, heat transfer coefficient, and 

Nusselt number of an electrochemical flow inside the microchannel of the bed. Liao et al. [13, 14] Using 

Galerkin's method, they studied electroosmotic mixing currents and actuator pressure in triangular microscopic 

triangles. They showed that increasing the Joule number increases the field velocity and the electrolyte solution 

temperature in the triangular microchannel. Parastena Deto et al. [15] solved the electroosmotic mixing and 

driving stresses in a two-dimensional direct microscale and showed that the Nusselt number of this flow is 

independent of the heat pump number for a given joule heat and thermal flux. 

Conventional manufacturing methods make it possible to produce microchannel with different geometric sections 



Heat flux and voltage effects on trapezoidal microchannel electroosmotic flow 

208  

such as rectangular, circular, triangular and trapezoidal. Using an anisotropic Etching such as KOH or TMAH 

produces a trapezoidal or triangular geometry in a silicon bed depending on the permitted etching depth [16-23]. 

A review of various articles suggests that although many studies have been done on trapezoidal studied. 

Analytical analysis of electroosmotic circulatory phenomena within the microtubule tracheal tissues is very 

difficult. For these flows, the Navier-Stoke equations for the electrolyte solution are dependent on an energy 

equation and the governing equation for electrical potential. In this paper, these equations are solved using a finite 

volume method in general cross sections [23]. Therefore, we can said it is possible to consider the best method 

for application in fluids with high electrical conductivity is the thermoelectric phenomenon. The fluids flows as 

a result of a temperature gradient on Electro thermal phenomenon. Thermal energy is converted from electrical 

energy as a result of the electrical resistance of liquid molecules, all of which appear when the electric field is 

created. A change in temperature leads to a change in the electrical properties of the liquid, because the properties 

of the liquid depend on the temperature.The strength of the electric field created in the fluid is not the same in all 

regions. Gradient of temperature and electrical properties of the fluid produces a volumetric force in fluid and 

causes fluid displacement [24-27] 

The governing equations 

 Figure 1 (a,b) shows the geometric field of a trapezoidal microchannel. Is the aspect ratio defined as input data 

for introducing cross-sectional geometry ∝=
𝐻

𝑊2
 ,   The length of the microchannel is large enough so that the 

flow through the extended channel is hydrodynamic fully developed . In the present work, the assumptions are 

steady, laminar and constant density of flow, so the governing equation for the flow is as follows. 

𝜇∇2= 𝑤 + 𝑓𝑧            (1) 

In which 𝜇 Dynamic viscosity w Flow velocity component in direction Z and fz  . Electro-spatial volume is due 

to electrochemical effects on electrolyte current and is  equal to   :  

𝑓𝑧 = 𝜌𝑒𝐸               (2) 
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Figure 1. The flow geometry and coordinates are considered    

In relation (2) 𝜌𝑒 Electric charge density and E external field component in direction Z The relationship between 

electric power density and electrical potential 𝜓(𝑥, 𝑦, 𝑧) in the ideal region, the Poisson equation is expressed as 

follows: 

∇2𝜓 =
𝜌𝑒

𝜀𝑜𝜀
          (3) 

That 𝜀𝑜 and 𝜀 In the order of permeation, the fixed vacuum is electrolyte in distributed distribution mode 𝜌𝑒 a 

distributive representation called the Boltzmann distribution[11]. 

𝜌𝑒 = 2𝑛∞𝑧𝑒𝑠𝑖𝑛ℎ( 
−𝜓

𝑘𝑏𝑇𝑧𝑒
 ) (4) 

That 𝑘𝑏 , 𝑧, 𝑛∞, 𝑒 and T Concentrations of ions in electrolyte solution, ions valence number, Boltzmann constant, 

electron charge and local temperature are respectively. 

On the off chance that the electrical potential is a lot littler than the heat energy of the ions≪ 𝑘𝑏𝑇 , Relationship 

(4)   

Using the approximation of the Debye-Huckel, the following is simplified: 

𝜌𝑒 = −
2𝑛∞𝑧2𝑒2𝜓

𝑘𝑏𝑇
 (5) 

The equations (1) and (3) depend on the temperature; hence, for solving these equations, it is necessary to first 

determine the distribution of the soluble temperature. In the electrochemical flow, the soluble temperature 

depends on the jolly heat and the heat transfer. In this case, the energy equation is as follows: 

𝜌𝑐𝑝𝑤
𝜕𝑇

𝜕𝑧
= 𝑘(∇2𝑇) + �̇�  (6) 

The fluid conductivity is the following form of the governing equations: 

𝜕2𝑤

𝜕𝑋2 +
𝜕2𝑤

𝜕𝑌2 +
𝜕2𝑤

𝜕𝑍2 +
𝑘2𝜓

𝜂(𝜃+1)
= 0      (7) 

𝜕2𝑤

𝜕𝑋2 +
𝜕2𝑤

𝜕𝑌2 +
𝜕2𝑤

𝜕𝑍2 +
𝑘2𝜓

𝜃+1
= 0            (8) 

𝑃𝑒𝛽
𝜕𝜃

𝜕𝑧
=

𝜕2𝜃

𝜕𝑋2 +
𝜕2𝜃

𝜕𝑌2 + 𝛽2 𝜕2𝜃

𝜕𝑍2 +
𝐷ℎ

2𝐸2𝜎

𝑘𝑇𝑜
  (9) 

In these relationships 𝑘 = 𝐾𝐻 Thick EDL Parameters, 𝜂 =
𝜇

𝜇𝑜
  an unobtrusive dynamic slider                        

𝐾 = √
2𝑛∞𝑧2𝑒2

𝜀𝑜𝜀𝑘𝑏𝑇
      (10) 

The Debye-Huckel parameter that represents the EDL's thick. 

Also X=x/H, Y=y/H,Z=z/L Coordinate components of the subsequent Cartesian W=w/Uref  where Uref  is 

Helmholtz-Lukowski's velocity and Equals 𝑈𝑟𝑒𝑓 =
𝜀𝑜𝜀

𝜇𝑜
  ,  

 𝜃 =
𝑇−𝑇𝑜

𝑇𝑜
 and 𝜓 =

𝜓
𝜁⁄   Respectively, relative temperature and electric potential 𝛽 = 𝐻

𝐿⁄  , the height to length 

ratio is small.  To solve equation (10) we take the assumption𝑃𝑒 ∈ (1 − 10),
𝐻

𝐿
≪ 1 . The Navier–Stokes and 

energy equations are utilized to model the convective heat transfer process with the assumptions: (i) steady 3D 

fluid flow and heat transfer; (ii) laminar flow and incompressible fluid; (iii) constant physical properties of water, 

and (iv) negligible radiation heat transfer. As per the above  assumptions, the 3D governing equations are: 

Continuity:                  ∇ ∙ (𝜌𝑙�⃑⃑� ) = 0      (11) 

Momentum:            ∇ ∙ (𝜌𝑙�⃑⃑� 𝑈) = −∇𝑃 + ∇(𝜇𝑙𝑈)      (12) 
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Energy:                     ∇ ∙ (𝜌𝑙�⃑⃑� 𝑇) = ∇ ∙ (
𝑘𝑙

𝐶𝑝,𝑙
 ∇𝑇)             (13) 

Given the shape of the governing equations in the problem conditions and the uniformity of the dynamic 

characteristics of the flow in the flow direction, these three equations, which are dependent on each other through 

the temperature field, can be solved in the form of a Poisson equation in the finite volume method in general 

coordinates of each section, and merely The results of an arbitrary cross section were extracted and reported as 

representative of all sections The calculations begin with the solution of equation (9) to obtain the temperature 

distribution, and then equations (8) and (7) continue to determine the distribution of the electric field and the 

velocity field. In each step of the solution, the numerical Each of the equations of the convergence stop condition 

is defined as the error of each equation 1 * 10-14 has reach. In this paper, the non-orthogonal reticulation of the 

production produced by the algebra method is used. Figure 2 shows a fine grid. 

 

 

 

 

 

 

 

 

Figure 2. An example of a mesh generated by an algebraic method 

BOUNDARY CONDITIONS 

According to the hypothesis of hydrodynamic and ionic development in equations (7) and (8),  boundary 

conditions at the inlet is mass flow rate and outlet is pressure constant  , the walls have a constant temperature 

and the electrical potential of the walls are constant and Zeta 𝜁(𝑉)Therefore, the boundary conditions are as 

follows: 

𝑇 = 𝑇𝑜  ;  𝜓 = 𝜁  (14) 

RESULTS 

In the present study, a water soluble agent with ions K+ and Cl- . The thermo-physical properties and constants 

used are presented. 

Table 1. The values of properties and constants used in this study: 

Parameter Values Used Unit 

Microchannel Height (H) 107 𝜇𝑚 

Microchannel width 1 (W1) 427 𝜇𝑚 

Microchannel width 2 (W2) 276 𝜇𝑚 

Microchannel length  (L) 40 𝑚𝑚 

Zeta potential   𝜁 -5 𝑚𝑉 

Dynamic viscosity 𝜇𝑜 1*10-3 𝐶
𝑉.𝑚⁄  

Fluid density 𝜌 1000 𝑘𝑔
𝑚3⁄  

Validation  

We validate our code by make a comparison between the experimental work results of the trapezoidal 

microchannel with no EDL effect and analysis of existing analyzes and the accuracy of the results to the degree 

10-14 It has been reported as shown in Figure 3 
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Figure 3. validation with experimental work [22] 

 

Effect of Voltage on velocity 

 

Figure 4. velocity distribution for different voltage, mass flow 5.5*10-6 and heat    flux 100 KW/m2 
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Figure 5. velocity distribution for different voltage, mass flow 5.5*10-6 and heat    flux 300 KW/m2 

The value of zeta potential is -0.05 V applied uniformly, concentration is 3.723*10-6, and mass flow rate 5.5*10-

6 for different voltage applied and effect heat fluxes. We have taken a plane in the middle of microchannel input 

. Generally, it is noticeable that two points are accurate, first, the velocity is formed in the EDL region, and then 

it reaches its maximum value outside the EDL and then distribute as a flat shape for all selected cases. Second, 

the effects of viscosity and applied zeta potentials cause this velocity distribution of electroosmotic flow. That is, 

the ions draw the fluid particles and thus cause the flow in channel. Also it can be seen that, the regular polygon 

shape cause highest value of velocity, so Figure shows that when increase voltage the velocity increased. 

 

Figure 6. velocity distribution for different voltage, mass flow 5.5*10-6 and heat    flux 750 KW/m2 
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Figure 7. velocity distribution for different voltage, mass flow 5.5*10-6 and heat    flux 1000 KW/m2 

 

Figure 8. velocity distribution for different voltage, mass flow 5.1*10-5 and heat    flux 500 KW/m2 

Figure 6,7 and 8 show small effect of voltage on velocity increasing because if the higher effect if mass flow on 

velocity profile at the same voltage variations. 

Effect of mass flow  

Figure 9 shows, as expected, when mass flow increase the velocity increase at same effect heat flux and voltage 

applied on trapezoidal microchannel with EDL effect due to increasing on pressure drop.  
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Figure 9. velocity distribution for different mass flow, heat flux 300 KW/m2 and voltage 750 V 

Effect of heat flux  

Figure 10 and 11 show a profile for the temperature distribution along the entire length of trapezoidal 

microchannel. For all studied, boundary conditions are the same. Generally, the figures indicate that, there is 

increasing on the temperature of water for channel because of EDL effect. We can clearly find that the 

temperature reached to maximum value at near outlet of channel. Accumulating heat uniformly along the channel 

causes this distribution. For high mass flow, 5.5*10-6, we can find the increasing on temperature for different heat 

fluxes is small wile that increasing become higher for low mass flow, 5.1*10-5, as shown in Figure 9 for different 

effect heat fluxes. Almost the velocity distribution are same for all cases. 

 

Figure 10. Temperature distribution for different heat flux, mass flow 5.5*10-6 and voltage 1000 V 
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Figure 11. Temperature distribution for different heat flux, mass flow 1.9*10-6 and voltage 1000 V 

 

Figure 12. Temperature distribution for different voltage, mass flow 5.5*10-6 and heat    flux 1000 KW/m2 

Figure 12  shows the temperature distribution along the entire length of trapezoidal microchannel for heat flux , 

1000 Kw/m2 , mass flow rate , 5.5*10-6, and for four different voltages ( 100V,500V,750V and 1000V) , we can 

notes that the temperature increase when voltage increase due to EDL effects at same heat flux and mass flow  

CONCLUSION 

In this study, the effects of voltage and heat flux on the electroosmotic flow inside a trapezoidal microchannel 

were investigated. The results showed that increasing on heat flux and voltage, it produces more heat, and this 

heat produces an increase in temperature. The temperature increase affects the thermos-physical properties of the 

fluid, in such a way that the viscosity decreases exponentially while the linear electric conductivity increases. 

The increase in the heat transfer, as a result, increases velocity. 
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