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ABSTRACT 

We investigate the effect of Joule heating on the pseudosteady-state behaviour of the isotachophoretic transport 

of ionic species in a 2-D microchannel with both ends kept at constant temperature. The Joule heating-induced 

temperature gradient may significantly alter ion transport by changing the thermophysical properties. The 

equations governing the phenomena are the Nernst-Planck equations for transport of ions coupled with the 

equation for temperature field. A finite volume based QUICK ( Quadratic Upwind Interpolation Convection 

Kinematics) scheme is used to compute the governing equations. The stack of ionic species in the channel occurs 

according to the increasing order of electrical conductivity or decreasing order of electric field. The heat 

generation is highest at the region filled by low conducting electrolyte (TE) and leads to a high temperature 

plateau. An inclination in temperature profile arises across the transition zones between two consecutive stacks 

of analytes. Our result shows that the ITP velocity for temperature dependent case no longer varies linearly with 

the applied electric field. The migration speed is greatly influenced by the ionic concentration of the sample. A 

parametric study is made to investigate the minimal Joule heating effect on ITP transport of analytes.  

Keywords:  Joule heating effect, Energy equation, QUICK scheme, Transient state, Sample zone. 

INTRODUCTION  

Isotachophoresis (ITP) is an electromigration separation technique based on the difference in migration speed of 

the electrolytes under influence of external electric field. The name derives from the fact that, in the final stage 

of the separation process, zones of the individual electrolytes are formed moving with the same speed and 

ordered according to the ion migration speeds. ITP is carried out between two homogeneous solutions: a leading 

electrolyte ( LE) of higher electrophoretic mobility and a terminating electrolyte (TE) of lower electrophoretic 

mobility. Upon application of an electric field, a sharp transition zone is formed between the two buffers which 

migrate towards the part of the channel occupied by the LE at a uniform speed. The small width of an ITP 

transition zone and the large difference in properties between the LE and TE regions lead to large gradients in 

electric field and concentrations. Thus, ITP separation is accomplished by a self-sharpening effect due to 

stepwise change in conductivity across the transition zone. It is a widely used technique which can isolate 

charged biological particles such as proteins, DNA and RNA. The principles and applications of ITP have 

already been fully described by several earlier reviews ( [1]- [2]). 

Several numerical methods have been proposed in resolving the interface zones in ITP ( [3]- [9]). Most of the 

previous works are based on the one-dimensional computation of ITP. Joule heating effect is unavoidable in 

electrophoretic transport phenomena where ionic species migrate due to an applied voltage drop. A numerous 

studies have been conducted to investigate the effects of Joule heating on ions transport (Xuan and Li [10], Kates 

and Ren [11], Grushka et al. [12]). This effect, especially significant when high voltage drop is applied and it 

produces temperature gradient across the channel (Kang et al. [13] and the references there in). The Joule heating 
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induced temperature gradient leads significant changes in electrophoretic transport of ions by changing the 

thermophysical properties. Due to the internal heat source, the microfludic device may overheat and it requires 

coolant surrounding the capillary by special equipment or by the cold liquid inside reservoirs. Therefore, it 

remains important to control the liquid temperature in microfluidic systems. On the contrary temperature induced 

effect is advantageous for speeding up the capillary electrophoresis separation process (see Rogacs and Santiago 

[14]). It may be noted that the peak broadening and separation efficiency significantly influenced by Joule 

heating effect (Knox [15], Xuan and Li [10]). So far most of the studies are based on weak electric field 

assumption to minimize the Joule heating effect. Recently Shim and Dutta [21] studies the Joule heating effect 

on concentration boundaries in ITP and found a profound effect of temperature field on the ITP transport 

phenomena. The significant Joule heating effect makes a gradual difference in the band location across the 

channel. Thermal end effect on the electrosmotic transport of homogenous  buffer are studied extensively by 

Xuan et al. [22]. In ITP which involves discontinuous electrolytes that suffers a nonuniform temperature field 

across the channel. However, to date, little has been reported on Joule heating effect in discontinuous buffer 

system having with distinct mobility. In this article, we present a computational study of Joule heating effect on 

the ITP by using finite volume based second order upwind scheme QUICK to resolve efficiently the sharpness 

which arise in the ITP transport. The thermophysical properties are considered to be dependent on temperature 

and hence the concentration distribution, electric field and temperature distribution across the channel are 

coupled. We present a quantative measurement of influence of heating effect on the migration speed of the ions. 

We have analyzed the dependence of the Joule heating effect on the sample distribution for several values of 

parameters governing the problem. 

Mathematical Model & Numerical Methods  

this article the isotachophoretic transport of ionic species in a straight 2-D channel with rectangular cross-section 

of length L and height H is considered. Both end of the channel are kept at a fixed temperature 𝑇∞. Initially, the 

temperature across the flow domain considered to be uniform and kept at room temperature 𝑇∞ = 298K. 

Throughout our study we have considered the ideal situation i.e., under no bulk fluid flow. The thermophysical 

properties like thermal conductivity k, diffusion coefficients 𝐷𝑖 of the electrolytes are considered to be 

temperature dependent. Due to the coupling nature of the thermophysical properties with temperature, the 

electric potential field, concentration of the ionic species present in the system and temperature field are strongly 

coupled. We consider a cationic ITP due to monovalent ions and denote the electrolyte of higher mobility by LE 

and lower one by TE. Let the concentration of LE and TE be 𝐶𝑙  and 𝐶𝑡  , respectively, concentration of sample 

species is 𝐶𝑠 and the concentration of the common anion be 𝐶0. The equation for ion transport is governed by 

Nernst-Planck equation, 

                                  
𝜕𝐶𝑖

𝜕𝑡
+ ∇ ∙ [(𝒒 + 𝑧𝑖𝜇𝑖(𝑇)𝑬)𝐶𝑖] − ∇ ∙ [∇𝐷𝑖(𝑇)𝐶𝑖] = 0                                  (1) 

 

Here 𝐷𝑖(𝑇), 𝜇𝑖(𝑇), 𝑧𝑖 denotes, respectively the diffusion coefficient, electrophoretic mobility and valency of the 

i-th ionic species, where 𝑖 =  𝑙, 𝑡, 𝑠 𝑜𝑟 0 denotes respectively, the TE cation, LE cation, sample species or 

common anion. Considering monovalent species, we set 𝑧𝑖 =  1 (𝑖 =  𝑙, 𝑡, 𝑠)𝑎𝑛𝑑 𝑧0  =  −1. The temperature 

dependent diffusivity of the ith ionic species is given by ( Shim and Dutta [21]; Tang and Yang [23]) 

 

𝐷𝑖(𝑇) = 𝐷𝑖,𝑟𝑒𝑓[1 + 0.02(𝑇 − 𝑇∞)] 

Where 𝐷𝑖,𝑟𝑒𝑓 is the diffusion coefficient at an ambient temperature 𝑇∞ = 298𝐾. The electrophoretic mobility 

and diffusivity at room temperature are related via Nernst-Einstein relation 𝜇𝑖 = 𝐷𝑖𝐹/𝑅𝑇, where F is Faraday 

constant, R is gas constant and T is absolute temperature. 
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The net charge density 𝜌𝑒 is defined as 𝜌𝑒 = 𝐹 ∑ 𝑧𝑖𝐶𝑖𝑖 . When bulk concentration of the electrolyte is higher than 

10−4𝑀 the Debye length is of the order of few nano-meters. The length scale is far grater than the Debye length 

permits to invoke the electrical neutrality condition. Electroneutrality assumption allows us to eliminate the 

equation for 𝐶0, which is obtained as 𝐶0 =𝐶𝑡 + 𝐶𝑠 + 𝐶𝑙. Through out this study we have consider the ideal 

situation i.e., 𝒒 = 0. 

The electric field 𝐸 = −∇𝜙 is governed by well known Charge conservation principle and is given by  

                                ∇ ∙ [𝜎(𝑇)𝐸] = ∇. [𝐹 ∑ 𝐷𝑖(𝑇)𝑧𝑖∇𝐶𝑖]

𝑖

                                       (2) 

Where electrical conductivity 𝜎(𝑇) = 𝐹 ∑ 𝜇𝑖(𝑇)𝑧𝑖
2𝐶𝑖𝑖 . The Joule heating temperature is governed by transport 

equation 

                       𝜌𝐶𝑝 [
𝜕𝑇

𝜕𝑡
+ (𝑞 ∙ ∇)𝑇] = ∇ ∙ [𝑘(𝑇)∇𝑇] + 𝜎(𝑇)(𝐸. 𝐸)                           (3) 

Where 𝜎 and 𝐶𝑝 is the density and specific heat capacity of the liquid. The first and second term of right hand 

side represents respectively the thermal energy generation due to thermal diffusion 

and Joule heating effect. The temperature dependent thermal conductivity k(T) is assumed to be ( Shim and Dutta 

[21]; Tang and Yang [23]) 

𝑘(𝑇) = 𝑘𝑟𝑒𝑓[1 + 0.0012(𝑇 − 𝑇∞)], 

The height H of the channel is taken to be the length scale; concentration, potential and time are scale by 𝐶𝑙
∞, 

the bulk concentration of LE, 𝜙0 = 𝑅𝑇/𝐹 and 𝜏 = 𝜌𝐶𝑝𝐻2/𝑘𝑟𝑒𝑓 , respectively. The dimensionless temperature is 

defined by Θ = (𝑇 − 𝑇∞)/Θ𝑟𝑒𝑓, where Θ𝑟𝑒𝑓 = 𝜙0
2𝜎𝑟𝑒𝑓/𝑘𝑟𝑒𝑓 with 𝜎𝑟𝑒𝑓 = 𝐹2𝐶𝑙

∞𝐷𝑙,∞/𝑅𝑇 is the reference 

conductivity at ambient temperature. The non-dimensional equations for temperature filed, concentration of 

ionic species and potential field are  

                                       
𝜕Θ

𝜕𝑡
= ∇. [𝑓(Θ)∇Θ] + 𝜎(Θ)|∇𝜙|2                                             (4) 

                       
𝜕𝑐𝑖

𝜕𝑡
− 𝑧𝑖𝑃𝑒𝑖∇. [𝑔(Θ)𝑐𝑖∇𝜙] − 𝑃𝑒𝑖∇. [∇𝑔(Θ)𝑐𝑖] = 0                              (5) 

 

                                −∇. [𝜎(Θ)∇𝜙] = ∇. [∑
𝐷𝑖,∞

𝐷𝑙,∞
𝑔(Θ)𝑧𝑖∇𝑐𝑖

𝑖

]                                      (6) 

where 𝑐𝑖 is non-dimensionless concentration and scaled electrical conductivity is defined as  

𝜎(Θ) = [∑
𝐷𝑖,∞

𝐷𝑙,∞
𝑔(Θ)𝑐𝑖

𝑖

] 

The functions 𝑓(Θ) and  𝑔(Θ) are defined as  

𝑓(Θ) = 1 + 0.02Θ𝑟𝑒𝑓Θ and 𝑓(Θ) = 1 + 0.0012Θ𝑟𝑒𝑓Θ. At 𝑇∞ = 298𝐾, the reference thermal conductivity is 

𝑘𝑟𝑒𝑓 = 0.61𝑤/𝑚𝐾 ( Shim and Dutta [21]; Tang and Yang [23]). It may 
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be noted that for isothermal case the correction term in 𝑓 (Θ) and 𝑔(Θ) set to be zero and their values will be 1. 

The net flux through the channel walls are set to be zero, i.e.,𝑁𝑖𝑛̂ = 0 for 𝑖 = 𝑡, 𝑠 𝑜𝑟 𝑙,  where 𝑛̂ is the unit 

outward normal. The electric potential is subjected to insulating boundary conditions along the wall. We imposed 

symmetry boundary conditions for 𝑐𝑖 ( i.e., axial gradient of 𝑐𝑖 is zero) across both the end of the channel. To 

study the Joule heating induced effect on the concentration boundaries, we consider 𝑇 = 𝑇∞ i.e., Θ = 0 along 

the inlet and outlet of the channel. The adiabatic boundary condition is considered along the channel wall. To 

start the ITP process, a voltage drop E0L is applied across the channel, where E0 is the imposed electric field 

strength. 

We have computed the equations for ion transport, electric field and heat transfer equation in a coupled manner 

through the finite volume method ( [24]). We adopted the upwind scheme QUICK ( Quardratic Upwind 

Interpolation Convection Kinematics) due to Leonard [25] to discretize the electromigration and convection 

terms in the ion transport equations. The diffusion fluxes at the control volume interfaces are estimated by linear 

interpolation between two neighbors to the either side of the control volume interfaces. The time derivatives are 

discretized through a first order implicit scheme. A detailed discussion onthis algorithm is presented elsewhere 

(Bhattacharyya and Gopmandal [19]; Bhattacharyya et al. [20]).  

At any time level, we use an iterative procedure for the computation of ion transport equations as these equations 

are coupled with the charge conservation equation and temperature field. The iteration procedure starts with an 

assumption for potential at each cell and temperature field. Initially the temperature at each point of the 

computational domain is taken to be the ambient temperature. At every iteration, the electric field is determined 

by solving the charge conservation equation. After solving the concentration equations and charge conservation 

equation, we have solved the energy equation for temperature field. 

RESULTS AND DISCUSSIONS  

To illustrate the influence of thermal effect on ITP transport we considered five ionic components as given in 

Table-1. We compare our computed solution for temperature independent electrophoretic mobility case (constant 

𝜇𝑖) with the analytical expression of the concentration LE and TE as well as the axial electric field as given in 

Goet et al. [26]. Our computed results (Fig. 1a and b) is agrees well with the analytical solution. For the presence 

of different electrolyte in different portion of the channel a sharp change in electrolyte conductivity appear near 

the transition zone. The width of such zone under no bulk fluid flow is given by ∆𝑋 = 4𝜙0/Δ𝐸, where Δ𝐸 is the 

difference in electric field strength at both the ends.  

For a channel filled symmetrically by high conducting LE and low conducting TE, change in electric field 

strength Δ𝐸 can be written as ∆𝐸 = 2𝜙0(1 + 𝐷𝑟)/𝐸0(1 − 𝐷𝑟), where 𝐷𝑟 is the ratio of electrophoretic mobility 

of TE with LE and E0 is applied electric field strength. The change in electrophoretic mobility due to Joule 

heating effect are in same order, so electrophoretic mobility ratio remains unaltered. So for constant electric filed 

strength, the transition zone.  

Table 1. Valance and absolute electrophoretic mobility of different ionic components  

Components  Valance  𝐷𝑖,𝑟𝑒𝑓 

𝐶𝑙−(counterion) -1 2.04 × 10−9𝑚2/𝑠 

𝐾+(LE) 1 1.94 × 10−9𝑚2/𝑠 

𝑁𝑎+(Sample-1) 1 1.44 × 10−9𝑚2/𝑠 

𝐶4𝐻9𝑁+(TE) 1 2.04 × 10−10𝑚2/𝑠 
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Figure 1. Comparison of concentration distribution of LE and TE and axial electric field Ex for ideal ITP case 

with the analytical results due to Goet et al. [26]. Here electric field is taken to be 𝐸 = 10−3𝑀.     

Due to the temperature dependence of the thermophysical properties, the correction term for the electrophoretic 

mobility of each ionic species and the thermal conductivity are linear functions of the temperature increment. 

This can lead to a gradual difference between thermally dependent and independent cases. The volumetric heat 

generation in the system due to the Joule heating effect is given by(𝜎𝑟𝑒𝑓𝜙0
2/𝐻2)  𝜎(Θ)(𝐄. 𝐄). It depends 

explicitly on the electric field strength, the ionic concentration of the electrolyte, and the electrophoretic mobility 

of the ionic species. To study the thermal effects on ITP separation, one need to consider the effect of all those 

key parameters. Unless stated otherwise, we consider the channel height 𝐻 =  1𝑚𝑚.  

 
(a) 

 
(b) 

 

Figure 2. (a) Electrical conductivity and (b) axial temperature profile for fixed amount of sample species 

(Sample-1) presents in the system 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞ at different time level. Here electric field applied 𝐸0 =

104𝑉/𝑚 and the concentration of the LE taken 𝐶𝑙
∞ = 10−3𝑀. The solid line represent the case when the 

electrical conductivity is depends on temperature and dotted line for temperature independent conductivity.  

The transient behavior ITP is shown in Fig. 2 for temperature/ independent electrophoretic diffusivity of the 

electrolytes. The electric field 𝐸0 = 104𝑉/𝑚 is applied across the channel. The initial molar mass of the sample 

species considered to be 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞ with 𝐶𝑙

∞ = 10−3𝑀. At the early stage of ITP separation, the 

concentration profiles does not much effected by the temperature induced Joule heating effect and the ionic 
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species moves towards the ends of opposite polarity with almost same velocity. This is due to the fact that the 

diffusivity of the ionic species doesn’t much influenced by the Joule heating effect at the early stage. As time 

goes on, the electrophoretic velocity of the ionic species is elevated due to Joule heating effect. We have shown 

the variation of electrical conductivity across the channel in Fig. 2(a). The zone filled with TE is low conducting 

and it leads a higher electric field near the inlet reservoir. The ionic species stacks along the channel according 

to electrical conductivity in increasing order and results the electric field in decreasing order.  

To support this statement we have shown the transient behavior of temperature profile in Fig. 2(b). The 

volumetric heat generation in the system are due to Joule heating effect and thermal diffusion. From Fig. 2(b), it 

is clear that for fixed thermal conductivity of the electrolyte, the heat generation in the system is higher for the 

thermal dependent electrical conductivity.  

The magnitude of the source term in the energy conservation equation increases when temperature dependence 

on electrical conductivity is taken into account and it leads an increment in heat generation into the system. A 

sharp temperature drop close to both the ends of the channel is observed. The temperature at the inlet region 

gradually increased whereas in the outlet region, temperature falls down to achieve the bulk temperature at the 

right end. The heat generation is highest at the region filled by low conducting electrolyte (TE) and leads a high 

temperature plateau. 

 An inclination of temperature profile arises in the overlapped regions of successive electrolytes. A similar 

temperature plateau of smaller value observed in the capillary due to presence of electrolytes with high 

conducting electrolyte ( LE). In the region filled by TE (near the inlet region), the electric field strength is higher 

than that of the region filled by LE region. The outflow of the low conducting TE from inlet reservoir increases 

with time that leads an increment in axial temperature across the channel which influences the migration speed 

of the individuals. 

Fig. 3 illustrate the normalized concentration profiles across the channel for three electric field strength 𝐸0(=
7.5 × 103, 104 𝑎𝑛𝑑 1.25 × 104𝑉/𝑚) at time 𝑡 = 120𝑠. The volumetric heat generation into the system due to 

Joule heating effect is proportional to the square of the applied electric field and it results a high temperature 

profile across the channel. Higher temperature values across the channel makes a significant change in 

electrophoretic migration speed of analytes. High electric field strength speeds up the analytes and the 

temperature dependence on electrophoretic velocity becomes significant and it justifies the consideration of 

temperature dependence physical properties. 

 

(a) 

 

(b) 
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(c) 

Figure 3. Concentration distribution of ion across the channel by taking dependent/independent electrical 

conductivity for electric field strength (a) 𝐸0 = 7.5 × 103𝑉/𝑚; (b) 𝐸0 = 104𝑉/𝑚; and 𝐸0 = 1.25 × 104𝑉/𝑚 

at time 𝑡 = 120𝑠. The concentration of the LE is taken to be 𝐶𝑙
∞ = 10−3𝑀 and the mass of the sample species 

(Sample-1) present in the system 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞. The solid line represent the case when the electrical 

conductivity is depend on temperature and dotted line for temperature independent conductivity.  

 
(a) 

 
(b) 

 

(c) 

Figure 4. Conductivity of electrolyte solution across the channel at time 𝑡 = 120𝑠 by taking temperature 

dependent/independent electrical conductivity by changing (a) electric field strength 𝐸0 = 7.5 ×
103, 104 𝑎𝑛𝑑 1.25 × 104𝑉/𝑚; (b) concentration of the LE 𝐶𝑙

∞ = 10−4, 5 × 10−4, 10−3𝑀; (c) diffusivity ration 

http://www.rsisinternational.org/


www.rsisinternational.org 
Page 929 

  INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

                                                                         MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)  

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue VIII, August 2026 

 

of sample species with LD (𝐷𝑠/𝐷𝑙). The mass of the sample species (Sample-1) present in the system 𝑀𝑠 =
20𝑚𝑚 × 𝐻𝐶𝑙

∞. The solid line represent the case when the electrical conductivity is depends on temperature and 

dotted line for temperature independent conductivity.  

 

(a) 

 

(b) 

 

(c) 

Figure 5. Concentration distribution of ions across the channel by taking the temperature dependent/independent 

electrical conductivity for electric field strength 𝐸0 = 104𝑉/𝑚 at time 𝑡 = 120𝑠. The concentration of the LE 

is taken to be (a) 𝐶𝑙
∞ = 10−4𝑀; (b) 𝐶𝑙

∞ = 5 × 10−4𝑀; (c) 𝐶𝑙
∞ = 10−3𝑀, and the mass of the sample species 

(Sample-1) present in the system is 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞. The solid line represents the case when the electrical 

conductivity depends on temperature, and the dotted line represents temperature-independent conductivity.  

 

http://www.rsisinternational.org/


www.rsisinternational.org 
Page 930 

  INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

                                                                         MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)  

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue VIII, August 2026 

 

 

(a) 

 

(b) 

 

(c) 

 Figure 6. Concentration distribution of ions across the channel by taking the temperature 

dependent/independent electrical conductivity for the diffusivity ratio of sample species with LE (𝐷𝑠/𝐷𝑙) (a) 

(𝐷𝑠/𝐷𝑙) = 0.4; (b) (𝐷𝑠/𝐷𝑙) = 0.4; and (c) (𝐷𝑠/𝐷𝑙) = 0.8 at time 𝑡 = 120𝑠. The concentration of the LE is taken 

𝐶𝑙
∞ = 10−3𝑀 and the mass of the sample species present in the system 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙

∞with 𝐸0 =
104𝑉/𝑚. The solid line represents the case when the electrical conductivity depends on temperature, and the 

dotted line represents temperature-independent conductivity.  
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(a) 

 

(b) 

 

 

(c) 

Figure 7. Variation of migration speed of the ionic species by taking the temperature dependent/independent 

electrical conductivity by changing (a) electric field strength (𝐸0 = 7.5 × 103, 104 𝑎𝑛𝑑 1.25 × 104𝑉/𝑚); (b) 

concentration of the LE 𝐶𝑙
∞ = 10−4𝑀, 5 × 10−4, 10−3𝑀; (c) diffusivity ratio of sample species with LE 

(𝐷𝑠/𝐷𝑙). The mass of the sample species (Sample-1) present in the system 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞. The solid line 

represent the case when the electrical conductivity is depends on temperature and dotted line for temperature 

conductivity.  

Fig. 4 illustrate the normalized conductivity of the electrolyte by changing electric field strength (𝐸0 =
7.5 × 103, 104 𝑎𝑛𝑑 1.25 × 104𝑉/𝑚); concentration of the LE 𝐶𝑙

∞ = 10−4, 5 × 10−4,  10−3𝑀; and diffusivity 

sample species with LE (𝐷𝑠/𝐷𝑙). We found that the Joule heating induced temperature greatly effect the overall 

electrolyte conductivity. When the diffusivity of the sample species is close to TE (i.e., 𝐷𝑠 = 0.4𝐷𝑙 , the spreading 

of the sample electrolyte is higher across the channel and the dispersion is gradually decreases if we choose the 

diffusivity of sample electrolyte close to that of the LE. A steep change in conductivity of the electrolyte across 

the channel occur since the channel is filled by non-uniform buffer.  
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Fig. 5 presents the concentration profiles tor three different solution concentration 𝐶𝑙
∞ = 10−4, 5 ×

10−4,  10−3𝑀 with fixed electric field strength  𝐸0 = 104𝑉/𝑚. The mass of the sample species (Sample-1) 

present in the system is taken to be 𝑀𝑠 = 20𝑚𝑚 × 𝐻𝐶𝑙
∞. The volumetric heat generation into the system due to 

Joule heating effect is a linear function of 𝐶𝑙
∞. 

Hence, as expected, rising in solution concentration can increase the Joule heating effect. 

Fig. 5(a) shows the that the increase in temperature across the channel can safely be neglected for dilute solution. 

However for high electrolyte concentration, the Joule heating effect under the parameters studies here can 

produce temperature increment about 650𝐶 near the TE region (inlet) and an increment 250𝐶 near the LE region 

(outlet). This temperature has an impact on the electrophoretic velocity of each individual present in the system. 

So for strong electrolyte concentration the electrophoretic velocity ionic species are higher. It causes an earlier 

separation of sample species and formation of steady state stacking of the electrolyte. In Fig. 6 we present the 

concentration profile by changing the diffusivity of the sample species keeping same LE and TE and we found 

that the effect of temperature is significant for all the undertaken cases.  

Fig. 7(a) presents the variation of ITP-train velocity with electric field strength E0 for temperature dependent as 

well as independent cases. It has been well documented that under isothermal condition, the migration speed of 

ionic species varies linearly with the electric field strength. Where as this relationship ceases to be linear by 

considering the Joule heating effect. At the higher values of the electric field, separation process occurs rapidly. 

In addition, the conduction current produces the Joule heating effect, which is also prominent at high electric 

field strength. So for the separation process it is advantageous but for large E0, rapid increase in internal energy 

creates an overheat in the device. To get the optimal functionality, one has to take care of such effects to design 

the fluidic devices. To give a quantative measurement, we present in Fig. 7(b), the variation of ITP velocity of 

ions by varying the solution concentration. For isothermal case the ITP migration speed of the ions are 

independent of the solution concentration for constant voltage drop where as for non-isothermal condition (Fig. 

7(b)), it is clear that the migration speed greatly influenced by ionic concentration. Temperature induced ITP 

migration speed of the ionic species linearly varies with the ionic species linearly varies with the ionic 

concentration. This linear dependence occur since the volumetric heat generation depends linearly with the 

concentration of the ionic solution. For isothermal case, that the migration speed ITP-train increase when 𝐷𝑠/𝐷𝑙 

approaches to 1. By taking the Joule heating effect into account, a similar pattern observed from Fig. 7(c).  

CONCLUSION  

A numerical study has been employed to investigate the Joule heating effect on isotachophoretic transport of 

ionic species in straight 2-D microchannel. We found our numerical method based on finite volume by using 

QUICK scheme can efficiently capture the ITP-process with or with out Joule heating effect. A non-uniform 

temperature profile since the channel is filled by the electrolyte with different electrophoretic mobility. A high 

temperature plateau is observed in the inlet region whereas as low temperature plateau occur in the outlet region. 

We found that temperature across the channel increases gradually with time. The influence of several parameters 

governing the Joule heating ITP process, like concentration of buffer solution, electric field strength and 

electrophoretic mobility of the ionic species, are investigated extensively. The inclusion of temperature 

dependent physical properties can enhance the ITP separation process but rapid increase in internal energy 

creates an overheat in the device. This study is important for the microfludics designers those who might want 

to either avoid or exploit the Joule heating effect to get the optimum functionality of the microfludics devices. 
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