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Abstract: In this paper, a comprehensive review of available studies regarding axial heat conduction effect in parallel flow 
microchannels is presented and analyzed. Different articles are reviewed to identify the effect of axial heat conduction on the 
heat transfer. The numerical, analytical and experimental studies of axial heat conduction are reviewed. The effect of different 
dimensionless numbers on axial conduction is studied.  Axial conduction with different channel geometries and flow regimes are 
studied. From the reviews it reveals that the other parameters that affect the axial heat conduction are hydraulic diameter of the 
channel, thermal conductivity ratio and Reynolds number. There is also emphasize on the effectiveness and optimum design 
consideration with axial conduction effect. 
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I. INTRODUCTION 
Heat transfer in microchannel can suitably describe by the standard theories. The use of microchannels for removal heat is 
undertaking a great interest in various industrial fields such as bio-engineering, micro-heat exchanger, electronics. This type of 
cooling gives high performance of heat transfer. Heat transfer analysis in microchannel gives more attention due to its extensive 
application in micro heat exchanger. The high heat flux dissipation from microprocessor provides the focus on the studies on heat 
transfer in microchannel. 
The performance of heat exchanger is dependent on the flow rate and properties of fluid. At micro-scale level when fluid flow inside 
a channel heat transfer takes place with many additional level such as electro-viscous effect, rarefaction, viscous dissipation and 
axial heat conduction. Rarefaction is important for small dimension (less then 5 µm at atmospheric condition) which is compared 
with the mean free path of a fluid, it is common for gas flow in microchannel. Electro-viscous effect are due to the interaction of 
ions in the fluid with Electric double Layer (EDL) near non-conductive wall [1].  
When the fluid work against the viscous heating the effect of viscous dissipation is occurs. Effect of viscous dissipation can be 
important for flow with Reynolds number is greater than 100 [2]. The Reynolds number affects the velocity of fluid flow inside a 
channel at entrance and ending region of the channel.   
 The microchannel heat exchanger promising with its superior thermal performance. For conventional channel the thickness of 
separating wall comparatively small to the hydraulic diameter of the channel, therefor the effect of axial heat conduction may be 
neglected in conventional heat exchanger. But for microchannel heat exchanger thickness of separating wall comparatively large to 
the hydraulic diameter of the channel. The microchannel heat exchanger gives extremely high heat transfer area per unit volume 
over a conventional channel [3]. Mehendale et.al [4] classified the channel ranges from 1 to 100 µm as microchannels, 100 µm to 1 
mm as meso-channels, 1 mm to 6 mm as compact passage, and greater than 6 mm as conventional channel. 
Kandilkar and Grade [5] modified the channel dimension scheme which is based on the smallest channel dimension scheme as 
shown in Table 1 

Table 1-Classification of channel proposed by Kandilkar and Grade. 
CHANNEL HYDRAULIC DIAMETER 

Conventional channel Dh > 3 mm 
Minichannels 3 mm ≥ Dh ≥ 200 µm 
Microchannels 200 µm ≥ Dh ≥ 10 µm 
Transitional Microchannels 10µm ≥ Dh≥ 1µm 
Transitional Nanochannels 1µm ≥ Dh ≥ 0.1µm 
Nanochannels 0.1µm ≥ Dh 
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Kandilkar and Grade [6] also proposed the channel dimension on the basis of type of flow inside a channel for rarefaction effect of 
common gases at atmospheric pressure as shown on Table 2 

Table 2- Channel dimension for different types of flow. 
GAS CONTINUUM 

FLOW  
SLIP FLOW TRANSITION FLOW FREE 

MOLECULAR 
FLOW 

Air  >67 µm 0.67 µm-67 µm 0.0067 µm -0.67 µm <0.0067 µm 
Helium  >194 µm 1.94 µm -194 µm 0.0194 µm -1.94 µm <0.0194 µm 
Hydrogen >123 µm 1.23 µm -123 µm 0.0123 µm -1.23 µm <0.0123 µm 

The Knudsen number plays an important role to find out the type of flow inside a channel. It is defined as the ratio of mean free path 
to the characteristics dimension. 
A. For Kn < 10-3 the flow is continuum flow. 
B. For 10-3 < Kn< 10-1 the flow is slip flow. 
C. For 10-1<Kn<10 the flow is transition flow. 
D. For Kn>10 the flow is free molecular flow. 

 
Fig.1. Flow regimes for usual microsystem (from Karniadakis and Beskok (2002)) 

In case of axial heat conduction the Knudsun number is small enough so that the fluid is consider as continuous media (No-slip) 
.Axial heat conduction has been accounted in the microscale heat transfer analysis using microchannel devices due to the relative 
scale between substrate thickness and hydraulic diameter of a channel.  
Peclet number (Pe) is dimensionless parameter which is use to consider the effect from heat convection and heat conduction of a 
fluid. At the entrance of a channel region the axial heat conduction innovate the stronger heat transfer and higher temperature 
gradient of fluid.  
In recent years, lots of researchers have been done experimentally and numerically study to estimate the effect on axial heat 
conduction in different geometry and also analys the effect of different dimensionless number.  
 

II. EFFECT OF DIFFERENT DIMENSIONLESS NUMBER 
The effectiveness of microchannel is may decrease due to the axial heat conduction effect. . If the Pe >> 1 the effect of axial heat 
conduction can be neglected but in experiments the effect of axial heat conduction cannot be neglected. 

ܲ݁ =
ܷ௠ܦ௛
௙ߙ

 

Where ܷ௠ is the mean fluid velocity, ܦ௛ is the hydraulic diameter of microchannel, and ߙ௙ is thermal diffusivity of fluid. 
Maranzana et al. [7] found that when the fluid is in the low Reynolds condition regime the Nusselt number reduces and due to the 
axial heat conduction effect the efficiency of heat transfer also reduced. They proposed a dimensionless parameter named “axial 
heat conduction number (M)”. 

ܯ      = ௤"
೎೚೙೏

௤"
೎೚೙ೡ
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Rahimi and Mehryar [8] numerically investigated conjugate heat transfer in microtube. They shows that the thermal conductivity of 
the wall and reduction in local Nusselt number at entrance region due to the thickness of the microtube cause a axial heat conduction 
at the duct of the wall. 
Stief et.al. [9] Numerically investigated the effect of solid thermal conductivity in microchannel heat exchanger. They investigate 
the reduction in thermal conductivity of separating wall material can improve the heat transfer efficiency of the heat exchanger.  
Vekatarathanam and Narayanan [10], Kroger [11], Al-bakhit and Fakheri [12] concluded that the effectiveness of heat exchanger is 
largely dependent on the wall of the heat exchanger and the thermal conductivity of the wall. Al-Bakhit and Fakheri [13] showed 
that if the Graetz number is depend on heat transfer length is the order of 0.03 so the assumption of constant overall heat transfer 
coefficient is not valid. Mushtaq. I. Hasan et.al. [14] concluded that axial heat conduction increase with increase in Reynolds nuber 
at the entrance region of the channel, and increase in hydraulic diameter of the channel reduction occurs in axial heat conduction 
flux.   

III. EFFECT OF DIFFERENT GEOMETRY 
Mori et al.[15] studied the effect of axial heat transfer on the convective heat transfer in circular microchannel and between parallel 
plates, they ignored the axial heat conduction effect in ending region under the first and second kind of boundary conditions. 
Yin and bau [16] used a fully developed velocity field between infinite parallel plates and circular pipes to study the effect of axial 
heat conduction on the performance of microchannel heat exchanger. They found that at the entrance region axial heat conduction 
plays an important role.  
Hussien Al- Bakhit and Ahmad Fakheri [13] numerically investigated the parallel flow microchannel heat exchanger with 
rectangular ducts and showed that for Graetz number below 0.03 the overall heat transfer coefficient is rapidly changed.  
Al-Nimr et.al [17] numerically investigated the behaviors of laminar, 2 dimensional, fully developed ,slip flow inside an insulated 
parallel plate microchannel heat exchanger and showed that at the wall velocity slip and temperature jump increased with increase in 
Knudsen number.  
Mushtaq. I. Hasan [18] made investigation in counter flow microchannel heat exchanger with different channel geometry and fluids. 
Found that the existence of axial heat conduction leads to a reduction in the effectiveness of this heat exchanger. 
 Mushtaq. I. Hasan, et.al.[14] investigated  on the study of the axial heat conduction in parallel flow microchannel heat exchanger, 
they found that some parameters affect the axial heat conduction in an isosceles right triangular microchannel heat exchanger.  
Jhih-Ren Lin et.al. [19] experimental study that axial heat conduction in different hydraulic channel of rectangular 
polydimethylsiloxane (PDMS) microchannel at Reynolds number of  15, and the hydraulic diameter varies from 40µm to 196µm 
with an aspect ratio of 0.1 and length 4cm. The experimental setup consist with heater which is use to provide heating in the fluid 
inside the microchannel with the power of 6.2 W, for uniform heating cooper plate is placed between microchannel and the heater, 
molecular based temperature sensor is applied to measure the temperature sensitive solution and temperature sensitive paint. To 
illuminate the luminescent molecules the excitation light is used at the top of the microchannel. The CCD camera is used to capture 
the luminescence as shown in figure (2). 

 
Fig.2. Experimental setup of molecule based temperature sensor measurement (Jhih-Ren Lin et.al.) 
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They concluded that the temperature gradient are increase and at the entrance region the axial heat conduction effect enhance the 
heat flux and also find out the axial heat conduction effect are increase as the hydraulic diameter of the channel are become smaller. 
The figure (3) shows the fluid temperature distribution along the channel and figure (4) shows the dimensionless temperature 
deviation from ideal linear temperature distribution. 

 
Fig.3. Fluid temperature distribution along the 

microchannel. 

 
 
Fig.4. Dimensionless wall temperatures at the center of 

bottom surface of the channel.  
 

Kevin D. Cole, Barbaros Cetin [20] study the convective heat transfer in parallel plate microchannel for low Pe number flow. They 
assumed the constant properties of fluid and the effect of axial heat conduction at the wall and in a fluid. They used the Greens 
function to analys the temperature in the fluid and the wall. They shows the importance of effect of axial heat conduction in 
microchannel with different criteria’s such as. 

A. Length over height ratio of the channel. 
B. For small Peclet number. 
C. Ratio of channel thickness to the channel height. 
D. Thermal conductivity of the wall material is high relative to the thermal conductivity of a working fluid.  

 
IV. CONCLUSION 

For the available literature we can conclude that, The parameters that affect the axial heat conduction are Hydraulic diameter of the 
channel, Thermal conductivity ratio, Reynolds number. As increase in temperature gradient the effect occurs in axial heat 
conduction flux. Many researcher investigate the effectiveness of the heat exchanger largely depend on wall thickness and thermal 
conductivity of a material.  Some researcher paid attention in effect of axial heat conduction in microchannel heat exchanger for 
optimum design of microchannel. 
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