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Abstract- A numerical model has been developed to determine 

the effect of the wire screen mesh (wick) type on the heat 

transfer performance of copper–water wicked heat pipe. This 

model represented as steady-state incompressible flow. The 

governing equations in cylindrical coordinates  have been 

solved  in vapor region, wick structure and wall region, using 

finite difference with forward-backward  upwind  scheme. The 

results show that increasing the mesh number led to 

decreasing the maximum heat transfer limit and increasing 

the capillary pressure. While, for the same heat input the 

operating temperature of the heat pipe increase when the 

mesh number increase. Also, it was found that increasing the 

evaporation length, with constant condensation length, 

decrease the operating temperature and increase the 

maximum heat transfer limit. For verification of the current 

model, the results of liquid pressure drop for a heat pipe have 

been compared with the previous study for the same problem 

and a good agreement has been achieved. 

 

1. Introduction 

 

The early work on the heat pipes was presented in the mid 

of the last century. Heat pipes are widely used in many 

different engineering applications. The most important 

advantage of using heat pipes is the efficient and rapid for 

heat transporting that is much better than using pure metal 

only such as copper. 

  The effective thermal resistance and maximum 

heat transfer limit are the main parameters that characterize 

the thermal performance of the heat pipes [1,2]. In many 

moderate-temperature applications, the heat transport rate is 

mainly related to the capillary pressure that is generated by 

the wick structure [2]. Therefore, most of the researches 

that study the heat pipe focused on developing better 

models to predict the pressure drop that occurs in wicked 

heat pipes. Investigations in this field included numerical 

and analytical methods that have solved the coupled 

equations for liquid flow through the wick and the vapor 

flow for range of different conditions, including multiple 

heat sources and transient start-up of the heat pipe [3–8]. 

In general, for the prediction of the thermal performance of 

the heat pipe, a one-dimensional  thermal resistance 

network is used, where each component of the heat pipe is 

modeled by an associated thermal  resistance. 

It has been proven that in typical low-temperature 

applications, the thermal resistance of the saturated wick 

structure in the evaporator and condenser regions accounts 

for much of the thermal resistance of the heat pipe [9]. 

Thus, accurate models for the heat transfer through these 

sections of wick are important for predicting the effective 

thermal  resistance of a wicked heat pipe. Through the 

saturated wick, the evaporation or condensation at the 

surface, in most cases, occurs due to the heat transfer at the 

evaporator and condenser sections by conduction which 

represents the upper limit of the thermal resistance of the 

wick. 

Many researches focused on the study of the effective 

thermal conductivity of  saturated  screen mesh wicks by 

developing a number of empirical, semi-empirical and 

analytical models. The predictions from these models differ 

by an order of magnitude for the same wick structure. The 

thermal resistance of the saturated wick is relatively 

independent of heat flux, however, it mainly depends on the 

geometry and properties of the wick and the conductivity of 

the working fluid [9]. The non-linearity in the overall 

thermal resistance of screen mesh wicked heat pipes has 

been proven by several experiments, particularly at low 

heat fluxes [9,10]. 

  In this paper a numerical model to study the effect 

of wick specification and evaporator length on the 

operation of heat pipe is presented. A finite difference 

method to solve the steady state incompressible flow in 

cylindrical coordinates in vapor region, wick structure and 

wall region is used. The Darcy’s law is implemented for 

momentum equation in porous media. The objective of this 

paper is to study the wick specification variation on the 

operation of a conventional heat pipe. 

 

2.  Mathematical Model 

 

A cylindrical heat pipe as shown in Fig. 1 consists of three 

parts: 

1. Evaporator section, 

2. Adiabatic (transport) section 

3. Condenser section. 

Basically, the heat is transferred from source to a heat sink 

based on evaporating- condensing loop inside the heat 

pipe. Where it is sealed and vacuum-pumped vessels that 

partially filled with liquid. The internal walls are lined with 

a porous medium , named the wick, that acts as a passive 

capillary pump. When the heat is applied at one end, the 

liquid begins to vaporize which results in a pressure 

gradient that causes the vapor to flow towards the cooler 

region. At the cooler end the vapor condenses and 

transported back by the wick structure and hence, the 

process is repeated as long  as there is sufficient capillary 

pressure to drive the condensate back to the evaporator 

through the wick. 

 

2.1 Governing Equations and Boundary Conditions 

The model for steady state  two dimensional incompressible  

laminar  flow  has  been solved  in cylindrical coordinates 

in vapor region, wick structure and wall region. The wick 

is assumed isotropic and saturated with the working 
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liquid. The vapor injection and suction at the liquid-vapor 

interface are assumed to be uniform. 

i- Vapor  Region 

The governing equations in vapor region are continuity, 

Navier-Stokes and energy equations as follows, [11]: 
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The boundary conditions for vapor region are as 

following:  

The radial velocities at liquid-vapor interface [12]: 

























caeae

aee

e

LLLxLL

fg
h

vc
L

v
r

c
Q

c
v

LLxL
a

v

Lx

fg
h

ve
L

v
r

e
Q

e
v





2

0

0
2

   

   (5)  

 

The temperature at the vapor-liquid interface of the 

evaporator and condenser is calculated approximately using 

Clausius-Clapeyron equation,[12]. 
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The boundary conditions at both pipe ends are: 
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At pipe centerline the symmetry boundary conditions are: 
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ii- Wick Structure 

The governing  equations in wick structure are as 

follows, [13,14]: 
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The Darcy’s law has been employed for momentum 

equation in porous media: 
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F  is a geometric  function  based  on the porous  wick 

structure and is calculated as follows,[3]: 

23
15075.1 F                                                     (13) 

The e f f e c t i v e    thermal   conductivity and heat 

capacity of w i c k  structure, are calculated from equations 

for screen wire mesh, [13,15] 
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Since  the  phase  change  phenomena  was  not  

included  in current model, for modeling latent heat of 

vaporization a heat sink was employed  in evaporator  

section  and a heat source was used in condenser section. 

The values of these terms are[14]: 
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The boundary conditions for wick structure are as 

following: 

The radial velocities at liquid-vapor interface [13]: 

























caeae

aee

e

LLLxLL

fg
h

vc
L

v
r

c
Q

c
v

LLxL
a

v

Lx

fg
h

ve
L

v
r

e
Q

e
v





2

0

0
2

      (17) 

 

The temperature at the liquid - vapor interface of the 

evaporator and condenser is calculated approximately using 

Clausius-Clapeyron equation, as shown previously in 

equation (6). 

 

The boundary conditions at both pipe ends are: 
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At wick-wall interface: 
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iii- Wall  Region 

At heat pipe wall the equation of thermal conduction was 

used in cylindrical coordinates, [14]: 
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The boundary conditions in this region are as following: 

At both ends of heat pipe: 
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At wall-wick interface, the boundary condition as in 

equation (19): 

 

At heat pipe external surface: 
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In  conventional  heat  pipes, under  steady-state  

operation,  there exists a maximum  capillary  pressure  

that  can be developed in wick structure.   The   maximum   

heat transport  capillary   limit  for  a  heat  pipe  is  

achieved when the sum of the pressure  losses along  the 

circulation path of the working fluid reaches the 

maximum capillary  pressure; that  is 
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Δpv can be neglecting, and substituting for pressure terms in 

equation (23), [16]. Gives: 
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For water as working fluid and horizontal heat pipe the 

maximum liquid flow rate in the wick become: 
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Thus, the maximum  heat  transport capillary  limit may 

be written as,[16]: 
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The saturation temperature inside the heat pipe can be 

calculated from the following equation,[17]: 
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The thermal resistance, which represent the effectiveness of 

the heat pipe can be calculated from the following equation: 
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3. Method Of Solution 

 

The governing equations are discretized using a finite 

difference approach and the equations are solved using 

Forward – Backward upwind with collocated grid scheme. 

Various numbers of meshes are used as shown in Fig. 2, 

and 9881 nodes were sufficient to achieve results that were 

independent to mesh structure. The computation is done for 

a mesh number (241×41) in axial and radial direction 

respectively. The physical domain of problem was 

classified into three regions as follows: 

1. vapour region 

2. wick structure 

3. wall region 

 It is convenient, for the numerical analysis, to use the 

governing equations in terms of stream function and 

vorticity as: 
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Using the above equations, and eliminating the pressure 

term, the governing equations are transformed to:  
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Now, after obtained the governing equations in terms of 

stream function and vorticity ,then they with the 

corresponding boundary conditions are transferred to the 

non-dimensional form using the following dimensionless 

quantities:  
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The solution procedure of the discretized equations is 

based on a line-by-line iteration method in the axial and 

radial directions using Fortran Power Station program. The 

solution procedure of the  numerical  analysis  which  

performed  in the above separated region is as follows: 

1. Continuity  and momentum  equation  are solved in 

vapor region  with  mentioned  boundary  conditions  to 
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find  the pressure distribution after obtaining the velocity 

components (u and v). 
2. Equation (6) has been used in dimensionless form to 

find temperature  boundary condition at the vapor-liquid 

interface. 

3. The energy equation is solved in vapor region. 

4. The mentioned equations with related boundary 

conditions have been solved in the wick structure and pipe 

wall region. 

The above procedure repeated until the convergence is 

achieved with relative error for the calculated parameters 

(ψ, ω, p and θ) equal to . 

 

4. Results and Discussion 

 

A cylindrical horizontal heat pipe with distilled water as 

working fluid is selected. The specifications of the heat 

pipe and the wicks are shown in table 1 and 2.  

Fig.s 3 – 11 show the dimensionless contours plot for liquid 

pressure,  temperature distribution and stream line inside 

the heat pipe for different values of heat transfer rate and 

different wick type, while the evaporator length equal to 

1.546 of the condenser length. 

For the same wick, when the heat transfer rate increase the 

mass flow rate increased so that the radial and axial 

velocities increased, which lead to increase the liquid 

pressure, temperature and stream line values. Also, due to 

increasing the heat transfer rate the saturation pressure will 

increase, which in turn lead to increase the heat pipe 

operation temperature. While, for different wick type, the 

saturation pressure and in turn the saturation temperature 

are increased when the mesh number increased due to 

decreasing the wick permeability, which led to decreasing 

the capillary heat transfer limit and thus the dimensionless 

parameters (ψ, and p)are increased as a result of the 

saturation temperature increasing. 

Fig.s 12 and 13 show the dimensionless contours plot for 

liquid pressure,  temperature distribution and stream line 

inside the heat pipe for heat transfer rate of 15 W and  wick 

type-2 with evaporator length equal to 2.99 and 4.721 of the 

condenser length respectively. It is shown from the Fig.s, 

when the evaporator length increased the liquid pressure,  

temperature distribution and stream line are decreased due 

to reducing the adiabatic length which in turn led to 

decreasing the effective operation length (Leff). 

 Fig. 14 illustrates the effect of wick type on the capillary 

heat transfer limit and the capillary pressure at heat input of 

25 Watt. Whereas, increasing the mesh number lead to 

decreasing the capillary heat transfer limit and increasing 

the capillary pressure, due to decreasing the wick thickness 

and decreasing the capillary radius of the wick. 

The effect of wick type on the thermal resistance for 

different heat input is shown in Fig. 14. The thermal 

resistance decreases with the mesh number and then 

approaches a constant value. This due to decreasing the 

evaporator-condenser temperature difference with increase 

the mesh number until reaches a constant difference value 

although the mesh number was increased. 

The effect of evaporator length variation, when the 

condenser length was kept constant at heat input of 15 W, 

on the maximum heat transfer limit, the operating 

temperature and the thermal resistance are shown in Fig. 16 

and 17 respectively. Whereas, increasing the evaporator 

length led to increasing the maximum heat transfer limit, 

due to decreasing the effective working length (Leff), which 

in turn led to decreasing the operating temperature. Also, 

increasing the evaporator length led to small increasing in 

the thermal resistance and then reaches a constant value 

although the evaporator length was increased, this due to 

the increase in the evaporator-condenser temperature 

difference and then reaches a constant value. It is show that 

increasing the evaporator length is desired to increase the 

heat pipe performance. 

To verify the current numerical model of the heat pipe. the 

result of liquid pressure distribution along the heat pipe is 

compared with the result of (Mahjoub and Mahtabroshan, 

2008) for the similar problem. Fig. 18 show a good 

agreement for the liquid pressure distribution at 10 watt as 

transmitting heat power. 

 

5. Conclusion 

 

A numerical model is simulated for the steady state two-

dimensional  heat transfer and flow equations in vapor 

region, porous media and wall region. The governing 

equations have been solved using upwind finite difference 

with collocated grid scheme. Using this model, it is 

possible to study the effects of the wick specification and 

evaporator length on system behavior. The results show 

that, the working heat pipe temperature increase with 

increasing the mesh number. The thermal resistance  and 

maximum heat transfer limit decreases  with  increasing  of 

mesh number. Also, increasing the evaporator length 

enhance the heat pipe performance. This model has been 

verified with available numerical data and has shown good 

agreement. 
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Table 1: Heat pipe specification. 

Heat pipe wall material                     Copper 

Wall thickness                                  0.85mm 

Outer diameter (twall)                        19.05mm 

Heat pipe length (L)                         555mm 

Evaporator length (Le)            1.546Lc, 2.99Lc, 4.721Lc 

Condenser length  (Lc)                      97mm 

Working fluid                               Distilled water 

Sink temperature                                18.3 oC 

Set temperature                                  100 oC 

 
Table 2: Wire screen mesh (wick) specification. 

Wick type mesh/in mesh/m 

wire 

diameter 

(mm) 

calculated 

porosity 

calculated 

permeability 

(m2) 

Wick (1) 100mesh 3937 0.08 0.7402 3.15E-10 

Wick (2) 145mesh 5069 0.057 0.731 1.447E-10 

Wick (3) 200mesh 7874 0.053 0.6557 5.476E-11 

 

 

 
    

Fig. 1 Schematic of a cylindrical heat pipe under consideration. 
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Fig. 2 Checking for grid independency. 

 

 

 

 

 
Fig. 3 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=5 W and mesh number 100. 
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Fig. 4 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=15 W and mesh number 100. 

 

 

 

 
Fig. 5 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=25 W and mesh number 100. 
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Fig. 6 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=5 W and mesh number 145. 

 

 

 

 
Fig. 7 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=15 W and mesh number 145. 
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Fig. 8 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=25 W and mesh number 145. 

 

 

 

 
Fig. 9 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=5 W and mesh number 200. 
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Fig. 10 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=15 W and mesh number 200. 

 

 

 

 

 
Fig. 11 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=25 W and mesh number 200. 

 

 

 
 

 

 
 



Basrah Journal for Engineering Sciences, vol. 14, no. 2, 2014                                                                                             251 

 

 

 

 

 
Fig. 12 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=15 W, mesh number 145 and Le=2.99Lc. 

 

 

 

 

 
Fig. 13 Dimensionless liquid pressure, temperature and Stream line distribution inside the heat pipe at  Qin=15 W, mesh number 145 and Le=4.721Lc. 
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Fig. 14 Maximum heat transfer limit and capillary pressure versus wick type, at  Qin=25 W. 

 
 

 

 
Fig. 15 Heat pipe thermal resistance versus wick type. 
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Fig. 16 Heat pipe operating temperature and maximum heat transfer limit versus evaporator to condenser length ratio, at  Qin=15 W. 

 
Fig. 17 Heat pipe thermal resistance versus evaporator to condenser length ratio, at  Qin=15 W. 
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Fig. 18 Comparing current model with available numerical 


