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COMPOSITE SCREEN WICKS FOR HEAT PIPES
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Abstract:  Generally, an optimal wick structure requires high heat conductivity across the wick thickness for a small temperature drop, small surface pores for large capillary pressure, but large internal pores for minimal liquid flow resistance. Screen wicks are most available, because the possibility of their arrangement in different manner on the heat pipe internal wall. The below discussed properties of the wick are represented by the permeability, and the heat conductivity. But the saturated screen wick is a non homogeneous and anisotropic material. The heat conductivity along and across of a screen wick was calculated using series, parallel and mixed model. The experimental measurement carried out for the transversal and longitudinal conductive heat transfer coefficient was served to choice the best model.
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1. INTRODUCTION

In the heat pipes operating in gravity body forces and having liquid metals that working fluids wick is absolutely necessary. The experimental results show a high operating instability with great steps in the temperature profile in the absence of the wick. Also, wick is necessary in heat pipes used for the isotherm processes [1], [2].   

For a multi layer screen wick from a cylindrical heat pipe was obtained relations that approximate the permeability [1], [3] and [5]. 
Beginning from a careful observation of the screen wrapping, the new geometric model for the screen wick will be used in order to obtain new relations for the permeability and the equivalent heat conductivity coefficient of a multilayer screen wick. 
2. THE PERMEABILITY OF THE WICK

Darcy established in 1856 the equation [5]:
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In which 
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 is the volume flow rate, 
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 – effective flowing surface area, 
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 - hydraulic pipe pitch and 
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 - the filtration coefficient through the porous medium. But this coefficient 
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 is not a property of the wick, its dimensional formula being length to time ratio. Thus was proposed a new coefficient named permeability that is only a property of the wick structure:
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in which 
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 is the fluid density, 
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- the gravity acceleration and 
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 - the dynamic viscosity.
The equation (1) can be written in a manner of Hagen-Poiseuille equation:
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where 
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 is the hydraulic diameter, 
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 - velocity and 
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 - length of the liquid flow path. By replacing the volume flow rate:
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where 
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 is the cross section surface area of the wick it results the permeability:
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It can be demonstrated that the volume porosity is the same as the surface porosity. Thus, the porosity of the wick is defined as:
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in which 
[image: image19.wmf]0

V

 is the gap volume and 
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 - the overall volume.

Finally it results a relation between the permeability and the porosity:
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2. THE SCREEN WICK PERMEABILITY
It is considered a screen wick realized by 
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 screen layer wrapped in a heat pipe having the inner diameter
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.
Thus it can be obtained the circumferential length of each screen wick layer, from 
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The equivalent hydraulic diameter can be defined with relation:
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where:
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and the wetted surface area is the lateral surface area of longitudinal wires plus the lateral surface area of transversal wires plus the internal area of the heat pipe container. It results the equivalent hydraulic diameter:
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By replacing the sum of the natural numbers it results:
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and finally:


[image: image34.wmf](

)

1

1

1

2

3

2

1

-

-

-

×

e

-

e

=

X

X

X

d

d

h


(16)
in which the symbols represents:
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By replacing eq. (15) in eq. (7) it results the permeability for a screen wick composed by many wrapped layers:
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3. THE EQUIVALENT HEAT CONDUCTIVITY COEFFICIENTS
The conductive heat transfer along or across of a screen wick was calculated using some series, parallel and mixed analytical models. The experimental measurement carried out for the transversal and longitudinal conductive heat transfer coefficient was served to choice the best models that will be presented.
3.1. The thermal conductivity coefficient across a screen wick

The equivalent thermal conductivity coefficient across a multilayer screen wick considers the diagonal sinuous direction of wires and not only a common heat transfer along the heat flux direction. So, the heat can be partially transferred along the wick.
First it is described a model without the waving coefficient. The filling and warp wires are considered series coupled with the afferent liquid on the screen thickness 
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in which 
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 and 
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 are the thermal conductivity coefficient of the solid and respectively liquid.

The thermal resistance of the clearance 
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 is considered being series coupled with the above thermal resistance, but it will be composed by two thermal resistances parallel coupled: one composed from the liquid and the other composed by the part due of filling and warp wires waving, in Figure 1 the thermal resistance being 
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By introducing the geometric parameters of the screen, it results:
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By series coupling the above thermal resistances it results the thermal conductivity coefficient of the wick composed by a single screen layer, the equivalent thermal resistance being 
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By introducing the geometric parameters of the screen, it results finally:



[image: image51.wmf](

)

(

)

(

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

l

-

l

p

-

l

×

ú

û

ù

ê

ë

é

l

-

l

-

p

+

l

+

l

l

ú

û

ù

ê

ë

é

l

-

l

-

p

+

l

×

+

×

l

l

=

l

l

s

s

l

s

l

l

s

l

s

l

l

s

T

w

dN

B

S

dN

B

B

S

dN

B

2

4

1

4

1

1

0

0

0

0

)

(

1

,

.
(25)
For many layers of screen, the thermal conductivity across the wick includes the liquid with the thickness 
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, afferent to each layer of screen and will be expressed by the equation:
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3.2. The thermal conductivity coefficient along a screen wick

The model for the thermal conductivity coefficient along the screen wick considers the thermal conduction through the warp wires is partial across the screen because the waving. The analogue electrical scheme is presented in Figure 2.
For the equivalent thermal conductivity of the filling wires series coupled with the afferent liquid, but not considering the waving – in Figure 2 being 
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By introducing the geometric parameters of the screen, it results the equivalent thermal conductivity coefficient of the filling wires series coupled with the afferent liquid:
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[image: image57]
The equivalent thermal conductivity coefficient of the waving zone of filling and warp wires (considered with a same waving coefficient 
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), parallel coupled with the liquid from the clearance zone – the thermal resistance being 
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By introducing the geometric parameters of the screen, it results:



[image: image61.wmf]0

)

(

2

1

25

.

0

B

N

dS

l

s

w

l

L

+

l

-

l

p

×

+

l

=

l

.
(30)
Finally, considering the liquid between layers having the thickness 
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, it results the equivalent thermal conductivity coefficient along the screen wick:
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4. EXPERIMENTAL RESEARCHES
In order to verify the above obtained models it is realized a special box with various number of screen layers and so, different compaction coefficients. The working liquid was the distilled water. The equivalent heat conductivity coefficient of these composite materials was measured with an installation using the plate method. The screen layers are ranged along or across the heat flux of the installation.
Figure 3 shows the results of calculus versus experiences, the line representing the analytical results and dots – the experimental results. For the heat conductivity along the screen wick it is remarked a very good agreement. 
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	Figure 3: The heat conductivity across and along the heat pipe screen wick 


5. CONCLUSION

The composite wick is composed by two structures: one for transport and the other for capillary pumping. Thus, the permeability is calculated for the transport structure. Generally, the wick is an anisotropic material. However, the screen wick it an orthotropic material and it can obtain the equivalent thermal conductivity across and along of this kind of wick. Some analytical models are obtained but it is presented the optimal. A good agreement is obtained between the theory and the experimental results.
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Figure 2: The thermal conductivity model along the heat pipe screen wick
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Figure 1: The thermal conductivity model across the heat pipe screen wick 
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