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Abstract: The knowledge about the flow of the working fluid, in the case of micro flat 

heat pipes (MTTP) with internal capillary structure made of trapezoidal micro channels, is 

necessary for improving the heat transfer through it. The majority of MTTP which use as 

internal capillary structure trapezoidal micro channels, the vapors flow has a movement 

counter flow of liquid through the capillary. The counter flow movement determines, at the 

vapors- fluid interface of the micro-channels, a loss of pressure in the liquid. The loss of 

the capillarity capacity, respectively of pumping then liquid through the trapezoidal micro-

channels, may affect considerably the capacity of heat transfer of the MTTP. To the 

capillary structure of an MTTP formed by trapezoidal micro-channels, it was necessarily 

to determine the types of the liquid flow, of the vapors, of the Poiseuille number, of the 

medium speed of the liquid flow but also of the shearing tension at the level of the vapors-

liquid interface. 

 

Keywords: trapezoidal micro channels, Poiseuille number, vapors-liquid interface 

 

1. Introduction. 

In the analysis made over the flow of 

the liquid through the interior capillary 

structure of the MTTP, made of 

trapezoidal micro channel, it was 

considered through the hypothesis that the 

liquid meniscus made by it, is influenced 

only by the interior pressure of the vapors. 

This approach presumes that the speed of 

the liquid flow is not affected by the speed 

of the vapor’s flow. In this case, the 

evaporating speed at the vapors-liquid 

interface is zero. The aim of the study is to 

determine the medium speed and the 

Poiseuille number for the liquid flow 

through trapezoidal micro-channels 

[Klasing,1999] [Sprinceană,2014].  

It is considered that through the 

trapezoidal micro-channels exists a 

laminar counter flow of the vapors. At the 

vapors liquid interface appears a tension of 

the uniform shearing. The effect produced 

by the vapors flow at the vapors-liquid 

interface, can be approached through their 

friction coefficient related to the speed 

gradient of the liquid. 

2. The entering parameters. 

The counter flow of the liquid through 

the trapezoidal micro channels with its’ 

vapors, determine the appearance of a 

shearing tension at the level of the vapors-

liquid interface which make the movement 

speed on the y direction, at a certain 

moment, to be null. The medium speed 

determination for the liquid flow after y 

direction can be expressed through the 

relation [Scott,2000]: 
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The determination of the form of the 

vapors-liquid interface (figure 1), can be 

approximated depending on the Bond 

number and the contact angle of the liquid 

meniscus at the wall of the trapezoidal 

micro channel.  

 
Figure 1: Liquid flow in trapezoidal groove 

(section). 

It was discovered that the variation of 

the Bond number influences the friction 

coefficient of the liquid flow through the 

trapezoidal micro-channels. The value of 

the dB angle, for calculations, is between 

0÷60° and the contact angle of the 

meniscus Φ, has values between 0÷70°. 

For the Bond number, this will be 

calculated after the relation [Klasing,1999] 

[Scott,2000]: 
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Where: ρlic=996kg/m3 the working liquid 

density (distilled water), g=9.81m/s2 the 

gravitational acceleration, the coefficient 

of the superficial tension σlic=0.0695N/m, 

δ represents the distance from the vapors 

liquid interface to the bottom part of the 

trapezoidal micro-channel, the dynamic 

viscosity flic=7.99·10-4Pa·s, all the height 

of the trapezoidal micro channel. 

3. The calculation of the Poiseuille 

number and the medium speed of 

the liquid vapors. 

In the case of liquid flow through the 

trapezoidal micro channels counter flow 

with the vapors, the value of the shearing 

tension the level of the vapors- liquid 

interface. it will accomplish the following 

requirement: τvl<0. If the speed v does not 

vary after the direction y, the pressure 

gradient  is constant. In this case, 

the moment’s conservation equations are 

reduced to Poisson’s classical equation 
[Scott,2000]: 
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 (3) 

Through the hypothesis, it is considered 

that the meniscus form is circular and that 

the vapors-liquid interface presses on 

them. In figure 2, it was proposed a 

geometrical model of the liquid meniscus 

which fills the trapezoidal micro-channels. 

 
Figure 2: Geometric model proposed for the flow 

of liquid through trapezoidal micro-channel. 

The values on the height of the liquid in 

the trapezoidal micro channels which 

make an interior capillary layer for the 

MTTP, in the vaporization and 

condensation area, there were taken into 

consideration the following results 
[Mihai1,2017] [Mihai2,2017]. 
The dimensionless equation of the impulse 

conservation and the limit conditions 
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originate from (3) [Scott,2000] 
[White,1991]: 
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In this case, if: 
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(5) 

It results vlic
*=0. 

If the criteria θB>0 is satisfied, the 

dimensionless capillary radius can be 

express through the relation: 
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(6) 

The laminar flow determines the 

apparition of a shearing tension on the 

vapors-liquid interface, when the vapors 

are counter flow. It is considered that on 

the flow direction, the dimensionless value 

of the shearing tension has the expression: 
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The dimensionless value of the shearing 

value can be expressed through the friction 

and medium speed coefficients of the 

vapors for the following flow cases: 

a) downstream: 
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b) counter flow: 
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(9) 

The medium dimensionless speed of the 

vapors according to [White,1991] can be 

expressed through the relation: 
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(10) 

To calculate both the dimensionless 

transversal area of the micro channel A*
mc 

and the dimensionless hydraulic diameter 

of the trapezoidal micro channel D*
h,mc, it 

is taken into consideration the condition 

θB+Φ<π/2 and results: 
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In this case, Poiseuille can be expressed 

through the relation: 
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For the case when θB+Φ=π/2, it results:   
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(14) 

To calculate the medium speed of liquid 

vapors at the vapors-liquid interface, it was 

considered that the value of the angle of 

the liquid meniscus is between 0≤Φ≤π/2-

θB. The values of the medium speed have a 

linear increase, the same with the shearing 

tension. The medium speed of the vapors 

can increase if the angle θB increases with 

a half value of the angle of the liquid 

meniscus (the case in which the micro 

channel cross-sectional area is modified). 

If the angle θB changes with half of its’ 

initial value, then the medium speed will 

increase until the contact angle of the 

meniscus modifies at the same time with 
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the perimeter of the vapors liquid 

interface. 

4. The obtained results and their 

interpretation. 

To calculate the Poiseuille number it 

presumes that the angle θB doesn’t modify 

and has the value 30°. It was considered 

that, at the liquid’s movement through the 

micro channel, the contact angle of the 

liquid meniscus modifies at the same time 

with the cubical debit. In this case, the 

increase of the shearing tension at the level 

of the vapors-liquid interface, produces an 

accentuated decrease of Poiseuille number. 

The counter flow influences the value of 

the medium speed to incline to zero and 

τ*
vl<0. The modification of the contact 

angle of the liquid meniscus produces a 

decrease of Poiseuille number (if it is 

considered a unique value for τ*
vl). In 

figure 3 it was graphically presented the 

evolution of the Poiseuille number 

according to the variation of the liquid 

meniscus’ angle and the medium speed of 

the liquid vapors. 

Figure 3: Variation of the Poiseuille number 

depending on the variation of the meniscus angle 

and the average vapor velocity. 

To continue, it was calculated the value 

of the dimensionless hydraulic diameter 

for different angles of the liquid meniscus. 

From figure 4 results that, once the angle 

of the liquid meniscus increases, the value 

of the hydraulic diameter of the trapezoidal 

micro channel increases. To calculate the 

hydraulic diameter, it was considered that 

the angle’s value is θB=35°. 

The variation of the hydraulic diameter 

is maximum when the angle of the liquid 

meniscus is equal with a radian. An 

increase of the movement speed of the 

liquid (for the case with downstream when 
τ*

vl>0) through the trapezoidal micro 

channels, it determines at the vapors-liquid 

interface an increase of the shearing 

tension. 

In figure 5, it was graphically presented 

the variation of the shearing tension at the 

level of the vapors-liquid interface, for the 

case when the value of the angle is θB=45° 

and the one of the liquid meniscus is 

Φ=10°. 

 
Figure 4: Hydraulic diameter variation depending 

on the meniscus fluid angle. 

 
Figure 5: Shear stress variation depending of 

speed liquid (current flow). 

Since it was chosen the case of 

downstream, the value of the movement 

speed of the liquid is positive and the 
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maximum value of τ*
vl=4.5. The counter 

flow of the liquid to the vapors, produces 

at the level of vapors-liquid interface a 

negative shearing tension (figure 6). 

For the counter flow of liquid with the 

vapors, the maximum value of τ*
vl=-0.45. 

The values for the angle of the liquid 

meniscus and for the oblique angle of the 

micro channel’s wall, are the same as in 

the previous case. The vapors downstream 

determine a variation of the medium speed 

according to the angle of the liquid 

meniscus. To calculate the angle θB, there 

were taken into consideration the values 

15°, 25° and 35°. 

 
Figure 6: Shear stress variation depending of 

speed liquid (counter current flow). 

In figure 7-a,b,c it was presented the 

variation of the medium speed of vapors in 

the case of downstream. 

 
a) 

 
b) 

 
c) 

Figure 7: Mean velocity variation depending on 

the shear stress: a) θB=15°; b) θB=25°; c) θB=35°. 

At the same time, the variation of the θB 

angle produces an increase of the medium 

speed of the vapors through the 

modification of the transversal area of the 

trapezoidal micro channel. 

5. Conclusions. 

According to the obtained results through 

the shaping in the analysis of the liquid 

flow through the trapezoidal micro 

channels, there are a few conclusions that 

were made:  

1. For an angle of the liquid meniscus, the 

Poiseuille number decreases at once 

with the increase of the medium speed 

of vapors. 

2. The hydraulic diameter of the 

trapezoidal micro channels increases at 
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once with the increase of the liquid 

meniscus angle. 

3. The value of the shearing tension for 

the case of downstream is ascender, 

respectively descendant, for the case of 

counter flow, if the angles Φ has θB 

fixed values. 

4. In the case of vapors downstream 

reported at the shearing tension, the 

medium speed has a linear increase for 

the whole analyzed cases. 

5. The value of the medium speed has a 

linear increase at once with the increase 

of the contact angle of the liquid 

meniscus.  

6. The value of the medium speed has a 

linear increase at once with the increase 

of the transversal area of the micro 

channel the modification of the angle 

θB). 

Acknowledgement: 

The authors acknowledge financial support 

from the project “Integrated Center for 

research, development and innovation in 

Advanced Materials, Nanotechnologies, 

and Distributed Systems for fabrication 

and control”, Contract No. 671/09.04. 

2015, Sectorial Operational Program for 

Increase of the Economic Competitiveness 

co-funded from the European Regional 

Development Fund. 

  

6. References:  

1. [Klasing,1999] Klasing, K.S., Scott, 

K.T., Yerkes, K.L.,  Prediction of the 

operating limits of revolving helically 

grooved heat pipes, ASME Journal Heat 

Transfer 121, 1999.  

2. [Sprinceană,2014] Sprinceană, S., 

Studiul transferului de căldură prin micro-

tuburile termice plate, Referat II, în cadrul 

tezei de doctorat: Metode de intensificare 

a transferului de căldură la micro-

tuburile termice plate, Universitatea 

Stefan cel Mare din Suceava, 2014. 

3. [Scott,2000] Scott, K.T., Richard, C.L., 

Kirk, L.Y., Numerical analysis of fully 

developed laminar flow in trapezoidal and 

sinusoidal grooves with shear stress at the 

liquid- vapor interface, Dept. of 

Mechanical and Material engineering 

Dayton, Ohio 45435-0001, 2000. 

4. [Mihai1,2017] Mihai, I., Sprinceana, S., 

Convection’s enhancement in thermal 

micro pipes using extra fluid and shape 

memory material, Advanced Topics in 

Optoelectronics, Microelectronics, and 

Nanotchnologies VIII, SPIE Vol. 10010, 

100101O, doi: 10.1117/12.2242990, 2017.  
5. [Mihai2,2017] Mihai, I., Sprinceana, S., 

Experimental investigation of micro heat 

pipe with extra fluid, Advanced Topics in 

Optoelectronics, Microelectronics, and 

Nanotchnologies VIII, SPIE Vol. 10010, 

100101M , doi: 10.1117/12.2242992, 

2017. 

6. [White,1991] White, M.F., Viscous fluid 

flow, Second edition, University of Rhode 

Island, ISBN 0-07-069712-4, 1991. 

 


