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1.	 Introduction

Heat pipes can be used to enhance the amount of heat 
transfer. Since heat transmitted through a heat pipe is based on 
phase change, it can be pointed out that using a heat pipe with 
similar dimensions of a solid metal pipe, larger amounts of heat 
transfer will be obtained [1]. Due to the two-phase characteristics, 
the heat pipe is ideal for transferring heat over long distances with 
a very small temperature drop and for creating a nearly isothermal 
surface for temperature stabilization. As the working fluid 
operates in a thermodynamic saturated state, heat is transported 
using the latent heat of vaporization instead of sensible heat 
or conduction where the heat pipe then operates in a  nearly 
isothermal condition [2 and 3].

Their application is wide and can be used, for example, in 
energy conservation, such as heat recovery in hot exhaust gas 
system, and for use in domestic and industrial applications. Solar 
heating is also another example for the application of heat pipes 
[4 and 5]. For example, a heat pipe solar collector is widely used 
nowadays [6 and 7].

Optimization of condenser plays important role in efficient 
operation of the system. In order to improve the performance of 
condenser it is required to elaborate thermal analysis for different 
mass flows and temperatures. In this article different power of 
condenser in regard to various mass flows and the temperatures 
on the heat pipe of condenser are investigated. 

2.	 Condenser design

In this section, the heat power and pressure drop of condenser 
are calculated. The investigated system consists of the condenser 
(see Fig. 1). Condenser is placed on the heating zone of heat 
pipe and is used for efficient heat transfer from one medium to 
another. The water is used as a working fluid in the heat pipe and 
in the condenser is used thermal oil as cooling medium which is 
pumped through the connection (see Fig. 1).

 Fig. 1 Heat pipe condenser

The main objective of this work was to identify the pressure 
build-up in the condenser (dP), the outlet temperature of the 
thermal oil (Tout) and the output effect (quantity kW added to 
the thermal oil).

This task was  done for the different temperatures on the heat 
pipe 100°C -150°C -200°C -250°C -300°C (the temperature was 
constant over the whole surface), with flow 10-20-30-40 g/s of 
thermal oil, with the fixed inlet temperature of 80°C. The aim of 
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4.	 Analysis of results

In this section are presented results of numerical solution 
for the heat pipe condenser. In Fig. 3 is shown a position of the 
line where the output temperatures were calculated. This line is 
situated in the middle of distance between the jacket and heat 
pipe. In this point average values of temperature and pressure 
were calculated.

Fig. 3 Position of the result line

Results of case No. 1:
- 	 Numerical simulations for mass flow of thermal oil 0.01 kg.s-1;
- 	 Temperature on the heat pipe was set as follows: 100°C - 

150°C - 200°C - 250°C - 300°C. 
In Table 2 are presented results of five different simulations 

for following parameters: 
•	 Output temperature of the thermal oil (Tout)
•	 Heat power of the condenser (Q)
•	 Differential pressure over the condenser (dP)

Case 1	 Table 2

Mass flow Tin   

0.01 kg.s-1 80 °C    

Parameter T - Heat Pipe Tout Q dP

Units °C °C W Pa

1 100 97 386 6718

2 150 140 1371 4972

3 200 182 2455 4043

4 250 224 3633 3282

5 300 266 4920 2658

The purpose of this section is to evaluate effect of different 
temperatures on the heat pipe to the output temperature of the 
thermal oil. Figure 4  shows the dependence of temperatures on 
the length of the condenser.

the task is to design stationary simulation of the heat exchanger 
to cool the condenser of the heat pipe.

3.	 CFD Modelling 

Computer modelling reduces the total effort required in the 
experiment design and data acquisition. Numerical simulation of 
this case was used in order to predict fluid flow, heat transfer and 
pressure over the condenser.

Physical model
The 3D model of a  heat exchanger was created based on 

the drawings and subsequently was modified to be able to use 
simulations in finite volume. Calculated model consists of 
a heated finned tube, jacket and oil (see Fig. 2). 

Fig. 2 Heat pipe condenser- cross section

Thermal oil is pumped in through the connection and then it 
spins around the heat pipe via the three parallel tracks before it 
comes out again through the second connection.

The most important part of the work was the determination 
of the detailed boundary conditions. In Table 1 are boundary 
conditions that were set at the inlet of condenser.

Boundary conditions		  Table 1

Name Type
Set parameters

Mass flow (kg.s-1) Temperature (°C) Turbulence (%)

IN Mass-flow-inlet 0.01 – 0.04 80 10

OUT Pressure-outlet - - 10

Surface of the heat pipe Wall - 100 - 300 -
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Figure 5 compares the predicted effect of temperature on the 
heat pipe to the output temperature at the condenser.

Results of case No. 3:
- 	 Numerical simulations for mass flow of thermal oil 0.03 kg.s-1.
- 	 Temperature on the heat pipe was set as follows: 100°C - 

150°C - 200°C - 250°C - 300°C. 

Table 4 presents results of numerical simulations for the 
condenser.

Case 3	 Table 4

Mass flow Tin

0.03 kg.s-1 80 °C

Parameter T - Heat Pipe Tout Q dP

Units °C °C W Pa

1 100 91 732 30483

2 150 119 2655 25725

3 200 148 4723 21476

4 250 177 6917 18576

5 300 205 9232 16243

This section presents distribution of temperature on the 
length of the condenser with flow 0.03 kg.s-1 of thermal oil.

Fig. 6 Temperature dependence over the length of the condenser - Mass 
flow 0.03 kg.s-1

The purple curve (temperature on the heat pipe - 300°C) 
presents the maximum difference between temperature at the inlet 
and outlet (Fig. 6).

Results of case No. 4:
- 	 Numerical simulations for mass flow of thermal oil 0.04 kg.s-1.
- 	 Temperature on the heat pipe was set as follows: 100°C - 

150°C - 200°C - 250°C - 300°C. 
 
Table 5 presents results of numerical simulations for the 

condenser.

Fig. 4 Temperature dependence over the length of the condenser - Mass 
flow 0.01 kg.s-1

Results of case No. 2:
- 	 Numerical simulations for mass flow of thermal oil 0.02 kg.s-1;
- 	 Temperature on the heat pipe was set as follows: 100°C - 

150°C - 200°C - 250°C - 300°C. 
 Table 3 presents results of numerical simulations for the 

condenser.

Case 2	 Table 3

Mass flow Tin

0.02 kg.s-1 80 °C

Parameter T - Heat Pipe Tout Q dP

Units °C °C W Pa

1 100 93 591 17189

2 150 127 2134 14061

3 200 161 3797 11820

4 250 194 5609 9893

5 300 229 7526 8492

This section presents distribution of temperature on the 
length of the condenser with flow 0.02 kg.s-1 of thermal oil.

Fig. 5 Temperature dependence over the length of the condenser - Mass 
flow 0.02 kg.s-1
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Fig. 8 Thermal power of condenser for different Mass flows (MF)

Fig. 9 Differential pressure over the condenser for different  
Mass flows (MF)

6.	 Conclusion

Calculated data were compared and following conclusions 
were reached. The highest thermal power of condenser was 
observed in case No. 4 (mass flow 0.04 kg.s-1 and temperature on 
the heat pipe 300°C). The lowest differential pressure over the 
condenser was noticed in  case No. 1 (mass flow 0.01 kg.s-1 and 
temperature on the heat pipe 300°C)

In the case of differential pressure the pressure drop is 
observed with the increase of temperature. When the flow 
of thermal oil increases, the condenser reaches higher heat 
performance. This effect can be very well observed when the 
temperature on the heat pipe is 300 ° C. At a flow rate 0.01 kg.s-1 
only half of heat power is achieved in comparison with the flow 
0.04 kg.s-1. 
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Case 4	 Table 5

Mass flow Tin

0.04 kg.s-1 80 °C

Parameter T - Heat Pipe Tout Q dP

Units °C °C W Pa

1 100 90 847 45112

2 150 114 3066 38492

3 200 139 5435 32396

4 250 164 7906  28600

5 300 188 10509 25440

This section presents distribution of temperature on the 
length of the condenser with flow 0.04 kg.s-1 of thermal oil.

Fig. 7 Temperature dependence over the length of the condenser - Mass 
flow 0.04 kg.s-1

The purple curve (temperature on the heat pipe - 300°C) 
presents the highest difference between temperature at the 
inlet and outlet (Fig. 7). In this case  the highest heat power of 
condenser was also calculated.

5.	 Summary

The aim of this work was to analyse the pressure build-up 
in the condenser and thermal power of the condenser for 
different temperatures on the heat pipe. Figures 8 and 9 show the 
dependence of the thermal power and the pressure differences of 
condenser for different flows. 
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