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Abstract: 

The paper focuses on the ways of heat transfer due to the phase-phase change from liquid to 

gaseous and vice versa. Described herein are heat transfer devices through a heat pipe and 

methods for transferring heat from a heat source to a point of consumption. A heat pipe is a 

device described in the literature as a material with more than 100 times higher thermal 

conductivity than copper. A heat pipe is an energy-efficient device without the need for an 

electrically powered element (circulation pump). The aim of this experiment is to construct a 

loop heat pipe device. Construction of the cooling circuit and ensuring sufficient cooling 

capacity by external cooling sources. Construction of a heating circuit in the form of a heat 

source and its regulation of heat output. Another objective is to measure the input and output 

parameters of the device and to calculate the resulting heat output of the loop heat pipe. The 

device itself is a cooling system for the removal of generated or waste heat from technological 

elements such as: electrical transformers, biomass and fossil fuel combustion processes, cooling 

of high-performance computer workstations, etc. Another objective is to select a suitable heat 

transfer medium. The right choice guarantees the optimal use of the loop heat pipe device in 

the optimum temperature working environment while minimizing the formation of non-

condensable gases generated by the chemical reactions of the loop heat pipe material itself and 

the heat transfer medium. This selection greatly affects the cooling performance of the device. 
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1. Introduction 

The HeatPipe is used to transfer heat (heat output) while maintaining a small temperature 

difference (Cheung, 1988). With this technology, it is possible to transfer a large volume of 

heat with small dimensions of the device. The device has no moving parts, is maintenance-free, 

with a very long service life (Chuang, 2003). 

The heat pipe is a hermetically sealed system suitably filled with a working charge such as 

water, alcohol, Freon, mercury, ammonia, helium and the like. at a defined pressure (Cotter, 

1967) (Zohuri, 2011). Heating the evaporating portion and cooling the condensing portion of 

the system causes the working medium to evaporate on the heated portion of the system, vapour 

flowing through the system to the cooled portion of the system, condensing back to the liquid 

and flowing back to the heated portion where it evaporates again (Faghri, 1995). This creates a 

forced circulation of the working medium associated with heat transfer (Grover, 1964). 

2. Experiment 

To determine the output of the heating device, a simple loop heat pipe model was 

constructed, which examined the performance parameters of the loop heat pipe for hot water 

heating. 

The loop heat pipe model device is made of copper tubes and consists of three parts: the 

evaporation section, the transfer pipe (adiabatic section) and the condensation section of the 

heat pipe. 

The evaporation part is located at the bottom of the heating device. It is made of copper pipe 

with a diameter of 22 mm and its length is 150 mm. Part of the evaporation part is an electric 

heating element which envelops the evaporation part and serves as a source of thermal energy 

for heat transfer. In the evaporation part of the loop heat pipe there is a phase change of the 

working substance from the steam state to the liquid state. 

Figure 1: Sectional view of the heating element and evaporative part of the loop heat pipe. 

 

The condensation section is located at the top of the heating device. It is made of a tube-in-

tube heat exchanger. The inner tube with a diameter of 22 mm and a length of 240 mm 

represents the condensation part of the loop heat pipe in which the vapour phase condenses to 

liquid. This phase process releases latent heat and heats hot water by passing heat through the 

copper tube. An outer pipe with a diameter of 55 mm and a length of 240 mm delimits the space 

between the inner and outer pipe, which serves as a heat exchanger for hot water heating. The 
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function of this space is to dissipate heat from the heat pipe condenser, thereby cooling the loop 

heat pipe and heating the hot water. The total volume of the heat exchanger is 438 ml. 

Figure 2: Sectional view of the heat exchanger and the condensing part of the loop heat pipe. 

 

The transfer pipe that connects the evaporation and condensation part of the loop heat pipe 

is made of copper pipes with a diameter of 22 mm and a total length of 1 210 mm. Individual 

copper joints are soldered with a hard tin solder material. 

Figure 3: The real state of the loop heat pipe model before and after the insulation with armaflex thermal 

insulation 

 

Heat transfer medium resp. the working substance of the loop heat pipe is distilled water 

(Ku, 1999). Temperature sensors are located at the inlets and outlets of the individual parts of 

the loop heat pipe and the heat exchanger. In the upper part is located a pressure sensor and a 

valve, which serves to fill and empty the volume of the loop thermal tube with the working 

substance. 

On the circuit between the heat exchanger and the circulating thermostat there is a flowmeter 

for measuring the flow of heated water. The flow rate is controlled with a precise flow rate 

setting of 0.03 dm3.s-1 using a heart valve. The heat output supplied by the electric heater was 

measured by a power measuring device of independent power supply devices. 
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Figure 4: Model experimental heating equipment. 

 

Figure 5: Experimental device wiring diagram. 

 

The evaporation part was heated by means of an electric heating cylinder connected to the 

auto transformer, on which the value of the output voltage in the range from 150 to 260 V was 

controlled in 30V steps. The output power from the heating cylinder was measured using a 
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single-phase active power converter that is connected between the heating cylinder and the auto 

transformer. The actual value of the heating cylinder power is recorded by interfacing with the 

control panel. Inside the cylinder are three high temperature resistant NiCrNi temperature 

sensors. Other temperature sensors (Pt100) were located at the inlet and outlet of the evaporator. 

The condensation part is connected to the heat exchanger of the tube-in-tube structure, which 

serves to remove the transferred heat through the heat pipe by means of cooling water. The heat 

exchanger is connected to a Julabo circulating thermostat, which continuously maintains the 

cooling water temperature at 20 ° C. The cooling water flow rate was set to 0.03 dm3 · s-1 using 

a heart valve. At the outlet of the heat exchanger there is a flowmeter that records the flow of 

cooling water. Pt100 temperature sensors are located at the inlet and outlet in the exchanger, 

which sense the temperature of the cooling water. Temperature sensors are located in front of 

and behind the condensation part of the loop heat pipe. Based on the values obtained, the 

transferred heat output was determined, which was transferred through the loop heat pipe from 

the evaporation to the condensation section. A pressure sensor was placed downstream of the 

condensation section on the transfer line to measure the actual pressure inside the loop heat pipe 

during cyclic heat transfer from the evaporation to the condensation section. 

For the evaluation of the measured data, the calorimetric method (Eq. 1) shall be used to 

determine the power transferred through the loop heat pipe (Lee, 2010). For individual 

temperature-dependent elements (i.e., coolant heat capacity and density), a parametric equation 

obtained from a graphical representation of temperature versus heat capacity and density is 

used. The calorimetric equation has the form: 

 𝑄 = 𝑚̇ × 𝑐 × 𝑑𝑇 [𝐽. 𝑠−1 = 𝑊] (1) 

Where the mass flow is given by Eq. 2: 

 𝑚̇ = 𝑉̇ × 𝜌 [𝑘𝑔. 𝑠−1] (2) 

To calculate mass flow, the value for density and specific heat capacity of the liquid was 

calculated as a function of temperature. 

Figure 6: Graphs of heat pipe performance, hot water inlet and outlet temperature at 150 V, 170 V input 

voltage. 
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Figure 7: Graphs of heat pipe performance, hot water inlet and outlet temperature at 190V, 210V input 

voltage. 

 

Figure 8: Graphs of heat pipe performance, hot water inlet and outlet temperature at 230 V, 250 V input 

voltage. 

 

In the Figures (Figure 58 - Figure 63), a graphical waveform of the model loop thermal 

experimental device at each of the preset values of the input voltage to the heat source (150, 

170, 190, 210, 230, 250 V) is shown. Table 6 contains the values from the measurement of the 

model loop thermal test device during steady state. 

Table 1: Measurement data from a model experimental loop heat pipe device  

Input 

voltage 

value 

Outlet cooling 

water temperature 

Inlet cooling water 

temperature 

Cooling water 

temperature difference 

Cooling water 

flow 

LHP 

performance 

[V] [°C] [°C] [°C] [liter.min-1] [W] 

150 21,41 19,77 1,64 1,83 209,73 

170 21,99 19,82 2,18 1,82 276,79 

190 22,59 19,81 2,79 1,81 351,87 

210 23,25 19,84 3,41 1,81 431,21 

230 27,24 22,65 4,59 1,81 580,95 

250 34,23 28,64 5,59 1,82 709,92 
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The experiment was run according to the specified sequence of consecutive steps. Initially, 

a loop heat pipe was designed and constructed, which serves to transfer heat by changing the 

latent phase of the hot water working medium. The heat exchanger was provided by a heat 

exchanger which includes the condensation part of the loop heat pipe (Reay, 2006). At the start 

of the measurement, the heat exchanger was allowed to cool to a constant temperature of 20 ° 

C. Then the default value of the heat source input voltage was set. After the temperature in the 

exchanger has stabilized, this input voltage value has increased by 20V. During the whole 

experiment the individual quantities (temperature, flow, pressure ...) were recorded by the 

control panel to the computer. 

3. Conclusion 

The experiment shows the ability of heat transfer and hot water heating under continuous 

heating. As can be seen from the measurement graphs, the cooling device, which is also 

designed for flow-through cooling, was unable to cool the circulating cooling water at higher 

power outputs. Therefore, the inlet temperature of the cooling water increased. 
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