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Abstract. A large number of variables is the main problem of designing systems which uses heat pipes, whether it is 
a traditional - gravity, or advanced - capillary, pulsating, advanced heat pipes. This article is a methodology for 
measuring the thickness of the falling condensate in gravitational heat pipes, with using the optical triangulation 
method, and the evaluation of risks associated with this method.  

1 Introduction  
CFD simulations of gravity assisted heat pipes (GAHP) 
or thermosyphon are nowadays common practice. 
However, the current CFD models are not robust and 
flexible enough to capture a wide range of conditions 
occurring within the heat pipe. For this reason it is 
necessary to pay more attention to adapting these models 
in order to capture larger number of functional states 
within GAHP. 

2 Theoretical background of the draft  
Nowadays there are many approaches to calculate the 
heat pipes properties. One of these approaches is the 
calculation of GAHP heat performance parameters is 
based on knowledge of the falling condensate thickness. 
According to [1], the average value of Nusselt Reynolds 
number in the laminar flow region can be stated as 
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where Lα is the heat transfer coefficient of the 

liquid phase, Lλ is thermal conductivity of the liquid 

phase, Lη dynamic viscosity of the liquid phase, Lρ and  

Vρ density of liquid and vapour phase respectively and g 
is the gravity acceleration. Another – dimensionless 
variables are expressed as follows   
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where δ is the falling condensate thicness, x is the 

coordinate in diection of the flow (by common 
configuration it is vertical downwards direction), pLc  is 
the constant pressure specific heat of the liquid phase, 

TΔ  is the temperature difference between wall and 
liquid, LPr  is the Prandtl number of liquid phase, Vl  is 

heat of evaporation, δτ  is the interfacial shear stress 
between liquid and vapour phase and 
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With combination of equations 3,4 and 5 we can get 

equation critteria equation  
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The last formula is an expression of one variable 

through the second and, therefore, it is necessary to solve 
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the system of equations iteratively. It should be noted, 
however, that the knowledge of the thickness of the 
condensate, the system of equation can be solved with a 
single variable (is also relative, since all material 
constants are a function of its temperature, which varies 
with the thickness of the condensate in the y direction, 
but for the purpose of further assume, it can be 
considered as a constant.). The above equations are valid 
for laminar flow regime of falling condensate. For 
turbulent flow it can be also used a wide range of 
corelations that can be found in the referenced literature. 

3 Optical triangulation method   
The method is bassed on of this method is to light the 
walls of the tube and at the same time the layer of 
condensate running down the laser beam and the 
reflection from the two capture facility using a CCD 
camera, as shown the layout in figure 1. 

 

 
Figure 1. The principle of optical triangulation 

 
Based on the layout, the condensate thicknes 

equation can be determined as 
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where CH is condensate thckness, VH is the 

distance shown at CCD camera, XG  is the optic 

magnification, CΘ  is angle which make camera with the 

drenched wall and LΘ  the angle which make laser beam 
with the wall  

Optical principle of the method was tested on glass-
plate, in which wather has sprayed 

 

 
Figure 2. Experimental device to test the applicability of the 
method 
 On the basis of this experiment it was evaluated the 
optimal color of the laser beam recorded by CCD camera 
is in the green part of the light spectrum. The experiment 
also showed that the distilled water at ambient 
temperature (20 °C) is not an appropriate medium for the 
thickness measurement by using this method, because the 
glass surface does not form a continuous film. This 
deficiency may be removed by heating the water to a 
higher temperature because the increased temperature 
decreases surface tension value. When using ethanol 
system worked properly. 
 The accuracy of this method is not known yet, so 
that the first thing after building the device (in next 
heading) is setting it.  

4 Design of the device for condensate 
thickness measurement  
The suggested device will be constructed according to the 
scheme in figure 3. and figure 4. 

 
Figure 3. Schematic of measuring the thickness of the 
condensate in GAHP 
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Figure 4. Detail of the device 
 

The basis of the device is a glass construction with 
a hollow triangular prism, which will work as GAHP. 
The glass structure is inserted in a steel frame, which is 
attached by screws to the wall. Anticipated working 
liquids in heat pipe will be distilled water and ethanol.   
Triangular cross-section construction is designed by 
means of the elimination of refraction passing through a 
glass wall, or on the side of the laser beam emitted from 
the diode, or reflections on the side of the CCD camera. 
Principle of operation of GAHP will be driven by using 
two heat exchangers. One will work as a heater 
(evaporator) and the other as a cooler (condenser). The 
two heat exchangers are coequal. .. The heat exchanger is 
shown in figure 5. 

 
Figure 5. Used heat exchanger 

 
The heat exchanger is divided by seven bariers 

vertically. Draft of its construction is justified in [2]. The 
vertical flow direction was designed because of a more 
even distribution of temperatures on the surface of the 
heat exchanger.  

Each exchanger is individually connected to the 
circulation thermostat Julabo and heat transfer fluid is 
distilled water. In each independent circuit will be used 
PT100 temperature sensors at the inlet and the outlet of 
the heat exchanger and also has a flow meter, in order to 
use a colorimetric method to express performance at 
separate heat exchangers, as well as the actual power 
delivered by the heat pipe.  

The pressure and the amount of charge in the heat 
pipe will be accomplished by gradual evaporation of the 
working fluid of the heat pipe. The entire device will be 
thoroughly insulated using extruded polystyrene. The 
polystyrene plates for the other two glass surfaces are still 
in addition, supported by two permanent magnets in order 
to be able to move them vertically and with them move 
the laser module and a CCD camera in the vertical 
direction (the horizontal direction as well as, to obtain the 
biggest possible picture on heat pipe main wall). On these 
polystyrene plates will be, from the outside, in addition 
placed heating infra-foil to prevent condensation on these 
glass surfaces. Such condensation would be impossible to 
measure the thickness of the condensing optical 
triangulation method 
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5 Overview of measured values 

Besides thermal performance on both exchangers it will 
be possible to measure and record the temperature of the 
wall in contact exchanger and glass wall (heated and 
cooled wall of GAHP) using PT100 thermal sensors, 
internal temperature in the GAHP by using stainless steel 
sump, pressure in the system and of course and thickness 
of condensate using optical triangulation method. On the 
basis of the measurements it will be possible to obtain a 
broader picture of the processes taking place inside the 
heat pipes. 
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