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Abstract 

In order to dissipate the heat generated by electronic boxes in avionic systems, a copper-

water LHP with a flat-oval evaporator was fabricated and tested at steady-state. The LHP 

consists of a flat shaped evaporator, 7 mm thick, including compensation chamber with attached 

heat exchanger. The condenser is cooled by forced convection of liquid. The variable 

parameters are the heat sink and ambient temperatures (20 and 55 °C), the orientation (-90° to 

+90° in two perpendicular planes) and the power input (0 to 100 W). Evaporator wall 

temperatures are higher when the evaporator is placed above the condenser. For heat sink and 

ambient temperature of 20 °C the evaporator wall temperature does not vary much with heat 

load for all measured elevations. But it fluctuates at heat sink and ambient temperature equal to 

55 °C when the evaporator is placed below the condenser. The LHP total thermal resistance is 

governed by the condenser resistance. It decreases with increasing heat load, whatever the 

operating conditions, because the part of the condenser internal surface area used for 

condensation increases too. A minimum thermal resistance of 0.2 K/W was obtained. The 

maximum thermal resistance was 2.7 K/W. 
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Nomenclature 

cp specific heat capacity J/(kg K) 

I electrical current A 

p pressure Pa 

Pel electrical power W 

Q&
 thermal heat flow W 

Rth thermal resistance K/W 

T temperature °C 

U electrical voltage V 

V&  volumetric flow rate m
3
/s 

 

Greek 

γ orientation in y-z direction degree 

δ orientation in x-z direction degree 

ρ density  kg/m
3 

Subscripts 

amb ambient air 

cool coolant 

evap evaporator 

in input or inlet 

out output or outlet  

tot total 

V vapour 

W wall 

 

Abbreviations 

CC compensation chamber 

CCHS heat sink of the compensation 

 chamber 

CW cooling water 

Evap evaporator 

HS heat sink 

LL liquid line 

VL vapour line 
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1. Introduction 

New generations of In-flight Entertainment Systems (IFE) are required to provide more and 

more services (audio, video, Internet, flight services, multimedia, games, shopping, phone …) at 

an affordable cost. But unlike other avionics systems installed in controlled-temperature bays, 

most of the IFE equipment and boxes are not connected to the aircraft cooling system. This 

situation creates thermal management problems that affect the reliability and the safety of the 

equipment. The most critical equipment is the Seat Electronic Box (SEB) installed under each 

passenger seat as shown in Figure 1. The heat flux dissipated by these boxes can reach 30 W 

and might reach up to 100 W (6.25 W/cm²) in the close future.  

 

An alternate advanced cooling technique to the fans is based on loop heat pipes (LHP) systems. 

LHP can adequately be integrated inside the seat structure and may take benefit of the seat 

frame as a heat sink. The LHP is a passive two-phase heat transfer device that utilizes the 

evaporation and condensation of a working fluid to transfer heat, and the capillary forces 

developed in a porous wick to circulate the fluid. The LHP is known for its high pumping 

capability and robust operation because it uses fine-pored wicks and the integrated 

evaporator/reservoir design. 

 

Amongst all the existing LHP designs, the LHP having flat evaporator surfaces are more 

adapted to electronic cooling applications [1], [2]. Flat plate evaporators provide both a shorter 

and a more uniform thermal path from a flat component to the vaporization interface in the 

evaporator. The flat disk-shaped evaporator was already invented in the USSR in 1975, when 

the term of "loop heat pipe" was not used yet. At that time, such evaporators did not arouse 

much interest in the scientific community. Twenty years later, a water LHP with a disk-shaped 

evaporator, 48 mm in diameter, designed to cool a powerful thyristor, was the subject of a 

Russian patent. This flat disk-shaped evaporator had already the quite modern design used 
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nowadays. On the basis of technical solutions presented in another patent [3] that describes 

variants of the flat disk-shaped evaporator, Maydanik et al. fabricated and tested about 10 

LHP’s, 30 mm in diameter and 10 to 13 mm thick, using ammonia as working fluid [4, [5]. 

Delil et al. [6] obtained the best performance for capillary structures with small pore sizes, 

which had in addition a better ability to operate against gravity than capillary structures with 

large pore sizes. Their device was able to transfer about 8 W/cm² and its thermal resistance laid 

in the range 0.62 – 1.32 K/W. To cool computer CPUs, Pastukhov et al. [7, 8] investigated 7 

mm thick LHPs with different evaporator cross sections  (flat rectangular or flat oval) and 

materials (stainless steel or copper). Tsai et al. [9] fabricated a low cost miniature flat plate 

LHP, whose  wick was made of a copper mesh screen. A wick of similar design was fabricated 

by Young et al. [10], in which two stainless steel porous plates were welded to a U-shaped 

porous sidewall. The evaporator, 6 mm
 
thick, could be heated on both sides for applications like 

cooling of fuel cells stacks. A LHP minimum thermal resistance of 1.27 K/W was obtained for a 

heat flux of 1.56 W/cm². It was found that this resistance may be affected by the fluid fill 

charge. Boo and Chung [11] tested a LHP with a flat evaporator, 30 mm thick, and a propylene 

wick, filled with various working fluids (methanol, ethanol, acetone, water). A maximum heat 

flux of 6.5 W/cm² was achieved using methanol. The thermal resistance was of 0.9 K/W and did 

not change much with the fluid fill charge, as the reservoir was located above the wick. Singh et 

al. [12], [13] developed a copper/water LHP with a disk shaped evaporator, 10 mm thick and a 

nickel porous wick. The device was tested under uniform and non-uniform heating modes [12]. 

Using forced air convection, a minimum total thermal resistance of 1.2 K/W, corresponding to a 

heat pipe thermal resistance of 0.17 K/W, was achieved at about 10 W/cm². An evaporating 

thermal resistance of 0.06 K/W was deduced from the experimental measurements. In the 

attempt to reduce the evaporator thickness to 5 mm, due to space constraints in laptop 

computers, Singh et al. [14] fabricated a copper/water LHP where the nickel porous wick 

occupied the whole evaporator thickness (2.5 mm). The compensation chamber provided liquid 
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access to the wick from three side faces. The total thermal resistance at 10 W/cm² was 1.5 K/W, 

corresponding to a heat pipe thermal resistance of 0.62 K/W. 

The LHP evaporators described previously had an inverted meniscus arrangement, in which 

liquid and vapour flows are in the opposite direction of the heat flow. In non-inverted meniscus 

evaporators, patented in the US by Phillips [15] in 2003 and in Russia by Maydanik [16], the 

heat flow enters from the liquid side of the meniscus, like classical heat pipes. This evaporator 

concept was already tested in Russia in the late seventies, early eighteens of the last century [17, 

18]. As compared to the inverted meniscus arrangement, the non-inverted meniscus 

arrangement leads to decrease of the evaporator thermal resistance and allows shifting the dry-

out limitation due to wick deprime. Vasiliev reported a maximum heat flow rate of 35 W/cm² 

[19]. Tang et al. [20] developed a capillary two phase loop consisting of a cylindrical copper 

evaporator with water as the working fluid. A primary wick layer with fine pores covered the 

inner face of the heated zone and provided a barrier facing the vapour volume. A secondary 

wick of higher permeability was used to feed the primary wick. This device was able to 

dissipate a heat flux of 16 W/cm
2
. In the copper evaporator developed by Doktarau et al.[21], a 

thick copper wick layer was disposed to separate the compensation chamber and the vapour 

space, while a thin wick layer would distribute the liquid over the whole heated surface. A heat 

dissipation of 140 W with a heat transfer area of about 1 cm
2
 was achieved. The evaporator 

thermal resistance had a very low value of 0.05 K/W. The Phillips flat plate evaporator concept 

[15] differs from that of Doktorau et al. [21] by the design of the secondary wick, which plays a 

double role. It separates the liquid from the vapour volumes, and feeds liquid to the primary 

wick at several locations along the heated zone. In the evaporator proposed by Li [22], the 

capillary structure, of cylindrical shape, is contained in a retaining hole drilled into the 

evaporator body. For these LHP evaporators, no experimental results are available in the 

literature until now.  
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For the present work, a copper/water LHP with a flat-oval evaporator was fabricated at the 

Institute of Thermal Physics (ITP) and tested at the Institute of Nuclear Technology and Energy 

Systems (IKE). Details of the evaporator are shown in Figure 2. As compared to the previous 

studies, the evaporator design combines the flat heat transfer area and the non-inverted meniscus 

principle. The evaporator is called flat – oval as the heat is supplied directly to the flat case of 

the evaporator without any saddle that is necessary for cylindrical evaporators. The evaporator 

is referred to as “oval” because of the shape of its cross section. Furthermore the LHP includes 

additional new features. A hole is drilled along the tube inside the reservoir to ensure cold liquid 

supply to the wick, whatever the LHP orientation. The compensation chamber is equipped with 

a finned radiator in order to reduce the LHP operating temperature. The test bench and the 

experimental parameters were defined in order to provide data for the steady-state numerical 

model developed at the Centre de Thermique de Lyon (CETHIL). The present paper describes 

the experimental test bench which was developed and the test results of the LHP.  

 

2. LHP experimental study  

2.1 Description of the tested LHP 

The tested LHP consists of a flat shaped evaporator including compensation chamber with 

attached heat exchanger. The tubing, which designates the vapour line, the line of the condenser 

section as well as the liquid line has a circular cross section. All components of the LHP 

including wick material are made of copper except the plate welded to the condenser section 

which is made of aluminium. Figure 3 shows the LHP from below, the top view and the 

condenser box.  

The dimensions of the LHP are listed in Table 1. Water is used as a working fluid. 
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2.2 Description of the experimental set-up 

General description of the test bench  

The heat source is a copper block attached to the evaporator, heated with a cartridge. The heat 

sink of the LHP is cooled by a cryostat. The condenser cooling by a liquid circulation, although 

not representative of the real system which is free convection of air, was selected because the 

boundary conditions at the condenser can be better controlled in this way. Furthermore, the 

uncertainties on the heat balance are reduced. Temperatures are measured at different positions 

of the LHP using calibrated type K (Ni/CrNi) thermocouples. Altogether 18 thermocouples are 

directly attached to the LHP. 

The whole construction is embedded into a box made of Plexiglas (1 × 1 × 0.6 m
3
), where 

different ambient conditions can be set. The box is isolated with a high efficient isolation 

material to avoid as much as possible heat transfer between the box and the ambient. Flanges 

are employed at the front side and at the top of the box, so that the experimental parameters 

inside the box can be set easily to the requested experimental conditions.  

Several feedthroughs are employed to connect the lines for the measurement sensors and the 

heating and cooling devices. 

 

Instrumentation and location of the thermocouples 

Figure 4a shows the instrumentation of the test rig. The power supply unit is connected to the 

cartridge heater. It is controlled by the data logger. The thermostat controls the temperature of 

the coolant at the condenser section. Its volumetric flow rate is measured by a magnetic 

inductive flow meter. Two resistant temperature sensors (Pt100) measure the inlet and outlet 

coolant temperature. By the help of the cryostat, the ambient temperature inside the box is set. A 

resistant temperature sensor (Pt100) located near the LHP is connected to the cryostat, 

measuring the input temperature for the control loop of the cryostat. Furthermore there are three 
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calibrated thermocouples (Type K – Ni/CrNi) measuring the ambient temperature inside the box 

placed near the top, in the middle and at the bottom. All signals are measured by a data logger 

inclusive the room ambient temperature which is measured by a resistant temperature sensor 

(Pt100). Figure 4b depicts the external view of the test rig. 

Additional calibrated thermocouples (Type K – Ni/CrNi) are connected to the LHP in order to 

measure the temperature distribution along it. Figure 5 shows the positions of the 

thermocouples. The upper sketch shows the top view; the sketch below shows the front view of 

the LHP. 

 

Controlled parameters and their range of variation 

Table 2 gives an overview of parameters which have been varied in the following, namely the 

type of cooling, the coolant and box ambient temperature, the orientation and the power input. 

For a better thermal analysis both the vapour and the liquid lines were insulated. That allows the 

assumption of an adiabatic flow in the pipes. The inlet and the outlet temperature of the coolant 

as well as its volume flow were measured, allowing a calculation of the heat output at the 

condenser. 

The variation of the coolant and ambient temperature is representative of RTCA DO160D
†
 

specification. That standard dictates among other things the operation range of electronics 

equipment in aircrafts between -15°C and 55 °C cabin temperature. One task of the FP6 

European COSEE project was to test the LHP at ambient and heat sink temperatures of 20°C 

and 55°C. 

In order to investigate the LHP for start and landing conditions, as well as for right and left 

benches during the flight, the LHP was tested under different angles in y-z as well as in x-z 

direction as shown in Figure 6. The angles range from -90° up to +90° in order to highlight the 

effect of gravity. 

                                                                                 
†

 RTCA: Radio Technical Commission for Aeronautics 
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As exposed in the introduction section, the maximum power input of 100 W is the maximum 

expected heat flow produced by the electronic components of SEB. 

2.3 Experimental procedure 

The LHP was adjusted to the orientation of interest and the box ambient temperature was set. As 

all temperatures of the LHP showed the same value as the box ambient temperature (∆Tmax = 

1K) the first power input step of 20 W was applied to the evaporator. Once all temperatures 

reached a stationary value (or oscillating stationary value) the power input was increased by a 

step of 20 W. The maximum power input was fixed to 100 W. Nevertheless, if the evaporator 

temperature reached 100 °C (which is the maximum operating temperature of the LHP), an 

emergency system was to turn off the experiment. 

 

The electrical power Pel applied to the cartridge has been calculated by measuring the current 

and the voltage: 

 IUPel =   (1) 

Assuming no heat losses through the insulation at the heating zone, the applied electrical power 

is taken as the thermal heat applied to the LHP inQ& . 

 

Including the accuracy of the thermocouples and the uncertainties of the data logger, the 

uncertainty of the temperature is evaluated to 0.1 K. The uncertainty of the electrical power 

input is evaluated to 0.8 ×10
-3

 W including the uncertainty of the power supply unit and the 

uncertainty of the data logger.  
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4. Experimental results  

4.1 Evaporator temperature 

The temperatures indicated in the following are temperatures measured at steady state. This 

means that the derivative of all temperatures measured along the LHP with respect to time is 

zero. It must be mentioned that in some measurements, an oscillating temperature distribution 

with respect to time was observed. In such cases, steady state was defined when the height of 

the amplitudes and the wavelength stayed constant. As the system reached steady state, at least 

one thousand more measurement points were taken. From these measurement points, the last 

hundred points were taken for the mean calculation of the temperatures indicated here as the 

steady state temperature at a certain position. 

The evaporator temperature indicated in the following figures is measured on top of the 

evaporator in the centre of the heated area. Because two cartridges are inserted inside the 

insulated copper block, this temperature is not necessarily the maximum temperature of the 

heated area, but it can be taken as the mean temperature along the evaporator heating area. 

The syntax of the legend in the following figures can be explained as follows: the first two 

numbers describe the angle δ while the second two numbers specify the angle γ of the LHP as 

defined in Figure 6. 

 

Figure 7 shows a small variation of the evaporator temperature (max. 5 K) at different heat 

inputs for angles γ ≥ 0° (evaporator above condenser). The LHP is still in auto-regulation 

regime over the whole heat load range, which means the LHP operates at variable conductance 

mode. For negative angles (γ < 0°), the temperature variation of the evaporator reaches a 

maximum range of 15 K. Furthermore the evaporator temperature increases with increasing heat 

load indicating the beginning of heat-pipe mode with a fully open condenser called fixed 
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conductance mode. The peak at an angle γ of -30° and at a heat load of 40 W, which is the same 

value as for +30° is an unexpected phenomenon and needs further investigation. 

It can also be seen that the evaporator temperatures at positive angles are higher than those 

measured for negative angles. This effect results from gravitational assistance to the transport of 

working fluid inside the liquid line at negative angles. In addition the evaporator temperatures at 

an angle γ = 60° are higher than those of 90° which results from the lowest coolant flow applied 

to the condenser. It was 0.03 m
3
/h for 60°, 0.09 m

3
/h for 0° and 30° and 0.12 m

3
/h for the other 

angles (-90°, -60°, -30°, +90°). The variation of coolant flow occurred due to technical reasons. 

Furthermore, the evaporator temperatures do not exceed 85 °C which is typically the maximum 

allowed evaporator temperature for aircraft electronic equipment. 

Figure 8 shows almost no influence of the variation of angle δ on the evaporator temperature. 

The maximum range of the evaporator temperature is about 11 K at different angles and heat 

inputs. Because the LHP was in horizontal position in y-z direction (γ = 0°), there are only 

gravitational based pressure losses inside the meander like condenser section. The position of 

the interface influences the pressure losses in the condenser section which affects the evaporator 

temperature. The meander like section has only three bends with large radii of curvature and 

therefore does almost not influence the evaporator temperature. 

 

In comparison to Figure 7, Figure 9 shows slightly higher evaporator temperatures at a higher 

ambient and coolant temperature of 55 °C at different anglesγ. When the heat sink temperature 

increases, the operating temperature of the LHP increases too, leading to an increase of the 

evaporator wall temperature. The coolant flow was fixed to 0.14 m
3
/h. While the evaporator 

temperatures for angles γ ≥ 0° (evaporator above condenser) differ very little with variable heat 

input, there are fluctuations in evaporator temperatures for negative angles. This could be due to 

bubble generation inside the reservoir that results in pressure fluctuations in the LHP.  
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4.2  Evaporator temperature difference 

As shown in Figure 5 two temperature sensors are attached to the evaporator. One is placed 

between heat source and evaporator top (position Evap_1). The other one is attached below the 

evaporator (position Evap_2). The temperature difference between these two positions is 

defined as: 

 2_1_ EvapEvapEvap TTT −=∆  (2) 

As it can be seen in Figure 10 the temperature difference ∆TEvap ranges from 0.4 to 3.0 K at 

ambient and coolant temperatures of 20 °C. The values for positive angles are smaller than for 

negative angles. For positive angles a slight increase of ∆TEvap can be observed as the heat load 

is increased. The slopes of the curves are greater for low heat loads than for higher heat loads. 

That means an increase of effective heat conductivity through the porous medium along the 

temperature sensor axis that could result from a decreasing vapour layer thickness inside the 

porous medium and/or higher mass flow rates with increasing heat loads. 

The temperature differences ∆TEvap for negative angles are higher than those at positive angles 

for heat loads ranging from 20 W to 60 W. This results from lower effective heat conductivities 

along the temperature sensor axis that could be affected by thicker vapour layers inside the 

porous medium. At negative angles the compensation chamber is located below the evaporator, 

which hinders the working fluid supply to the evaporator. As the heat load is further increased, 

the interface inside the condenser moves toward the compensation chamber and allows an 

efficient working fluid supply to the porous medium. Then the vapour layer becomes thinner 

and the temperature difference ∆TEvap reaches the same level as for positive angles. 

 

Figure 11 shows the temperature difference ∆TEvap for ambient and coolant temperatures of 

55 °C, which ranges from 1.7 K to 5.25 K. This higher temperature differences in comparison to 

Figure 10 could result from thicker vapour layers inside the porous media. There are also 

smaller temperature differences for positive angles than for negative angles. The temperature 
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difference ∆TEvap for positive angles does not increase as much as at ambient and coolant 

temperatures of 20 °C. For an angle of 0°, the temperature difference ∆TEvap could even be 

assumed constant. That very slightly increase of the temperature difference ∆TEvap means a big 

increase in effective heat conductivity along the temperature sensor axis.  

As also seen in Figure 10 the temperature difference ∆TEvap at negative angles does not follow 

any systematic behaviour. The interaction of the position of the interface inside the condenser, 

the orientation and the position of the compensation chamber are very complex and needs to be 

further investigated. 

 

4.3 Temperature distribution along the LHP 

Figure 12a) and Figure 12b) show the temperature distributions along the LHP from position 

Evap_1 to position CC at ambient and coolant temperatures of 20 °C for heat loads of 20 W and 

100 W, respectively. As soon as the vapour enters the condenser, it condenses and the liquid 

reaches the coolant temperature. Even at the condenser inlet (HS_1), the temperatures at 20 W 

are around 20 °C. For a heat load of 100 W, the temperatures begin to increase from position 

LL3 instead of LL2 for 20 W, showing that the interface inside the condenser is shifted toward 

the liquid line. The desuperheating length has increased too, since for a heat load of 20 W, the 

temperature at position HS_1 reaches the coolant temperature, but at the maximum heat load of 

100 W, the temperature reaches the coolant temperature at a posterior position (except for the 

60° angle).  

The temperature level at the angle of 60° is higher than that at 90°, due to the lower coolant 

flow rate (see section 4.1).  

 

Figure 13a) and Figure 13b) show the temperature distribution along the LHP from position 

Evap_1 to position CC at ambient and coolant temperature of 55 °C for heat loads of 20 W and 
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100 W, respectively. The same behaviour of the temperature trend as in Figure 12 can be 

observed. The confused temperature levels at different angles do not result from a coolant flow 

rate variation, which was fixed to a constant value of 0.14 m
3
/h. There may be more complex 

reasons resulting from the position of the interface inside the condenser, the angle γ  and the 

position of the compensation chamber relative to the evaporator that influences the working 

fluid supply to the porous medium. 

 

4.4 Thermal resistance 

The thermal resistance of the evaporator Rth,evap is calculated as:  

 

in

VW

evapth
Q

TT
R

&

−
=,  (3) 

The temperature measured at position Evap_1 in Figure 5 is taken as the evaporator wall 

temperature TW while the temperature at position VL_1 is taken as the vapour temperature TV. 

The total thermal resistance of the LHP Rth,tot  is calculated as:  

 
in

ksinW
tot,th

Q

TT
R

&

−
=  (4) 

Here, as well as in equation (3), the temperature measured at position Evap_1 is taken as the 

evaporator wall temperature TW, while the heat sink temperature Tsink is represented by the mean 

temperature of the coolant. 

 

Figure 14 shows the thermal resistance of the evaporator for coolant and box ambient 

temperatures of 20 °C at different angles γ. As the wall and the wicks are highly conductive, the 

evaporator thermal resistance is very low. For positive angles and horizontal position, the 

thermal resistance of the evaporator is lower or equal to 0.05 K/W over the whole range of heat 

load. But for negative angles γ, the thermal resistance of the evaporator reaches a maximum 

value of 0.16 K/W for the lowest heat input of around 20 W (1.25 W/cm
2
). For higher heat 
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inputs the thermal resistance decreases down to 0.03 K/W, which is the minimum thermal 

resistance for all different angles γ  at high heat loads. The slightly higher thermal resistances of 

the evaporator at low heat loads and negative angles γ results from a higher temperature 

difference between the evaporator wall and the vapour. For positive angles γ, this temperature 

difference increases with increasing heat load but for positive angles, it decreases. The thermal 

resistance is linked to the position of the liquid-vapour interface inside the porous medium. 

High temperature differences are due to low equivalent thermal conductivity, which is typical of 

pores filled by vapour instead of liquid. This means that the porous medium is not fully 

saturated and the interface lies inside the porous medium. When the angle γ is negative, the 

working fluid inside the compensation chamber medium has to flow upward. Especially at low 

heat loads, as the mass flux is low, the wetting of the porous medium is more difficult than at 

higher heat fluxes because a larger part of the fluid fill charge is located in the condenser, 

resulting in a low liquid level in the compensation chamber. Hence, the evaporator thermal 

resistance is higher. 

 

The total thermal resistance of the LHP for coolant and box ambient temperatures of 20 °C at 

different angles γ  is shown in Figure 15. It shows typical trends for LHPs as shown by other 

authors [13], [10], [23]. For all angles γ, the total thermal resistances are characterized by a 

highly negative slope at low heat loads followed by a gentle decrease with increasing heat load. 

The increasing heat loads lead to a larger part of the heat transfer surface area of the condenser 

used for condensation, then to a decrease of the condenser thermal resistance. This results in the 

decrease of the LHP total thermal resistance. Since the slope of total thermal resistance is not 

positive at any heat load no dry out of the wick structure appears and hence no crisis of LHP is 

observed. In addition, the LHP is much more sensitive to the elevation at low heat loads. This is 

because the mass flow rate is smaller than at higher heat loads and consequently, the frictional 
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pressure drops are lower too. Hence, the effect of the gravitational pressure drops is much more 

important with respect to the frictional pressure drops. 

The trends show higher total thermal resistances for positive angles than for negative angles γ. 

The higher total thermal resistances for positive angles result from additional hydrostatic 

pressure difference to overcome for the working fluid in the liquid line. The maximum total 

thermal resistance of 2.7 K/W is reached at a heat load of about 20 W (1.25 W/cm
2
) for angle γ 

equal to +60°. The minimum total thermal resistance of 0.8 K/W at the same heat load is 

reached for an angle γ equal to -90°. The minimum total resistance at all angles γ, which ranges 

from 0.25 to 0.5 W/K, is reached at the maximum heat load of about 100 W (6.25 W/cm
2
). 

Comparing Figure 14 and Figure 15, one notice that the thermal resistance is higher at positive 

inclination, but the evaporator resistance is lower. This means that the condenser thermal 

resistance is much higher at positive inclination due to additional gravitational pressure drops in 

the liquid line. 

The maximum total thermal resistance at an angle of γ equal to 60° results from the minimum 

coolant flow, which is smaller than for other inclinations. When the coolant flow rate is small, 

the convective heat transfer coefficient between the external wall of the condenser and the 

coolant fluid is low, leading to an increase of the condenser thermal resistance, hence to an 

increase of the LHP thermal resistance. It was 0.03 m
3
/h for 60°, 0.09 m

3
/h for 0° and 30° and 

0.12 m
3
/h for the other angles (-90°, -60°, -30°, +90°). The variation of coolant flow occurred 

due to technical reasons. 

 

Figure 16 shows the evaporator thermal resistance for coolant and box ambient temperature of 

55 °C at different angles γ. The trends are similar to those at coolant and ambient temperature 

equal to 20 °C as it can be seen in Figure 14. At positive angles γ , the thermal resistance is very 

low and almost constant. Negative angles yield to higher evaporator thermal resistances ranging 

from 1.6 × 10
-3

 K/W to a maximum of 0.13 K/W at a heat load of around 20 W (1.25 W/cm
2
). 
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The evaporator thermal resistance ranges from 16 × 10
-3

 K/W to 31× 10
-3

 K/W at a maximum 

heat load of 100 W (6.25 W/cm
2
) for all angles γ. The slightly negative thermal resistances of 

around -8 × 10
-3

 K/W indicated on the chart are not of any physical meaning but result from 

measurement uncertainties of the temperature and the heat load. 

 

As shown in Figure 17, the total thermal resistances of the LHP for coolant and box ambient 

temperature of 55 °C at different angles γ  show trends similar to the total resistances for coolant 

and ambient temperatures of 20 °C, but they are slightly lower. This results from the trend of the 

water saturation curve (p-T- diagram) that shows a higher dp/dT slope at higher temperature 

level. The decrease of the total thermal resistance with increased coolant temperature was also 

observed by Maydanik et al. [23] and Chen et al. []. It also needs to be mentioned that the 

coolant flow rate was increased to 0.14 m
3
/h for all angles γ.  

For low heat loads of around 20 W (1.25 W/cm
2
) the total thermal resistance ranges from 0.8 to 

1.8 K/W. But for maximum heat loads of around 100 W (6.25 W/cm
2
) it ranges from 0.2 to 

0.3 K/W. 

 

5. Conclusion 

This article investigates the behaviour of a flat-oval evaporator LHP whose overall performance 

has been analysed experimentally. It was originally designed for electronic cooling in aircrafts, 

but the necessity to control the LHP boundary conditions has led to test it in a quite different 

configuration (type of condenser cooling, thermal insulation) than in the real application. The 

experimental parameters and their variation range are representative of the specifications for 

aeronautics. The main conclusions are the following: 

� The evaporator wall temperatures are higher at positive elevations (evaporator placed 

above the condenser) and less sensitive to the heat load level than at negative 

elevations.  
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� The rotation of the LHP around its longitudinal axis has a low effect on its 

performances.  

� At heat sink and ambient temperature of 55 °C, the evaporator wall temperature is 

higher than at a heat sink and ambient temperature of 20 °C. 

� When the heat sink and ambient temperatures increases to 55 °C, the evaporator wall 

temperature exhibits great fluctuations at negative elevations, and may exceed the limit 

allowed for the electronic components.  

� The evaporator temperature difference ranges from 0.4 to 3.0 K for heat sink and 

ambient temperatures of 20 °C and ranges from 1.7 to 5.25 K for heat sink and ambient 

temperatures of 55 °C. 

� For heat sink and ambient temperatures of 20 °C as well as for heat sink and ambient 

temperatures of 55 °C, the temperature at position HS_1 reaches the respective heat sink 

temperatures for a heat load of 20 W. For higher heat loads, the heat sink temperature is 

reached at a posterior position, showing an increase of the desuperheating length. 

� The evaporator thermal resistance is low, particularly at positive elevations. At negative 

elevations, it is sensitive to operating conditions.  

� The LHP total thermal resistance is governed by the heat transfer at the condenser. It 

decreases with increasing heat load, whatever the operating conditions, because the part 

of the condenser internal surface area used for condensation increases too.  

� The minimum thermal resistance, achieved for a heat load of 100 W (6.25 W/cm²), is of 

0.2 K/W. And the maximum thermal resistance with 2.7 K/W is reached at a heat load 

of 20 W (1.25 W/cm
2
). 
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Figure 1: Frame of the passenger seat and location of the SEB 
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Figure 2 : Evaporator details 
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a)  b) 

 

c) 

 

Figure 3 : LHP – a) with radiator, top view; b) view from below; c) condenser box 
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a) 

 

b) 

 
Figure 4 : Test rig instrumentation – a) sketch, b) photo 
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Figure 5 : Positions of thermocouples 
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a) Front view / angle γ b) View from right side / angle δ 

 

 
 

 

Figure 6 : LHP – a) front view – angle γγγγ; b) side view – angle δδδδ 

 

 



 29 

 

 
Figure 7 : Evaporator temperatures at Tamb = 20°C and Tcool = 20°C, variation of γ, γ, γ, γ,  LHP isolated 

 except heat sink at compensation chamber, variation of γγγγ    
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Figure 8 : Evaporator temperatures at Tamb = 20 °C and Tcool = 20 °C, variation of δ, δ, δ, δ,  LHP isolated  

 except heat sink at compensation chamber    
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Figure 9 : Evaporator temperatures at Tamb = 55 °C and Tcool = 55 °C, LHP isolated except heat sink 

 at compensation chamber, variation of γγγγ    
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Figure 10 :  Temperature difference ∆∆∆∆TEvap = TEvap_1 - TEvap_2 at Tamb = 20°C and Tcool = 20°C,  

 LHP isolated, except heat sink at compensation chamber, variation of γγγγ
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Figure 11 :  Temperature difference ∆∆∆∆TEvap = TEvap_1 - TEvap_2 at Tamb = 55°C and Tcool = 55°C,  

 LHP isolated, except heat sink at compensation chamber, variation of γγγγ
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a) 

 
 

b) 

 

Figure 12 :  Temperature distribution along LHP at Tamb = 20 °C and Tcool = 20 °C, variation of γ, γ, γ, γ,  
 LHP isolated, except heat sink at compensation chamber,  

 a) heat load 20 W,  

 b) heat load 100 W 
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a) 

 

b) 

 

Figure 13:  Temperature distribution along LHP at Tamb = 55 °C and Tcool = 55 °C, variation of γ, γ, γ, γ,  
 LHP isolated, except heat sink at compensation chamber,  

 a) heat load 20 W,  

 b) heat load 100 W  
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Figure 14 : Thermal resistance of evaporator at Tamb = 20°C and Tcool = 20°C, variation of γγγγ 
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Figure 15 : Total thermal resistance at Tamb = 20°C and Tcool = 20°C, variation of γγγγ 



 38 

 

 
Figure 16 : Thermal resistance of evaporator at Tamb = 55 °C and Tcool = 55 °C, variation of γγγγ 
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Figure 17 : Total thermal resistance at Tamb = 55 °C and Tcool = 55 °C, variation of γγγγ 
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Evaporator  

Length [mm] 85 

Width [mm] 42 

Thickness [mm] 7 

Body wall thickness [mm] 0.5 

Wick  

Length [mm] 55 

Porosity [%] 68.8 

Pore breakdown radius [µm] 8.0 

Compensation chamber  

Length [mm] 20 

Vapour line  

Length [mm] 358 

Diameter [mm] 4 

Liquid line  

Length 765 

Diameter 3 

Condenser  

Length [mm] 562 

Filling volume [cm
3
] 19.24 

 

Table 1 : LHP design parameters 
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Parameter Variation / explanation 

Type of cooling Forced convection: 

⋅ A condenser is attached to the condenser section with water as a coolant 

⋅ Insulation along the loop heat pipe except at compensation chamber heat sink 

Coolant 

temperature 

TCool  = {20;55}°C 

Box ambient 

temperature 

TBox,amb = {20;55}°C 

Orientation Orientation in y-z direction γ 

⋅ evaporator above condenser : positive angles 

⋅ evaporator under condenser : negative angles 

⋅ γ = {-90;-60;-30;0;+30;+60;+90}° 

Orientation in x-z direction δ 

⋅ vapour line above liquid line: positive angle 

⋅ vapour line under liquid line: negative angle 

⋅ δ = {-90;-60;-30;0;+30;+60;+90}° 

Power input Electrical power input Pel 

Pel = {0;20;40;60;80;100}W 

 

Table 2 : Parameter variation 
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Reviewer#2  

The manuscript can be recommended for its further publication in ATE after minor revision. The 

problems below should be appropriately dealt with:  

 

1. the Introduction section should be shortened.  

 

Answer: The introduction of the initial version of the manuscript has been shortened. But, as the 

reviewer #3 asked for a literature survey on non-inverted meniscus type LHP evaporators, a 

supplementary paragraph has been added. 

 

2. the authors should give the detailed temperature distribution along the loop for steady state 

operation, especially all the temperature readings of the TCs on the evaporator wall, not only one 
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 We ought to testify, that the authors in modified option of the manuscript clarified the principle of 
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     Some former USSR patents (Invention certificates) on this topic were published in the late 

seventies, early eighteens of the last century (Invention Certificate 587810, BI 1, 1978; Invention 

Certificate 670790, BI 22, 1979, Invention Certificate 670791, BI 24, 1979; Invention Certificate 
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870900, BI 37, 1981, Invention Certificate 918677, BI 13, 1982). The topic of these inventions was 

published in the literature in Russian.  

 

The manuscript can be recommended for its further publication in ATE after the Introduction revision. 

 

Answer: The authors made an additional literature survey on non-inverted meniscus type evaporators. 

This research is not exhaustive since this denomination was not always used. The literature study has 

been modified in order to better clarify this concept and increase the part describing the non-inverted 

type meniscus LHP evaporators. The USSR patents on this topic were not mentioned in the references, 

because these patents are not available in English language. The literature survey on LHPs having 

flat plate evaporators was drastically shortened but not suppressed. As the paper deals with a flat 

plate evaporator of inverted-meniscus type, authors think that it is of interest to share the literature 

study in two parts, one dedicated to the flat plate evaporators, the other dedicated to the inverted-

meniscus type evaporators, in order to better highlight the originality of the present investigation. 
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Evaporator  

Length [mm] 85 

Width [mm] 42 

Thickness [mm] 7 

Body wall thickness [mm] 0.5 

Wick  

Length [mm] 55 

Porosity [%] 68.8 

Pore breakdown radius [μm] 8.0 

Compensation chamber  

Length [mm] 20 

Vapour line  

Length [mm] 358 

Diameter [mm] 4 

Liquid line  

Length 765 

Diameter 3 

Condenser  

Length [mm] 562 

Filling volume [cm
3
] 19.24 

 

Table(s)



Parameter Variation / explanation 

Type of cooling Forced convection: 

 A condenser is attached to the condenser section with water as a coolant 

 Insulation along the loop heat pipe except at compensation chamber heat sink 

Coolant 

temperature 

TCool  = {20;55}°C 

Box ambient 

temperature 

TBox,amb = {20;55}°C 

Orientation Orientation in y-z direction γ 

 evaporator above condenser : positive angles 

 evaporator under condenser : negative angles 

 γ = {-90;-60;-30;0;+30;+60;+90}° 

Orientation in x-z direction δ 

 vapour line above liquid line: positive angle 

 vapour line under liquid line: negative angle 

 δ = {-90;-60;-30;0;+30;+60;+90}° 

Power input Electrical power input Pel 

Pel = {0;20;40;60;80;100}W 

 

Table(s)


