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An experimental activity has been carried on in the framework of the Graphene Flagship 
of the European Union, to characterize a LHP wick enhanced with a Graphene deposition. 
The LHP is a methanol based development LHP that has been built in two configurations: a 
standard one, with a Nickel sintered wick, and a second with the sintered Ni wick coated by 
Graphene. The two LHPs have been characterized in vacuum, both in steady state condition 
to evaluate their effective conductance and in start-up conditions at low power. The thermal 
test results are described and provide some indications on the potential benefit a Graphene 
enhanced LHP can provide in terms of operational capability. 

Nomenclature 
LHP  =  Loop Heat Pipe 
GR =  Graphene 
GO =  Graphene Oxide 

I. Introduction 
raphene is a single layer of carbon atoms that shows outstanding specific properties from a thermal, 
mechanical, electrical and optical standpoint. For the application treated in this paper, the calibrated porosity of  

a few layers of Graphene Oxide is key to increase the capillary pressure generated across the phase separator wick of 
a LHP, and hence improving the thermal conductance of the LHP as well as its startup characteristics. 

The Graphene Flagship is one of the two large research projects of the EU, the other being the Human Brain 
Project, to study the possible applications of this new material, discovered less than 10 years ago. 

In this paper a comparison is presented between the performance, in particular the ∆T between evaporator and 
condenser, of a conventional LHP and a Graphene-enhanced one. 

The final goal of this research is to verify if the reduced porosity of the GR-LHP provides a better heat transport 
capability. Moreover, the other figure of merit is considered a reliable, i.e. repeatable, start-up at low power level 
(from 1.5 W to 3 W). 

To this extent, a statistic, even if on few trials, is provided on the number of successful startup of the GR-LHP 
compared to the conventional LHP.  

II. LHP design 
Loop heat pipes (LHP) are heat transfer devices whose operating principle is based on the 

evaporation/condensation of a working fluid, and which use the capillary pumping forces to ensure the fluid 
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circulation. Their major advantages as compared to heat pipes are an ability to operate against gravity and a greater 
maximum heat transport capability  

The main components of the LHP are the evaporator part (formed by the reservoir and the capillary pump / phase 
separator which are respectively points 8,1 and 9 on Figure 1), the condenser part (made by a metal pipe that form 
several passages e.g. on a metal plate, used to increase the exchange surface), suitably connected by quasi-adiabatic 
transport lines. The whole circuit is sealed and filled with a proper fluid. 

Once the boiling condition has been reached in the capillary pump a pressure gradient dP is established (points 1 
and 9 on Figure 1), which is sufficient to start fluid circulation in nearly isothermal conditions. 

Since there are pressure losses due to friction, the maximum temperature for the fluid is, of course, on the 
capillary pump (point 9 on Figure 1); in the condenser it cools and partially condensates (point 5 on Figure 1) .   

The condensed fluid leaves the condenser through the adiabatic line (point 6 Figure 1)  to the liquid reservoir 
(point 7 on Figure 1) and the cycle can start again. The whole working principle is illustrated in Figure 1. 

Key components of the LHP are the capillary pump and the reservoir (shown in Figure 2 for the LHP used in this 
experimental activity).  

Only the evaporator and the compensation chamber contain wicked structures; the compensation chamber is the 
largest component (by volume) of the loop and is often an integral part of the evaporator. It has two mains functions: 
(I) to accommodate the excess liquid in the loop during normal operation, and (II) to feed the capillary pump wick 
with liquid at all times. The wick in the evaporator is made of fine pores for purpose of developing a high capillary 
pressure to circulate the fluid around the loop [1]. 

In steady state conditions, for a heat input Qe supplied to the evaporator, liquid is vaporized, and the menisci 
formed at the liquid/vapor interface in the evaporator wick develop capillary forces to pump the liquid from the 
compensation chamber. Since the wick has a finite thermal resistance, the vapor temperature and pressure in the 
evaporator zone (vapor grooves), which is in contact with the heated evaporator wall, become higher than the 
temperature and pressure in the compensation chamber. The wick in this case serves as a “thermal lock”. At the 
same time, hotter vapor cannot penetrate into the compensation chamber through the saturated wick owing to the 
capillary forces which hold the liquid in it (the interface will hold the pressure, preventing any back flow and at the 
same time providing uninterrupted liquid flow).  

Thus, another function of the wick is that of a “hydraulic lock”. The arising pressure difference causes the 
displacement of the working fluid along the loop. In this case, three interfaces may exist in the LHP simultaneously: 
in the evaporator zone, in the condenser and in the compensation chamber. Except in the evaporator, these interfaces 
may move depending on the heat load, and the excess of liquid is stored into the compensation chamber. A major 
part Qe,v of the heat input Qe is used for the liquid vaporization on the outer surface of the primary wick [1]. 

 

 
Figure 1: Loop Heat Pipe working principle [1] 
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Figure 2: Detail of the reservoir and of the evaporator saddle 

 
The experimental activity has been established to make a preliminary comparison between a standard LHP 

(LHP-A) and the very same LHP with a Graphene Oxide deposition on the porous wick (LHP-B).  
Both LHP have been provided by Atherm and are manufactured with the very same specifications. 
Figure 2, Figure 3 and Figure 4  show the main aspect of the LHP design used in this campaign.  
 

 
Figure 3: LHP upper view 

 

 
Figure 4: LHP  lower view 

 
The whole circuit is filled with Methanol. The external dimensions are 670 mm width and 131 mm of height.  
The materials used are steel for the transport lines, copper for the condenser tubes and aluminum for the 

evaporator jacket and block. The sintered wick is Nickel. The evaporator mass is ~90g. 
The different metals used with methanol do not bring any compatibility issue , according to the industrial 

experience. The test duration, however (in the order of 100 hours) was not sufficient to show possible NCG 
formation. 

The LHP is rated for high power operations, if a suitable chiller is used to cool the condenser plate by 
conduction: some manufacturing/workmanship tests have been done before space simulation in vacuum. 

The measurement results are shown in Table 1. The LHP is a 100 W class, capable to work up to 100 °C. 
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Table 1: Atherm measurements of LHP-A base model 
 

Starting from the non-coated wicks produced and characterized in terms of porosity and permeability by 
ATHERM, ULB (Universitè Libre de Bruxelles) supported by Graphenea, CNR and University of Cambridge 
began to study, select, optimize and test the best graphene-based coating able to achieve the requested performances 
increase of capillary pressure and low-power activation of the Loop.  

The selected process was the following. Graphene Oxide flakes were deposited from solution on the external 
surfaces by using an air-brush technique. This technique has the main advantage to be industrially viable and easily 
implementable as well as allowing controlling quite precisely the thickness of the coating layer. As a main 
drawback, there is a risk to obstruct completely the pores of the porous wick. Furthermore, the inner pores of the 
wick are not coated.  

III. Test prediction 
In order to measure the LHP characteristics, when operating in vacuum conditions, an experimental set up has 

been designed. Its description is given in the next paragraph. A first oder approximation of such  a set-up has been 
modelled, assuming the heat leak through the MLI to be zero and that the whole dissipated power in the evaporator 
is transfered by the LHP and then rejected by the radiator to the TV chamber shroud. This ideal set-up is shown on 
Figure 5. 

 

 
Figure 5: Ideal thermal model 

 
The radiation heat exchange has been calculated considering the view factor to be 1 and the radiative emittance 

to be � ≅ 0.8 (silvered Teflon tape) 
Calculated condenser temperature vs input power is on Figure 6. 
 

Q (W) Tchiller (°C)  T ev aporator (°C) T condenser inlet (°C) T condenser outside(°C)

85 50,0 109,6 79,7 51,0
90 50,0 113,6 82,0 51,2
90 25,0 96,1 65,8 31,1

101 25,0 104,4 70,3 31,5
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Figure 6: Calculated condenser temperature vs power input 

 
The thermal calculation of the heat rejection of the LHP radiator to the thermal vacuum chamber shroud has 

determined the power level choice, given the temperature limit of 100°C, given by Graphenea for the stability of 
the Graphene deposition. 

Due to the radiator dimensions and the shroud that is kept at room temperature (20°� ± 3°�), allowable 
power range has been determined between 0W and 4W when operating in vacuum with irradiation as the only 
dissipation system. The 100W power imput limit is provided by Atherm for in air convection utilization. Utilization 
in vacuum conditions with irradiation only and with just a 4W power imput will cause a temperature raise to the 
levels of the 100W power imput in air convection. This is shown in Figure 6. 

 

IV. Ground testing 
We have run two families of test: a steady state one and a start-up (transient) one. 
The LHPs has been suspended in a vacuum chamber in order to minimize heat losses, wrapped in a 20 layers 

MLI (aluminized Mylar and interleaved Dacron net). Condenser has been left free to radiate to the vacuum chamber 
shroud, suitably coated with a 10 mils silvered Teflon tape (ε ≈ 0.8(� ≅ 0.8). The LHP radiator is the only part 
exposed directly to the shroud that acts as a thermal sink.  

Tests have been conducted at Finmeccanica-Selex ES, facility in Campi Bisenzio (Firenze), Italy by using a 
space simulator that is a large vacuum chamber capable to provide spaceflight conditions with a residual pressure of 
less than 10-6 mbar.  

Both LHPs (the reference one and the graphen enhanced one) have been installed, one at a time.  
The test set-up, before closing the chamber is shown in Figure 7 and Figure 8. 
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Figure 7: LHP located in the vacuum chamber 

 
 

 
Figure 8: CONDENSER/RADIATOR detail. Figure 8 shows only thermal interface toward the test chamber 

 
In both experiments a set of thermocouples (type K) have been installed on the LHP, both in the evaporator part, 

and in the condenser/radiator area, as well as on the shroud.  
The evaporator block was equipped with a foil heater. 
K-type thermocouples have been used to record the evaporator block temperature as well as the 

condenser/radiator one. The thermocouples are shown in Figure 9 and Figure 10. 
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Figure 9: thermocouple installed on the evaporator 

 
 

 
Figure 10: thermocouples installed on the condenser 

 
The steady state tests have been run with a typical start-up power of 10 W that is well beyond the critical start-

up level: in all instances, the LHP started smoothly. 
After the temperature ramp-up, power was adjusted to one of the four design levels: 1.5 W, 2 W, 2.5 W and 3 W. 
For each power level three tests have been performed on each one of the two LHPs, in order to verify 

repeatability and data consistency. The steady state criterion has been 1°C/h stability, observed for at least 2 hours. 
The LHP in both configurations were slightly tilted in favour of gravity, so that blocking conditions, such as vapour 
plugs in the reservoir, could not occur. Steady state tests summary is avaible on Table 2 and Table 3. 

Measurement chain has been calibrated at 20°C. ∆T between evaporator and condenser has been calculated, 
without any specific differential measurement to improve accuracy 
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Test 

n. 

Power input to 

the LHP-A [W]  

Temperature at 

evaporator [°C]  

 Temperature at 

condenser [°C]  

∆	��������� 

[°C]  

1*1 1.57 52.5 51.5 1.0 

2 1.57 48.2 46.7 1.5 

3 1.52 53.1 51.7 1.4 

4 1.87 59.1 58.0 1.1 

5 2.07 60.6 59,2 1,3 

6 2.20 60.6 59.2 1.3 

7 2.55 68.1 66.9 1.2 

8 2.55 67.1 65.9 1.1 

9 2.55 68.6 67.3 1.3 

10 3.09 75.4 74.0 1.4 

11 3.17 74.7 73.3 1.3 

12 3.17 74.2 72.5 1.7 

Table 2: LHP-A. Steady state tests 
 

Test 
n. 
 

Power input to 

the LHP-B [W]  

Temperature at 

evaporator [°C]  

Temperature at 

condenser [°C]  

∆	��������� 

[°C]  

1 1.47 48.0 47.0 0.97 

2 1.47 50.0 49.2 0.83 

3 2.08 57.8 56.9 0.92 

4 2.08 56.3 55.3 1.01 

5 2.08 58.4 57.6 0.8 

6 2.49 63.1 62.0 1.07 

7 2.49 63.7 62.6 1.07 

8 3.03 70.5 69.3 1.22 

9 3.03 71.3 70.4 0.88 

Table 3: LHP-B (Graphene Oxide) Steady state tests  
 

Figure 11 show a steady state test example. 
 

                                                           
1 During stabilization LHP-B stopped working at 48°C and it was recovered by applying 10W for 2 minutes. Root 
causes and details fluid dynamic determination required an anlysis beyond the scope of this paper.  
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Figure 11: Steady-state test for LHP-B 

 
A comparison of the performance (evaporator-condenser delta-T) vs. applied power between the LHPs is show 

in Figure 12. 
 

 
Figure 12:  Pradiated vs ∆T = (Tevap - Tcond)  for LHP-A and LHP-B 
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The start-up tests are, instead, a power-on condition at low power: the levels mentioned above and in particular 
the lowest one, 1.5 W, in order to record: 

- If the start-up was occurring before reaching the limit temperature of 90°C (100°C – a safety margin)  
- The start-up time, in case of a successful one 

Each start-up test was starting from ambient temperature both on the evaporator and on the condenser, given a 
slighlty favourable tilt of the LHP, at the start-up, the conditions were compensation chamber fully liquid filled, 
evaporator partly vapor and partly liquid 

On Table 4 and Table 5 are reported all the start-up tests made for LHP-A and LHP-B (Graphene).  
Figure 13 and Figure 14 show 2 different start-up tests made for LHP-A and LHP-B where is clearly visible the 

different startup time of the 2 LHP.  
 

Test 

n. 

Power 

input to the 

LHP-A [W]  

Temperatur

e at 

evaporator 

[°C]  

Temperature 

at condenser 

[°C]  

Startup 

time [min]  

Notes  

1 1.52 53.1 51,7 ~95  

2 2.07 60.6 59,2 ~31  

3 3.09 70,3 51,1 N/A 

Started after 9 minutes and 

stopped after 37 min 

operations  

Table 4: Start-up tests for LHP-A 
 

Test 

n. 

Power 

input to the 

LHP-B [W]  

Temperatu

re at 

evaporator 

[°C]  

 Temperature 

at condenser 

[°C]  

Startup 

time [min]	 

Notes 

1 1.47 50.0 49.2 ~57 

Three subsequent 

start/stop occurred within 

the start-up time 

2 1.47 50,7 49,9 ~32  

3 1.47 44.0 43,2 ~60 

Two subsequent start/stop 

occurred within the start-up 

time 

4 1.47 44,0 43,0 ~32  

5 1.47 41,4 41.0 ~28  

6 2,08 58.4 57,6 ~25  

Table 5: Start-up tests for LHP-B (Graphene) 
 
LHP-A has shown one un-succesful start-up at low power out of three attempts. In the other two cases the startup 

time was approximately 30 minutes and  90 minutes. 
LHP-B has always started at low power, with typically shorter times, of the order of 30 minutes, and some 

multiple starts, resulting in typically one hour to reach operational conditions. 
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Two examples of these start-up for LHP A and B are shown in the next figures. 

 
Figure 13: LHP-A start-up at 1.5 W 

 

 
Figure 14: LHP-B (Graphene) start-up at 1.5 W 
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V. Conclusion  
The steady state test results on a Graphene-enhanced methanol LHPdemonstrate a slightly higher conductance, 

compared to a traditional Ni wick LHP. 
On the contrary, the larger benefits of the Graphene Oxide deposition on the capillary wick appears at low power 

start-up. In this case the occurences of successful start up (at low power) is 100%, with an average time of 30 
minutes, to be compared with the 30-60 minutes for the conventional heat pipe. The smoothest start-up curves 
suggest different phenomena occur at the vapor interface in conbtact with the Graphene Oxide layer. These effects 
are going to be investigated in the next phase of the Graphene Flagship, starting on April 1st 2016. 
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