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Abstract: Experiment of nano-capillary boiling phenomenon of graphene nano-based heat pipe 

on water as working fluids have been carried out. The coating process is carried out by performing 
an electrophoretic deposition process using graphene nanofluid. Graphene nanofluid was made by 
heating and stirring for 15 minutes in a solution consisting of graphene and distilled water with a 
fraction volume of 1%, then followed by an EPD process by dipping a copper pipe into a nanofluid 
which was given a platinum anode and 23 volt of electricity for 15 seconds. Boiling phenomena can 
be observed from the results of data retrieval through high-speed visualization cameras while 
observing thermal performance through temperature data retrieval. Based on the results obtained, the 
nanocoated heat pipe thermal performance is better than the uncoated heat pipe. The nanocoated heat 
pipe could handle higher heat flux as shown by the boiling curve at lower temperature difference 
between heat pipe surface and the saturated water, higher heat transfer coefficient about 215% than 
the uncoated heat pipe which indicates that the heat transfer phenomena occurred in nanocoated heat 
pipe is better than uncoated heat pipe. The bubble diameter that formed in the boiling process of 
nanocoated heat pipe is smaller and released faster than the uncoated heat pipe. 
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1.  Introduction   
Heat pipe is a passive two-phase heat exchanger 

technology, where the heat pipe itself is a structure with 
high thermal conductivity that allows heat transportation 
by maintaining a uniform temperature difference along the 
part that is heated and cooled. Thermal performance of 
heat pipes can be determined from the value of heat 
resistance, when heat resistance is small, then the rate of 
displacement if it increases so does vice versa1,2,3). Factors 
that can influence the value of heat resistance between 
them are working fluid as a medium for conducting heat 
and wick as a medium in the circulation of working fluid 
and nucleic formation in the evaporator3,4,5). Wick is a 
liquid fluid media circulating with the principle of 
capillarity6,7). Capillary on wick can be formed because of 
the existence of cavities, so that wick is also called porous 
media8,9) Porous media on wick can be made from 
materials that have characteristics such as fluid surface 
tension with porous media, permeability and porosity 
where all three of these are important factors in nucleic 

formation. In the boiling pool, nucleic shapes and 
movements that tend to be dynamic in aquades are 
significantly affected by the surface coated with 
nanoparticles10,11,12).  

Nanocoating application of heat pipe evaporators and 
thermosyphons is considered as means to increase the heat 
transfer13,14). It is also based on the charge volume and 
concentration of nanoparticles that could reduce the 
thermal resistance and increase thermal efficiency of the 
heat pipe significantly. Heat pipe with nanocoated wick 
could also reduce thermal resistance and reduce the 
evaporator and condenser wall temperature15,16,17). 

The wick that based on nano-coating could be made 
from graphene, it is one of the material that can be used 
for nano-coating processes due to the high thermal 
conductivity of graphene and not soluble in water or 
organic solvents. To synthesize nanofluid in the graphene 
nano-coating process is carried out by mixing particles 
graphene with water, then stirred and given heat treatment 
into nanofluid graphene. This nanofluid is used as a 
component of the main nano-coating process by dipping a 
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wick material on graphene nanofluid and given heat 
treatment18).  
 
2.  Theory Analysis and Methodology 
2.1 Pool Boiling 

The boiling curve and the temperature change curve 
over time in this study are produced to study the heat 
transfer character in a narrow gap. The definition of 
boiling regime has been produced by Nukiyama based on 
experiments on pool boilings, the boiling curve is shown 
in Figure 1 A-B regime: heat is transferred through single-
phase free convection. Q heat flux in this area is (sTs 5/4). 
B-C regime: water near the hot wall is superheated and 
tends to evaporate, bubbles are formed in locations where 
there are strokes or small holes around the hot wall surface. 
The bubbles transport latent heat of evaporation and also 
increase convection heat transfer. The boiling mechanism 
in this area is called nucleate boiling and is shown only 
with a very high heat transfer rate at small temperature 
differences. In the boiling region, flux q is a function 
(ΔTs) n in general, the values range from 2 to 5. 

 

 
 
 

Fig. 1: The regime curves boiling in the pool boiling 
 

The heat transfer coefficient in the boiling curve is 
expressed as in figure 1 as follows19,20). The amount of 
heat transfer coefficient is obtained from calculations 
using equation (1):   

 

ℎ =  𝑞𝑞
∆𝑇𝑇𝑠𝑠

=  
𝑃𝑃
𝜋𝜋𝜋𝜋𝜋𝜋�

(𝑇𝑇𝑊𝑊−𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆)
=

(𝑉𝑉×𝐼𝐼)
𝜋𝜋𝜋𝜋𝜋𝜋�  

(𝑇𝑇𝑊𝑊−𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆)
 (1) 

which in this case, the Tsat is maintained at 90 ºC as the 
saturated water temperature.  
 
 
2.2 Nano Graphene 

Graphene is the thinnest compound known to humans 
in one thick atom, the lightest material known as 1 square 
meter weighing about 0.77 milligrams, the strongest 
compound found with a strength between 100-300 times 
stronger than steel and with a tensile stiffness of 
150,000,000 psi, the best heat conductor at room 
temperature (at (4.84 ± 0.44) × 103 to (5.30 ± 0.48) × 103 

W.m-1.K-1)21) and also the best known electrical conductor, 
from studies that have shown electron mobility at values 
more than 200,000 cm2 V-1 s-1. This nanoplatelet consists 
of graphenes that are 1 to 15 nanometers thick, with 
diameters ranging from sub-micrometers to 100 
micrometers22). These features show that interplant 
distance in chipped graphite is similar to parent graphite, 
but the size of the stack (from the graphene layer) is 
small23,24,25). 

 
 

2.3 Experiment Methodology and Procedure 
Graphene Nanofluid Preparation 

Nano Coating Graphene is a coating process using 
graphene nanofluid. Whereafter graphene nanofluid was 
obtained, coating was carried out on the heat pipe. 
Graphene nanofluid was made by heating and stirring for 
15 minutes in a solution consisting of graphene and 
distilled water with a volume fraction of 1%. The 
following figure is the scheme of making graphene 
nanofluid17). 

Fig 2. Graphene nanofluid synthesis schematic 
 

Experimental Set-Up 
Figure 2 shows the pool boiling test scheme, in this test 

used commercial electric heaters with a maximum power 
of 300 W and a maximum voltage of 170 volts. This heater 
is connected to an adjustable DC power supply. The 
dimension of the electric heater is 150 mm long and 6 mm 
in diameter made of stainless steel. Before the main heater 
is used, the boiling process is assisted with additional 
heating. Temperature measurement is done by using type 
K thermocouples with 0.02 ºC temperature accuracy. It is 
placed at two points, one point on the surface of the heater 
and one point on the fluid. Thermocouples are connected 
with NI 9201 data acquisition system which sends analog 
signals and will be converted into digital signals on the 
computer through LabView software. The software is 
programmed to record data per second. The condenser 
part is connected to a circulating thermostatic bath which 
operates at 25 oC. The tube used in this boiling test is made 
of pyrex glass with a thickness of 6 mm, a height of 200 
mm, an outer diameter of 115 mm and an inner diameter 
of the tube 103 mm. the bottom part is made of copper 
which also functions as a heating stand. 
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Fig. 3 Pool boiling experimental set-up 

 
 
3.  Result and Discussion  

Based on Scanning Electron Microscope (SEM) 
microscopic analysis result, it can be seen the 
microstructure of the graphene nano-coated heat pipe as 
shown in Figure 4. The results were obtained by 
performing an electrophoretic deposition process using 
graphene nanofluid. Graphene nanofluid was made by 
heating and stirring for 15 minutes in a solution consisting 
of graphene and distilled water with a volume fraction of 
1%, then followed by an EPD process by dipping a copper 
pipe into a nanofluid which had been given a platinum 
anode and 23 volts of electricity during 15 seconds. The 
microscopic analysis was carried out with 3500, 10,000 
and 25,000 times magnification, having a thickness of 
198µm. Based on the analysis of Image-J software, the 
average pore diameter is 2,189 µm with a standard 
deviation of 1,664. 

 
 

 
Fig. 4 Porosity of grapheme nano-coating wick 

 
Based on observations, it can be observed that voltage 

regulator voltage increases also raise the temperature until 
it reaches a steady-state, starting from 70 volts to 150 volts. 
The temperature difference between surface temperature 
and fluid temperature is also seen to be greater in non-
coated heat pipes compared to graphene nano-coated heat 
pipes. Changes in heat flux to heater temperature 
difference and fluid temperature between the surface of 
the non-coated heat pipe and graphene nano-coated heat 
pipe can be seen in Figure 5. Based on the graph, it can be 
seen that nano heat transfer performance of graphene heat 

pipe coating is better than non-coated heat pipe based on 
the increase in heat flux and a decrease in ∆T which starts 
when the heat flux is above 10 kW/m2. Increasing ∆T 
graphene heat pipe after heat flux above 20 kW/m2 is due 
to the condensation process that occurs. 

 
Fig. 5 Heat flux distribution 

 
Based on Figure 6, graphene nano-coated heat pipe 

have a better heat transfer coefficient than non-coated heat 
pipes which starts when heat fluxes are above 10 kW/m2. 
The data stated that heat transfer coefficient of graphene 
nano-coated heat pipes is 215% better from non-coated 
heat pipe comparing the two heat transfer coefficients that 
have the highest difference.  

 
Fig. 6 Heat transfer coefficient distribution  

 
The bubble formation process in pool boiling 

phenomena from non-coated heat pipe and graphene 
nano-coated heat pipe can be seen in Figure 7 and Figure 
8. Based on figures 7 and 8, it can be seen that the higher 
the voltage applied, the smaller the bubble will be and the 
faster it will release from the other bubbles. This bubble 
phenomena occurred because the nano porosity formed by 
the nanocoating on the surface. Bubbles appear when the 
voltage is 70 volts, wherein this condition the bubbles tend 
to be difficult to remove from the heating source, this 
changes with the bubble conditions formed which release 
faster and the bubbles formed are separated from the other 
bubbles when the voltage is increased to 150 volts. Bubble 
diameter size can be observed with the ImageJ application, 
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this makes it possible to analyze the distribution of bubble 
distribution as shown in figure 9 and figure 10. 

 

 
Fig. 7 Bubble phenomenon of pool boiling non-coated heat 

pipe 

 
Fig. 8 Bubble phenomenon of pool boiling graphene nano-

coated wick heat pipe 

 
Fig. 9 Uncoated heat pipe bubble distribution graph 

 
Fig. 10 Graphene coated heat pipe bubble distribution graph 

 
Based on the graph shown in figure 10, the distribution 

of bubble distribution can be seen that with the ratio of the 
number of bubbles with a diameter smaller than the 70-
volt voltage it continues to increase to a voltage of 150 
volts. The distribution graph also shows the bubble size of 
the graphene nano-coated heat pipe smaller than that of 
the non-coated heat pipe which indicates that the bubble 
is faster apart from the graphene nano-coated heat pipe. It 
is possible that this process is altered as graphene 
nanoparticle surface treatment to produce a greater 
number of large cavities distribution for smaller porosity. 
As a result, the boiling curve of the graphene nanocoating 
displays a lower wall superheat under the same load as 
compared to the non-coated wick. The boiling curve on 
the nano-coated surface displays a smaller bubble to the 
boiling curves on the graphene nano-coated surfaces. On 
the other hand, the boiling curve of the nano-coated wick 
displays a higher value of the non-coated heat pipe. 

 
4.  Conclusion 

Based on the results obtained, the nanocoated heat pipe 
thermal performance is better than the uncoated heat pipe. 
The nanocoated heat pipe could handle higher heat flux as 
shown by the boiling curve at lower temperature 
difference between heat pipe surface and the saturated 
water, also a higher heat transfer coefficient about 215% 
than the uncoated heat pipe which indicates that the heat 
transfer phenomena occurred in nanocoated heat pipe is 
better than uncoated heat pipe. The bubble diameter that 
formed in the boiling process of nanocoated heat pipe is 
smaller and released faster than the uncoated heat pipe 
because of the nano porosity formed by the nanocoating 
layer.  
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Nomenclature 

h heat transfer coefficient (W m-2 K-1) 
q" heat flux (W m-2) 
ΔTs superheat wall temperature (˚C) 
P Electric Heating Power (W) 
D Substrate Diameter (m) 
L Length of Substrate (m) 
V Voltage of Electric Heater (V) 
I Electric Heating Flow (A) 
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