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 An experimental study was conducted in order to investigate the effect of filling ratio (F.R) and 

tilted angle (Φ) of the evaporator section on the thermal efficiency in a two-phase closed 

thermosyphon (TS) with the vertical condenser and adiabatic sections. Therefore, a copper tube 

with inner diameter of 14.5 mm was used with distilled water in the filling ratio 15 % to 60 % 

and input heat 100 to 250 watt. The evaporator section of TS (from the junction of an adiabatic 

section) is bent and compare with vertical positions. Through this study, it was found that 

optimum of F.R was 45 % and the best-tilted angle for the evaporator was 60º relative to the 

horizontal axis. Also, the boiling heat transfer coefficient rises about 15.2 % when the 

evaporator section will be bent  60º in optimized filling ratio. Furthermore, boiling heat transfer 

coefficient obtained from the experimental results of this research were compared with 

Rohsenow's correlation, who showed good agreement. 
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1. INTRODUCTION 

 

The heat transfer is a section of engineering, and the always 

wishing energy efficiency provisions are driving engineers to 

continually improve the efficiency of heat transfer methods. 

The heat pipes are the best devices for heat transfer. The 

significant increase in heat pipe heat transfer, boiling and 

condensation of the two phenomena as well as the high-speed 

vapor of working fluid along the tube, is under vacuum 

conditions. The heat pipes without wicks, called two-phase 

closed thermosyphon (TS) [1-2]. As shown in Figure 1, TS, 

the working fluid within it, to get heat in the evaporator and 

then the loss of heat in the condenser, returns to the evaporator. 

The fluid in the TS, to return from the condenser to the 

evaporator, does not use a wick and do it with gravity. In this 

case, the evaporator should be lower than the position of the 

condenser in the direction of gravity ground [3]. 

TS performance is significantly affected by a large of 

parameters, such as geometry, the filling ratio of working fluid, 

properties of the working fluid, tilted angle, saturation 

conditions and etc. TS and other thermal devices for renewable 

energy applications such as in solar and geothermal can help 

you design more efficient, more cost-effective and greener 

systems [4]. Also, it can use for the electronic cooling system 

[5], heat transfer in permafrost regions [6]. 

Booddachan et al. [7], investigated the effect of tilted angles, 

aspect ratios and Bond number on the thermal performance of 

a TS. They obtained the tilted angle with highest thermal 

performance ranged from 60º to 70º. Zuo et al. [8] studied the 

heat transfer of a tilted TS. They concluded that the minimum 

value of working fluid remains approximately constant from 

20º to 90º, with relative to the horizontal, and by decreasing 

the tilted angle increase considerably. Terdtoon et al. [9] 

studied the effects of F.R., A.R (Aspect Ratio) and TS position 

angle, different working fluids and different diameters of TSs. 

 
 

Figure 1. A schematic of a two-phased closed thermosyphon 

      

TSs with tilted angle has better performance in the vertical 

position. It happens between 40º to 70º. Ong and Haider-E-

Alahi [10] the effects of cooling flow rate and the filling ratio 

of R-134a on the thermal performance of a vertically tilted TS 

were also investigated experimentally. A.K. Mozumder et al 

[11] thermal performance of heat studied. Total heat transfer 

coefficient of the miniature heat pipe is found to be the higher 

for the Acetone as a pipe for various working fluids and filling 

ratios were working fluid. S.H. Noie et al. [12] were studied 

the effect of heat transfer rates, system pressure, aspect ratios 

and filling ratios on the heat transfer rate of a TS. The 

experimental results such as boiling and condensation heat 

transfer coefficients in TS were checked with the available 

correlations. M.R. Sarmasti Emami et al. [13] the effect of the 

aspect ratio and filling ratio on the thermal performance of a 

tilted TS has been studied experimentally. The best efficiency 

is in filling ratio of 45 % and at a tilted angle of 60º from 

horizontal. C.C. Hsu et al. [14] studied the effects of shock and 

vibration in the heat pipe with axis acceleration and tilted angle. 
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They concluded that with increasing axis acceleration up to 

1.5g total thermal resistance increases of 5 to 30 percent. 

Recently, researchers have focused on optimizing the 

properties of nanofluids for use in heat transfer devices i.e. 

heat exchangers and heat pipes [15-17]. Kamyar et al. [18] 

examined the effects of nanofluids on the performance of TS. 

Results indicate that both nanofluids improve the proficiency 

through a reduction in thermal resistance by 65 % (at 0.05 % 

volume for Al2O3) and 57 % (at 0.075 % volume for TiSiO4). 

As previous studies have shown, the effect of tilted angle of 

TS and heat pipes was studied. In this research, the effect of 

tilted angle of evaporator section and filling ratio on the 

thermal characteristics of a TS was investigated. In Figure 2, 

the tilted angles of evaporator section are shown. 

 

 

 

Figure 2. Tilted angle of evaporator section 

 

 

2. EXPRIMENTAL SETUP AND METHOD 

 

2.1 Experimental setup 

  

In order to study the thermal efficiency of a two-phase 

closed thermosyphon, a specific experimental setup was 

designed and constructed. In this study, the tubes of copper 

were used with an internal diameter of 14.5 mm and the outer 

diameter of 16 mm. View a summary of the design 

specifications for the TS in Table 1. 

 

Table 1. Design summary of the TS 

 
)iInternal Diameter (D 14.5 

)oOuter Diameter (D 16 

)a(L Adiabatic Length 200 

)cCondenser Length (L 400 

Evaporator Length (Le) 400 

(A.R) i/DeL Aspect Ratio 28 

 

Distilled water was used as the working fluid, because it has 

good thermophysical properties, i.e. The heat of vaporization 

is high and in the range of 25 to 100 °C can be used [1]. Also, 

bending the evaporator section and the impact of changes the 

tilted angle on TS performance was evaluated. In this work the 

operating parameters studied were shown in Table 2. 

 

Table 2. Operating parameter in this research 

 
TS angle 

(degree) 

Input power (watt) Filling ratio 

90 100, 150, 200, 250 15%< F.R <60% 

60 200 15%< F.R <60% 

30 200 15%< F.R <60% 

The thermal characteristics of the TS were accomplished by 

distributing the temperature on the outer surface of the tube. 

Thermocouples were used by RTD PT100). The accuracy of 

thermocouples is ±0.1 Celsius.  

To control the input power to the tubes of a rheostat device 

with a nominal power of 1000W was used. Performance 

pressure determined with a pressure gauge that was connected 

to the top of the TS. The cooling water flow rate of a flow 

meter (Rotameter) was measured. As the rate of water entering 

the condenser was set to the temperature difference between 

the inlet and outlet reach to a level that was recognizable. 

Accordingly, the water flow rate of 250 (cm3/min) was 

determined. The thermosyphon was vacuumed down to 10 

(psi). Input power can also be adjusted so that 1000 (W/m2) 

the heat flux was input to each TS. The tube with different 

diameters with a ratio of 15 %, 30 %, 45% and 60 % was tested. 

A schematic of the experimental setup is shown in Figure 3.  

 

 
 

Figure 3. A schematic of the experimental setup 

 

2.2 Uncertainty analysis 

 

For the calculation of the uncertainty in the measured values 

of the tests using the manufacturer’s specification for each 

device on the Table 3. 

 

Table 3. Uncertainty in measured parameters 

 
Relative 

Uncertainty 

Device Measurement 

± 0.5 ºC RTD(PT100) 

thermocouple 

Temperature 

± 5 ml Flow meter (Rotameter) Cooling water 

flow 

± 3.2% Best DT9205A 

multimeter 

Voltage 

± 2.2% Best DT9205A 

multimeter 

Current 

± 3.8% Best DT9205A 

multimeter 

Electric resistance 

 

By calculating the relative uncertainty of measurement 

values in Table 2 and putting in Eq. (1) was presented by Kline 

and McClintock [19] tests measure the amount of uncertainty 

is calculated: 
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Consequently, the maximum value of uncertainty is for heat 

transfer coefficient about 4.06 %, the rate of output heat 

transfer about 3.2 %, input power about 3.8 %, and efficiency 

about 4.9 %. 

 

2.3 Heat transfer rate  

 

Input power and output heat, the most important value will 

be calculated on the basis of the results obtained. Using the 

following equation can be input voltage and electrical current, 

the actual power rate input in the evaporator section can be 

calculated by Eq. (2):  

 

.in lossQ V I Q= −                               (2)   

    

The rate of dissipated heat, as well as the following equation 

of heat dissipation through convection and radiation, can be 

obtained from Eq. (3): 

 

. .loss rad convQ Q Q= +                        (3) 

     

The rate of heat dissipated through radiation and convection 

around the tube insulation is calculated as Eqns. (4) and (5): 

 

( )4 4

. .. .rad e ins airQ A T T = −                  (4) 

 

( ). . .conv conv e ins airQ h A T T= −                 (5) 

 

Heat transfer coefficient around the vertical and tilted 

cylinder is calculated from the relationship between Churchill 

and Chu [20] by Eq. (6), where Ra (Rayleigh number) of Eq. 

(7) is obtained: 
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Incropera and De Witt noted that for 30 < Φ <90, g can be 

replaced by gsinΦ in Eq. (7) can be used [21]. 

Heat transfer rate output from the Eq. (8) based on the 

difference in temperature around the condenser cooling water 

is obtained: 

 

( ), , ,out p w w out w inQ mc T T= −                    (8) 

   

2.4 Evaporator heat transfer coefficient 

 

Experimental evaporation heat transfer coefficient was 

evaluated from the Eq. (9).  

 

( )
out

e

e v eva

Q
h

A T T
=

−
                     (9) 

where Teva., The average temperature of evaporator surface and 

Tv is vapor temperature that, in this research, was considered 

the adiabatic surface temperature based on older studies [22-

23]. 

It was found that nucleate boiling is the predominant 

mechanism in the evaporator section. Therefore, a correlation 

based on nucleate boiling were selected to compare with the 

experimental data obtained from this research. Rohsenow [24] 

correlated experimental data for nucleate pool boiling with Eq. 

(10): 
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The values of the Csf are given in reference [25]. 

 

 

3. RESULTS AND DISCUSSION 

 

A series of experiments were carried out to find the effect 

of varying parameters on the thermal characteristics of the 

two-phase closed thermosyphon. 

 

3.1 The temperature distribution  

 

The Figures 4 and 5 show the variation of the temperature 

along the length of the TS in the various tilted angles of 

evaporator section. 

 

 
 

Figure 4. Variation of the temperature along the Ts with the 

Φ=90º (vertical evaporator) 

 

 
 

Figure 5. Variation of the temperature along the TS with the 

evaporator with Φ=60º 
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As can be seen in the above Figures 4 and 5, the evaporator 

surface temperature in the approximate shape remains constant. 

But in the adiabatic section, the temperature is reduced 

suddenly because of the input heat flux was not in this, the 

temperature difference between the evaporator and condenser 

is minimum in filling ratio of 45 %. Therefore the total thermal 

resistance is lowest in the pipe. The performance of the TS will 

be better at this filling ratio. Also, the reason for the rising 

temperature in the evaporator section at filling ratio of 15 % 

can local drying of this section. 

 

3.2 Effect of filling ratio 

 

Change the amount of fluid in the TS is one of the very 

important factors affecting the performance of TS. Therefore, 

The filling ratio of fluid 15 %, 30 %, 45 % and 60 % were 

studied. Figure 6 shows the variation of efficiency (Qout/Qin), 

by changing the filling ratio in the various tilted angles of the 

evaporator.  

Which shows the highest efficiency for filling ratio will be 

off 45 % and tilted angle of 60º. With an increasing filling ratio, 

due to the increased intensity of geyser boiling, efficiency is 

reduced. However, to increase the tilted angle to 60º decreases 

the effect of this phenomenon [26]. 

 

 
 

Figure 6. Variation of Qout/Qin with the filling ratio for three 

tilted angles of evaporator 

 

 
 

Figure 7. Variation of Qout/Qin with the filling ratio for all 

input power for Φ=90º 

 

Figure 7 shows the variation of the thermal efficiency 

(Qout/Qin), respect to the filling ratio of the various input power. 

It can be seen that the maximum thermal efficiency takes 

place in the F.R=45 % and Qin =250W for Φ=90°. Also by 

increasing the filling ratio to 60 % in Qin=250W, the thermal 

efficiency of TS decreased. Because input power of 250W is 

higher than the value of the boiling limits for this filling ratio 

and TS geometry [13]. 

 

3.3 Effect of tilted angle of evaporator 

 

With bending the pipe of the evaporator and adiabatic 

junction, will be considered the tilted angle of the evaporator. 

Therefore, the effect of the tilted angle of the evaporator 

section at 90º, 60º and 30° relative to the horizontal axis was 

investigated. The thermal efficiency for tilted angle relative to 

vertical TS in different F.R is shown in Figure 8.  

 

 
 

Figure 8. Variation of Qout/Q90 with the tilted angle  

    

As shown in Figure 8, the maximum thermal efficiency of 

TS occurs at 60º of a tilted angle and an optimum filling ratio 

(F.R.=45 %). 

Figure 9 shows that the evaporator heat transfer coefficient 

increased when the tilted angle of evaporator changed from 

vertical to 60˚ and decreased when it bent to 30˚. 

 

 
 

Figure 9. Variation of he with the tilted angle for F.R=45 % 

 

 
 

Figure 10. Comparison of boiling heat transfer coefficient 

with Rohsenow correlation [24] for F.R=45 % 
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As explained earlier, the experimental results of this 

research can be compared with Rohsenow correlation in Eq. 

(10). As shown in Figure 10, a good agreement (around 15 % 

on average) was observed between the results obtained from 

this study with Rohsenow correlation in the F.R.=45%. 

 

 

4. CONCLUSIONS 

 

In this research, the thermal characteristics of a two-phase 

closed thermosyphon (TS) with distilled water were studied 

experimentally. This investigation is mainly concerned with 

the effect of the evaporator section tilted angle at various 

filling ratio and input heat. The main results were as follows: 

*   The maximum thermal efficiency of TS occurs at F.R=45 % 

and Φ=60º of evaporator section.  

*  The maximum output heat transfer rate for all filling ratios 

occurs at 60º. 

* The geyser boiling phenomenon happened during the 

experiments for filling ratios greater than 45%. Therefore, 

in this situation, the thermal efficiency of TS was reduced 

more quickly. 

*   The average temperature of the evaporator surface declined 

in optimum filling ratio and represents minimum total 

thermal resistance. 

*  Increasing the input heat will be caused by the increased the 

thermal efficiency, as long as it does not pass the boiling 

limited heat transfer. 

* Application of various nanofluid as a working fluid and 

different geometry (i.e. length and diameter) of TS are 

recommendations for future studies in this situation.  
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NOMENCLATURE 

 

Ae               evaporator lateral surface, m2 

A.R        aspect ratio 

cp,w       specific heat of water, J.kg-1.°C-1 

Csf constant, determined from experimental data 

Di internal diameter of pipe, m 

Do   outlet diameter of pipe, m 

F.R        filling ratio (=Vl/Ve) 

g gravitational acceleration, m.s-2 

hcov.  convection heat transfer coefficient, W.m-2.°C-1 

he heat transfer coefficient at evaporator, W.m-2.°C-1 

hfg latent heat of vaporization, J.kg-1 

I current, A 

kair thermal conductivity of air, W.m-1.°C-1 

kl   thermal conductivity of liquid, W.m-.°C-1 

Lc condenser length, m 

Le evaporator length, m 

�̇� mass flow rate of water, kg.s-1 

Nu Nusselt number (=hconv. Le / kair) 

Pr  Prandtl number (= υ/α) 

qe   input heat flux, W.m-2 

Qin input heat into the evaporator section, W 

Qcov                 convection heat transfer rate, W 

Qloss heat loss by radiation and convection, W 

Qout transmitted heat from the condenser section, W 

Qrad.  radiation heat transfer rate, W 

Patm standard atmospheric pressure, Pa 

Psat vapor saturation pressure, Pa 

Ra Rayleigh number (= 𝘨𝛽(𝑇𝑖𝑛𝑠 − 𝑇𝑎𝑖𝑟)𝐿𝑒
3 𝛼𝜈⁄  ) 

Tair air temperature, °C 

Teva average temperature of evaporator section, °C 

Tins temperature on external surface of insulation, °C 

Tw.in inlet water temperature of condenser, °C 

Tw.o outlet water temperature of condenser, °C 

Tv vapor temperature, °C 

V voltage, V 

Ve evaporator volume, m3 

Vl liquid volume, m3 

 

Greek symbols 

 

α thermal diffusivity of air, m2.s-1, (=k/ ρ.cp) 

β inverse of film temperature of air, K-1, (=
1

fT
) 

ν kinematic viscosity of air, m2.s-1, (=μ/ ρ) 

l viscosity of liquid, kg.m-1s-1 

ρl density of liquid, kg.m-3 

ρv  density of vapor, kg.m-3 

σ  Stefan Boltzmann constant in Eq.(4) (W/m2.K4) 

ε  emissive factor of insulator 

Φ tilted angle (measured against horizontal) 
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