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INTRODUCTION

 
 Filling ratio is one of the important parameter to 
investigate effect on thermal performance of 
thermosyphon. Filling ratio has two opposite effects 
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 A B S T R A C T 
 The effect of filling ratio and tracking system on the overall system performance of 

wickless heat pipe (thermosyphon) parabolic trough solar collector with evacuated glass 
tube has been investigated experimentally in this research. It was used distilled water as 
a working fluid with filling charge ratio 50% - % 75% inside heat pipe. The place that it 
was taken experimental data in Iraq-Samarra city (latitude angel 34.23 & longitude 
angel 44.15) and then evaluated the overall system performance at load and no
filling ratio 50% and with and without tracking system. The experimental results 
showed that the overall system performance at no-load with tracking system and 
without tracking system at filling ratio 50% was 13.65% and 6.35% respectively, the 
overall system performance at 0.00427 kg/sec load with tracking system is greater 
about 7.55% than without tracking system at same load starting at 12:30 hr and also the 
results showed that the maximum overall system performance when the filling ratio 
increases from 50% to 75% reduce from 37.66% to 33.62% at the load 0.00785 kg/sec 
starting at 12:00 hr.  
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s one of the important parameter to 
effect on thermal performance of 

Filling ratio has two opposite effects 

on the rate of evaporation. First, at higher fill ratio it 
is possible to have more heat transfer from the 
evaporator wall to the working fluid and it lead to 
increase thermosyphon performance.
height of working fluid has a negative effect of large 
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bubbles or film formation in the lower parts of the 
evaporator and it leads to decrease the thermosyphon 
performance[1].Tracking is particularly important in 
solar energy collection systems that operate under 
concentrated sunlight. Parabolic trough collectors 
like other solar concentrating systems have to track 
the sun. The troughs are normally designed to track 
the sun along one axis oriented in the north-south or 
east west direction. 
 (Kim et al.,2012) presented experimentally 
investigated to study the effect of the working-fluid 
filling ratio and the cooling-water flow rate (CWFR) 
on the top heat loss and the performance of a solar 
collector equipped with a closed-loop oscillating heat 
pipe (CLOHP). The CLOHP was composed of a 
heating section, a cooling section, and an adiabatic 
section; it had a 0.002-m internal diameter and eight 
turns. The filling ratio of the working fluid ranged 
from 30% to 80% with a 10% interval, and the 
CWFRs were 0.15 l/min, 0.30 l/min, and 0.45 l/min. 
The experimental results showed that the solar 
collector equipped with the CLOHP has good 
performance at working-fluid (FRs) of 60% and 70% 
with low flow rates of 0.15 l/min and 0.30 l/min. 
 (Arab et al.,2012) presented experimental work 
to investigate the application of pulsating heat pipes 
(PHPs) as a heat transfer tool in a solar water heater 
(SWH). An extra-long pulsating heat pipe (ELPHP) 
was designed, constructed and installed in a 
thermosyphon solar water heater. The extra-long 
pulsating heat pipe were made of copper tubes of 
internal diameter 2.0 mm. The number of 
meandering turns is 6 and the working fluid 
employed is distilled water. The lengths of condenser 
and evaporator sections were 0.8 and 0.96 m, 
respectively. The length of adiabatic section varies 
between 0.7 and 1.8 m. Inclination of the ELPHPs 
varies between 15° and 90° but is 45° for evaporator 
section. Four different tests are carried out; SWH 
with thermosyphon cycle, SWH with PHP filling 
ratio (FR) = 30%, FR = 50% and FR = 70%.The 
results showed  that PHP with FR = 70% has the 
most stable and the longest functioning duration.  
 (Senthil et al.,2012) presented experimental 
study of flat plate collectors using -heat pipes were 
fabricated. In each set up three identical wickless 
copper heat pipes were used having length 620 mm 
and outer diameter of 18mm. The working fluid used 
in one set up was pure water and in another pure 
water with nano particles. The nano particles used 
were CNT having diameter 10-12 nm & length 0.1-
10 μ. setups were initially tested at Indian standard 
tilt angle 31.5° and Maximum performance angle 
50°. At the same angles these collectors were tested 
using the solar tracking system. Both collectors gave 
maximum instantaneous efficiency at the 50° for 
with and without tracking. 
 (Shigeki et al.,2013) presented  experimental 
study  the thermal conductance of single and loop 
type heat pipes for a solar collector plate. The long of 

Evaporator-part is 1 m-long,  diameter is 6 mm-
diameter and 30-inclination. Effects of the saturation 
temperature , heat transfer rate, working fluid, liquid 
fill ratio, and inclined angle on the thermal 
conductance are examined. It was found that the 
thermal conductance of the inclined loop type heat 
pipe is 40-50 (W/K), which is 10% higher than that 
of a vertical loop type and 3 times higher than that of 
a single tube type. 
       (Ji et al.,2014)introduced a novel insert-type 
two-phase closed loop thermosyphon (or called 
gravity return loop heat pipe) for reducing the cost 
and the installation/maintenance difficulty, especially 
for a split-type solar water heater. A series of 
systematic visualization experiments were  
conducted to explore the operation characteristics of 
the proposed loop thermosyphon at different filling 
ratios, different heat loads and different cooling 
conditions. The results showed the filling ratio has a 
critical impact on the thermal resistance, flow 
patterns and start-up behavior of the loop 
thermosyphon.It is concluded that the filling ratio has 
a great impact on the performance of the proposed 
loop thermosyphon. There exists an optimal filling 
ratio to balance the demand of a low thermal 
resistance and the operation reliability. 
       (Jafari  et al., 2015) study experimentally work 
combination of a heat pipe and a twin-glass 
evacuated tube collector is utilized with sun tracking 
parabolic through collector for desalination system. 
The results  showed that the rate of production and 
efficiency of desalination systems can reach to 0.27 
kg/(m2 h) and 22.1%  respectively when aluminum 
conducting foils are used in the space between the 
heat pipe and the twin-glass evacuated tube collector 
to transfer heat from the tube collector to the heat 
pip. It is used oil as a medium for the transfer of heat, 
filling the space between heat pipe and twin-glass 
evacuated tube collector. When oil was used as a 
medium for the transfer of heat, filling the space 
between heat pipe and twin-glass evacuated tube 
collector, the production and efficiency can increase 
to 0.933 kg/(m2.h) and 65.2%,respectively. 
 The objective of this work is to calculate  the  
solar radiation with tracking and no-tracking 
theoretically , overall system performance with 
tracking system and without tracking system and 
study effect filling charge ratio (50% and 75%)  on 
overall system performance of system consist 
wickless heat pipe parabolic trough collector and 
evacuated glass tubes. 
 
2-Experimental Apparatus: 
 In the present work, copper pipe was selected for 
the heat pipe content is divided into the evaporator 
and condenser . Copper is chemically stable over a 
wide range of working fluids and has a working 
temperature within the scope of the present work. 
The dimensions of copper heat pipe is 22.3 mm 
external diameter ,20.6 mm inner diameter , 
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evaporator length is 1470 mm and condenser length 
is 305 mm. 
 The working fluid is used inside wickless heat 
pipe is distilled water ,the evacuated glass tube heat 
pipe solar collectors has been used. The evaporator 
section of the heat pipe was placed inside the 
evacuated glass tube whereas the condenser section 
was placed in the storage tank. 
 The parabolic trough collector is used to 
concentrate the sunlight before it strikes the absorber. 
Reflected  surface curved in a parabolic shape 
linearly extended into a trough shape focus sunlight 
on an absorber tube running the length of the trough. 
The absorber tube will absorb the solar radiation and 
it is transferred to the heat pipe(evaporation section) 
to heat the working fluid. 
 A single axis-tracking parabolic trough collector 
with the rotation to the absorber tube axis. Tracking 

is particularly important in solar energy collection 
systems that operate under concentrated sunlight. the 
tracking system uses a dc actuator with battery 
backup. 
 The water storage tank is fabricated from 
galvanized steel sheet of 0.8 mm thickness and 
measuring (320× 320× 120) mm in size, and it 
contains 11.73 l ,one lower corner of the tank was cut 
at 45o to facilitate receiving condenser section of  
heat pipe assembly to the tank. To minimize heat 
losses from wall of tank to the environment, the 
water storage tank was insulated with 50 mm thick 
glass wool .Figure (1a) and (1b) shows the testing rig 
and photographed of components. The design 
specification of the system which used heat is given 
in table 1. 

 

 
 

Fig. 1a: A schematic diagram of the experimental solar heat pipe test rig. 
 

 
 
Fig. 1b: Experimental solar heat pipe test rig.  
 

 
 
Fig. 2: Thermocouple locations for heat pipes. 
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Fig. 3: Thermocouple locations in The Storage Tank. 
 

 
 
Fig. 4a: Solar Radiation Variation with Time at Date 7/1. 
 

 
 
Fig. 4b: Solar Radiation Variation with Time at Date 21/4. 
 

 
 
Fig. 5: Solar radiation and temperature distribute with no-load & tracking at Date 10/3/2015. 
 

 
 
Fig. 6: Solar radiation and temperature distribute with-load at time starting 12:30 hr & tracking  at  Date    
      26/3/2015. 
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Fig. 7: Solar radiation and temperature distribute with no-load & no-tracking  at  Date 23/3/2015. 
 

 
 
Fig. 8: Solar radiation and temperature distribute with-load at time starting 12:30 hr & no-tracking  at  Date 
      4/4/2015. 
 

 
 
Fig. 9: Solar radiation and temperature distribute with-load at time starting 12:30 hr & no-tracking  at  Date 
      26/4/2015. 

 
 
Fig. 10: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking  at  Date     
     5/4/2015. 

 
 
Fig. 11: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking  at  Date     
     6/4/2015. 
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Fig. 12: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking  at  Date    
     7/4/2015. 

 
 
Fig. 13: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking at Date  
       11/5/2015. 
 

 
 
Fig. 14: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking at Date  
       15/5/2015. 
 

 
 
Fig. 15: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking at Date   
       16/5/2015. 
 

 
 
Fig. 16: Solar radiation and temperature distribute with-load at time starting 12:00 hr & tracking at Date    
       20/5/2015. 



29                                                            Muhammad Asmail Eleiwi et al, 2015 
Advances in Natural and Applied Sciences, 9(15) November 2015, Pages: 23-31 

 

 
 
Fig. 17: Overall efficiency Vs Mass Flow starting load at 12:30 hr. 
 

 
 
Fig. 18: Overall efficiency Vs Mass Flow Rate starting load at 12:00 hr. 

 
Table 1: Design specifications  of the evacuated tube heat pipe solar water heating system. 

Part Item Design Specifications 
Solar 

collector 
Type Evacuated tube heat pipe solar collector 

Location test Iraq-Samarra(latitude angel 34.23 & longitude angel 44.15) 

Heat pipe 

Type Gravity assisted wickless  heat pipe 
Material Copper 

Outer diameter 22.3mm 
Inner diameter 20.6 mm 

Evaporator length 1470mm 
Condenser length 305mm 

Working fluid Distilled water 

Evacuated 
glass tube 

Material High equality borosilicate glass 
Length 1480mm 

Outer tube diameter 47.1mm 
Inner tube diameter 34.1mm 

Glass thickness 1.6mm 
Vacuum 10-4 torr 
Coating Grade aluminum nitride/Aluminum 

Transmittance 0.9 
Absorbance 0.95 

Parabolic 
Reflector 

Width 0.8m 
Length 1480mm 

Rim angle 90 degree 
Focal distance 20cm 

Type Plastic flexible mirror with tracking system(one-axis) 

Storage 
tank 

Material Galvanized steel sheet of 0.8 mm thickness 
Capacity 11.73 l 
Insulation Glass wool 50 mm thickness 
Outer shell Galvanized steel sheet of 0.25 mm thickness 

Support 
stand 

Material Steel 
Orientation Variable angle , facing south 

 
Table 2: Overall System Performance With No-Load & at Filling Ratio 50%. 

With Tracking Without Tracking 
No-Load η=13.65% η=6.35% 
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3- Instrumentation and Measurements: 
 Type k thermocouples was used in the present 
work, these thermocouples are distributed on the heat 
pipe as shown in figure(2).Ten nodes (1 to 10) for 
external surface of heat pipe and three nodes 
(11,12,13)  for internal core  of  heat pipe are fixed 
by inserting an end soldered capillary tube (2 mm 
OD)throw the heat pipe wall. 
 In storage tank there are three thermocouple in 
line with each one by 2.5cm from top and bottom, 
the last one in the middle shown in figure(3).After 
the calibration of the thermocouples, they were 
connected to the digital thermometer  was used to 
record the temperature readings. 
 The solar meter is used to measure global solar 
power in Watts/m2.  
 The volumetric flow rate of the load measured 
by using glass beakers (fixed volume) in a certain 
time. 
 A compound gauge is used to measure the 
pressure variation inside the heat pipe. 
 The variation of the pressure inside the heat pipe 
was measured using a compound pressure gauge. 
 
4. Experimental Procedure: 
 Site  experiments were carried out in the Iraq-
Samarra (latitude angel 34.23 & longitude angel 
44.15),with wick less heat pipe(thermosyphon). solar 
water heating system followed the steps below:- 
1- Cleaning the parabolic reflector and glass tube 
from the dust and dirt.  
2- Cleaning the storage tank and refill it with clean 
distilled water. 
3- Verify  the tracking device and selector switch 
of thermocouples with the battery. 
4- Fixed the slope angel of parabolic reflector 
according [8]. 
5- Closed the inlet and outlet valves and opened the 
air-vent adapter with no-load. 
6- Record the solar radiation . 
7- Record temperature at each node from the 
selector switch. 
8- Take pressure gauge reading. 
10-Repeat the steps 7-8 above at each a quarter 
hour(900Sec). 
 
5. Calculations of wickless  Heat Pipe Solar Water 
Heating Systems:   
 The overall system performance for solar heat 
pipe with parabolic trough solar collector for water 
heating system at no-load and with or without 
circulating water inside storage tank by pump. 

∫
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       The overall system performance for water 
heating system with load Qload [9] 
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RESULTS AND DISCUSSION 

 
 In this section, the performance of solar collector 
has been studied with and without tracking system 
and at 50% & 75% filling charge ratio. 
  Figure(4) shows that the solar radiation is 
maximum with tracking system theoretically after 
selecting the inclination angel according[8]. 
Figure(4a) show variation solar radiation with time 
theoretically at 7th January ,the total solar radiation 
with and without tracking is 13.5 MJ/m2  and 13.013 
MJ/m2 respectively. Figure(4b) also show variation 
solar radiation with time theoretically at 21th April 
and , the total solar radiation with and without 
tracking is 13.32 MJ/m2  and 12.84 MJ/m2 
respectively and it means that tracking system is 
good device to obtain a maximum solar radiation.  
Calculation the incident solar radiation theoretically 
in [10]. 
 With tracking system and filling ratio is 50% 
figure(5) shows the temperature variation and solar 
radiation during the time without load ,figure (6) 
show the temperature variation and solar radiation 
during the time with load of 0.00423 kg/sec starting 
at 12:30 hr. 
 In tracking system the water temperature is 
increased rapidly at no-load as shown in figure (5) 
and before loading in loading system as shown in 
figure (6) .   
 In figure(5) and figure(6) the temperature more 
stable because the solar radiation apriority 
constant(sunny day). 
 Without tracking system and filling ratio is 50% 
figure(7) shows the temperature variation and solar 
radiation during the time without load , Figure(8) and 
figure(9) show the temperature distribution and solar  
radiation with load water is 0.00207 kg/sec to 
0.00427kg/sec respectively starting at 12:30 hr. 
 In no-tracking system the water temperature is 
increased not rapidly at no-load as shown in figure 
(7) and before loading in loading system as shown in 
figure (8) and figure (9).   
 With tracking system and filling ratio 50% 
figure(10)-figure(12) show the temperature variation 
and solar radiation during the time with load of 
0.00523 kg/sec and 0.01 kg/sec respectively starting 
at 12:00 hr. 
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 With tracking system and filling ratio 75% 
figure(13)-figure(16) show the temperature variation 
and solar radiation during the time with load of 0.006 
kg/sec and 0.01 kg/sec respectively starting at 12:00 
hr. 
 In all figures of  loading  starting at 12:00 hr and 
12:30 hr it can be seen that temperature of condenser 
core(center) and temperature of water inside storage 
tank began to fall because the entrance of cold water 
from the load inside the storage tank led to decrease 
the storage energy of the water inside the storage 
tank will exit from the tank and it will substitute with 
load energy that it will enter to the tank and this lead 
to reduce the water temperature and temperature of 
middle core in condenser. 
 In table(2) the overall all system performance at 
no-load & at filling ratio 50% with tracking and 
without tracking is 13.65% and 6.35% respectively. 
In figure (17) shows the relation between the overall 
system performance efficiency and load mass flow 
rate (m.

load) at 12:30 hr and at filling ratio 50% 
.Figure (18) show the relation between the overall 
system performance and mass flow rate at different 
filling charge ration with tracking system and starting 
load at 12:00 hr. The maximum performance at 
filling ratio 50% is 37.43% at m.load =0.01 kg/sec  and 
the maximum performance at filling ratio 75% is   
33.4%  at m.

load =0.00916 kg/sec  The overall system 
performance at filling charge ratio 50%  is greater 
than overall system performance at filling charge 
ration 75%  because the path length of vapor at 
filling charge ration 50% is greater than the path 
length of vapor at filling charge ratio 75% and it 
means the vapor at filling charge ration 50% will 
acquire a big amount of heat to heat the water in the 
storage thank greater than at filling charge ratio 75% 
and when the liquid fill ratio is large, the liquid 
enters in the condenser to decrease heat transfer area. 
 
Conclusions: 
It can be concluded that:- 
1-Solar heat pipe can be used as a good alternative of 
direct solar collector. 
2- Using Tracking system device could be feasible to 
get a high solar radiation i.e. high water temperature 
inside the storage tank. 
3-Overall system performance with tracking system 
is greater than without tracking system. 
4- Overall system performance at filling ratio 50% is 
greater than at filling ratio 75%. 
5-The overall system performance efficiency 
increases significantly with the increase in mass flow 
rate of the load until it reaches to constant value with 
more increasing in mass flow rate of water because 
lead to relative stability in a temperature of absorber 
(thermal losses become constant). 
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