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ABSTRACT
Novel configuration for direct absorption solar collector 

has been developed. In the new configuration none-circulated 
nano-fluid absorbs solar radiation through glass wall. The 
absorbed heat directly transfers to circulated water flowing 
inside copper tube submerged into the nano-fluid. Numerical 
model has been developed for flowing water, nano-fluid annular 
region and the copper tube which separates the two different 
fluids. Heat absorption of concentrated solar arrays reflected by 
parabolic trough is simulated as a heat source in the energy 
equation solved in nano-fluid region. The efficiency of one 
meter of solar receiver unit with glass-to-copper tube size ratio 
of (½) increases significantly with flow rate up to 65%. 
However the receiver wasn’t covered by evacuated tube to 
reduce losses, circulating water restricts the raising of nano-
fluid temperature and in turn reduces thermal losses. Since, 
water flow rate changes increasingly affect the efficiency, the 
depth of absorption in nano-fluid and characterized length of 
natural convection are not inconveniently selected. However, 
further investigations are planned to be done to optimize heat 
absorption and convection in nano-fluid region. Temperature 
rising per one meter decreases with flow rate despite of 
performance enhancing.

INTRODUCTION
Solar energy harvesting needs further development to 

reduce the consumption of fossil fuel due to its cost and its 
environmental concerns of burning it. However, solar collectors 
got extended interest from researchers, but still the incident heat 

of the sun faces multi stages of thermal resistances to flow of 
heat to the hand of the user. Direct solar absorber collector 
(DSAC) is a novel technique used recently for the new 
generation of solar collectors. Instead of using metallic tube 
painted with special spectral paint to absorb solar irradiation 
and transfer heat to a fluid inside the tube, flowing nano-fluid in 
a glass tube absorbs solar irradiation directly and transport the 
absorbed energy as heat to a heat exchanger for usage. However 
DSAC ’s are newly developed, many researchers studied the 
performance of these collectors numerically and experimentally 
and compared it with the normal solar collectors. Water was 
found as the best absorber for solar radiation among four 
liquids, namely; water; ethylene glycol; propylene glycol and 
therminol VP-1, which has been tested by (Otanicar, Phelan, & 
Golden, 2009). However it is still a weak absorber, only 
absorbing 13% of the energy. The presence of nanoparticles 
promises superior capability for solar irradiation absorption 
since nanoparticles are generally opaque and may be black. 
(Tyagi, Phelan, & Prasher, 2009) observed that for non-
concentrating flat-plate collector the presence of nanoparticles 
increases the absorption of incident radiation by more than 9 
times over that of pure water. The efficiency of DAC by using 
nanofluid has been found to be up to 10% higher than that of 
flat-plate collector. Nanofluids, even of low-content, has good 
absorption in direct absorption collector (DAC) compared with 
the base fluid or compared with coating absorber as has been 
demonstrated by (Luo, Wang, Wei, Xiao, & Ni, 2014). The 
model of (Xu, Chen, Deng, Zhang, & Zhao)
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The purpose of this study is to enhance irradiance absorption 
capacity and efficiency of concentrating parabolic solar 
collectors by using nano-fluid for direct absorption in glass tube 
compound with copper tube for direct heat exchange. The 
thermal conductivity of the fluid conveying thermal heat was 
improved by using nano-fluid in the literature. But, still heat 
exchange needs more improvement by enhancing the fluid 
thermal conductivity or by improving the configuration to boost 
heat transfer. The main objective of this research is to increase
solar energy harvesting by reduction of thermal resistance in 
medium fluid. New configuration will be discussed for heat 
transmitting from nano-fluid to heating system. 

Novel collector design 
In direct absorption solar collector (DASC), nanofluid is 

circulated in a system. Nanofluid absorbs solar irradiation 
during flowing inside a glass tube. Nanofluid absorbs heat from 
irradiation, then it conveys the absorbed heat to a cold water 
through a heat exchanger. Nanofluid in traditional system 
circulates and transfers heat from solar collector to heat 
exchanger. In heat exchanger, heat is used for heating the 
domestic water or swimming pool water or any other required 
application of heating, as shown in Figure 1.
The losses in the traditional collector results due to reflecting of 
glass surface in addition to emittance of hot surfaces and losses 
by convection. Moreover, the output heat of the system depends 
on the thermal efficeincy of the heat exchanger exchanging heat 
from nanofluid to water. The existing of heat exchanger reduces 
the overall efficeincy of the system due to existing of additional 
thermal resistance. This work will reduce the total thermal 
resistance of the system by combining the two actions in one 
place. Heat absorbing and heat exchanging will occur at solar 
collector to reduce the total thermal resistance.
The new system will use the principle of direct heat exchange 
between uncirculated nanofluid and circulating water inside 
collector tube without using heat exchanger. As a result of total 
thermal resistance decreasing, the overall efficeincy of the 
system will increase. In addition, one circulating pump will be 
used instead of two. The outlines of the system for direct heat 
exchange is shown in Figure 2. The invented collector works 
for solar irradiation absorption and heat exchange between the 
absorber (nanofluid) and the transporter (circulated water). 
Solar irradiation passes through glass walls and it is absorbed 
by nanofluid, then nanofluid temperature raises. Circulated 
water passes through one/multi copper tube/tubes which 
submerged in nanofluid. Then heat exchange takeplaces 
between nanofluid and circulated water through the copper 
walls. The water flows on the inner surface of copper tube, 
whereas the outer surface of copper tube is in contact with 
none-circulated nanofluid, as has been explained in Figure 3.
The two processes of heat absorbing in nanofluid and heat 
rejection to the water are combined in one device (collector). 
Heat exchange between nanofluid and circulated water depends 
on the area of heat transfer, copper tube thermal conductivity, 

and heat transfer coefficeint at inner side and outer side of 
copper tube. So, the new solar collector has capacity to develop 
many designs to get the best required efficeincy for heat 
exchange. One or multi copper tube conveying water and 
submerged in nanofluid which put in a glass tube is the first 
design, as shown in Figure 3.

Figure 1. Outlines of traditional system of DASC with indirect heat 
exchange. 

Figure 2. Outlines of system of DASC with direct heat exchange.
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Figure 3. Collector tube with one copper tube inside.

Methodology 
The mathematical form of energy equation including source 

term can express heat transfer in nanofluid region. The steady 
state form of energy equation has been solved as follows;

…(1)
Where is the fluid temperature, is the density of the fluid, k
is the thermal conductivity of the fluid, C is the thermal capacity 
of the fluid, and is the thermal solar energy source defined in 
nano-fluid region. Heat transfer analysis in circulating water in 
solar collector is solved by using same above energy equation 
with zero source term. The absorption of solar irradiance 
increases nano-fluid temperature by amount depends on solar 
intensity reaches to this point and the absorption capability of 
the fluid. The presence of nanoparticles in the fluid improves 
radiation absorption capability for the fluid (Tyagi et al., 2009).
The thermal energy source is defined as the dissipation of 
radiative heat flux into the fluid from the surface of array 
entrance;

…(2)

ANSYS FLUENT simulator is used to perform numerical 
simulation of solar collector tube subjected to concentrated 
solar radiation.

RESULTS AND DISCUSSION 

Mesh study

Mesh is generated in 3-dimensional model using mesh 
manager in ANSYS. The number of cells has been increased 
until the results got to stability. Temperature rising per one 

meter changes with mesh number until 4.6 million as shown in 
Figure 4. Critical changes of temperature and velocity near to 
walls need finer grid especially in water flow region. Buoyancy 
effect plays role of creating motion or even vorticities in 
different unknown places in nano-fluid region, so mesh 
distributes uniformly in this region as shown in Figure 5.

Figure 4. Mesh study by increasing mesh number various temperature 
rising through 1 m of receiver.

Figure 5. The axisymmetric model with the final mesh.

Efficiency 

There are many thermal resistant’s restrict the outcome of 
solar absorber and reduce the efficiency of the receiver. Energy 
gained by receiver and temperature rising per one meter play as 
most two important factors to evaluate the performance of solar 
collector. In Figure 6, the flow rate of water inside the receiver 
affects significantly the efficiency of solar receiver and 
temperature rising per one meter. Improving the efficiency by 
this substantial rate refers to the role of thermal resistance 
between water and copper tube. Since, the other side of copper 
tube contacts nano-fluid, and heat transfer in nano-fluid 
improves considerably due to the presence of nanoparticles as 
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has been concluded in many literatures like (Mwesigye, Huan, 
& Meyer, 2015). Heat transfer from copper tube to inside 
improves by increasing Reynolds number either by increasing 
velocity or changing the size of the tube or increasing contact 
area by using internal fins or by creating turbulence by 
turbulence stimulator at the entrance of the tube. Referring to 
that, the efficiency improving will not stop at 65%, since 
thermal resistance at the internal side of copper tube can be 
reduced in many traditional ways. Furthermore, thermal losses 
of solar receiver unit to the ambient relates strictly to the 
thermal resistance at the internal side. Since, as much as thermal 
resistance decreases, temperature of nano-fluid decreases and 
then thermal losses decreases. However, flow rate increasing 
plays important role in improving the performance of solar 
receiver, it faces an obstacle of limited temperature rising when 
the required output temperature has to be high enough for some 
applications.

In the outer side of the copper tube where nano-fluid is 
absorbing and conveying heat to the copper tube, both 
absorbing and transferring process affect the efficiency. 
Absorbing process depends on absorption factor and depth of 
solar arrays travelling. Absorption factor of nano-fluid depends 
on many factors like; volume fraction, spectral absorption 
properties for each of fluid and solid particles, size and shape of 
nanoparticles. The depth of solar arrays travelling determines 
the amount of solar energy absorption in addition to defining
Rayleigh number in the annular region occupied by nano-fluid. 
Rayleigh number plays the most important role in heat transfer 
from nano-fluid to copper tube by natural convection. 
Therefore, the authors will conduct the simulation for different 
copper tube sizes, different glass-tube/copper-tube size ratio, 
and various volume fraction ratios. 

Figure 6. The effect of water flow rate on receiver efficiency and 
temperature raising per 1 m.

CONCLUSION
Using nano-fluid in direct absorption system with direct 

heat exchange improves the performance of solar collector. 
Direct heat exchange within the solar receiver will reduce the 
total thermal resistance of solar collector system. In this 
innovative configuration, none-circulating nano-fluid absorbs 
solar radiation and conveys heat directly to circulating water 

passes through copper tube submerged in the nano-fluid. The 
losses of exchanging heat in external separate heat exchanger 
will be omitted. Solar receiver with new configuration proves 
comparatively high efficiency up to 65%, however there was no 
consideration of vacuum tube in the simulation. The efficiency 
shows significant influencing by circulated water flow rate. At 
the inner side of copper tube (water-side), thermal resistance 
reduction plays an important role in improving the performance 
of the system. At the outer surface of copper tube (nanofluid-
side), thermal resistance for the tested size and nano-fluid 
properties shows good convenience to get performance up to 
65%. However, the research can be extended more for higher 
performance by increasing nano-fluid volume fraction, copper 
tube size, glass-tube/copper-tube sizes ratio, and by considering 
using vacuum tube to reduce thermal losses to ambient. 
Temperature rising per one meter of receiver decreases with 
flow rate, so thermal resistance of water-copper surface should 
be improved by using fins or turbulence stimulators if high 
temperature water required by the user.

NOMENCLATURE 
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