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ABSTRACT

Parabolic trough systems are one of the most commercially technologies for
concentrated solar power. The main development efforts are concentrating on reducing
the cost of this technology. The cost reduction options for parabolic trough systems
include: (i) improving parabolic trough concentration ratio by increasing its sizes and
(if) improving the optical efficiency. However increasing the concentration ratio of
parabolic trough system will cause more circumferential temperature difference on the
absorption tube and will increase the system’s thermal losses. So the development of
the absorption tube becomes very important to increase the concentration ratio.

In the present work, the thermal performance of parabolic trough absorption tube with
twisted tape inserts at different inlet temperatures, twist ratios and Reynolds numbers
are investigated.

In this work, the thermal performance of parabolic trough absorption tube with twisted
tape inserts is analyzed numerically by solving the governing equations using ANSY'S
FLUENT 15.0 software. An optical modelling tool that uses Monte-Carlo ray
tracing techniques (Soltrace) was used to obtain the non-uniform heat flux
distribution on the parabolic trough absorber tube. These heat flux distributions were
then coupled to the CFD code as a boundary condition by using MATLAB code to
convert them to a readable data by the profile function in ANSYS FLUENT 15.0 for
the analysis of the thermal performance of the receiver.

The results show that the use of twisted tape inserts for heat transfer enhancement in
parabolic trough receivers results in high heat transfer rates due to the increased
turbulence intensity and the mixing of the heat transfer fluid from that part of the
absorber tube which receive concentrated heat flux with the heat transfer fluid from the
part which receive only direct solar heat flux. As the results demonstrated that the heat
transfer increases between 17 % and 84 % while friction factor increases between 117
% and 415 % and thermal enhancement factor at a constant pumping comparison with
a plain receiver tube was in the range 0.83 - 1.12. Also the results showed that the
improved heat transfer performance in the absorption tube due to the use of twisted

tape inserts reduces the absorption tube's circumferential temperature difference.

XXi



