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The Californian parabolic trough power plants belong to the most successful systems for producing
solar electricity. In order to improve the efficiency of these power plants, the research activities in direct
steam generation (DSG) have been initiated. The aim is to avoid the necessity of a single phase
thermooil used as heat transfer fluid (HTF) in the absorber pipes of the solar collectors. Instead, the
feedwater of the steam cycle should be evaporated and superheated directly in the absorber pipes, thus
eliminating the need for the second cycle and the heat exchanger. This demands the knowledge of the
thermohydraulics of a two-phase flow in the absorber pipes. Since the characteristic parameters differ
significantly from those typical of conventional steam generators, the basic relations describing heat
transfer and pressure losses had to be investigated. Experimental data was gained using a electrically
heated test-section. Based on the experiments, simulation tools for the design of DSG-systems have
been developed. As a result, the feasibility of direct steam generation in stationary operation mode was
proven. The collectors can cope with the thermal stress resulting from a circumferrentially varying solar
irradiation provided the mass flow in the absorber tubes is sufficient. The performance can be optimized
in order to guarantee an adequate cooling of the absorbersÕ wall while minimizing the pressure losses.
Based on the results of the first stage of DSG-research, the first test facility for steam generation by solar
energy was designed. This test facility was completed in 1999 at Almeria, Spain.

This paper describes the current state of the research activities focused on the reaction of a DSG-system
to transient boundary conditions. Since the dynamics of steam generation is very different from the
dynamics of the single phase heat collecting process, much attention has to be paid to this point.
Several simulation tools with various model depth have been developed. First experimental results for
the dynamics of transient flow in the absorber pipes have been performed using again the electrically
heated test-section.
Based on the simulation results the emphasis in theoretical research activities has shifted a little:
during the inital phase of the development of DSG, the controlability of the system was considered to
be one of the most cr itical points. Different concepts for the configuration of the solar collector field
have been suggested. Based on the results of the simulation runs, control strategies were developed,
which guarantee steam conditions satisfying the demands of the turbine of the rankine cycle. The
occurrence of dynamic instabilities also was thought to be a problem, but the results of the simulations
show, that these instabilities are only of minor importance. On the other hand, more attention is paid
now to the thermal stress related to variations in irradiation. In some DSG-concepts, the position of the
border between the two phase region and the superheating section might oscillate along the absorberÕs
length; the resulting thermal stress limits the durability of the absorber pipes and has to be considered
when evaluating the different DSG-concepts. As soon as the test facility at Almeria is fully operational,
the simulation results must be verified against experimental data.

The analysis of DSG is completed by identifying different possibilies to combine the solar field with
the rankine cycle. While the evaporation of water in absorber pipes still needs more research to become
commercial, the preheating and superheating of steam in the solar field is considered to be already
feasible based on the present knowledge. This offers the possibility to design a parabolic trough power
plant, which combines the so far used HTF-concept with DSG-technology: the evaporation still takes
place in a heat exchanger, using energy collected by thermooil; however, in contrast to the existing
parabolic trough power plants, the feedwater now will be preheated and superheated directly in the
absorber pipes. This will reduce the amount of thermooil needed and cheapen the heat exchanger. This
new concept offers a decrease in investment and maintance costs and would represent an intermediate
step towards a parabolic trough power plant based on DSG technology.


