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Abstract. Parabolic through and parabolic dish concentrators
(PDC) followed by a volumetric receiver is proposed, studying
the performance behavior of a closed Brayton cycle (CBC)
operating with He and N2. A pressurized gas (helium, nitrogen)
circulates along the volumetric receiver capturing the
concentrated thermal solar energy which is converted into
mechanical energy by a CBC. The overall efficiency of the plant
(PC-Receiver + CBC) is being computed under variable
parameters to determine the operating conditions for which
efficiency is acceptable. As consequence of the proposed
analysis, it is concluded that direct coupling between volumetric
receiver and thermal engine renders high efficiency while
avoiding a heat exchanger.
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1. Introduction

Concentrated solar energy is an option that clearly
contributes to increase the energy density of the solar
radiation, which conducts us to the possibility of using
absorbers with small surfaces. Since the objective is to
convert the concentrated solar energy into useful work, the
theory and achieved experience suggests that it can be
done more efficiently the higher the temperature is.

The objective of the study is to capture solar radiation by
means of a novel pressurized volumetric receiver and
convert it into electric power via a closed Brayton cycle.
The capture of solar radiation and conversion of it into
solar thermal energy involves the use of solar receivers. In
order to improve these solar receivers, some studies have
been carried out using computer models and experimental
data [1], [2], [3]. A lot of research has been carried out on
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designing new receivers or improving the performance of
existing ones [4; 5], and on understanding factors that
affect their performance [6]; [7]. One important group of
mentioned receivers is the volumetric solar receivers.
Volumetric receivers are generally used in central
receiver solar power plants and have also been used for
chemical applications [2] where the applied heat transfer
fluid (HTF) is usually air or any other suitable gas such
as helium or hydrogen. Several studies have been carried
out on volumetric solar receivers that use air as a HTF
[2]; [8;] [9]- In order to increase the heat transfer surfaces
and consequently the transfer efficiency, the use of wire
mesh, ceramic absorbers and other porous materials in
these receivers has been applied with the aim of increase
their efficiency [3]; [9]; [10]; [11]; [12]; [13], [14].

The reviewed references don’t indicate a large use of
volumetric receivers applied on indirect solar heat
exchangers that have a separate solar collector followed
by a power unit or thermal energy storage system [15],
[16], [17]. Moreover, these receivers have mainly been
used with air as a HTF and metal foams as the porous
media. Furthermore, most of the studies on metal foams
have focussed on their pressure drop and flow
characteristics. Among the studies that have focused on
the thermal conductivity of these metals foams, very few
have dealt with their characteristics under concentrated
solar radiation (CSR) and using a liquid as the HTF. In
this study, heat transfer gas is used as the HTF and a wire
mesh is used to improve the effective thermal
conductivity and the flow of the gas in the proposed
receiver. The wire mesh was chosen as the candidate for
investigation because it is cheap and readily available.

2. Description of the high temperature
receiver
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The design consists of a metal receiver with conical and
pyramidal shapes depending on the concentrator type
(parabolic dish or parabolic through) equipped with input
and output pipes to permit the gas circulation. The shapes
of the receivers, the surface shapes and the dimensions of
the receiver apertures were chosen based on the work
referenced in [16]. Fig. 1 shows the distribution of the light
rays on this receiver equipped with a thermal to electric
energy convertor scheme, while in figure 2 the receiver
structure is depicted showing the main components.
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Fig. 1. Solar based power plant structure

1, transparent wall

2, conical receiver envelope
3, gas input pipe

4, gas output pipe

5, wire mesh absorber or
porous media such as
ceramic foam

6, heat transfer isolation

7, heat exchanger

8, circulating pump

Fig. 2. The receiver cross-section configuration.
A. Solar radiation to heat based power conversion

The device that is used in high temperature solar
concentrators for the conversion of concentrated solar
radiation to heat is a receiver. It is designed to absorb the
concentrated solar radiation and to transfer as much energy
as possible to a HTF. Inherent unavoidable heat losses
exists from the fact that the absorbing surface cannot be
completely black, that it emits thermal radiation to the
environment, because it has an elevated temperature, and
that convection as well as conduction occur. Assuming
that the receiver is affected by inherent heat losses
(irreversibilities) the useful heat collected by the receiver
can be estimated as

0, =m-C, (To~Ti) (1)
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where

m is the fluid mass flow rate

Cp is the fluid specific heat capacity

To is the fluid output temperature from the receiver
Ti is the fluid input temperature to the receiver

The incident solar energy on the PDC is defined as

QSZAAP-C-ES 2)
where
Ayp is the PDC normal area
Eg is the direct solar radiation density sometimes

assumed as 800 W/m’, although a normal radiation
density (a sun) is considered as 1000 W/m®.

The thermal efficiency nth of the solar energy to heat
power conversion composed by the PDC and receiver is
defined by the ratio of the useful heat at the heat
exchanger 7 to the incoming solar radiation on the PDC.

- _&:m-CP~(T0—Tz) 3)

Qs AAp -C-E S

The real scenario efficiency depends strongly on the
receiver structure in such a way that a lot of
concentrating process variables is involved. Taking into
consideration experimental data with regard to the solar
to heat conversion process it must be taken into account
that
* higher fluid temperatures yields lower efficiencies of
the PDC-receiver convertor.
* higher concentration ratios lead to higher efficiencies.
sconvection and conduction losses are of minor
importance at high concentration ratios.
Generally speaking,, for ideal thermodynamic cycles
according Carnot, the thermal efficiency depends on the
difference between high and low temperatures (high
temperature at heat source and low temperature at heat
sink). Since the objective is to achieve the highest
technically possible overall efficiency, a compromise
between both efficiencies must exist.
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Fig. 3. The ideal total efficiency of a receiver corresponding to
a high temperature solar concentrating system.

In figure 3 it is shown the total efficiency of a high
temperature solar concentrating system for the generation
of mechanical work as the function of the upper receiver
temperature for different concentration ratios and a
selective absorber, [17]. According this figure, the total
efficiency of a generic volumetric receiver depends on a
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number of variables different of that mentioned. As
consequence, the optimal efficiency deals with such
variables more than with the top and down temperatures of
the receiver.

3. The Closed Brayton cycle based on the
pressurized volumetric receiver.

There are four processes in the basic CRC, each changing
the state of the working fluid. These states are identified
by state symbols (a, b, c and d) in the diagram shown in
figure 4.

The ideal RC is inspired by the Carnot cycle. In figure 4
(a) it is depicted in the T-S diagram associated with the
physical components shown in figure 4(b).

The thermodynamic efficiency of the cycle is defined as
the ratio of net power output to heat input as shown in
equation (4).
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Fig. 4. Basic CBC: (a) the T-S diagram. (b), the basic plant
structure

The general layout of a parabolic dish engine, receiver and
power converter composed by CBC is shown in figure 5.
According such scheme, the structure of the power
convertor consists of concentrated solar gas receiver heater
which supplies pressurized gas to a gas turbine, which
converts solar thermal energy into mechanical-electric
energy, returning to the receiver heater impelled by a gas
COMpressor.

Fig. 5. The PDC coupled to a power generator based on the
Rankine cycle.
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The CBC structure shown in figure 5 has the advantage
of direct transferring of solar energy from the volumetric
receiver to the gas turbine, which implies to do without a
complementary heat exchanger and consequently to
increase the thermal efficiency of the cycle.

4. The analysis of proposed CBC with a

pressurized volumetric receiver.

In the proposed analysis, an isentropic efficiency for
CBC compressor and turbines is considered, which
approaches the values of 0,85 and 0,90 respectively.

The main results of the proposed thermodynamic cycles
for the mentioned working fluids are depicted in table 1,
2 and 3 respectively, where thermal cycle efficiency as
function of top cycle temperatures and pressure ratios is
presented.

Table 1. — Efficiency of the CBC as function of the top cycle
temperature and pressure ratio for helium as working fluid.

T/rp 1600 1300 1000
328,9227,8125,39
537,3835,2929,73
8 42,838,5524,74

1044,2638,2419,00
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Fig. 6. Efficiency of the CBC as function of the top cycle
temperature and pressure ratio for helium as working
fluid

Table II. — Efficiency of the CBC as function of the top cycle
temperature and pressure ratio for nitrogen as working fluid.

Thp 1600
5 34,72
10 43,44
15 47,6
20 50,11
25 51,8
30 52,99
40 54,5

1300 1000
36,77 40,61
4523 48,61
49,08 52,08
51,25 53,47
52,56 53,61
53,34 52,69
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Fig. 7. Efficiency of the CBC as function of the top cycle
temperature and pressure ratio for nitrogen working fluid.

The main results of the performed CBC analysis with
regard to the cycle thermal efficiency for the mentioned
working fluids depicted in tables 1 and 2 respectively, are
shown in figures 6, and 7. Results show that the proposed
volumetric receiver is suitable to supply thermal energy to
CBC with high thermal efficiency.

5. Conclusions

The results shown in figures 3, 6 and 7, as well as tables I
and II, suggest to implement solar energy based volumetric
receivers directly coupled to thermal engines. The
behaviour of helium as working fluid is poor that that of
nitrogen. The increase of thermal efficiency and
simplification of installation equipment is a direct
consequence of such structure. Another important
consequence of such structure is that moderate receiver
temperatures (1000 K) at relative low pressure ratios (10)
can render high thermal efficiency when heat sink
temperatures are set around 290 K. Furthermore, nitrogen
is significantly more efficient that helium at such low
temperatures, although the specific work is lower.
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