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ABSTRACT：  The work process of Closed Brayton Cycle Solar Thermal Power System is a 
dynamic process and the periodical change of eclipse and sun period will influence the system 
performance. In order to study the dynamic characteristic of the system, a dynamic model is 
proposed using lumped method and the dynamic simulations of space solar-dynamic power system 
with the electrical output power of 10 kW are performed. The simulation results indicated that the 
variations of temperature of phase change material and electrical output power with time are very 
small when the phase change materials are in the state of two phase, but the variations are bigger 
when the Phase-change materials are in the state of single phase. In order to gain a steady electrical 
output power, phase change material must be in the state of two-phase by choosing proper 
parameters of solar thermal power system. 
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NOMENCLATURE 
B  coefficient of consuming gas for cooling 

generator and axis  
Cp     Specific heat at constant pressure[ J.kg－1.K－1] 

pcmpc ,  Specific heat of phase change material at  

constant pressure，J.kg－1.K－1 
dRC,i    inner diameter of heat transfer tube, m 
dRC,o    out diameter of heat transfer tube, m 
FSC    Concentrator area，m2 

FRP    heat transfer area of recuperator, m2 

Gi    mass flow rate of working fluid in single heat 
 transfer tube，kg/s 

G     mass flow rate of working fluid, kg/s 

ih    Convection heat transfer coefficient of working fluid 
 in the heat transfer tube，W·m-2·K－1 

k    adiabatic index  
KRP   Heat transfer coefficient of recuperator，W.m-2.K－1 

LRC  length of heat transfer tube, m 

pcmm  mass of phase change material，kg 
mi   mass of working fluid through node i 

 within the time of dt，kg 
mf2i  mass of working fluid through heat pipe i 

 within the time of dt，kg 
Na  Output power, W 

Iq   heat loss of receiver, W 

gq  heat flux from phase change material to working 
 fluid，W 

sunq  heat flux from concentrator received by receiver，W 

pcmr  melting latent heat of phase change material, J/kg 

∑
=

8

1i
iR  overall heat resistance of condenser of heat pipe,  

m2.K.W-1 

S   solar constant, W/m2 

Tc    temperature of phase change material, K 
Ti    temperature of node i，K 
Tf1i   temperature of working fluid before heat pipe i, K 
Tf2i    temperature of working fluid after heat pipe i, K 
Twi    wall temperature of heat pipe condenser，K 
Ts    space heat sink, K 
Wpcm  liquid fraction of phase change material 
Ω     coefficient of available area 

SCη   efficiency of concentrator 
ηa   efficiency of generator 
ηpl   efficiency of self consumption 
ηM   mechanical efficiency 

wλ    heat conductivity of wall，W.m-1.K－1 
 1λ    heat conductivity of liquid phase change material, 

W·m-1·K－1 
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γ(i)    diameter of solid phase change material，m 

pcmρ  density of phase change material, kg·m-3 

πc    Compression Ratio 

πt     Blow Up Ratio 

 
 

 
 

1. INTRODUCTION 

In 2000 the world population reached 6 billion people, 
and the latest forecasts expect that this figure will rise to 
approximately 10 billion at the end of this century. These 
10 billion people will most likely have a higher standard of 
living than today’s average, with assumptions ranging 
from 2 to 5 fold improvement. Since the standard of living 
is closely linked to the energy consumption, a simple 
calculation shows the dramatic challenges facing the 
worldwide energy sector in the coming 100 years: 
Approximately twice the population at a doubled standard 
of living will need approximately four times the electricity 
than today’s power park in the world can supply. Even if 
there would be sufficient fossil resources to cover the 
growing demand, a point would soon be reached where 
the CO2 emissions are too high and would severely and 
irreversibly damage our ecosystem. The limited supply of 
fossil hydrocarbon resources and the negative impact of 
CO2 emission on the global environment dictate the 
increasing usage of renewable energy sources. Presently, 
only hydro and wind power plants at good sites can 
generate electricity in an acceptable cost range. The 
potentials of hydro and wind power, on the other hand, are 
limited. However, solar electricity generation is a nearly 
unlimited source. Photovoltaic is one promising 
technology. But the direct solar electricity generation will 
need at least two or three decades to bring the prices in a 
competitive range. On the other hand, prices for solar 
thermal power generation are only slightly above those of 
hydro or wind power. Concentrated solar thermal power is 
the most likely candidate for providing the majority of this 
renewable energy, because it is amongst the most cost 
effective renewable electricity technologies and because 
its supply is not restricted if transported from the World's 
solar belt to the population centers. 

Solar thermal electric technologies convert sunlight 
into electricity efficiently and with minimum effect on the 
environment. These technologies generate high 
temperatures by using mirrors to concentrate the sun’s 
energy up to 5000 times its normal intensity. This heat is 
then used to generate electricity for a variety of market 
applications, ranging from remote power needs as small 
as a few kilowatts up to grid-connected applications of 200 
MW or more. STE can begin providing energy, as well as 
economic and environmental security, for us today. In the 
long term, these technologies will compete broadly in 
international markets for electric power production. Solar 
thermal electricity is the least costly solar electricity for 
grid-connected applications available today, and it has the 

potential for further, significant cost reductions.  
With 354 MW of solar electric generating systems 

(SEGS) parabolic trough power plants connected to the 
grid in Southern California since the mid-1980s, parabolic 
troughs represent the most mature solar thermal power 
technology. To date, there are more than 100 plant-years 
of experience from the nine operating plants, which range 
in size from 14 MW to 80 MW. All nine SEGS units 
continue generating electricity until today, demonstrating 
the reliability of this technology. Up to now, 9 TWh of solar 
electrical energy has been fed into the Californian grid, 
resulting in sales revenues of over 1,000 million 
US-dollars. Levelized electricity costs of about 12 to 14 
US-cents/kWh have been reached with the last erected 
solar power plants [1]. For the background of the actual 
energy crises upcoming in the year 2000 in California the 
SEGS plants are some of the most cost-effective power 
stations in the state and are more competitive than ever 
before. Since the introduction of the power exchange 
market in California the electricity prices exploded 
dramatically; during some peak hours over 100 US-cents 
had to be paid for one kWh electricity. In the medium term, 
a 50 % cost reduction of the solar field can be achieved by 
economies of scale, technical advancements, series 
production, increased competition and other learning 
effects. Thus, competitive solar thermal electricity costs 
will be achieved within a decade, if a continuous, world 
wide expansion of the solar thermal power market takes 
place. 

The U.S. Department of Energy have made a plan to 
Develop Solar Thermal Electric Technology Over the Next 
Twenty Years: 1996 – 2015. Their Vision for success is 
world leadership by U.S. industry in supplying 20 GW of 
solar thermal electric power by 2020. The World Bank is 
now willing to support market introduction of solar thermal 
power in India, Egypt, Morocco and Mexico, by covering 
incremental costs over the least-cost conventional 
alternative up to an actual fund totaling to 200 million 
US-Dollar (about 50 million US-Dollar per project). On this 
background, various commercial power plant project 
developments in Greece, Egypt, India, Mexico, Marocco, 
Spain, Iran, the USA and Brazil with unit outputs of 50 to 
310 MW and large solar fields of parabolic trough 
collectors are currently under way or are in a progressive 
planning stage by European and U.S. project developers 
supported by grants of the World Bank/GEF or other 
funds. 

From a current level of just 354 MW, the total installed 
capacity of solar thermal power plants will have passed 
5000 MW by 2015, according to the Greenpeace-ESTIA 
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projections. By 2020,additional capacity would be rising at 
a level of almost 4500 MW each year. by 2030, worldwide 
capacity will have reached 106,000 MW, and by 2040 a 
level of almost 630,000 MW will have been achieved. 
Increased availability of plant, because of the greater use 
of efficient storage technology, will also increase the 
amount of electricity generated from a given installed 
capacity. The result is that, by 2040, more than 5% of the 
world's electricity demand could be satisfied by solar 
thermal power[1].  

There are three options utilized for a solar thermal 
power system: Brayton cycle, Rankine cycle and Stirling 
cycle. Because Brayton cycle is a mature technology and 
its efficiency is also higher than Rakine cycle, the solar 
Brayton cycle is considered as the most promising power 
generation system for near future application. The Brayton 
cycle has been applied extensively to terrestrial power 
systems[2].  

The work process of Closed Brayton Cycle Solar 
Thermal Power System is a dynamic process and the 
periodical change of eclipse and sun period will influence 
the system performance. Steady simulation of the system 
hade been researched by many researcher[3,4,5,6,7,8,9], 
but  research of the dynamic simulation of the system is 
seldom. In order to study the dynamic characteristic of 
the system, a dynamic model is proposed using lumped 
method and the dynamic simulations of Closed Brayton 
Cycle Solar Thermal Power System with the electrical 
output power of 10 kW are performed.  

2. SYSTEM DESCRIPTION 

Figure 1 is a schematic diagram of a closed Brayton 
cycle configuration. During insolation period, solar energy 
is collected by a rotating parabolic collector and incident 
on the surface of the gas sleeve tube of the receiver. A 
part of the input solar is used to heat the working gas to 
the design outlet temperature and the excess solar 

energy input is stored as heat of the fusion in the 
phase-change material. The exit gas of receiver expands 
through the turbine, thereby producing the mechanical 
work necessary to drive the compressor and alternator, 
then the gas enters the recuperator where it is cooled as 
it transfer heat to the gas from the compressor. Final 
cooling of the gas takes place in the radiator, where the 
excess heat is rejected to space. The gas leaving the 
radiator is then compressed and heated in the 
recuperator and further heated in the heat receiver. 
During the following eclipse period, the stored energy in 
phase-change material is withdrawn to heat the working 
gas for finishing the closed brayton cycle. 

The major components of the system are solar 
concentrator, receiver with integrated thermal energy 
storage, energy conversion component, recuperator, 
radiator and control subsystem. For each different design, 
the dimensions and masses of these components are 
different also. The baseline configuration of this paper’s 
example is described as follows: 

(1) Solar concentrator — symmetric 
rotation-parabolic dish 

(2) Receiver — cylinder cavity receiver with 
80.5LiF-19.5CaF2 phase-change material 
as the thermal energy storage salt. 

(3) Energy conversion component — a 
single-stage centrifugal compressor, a 
single-stage radial turbine, and 
smooth-rotor alternator on the same shaft. 

(4) Recuperator — counter flow, plate-fin heat 
exchanger. 

(5) Radiator — heat pipe radiator with 
methanol as a heat transfer liquid. 

The cycle working fluid is a mixture of helium(He) 
and xenon(Xe). 

3. SYSTEM MODEL 

3.1 Concentrator 
The thermal energy collected by concentrator can be 

expressed as:  

SCSCsun SFq Ω=η           （1） 

3.2  Receiver 
The heat transfer and energy equation inside phase 

change thermal energy storage container can be 
expressed as:  

Igsun
c

pcmppcm qqq
d
dT

cm −−=
τ,   (W=0;1)（2） 

Igsun
pcm

pcmpcm qqq
d

dW
rm −−=

τ
   (0<W<1)（3） 

Heat flux form phase change material to working fluid 
can be calculated by:  

)( 3TTFKq cRCRCg −=           （4） 

Fig.1 Schematic Diagram of system configuration 
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Where， RCRC FK  can be expressed as follows： 

))(ln
2
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Ld
d

LLdh

FK

γ
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++

=
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Where  

2
,)( oRC

RCpcm

pcm d
L

mW
i +=

πρ
γ           （6） 

The heat transfer and energy equation inside the tube 
of working fluid can be expressed as: 

)()( 353
3

3 TTFKTTCG
d
dT

Cm cRCRCpip −=−+
τ

（7） 

3.3 Energy conversion component 
The energy balance equation can be expressed by： 

MplaPa TTbTTGCN ηηη⋅−+−−= )])(1()[( 1243 （8） 

The outlet temperature of centrifugal compressor 

and radial turbine can be expressed respectively as 

follows:  

)
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1
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K
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3.4  Recuperator 
The heat transfer and energy equation of 

Recuperator can be expressed as:  

26
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3.5  Radiator 
The heat transfer and energy equation of heat pipe 

can be expressed as: 

)(

)(

44
8

1

1

12
2

2

wisrad

i
i

ifwi

ififp
if

pif

TTA
R

TT

TTGC
d

dT
Cm

−=
−

=

−+

∑
=

ηεσ

τ
     （17） 

The variational laws of space temperature with time 

can be expressed as:  

)354014.3sin(30210 tTs += ]3540,0[∈t （18） 

⎟
⎠
⎞

⎜
⎝
⎛ −×

−=
2160

)3540(14.3sin30210 tTs
]5700,3540[∈t  （19） 

4. RESULTS AND DISCUSSION 

4.1 Dynamic Characteristics of system parameters 

Dynamic simulation results were shown from 
Figure 2 to Figure 4. It is seen from figure 2 that 
liquid fraction of phase change materials increased 
during sun period and decreased during eclipse period 
as times increased. The minimum of liquid fraction 
during eclipse period increased step by step in the 
first ten cycles and thereafter attained a stable value. 
In the first ten cycles, the stored thermal energy 
during sun period was bigger than the discharged 
thermal energy during eclipse , which cause the 
stepwise increases of the minimum of liquid fraction  
till the phase change material entirely change liquid.  
Thereafter the temperature of liquid phase change 
materials begin to increase, which cause the increase 
of heat flux from phase change material to working 
fluid and the decrease of stored thermal energy during 
sun period. The balance between stored thermal 
energy and released thermal energy was finally 
attained at the tenth cycle.  

It is seen from Figure 4 that the temperature T7 
of phase change material firstly keep a stable value. 
Thereafter T7 begin to increase when the phase 
change material change entirely liquid and then 
decreased to melting point during eclipse. The 
maximum of T7 increased step by step in the first ten 
cycles and thereafter attained a stable value. The 
temperature T5 , T3 and T4 change as the same laws as 
T7, but the temperature T6 , T1 and T2  have very 
little fluctuation as the fluctuation of T7.  

Figure 3 indicates that the output power keep a 
stable value in the first two cycles for the stable 
temperature T7 and thereafter change periodically for 
the periodically changing temperature of T7. The 
maximum of output power increased step by step in 
the first ten cycles and thereafter attained a stable 
value. The biggest fluctuation is about 4 kW.  

 
4.2 Influence of concentrator area  

The effect of concentrator area on dynamic 
behavior of system were shown from figure 5 to 
figure 6. At the point of Fsc=46.4m2，Phase change 
material change entirely liquid during sun period after 
two cycles , which lead to the increase of the 
temperature of phase change material and the up 
fluctuation of output power. However, at the point of 
Fsc=41.8m2，Phase change material change entirely 
solid during eclipse period after two cycles , which 
lead to the decrease of the temperature of phase 
change material and the down fluctuation of output 
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power. At the point of Fsc=44.1m2，Phase change 
material can keep the state of two phase , which can 
keep a stable output power. The above analysis 
indicates that the concentrator area can notably 
influence the dynamic characteristic of system and 
the phase change materials should be kept in the state 
of two phase by choose the proper area of 
concentrator in order to keep the stable output power.  

5. CONCLUSION 

（1） In order to study the dynamic characteristic of 
the system, a dynamic model is proposed using 
lumped method and the dynamic simulations of 
space solar-dynamic power system with the 
electrical output power of 10 kW are performed. 

（2） The temperature of phase change materials is 
the main influencing factor of system 
dynamic characteristic. If phase change 
material can be kept in the state of two 
phases, the temperature of phase change 
material and system output power can keep 
stable. Once phase change materials change 
in to single phase state, the temperature of 
phase change materials may increase or 
decrease, which lead to the up or down 
fluctuation of output power.  

（3） The concentrator area can notably influence 
the dynamic characteristic of system and the 
phase change materials should be kept in the 
state of two phase by choose the proper area 
of concentrator in order to keep the stable 
output power. 
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