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WITH CYLINDRICAL PARABOLIC CONCENTRATORS 
IN DOBROGEA REGION 
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Rezumat. Energia solară oferă o opţiune viabilă la soluţionarea crizei energiei care devine din ce în ce mai 
accentuată odată cu creşterea populaţiei globului şi ridicarea standardului de viaţă, simultan cu epuizarea 
combustibililor fosili şi nucleari de fisiune. In această lucrare se prezintă proiectarea şi dimensionarea unei centrale 
termosolare cu colectori cilindro- parabolici (CCP) cu o puterea nominală netă de 50 MWe, care utilizează ca agent 
de lucru ulei termic (HTF) Therminol VP1.   
Cuvinte cheie: colectori cilindro parabolici, camp solar, ulei termic.  

Abstract. Solar power offers a viable option to the solving of the energy crisis which is becoming more and more 
emphasized with the increase of the world population and the increase of the living standards at the same time 
with the using up of fossil fuels and nuclear fission ones. In the present paper there is presented the designing and 
sizing of a solar thermal power plant with cylindrical parabolic concentrators (CCP) with a nominal power of 
50 MWe which uses Therminol VP1 thermal oil (HTF) as working fluid.   
Keywords: cylindrical parabolic concentrators, solar field, hot oil. 

1. INTRODUCTION 

The production of electric power using solar 
radiation is one of the fastest developing tech-
nologies at world level. The solar thermal 
technologies produce electric power by concen-
trating the solar radiation in order to vaporize a 
liquid and to use the vapors to drive a turbine 
generator, in the same way that electric power is 
produced in plants with steam boiler operating on 
coal, oil or natural gas. 

In the paper is presented the sizing of a solar 
field that feeds thermally a solar thermal power 
plant with a nominal power of 50 MWe which 
functions on Rankine cycle. The solar field is 
made up of parallel loops connected in series. 
The solar thermal plant with cylindrical parabolic 
concentrators (CCP) turns direct solar radiation 
into thermal power in the form of sensitive heat 
taken over by synthetic oil which flows through 
the receiver (absorbers) tubes of the solar 
collectors. The heated oil is then introduced in 
an oil/water heat exchanger where are produced 
overheated vapors which feed a turbine thus 
generating electric power. 

2. THE DESIGN AND SIZING OF A SOLAR 
THERMAL POWER STATION WITH 
CYLINDRICAL PARABOLIC 
COLLECTORS 

2.1. Design-point conditions of the solar field  
of the cylindrical parabolic collector  

The design of a solar field is influenced by the 
industrial process, by the technical characteristics 
of the selected collectors, by the location of the 
plant and by the climate data. 

In table 1 are presented the set data for the solar 
thermal power plant under analysis. 

 
Table 1  

The set data for the solar thermal power plant 

The thermal power the solar field has to supply 183.326MWt

The inlet temperature in the solar field 293ºC 

The output temperature from the solar field 393ºC 

 

Depending on the size of the solar thermal plant 
which is to be built, there must be selected a solar 
collector of the right dimension. The selected model 
is EUROTROUGH with an overall length of 150 m 
(Table 2). 
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The chosen working fluid for the solar field is 
Therminol VP-1 which has the following characte-
ristics: 

− the boiling temperature: 257ºC; 
− the crystallization temperature: 12°C; 
− the composition: Diphenyl ether 73.5%, 

Biphenyl 26.5%. 
It is chosen a field with N-S orientation (fig. 2) 

and the configuration of the field loops as well as the 
power supply take into account the advantages in 
comparison to other configurations such as the reduc-
tion of the pressure and heat losses, together with a 
better accessibility to the collecting loops (fig. 1). 

In table 3 there are presented the technical cha-
racteristics of the cylindrical parabolic collector.  

 

 
 
 
 
 
 
 
 
 
 

Fig. 1. The scheme of the solar field  
with N-S orientation and power supply. 

 
Table 2  

Data of the solar field 

Type of collector  EUROTROUGH 
Thermal fluid  Therminol VP-1 
Limit temperature of the  fluid  398ºC 
Specific heat of the fluid at 343ºC 2436 J/kgºC 
Orientation of the collector axis (of 
the field)  

N-S 

Configuration of the supply pipes  Central feeding 
Nominal mass flow per collector loop  7 kg/s 

 
Table 3  

Technical characteristics of the cylindrical  
parabolic collector 

Length of collector (m) 148.5 
Opening width (m) 5.77 
Opening area (m2) 817.5 
Outer diameter of the receiver (m) 0.07 
Inner diameter of the receiver (m) 0.065 
Optical efficiency  0.77 
Overall thermal loss coefficient at Tabs=370ºC 
and Tamb=20ºC,  (W/m2C) 

5.5 

Dirt factor  0.97 
Incidence angle modifier for 18.7 º 0.97 
Receiver rugosity (m) 4.6·10-5 
Length of the connection pipe between the 
collectors (m) 

11 

Number of 90º elbows between collectors 11 

2.2. Meteorological and geographical data  

In table 4 there are presented the meteorological 
and geographical data of the Măcin area, region 
with the highest solar potential in our country 
(annual energy potential of 4,44 kWh/m²/year) thus 
fitting into the category of optimum regions for the 
development of solar thermal technologies. 

2.3. The sizing of a solar field of cylindrical 
parabolic concentrators  

The sizing of a solar field consists of de-
termining the number of collectors necessary for a 
loop of the solar field and the number of necessary 
loops so as to obtain the pressure and temperature 
conditions of the fluid when exiting the solar field. 
The temperature increase of the fluid between the 
entrance and exit points determines the number of  
collectors per loop, whereas the thermal power that 
has to be supplied by the entire solar field deter-
mines the number of loops in the solar field. 

 
Table 4 

Meteorological and geographical data of the location 

Location region  Măcin area 
Direct solar radiation (W/m2) 850 
Environmental temperature (summer and 
winter) (ºC) 

20/8 

Latitude  45° N 
Longitude  28° E 

 

The nominal temperature increase in a collector 
of the EUROTROUGH type, with a flow of 7 kg/s 
of VP-1 oil, at 12 o’clock on June 21st with a 
normal direct radiation of 850 W/ m2 is of: 
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The number of collectors for a loop is calcu-
lated with the relation: 

       824316778,3
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By rounding off this value and estimating to an 
even number (so as to obtain the symmetry of the 
collectors in each loop, necessary in solar fields 
with central feeding. We have chosen the value: 
N=4 collectors in series per loop. 

This value allows us to calculate the value of 
the nominal oil flow per loop for a heat jump of 
100ºC. In order to do this it is determined the heat 
jump in only one of the four collectors as being of 
25ºC. Since this is a value inferior to the nominal 
value of the collector with 7 kg/s, this indicates 
that the new value of the flow has to be a value 
higher than this. The real result is a flow of 
7.321569217 kg/s per loop. 

N 

S 

Heat 
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The calculation of the number of parallel loops 
in the solar field is determined with the equation: 

   8125,416267
106







N

QQ

P
M

pt

t
  loops (4) 

Thus the solar field is made up of 126 parallel 
loops of 4 EUROTROUGH type collectors for 
each of them, which means 504 collectors with an 
incident area of 412020 m2. 

2.4. The calculation of the feeding pump power 
from the solar fields  

In order to obtain a higher hydraulic balance in 
the system, the field was divided into 4 subfields, 3 
with 32 loops and 1 with 30 loops. With this 
configuration there are used 2 feeding pipes of the 
field (for the cold fluid) and 2 exhaust pipes from 
the field (hot fluid), one for 2 subfields. 

Each pipe connecting the collectors and power 
block has a length of 816.5 m (fig. 2), with a 
varying diameter which decreases as it moves 
away from power block. 

 
Table 5 

The thermal physical properties  
of the hot oil for an average value  

of the operation temperature 

Properties of the fluid 

cp  2436.65 J/(kg·K) 

ρ  764.63kg/m3 

μ  165.54·10-6 kg/(m·s) 

v (m/s) 2.81 

Re  844·103 

f  4.64·10-3 
 
The hydraulic elements that contribute to the 

calculus of the electric power of the pump are the 
hydraulic circuit of the solar field and the feeding 
pipes taking into account only the contribution of the 
collecting loops. Assuming that the solar field is 
made up of collecting parallel loops, the power of the 
pump may be determined multiplying the number of 
the loops: 126 with the necessary pumping power 
for the circulation of the fluid in a single loop: 
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For a mass flow of 7.32 kg/s Therminol VP-1 
oil and a temperature of 300ºC it is obtained a 
speed of 2.81 m/s in the 65mm pipes. 

In order to complete the calculation of the 
hydraulic losses in a collecting loop it is necessary to 
determine the hydraulic length of each loop. Each 
collecting loop is made up of 8 collectors and the 
corresponding hydraulic elements (elbows, valves, 

connection pipes, etc.). The length of each collector is 
of 148.5 m and the average length of the connection 
pipe between the collectors is of 11m, with an 
additional 18 m which corresponds to the pipe that 
connects the 2 parallel portions of each loop. 

The outer and internal diameter of these pipes is 
equal to that of the receiver. That is why it can be 
considered that the loop is made up of a straight 
pipe of 656 m. 

Considering that each connecting pipe between 
the collectors is made up of 11 elbows of 90ºC and a 
“T” coupling, the length of the equivalent pipe 
between the collectors is, due to these hydraulic 
elements, of 113.75 m. For this there are used the 
equivalences presented in table 6. 

 

 

Fig. 2. Scheme of the sized solar field, made up of 
126 EUROTROUGH collecting loops and 4 collectors  

per loop. 

Table 6 

The equivalent lengths of the hydraulic elements  
of the solar field 

 L/D Leq 
Standard elbow 30 1.95 
Standard “T” on the main branch 20 1.3 

 

Each of the collecting loops of the field has an 
overall length of 769.75 m due to the receivers, 
connection pipes and auxiliary elements of the 
circuit (table 7). 

Power bloc 
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Table 7 

The contribution to the overall hydraulic length  
of a collecting loop of the solar field 

Collectors Lc=148.5 · 4=594 m 

Connection pipe  Lt=11(m) · 4 + 18 (m)=62m 

Hydraulic elements  Leq=22.75(m) · 5=113.75m 

Overall length 769.75 m 

 
So as to simplify the problem we assume that the 

ground on which the solar field will be built is com-
pletely flat and that all the collectors will be arranged 
on the same level. Thus the connection pipes at the 
entrance and exit of the collectors are at the same 
height and there are no contributions to the pressure 
losses due to the hydraulic height difference. 

So the pressure drop within a loop is due to the 
friction between the oil and the pipe with a length of 
769.75 m and with an inner diameter of 0.065 m. 
With these approximations the hydraulic losses in 
nominal conditions for each collecting loop is of 7.12 
bar for a flow of 7.32 kg/s. 

In order to compensate a pressure drop of 7.12 bar 
with a pump with mechanical efficiency of 0.8 a 
nominal power for a loop of 8.52 kWe is necessary.  

Multiplying this value for the 126 loops of the 
solar field we obtain a total of 1073.52 kWe for the 
power of the pump of the solar field. This power 
may be supplied by a single pump in the case of 
the fields with direct return or there can be used 2 
pumps (for the central heating/feeding case). 

3. CONCLUSIONS 

The solar processes are generally characterized 
by initial high costs and low operating costs. In this 
study was performed the sizing of the solar field for 
a solar thermal station with a nominal power of 50 
MWe, this being the usual size for the CCP plants. 
Since the major investment for a solar thermal plant 
is represented by the solar field, its optimum sizing 
will reduce the investment expenses. In the case of 
the plants with the same power, the investment costs 
may differ due to errors in the designing of the solar 
field, as the cost of the power bloc is the same for 
the same power and the operating and maintenance 
costs will be similar in all cases. 

Many energy processes need an auxiliary power 
source so the system includes both solar and con-
ventional equipments and the annual charging is 
done by a combination of these sources. In 
principle, the solar power equipment is purchased 
today to reduce the cost of electricity in the future. 

Thus the installation and operation of more 
such plants in order to supply electricity may 
reduce the price of electricity caused by the rising 
of the price of fossil fuels and their being used up.  

Another essential aspect is the fact that the 
electricity generated by solar thermal plants does 
not produce significant polluting emissions com-
pared to thermal power plants on fossil fuels. 

The economic and social benefits, together with 
the stable price of the supplied energy and its 
reduced impact on the environment clearly suggest 
that the alternative CCP plants will be beneficial 
for the supplying of electric power. 

Nomenclature  
CCP cylindrical parabolic collectors 

tQ  power generated by a collector  [W] 

pQ  power lost by a collector [W] 

oilQ  - power absorbed by the oil [W/grd] 

cp specific heat at constant pressure [J/kg K] 
m  mass flow rate for a collecting loop [kg/s] 
Pt thermal power [W] 

Pe,b 
electric power necessary for the fluid circulation 
along the hydraulic circuit associated to a collecting 
loop [W] 

p  pressure drop along the hydraulic circuit associated 
to a collecting loop [Pa] 

b  mechanical efficiency of the pump 

  density of the fluid circulating through a loop of the 
solar field [kg/m3] 

f friction factor 
μ dynamic viscosity [kg/m·s] 
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