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Resumen 

 

El presente estudio trata de determinar la eficiencia 

térmica de un colector solar cilindroparabólico en 

condiciones no ideales (condiciones no muy cercanas a 

las del estado del arte). Es decir, se considerarán 

algunas condiciones como alta velocidad del viento, 

bajo o nulo vacío en el espacio anular del HCE (presión 

atmosférica o vacío parcial, 10 kPa), propiedades 

radiativas de los materiales inferiores a las actuales más 

altas, entre otras que se especificarán. Sin embargo, las 

dimensiones del colector, especialmente del HCE, 

están basadas en las medidas estándar del colector 

cilindroparabólico tipo LUZ LS-3. Además, a 

diferencia de otros estudios, no considera flujos de 

calor por unidad de longitud, sino flujos de calor para 

una determinada longitud de HCE (4 metros). La 

simulación se realizó en el programa EES (Engineering 

Equation Solver), considerando que EES tiene una gran 

base de datos de propiedades térmicas y físicas de 

muchos fluidos. EES puede incorporar tablas de 

búsqueda para interpolar y recuperar propiedades de 

fluidos no incluidos en las bases de datos (en este caso, 

para los HTF analizados: Therminol VP-1 y Syltherm 

800). El modelo matemático se escribió en EES y se 

creó una ventana de diagrama para ingresar los valores 

de entrada y mostrar las respuestas de salida. Las 

ecuaciones se basan en modelos típicos de transferencia 

de calor [Forristal, 2003, Incropera, 2006]. Se puede 

afirmar, como se evidenció, que la eficiencia se 

reducirá a medida que aumente la temperatura del HTF 

debido a las pérdidas térmicas. 
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colector solar concentrado, energía solar térmica, EES 
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Abstract 

The present study tries to determine the thermal efficiency of a solar parabolic trough collector under 

non ideal conditions (conditions not too close to the state-of-the-art). Namely, it will be considered 

some conditions like high wind velocity, low or no vacuum in the HCE annular space (atmospheric 

pressure or partial vacuum, 10 kPa), materials’ radiative properties lower than the current highest, 

among others that will be specified. However, the collector’s dimensions, specially from the HCE, are 

based on the standard measurements of the parabolic trough collector LUZ LS-3 type. Moreover, unlike 

other studies, it doesn’t consider heat fluxes per length unit, it rather considers heat fluxes for a 

determined HCE length (4 meters). The simulation was performed on the EES (Engineering Equation 

Solver) program, considering that EES has a large database of thermal and physical properties of many 

fluids. EES can incorporate Lookup tables to interpolate and recall properties for fluids not included on 

the databases (in this case for the analyzed HTFs: Therminol VP-1 and Syltherm 800). The 

mathematical model was written on EES, and a Diagram Window was created to enter the input values 

and show the output answers. The equations are based on typical heat transfer models [Forristal, 2003, 

Incropera, 2006]. It can be stated, as was evidenced, that the efficiency will be reduced as the HTF’s 

temperature increases because of the thermal losses. 

Keywords Parabolic trough, solar energy, concentrated solar collector, thermal solar energy, EES 

 

Introducción  

 

A parabolic trough solar collector is a technology of concentrated thermal solar energy. It is 

based on a parabolic curved mirror that concentrate the rays of beam solar radiation on a focal 

line where is located the heat collector element (HCE). The HCE takes out part of the solar 

energy and transfers it to a fluid, the HTF. To allow the concentration of beam radiation on the 

focal line, it is necessary that the parabolic trough tracks the Sun direction. Thus, must have a 

continuous rotation of the parabolic trough that align the parable symmetry line to the beam 

radiation rays. 

The absorber tube (part of the HCE), located on the focal line of the parabolic trough could 

suffer high thermal losses because of radiation with the surroundings and convection with the 

external winds, losing part of the heat gained because of the geometrical concentration. For 

this reason, there’s an external glass envelope that encloses the absorber tube. Then, the arrange 

(absorber – envelope) is concentrical. Moreover, is highly beneficial that the annular space 

between the absorber and the envelope experiences vacuum. This characteristic reduces the 

heat losses. 

Considering that in a solar field with parabolic trough collectors, the heat transfer fluid (HTF) 

circulates from collector to collector (in a series arrangement), the HTF input temperature in 

each individual collector will be different because the HTF heats up as it advances through the 

collectors arrange. For this reason, the amount of heat gained by the HTF passing through each 

individual collector gradually decreases and the efficiency do too. 

 

 
 



 
 
 

 

 

 

  

1.1 Glossary 

 HTF: heat transfer fluid. It is the liquid that is heated internally and carries the gained heat 

to the rest of the energy generation system. Generally, these systems work on organic 

Rankine cycle and have heat exchangers for refrigerants (organic fluids) get energy from 

the HTFs. 

 HCE: heat collector element. It is the part of the parabolic trough where the concentrated 

solar radiation is transmitted, and “collected” as heat. The HCE is composed by a metallic 

tube called absorber tube inside a transparent special glass tube, called glass envelope. 

 Absorber tube: is a metallic tube with a high absorptance selective surface (the HTF flows 

internally through this tube). 

 Glass envelope: is a transparent special glass tube with high transmittance for solar 

radiation. The absorber tube is assembled inside the glass envelope. 

 Annular space: the space between the absorber tube and the glass envelope. Ideally, it would 

have a high vacuum pressure. 

 

Materiales y métodos 

2. MATHEMATICAL MODEL 

NOTE: not all the equations of the mathematical model are displayed on the paper, only 

the main equations are not shown, i.e. are not described formulas for the cilindrical areas, 

formulas for the nondimensional numbers (Reynolds, Prandtl, Nusselt, etc.). If they were 

included the extension of the paper will increase a lot. However, all the necessary 

equations were included on the EES calculations. 

The mathematical model considers the heat transfer between the two main parts of the HCE: 

absorber tube and glass envelope, and the surroundings, i.e., the transfer with the HTF (internal 

convection), with the air and the surroundings (external forced convection and external 

radiation), and absorber – envelope transfer (radiation and convection in the annular space, no 

vacuum or partial vacuum). The conduction heat loss between the HCE and the collector’s 

structure or other elements is neglected because there are no exact criteria about the structure 

and its conduction, and the conduction losses have been estimated as low percentages. The 

used equations are based on known heat transfer expressions. 

The simulation of the model was performed in the EES (Engineering Equation Solver) 

software. An energetic balance of the absorber tube was performed separately from the balance 

of the glass envelope, with the objective of solving not only the individual heat fluxes, but the 

inner and outer temperatures of both elements (absorber tube and glass envelope). It is 

important to state that uniform temperatures are considered on the radial surfaces, i.e., the 

longitudinal temperature gradients are neglected, but not the radial gradients. For example, the 

inner temperature of glass envelope is considered uniform for a single HCE (4 m length). 

Although in practice it is not entirely true, the HTF flowing through the 4 m length HCE 

increases its temperature in a value less than 2 °C, and for this reason it’s not generated an 

important longitudinal temperature gradient on the two main element of the HCE. This small 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

gradient could be determined in another specialized FEM simulation software for a single HCE, 

but in an arrangement of collectors it results complex, then, this longitudinal gradient will be 

neglected in the absorber and the envelope. In the same way, most properties of the absorber 

tube, the glass envelope, the HTF, the external air and the annular air like thermal conductivity, 

CP, density, etc. will be calculated also as bulk parameters, i.e., the properties are determined 

with the mean temperatures, as material functions in the EES. 

 

 
Fig. 1: HCE section view with characteristic temperatures 

 

The characteristic temperatures of the absorber tube and glass envelope are: 

 

Toa
: absorber tube outer surface temperature 

Tia
: absorber tube inner surface temperature 

Ta: mean absorber tube temperature 

𝐓𝐚 =
𝐓𝐨𝐚+𝐓𝐢𝐚

𝟐
 (1) 

Toc
: glass envelope outer surface 

temperature 

Tic
: glass envelope inner surface temperature 

Tc: mean glass envelope temperature 

𝐓𝐜 =
𝐓𝐨𝐜+𝐓𝐢𝐜

𝟐
 (2) 

 

 

 

The characteristic diameters of the absorber tube and glass envelope are: 

 

doa
: absorber tube outer diameter 

dia
: absorber tube inner diameter 

doc
: glass envelope outer diameter 

dic
: glass envelope inner diameter 

 

2.1 Absorber tube 

This tube receives radiation intercepted by the collector, reflected by the parabolic mirror, 

transmitted by the glass envelope, and absorbed by the absorber’s outer surface (𝐐𝐫
̇

𝐢𝐧,𝐚
). 

Thermal losses are radiation and convection heat fluxes inside the annular space toward the 

glass envelope (𝐐𝐫
̇

𝐚𝐧
, 𝐐𝐜

̇
𝐚𝐧

), considering that in normal operation the absorber will be hotter 

than the envelope. The difference between gain radiation and heat losses, will be the convection 

heat flux gained by the HTF flowing through the absorber tube (𝐐𝐜
̇

𝐢𝐧𝐭,𝐚
). The conduction heat 



 
 
 

 

 

 

  

flux between the inner and outer absorber tube walls (𝐐𝐤̇𝐚
) will determine the absorber tube 

inner and outer surface temperatures. 

 

𝐐𝐫
̇

𝐢𝐧,𝐚
− 𝐐𝐫

̇
𝐚𝐧

− 𝐐𝐜
̇

𝐚𝐧
= 𝐐𝐜

̇
𝐢𝐧𝐭,𝐚

 (3) 

Qr
̇

in,a
: radiation heat flux entering absorber / Qr

̇
an

: radiation heat flux lost toward envelope 

(annular) / Qc
̇

an
: convection heat flux lost toward envelope (annular) / Qc

̇
int,a

: convection heat 

flux gained by HTF 

 

 
Fig. 2: Absorber tube heat fluxes 

 

Below, the formulas of the absorber heat fluxes are detailed: 

 

𝐐𝐫
̇

𝐢𝐧,𝐚
= 𝐀𝐚. 𝐆𝐛. 𝛈𝐢𝐧𝐭. 𝛒𝐦. 𝛕𝐜. 𝛂𝐚 (4) 

Aa: collector aperture area / Gb: beam radiation received on collector aperture plane / ηint: 

collector intercept efficiency / ρm: mirror reflectance / τc: glass envelope transmittance / αa: 

absorber tube absorptance 

 

𝐐𝐫
̇

𝐚𝐧
=

𝛔.𝐀𝐨𝐚.(𝐓𝐨𝐚
̂ 𝟒

−𝐓𝐢𝐜
̂ 𝟒

)

𝟏

𝛆𝐚
+

𝟏−𝛆𝒄
𝛆𝐜

(
𝐝𝐨𝐚
𝐝𝐢𝐜

)
 (5)   [Incropera, 2006] 

: Steffan-Boltzmann constant / Aoa
: absorber tube external area / εc: glass envelope emittance 

/ εa: absorber tube emittance 

 

𝐐𝐜
̇

𝐚𝐧
= 𝐋

𝟐,𝟒𝟐𝟓.𝐤𝐚𝐧(𝐓𝐨𝐚−𝐓𝐢𝐜)

[𝟏+(
𝐝𝐨𝐚
𝐝𝐢𝐜

)
𝟎,𝟔

]

𝟏,𝟐𝟓 (
𝐏𝐫𝐚𝐧.𝐑𝐚𝐨𝐚

𝟎,𝟖𝟔𝟏+𝐏𝐫𝐚𝐧
)

𝟎,𝟐𝟓

 (6) 

L: HCE length / kan: annular air conductivity / Pran: annular air Prandtl number / Raoa
: 

Rayleigh number at temp. Toa
 

 

𝐐𝐜
̇

𝐢𝐧𝐭,𝐚
= 𝐡𝐢𝐧𝐭𝐚

. 𝐀𝐢𝐚
. (𝐓𝐢𝐚

− 𝐓𝐦) (7) 

hinta
: internal convection coefficient between absorber and HTF / Aia

: absorber tube internal 

area 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

The heat flux gained by the HTF (Q̇HTF) must be equal to the lost heat flux by the absorber 

internal convection (𝐐𝐜
̇

𝐢𝐧𝐭,𝐚
). In the same way, this convection heat flux must be equal to the 

conduction heat flux between the external and internal absorber walls (Qk̇a
), this is useful to 

determine the temperature difference between Toa
 and Tia

. 

 

𝐐̇𝐇𝐓𝐅 = 𝐦̇. 𝐂𝐏(𝐓𝐟 − 𝐓𝟎) = 𝐐𝐜
̇

𝐢𝐧𝐭,𝐚
 (8) 

ṁ: HTF mass flow / CP: HTF specific heat at constant pressure / T0: HTF temperature at 

absorber inlet (for 1 individual HCE) / Tf: HTF temperature at absorber outlet (for 1 individual 

HCE) 

 

𝐐𝐤̇𝐚
=

𝟐𝛑.𝐤𝐬

𝐥𝐧(
𝐝𝐨𝐚
𝐝𝐢𝐚

)
= 𝐐𝐜

̇
𝐢𝐧𝐭,𝐚

 (9) 

ks: absorber tube wall conductivity 

 

The convection coefficient between the HTF and the absorber inner surface is calculated like 

this: 

𝐡𝐢𝐧𝐭𝐚
= 𝐍𝐮𝐇𝐓𝐅

𝐤𝐇𝐓𝐅

𝐝𝐢𝐚

 (10) 

 

𝐍𝐮𝐇𝐓𝐅 = [
𝐟

𝟖
(𝐑𝐞−𝟏𝟎𝟎𝟎)𝐏𝐫𝐇𝐓𝐅

𝟏+𝟏𝟐,𝟕√
𝐟

𝟖
(𝐏𝐫𝐇𝐓𝐅

𝟐/𝟑−𝟏)

] (
𝐏𝐫𝐇𝐓𝐅

𝐏𝐫𝐢
)

𝟎,𝟏𝟏

 (11) 

NuHTF: HTF Nusselt number / kHTF: HTF conductivity / Re: HTF Reynolds number / PrHTF: 

HTF Prandtl number / f: HTF flow friction factor / Pri: HTF Prandtl number at temperature Tia
 

 

2.2 Glass envelope 

This transparent tube allows that most of the received solar radiation can be transmitted toward 

the absorber tube. However, a small portion of radiation is absorbed by the envelope (𝐐𝐫
̇

𝐢𝐧,𝐜
). 

In the same way, it exists a small gain of heat on the glass by radiation and convection through 

the annular space (𝐐𝐫
̇

𝐚𝐧
 , 𝐐𝐜

̇
𝐚𝐧

) because the absorber is at higher temperature than the glass 

envelope. The envelope thermal losses are generated by the forced convection of the external 

wind (𝐐𝐜
̇

𝐞𝐱𝐭,𝐜
) and the radiation toward the surroundings (𝐐𝐫

̇
𝐨𝐮𝐭,𝐜

), colder than all the HCE 

elements. These losses are the main losses of the collector system and must be reduced to 

increase the efficiency. This is the main reason to have a glass envelope enclosing the absorber. 

 

𝐐𝐫
̇

𝐢𝐧,𝐜
+ 𝐐𝐫

̇
𝐚𝐧

+ 𝐐𝐜
̇

𝐚𝐧
− 𝐐𝐜

̇
𝐞𝐱𝐭,𝐜

− 𝐐𝐫
̇

𝐨𝐮𝐭,𝐜
= 𝟎 (12) 



 
 
 

 

 

 

  

Qr
̇

in,c
: radiation heat flux entering envelope / Qr

̇
an

: radiation heat flux gained from absorber 

(annular) / Qc
̇

an
: convection heat flux gained from absorber (annular) / Qc

̇
ext,c

: air – absorber 

convection heat flux / Qr
̇

out,c
: radiation heat losses to surroundings 

 

 
Fig. 3: Glass envelope heat fluxes 

 

Below, the formulas of the glass envelope heat fluxes are detailed: 

 

𝐐𝐫
̇

𝐢𝐧,𝐜
= 𝐀𝐚. 𝐆𝐛. 𝛈𝐢𝐧𝐭. 𝛒𝐦. 𝛂𝐜 (13) 

Aa: collector aperture area / Gb: beam solar radiation received on collector plane / ηint: collector 

intercept efficiency / ρm: mirror reflectance / αc: envelope absorptance 

 

𝐐𝐜
̇

𝐞𝐱𝐭,𝐜
= 𝐡𝐞𝐱𝐭𝐜

. 𝐀𝐨𝐜
. (𝐓𝐨𝐜

− 𝐓𝐬) (14) 

hextc
: external convection coefficient between air and envelope / Aoc

: glass envelope external 

area 

 

𝐐𝐫
̇

𝐨𝐮𝐭,𝐜
= 𝛔. 𝛆𝐜. 𝐀𝐨𝐜

. (𝐓𝐨𝐜
̂ 𝟒

− 𝐓𝐬̂
𝟒

) (15) 

: Steffan-Boltzmann constant / εc: glass envelope emittance / Aoc
: glass envelope external 

area 

 

It must be considered the conduction heat flux between the internal and external absorber 

surfaces (Qk̇c
) to determine the difference between the temperatures Tic

 and Toc
: 

 

𝐐𝐤̇𝐜
=

𝟐𝛑.𝐤𝐠(𝐓𝐢𝐜−𝐓𝐨𝐜)

𝐥𝐧(
𝐝𝐨𝐚
𝐝𝐢𝐚

)
 (16)   [Incropera, 2006] 

kg: glass envelope conductivity 

 

Using the concept of thermal resistances, it’s possible to relate the absorber conduction heat 

flux (𝐐𝐤̇𝐜
) with the convection and radiation heat fluxes from the glass envelope toward the 

surroundings (𝐐𝐜
̇

𝐞𝐱𝐭,𝐜
 , 𝐐𝐫

̇
𝐨𝐮𝐭,𝐜

): 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

𝐐𝐤̇𝐜
= 𝐐𝐜

̇
𝐞𝐱𝐭,𝐜

+ 𝐐𝐫
̇

𝐨𝐮𝐭,𝐜
 (17) 

 

The convection coefficient between external air and envelope external surface is calculated 

then: 

𝐡𝐞𝐱𝐭𝐜
= 𝐍𝐮𝐜

𝐤𝐚𝐢𝐫

𝐝𝐨𝐜

 (18) 

 

𝐍𝐮𝐜 = 𝐂. 𝐑𝐞𝐚𝐢𝐫
𝐦. 𝐏𝐫𝐚𝐢𝐫

𝐧 (
𝐏𝐫𝐚𝐢𝐫

𝐏𝐫𝐜
)

𝟎,𝟐𝟓

 (19)   [Incropera, 2006] 

Nuc: external air Nusselt number / kair: external air conductivity / Reair: external air Reynolds 

number / Prair: external air Prandtl number / Prc: HTF Prandtl number at temperature Toc
 

 

The constants C and m are determined on the next table, as a function of the Reynolds number: 

Re C m 

1 – 40 0,75 0,4 

40 – 1 000 0,51 0,5 

1 000 – 20 000 0,26 0,6 

20 000 - 106 0,076 0,7 

 

The constant n value depends on the Prandtl number, with two possibilities: 

Pr n 

10 0,37 

>10 0,36 

 

 

 

 

3. INPUT PARAMETERS 

Because of the model’s complexity and some characteristics of the operation of parabolic 

trough solar systems, it has been selected some typical input parameters. The values showed 

on the next table, has been selected based on state-of-the-art criteria, an extensive bibliographic 

review, and proper decisions of conservative type. The criteria that justify these selections are 

indicated: 

 

 

 

 

 

 

 



 
 
 

 

 

 

  

 

 

INPUT CONDITIONS CRITERIA REF. 

Flux 

ṁ = 8 kg/s Approximated HTF mass flow for a volumetric flow rate of 

160 gpm 
[Forristal, 

2003] 

To between 540 to 665 K (267 

– 392 °C) 

Operative input temperature ranges for the parabolic trough 

arrangements in energetic plants 
[Fernández-

G. 2010] 

Gb between 500 to 1000 W/m2 Beam solar radiation, from medium level (500 W/m2) to 

high normal level (1000 W/m2) (on aperture plane) 
 

HTFs 

Therminol VP-1 

Syltherm 800 

Most used HTF fluids on parabolic trough collectors that 

comply the selected temperatures 
[Therminol, 

DOW] 

External conditions 

vair = 10 m/s The selected air velocity corresponding to strong winds that 

increase the convection heat losses 
 

Ts = Tair = 293 K = 20 °C For simplification, surroundings temp. is considered the 

same as air temp., using standard value of 20 °C 
N/A 

Annulus pressure 

101,3 kPa / 10 kPa It was considered the values of 101,3 kPa (P atm), no 

vacuum on envelope – absorber annular space; and 10 kPa, 

partial vacuum on annular space. 

N/A 

Convection coefficients 

hextc
 ITERATIVE 

hinta
 ITERATIVE 

Values for hextc
 and hinta

 are unknown, however, 

approximated values are assumed. After, iterations are 

performed until the assumed approach the calculated values 

N/A 

Radiative properties 

Mirror 

 = 0,94 / int = 0,9 

Conservative values as compared to the state-of-art 

int refers to the collector intercept efficiency 

[Zaaraoui, 

2011] 

Glass envelope 

αc = 0,02 / c = 0,93 / c = 0,86 

Conservative values for absorptance, transmittance and 

emittance as compared to the state-of-the-art values 

Absorber tube 

αa = 0,92 / a = 0,15 

Conservative values for absorptance and emittance as 

compared to the state-of-the-art values 

Geometry 

Mirror 
b = 5,76 m 

L = 4 m (for a single HCE) 

Luz LS-3 collector geometry 
[Fernández-

G., 2010, 

Zaaraoui, 

2011, 

Eckhard 

2001] 

Glass envelope 

doa
= 115 mm / dic

= 109 mm 

Absorber tube 

doa
= 70 mm / dia

= 66 mm 

Standard diameters of the HCE elements (Luz LS-3) 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

4. OUTPUT PARAMETERS 

After entering the input parameters (data), the EES programing calculate the output parameters 

(answers). The calculations based on the mathematic model equations. The output variables 

are: 

 

• Incident beam radiation energy on the collector aperture plane (E0) 

• HTF volumetric flow rate (V̇) 

• Characteristic temperatures of each HCE section (absorber external surface Toa
, absorber 

internal surface Tia
, absorber mean temperature Ta, envelope external surface Toc

, envelope 

internal surface Tic
, mean envelope temperature Tc) 

• Properties and nondimensional numbers for HTF internal flow (NuHTF, kHTF, PrHTF, Re, f, 

Pri) 

• Properties and nondimensional numbers for air external flow (Nuc, kair, Reair, Prair, Prc, 

C, m, n) 

• Prop. and nondim. numbers for air natural convection inside the annular space (kan, Pran, 

Raoa
) 

• Convection coefficient between the HTF internal flow and the absorber internal surface 

(hinta
) 

• Convection coefficient between the air external flow and the envelope external surface 

(hextc
) 

• Pressure loss of the HTF internal flow (P) 

• All the mentioned heat fluxes (Qr
̇

in,a
, Qr

̇
an

, Qc
̇

an
, Qc

̇
int,a

, Q̇HTF, Qk̇a
, Qr

̇
in,c

, Qc
̇

ext,c
, Qr

̇
out,c

, 

Qk̇c
) 

• Thermal efficiency (ηt =
Q̇HTF

E0
) 

 

 

 

 



 
 
 

 

 

 

  

Resultados 

According to the calculations, the obtained results don’t show contradictory values and the 

numbers complete the respective summations of the energetic balances, the gained and lost 

heat fluxes. In the same way, the obtained temperatures keep a logical relationship between 

them. 

As an example, below is shown a screenshot with part of the results (heat fluxes, temperatures, 

and efficiencies), for the next data: HTF temp. at absorber inlet of 600 K, Gs 500 W/m2, 8 kg/s 

mass flow of Therminol VP-1, annulus pressure of 10 kPa and another data previously 

indicated (including geometric data). It is important to note that the thermal efficiency was 

60,77% and the HTF temperature at absorber outlet (for a single HCE) was 600,4 K (it was 

heated 0,4 K approx.): 
 

 
Fig. 4: Screenshot of part of the results, showing heat fluxes, temperatures, and thermal efficiency 
 

 
Fig. 5: Screenshot of all the EES Diagram Window, showing all the input and output parameters 
 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

In the same manner, the most important graphics generated on the EES for this case are the 

relation between HTF input temperatures and the thermal efficiency for the parabolic trough. 

Evidently, with the increase of the HTF temperature at absorber inlet, the thermal losses by 

convection and radiation increase too (even with the glass envelope and a full vacuum annular 

space). Then, is stated that the thermal efficiency will reduce as the temperature T0 increases. 

Below, are showed T0 vs t curves for two selected HTFs (Therminol VP-1 and Shyltherm 

800) considering two annulus pressure values: no vacuum at 101,3 kPa and partial vacuum at 

10 kPa: 
 

4.1 Results for Therminol VP-1 HTF 
 

 
Fig. 6: Thermal efficiency (t) as a function of HTF input 

temp. (T0) for different radiation fluxes, Therminol VP-

1, annulus pressure 101,3 kPa 

 
Fig. 7: Thermal efficiency (t) as a function of HTF input 

temp. (T0) for different radiation fluxes, Therminol VP-

1, annulus pressure 10 kPa 
 

4.2 Results for Syltherm 800 HTF 
 

 
Fig. 8: Thermal efficiency (t) as a function of HTF input 

temp. (T0) for different radiation fluxes, Syltherm 800, 

annulus @ 101,3 kPa 

 
Fig. 9: Thermal efficiency (t) as a function of HTF input 

temp. (T0) for different radiation fluxes, Syltherm 800, 

annulus @ 10 kPa 



 
 
 

 

 

 

  

Discusion 

 

It is clear that the two considered HTFs: Syltherm 800 and Therminol VP-1 had almost the 

same performance on the simulation. Looking for figure 6 and figure 8, seems to be almost the 

same graphic but the first is for Therminol and the second for Syltherm. The same situation 

analyzing figures 7 and 9. Considering that the data properties for the HTFs was obtained from 

the official webpage [Therminol, Dow] then it is possible to affirm that both fluids work in 

same temperature ranges with similar performances. Then the selection of the two HTFs was 

correct for the study. 

Considering partial vacuum of 10 kPa inside the annulus, the highest calculated efficiency was 

around 68% for 1000 W/m2 of beam solar radiation (on aperture plane) and HTF at 540 K (267 

°C), for the same radiation value, efficiency drops to around 64% for HTF at 665 K (392 °C). 

For the same condition (annulus at 10 kPa) but beam solar radiation of 500 W/m2, efficiency 

goes from 64% at 540 K to 55% at 665 K. 

On the other hand, if there is no vacuum on the annulus and the pressure is considered the 

standard atmospheric (101 kPa) there is a significant drop on the efficiency values. The 

maximum efficiency at 540 K and 1000 W/m2 is around 65% and the minimum efficiency at 

665 K and 500 W/m2 is around 47%. It is a logical effect that the efficiency experiments a drop 

from the case of partial vacuum (10 kPa) to the case of no vacuum (101 kPa). 

Comparing the results of efficiency with other previous articles is stated that the values of the 

present work are smaller than the values of other articles. This is because as was explained, it 

was considered parameters under non ideal or conservative conditions, i.e. radiative properties 

not on the greater state-of-the-art values. Tzivanidis et al [2015] considers that the efficiency 

can be around 80%, using a 1D numerical model developed in Fortran and the use of 

Solidworks. The difference is that this paper show a graphic of Efficiency vs (Tin-Tam)/Gb, the 

latter is HTF input temperature minus ambient temperature divided by beam radiation. Forristal 

[2003] in an extensive work of simulation for the NREL, also in EES, shows in the figure 6.15 

a graphic of Efficiency vs Average HTF temperature (very similar to the present work’s figures 

6 to 9). For a HTF temperature of 100 °C and beam radiation of 1100 W/m2 the efficiency 

approaches near 74%, and almost all the values of the graphic are above 65% for different 

temperatures and radiation values from 300 to 1100 W/m2. It is necessary to indicate that in 

the present study the heat fluxes were calculated in W (a length was assigned to the HCE), in 

the Forristal study the fluxes were calculated in W/m, i.e. power per unit length. Hongbo Liang 

et al [2017] study the anual collector efficiency for some locations of variate climate types in 

China, in figure 4 of their work, shows that the efficiency varies from 52% in the worst location 

to 63% in the best location, for a north-south axis tracking (typical tracking for parabolic 

trough). Their metodology considers dynamic performance of parabolic trough for different 

sun-tracking systems considering the solar conditions for the different places in China 

[Hongbo, 2017]. 

 



 

 
 

 

 

 

 
 

 

 

 

 

 

 

Conclusiones 

 For the two modeled HTFs (Therminol VP-1 and Syltherm 800), the thermal efficiency 

of the parabolic trough collector was around 60% in the case of atmospheric pressure 

in the annular space, decreasing the efficiency with the increase of the temperature and 

depending on the direct radiation level. The model considered the use of the glass 

envelope and the conditions described on the input parameters. 

 The thermal efficiency increases to around 65% (or more) in the case of partial vacuum 

(10 kPa) in the annular space. Here it is obvious than make vacuum between the tube 

absorber and the glass envelope reduce the thermal losses for radiation and convection 

heat transfer. It would be even better if the pressure of the annulus reduces to less than 

1 kPa (ideal condition). 

 Although the simulation was not performed on a basis of heat fluxes per length unit, 

like other simulations [Forristal, 2003], the results were not so far away from other 

works. It can be considered that the results have logical values. 
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