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Abstract 15 

An improved absorber tube (AT) design consisting of a semi-circular and external flat fin with a flat-16 

plate radiation shield inside an evacuated annulus is proposed for large aperture parabolic trough 17 

concentrator (PTC) systems. In the present design, the AT’s semi-circular part absorbs the most sun 18 

rays. The other rays originally absorbed by the AT’s upper part is now intercepted by the external two 19 

fins. And the flat-plate radiation shield reflects the external radiation energy from the AT’s upper half 20 

back to the AT. The trough condenser has the 8m diameter and 80° half rim angle, and the AT consists 21 

of a semicircle with a diameter of 100mm and outer fins with a length of 10mm. The optical and 22 

thermal efficiency of this new design could reach up to 83.3% and 80.3%, respectively. The optical 23 

and thermal efficiency was 8%-units higher than that of traditional optimal design. The maximum 24 

temperature always appears at the edge of the fin, which is up to 50oC higher than that of the heat 25 

transfer fluid (HTF) at 0.5 m/s, which was the optimal fluid rate for the new design and the fins also 26 

make contribution to the PTCs of 6.5% optical efficiency and more than 3.5% thermal efficiency. The 27 

improved AT design contribute to plan more effective PTC systems.  28 

 29 

Keywords: large aperture parabolic trough concentrator; semi-circular absorber tube with fin; flat-30 

plate radiation shield; thermal efficiency; optical efficiency  31 

 32 

Nomenclature  33 

 34 
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Symbols 

a adjustment coefficient 

b correlation coefficient 

C1, C2, Cu constants in k-ε turbulence model 

Cp specific heat capacity, J/kg K 

DNI direct normal solar irradiance, W/m2 

Dabs absorber tube diameter, m 

Dgla glass cover diameter, m 

E heat flux, W/m2 

f focal length of primary reflector, m 

Gk turbulent kinetic energy from mean velocity gradients, kg/m s3 

g gravity acceleration, m/s2 

H thickness of collector tube, mm 

ha-g convection heat transfer coefficient, W/m2 K 

K total length of diameter and fins the absorber, m 
kstd thermal conductivity of residual gases, W/m K 
L length, m 

M width of primary reflector aperture, m 

N circumferential length of AT, m 

Nu 

Pa 

Nusselt number 

gas pressure in annular space, Pa 

Pr Prandtl number, - 

Qu, Qloss heat absorbed and lost, W 

R radius of the absorber tube, m 
Re 

T 

Reynolds number 

temperature, K 

t time, s 

u, v, w x, y, z velocity components, m /s 

i, j, k Cartesian coordinates 

 

Greek letters 

a  half acceptance angle, degs 

eabs emissivity, %  

hopt,  optical efficiency, % 
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hth thermal efficiency, % 

j half rim angle, degs 

ρr reflectance of the collector mirror, % 

ρ density, kg/m3 

l thermal conductivity, W/m K 

lT average free path in molecular collisions, cm 

µ dynamic viscosity, m Pa s 

q absorber tube circumferential angle, degs 

sk, se Prandtl number for transport of turbulent dissipation rate, e/k  

sT Prandtl number for energy, - 

sspec mirror specularity error, mrad 

sslop mirror slope and trace error, mrad 

s Stefan-Boltzmann constant, W/m2K4 

gg specific heat of gas, J/kg K  

d molecule diameter of gas, mm 

tgla transmissivity of glass cover, % 

zabs absorptivity of selective coating, % 

 

Subscripts 

abs  absorber  

A ambient temperature 

ave average  

gla glass cover 

max maximum 

opt optical 

S sky conditions 

th thermal 

U useful 

 

Abbreviations 

AT absorber tube 

CSP concentrating solar power 
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HTP 

HTF 

heat transfer performance 

heat transfer fluid  

PTC parabolic trough concentrator  

PR 

SR 

primary reflector of the concentrator 

secondary reflector of the concentrator 

 35 

1. Introduction  36 

 37 

Concentrating solar power (CSP) is a potential future sustainable power source, also able to provide 38 

dispatchable power linked to heat storage [1-3]. The parabolic trough concentrator (PTC) is the most 39 

popular concentrator technology representing around 90% of all concentrators [4, 5]. However, the 40 

PTC systems are too expensive compared to traditional fossil-fuel power plants [1, 4-7]. The PTCs 41 

with a larger aperture concentrator and high-concentration ratio is one of strategies to improve the 42 

cost-effectiveness and has many advantages of saving the area of heat collection field, shorting the 43 

loop length to drop voltage drop to save self-power consumption, and reducing the amount of 44 

supporting parts such as absorber tube (AT), control valve, driver, controller, interface hose and 45 

balance-of-system components [4-7]. Simultaneously, a higher outlet temperature can be obtained to 46 

improve photo-thermal efficiency by using the larger-aperture PTCs equipped with an appropriate 47 

heat transfer fluid (HTF) and AT [4-7]. Therefore, the large-aperture and high-concentration-ratio 48 

PTCs has become a development to reduce production costs and improve performance [5], and the 49 

Ultimate Trough [8] with the 7.51m aperture and SkyTrough [6, 7] with 7-9m aperture were 50 

developed. Moreover, the Ultimate Trough won the Technology Innovation Award at the 19th 51 

SolarPACES Conference and has a 25% lower cost compared to Euro-trough due to 30% increase in 52 

aperture diameter [8].  53 

 54 

The increase of the concentrator aperture is bound to a larger AT diameter to ensure interception factor. 55 

For example, Ultimate Trough is equipped with a 94mm AT, the interception factor can reach 99.2%, 56 

but it reduces to 97.5% using a 70mm AT [8]. However, the optical efficiency and thermal losses may 57 

also be interlinked, e.g. increasing the diameter of the AT could improve the light capture from the 58 

reflector, but at the same time a larger area would lead to a higher radiative heat losses and the more 59 

the mass of the HTF in AT to produce more severe deformation [4, 5]. So it is not smart to increase 60 

the intercept factor by increasing the diameter of AT. Therefore, a secondary reflector (SR) can be 61 
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coupled to a PTC with large aperture to reflect the sun rays not intercepted by the AT. The SR currently 62 

used in large aperture PTCs are mainly divided into Compound Parabolic Concentrator (CPC) type 63 

[9, 10], flat type [11], and XX Simultaneous Multiple Surface (XX SMS) type [12, 13]. The above 64 

design method only considers the interception factor and manufacturing cost, but does not consider 65 

the cosine loss. A large PTC with SR designed by an adaptive algorithm [14] reached a 74.7% optical 66 

efficiency and a thermal efficiency of 70.1% with an input temperature of 400℃ in the condition of 67 

considering interception factors, manufacturing costs and cosine losses.  68 

 69 

The current optimal design considers many factors, but the optical efficiency is still lower than the 70 

80% optical efficiency of SL-3 PCTs due to multiple reflections and higher optical losses [4-5].  71 

Therefore, adding a SR may not be an optimal solutions as it would add to the optical loss and 72 

production costs. However, provide new design ideas could be drawn from current smaller aperture 73 

optimization methods [5, 11]. For example, a semi-circular radiation shield in the upper part of the 74 

AT and a double coating could decrease the thermal losses by 20%-30% [15, 16] because the upper 75 

of AT belongs to the negative energy zone and the heat absorbed is less than externally radiated. A 76 

PTC with a flat-plate absorption surface and an asymmetrical reflector yielded an optical efficiency 77 

of 82% and  a thermal efficiency of 64% at a temperature of 100–120 °C [17]. A U-tube absorber 78 

[18], a cavity with two external fins receiver [19, 20], and a V-cavity receiver [21] have also been 79 

examined to improve the optical and thermal efficiency. And these optimization methods show that 80 

the use of special-shaped AT and the addition of fins on the AT outside can improve the interception 81 

factor without causing more heat loss, thereby improving performance [5]. Based on the previous 82 

experiences and methods, a more efficient strategy is presented in this paper to increase the optical 83 

efficiency without increasing the heat losses. Therefore, we propose here an AT design with a semi-84 

circular and two external flat fins, and a flat-plate radiation shield added inside the evacuated annulus 85 

to reflect the external radiation energy from the AT’s upper half back to the AT. To our knowledge 86 

both the AT design and the AT design method proposed in this paper are novel and have not been 87 

dealt with in the state-of-the-art literature. 88 

 89 

The paper starts with presenting the geometric model in Section 2. An optical analysis is presented in 90 

Section 3. Section 4 describes the thermal design and Section 5 is a comparison of the novel design 91 

to traditional ones. Section 6 presents the conclusions. 92 

 93 

2. Physical model 94 
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 95 

2.1 Geometric model 96 

 97 

The new absorber tube design proposed is made up of a semi-circular and flat absorber fin (Fig.1). 98 

The heat originally irradiated to the upper half of the absorber is absorbed by the fin on both sides of 99 

the absorber. The aim of the reflecting plate is to reflect back the external radiation from the upper 100 

half of absorber fin and solar radiation not caught by the AT. The center of the semi-circle is still in 101 

the focus of PR.  102 

 103 

 104 

Figure 1. Cross-section of the semi-circular absorber tube with fins. 105 

 106 

The steps for designing the AT with the PR are shown in the following (see also Fig. 2): 107 

 108 

Step 1: The radius of the semi-circular AT is determined by the help of the curve equation of the PR 109 

[1, 14]: 110 

                                                                 (1) 111 

where f is the primary reflector’s focal length. The focal length (f), a [1, 14]: 112 

                                                              (2) 113 

where M is the aperture width and j is the primary reflector’s half rim angle. 114 

 115 

Then, the radius R of the AT can be derived as follows (see Fig. 2): 116 

                                                     (3) 117 

2 4x fy=

4 tan( )
2

Mf j=

2

tan
16
MR f +
f

a=（ ）
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where a=half acceptance angle. 118 

 119 

Step 2: Next the size of the absorber fin is designed. The reflected light not intercepted by the lower 120 

half of the AT is intercepted by the absorber fin (see Fig. 2). The length (K) of the absorber tube is 121 

then obtained from the following relation: 122 

                                       (4) 123 

 124 

Step 3: The semi-circular part and the absorber fin of the AT (Fig. 1) need to be adjusted to maximize 125 

the collection efficiency. The practical values of R and K were obtained with the ray-trace program 126 

SolTrace [14], which is able to analyze complex optical concentrator configurations [22, 23]. A model 127 

of the PTC with the AT was built into SolTrace according to Steps 1-2. The practical value of R is 128 

influenced by the optical efficiency, engineering, manufacturing, and tube mass, but would be close 129 

to the theoretical value from Step 1. The fin length K is adjusted so that the end of the fin is the point, 130 

where the solar radiation flux begins to decrease. 131 

 132 

Step 4: The design of the plane reflector is as follows: the length of the plane reflector is equal to the 133 

value of K, and its position is as far as possible from the absorber fin. It not only reflects the light 134 

radiated by the upper part of absorber fin back to the AT, but also reflects the light that is not first 135 

intercepted by the AT back to it.  136 

 137 

 138 
 139 

Figure 2. A cross-section view of large aperture PTC with the novel absorber.  140 

2

2 ( ) tan( )
16
MK M f
f

j a= - ´ - -
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 141 
2.2 Numerical heat transfer model in AT 142 
 143 

The Reynolds number is greater than 10,000 under all the simulated cases [14, 24, 25]. Therefore, the 144 

state of the HTF flowing through the absorber tube is turbulent and the three-dimensional steady-145 

state governing equations can be expressed as follows [14, 24, 25]:  146 

Continuity equation： 147 

                                                          (5) 148 

Energy equation： 149 

                                       (6) 150 

Momentum equation： 151 

           (7) 152 

k and  equations: 153 

                                  (8) 154 

                             (9) 155 

，                                         (10) 156 

where sk, se = Prandtl numbers for the transport of turbulent dissipation rate e/k; sT= Prandtl number 157 

for energy; ρ= density; c1, c2, cu  = constants in the k-ε turbulence model; u=velocity components; Gk 158 

= generation of turbulent kinetic energy; i, j, k = Cartesian coordinates; g =gravity acceleration ; t 159 

=time [14, 25]. 160 

 161 

The values of the standard constants are the following [25]: c1=1.44, c2=1.92, cu=0.99, sk=1.0, se=1.0 162 

and sT=0.85. Enhanced wall treatment is applied near the solid walls, and y+ (= ratio of first layer’s 163 

half height to viscous length scale) is kept < 5 [14, 25]. 164 

 165 

3. Optical analysis of the new absorber tube design  166 
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SkyTrough with 8m aperture and 80° rim angle is used at low cost [1, 5], so the data of the SkyTrough 168 

condenser is selected for designing the novel AT. Next, the optical performance of the new AT as part 169 

of the PTC was analyzed with SolTrace-tool. For this purpose a PTC with parameters shown in Table 170 

1 was chosen. Solar tracking parameters from the LS-3 PTC design were employed here [14, 23], the 171 

optical and geometric data in LS-3 and Literature 14 are entered into the optical simulation software 172 

(SolTrace) used in this paper, the results are the same as those in LS-3 and Literature 14 with the 173 

optical efficiency of 80% and 74.7%, which proves that the optical simulation software used in this 174 

paper is consistent with the actual situation. With these PTC parameters and using the design method 175 

from Section 2.1, an AT with a radius (R) of 50 mm and external fin length (K) of 120 mm is obtained. 176 

The quality in the new tube (semi-circular tube with 100 mm diameter) is equal to traditional tube 177 

with 70mm diameter in the unit length. But the external radiation area is less than 70mm AT due to 178 

the upper half radiation reflected back by the flat-plate radiation shield. 179 

 180 

Table 1. Geometry, optical, environmental, and flow parameters for analysis [1, 14]. 181 

Parameter Value 

Collector tube thickness, H (mm) 3 

Diameter of glass cover, Dgla (m) 0.145 

Aperture width of collector, M (m) 8 

Half rim angle, j (°) 80 

Focal length, f (m) 2.384 

Absorptivity of absorber coating, xabs 0.96 

Reflectance of mirror, ρr 0.97 

Transmittance of glass cover, tgla  0.96 

Specularity error of mirror, sspec (mrad) 0.5 

Mirror slope and error, sslope (mrad) 5.46 

Direct normal solar irradiance (DNI), (kW/m2 ) 1 
 182 
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 183 
(a) 184 

 185 

 186 
(b) 187 

Figure 3. Solar flux on AT’s lower half. (a) AT semi-circle, (b) AT fin. 188 
 189 

Figure 3 shows the solar radiation flux on the lower half of AT’s outer wall, which is symmetrically 190 

distributed, which will be used as boundary conditions in the thermal analysis of the AT in the next. 191 

The average solar radiation flux (Eave) is 39120 W/m2 on semi-circular part and 26088 W/m2 on the 192 
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fin. The maximum solar radiation flux is 46419 W/m2 at the bottom (q= 0o) and the minimum is 193 

around half of that, or 25687 W/m2 (q=90°, 50mm). The solar radiation flux decreases on the semi-194 

circular part from middle to the ends on both sides, whereas it increases from the middle to the edge 195 

on the fin part. The solar radiation flux is all concentrated to the lower half of the collector surface 196 

and has a symmetrical distribution. 197 

 198 

The optical efficiency (hopt) can be calculated from the following relation [5, 14]:  199 

                                          (11) 200 

 201 

where R=radius of semi-circle, M = collector aperture width, K = total length of the fin of the AT, and 202 

Eave1 and Eave2 are the average solar radiation flux on the semi-circle and fin, respectively. Using Eq. 203 

(11), the maximum optical efficiency of the new scheme is 83.3%, split between the semi-circle 204 

(76.8%) and the fin (6.5%). For comparison, a traditional optimal design (with a secondary reflector) 205 

with a circular tube (R=35mm) only and other parameters as in Table 1 would give an optical 206 

efficiency of 74.7% [14]. So the method proposed in this paper improves the optical efficiency by 207 

about 8% compared to the traditional optimal design. 208 

 209 

As can be seen from Fig. 3, the heat on the semicircle part and the fins on both sides is symmetrically 210 

distributed, with the highest at the bottom and the smaller from the two sides. It shows that the bottom 211 

part can be selected to enhance heat transfer in the future due to a large amount of heat accumulated 212 

[5]. At the same time, the semi-circular part plays a major role and absorbs more than 92% of the 213 

heat, while the fins only play an auxiliary role, so the use of a collector tube with a large diameter can 214 

improve the interception factor [4, 5]. 215 

 216 

4. Thermal analysis of the new absorber tube 217 

 218 

4.1 Boundary conditions of thermal model 219 

 220 

The following boundary conditions are employed: 221 

(1): Figure 3 shows the circumferential heat flux density on the lower part of AT is shown; it is in the 222 

upper part 0; 223 

(2): The stainless steel length is 4m with a roughness of 0.15mm; 224 

(3): The x-direction velocity is varied from 0.1 to 1.5 m/s; velocity=0 in other directions; 225 

(4): Solar salt (60%NaNO3+40%KNO3) is used for HTF [30], and the variation of solar salt 226 

thermophysical parameters with temperature（THTF）from 300℃ to 600℃ can be determined as 227 

1 2
opt

K-2+ Rave aveE R E
NDI M

ph ´ ´ ´
=

´
（ ）
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follows [14, 26]: 228 

          (12) 229 

where CP is specific heat capacity, J/(kg K); l is thermal conductivity, W/(m K); µ is dynamic 230 

viscosity; Rr is the Prandtl number.  231 

 232 

(5): The glass cover transmissivity (tgla) is 0.96, and the glass cover emissivity is 0.86 [14, 27]. 233 

 234 

(6): A mixed boundary of convection and radiation is employed on the absorber tube.  235 

 The wall temperature of the glass in steady state is somewhat higher than the ambient temperature 236 

[27]. The heat loss of the absorber is then [27-29]:  237 

                            (13) 238 

 239 

where Tabs is AT’s surface temperature, s is the Stefan-Boltzmann constant, and N is the 240 

circumferential length of the AT. The heat transfer coefficient from the absorber to glass (ha-g) can be 241 

assessed from Eqs.(14-16) [14, 27-29]: 242 

                                          (14)                              243 

                                                        (15)                               244 

                                           (16) 245 

 246 

where kstd = thermal conductivity of residual gases in annular space, a = adjustment coefficient, b= a 247 

correlation coefficient, Pa =gas pressure inside the annular space,  gg =specific heat of gas, d= 248 

molecule diameter of gas, lT= average free-path of molecular collisions. The coefficient values are 249 

given in Table 2. 250 

HTF

HTF

4
HTF

4 2 7 3
HTF HTF HTF

4 2 7 3
HTF HTF HTF

=2090-0.636
1443 0.172

0.443 1.9 10
22.714 0.12 2.281 10 1.474 10
69.07219 0.36515 6.9 10 4.461 10

p

r

T
C T

T
T T T

P T T T

r

l

µ

-

- -

- -

ì
ï = +ï
ï = + ´í
ï = - + ´ - ´ï
ï = - + ´ - ´î

4 4
loss _ ( )+ ( )a g abs a abs abs sQ Nh T T N T Te s= - -

_

Tb ( 1)
2ln( )

std
a g

glaabs

gla abs

abs

kh DD
D D
D

l
=

+ +

g

g

(2 )(9 5)
2 ( 1)
a

b
a

g
g

- -
=

+

20

T

2.33 10 ( 273.15)
2

abs glaT T

Pa
l

d

- +
´ +

=
´
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Table 2. Correlation coefficients [14, 27, 28]. 251 

Gas kstd [mW/mK] b lT[m] gg d [m] ha-g [mW/m2K] 

Air 25.51 1.571 0.887 1.39 3.53e-10 0.1115 
H2 176.9 1.581 1.918 1.398 2.4e-10 0.3551 
Ar 17.77 1.886 0.765 1.677 3.8e-10 0.07499 

 252 

The pressure is <13 mPa in annular space, so ha-g is 0.1115mW/m2K [14]. The ambient temperature 253 

(Ta) is 300K, and the sky temperature (Ts) is 287K by formula [1, 14].  254 

 255 

In the lower part, N =πR+K-2R, the emissivity of the absorber tube’s coating (eabs) is 0.094 by formula256 

at 400℃ (673.15K) [1].  257 

 258 

In the upper part, N=K, the light radiated is reflected back to the absorber tube by the reflecting plate, 259 

which the reflectivity (k) is 0.97 and the same as PR. So the emissivity of selective coating (eabs) is 260 

0.00282. 261 

 262 

4.2 Selection of grid  263 

 264 

The model described in Fig. 1 is implemented in the ANSYS 17.1 software [14]. The ANSYS 265 

Meshing tool was used to generate structured hexahedral meshes (Fig. 4). ANSYS Fluent [14] was 266 

employed to solve Eqs. (5)-(10) with the boundary conditions in Section 4.1. Pressure and velocity 267 

were coupled using the SIMPLE algorithm [14]. The governing equations were integrated using the 268 

second order upwind scheme. The k-ε turbulence model was employed to model fluid flow and heat 269 

transfer in the AT [1, 14]. 270 

 271 

The independence of the grid was assessed using the thermal efficiency and the heat absorbed by 272 

HTF as indicators. Two different grid numbers were investigated: 2106386 and 2442554 shown in 273 

Table 3. The differences are very small: 1.8W and 0%, respectively, which shows that the fluctuation 274 

is very small with grid difference more than 0.3 million. Therefore, 2106386 meshes were used here, 275 

which meets the accuracy requirement [30, 31].  276 

 277 

3
2T 0.0552Ts a=

7 20.062 2 10 ( 273.15)abs absTe -= + ´ -
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 278 

Figure 4. Illustration of the structural model and mesh of the parabolic trough in the CFD analysis. 279 

 280 

Table 3. Testing  grid independence. 281 

Mesh number 
Heat 

absorbed 
Qu (W) 

Thermal 
efficiency 
hth (%) 

2106386 25732.1 80.4 
2442554 25733.9 83.4 

 282 

4.3 Analysis of thermal simulation results 283 

 284 

Next the performance of the new absorber design was assessed using a heat transfer model described 285 

in section 2.2 and boundary conditions in section 4.2. The thermal efficiency (hth) was determined as 286 

follows [5, 14]: 287 

                                                            (17) 288 

 289 

Figure 5 shows the thermal efficiency and the heat absorbed by the heat transfer fluid for the reference 290 

PTC (Table 1) over a wide fluid rate range of 0.1-1.5 m/s.  291 

 292 

u
th

Q
DNI M L

h =
´ ´

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
50

55

60

65

70

75

80

85

90
 

Flow rate (m/s)

Th
er

m
al

 e
ffi

ci
en

cy
 (%

)

20

22

24

26

28

30

32

 H
ea

t a
bs

or
be

d 
by

 H
TF

  (
kW

)



15 
 

Figure 5. Thermal efficiency and heat absorbed versus fluid rate. 293 

 294 

The heat absorbed is 25.7 kW and the thermal efficiency is 80.3%. The values increase only slightly 295 

over the whole mass flow rate range studied, which is due to improved Reynolds number (Re), 296 

Nusselt number (Nu), and higher heat transfer rates at higher flows (Fig. 6). On the other hand, a 297 

higher flow rate would lead to a smaller temperature difference in the heat transfer fluid (Fig.6). At 298 

low flow rate of 0.1m/s, DT is 15.6 K with a Nusselt number of 95.3. At 1.5 m/s, these are 2.1 K and 299 

109.6, respectively (see Fig. 6). The combined effect causes a small efficiency increase of 0.9% when 300 

mass flow increases from 0.1 to 1.5m/s shown in Fig. 5. 301 

 302 

The insensitivity of the thermal efficiency against the mass flow rate above 0.2m/s stems from the 303 

Reynolds number, which is > 10,000 for flow rates greater than 0.2m/s (Re=12,742). In this regime 304 

the flow changes to vigorous turbulence, which makes fluid mixing very efficient reducing the heat 305 

transfer improvement when increasing the flow velocity. For example, the Nusselt number is 306 

improved only 8.2-units when increasing the fluid rate from 0.2 to 1.5m/s (Fig.6). Therefore, the 307 

thermal efficiency increased by only 0.5% in the range 0.2-1.5m/s (Fig.5). 308 

 309 
Figure 6. Variation of Nusselt number and temperature difference of convection heat transfer with 310 

fluid rate. 311 

 312 

The pressure drop would, however, increase significantly with increasing flow rate due to increasing 313 

friction (f) as shown in Fig.7, and it increased to 65Pa at fluid of 1.5m/s, which would require more 314 

pumping power. Therefore, it is useful to define a heat transfer performance factor (hHTP) to assess 315 

the overall improvement vis-à-vis flow rate [5, 32]:  316 
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 317 

                                                             (18) 318 

 319 

hHTP > 1 indicates that the overall performance is improved with increasing fluid velocity. hHTP < 1 320 

means the increasing pumping power requirement exceeds the thermal enhancement [32, 33].  321 

 322 

Using flow rate 0.2 m/s as reference yields a Nusselt number 101.3 (Nu0) and friction coefficient 323 

f0=0.3. Fig. 8 shows that the heat transfer performance factor (hHTP) is always less 1 with flow 324 

rate >0.2 m/s which indicates that increasing the flow rate would not be an effective strategy. 325 

 326 
Figure 7. Variation of pressure drop and friction coefficient (f) with flow rate. 327 

 328 

 329 
Figure 8. Variation of overall heat transfer performance factor with increasing of fluid rate. 330 
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 331 

A higher flow rate also leads to a lower absorber temperature. Fig.9 demonstrates the temperature 332 

distribution along the absorber tube at a 0.5 m/s flow rate. The temperature at the outlet is almost 333 

uniform. The circumferential temperature on the lower part of the AT is basically symmetrically 334 

distributed. 335 

 336 
Figure 9. Temperature distribution along the surface of the absorber tube at a flow rate of 0.5 m/s. 337 

 338 

 339 

Figure 10. Temperature on the surface of the lower part of the absorber tube for different flow rates. 340 

 341 

21.5° 27.5° 42.5° 57.5° 72.5° 87.5° 55mm
680

690

700

710

720

730

740

750

760

770

 

 

Te
m

pe
ra

tu
re

 o
n 

cr
os

s-
se

ct
io

n 
of

 a
bs

or
bo

r t
ub

e(
K)

Circumferential angle and fin length

 0.1 m/s
 0.2 m/s
 0.5 m/s
 1.0 m/s
 1.5 m/s



18 
 

Figure 10 illustrates the temperature at the cross-section of the AT as a function of the circumferential 342 

angle (and fin length). The maximum solar radiation flux point is located at the bottom at q=0 (see 343 

Fig. 3), but with increasing flow the maximum temperature always appears at the edge of the fin at 344 

60mm as shown in Fig. 10. This is because at the edge of the fin heat can only be transferred through 345 

heat conduction. The further away from the fluid area, the larger is the thermal resistance resulting in 346 

heat accumulation. The temperature decreases with the flow rate due to better heat transfer: the 347 

average temperature of surface drops from 741.4K to 693.1K in the range 0.1-1.5 m/s.  348 

 349 

For this case, the average temperature difference between the whole, semi-circle part, fin part and the 350 

HTF settles to almost a constant value at flow rates above 0.5 m/s. The average temperature difference 351 

is dropped by 24.9K, 26.1K, and 20.8K from 0.1 to 1.5m/s, respectively. However, the drop is only 352 

5.9K, 5.9K, and 5.8K when the fluid rate increases from 0.5 to 1.5m/s, respectively (see Figs. 10-11). 353 

The average temperature difference between the heat transfer fluid and the fin is about 1.8-4 times 354 

higher than that between the HTF and the semi-circle, which also indicates that the radiation losses 355 

from the fin are large.  356 

 357 

The thermal efficiency of the PTC with the fin is 80.3% and the optical efficiency of the semi-circular 358 

part and the fin part of the heat absorber are 76.8% and 6.5%, respectively. This means that the thermal 359 

efficiency is higher than the optical efficiency of the semi-circular part of the AT indicating that the 360 

heat absorbed by the fin part contributes to the system thermal efficiency and is not totally lost at high 361 

temperatures (725-770K) (see Fig.10). 362 
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Figure 11. Variation of average temperature difference between the whole, semi-circular part, fin 364 

part and the HTF difference as a function of the flow rate. 365 

 366 

As shown earlier, increasing the flow rate marginally improves the thermal efficiency with higher 367 

flow rates than 0.2m/s. The flow rate also affects the surface temperature of the AT. Excessive surface 368 

temperature could damage the AT coating and increase thermal stress.  Figs. 10-11 indicate the surface 369 

temperature of AT does not change much beyond 0.5m/s (Re=31,855), meaning that could be 370 

considered as a kind of trade-off value between safety and efficiency for the new absorber tube design 371 

reported here. 372 

 373 

5. Comparison to traditional design 374 

 375 

A PTC with the new AT design reached a 83.3% optical efficiency and a 80.3% thermal efficiency 376 

(inlet temperature 400℃). Traditional AT designs have reported optimal optical and thermal 377 

efficiencies below 74.7% and 70.1% [14], respectively. This means that the new design could 378 

potentially enhance the PTC efficiency by more than 8%-units. This can be attributed to the lower 379 

radiative losses of solar radiation thanks to the reflective plate added and the lower reflection heat 380 

losses due to the semi-circular absorber tube with fin. Also, the hydraulic radius of the fluid channel 381 

is smaller compared to that of traditional design reported in literature, which increases the Reynolds 382 

number and improves convective heat transfer. At the same time, the solid-liquid contact 383 

circumferential length is same as with the traditional 70mm AT, i.e. the pressure drop is basically the 384 

same.  385 

 386 

6. Conclusion 387 

 388 

A new absorber design consisting of a semi-circular absorber tube with two external flat fins and a 389 

reflective plate is proposed here for a parabolic trough concentrator. Comprehensive optical and 390 

thermal analysis of the new design were performed, which showed that this design combined with a 391 

parabolic trough concentrator could reach 83.3% optical efficiency of and 80.3% thermal efficiency. 392 

The optical and thermal efficiency reached were 8%-units better than that of traditional optimal 393 

designs mentioned in literature and verified by simulations in this study. The lower values 394 

corresponds to simulations made in this paper and the higher values to state-of-the-art literature. 395 

 396 

The better performance can be attributed to several factors such as better capture of light and lower 397 
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radiative heat losses in this study. The maximum solar radiation on the lower part of AT was almost 398 

twice that of the minimum value. The maximum temperature always appears at the edge of the fin, 399 

which can be 50 ℃ warmer than the HTF at a flow rate of about 0.5m/s (Re=31,855) and still 400 

contribute heat for the PTCs 6.5% optical efficiency and more than 3.5% thermal efficiency, and 401 

0.5m/s  is optimal for this design. 402 
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