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      Abstract:   Enhancement of the thermal performance of the parabolic trough receiver tube is one of the 
approaches to energy sustainability. In the present work, the thermal performance of an axially rotating receiver 
tube equipped with internal flat longitudinal fins is studied. The effects of both the fin height and the rate of axial 
rotation are investigated at low values of axial Reynold’s number. The numerical analysis is held at various 
rotation rates using ANSYS Fluent. 
The numerical findings showed that the effect of the axial rotation on the internally finned receiver tube is not 
significant yet negative where a maximum reduction of 6% in the outlet temperature is reached in the 2mm height 
internally finned tube at rotation rate of N=21. However, the analysis showed that as the rotation rate increases, 
the temperature homogeneity between the fluid layers also increases and thus the liquid stratification phenomenon 
between the fluid layers is eliminated. The percentage of temperature difference between the fluid layers near the 
pipe center and the layers near the pipe wall reaches an optimum value of 58.4% at N=21 which is confirmed by 
an optimum increase of 110% in Nusselt number at the same rotation rate. However, a maximum loss of 81.6% 
in pressure coefficient is found in the case of the 2mm internally finned tube due to the increased turbulence. 
Thus, the integration of pipe axial rotation and internal fins can yield an enhancement in the heat transfer to the 
parabolic trough concentrator receiver tube and thus its thermal performance. 
 
Keywords: Tube axial rotation, internal longitudinal fins, Flow in Parabolic Trough Receiver, Heat Transfer 
Enhancement, Swirl Flow, Concentrated Heat Flux.

Nomenclature: 

Symbols  Greek 
Symbols 

 

Vr Velocity in r-direction (m.s-1) Β fraction of the liquid volume (K-1) 
Vz Velocity in z-direction (m.s-1) µ Dynamic viscosity (N.s.m-2) 
VƟ Velocity in Ɵ-direction (m.s-1) Ɵ Transverse direction 
R Radial direction Ω Rotational velocity (rad.s-1) 
Z Axial direction Ρ Fluid density (kg.m-3) 
P Pressure (Pa) Ν Kinematic viscosity (m2.s-1) 
T Temperature (K) Subscripts  
D Internal diameter (m) R Radial component 
Nu Nusselt Number Z Axial component 
Gr Grashof Number Ɵ Angular component 
q” Heat flux density (W.m-2) ∞ Ambient condition 
L Pipe length (m) G Gravitational component 
Cp Specific heat at constant pressure (J.kg-1.K-1) Ω Rotational component 
K Thermal conductivity (W. m-1. K-1) S Surface  
N Rotation rate A Axial 
Pr Prandtl Number M Mean, average 

Received: March 20, 2021. Revised: September 25, 2021. Accepted: October 7, 2021. Published: October 29, 2021.    

WSEAS TRANSACTIONS on POWER SYSTEMS 
DOI: 10.37394/232016.2021.16.25 Andrew S. Tanious, Ahmed A. Abdel-Rehim

E-ISSN: 2224-350X 241 Volume 16, 2021

mailto:andrew.saad@bue.edu.eg


 

1. Introduction 
Solar power utilization is amongst the promising 
solution techniques to face serious energy issues such 
as the depletion of fossil fuels, the energy 
consumption increase, and global warming [1, 2]. 
The most common as well as most utilized 
concentrating solar technology is the parabolic 
trough concentrator (PTC) system [3]. The thermal 
performance of the parabolic trough is a serious issue 
that determines its feasibility and its further 
enhancement [3].  

One of the most used techniques in the thermal 
performance enhancement of the parabolic trough 
receiver tubes is the usage of the internally finned 
tubes. Kursun [4] investigated the effect of using 
internal longitudinal flat as well as sinusoidal fins on 
the performance of the receiver tube of the parabolic 
trough collector. He found that the Nusselt number 
was enhanced by 25% for the flat fins and 78% for 
the sinusoidal ones at fluid inlet temperature 
(Tin=500K). He also found that decreasing Tin will 
increase Nu by (57-210%). In addition, Bellos et al. 
[5] examined the usage of the longitudinal internal 
fins inside a LS-2 receiver tube. They numerically 
investigated twelve different geometries for the fins 
with fin height ranging from 5mm to 20mm and fin 
thickness of 2mm to 6mm. they found that increasing 
the fin height and thickness resulted not only in 
higher thermal efficiency but also in higher pressure 
drop.  

In continuation, Bellos et al. [6] numerically 
investigated the optimum number of internal 
longitudinal fins as well as their alignment that would 
lead to the optimum thermal performance of the 
receiver tube. The results showed that a total number 
of three fins located in the lower part of the tube at 
angles (β=0o, β=45o, and β=315o) with respect to the 
negative y-axis yielded an optimum thermal 
efficiency of 68.59%. On the other hand, Munoz and 
Abanades [7] numerically analyzed using helical 
internal fins in the parabolic trough receiver tube. 
They investigated the effect of the number of fins as 
well as their helix angle on the thermal performance 
and pressure drop of the receiver tube. They found 
that using the optimum helix angle as well as the 
number of fins will lead to an optimum increase of 
2% in the receiver thermal performance.  

In continuation, Ahmed and Natarjan [8] numerically 
investigated the effect of using the toroidal rings on 
the thermal performance of LS-2 parabolic trough 
receiver tube. They examined nine cases of the 
toroidal rings with a diameter ratio of 0.88, 0.9, and 
0.92 at three different pitch sizes of 2d, 3d, and 4d. 
They found that maximum thermal efficiency of 
69.32% accompanied the usage of 0.88 diameter ratio 
and pitch size of 2d of toroidal rings. In addition, 
Ortiz et al. [9] thermally analyzed a solar tower 
finned receiver. Their results yielded a maximum 
thermal efficiency of 94.4% and the efficiency 
decreased with increasing the radiation and increased 
with increasing the mass flow rate. 

The enhancement of the heat transfer rate can also be 
achieved by breaking the thermal boundary layer 
attached to the pipe surface through a mechanical aid 
[10]. Various applications made use of rotating tubes 
such as transmission shafts, turbomachinery, cyclone 
separators, rotors, and heating and/or cooling heat 
exchanger systems [11-13].  

Seghir-Ouali et al. [14] investigated the heat transfer 
of an axially rotating pipe at various rotational speeds 
(4-800 rpm) to and from a circular pipe. They found 
that the heat transfer coefficient increased as a result 
of axial rotation. On the other hand, Gai et al. [15] 
studied the coefficient of heat transfer of the rotor 
cooling process in traction motors. The numerical 
results revealed that as the shaft’s rotational speed 
increased, the heat transfer rate increased thus the 
shaft cooling rate also increased. Other 
improvements in heat transfer rate were reported by 
multiple researchers [16-19].  

Morris and Rahmat-Abadi [20] investigated the 
combined effect of the internal fins and axial rotation 
on the heat transfer performance of the pipes. The 
results revealed that the secondary flow was obtained 
inside the pipe because of the Coriolis Effect that 
resulted from the axial rotation which enhanced the 
heat transfer rate. Wright et al. [21] investigated the 
effect of axial rotation of ducts equipped with 
variable rib geometries and the results showed that 
the W and V-shaped rib geometries yielded better 
results than other rib geometries in heat transfer rate 
enhancement despite their larger friction coefficient. 
In order to study the effect of insertions, Obed et al. 
[22] numerically investigated the effect of using a 
kenics mixer insertion in a rotating pipe. They found 
that as the rotation rate increased, the Nusselt number 
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decreased as the swirling motion resulted due to the 
existence of the kenics mixer began to diminish at 
higher rotation rates and was dominant at the lower 
rates.  

From the previously mentioned studies, it has been 
noticed that using the internal fins in the parabolic 
trough receiver tubes would enhance the thermal 
performance of the PTC systems. In addition, using 
the axial rotation would enhance the rate of heat 
transfer to or from the rotating pipes at high rotation 
rates as well as uniform heat flux. However, up to the 
authors’ knowledge, there is no published work that 
discussed the application of axial rotation in 
parabolic trough system internally finned receiver 
tubes where the heat flux is nonuniform as it is 
concentrated on a small portion in the bottom of the 
tube periphery as depicted in Fig.1. The rotational 
speeds used in this application should be kept at low 
levels because of the limitations of construction. The 
axial rotation can be used to redistribute the 
concentrated heat flux uniformly on the whole 
surface area of the pipe through alternating the 
portion of the pipe periphery exposed to the 
concentrated flux. 
Accordingly, the present work will discuss the effect 
of axial rotation on heat transfer in the parabolic 
trough internally finned receiver tubes at low 
rotation rates with different fin heights numerically. 

 

 

2. Physical Model 
To study performance of an internally finned receiver 
tube of a parabolic trough concentrator system, a 
copper tube of length (L=1m), internal diameter 
(di=0.02m), and external diameter (do=0.022m) is 
used. Copper is chosen for its high thermal 
conductivity compared to other pipe materials. The 
tube is equipped with eight equally spaced flat 
longitudinal fins as shown in Fig.1 where each fin has 
a width of (W=1mm). Various fin heights of (H=0, 
0.5, and 2mm) are considered. 

A concentration ratio of (C=100x) of the direct solar 
radiation (1000 W/m2) is assumed resulting in a 
concentrated heat flux of (100000 W/m2) [23, 24]. 
Most of the concentrated radiation appears on (5-
20%) of the bottom surface periphery of the tube and 
that’s why the concentrated heat flux is applied to 
10% of the bottom section of the tube [25, 26].  
 
The working fluid is water with density (𝜌), dynamic 
viscosity (𝜇), specific heat (Cp), and thermal 
conductivity (k) values are as follows: (𝜌=998.2 
kg/m3, 𝜇=0.00103 kg/m.s, Cp=4182 J/kg.K, and 
k=0.6 W/m.K). 

 

 

  
Figure 1:Schematic Model of the studied domain. 
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3. Mathematical Model 
        As the water enters the tube, it will encounter a 
tangential velocity component due to the wall 
rotation. This velocity will lead to proper mixing of 
the fluid layers between the center and the near-wall 
layers. The cold denser fluid layers located at the 
center start to move radially outward to replace the 
warmer less dense layers near the tube wall thus an 
enhanced temperature homogeneity will be resulted.  

The Coriolis Effect interaction with the centrifugal 
acceleration affects the flow regime inside the tube 
and results in the secondary flow. The cylindrical 
coordinates (r,𝜃, and z) axes are used to represent the 
velocity components of this flow. The rotational 
motion will be represented with the aid of the radial 
velocity Vr, the transverse velocity VƟ, and the axial 
velocity Vz. The tube angular velocity Ω is constant 
while it is exposed to a constant heat flux of 100000 
W/m2 applied on 10% of its lower half. The usage of 
the fins increases both the turbulence and the heat 
transfer to the fluid. The flow inside the tube is 
controlled by the following equations [27]: 

Continuity Equation: 
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Momentum Equation: 

r-component: 

𝜌 (𝑣𝑟
𝜕𝑣𝑟

𝜕𝑟
+

𝑣𝜃

𝑟

𝜕𝑣𝑟

𝜕𝜃
−

𝑣𝜃
2

𝑟
+ 𝑣𝑧

𝜕𝑣𝑟

𝜕𝑧
) = 𝜌𝑔𝛽(𝑇 − 𝑇∞) −

𝜕𝑃

𝜕𝑟
+ 𝜌(𝛺2𝑟 + 2𝛺𝑣𝜃)𝛽(𝑇 − 𝑇∞) + 𝜇 (

𝜕2𝑣𝑟

𝜕𝑟2 +

1

𝑟

𝜕𝑣𝑟

𝜕𝑟
−

𝑣𝑟

𝑟2 +
1

𝑟2

𝜕2𝑣𝑟

𝜕𝜃2 −
2

𝑟2

𝜕𝑣𝜃

𝜕𝜃
+

𝜕2𝑣𝑧

𝜕𝑧2 )                                             (2)  

θ-component: 

𝜌 (𝑣𝑟
𝜕𝑣𝜃

𝜕𝑟
+

𝑣𝜃

𝑟

𝜕𝑣𝜃

𝜕𝜃
−

𝑣𝑟𝑣𝜃

𝑟
+ 𝑣𝑧

𝜕𝑣𝜃

𝜕𝑧
) =

1

𝑟

𝜕𝑃

𝜕𝜃
−

2𝜌𝛺𝑣𝑟𝛽(𝑇 − 𝑇∞) + 𝜇 (
𝜕2𝑣𝜃

𝜕𝑟2 +
1

𝑟

𝜕𝑣𝜃

𝜕𝑟
−

𝑣𝜃

𝑟2 +

1

𝑟2

𝜕2𝑣𝜃

𝜕𝜃2 +
2

𝑟2

𝜕𝑣𝑟

𝜕𝜃
+

𝜕2𝑣𝜃

𝜕𝑧2 )                               (3)  

z-component: 

𝜌 (𝑣𝑟
𝜕𝑣𝑧

𝜕𝑟
+

𝑣𝜃

𝑟

𝜕𝑣𝑧

𝜕𝜃
+ 𝑣𝑧

𝜕𝑣𝑧

𝜕𝑧
) = −

𝜕𝑃

𝜕𝑧
+ 𝜇 (

𝜕2𝑣𝑧

𝜕𝑟2 +

1

𝑟

𝜕𝑣𝑧

𝜕𝑟
+

1

𝑟2

𝜕2𝑣𝑧

𝜕𝜃2 +
𝜕2𝑣𝑧

𝜕𝑧2 )                     (4)  

Energy Equation: 
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Dimensionless parameters are used to solve these 
equations using ANSYS Fluent and shall be defined 
as: 
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In order to solve the previous equations using FEM 
software, they should be rewritten in dimensionless 
form as follows: 
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Energy Equation: 

𝑣𝑟
∗ 𝜕𝑇∗

𝜕𝑟∗ +
𝑣𝜃

∗

𝑟∗

𝜕𝑇∗

𝜕𝜃∗ +
1

𝑁(𝐿
𝐷⁄ )

𝑣𝑧
∗ 𝜕𝑇∗

𝜕𝑧∗ =
4

𝑅𝑒𝛺𝑃𝑟
(

𝜕2𝑇∗

𝜕𝑟∗2 +

1

𝑟∗

𝜕𝑇∗

𝜕𝑟∗ +
1

𝑟∗2

𝜕2𝑇∗

𝜕𝜃∗2 +
1

4(𝐿
𝐷⁄ )

2

𝜕2𝑇∗

𝜕𝑧∗2)                          (9)  

Thus, the following parameters would affect the flow 
in axially rotating tubes: 

Rotational Reynold’s Number: 𝑅𝑒𝛺 =
𝛺𝐷2

𝜈
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Axial Reynold’s Number: 𝑅𝑒𝑎 =
𝑣𝑚𝐷

𝜈
 

Rate of rotation: 𝑁 =
𝑅𝑒𝛺

𝑅𝑒𝑎
 

Rotational Grashof Number: 𝐺𝑟𝛺 =
𝛺2𝛽(𝑇𝑠−𝑇∞)𝐷4

𝜈2  

Gravitational Grashof Number: 𝐺𝑟𝑔 =
𝑔𝛽(𝑇𝑠−𝑇∞)𝐷3

𝜈2  

Prandtl Number:       𝑃𝑟 =
𝐶𝑝 𝜇

𝑘
 

And 𝐿 𝐷⁄  is the aspect ratio. 

Here in this study, the local Nusselt number is used 
to account for the heat transfer in the rotating pipe to 
the working fluid, where the following equation is 
used to calculate the average local Nusselt number: 

        𝑁𝑢 =
𝑞"∗𝐷

𝑘(𝑇𝑠−𝑇𝑚)
      

Where 𝑞" is the concentrated heat flux density in 
W/m2, D is the tube internal diameter in m, k is the 
working fluid thermal conductivity in W/m.K, 𝑇𝑠 is 
the pipe average surface temperature measured in K, 
and 𝑇𝑚 is the average temperature of the working 
fluid in K [20]. 

4. Numerical Model 
        ANSYS Fluent software is used to solve the 
governing equations using finite element analysis 
(FEA). The analysis time is set to five consecutive 
minutes to let the solution be stabilized. The energy 
equation is used here to account for the heat transfer 
terms. The realizable k-Ɛ turbulence model is used 
and the enhanced wall treatment option is selected to 
detect the behavior of the near-wall thermal boundary 
layer precisely [22]. The mesh motion, as well as the 
frame motion, are used in the water pipe domain to 
account for the tube axial rotation while only the 
frame motion is activated for the water domain to 
model the fluid shear effect caused by the pipe wall 
on the fluid layers. The energy, turbulent dissipation 
rate Ɛ, turbulent kinetic energy k, and the momentum 
equations follow the second-order upwind 
convection scheme to achieve more accurate results. 
The pressure-velocity coupling follows the simple 
algorithm. The water density follows the Boussinesq 

model to account for the density variation with 
temperature. All the residuals should reach 10-6 for 
the convergence to occur to achieve accurate results. 

A concentrated heat flux of (100000 W/m2) which 
represents a concentration ratio of (C=100) is applied 
to the heating domain. The inlet temperature of the 
water is 300K and the gauge pressure is set to zero at 
the outlet boundary. In order to account for the shear 
effect between the pipe wall and the fluid layers, the 
no-slip moving wall is selected. The turbulence 
intensity used is 5%. A mass flow rate of 0.003 kg/s 
is selected as the mass flow rate of the working fluid 
in parabolic trough receiver tube should range from 
0.001 to 0.025 kg/s according to Kumar et al. [28]. 
The effect of low rotation rates in the range [0-21] is 
investigated. The wall y+ value is kept under one 
which validates the usage of the realizable k- Ɛ with 
enhanced wall treatment turbulence model in this 
study. 

A grid independence study is held for each case, the 
plain tube, the 0.5mm, and the 2mm internally finned 
tubes, to make sure that the results do not depend on 
the mesh size. Five different number of elements are 
tested for the plain tube and others are tested for each 
internally finned tube. The tested grid numbers for 
the plain tube are as follows: (184,450, 244,800, 
313,650, 391,000, and 476,850). The observed 
variation in the average Nusselt number between 
(391,000 and 476,850) is less than 1%. In order to 
reduce the computational capacity and time, 
(391,000) number of elements is used as depicted in 
Fig.2. Figure 3 shows the final grid of this study. 

 

 
Figure 2: Grid Independence Study Results.
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Figure 3: The structure of the final used grid 

5. Results and Discussion 
5.1. Numerical Model Validation 

At first, the numerical model is validated by 
comparing the average local Nusselt number resulted 
from the numerical model of the plain tube at various 
rotation rates with the one resulted from the empirical 
correlation developed by Seghir-Ouali et al. [14] as 
shown in the following equation: 

       

 𝑁𝑢 = 0.01963𝑅𝑒𝑎
0.9285 + 8.5101 ∗ 10−6𝑅𝑒𝛺

1.4513 
(11)                                                                                                     

Where  0 < 𝑅𝑒𝑎 < 3 ∗ 104      and    

1.6 < 𝑅𝑒𝛺 < 2.77 ∗ 105 

The validation is held for the plain tube at an axial 
Reynold’s number of 5000 and different rates of 
rotation as shown in Fig.4. The maximum error 
percentage observed between the numerical findings 
and the empirical correlation results is 4% which 
assures that a great agreement is found between the 
numerical and experimental results and that validates 
the numerical model accuracy. 

 
Figure 4: Validation of The Nusselt number numerical results 

(Rea=5000). 

5.2. Effect of fin height on the pipe thermal 
performance: 

        The numerical analysis indicates that as the fin 
height increases, the average local Nusselt number 
increases significantly.   As the height increases from 
the plain tube to the 0.5mm height, the Nusselt 
number increases significantly where this increase 
reaches 12.6% in the 0.5mm height internally finned 
tube compared to the plain tube. As the fin height 
increases from 0.5mm to 2mm, the average local 
Nusselt number experiences a slight decrease of 1% 
which is insignificant as depicted in Fig.5.  

The increase in the Nusselt number between the plain 
tube and the 0.5mm internally finned tube occurs due 
to the increase in the heat transfer rate to the working 
fluid which can be justified due to the increase in the 
surface area of the pipe in direct contact with the fluid 
as the fins can reach deeper areas in the fluid. On the 
other hand, the change is not significant between the 
0.5mm and the 2mm internally finned tubes due to 
the increasing growth of the thermal boundary layer 
between the fins that works as a thermal insulation 
that reduces the rate of heat transfer to the inner fluid. 
Thus, the numerical analysis shows that using the 
internal fins enhances the thermal performance of the 
receiver tube, however, increasing the fin height 
could have a negative impact on the heat transfer rate 
to the receiver tube inner fluid as mentioned by 
Kursun [4]. 
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Figure 5:The average local Nusselt number of the receiver tube 
at different fin height. 

5.3. Effect of rotational speed at different fin 
heights 

        The numerical findings show that the average 
outlet temperature of the water is not affected 
significantly by the axial pipe rotation either in the 
plain tube or in the internally finned tubes whereas 
the pipe rotation rate increases, the outlet temperature 
of the fluid does not increase significantly. They 
reveal that as the rate of rotation increases, the 
average outlet temperature experiences a slight 
decrease as shown in Fig.6. The maximum reduction 
in the average outlet temperature reaches 5% in the 
plain tube at rotation rate (N=21) where this 
maximum reduction reaches 6% in the 2mm height 
internally finned tube and 5.75% in the 0.5mm height 
internally finned tube at the same rotation rate 
(N=21). 

This outlet temperature reduction is due to the 
increased growth of the thermal boundary layer at the 
low rates of rotation for the plain tube that works as 
an insulation layer reducing the heat transfer rate to 

the working fluid. However, as the rotation rate 
increases, the temperature gradient across the outlet 
boundary layer of the fluid domain decreases and that 
is due to the increased temperature homogeneity 
between the fluid layers and thus the enhanced 
mixing ratio between those layers as shown in Fig.7. 

As for the internally finned tubes, at lower rotation 
rates, the ratio between the fluid layers entrapped 
between the longitudinal fins and the rest of the fluid 
increases, and those layers work as an insulation 
layer that holds the heat from reaching the fluid layers 
near the center of the pipe thus reducing the heat 
transfer rate from the pipe wall to the center of the 
fluid that’s why the average outlet temperature of the 
water decreases. As the rate of rotation increases, the 
internal longitudinal fins break the thermal boundary 
layer thus increase the temperature homogeneity and 
the mixing ratio between the fluid layers as well. 
Figure 7 shows the temperature contours at the outlet 
boundary layer of both the plain tube and the 
internally finned tubes at different rotation rates. 

 
Figure 6: The Average outlet Temperature of the pipe at 

different rotation rates N.
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Figure 7 shows the contours of temperature at the 
pipe outlet boundary for the plain pipe, 0.5mm, and 
2mm internally finned tubes at rates of rotation N=0, 
N=0.2, and N=7.3. In case of the plain tube, as the 
rate of rotation increases, the temperature gradient 
across the outlet boundary decreases which means 
that enhanced fluid mixing occurs as can be seen 
from Fig.7. As for the internally finned tubes, the 
same phenomenon can be seen; however, the growth 
of a thermal boundary layer due to the entrapped fluid 
between the fins increases, and this layer acts as a 
thermal insulator that prevents the heat from reaching 
the pipe center.  

A comparison is conducted between the fluid bulk 
temperature along the pipe, the average fluid 
temperature at the pipe centerline, and the average 
wall temperature of the pipe to detect the gradient of 
temperature across the pipe length and to understand 
the effect of the pipe axial rotation on the mixing ratio 
between the fluid layers. The temperature difference 
between the fluid center, the pipe wall, and the fluid 

bulk temperature for the plain tube is shown in Fig. 
8(a). 

It can be noticed that for the plain tube, as the rate of 
rotation increases, the temperature difference gap 
value between the fluid center and the pipe wall 
temperatures decreases which indicates that the 
mixing ratio between the fluid layers is enhanced. 
The difference in temperature reaches an optimum 
value of 48.4% at a rate of rotation of N=8.4 in 
comparison with the stationary pipe. 

For the case of the 0.5mm internally finned tube, this 
temperature difference decreases as the rotation rate 
increases reaching a maximum reduction value of 
46% at a rotation rate of N=10.5 when compared to 
the stationary tube as can be seen in Fig. 8(b). 

In the case of the 2mm internally finned tube, the 
same phenomenon is noticed where an optimum 
reduction of 58.4% can be achieved at a rotation rate 
of N=21 compared to the stationary tube as depicted 
in Fig.8(c). 

N
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N
=7
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 Plain Tube 0.5mm Internally 
Finned Tube 

2mm Internally Finned 
Tube 

 

Figure 7:Temperature Contours of the pipe outlet at different rotation rates and pipe lengths. 
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As the fins’ height is increased, the percentage of 
temperature reduction between the pipe wall and the 
fluid inner layers increases leading to better fluid 
mixing and better temperature homogeneity across 
the pipe cross-section. This temperature reduction 
also indicates that the heat transfer rate from the pipe 
wall to the inner fluid layers is enhanced. This 
indicates that better thermal performance and thus 
enhanced heat transfer rates can be reached at larger 
pipe lengths. 

The enhanced mixing ratio between the fluid layers 
causes a decrease in the local liquid stratification 
phenomenon which might happen because of the 
variation in density between the fluid layers [29]. The 
variation in temperature between the fluid layers 
leads to this variation in density which causes liquid 
stratification. Thus, the mixing ratio enhancement 
leads to improvement in temperature homogeneity. 

 
(8-A) 

 

 
(8-B) 

 
(8-C) 

Figure 8: Average Temperature Difference at different rotation 
rates for: a) Plain tube, b) 0.5mm internally finned tube and         

c) 2mm internally finned tube. 

The numerical findings indicates that as the rate of 
rotation increases, the average local Nusselt number 
in the tube also increases. For the plain tube, at the 
low rates of rotation (N=0-2.1), the rate of increase in 
Nusselt number is not significant while at higher 
rotation rates (N=2.1-7.3), the rate of increase in 
Nusselt number is higher. A maximum increase of 
62.8% in the Nusselt number can be reached at a 
rotation rate of N=10.5 for the plain tube case when 
compared to the stationary one. It is also noticed that 
the Nusselt number slightly decreases at rotation 
rates (N=10.5-21) as can be seen in Fig.9. 

As for the 0.5mm internally finned tube, The average 
local Nusselt number across the tube is almost 
constant at lower rotation rates (N=0-4.2) while the 
rate of increase in Nusselt number began to grow 
suddenly at rotation rate (N=4.2) where the Nusselt 
number continued to increase rapidly till a rotation 
rate of (N=8.4) is reached where a maximum increase 
of 55.6% is achieved in Nusselt number at rotation 
rate (N=10.5) compared to its stationary pipe. The 
Nusselt number then experiences a slight decrease at 
higher rotation rates (N=10.5-21) as depicted in 
Fig.9. 

The same trend is obtained in the case of the 2mm 
internally finned tube where the Nusselt number is 
constant at the low rotation rates (N=0-4.2). The 
Nusselt number then increases with increasing the 
rotation rate where a maximum increase of 110% is 
obtained at rotation rate (N=21) compared to its 
stationary pipe as shown in Fig.9. 

It is clear that as the fin height increases, the Nusselt 
number increases at the same rotation rate. This can 
be justified by the ability of the fin to reach deeper 
layers of fluid near the pipe center as its height 
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increases that will increase the amount of heat 
transferred to the center layers of the fluid causing an 
increase in the average temperature of the water 
along with the heat capacity resulting in an increase 
in the Nusselt number which indicates the enhanced 
rate of heat transfer to the working fluid inside the 
pipe. 

 
Figure 9: The average local Nusselt number at various rotation 

rates. 

5.4. Effect of using internal fins on pressure 
losses 

The numerical findings reveal that as the rate of 
rotation increases, the loss in pressure coefficient also 
increases which indicates that the pressure drop 
increases. At low rotation rates (N=0-7.3), the 
increasing losses in pressure coefficient in the three 
cases are insignificant. The losses in pressure 
coefficients for both the plain and the 0.5mm height 
internally finned tubes are almost the same, however; 
for the 2mm internally finned tube, the losses are 
higher. As the rate of rotation increases from (N=7.3-
20.5), the losses in the pressure coefficients also 

increase where the rate of their increase in the case of 
the 2mm height internally finned tube is much higher 
than the other two cases as can be seen in Fig.10.  

The maximum increases in losses in the pressure 
coefficients in the plain tube, 0.5mm, and the 2mm 
height internally finned tubes are 59.9%, 61.8%, and 
81.6% respectively compared to their stationary 
tubes. These large increases in the losses in pressure 
coefficient occur due to the turbulence increase 
because of the combined effect of the axial pipe 
rotation along with the internal fins.  

Figure 11 displays the velocity surface streamlines at 
the outlet cross-section of plain tube, 0.5 mm and 
2mm height internally finned tube. As can be seen in 
Fig.11, increasing the rotation rate increases the 
vortices in the pipe thus increasing the turbulence in 
the pipe. In addition, increasing the fin height also 
increases the vortices between the fins thus 
increasing the turbulence inside the pipe and that’s 
why the pressure drop increases. 

 
Figure 10: Pressure coefficient losses at various rotation rates.
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Figure 11:Velocity surface streamlines at the outlet cross-section of the pipes at different rates of rotation. 

6. Conclusion 
          The thermal performance of an axially rotating 
receiver tube of a parabolic trough system equipped 
with internal longitudinal flat fins is studied 
numerically using ANSYS Fluent. The effect of 
using internal fins along with axial rotation on the 
heat transfer rate to a parabolic trough receiver tube 
at low axial Reynold’s number for a 1-meter tube is 
investigated. The numerical findings indicate that the 
axial rotation has an insignificant yet negative impact 
on the outlet temperature of the working fluid. As the 
rotation rate increases, the outlet temperature of the 
working fluid slightly decreases in both the plain tube 
and the internally finned ones. This decrease in the 
outlet temperature occurs due to the increasing 
growth of a thermal boundary layer attached to the 
inner surface of the pipe at low rotation rates which 
acts as an insulation layer that holds the heat from 
reaching the center layers of the fluid. In addition, in 
the internally finned tubes, the fluid layers entrapped 
between the fins also act as an insulation layer. 

It is noticed that as the rate of rotation increases, the 
difference between the pipe wall temperature and the 
fluid center temperature decreases significantly 
across the pipe length thus the local liquid 
stratification decreases and thus at larger pipe 
lengths, an enhanced heat transfer can be obtained as 
the amount of heat transfer to the fluid will be larger. 
Also, as the fin height increases, this temperature 
difference decreases and that is because the fin can 
transfer heat from the pipe surface to deeper areas 
towards the center of the pipe and increases the rate 
of heat transfer to the working fluid. 

The numerical results showed that with the increase 
of the rotation rate, the Nusselt number also increases 
where a maximum increase of 62.8%, 55.6%, and 
110% is obtained for the plain tube, 0.5mm, 2mm 
internally finned tubes respectively compared to the 
stationary pipe in each case. 

This increase in the Nusselt number is higher at the 
larger fin height of 2mm which indicates that the 
larger the fin height, the better enhancement happens 
to the Nusselt number. However, The losses in 
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pressure coefficient show an increase of 59.9%, 
61.8%, and 81.6% for the plain tube, 0.5mm, and 
2mm height internally finned tubes which is justified 
because of the increased turbulence ration due to the 
usage of both the pipe axial rotation and the internal 
fins. The integration of the axial pipe rotation with 
the internal fins in the parabolic trough receiver pipe 
yields an enhancement in the heat transfer to the 
working fluid inside the pipe thus enhancing the 
thermal performance of the receiver tube of the 
parabolic trough solar concentrator. 
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