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This paper aims to investigate the effects the solar radiation on the cavity receiver for 
the Application in the Solar Power Generator (SPG). In order to perform work the solar 
power generator, high concentrated solar radiations are needed. thus, investigation of 
heat transfer of the cavity receiver is needed to conduct max usage of solar energy 
with min losing of heat for performance for the Solar Power Generator (SPG), in this 
research, Ansys software has been conducted to perform simulation process by using 
experimental results as a primary data for validation purpose. The experiments were 
conducted to find out the suitable aperture ration (AR = d/D) and aperture position (AP 
= H/D) of the cavity receiver (AR = 0.5 AP = 0.53). The results that done by simulation 
were confident 91% with the experiments results. The simulation process is conducted 
for solar radiation along the wall surface (H) of the receiver for different boundary 
conditions of the cavity receiver. 
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1. Introduction 
 

Power and climate in today's world is an important issue. CO2 emissions are the main reason 
behind the global warming. New environmentally friendly and efficient power systems have become 
very relevant and need to be built as a matter of urgency [1]. To accomplish this mission, Solar Power 
Generation is a useful approach. Since the sun is the most efficient source, high insolation regions 
(more than 500 W / m2) therefore have an advantageous choice to build environmentally friendly 
solar power plants” [2-3]. Particularly in Mediterranean countries, like South Europe, Middle East and 
North Africa (MENA Region), solar power is highly suitable for large-scale industrial exploitation” [4]. 
(SAPG) is a hybrid power system incorporated in a regenerative Rankine cycle power plant by solar 
thermal energy. In such a hybrid power system, the solar thermal energy provided by the heat 
transfer fluid (HTF) preheats the feed water of the Rankine cycle power plant. Thus, the HTF displaces 
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the power plant's extraction vapor used to preheat the feed water. The arrangement of the SP is 
referred to as the specification of the SP. Four different SP configurations are suggested by Li et al., 
[5]. In a SAPG power plant, the extraction steam should be modified within response to the changes 
in the HTF flow rate input into the SP, which is called the SP operating strategy. Three standard SP 
organizational approaches are in place [1]. Each SP configuration can be implemented in one of the 
three SP operating strategies in a SAPG factory. The SP configuration and SP operating plan 
combinations are referred to as "configuration-operation combinations. Most of the previous SAPG 
studies were based on a single combination of configuration-operation. The initial studies on SAPG 
were focused on the SP configuration which SP is performed in accordance with the FWH of the 
power station [6-7]. Some other studies are based on the configuration of the SP in series with the 
FWH of the power plant [7-8]. The SP technique for these studies is based on the assumption that 
the extraction steam is balanced to preserve the FWH feed water outlet temperature constant. 
Recently proposed the development of 12 possible "configuration-operation combinations for a 
SAPG plant [9-10]. The instantaneous and annual technological output of the 12 combinations 
proposed was compared. It has been found that a SAPG plant with different combinations would 
have different instantaneous solar to energy efficiency and annual network solar to energy efficiency 
with the same solar thermal input and solar collector area [11-12]. The effect on the annual net solar 
output of the different annual solar radiation has not, however, been evaluated. The annual net 
energy efficiency of the solar system was determined by annual solar radiation [13-14]. The present 
study discusses the solar energy generation systems with a Fresnel lens that directs light to the 
heating chamber receiver. The chamber's opening is called aperture. The aspect of transparency and 
its positions is very critical. Through increasing the opening to a minimum, the convective heat loss 
can be minimized. Because there is a relationship between solar radiation and heat loss from the 
opening, statistical and experimental research has taken place to minimize and to find an exact 
mechanism of convective heat loss. 
 
2. Methodology  
2.1 Primary Boundary Condition 
 

The experiments configuration has been set as primary boundary conditions of this study. In the 
current study, the constant state behavior of the air film temperature profiles is the height of the 
cavity. The contrast between H= 85 mm and H= 165 mm showed that at aperture a temperature at 
545 K at H= 85 mm was also high compared to the 165 mm (420 K) cavity receiver. since cavity 
receiver is uniform shape and steady state, that’s lead to reveal the value of energy at each point 
along high of the cavity by using linear interpolation theory [1] as shown in the Table 1. 
 

Table 1 
Results of experimental data 
High (mm) Temperature (K) 

85 545 
100 521.5 
130 474.6 
165 420 

 
 
 
 

2.2 Meshing and Geometry 
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The case of this study can be understood by commercial software. ANSYS technology was selected 

to conduct this study simulation process.  This program is well known for the development and 
simulation of radiation and thermal transfer aspects to solve the equations and to generate the 
appropriate solutions. which builds and applies the mesh on the geometrical depiction of the 
problem under investigation [15-16]. Both processing and post-processing phases are performed by 
the specific tool of ANSYS. Table 2 is showing the details of the geometry of cavity receiver [17].  
 

Table 2 
Geometry details of cavity receiver 
Item Dimension (mm) 

Inner diameter 155.6 
Outer diameter 311.3 

 
The meshed design uses Tri type pave elements in complex areas and Quad type paves in the rest 

areas are shown in Figure 1. ANSYS provides full mesh versatility with amorphous meshes and can be 
polished or roughened according to the solution. After the grid was read into ANSYS. 
 

 
Fig. 1. Meshed model 

 
3. Results and Discussion  
 

The results of the current   study have been presented and discussed with reference to the aim 
of the study, which was to determine the influence of radiation and its relationship with heat loss by 
using numerical method. Experimental data were employed to validate simulation results. 
 
3.1 FEA Procedure  
 

The FEA model is made by ANSYS. The modal analysis is carried out in order to compare the model 
with the heat loss and the mode shapes obtained from the simulation with the experimental results. 
The findings are checked after the transition method and modal review. Figure 2 demonstrates all 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 70, Issue 1 (2020) 89-96 

92 
 

simulator research process. For a specified input boundary conditions, output heat loss can be 
derived from the simulation. 
 
 
 

 
 
 
 
 
 
 
 
 
 

                                                                                                                                                                                                                                                        
 

 
 

 
Fig. 2. Operation process  

 
3.2 Code Validation (Heat Pipe with Cavity Receiver (Type-IV, AR = 0.5 AP = 0.53)) 

 
In order to carry out the validation process of the current study, Type-IV configuration of cavity 

receiver has been conducted for verification process. Figure 3 shows the simulation of origin 
experimental. With a cavity receiver design of type IV, the height of the cavity receiver was only 85 
mm, so lower cavity receiver height would possibly be heated directly. However, this cavity receptor 
height should be ideal as high wind speeds can contribute to large convective heat losses with low 
AP. 

In the case of a tracking error or difference in the absorbed radiation, a cavity receiver should be 
able to store enough energy within the spectrum accessible in order to prevent rapid temperature 
drops from HP ground or water. 

 

 

Fig. 3. Simulation of origin experimental 
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The simulation results compared to the experimental results are listed in Table 3. Comparing two 
different heights H = 85 mm and H = 165 mm, the temperature of the opening at 545 K at H = 85 mm 
was similar to that of the cavity receptor 165 mm (420 K). Figure 4 shows the simulation results 
compared to the experimental results. 

 
Table 3 
Simulation results compared to the experimental results 
High (mm) Experimental results (K) Simulation results (K) 

85 545 537 
100 521.5 523 
130 474.6 485 
165 420 430 

 

 
Fig. 4. Simulation results compared to the experimental results 

 
3.3 Heat Pipe with Modified Cavity Receiver (AR = 0.6 AP = 0.66) 
 

In this trial the AR = 0.6, AP = 0.66 will be conducted to generate a new design. Table 4 is showing 
the dimensions of the cavity receiver that used in solar power generation. Inner and outer diameter 
is calculated by depending on these AR = 0.6, AP = 0.66 ratios.  The geometry of the new trial has 
generated and meshed by using Design Modular (DM) in the ANSYS software. 

 
Table 4   
Geometry details of modified cavity receiver 
Item High (mm) 

Inner diameter 181.5 
Outer diameter 275 

 
Table 5 is shown the results of simulation process that have carried out by using ANSYS on the 

long side high of the cavity receiver of solar power generator where the maximum value of the heat 
radiation at the top of the cavity tube.  
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Table 5 
Simulation results of modified cavity receiver 
High Simulation results (K) 

85 510 
100 490 
130 440 
165 380 

 
The graph in the Figure 5 is representing that the relationship between the radiation at the 

different points of the high of the cavity receiver. The results of the simulation have proven that the 
total radiation on the alongside of the cavity receiver is changeable due high the geometry. The 
maximum heat exchange is happened at the bottom at the bottom of the cavity recover that’s mean 
max heat radiation is happened the top of cavity receiver. Four main, main have considered to study 
the whole philosophy behaviour of cavity receiver towards of the heat radiation and heat loss as well.  

 

 
Fig. 5.  Heat loss and at each pints of modified cavity receiver 

  
ANSYS software has been conducted to carry out the simulation process of the cavity receiver of 

Solar Power Generator (SPG) by using the Steady-State Thermal tool. Heat radiation is employed to 
be discussed and studied in this study. Figure 6 is shown the heat transfer along of high of the 
geometry. 
 

 
Fig. 6. Simulation process of modified cavity receiver 

4. Conclusion 
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Simulation process has been conducted to investigated in this study. Heat loss was employed 

used to predict the heat radiation in cavity receiver of Solar Power Generator (SPG). Ansys software 
has been conducted to carry out simulation process by depending on the Steady-State Thermal tool. 
A model was created and meshed by using Design Modular in ANSYS software. Model was validated 
with the experiment results. simulation results were confident by 2 percent error. The results have 
shown that heat loss decease with increasing of high of the cavity receiver that’s meant heat radiation 
was happened the top of the cavity receiver. 
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