
ISSN: 2666-2795  Vol. 5 No.1 June, 2020, Netherland 

 

 International Journal of Applied Engineering Research 

 

Copyrights @ Roman Science Publications  Vol. 6 No.2 December, 2021 

 International Journal of Applied Engineering Research 

 

Improving The Design of Parabolic Dish Engine by 

Adjusting the Focal Point for Indirect Illumination 

Receiver 
 

DwiRahmalina, Reza Abdu Rahman, Octavian Yudhistira, Agri Suwandi 
Department of Mechanical Engineering, Faculty of Engineering, Universitas Pancasila, Jakarta, Indonesia 

Corresponding author: drahmalina@univpancasila.ac.id 
 

Date of Submission: 10th June 2021   Revised: 30th July 2021   Accepted: 28th August 2021 

 
Abstract - CSP systems operate with thermal energy 

storage (TES),which considers cost-effective storage than 

battery systems for solar PV. The parabolic dish has the 

highest concentration ratio and working temperature (up 

to 700 °C). Unfortunately,the direct receiver makes the 

application of parabolic dish is limited. Adopting the 

same principle with the others CSP models, it is possible 

to implement an indirect receiver for a parabolicdish. 

Through design modeler, it shows that direct receiver is 

possible to use in parabolic dish system.Furthermore, the 

ideal receiver position can be adjusted by applying ź 

based on the dimension of the receiver. It finds that 

placing the receiver precisely at the focal point shows 

unsuitable heat absorption where the surface 

temperature of the receiver is 200 – 270 °C. Adjusting 

the receiver below and above the focal point (+ź and –ź) 

indicates a better heat absorption where the temperature 

on the receiver is 300 – 360 °C and 420 – 500 °C. The 

proposed design can be taken as a new approach to 

improve the parabolic dish system. 

 

Index Terms - Dish engine, Indirect illumination receiver, 

Parabolic dish, Vertex point 

I. INTRODUCTION 

The potential of renewable energy as an alternative energy 
source is continuously improved to meet the demand of 

global energy consumption[1], [2].Solar energy is the best 

option because of its abundant availability, predictability, 

and able to meet the global energy demand. Concentrated 

Solar Power (CSP) application to harvest solar energy 

provides a broader opportunity to use the system for 

electrical generation and heating applications [3]. The 

parabolic dish system is considered the ideal model for 

broad implementation with the highest concentration ratio 

and working temperature among all CSP models. However, 

it still needs to be improved to reach a mass-production 
scale. 

The parabolic dish system works by reflecting the 

sunlight from the dish concentrator to the focal point where 

a receiver can absorb the concentrated heat energy from the 

sunray. The heat engine (commonly Stirling engine) is 

paired with the receiver, converts the heat to electrical 

energy; that is why the parabolic dish is also called a dish 

engine or dish Stirling system [4]. Unfortunately, putting the 

heat engine at the receiver has many disadvantages [5]. The 
design is complex, requiring particularcomponents to 

support the receiver (cantilever), difficult to manufacture, 

and overweighted. The operation is also limited because of 

the absence of thermal energy storage. All disadvantages 

make the system is uneconomically feasible [6]. 

Research and further development have been made and 

continue on the system since the parabolic dish is considered 

the ideal CSP model [7]. The research and development are 

mostly done to increase the system's overall efficiency and 

propose a new configuration to simplify the design. The CSP 

system can work continuously (day and night) using thermal 
energy storage [8]. It is well known that thermal energy 

storage is cheaper and safer than storing energy in the 

electrical form (photovoltaic system). The basic parabolic 

dish model does not allow thermal energy storage because 

the system uses a direct illumination receiver. Thus, the 

system can be improved by applying the indirect 

illumination receiver (IIR). The successful application of IIR 

can be seen in the other CSP system, such as parabolic 

trough collectors (PTC) [9] and solar towers [10], where 

both systems have reached the commercial stage and have 

been used for large electricity production. 

There is limited literature that discussed the application 
of IIR in a parabolic dish as a whole system. For instance, 

Soltani et al. [11] focus on the design of the cavity for IIR 

and where the thermal performance of the system can 

achieve up to 65%. O. López, et al. [12] focused on the 

cavity in a parabolic dish for low-medium temperature, 

including solar tracking system, and found the overall 

thermal efficiency of the system is increased, but the piping 

system for HTF (Heat Transfer Fluid) is too long which 

increased the convection heat losses. Though so, by using 

IIR, the overall thermal efficiency of a parabolic dish is 

generally better than direct illumination receiver [13]. 
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This study is proposed a new configuration for a 

parabolic dish system by using an Indirect Illumination 

Receiver. Proposing a new design is a broader topic since it 

aims to share knowledge among the researcher by providing 

a new superior design for the parabolic dish system in CSP 
application. Then this study is focused on the adjustment for 

finding the ideal receiver position since it will affect the 

absorbed heat on the receiver. Furthermore, we propose a 

new mathematical approach for adjusting the suitable 

receiver position because it is one of the critical issues in the 

parabolic dish system. It directly affects how much the 

system can absorb the reflected sunray from the reflector. 

The mathematical approach is analyzed through geometrical 

modeling and evaluated experimentally to verify the result. 

The finding on the research is expected to provide an 

essential reference regarding the new design for the IIR 

parabolic dish and the receiver position adjustments that 
other researchers can adapt to maximize the performance of 

the parabolic dish system, both for the direct and indirect 

receiver. 

II. METHOD AND MATERIALS  

2.1. Modelling the Indirect Illumination Receiver 

The main components of an indirect illumination receiver 

for the parabolic dish are identically similar to the direct 
illumination receiver. The basic parabolic dish system is 

equipped with a dish concentrator, solar tracking system, 

receiver (absorber), and cantilever beam for the heat engine 

(located in the dish's focal point). The basic design prevents 

the utilization of thermal energy storage due to limited 

space, and also, adding extra components on the receiver 

will increase the load. 

 

 
FIGURE 1. 

THE PROPOSED NEW DESIGN FOR IIR PARABOLIC DISH 

 

The parabolic dish system with an indirect illumination 

receiver allows an extended application to utilize the 
collected thermal energy. The collected heat at the receiver 

is absorbed by the Heat Transfer Fluid (HTF) and distributed 

through a piping system, where the heat can be stored in 

thermal energy storage and various heat engine can be used 

(i.e., Brayton cycle or a heat exchanger for heating 

application). It allows to use of a simplified component, 

hence reduce the cost. 

After conducting an in-depth literature review and 

focusing to the IIR parabolic dish design development, we 

created an advanced design for the IIR parabolic dish that 

can work effectively by considering all the factors in the 

ideal parabolic dish system. The proposed model of the 
developed dish system is shown in Figure 1. 

2.2. Experimental Validation 

The compact structure on the offered design makes it easy to 

install, minimizing the cost for assembly and material for 

construction and maximizing the heat absorption by 

controlling the flow during day and night operation. As the 

first design consideration, the study is focused on the 

receiver position as the critical parameter that needs to be 

solved because it is still a complicated issue for a parabolic 

dish to put the ideal receiver position.  

 
TABLE I 

DISH GEOMETRIES 

Items Value 

Diameter dish 1,850 mm 

Focal length (f) 713 mm 

Effective aperture area 2.89 m2 

Focal point position Center 

Dish material Galvanized sheet 

Structure material Carbon steel 

Dish mass 15.2 kg 

Rim angle (ψ) 66o 

Items Value 
Diameter dish 1,850 mm 

 

The detailed geometry of the dish is shown in Figure2 and 

Table I. Using a satellite dish makes it easy to determine the 

initial reference design for the parabolic dish system, and 

also it is considered lightweight, cheap and affordable [14], 

[15]. 

 

 
FIGURE 2. 

STRUCTURAL GEOMETRY FOR THE NEW DESIGN FOR IIR PARABOLIC DISH 

SYSTEM 

 

Changing the receiver position affects the concentration 

ratio from the collector. Different levels of solar 

concentration will cause the temperature received by the 
receiver to vary. For validation, three different identic dishes 

were made and tested simultaneously to ensure the same 

solar radiation at a given time. An aluminum sheet coated 

with high-absorbing material is used as a receiver to absorb 

22



DwiRahmalina, Reza A. Rahman, O.Yudhistira, A.Suwandi 

 

Copyrights @ Roman Science Publications  Vol. 6 No.2 December, 2021 

 International Journal of Applied Engineering Research 

 

  

the oncoming reflected sun from the concentrator. A high-

temperature laser thermometer was used to measure the 

surface temperature on the receiver. 

III. RESULTS AND DISCUSSION 

3.1. Modeling the Indirect Illumination Receiver 

Typically, the position of the receiver depends on the focal 

point of the dish. The concentration ratio can be determined 

by referring to Eq. (1) [16]: 

𝐶𝑚𝑎𝑥,2−𝑎𝑥 = (
𝑠𝑖𝑛𝜓𝑟𝑖𝑚

𝑠𝑖𝑛𝜃𝑠𝑢𝑛
⁄ )

2

 (1) 

The half-angle divergence angle of sunlight on earth (θsun) is 

0.275°, then the concentration ratio value on the proposed 

design is 36,815 (based on dish dimension as appears in 

Table 1).  

 

 
FIGURE 3. 

SCHEMATIC MODEL FOR REFLECTED SUNLIGHT ON DISH CONCENTRATOR 

 

The receiver's position is generally placed precisely at the 

focal point. Figure3 shows the schematic model of the 

reflected sunray when the receiver is located precisely at the 

focal point.The focused sunray on the receiver only occupied 

a small area since the receiver is located precisely at the 

focal point. It causes a significant decrease due to limited 
heat absorption on the receiver surface. 

 

 
FIGURE 4. 

BASIC 2D GEOMETRY OF THE CONCENTRATOR DISH 

 

It is done by adjusting the relative angle between the 

receiver and dish concentrator to prevent losses. Typically, 

the receiver is tilted to the area with the optimum 

reflectance. The method is only suitable for the direct 

illumination receiver. Moreover, it has a side effect where 

the receiver only receives partial reflectance from one side 

[17]. We offer a new approach for determining the optimal 

receiver position by adjusting the receiver position based on 

the parabolic vertex line, which can be used both direct or 

indirect illumination receiver. 

Considering the basic geometrical model (Figure4), 

where y is the distance between the vertex and the focal 

point (f) and ψ is the rim angle. The position of the receiver 
can be adjusted using the detail geometry in each dish (y and 

ψ). Changing the relative anglemakes a partial absorption on 

the receiver. As a new approach, the receiver can be set 

above or beneath the focal point to maximize sunlight's 

absorption from all directions. Figure5 shows the receiver 

position's new adjustment where in Figure5A, the receiver 

position is set beneath the focal point and Figure5B is above 

the focal point. 

 

 
FIGURE 5. 

GRAPHICAL ILLUSTRATION FOR RECEIVER POSITION: A) BENEATH THE 

FOCAL POINT, B) ABOVE THE FOCAL POINT 

 

As seen in Figure5, a new adjustment for the receiver 

position shows that the two models (beneath (A) or above 

(B) the focal point) can receive the reflected sunray from the 

dish concentrator for the entire receiver surface. The 

distance for adjustment is denoted as ź. We found that the 

value of ź is constant and can be applied to any parabola. 

The magnitude of ź can be obtained by considering all the 

variables in the dish (Figure4) based on the receiver surface 

diameter, then Figure4 can be made more detailed, as seen in 

Figure6. 
 

 
FIGURE 6. 

DETAILED GEOMETRY OF THE CONCENTRATOR DISH WITH RECEIVER 

POSITION 

 

The value of ź is denoted as the length for adjusting the 

position of the receiver. It can be obtained from (2): 

ź =
1

2
∅𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟𝑠𝑢𝑟𝑓𝑎𝑐𝑒

𝑡𝑎𝑛𝜓
 (2) 

Once ź is obtained, it can determine the receiver position's 

exact adjustment from the focal point. Referring to Figure6, 

the position of the receiver can be above or below the focal 

point with a precise position using (3): 

𝐼𝑑𝑒𝑎𝑙𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 = 𝑦 ±  ź (3) 
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The relative sign (+) indicates the relative position for the 

adjustment. Sign (+)indicates that the position of receiver is 

above the focal point, and (–) for below the focal point. The 

value of ź for adjusting the receiver position provides a vital 

reference for maximizing the absorption of sunlight on the 
receiver without changing the dish concentrator's geometry. 

3.2. Experimental Validation of the ź Value 

Three different receiver positions based on the adjustment of 

źare tested experimentally. Tests are carried out to observe 

the heat absorption and temperature distribution pattern on 

the receiver surface with three different positions: at the 

focal point, above (+ ź) and beneath the focal point (– ź). 

Each model is tested simultaneously by using three different 

prototypes to ensure the reliability of the test. After 

observing the pattern and temperature distribution, we set a 

schematic model of the absorbed heat on the receiver surface 

and the temperature range on each area. 
 

 
FIGURE 7. 

THE ABSORBED HEAT ON THE RECEIVER SURFACE AT POSITION EXACT THE 

FOCAL POINT 

 
Figure 7 shows the pattern of the absorbed heat on the 

receiver surface when the receiver is located precisely at the 

focal point. The dashed line is the diameter of the receiver. 

As it can be seen from Figure 7, the pattern of the absorbed 

heat indicates that the heat concentration only occurs in the 

center of the receiver (dark red, temperature ranging from 

430–540 °C), and a scattered heat concentration (light red, 

with temperature ranging from 200 – 270 °C) occupy a 

larger area of the receiver.Partialheat absorption (dark-

yellow, < 190 °C) indicates the lowest heat concentration. A 

high concentration in a small part of the receiver is a 

disadvantage because it may damage its surface area 
(melting). Furthermore, the uneven heat distribution reduces 

the possibility of heat transfer from the receiver surface. 

 

 
FIGURE 8. 

THE ABSORBED HEAT ON THE RECEIVER SURFACE AT A POSITION BENEATH 

THE FOCAL POINT 

 

Changing the receiver position according to the value of 

ź shows a significant effect. Figure 8 shows the pattern when 

the receiver is located beneath the focal point (– ź). The 

highest concentration area is more expansive and occupies 
most of the surface with a high temperature ranging from 

420–500 °C (dark red). Even the maximum temperature is 

lowerthan the receiver at the focal point (Fig. 7), the heat is 

dispersed at a larger area of the receiver's surface, 

maximizing the heat transfer area for the actual receiver. The 

partial heat distribution (brown and dark red area) is located 

on the surface of the receiver with a suitable temperature. At 

this position, most of the receiver surface can absorb the 

incoming light concentration,minimizing losses. 

 

 
FIGURE 9. 

THE ABSORBED HEAT ON THE RECEIVER SURFACE AT A POSITION ABOVE THE 

FOCAL POINT 

 

Figure 9 has a different pattern than Figure 8 because 

the receiver's position on this model is above the focal point 

with an adjustment value of + ź. The temperature 

distribution is generally lower, with no high concentration of 

the absorbed heat on the receiver surface (dark red).The 

receiver's position above the focal point causes the spread of 
sunlight to pass through the focal point, creating a collision 

on photons, thereby reducing the radiation speed and 

decreasing the absorbed heat on the receiver surface. A 

medium heat absorptance (light brown, with temperature 

ranging from 300–360 °C) dominates the entire receiver 

area, which is a clear indicator that this section can provide a 

more even distribution of heat but reduces the value of heat 

absorbed on the receiver surface due to a decrease in the 

radiation value of the reflected photons. 

Experimental evaluation and observation of the 

absorbed heat pattern on the receiver surface (Fig. 7–9) 

provide better accuracy to prove that different receiver 
positions significantly influence the absorption model in the 

receiver [18]. Validation through experimental tests also 

provides an advantage where the actual value of the 

reflection of sunlight from the dish to the receiver is not 

distributed relatively due to the dish's geometrical defect, 

type of reflector, and the relative error due to the sun and 

earth tilt. The sunlight reflection pattern can be observed 

from the receiver heat absorption image (Fig. 7–9), where no 

perfectly round absorption model [19]. All models show 

partial absorption in certain areas where the receiver's 

position influences the absorption concentration value (at the 
focal point, above or beneath the focal point). 
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IV. CONCLUSIONS 

The designed parabolic dish offers a flexible utilization 

with the possibility to employ TES on the system. The key 

finding of our study is the new approach for locating the 

receiver. The receiver's adjustment is made according to an 

equation that can precisely determine the exact receiver 

position by using the magnitude of ź. The value of ź is used 

as a constant reference to adjusting the receiver's ideal 

position from the focal point. The experimental verification 
at different receiver positions supports the offered 

adjustment through the equation is acceptable. The reference 

is expected to promote a better reference for further 

development in the parabolic dish system, both for direct 

and indirect illumination receivers. Further development of 

the proposed design focuses on the working fluid's heat 

absorption process and the analysis of the overall thermal 

efficiency. 
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