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a b s t r a c t 

Fixed focus type Scheffler concentrators introduced by Wolfgang Scheffler are popularly used for different low to 

medium industrial process heat applications. These Scheffler concentrators are available in the standard sizes of 

8 m 

2 and 16 m 

2 . The present paper provides a detailed stepwise procedure for the design of a standing type 16 

m 

2 Scheffler concentrator and its fixed focus receiver, intended to be utilized in a solar thermal processing unit 

for essential oil distillation at our institute. The dome type receivers of boiler steel grade material, SS-304, are 

selected for the present application. The diameter of the receiver is estimated based on the analysis of the image 

formed at the receiver of the Scheffler concentrator. The crossbar equations, seasonal parabola calculations and 

aperture area calculations for the Scheffler concentrator have also been presented in the paper. The geometrical 

concentration ratio for the Scheffler reflector dish and receiver system are also evaluated for any given day 

of the year. The design procedure presented in the paper can be used for designing any suitable size Scheffler 

concentrator and its receiver as per the energy requirement of the application. 
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ntroduction 

Solar energy is one of the most abundantly available non-

onventional energy sources in different tropical regions all over the

orld. Solar thermal collectors and solar photo voltaic systems are the

roven technologies used for harnessing the solar energy for further uti-

izing it in numerous domestic and industrial applications [44–52] in-

luding low to medium capacity power plants [43] . At present fossil

uels are used for meeting the thermal energy requirement of almost all

he industrial and domestic applications. The harmful emissions from

ossil fuels contributes to the global warming, rising sea water levels

nd increased acidity of the ocean waters [10] . This alternative utiliza-

ion of energy from sun in the industries helps in reducing the carbon

ootprints of the fossil fuels on the environment [ 10 , 14 ]. 

Scheffler reflectors introduced by Wolfgang Scheffler [20] is an apt

olar concentrator technology employed for several low to medium

emperature applications in the range of 100 to 200°C [ 12 , 14 , 35 , 39 ],

o supply the heat energy for their operation [ 3,4 , 6 , 8–10 , 18 , 31 ].

ew of these applications include, thermal desalination [ 14 , 15 , 30 ],

ssential oil distillation [ 12 , 13 , 28 ], bakery [ 21 , 24 , 26 ], solar cook-

ng [ 20 , 22,23 , 25 , 29 , 32,33 , 38,39 ], water heating [ 27 , 35 ], crematorium

34] , roasting [40] , laundry and dry cleaning [ 36 , 41 ]. The basic idea

f developing the Scheffler type concentrator was to make solar cook-

ng as comfortable as possible. Scheffler concentrators as compared to
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ther types solar concentrators are essentially fixed focus type collec-

ors where the focus can be adjusted inside the house or shaded room

or cooking purposes as depicted in the following Fig. 1 . Scheffler reflec-

or maintains a high-quality focus that requires a simple tracking mecha-

ism and structure so that it can be easily built, maintained and operated

n any part of the world [ 14,15 , 20 , 41 ]. The temperature at the focus of

cheffler concentrator can reach above 200°C. Scheffler concentrators

ffer several advantages over the other type of solar concentraors. Few

f these advantages include, simple construction, simple tracking mech-

nism, fast installation, lower capital cost, lower operational and main-

enance cost, hassle free system in terms of operation, negligible control

xcept seasonal operation and can be operated by the unskilled labors

ncluding housewives [ 14 , 15 , 42 , 53 ]. Due to these advantages Scheffler

oncentrators are most suited for the different process heat applications

n the rural settings of different parts of the world including Sultanate

f Oman [14] . 

The shape of the Scheffler dish reflector surface is fundamentally a

art of the large size parabola, shown by the red colour line in Fig. 1 .

hese concentrators are mostly available in the standard sizes of 8 m 

2 

nd 16 m 

2 from the manufacturers but can be manufactured up to 50 m 

2 

20] . A few literatures are available for the design of Scheffler concen-

rators. Munir et al. [11–13] , Simone [16] and Anil Kumar et al. [4] has

resented the design procedure for the Scheffler concentrators. This de-

ign procedure is simple and flexible. Desireddy et al. [5] has developed

esign charts for the quick estimation of various design parameters for
e 2022 
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Fig. 1. Graphical representation of Scheffler Concentrator for the solar cooking application [16] . 

Fig. 2. Basic parabola with vertex at the origin. 
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he Scheffler concentrators for the manufacturers. Abderrahman et al.

1] has also given a brief review of the design methodologies for Schef-

er concentrators. 

Although these researchers have provided the guidelines, a detailed

tepwise design procedure for the Scheffler reflector is expected. This

ill certainly help researchers and practicing engineers to develop more

pplications in this area. This paper presents a detailed stepwise proce-

ure that can be used for designing any size of the Scheffler concentra-

ors along with its dome-type receiver. 

esign of Scheffler concentrator 

The design of the Scheffler concentrator starts with the calculation

f the basic parabola curve for the concentrator. These calculations are

one at the equinox (zero solar declination). The vertex of the parabola

s considered at the origin as shown below in Fig. 2 . 

The equation of the parabola with vertex at the origin is given by

q. (1) below, 

 = 𝑚 𝑝 𝑥 
2 (1)
2 
Here, 𝑚 𝑝 is the slope of the parabola. The above parabola when re-

olved about its y-axis gives the surface of revolution as paraboloid as

hown in Fig. 3 (i) below. This paraboloid surface needs to be sliced or

ut using a cutting plane to define the desired Scheffler dish section as

hown in 3-D and 2-D drawings in Fig. 3 below. The slice will create the

lliptical rim. 

In the 2-D drawing, the slicing plane will be reflected as a straight

ine that cuts the surface at two points A and B. This is depicted in

ig. 4 below. The line AB is inclined at an angle 𝛽 to the x-axis. Point

 is defined on the parabola such that the tangent passing through it is

nclined at 45° to the x-axis. This is required such that the solar radiation

t this point will be reflected at 90° and reach horizontally to the focus

s shown in Fig. 4 below. 

The horizontal ray from point C to the focus (F) forms the daily ro-

ation axis of the reflector during the daily tracking. Point C is kept as

lose as possible to the centre of the dish to achieve a balanced frame

oncerning the axis of rotation. When point C is located very close to

he center of Gravity of the reflector, the effort required for rotation of

he reflector is reduced while minimizing the counterweight required. 
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Fig. 3. (i) 3-D view of paraboloid surface with cutting/slicing plane (ii) 2-D view of paraboloid surface with slicing plane [16] . 

Fig. 4. Scheffler concentrator focusing beam radiations at the focus [5] . 
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Taking the derivative of Eq. (1) to calculate the slope of the parabola,

𝑑𝑦 

𝑑𝑥 
= 2 𝑚 𝑝 𝑥 (2)

asic Scheffler concentrator parabola calculations 

The basic design of the Scheffler concentrator is initially done with a

ew simplified considerations. This design is further referred for resizing

he concentrator dish to the actual size of 16 m 

2 . 

The focus height or focal length for a vertical parabola is given as, 

 𝐹 = 

1 
4 𝑚 𝑝 

(3)

Initially, taking the focal length as 𝑦 𝐹 = 1 m. This means the focus

s located at a height of 1 m from the vertex of the parabola under

onsideration. With this, we get the slope, 𝑚 𝑝 = 0.25. Thus, the parabola

quation is, 

 = 0 . 25 𝑥 2 (4)

The x coordinate of C is, 𝑦 𝐶 = 2. This defines point C completely as,

2, 1). Points A and B are selected as equidistant from C. The distance

etween these points determines the ratio between the size of the reflec-

or and the distance from the focus. When points A and B are selected

arther from each other, the ratio between distance CF and the dish area

ecreases, this, in turn, increases the curvature of the dish. This makes

t easier to focus the solar radiations at the focus while reducing the cost

f manufacturing the dish due to losing tolerances. 
3 
The angle of inclination 𝛽 can be varied between 42 and 44.9°. The

pper limit is 44.9° due to geometrical constraints. When this angle goes

elow 41°, the x-intercept of line AB becomes negative. This cast the ab-

orber’s shadow on the reflector [5] . For a given focal length increase in

nclination, 𝛽 causes a reduction in aperture area. Based on the literature

eviewed this angle is taken as 43.53° for further calculation [ 5 , 11,12 ].

For 𝑥 𝐴 = 1 and 𝛽 = 43.53° the y-coordinate of point A is, 𝑦 𝐴 = 0 . 25 .
his defines point A as (1, 0.25). Now the slope of the line AB is given

s, 

𝑎𝑛 𝛽 = 𝑚 𝑙 = 

𝑦 𝐵 − 𝑦 𝐴 

𝑥 𝐵 − 𝑥 𝐴 
(5)

For point B, y-coordinate 𝑦 𝐵 and the x coordinate, 𝑥 𝐵 is calculated

s 1.96 and 2.8 respectively. This defines point B completely as (2.8,

.96). The equation of the line AB can be written as, 

 𝑙 = 𝑚 𝑙 𝑥 𝑙 + 𝑏 𝑙 (6)

Here, 𝑚 𝑙 and 𝑏 𝑙 are the slope and y-intercept of line AB. For

= 43.53°, the slope and y-intercept of the line is calculated as, 

 𝑙 = 0 . 95; 𝑏 𝑙 = − 0 . 7 (7)

Thus, the final equation of the line AB can be written as, 

 𝑙 = 0 . 95 𝑥 𝑙 − 0 . 7 (8)

Table 1 below summarizes the final dimensions of the basic Scheffler

oncentrator dish. 
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Table 1 

Coordinates of basic Parabola in metre. 

Point X - coordinate Y - coordinate 

A 1 0.25 

B 2.8 1.96 

C 2 1 

F - focus 0 1 

Angle 𝜷 43.53°

Table 2 

Coordinates of revised Parabola in metre. 

Point X - coordinate Y - coordinate 

A 2.135 0.5337 

B 5.978 4.1847 

C 4.27 2.135 

F - focus 0 2.135 

Angle 𝜷 43.53°
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esizing the Scheffler concentrator parabola 

The size of the designed Scheffler is 16 m 

2 . The dimensions for the

equired size Scheffler dish are calculated using the basic parabola as

he reference. The coordinates of the basic parabola will be referred to

ith subscript 1 while for the revised parabola subscript 2 is used. Thus,

he equations of these two parabolas are, 

 1 = 𝑚 1 𝑥 
2 
1 and 𝑦 2 = 𝑚 2 𝑥 

2 
2 (9)

The slope 𝑚 2 for the modified parabola is calculated using the fol-

owing relation [16] , 

 2 = 

√ √ √ √ √ √ √ 

𝜋𝑚 

2 
1 

[ 
1 
4 

(
𝑥 𝐵 1 

+ 𝑥 𝐴 1 

)2 
− 𝑥 𝐵 1 

𝑥 𝐴 1 

] 

𝐴𝑟𝑒𝑎 . cos 
{ 

tan −1 
[
𝑚 1 

(
𝑥 𝐵 1 

+ 𝑥 𝐴 1 

)]} 

(10)

For Area = 16 m 

2 and the above coordinates of points A 1 and B 1 ,

he revised parabola equation is, 

 2 = 0 . 1171 𝑥 2 2 (11)

The relationships between different coordinates of the basic and the

evised parabola are, 

 𝐴 2 
= 𝑥 𝐴 1 

𝑚 1 
𝑚 2 

; 𝑥 𝐵 2 = 𝑥 𝐵 1 

𝑚 1 
𝑚 2 

; 𝑥 𝐶 2 = 

1 
2 𝑚 2 

(12)

And, 

 𝐴 2 
= 𝑦 𝐴 1 

𝑚 1 
𝑚 2 

; 𝑦 𝐵 2 = 𝑦 𝐵 1 

𝑚 1 
𝑚 2 

(13)

The y – coordinate for the focus is calculated using the following

quation. 

 𝐹 2 
= 

1 
4 𝑚 2 

These coordinates along with coordinates of the focus point, F are

ummarized in Table 2 below. 

For the cutting plane line AB for the revised parabola, the slope now

an be calculated as, 

 𝑙 2 
= 

𝑦 𝐵 2 
− 𝑦 𝐴 2 

𝑥 𝐵 2 
− 𝑥 𝐴 2 

(14)

The revised equation of the cutting plane line AB is obtained as, 

 = 0 . 95 𝑥 − 1 . 4945 (15)

The length of cutting plane line AB represents the major axis of the

lliptical frame obtained. This can be calculated as, 

 𝑏 = 

√ (
𝑥 𝐵 2 

− 𝑥 𝐴 2 

)2 
+ 

(
𝑦 𝐵 2 

− 𝑦 𝐴 2 

)2 
(16)
4 
For Scheffler dish reflector of area 16 m 

2 , the semi-major and semi-

inor axes are calculated as b = 2.65 m and a = 1.93 m. 

The area of 16 m 

2 is the area of elliptical Scheffler dish that is man-

factured further . But as the dish is tilted at 43.53° ( ≈ 45°), for the

ncoming sun rays, the projected area or the aperture area as shown in

ig. 4 , which is perpendicular to the incoming rays, is the actual area

een by the solar rays and should be considered for the analysis. 

The major axis and minor axis of the Scheffler dish are related to

ach other as shown in Fig. 6 . Applying the rules of trigonometry, the

perture area and the dish area are then related to each other by the

ollowing relation, 

𝑃 𝑟𝑜𝑗 𝑒𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎 

𝐷𝑖𝑠ℎ 𝑎𝑟𝑒𝑎 
= 

𝜋𝑎 2 

𝜋𝑎𝑏 
= 

𝑎 

𝑏 
= cos 𝛽 ≈ cos ( 45 ) = 0 . 707 (17)

From the above discussion, it is clear that the amount of solar radia-

ion captured by the Scheffler dish is about 70% of the actual dish size

t the equinox. 

The final details of the revised parabola and the Scheffler dish re-

ector are summarized in Fig. 5 . 

cheffler crossbar and elliptical frame calculations 

Crossbars are used in the elliptical frame to get the required shape

f the paraboloid obtained by cutting the plane from the original

araboloid surface. Seven crossbars are distributed equally along the

ajor and minor axes of the parabola with one crossbar at the centre.

his section discusses the design and construction of these crossbars and

lliptical frames. The equation of the ellipse is, 

𝑥 

𝑏 

)2 
+ 

(
𝑦 

𝑎 

)2 
= 1 (18)

Any point 𝑦 𝑛 on the elliptical frame of the dish with respect to 𝑥 𝑛 ,

an be given as, 

 𝑛 = cos 𝛽
√ 

𝑏 2 − 𝑥 2 
𝑛 

(19)

As there are seven crossbars, they are equally distributed about the

iddle crossbar as discussed earlier. The distance between them is cal-

ulated as 0.665 m. The distance between the frame and the last crossbar

s 0.655 m on either side. Fig. 7 summarize the details of coordinates

f the intersection points of the crossbars with the elliptical rim of the

cheffler dish. 

rossbar equations 

The cutting planes of the crossbar when projected on the cutting

lane of the reflector are obtained as straight lines. These lines for the

rossbars are shown in Fig. 8 . These cutting planes are also the ellipses

nclined at − 46.47°. The axes ratio for each cutting plane is ( 𝑎 𝐶 ∕ 𝑏 𝐶 ) =
os 46 . 47 . For middle crossbar 𝐶 4 , the equation is given as, 

 𝐶 4 
( 𝑥 ) = 𝑚 𝐶 4 

𝑥 + 𝑞 𝐶 4 
(20)

Here, 𝑚 𝐶 4 
and 𝑞 𝐶 4 are the slope and y-intercept of the crossbar 𝐶 4 

espectively. The slope of the crossbar 𝐶 4 is calculated as, 

 𝐶 4 
= tan ( −46 . 47 ) = −1 . 0527 (21)

Now, the point C f also lies on this middle crossbar and it is the mid-

oint of line AB. Thus, its x-coordinate is the mean of x-coordinates of

 and B which is 4.0565 m while its y-coordinate is, 2.3591 m. The

-intercept of the crossbar 𝐶 4 is calculated as 6.6743 m. 

Thus, the equation of crossbar 𝐶 4 is obtained as, 

 𝐶 4 
( 𝑥 ) = −1 . 0527 𝑥 + 6 . 6743 (22)

The equations for the 4 th , 5 th and 6 th crossbars are calculated by

dding 0.9655, 2(0.9655) and 3(0.9655) in the y-intercepts values of

he above equation respectively. 
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Fig. 5. Revised Parabola and Scheffler dish reflector details. 

Fig. 6. Relation between the major and minor 

axis of Scheffler dish. 
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Similarly, the equations for 3 rd , 2 nd , and 1 st crossbars are calculated

y subtracting 0.9655, 2(0.9655) and 3(0.9655) from the y-intercepts

alues of the above equation respectively. 

The minor axis for n th crossbar can be calculated from the following

quation [11] , 

 𝐶𝑛 = 

√ ( 

𝑚 𝐶𝑛 

2 𝑚 𝑝 

) 2 
+ 

𝑞 𝐶𝑛 

𝑚 𝑝 

(23)

Then the semi-major axis ( 𝑏 𝐶𝑛 ) for the crossbar can be calculated

rom the following equation [11] , 

 𝐶𝑛 = 

𝑎 𝐶𝑛 

cos 46 . 47 
(24)

Table 3 summarizes the y-intercept, cutting plane equations, semi-

ajor and semi-minor axes for all the crossbars. 

epths and arc lengths for different crossbars 

The depth ( Δ𝑛 ), the radius ( 𝑅 𝑛 ) and the arc length ( 𝑏 𝐶𝑛 ) for each

rossbar are calculated for the construction of the Scheffler parabola

sing the relations from [11] , 
5 
The depth of reflector for n th crossbar is given as, 

𝑛 = 

𝑎 𝐶𝑛 − 

√ 

𝑎 2 
𝐶𝑛 

− 𝑌 2 
𝑛 

cos 46 . 47 
(25) 

Fig. 9 shows the depth for the ellipse of the crossbar for the Scheffler

eflector. From above Fig. 9 , the radius ( 𝑅 𝑛 ) and half arc length ( 𝑏 𝐶𝑛 ∕2 )
an be given as, 

 

2 
𝑛 
= 

(
𝑅 𝑛 − Δ𝑛 

)2 + 𝑌 2 
𝑛 

(26)

Simplifying the above equation, 

 𝑛 = 

√ 

Δ2 
𝑛 
+ 𝑌 2 

𝑛 

2Δ𝑛 
(27)

The half arc length is, 

𝑏 𝐶𝑛 

2 
= 𝑅 𝑛 

( 

2 𝜋𝛽𝑛 
360 

) 

(28)

Where, 

𝑛 = sin −1 
( 

𝑌 𝑛 

𝑅 

) 

(29) 

𝑛 
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Fig. 7. Intersection points of seven crossbars 

for the elliptical frame of Scheffler dish. 

Fig. 8. Scheffler reflector with crossbar de- 

tails. 

6 
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Table 3 

y-intercept, cutting plane equations, semi-major and semi-minor axes for all the crossbars. 

Crossbar No. Y-intercept 𝒒 𝑪 𝒏 The equation of cutting plane of crossbars on XY plane Semi-minor axis ( 𝒂 𝑪 𝒏 ) Semi-major axis ( 𝒃 𝑪 𝒏 ) 

1 3.7778 𝒚 𝑪 1 ( 𝒙 ) = −1 . 0527 𝒙 + 3 . 7778 8.5696 12.4425 

2 4.7433 𝒚 𝑪 2 ( 𝒙 ) = −1 . 0527 𝒙 + 4 . 7433 9.0379 13.1225 

3 5.7088 𝒚 𝑪 3 ( 𝒙 ) = −1 . 0527 𝒙 + 5 . 7088 9.4831 13.7689 

4 6.6743 𝒚 𝑪 4 ( 𝒙 ) = −1 . 0527 𝒙 + 6 . 6743 9.9083 14.3863 

5 7.6398 𝒚 𝑪 5 ( 𝒙 ) = −1 . 0527 𝒙 + 7 . 6398 10.3160 14.9782 

6 8.6053 𝒚 𝑪 6 ( 𝒙 ) = −1 . 0527 𝒙 + 8 . 6053 10.7082 15.5477 

7 9.5708 𝒚 𝑪 7 ( 𝒙 ) = −1 . 0527 𝒙 + 9 . 5708 11.0866 16.0970 

Fig. 9. Depth of crossbar ellipse [11] . 

Table 4 

Depth ( Δ𝑛 ), radius ( 𝑅 𝑛 ) and arc length ( 𝑏 𝐶𝑛 ) for each crossbar. 

Crossbar no. Y-coordinate Yn, m 𝒂 𝑪 𝒏 (m) Δ𝒏 (m) 𝑹 𝒏 (m) 𝜷𝒏 𝒃 𝑪 𝒏 ∕2 (m) 𝒃 𝑪 𝒏 (m) 

1 1.2709 8.5696 0.1376 4.6454 15.8774 1.2873 2.5746 

2 1.6700 9.0379 0.2260 3.7289 26.6066 1.7316 3.4632 

3 1.8690 9.4831 0.2701 3.4962 32.3165 1.9719 3.9439 

4 1.9308 9.9083 0.2758 3.5360 33.0960 2.0425 4.0850 

5 1.8690 10.316 0.2479 3.8030 29.4369 1.9539 3.9077 

6 1.6700 10.7082 0.1902 4.4175 22.2126 1.7126 3.4252 

7 1.2709 11.0866 0.1061 6.0092 12.2098 1.2806 2.5611 
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Table 4 summarizes calculated depth ( Δ𝑛 ), radius ( 𝑅 𝑛 ) and arc length

 𝑏 𝐶𝑛 ) for each crossbar. 

alculation of seasonal parabola equations and aperture area 

The reflector needs to be adjusted with respect to the changes in the

olar declination angle. This can be achieved using the telescopic clamp

echanism, as shown in Fig. 10 , provided with the reflector. 

By adjusting the inclination angle of the reflector equal to half of

he change of the solar declination, the required shape of the parabola

or any day of the year can be attained. To get the required shape of

he parabola for any day, a fixed-point B with x-coordinate equal to x-

oordinate of point C f on the line AB is selected on the parabola curve. 

This point acts as a common point for all the seasonal parabolas and

lso works as a pivotal point for attaining the required shape changes

f the crossbars. Thus, the coordinates of point B are (4.0565, 1.9269). 

The general equation of parabola for any day of the year can be given

s, 

 ( 𝑥 ) = 𝑚 𝑑 𝑥 
2 + 𝐶 𝑑 (30)

Here, 𝐶 𝑑 is the y-intercept of the parabola curve. Now, 

 

′( 𝑥 ) = 2 𝑚 𝑑 𝑥 = 𝑡𝑎𝑛 

(
43 . 223 + 

𝛿

2 

)
(31)

= 23 . 45 sin 
[ 360 ( 284 + 𝑛 ) 

]
(32)
365 

7 
Here, n is the day of the year and declination angle, 𝛿 varies between

 23.5° to + 23.5° from December 21 to June 21 respectively [ 7 , 17 ]. 

The coordinates of a new set of points ( 𝑥 𝑠 , 𝑦 𝑠 ), for any day of the

ear, can be obtained by using the following rotation matrix for rotating

oint B (4.0565, 1.9269) about the focus point F (0, 2.135). 

𝑥 𝑠 , 𝑦 𝑠 
)
= ( 𝑥, 𝑦 ) 

[ 
𝑐𝑜𝑠𝛿 𝑠𝑖𝑛𝛿

− 𝑠𝑖𝑛𝛿 𝑐𝑜𝑠𝛿

] 
(33) 

Here, ( 𝑥 𝑠 , 𝑦 𝑠 ) indicates the coordinates of point B after rotation about

ocus F (0, 2.135). In summer, on June 21 reflector has to be ro-

ated through 11.75 ( + 23.5/2) and in winter on Dec 21 it is to be

otated through − 11.75 ( − 23.5/2). For summer the equation can be

ritten as, 

 ( 𝑥 ) = 𝑚 𝑠 𝑥 
2 + 𝐶 𝑠 (34)

This is nothing but the slope of the parabola as discussed earlier

hich is given as, 

 

′( 𝑥 ) = 2 𝑚 𝑠 𝑥 = 𝑡𝑎𝑛 

(
43 . 223 + 

𝛿

2 

)
(35)

Substituting 𝛿 = + 11.75 for summer in above equation. This indicates

he extreme position in summer. 

 

′( 𝑥 ) = 2 𝑚 𝑠 𝑥 = 1 . 42676 (36)
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Fig. 10. Telescopic clamp and the fixed-point 

details for Scheffler reflector [11] . 
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For summer, at June 21, 𝛿 = + 23.5. As per the rule of the rota-

ion matrix, as the point B is rotated about focus F (0, 2.135), the y-

oordinate of F is initially subtracted from point B before solving the

otation matrix and then added again to the y-coordinate (i.e., 𝑦 𝑠 ) ob-

ained for the specific day, from the calculation. 

𝑥 𝑠 , 𝑦 𝑠 
)
= ( 4 . 0565 , 1 . 9269 − 2 . 135 ) 

[ 
𝑐𝑜𝑠 23 . 5 𝑠𝑖𝑛 23 . 5 
− 𝑠𝑖𝑛 23 . 5 𝑐𝑜𝑠 23 . 5 

] 

Also, 𝑚 𝑠 = 0 . 1875 and 𝐶 𝑠 = 0 . 8487 . This defines the parabola equation

or the summer season as, 

 𝑠 = 0 . 18758 𝑥 2 
𝑠 
+ 0 . 8487 (37)

Similarly, for winter at December 21, 𝛿 = - 23.5. The equation of

arabola for the winter season is obtained as, 

 𝑤 = 0 . 08415 𝑥 2 
𝑤 
− 0 . 7865 (38)

The inclination of fixed-point B on parabola on June 21 and Decem-

er 21 are 55.28° and 31.78°. These can be obtained by adding and sub-

racting 11.75° to the inclination angle of fixed-point B at the equinox

 + 43.53°). 

The summary of the seasonal parabola equations with the inclination

ngles at the equinox, summer (June 21) and winter (December 21) has

een presented in the following Table 5 . 

Fig. 11 shows the three parabolas for summer, winter, and equinox.

rom Fig. 11 it can be observed that parabola shape is different in dif-

erent seasons. 
8 
By comparing the different shapes of parabola, it can be observed

hat the parabola shape in summer is smaller and larger in winter. Thus,

t can be concluded that for the same solar insolation, the energy col-

ected by the Scheffler reflector is more in the winter season when com-

ared to the summer season. 

For calculating the parabola seasonal equations in the southern

emisphere, replace 𝛿 in Eq. (33) by − 𝛿. Thus, the parabola equations

or June 21 and December 21 will be the same as the parabola equations

or December 21 and June 21 in the northern hemisphere. 

perture area calculations for Scheffler concentrator 

As discussed in earlier sections, the elliptical frame of the Scheffler

eflector is not perpendicular to the beam radiations. It is inclined at

43.23 ± 

𝛿

2 ) being the lateral part of the parabola. Thus, the available

perture area of the collector on any day of the year is given as, 

 𝑠 = 𝐴 𝑓 cos 
(
43 . 23 ± 

𝛿

2 

)
(39)

Here, 𝐴 𝑠 and 𝐴 𝑓 indicates the aperture area and reflector area for

he Scheffler dish respectively. 

The aperture area 𝐴 𝑠 is, 

 𝑠 = 𝜋𝑎𝑏 cos ( 43 . 23 ± 𝛿∕2 ) (40)

The semi-major axis, b and semi-minor axis for the Scheffler is 2.65 m

nd 1.93 m respectively. Solar declination angle 𝛿 varies from + 23.5°
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Table 5 

Seasonal equations for 16 m 

2 Scheffler Dish reflector in the northern hemisphere. 

Season Seasonal parabola equation Y-intercept Inclination angle 𝜷 for point B 

Summer 21 June 𝒚 𝒔 = 0 . 18758 𝒙 2 𝒔 + 0 . 8487 0 . 8487 55.28°

Equinox (zero declination) 𝒚 𝑪 2 ( 𝒙 ) = −1 . 0527 𝒙 + 4 . 7433 0 0°

Winter 21 December 𝒚 𝒘 = 0 . 08415 𝒙 2 𝒘 − 0 . 7865 −0 . 7865 31.78°

Fig. 11. Seasonal parabola details for standing 

type 16 m 

2 Scheffler dish reflector for summer 

(June 21), Equinox and winter (December 21) 

in the northern hemisphere. 

Fig. 12. Variation of aperture area and declination angle for the standing Scheffler reflector dish in the southern and northern hemisphere with days of the year. 

9 
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Fig. 13. Scheffler receivers (a) Dome type (b) Flat cylindrical type (c) Conical type [2] . 
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Table 6 

Total error calculation for Scheffler Parabolic reflector [19] . 

Type and Source Effective Magnitude, 𝝈, mrad 𝝈2 

One-dimensional errors 

Structure 5 25 

Tracking:SensorDrive non-uniformity 22 44 

Receiver: Alignment, etc. 2 4 

( 𝝈1− 𝑫 ) 
2 = 37 

𝝈1− 𝑫 = 6.1 mrad 

Two-dimensional errors 

Mirror specular reflectance 0.5 0.25 

Sun’s width 2.8 7.84 

( 𝝈2− 𝑫 ) 
2 = 8.09 

𝝈2− 𝑫 = 2.8 mrad 

t  

m
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n June 21 to - 23.5° on December 21. Fig. 12 shows the variation of

perture area and declination angle for the standing Scheffler reflector

ish in the southern and northern hemispheres with days of the year. 

From Fig. 12 , it can be concluded that for the northern region hemi-

phere, the aperture area is lowest on June 21 (9.3 m 

2 ) and highest on

ecember 21 (13.7 m 

2 ). For the southern hemisphere, the aperture area

s highest on June 21 (13.7 m 

2 ) and lowest on December 21 (9.3 m 

2 ). At

quinox (zero declination), the area is the same for both the hemisphere

11.7 m 

2 ). 

For the Scheffler concentrator, the beam radiations ( 𝐼 𝑏𝑛 ) are con-

entrated by the reflector and hence considered for the analysis. The

iffused radiations ( 𝐼 𝑑 ) are not concentrated by the receiver and not

vailable at the receiver, thus neglected. 

cheffler receiver and concentration ratio 

The receiver kept at the focus of the Scheffler dish reflector receive

he concentrated solar radiations from the dish. The working fluid flow-

ng naturally at the inner surface of the receiver through the primary

eat absorption circuit absorbs the heat energy from the concentrated

olar radiations. The temperature at the receiver is highest in the com-

lete primary heat absorption circuit and may reach above 200°C with

 beam radiation range of 700 to 850 W/m 

2 on a horizontal surface.

he working fluid is generally received at the bottom of the receiver

nd moves in an upward direction when heated by concentrated solar

adiation. The working fluid is further received in the header unit of

he primary circuit. It is then circulated either through the process heat

pplication for the direct heat utilization or inside the thermal storage

ystem for the heat absorption. Thermic oils and water are generally

sed as the working fluids for heat absorption in the system. 

Scheffler receiver is one of the key elements in the entire primary

eat absorption circuit [ 37 ]. Different types of receivers are used in the

pplications. Few of the most commonly used receivers include, 

• Flat cylindrical type receivers 
• Conical type receivers 
• Dome type receivers 

Flat cylindrical and dome type receivers are simple to manufacture

s compared to conical types. Dome type receivers due to their shape can

andle higher pressures when compared to flat cylindrical type receivers

nd thus mostly used with the Scheffler type concentrators. Fig. 13 be-

ow shows these three types of receivers. 

ize of the receiver 

The shape or size and the capacity of the receiver is designed based

n the optical and thermal analysis at the surface of the receiver. The

mage formed by the concentrated solar radiations at the focus of the

cheffler parabola decides the size of the receiver. Fig. 14 below shows
10 
he image size for the reflection of non–parallel rays from a parabolic

irror. 

The image analysis for the parabolic dish reflector is presented by

19] has been approximated for the Scheffler dish reflector for calculat-

ng the receiver size. 

The width of the image formed at the focus of the parabolic dish

onsidering different sources of errors: one dimensional and two dimen-

ional is given as, 

𝑟 = 2 𝑝 tan 
( 𝑛 𝑖 𝜎𝑡𝑜𝑡𝑎𝑙 

2 

)
(40)

Here, 𝑝 is the distance from the edge of the parabola to the focal

oint and 𝜎𝑡𝑜𝑡𝑎𝑙 is the total effective error at the focus due to both one

imensional and two-dimensional errors [19] . 𝑛 𝑖 represents the number

f standard deviations. 

The one-dimensional errors consider the structural, tracking, re-

eiver misalignment, etc. errors, while the two-dimensional errors in-

lude the sun’s width and mirror specular errors. The total error in-

luding both one- and two-dimensional errors is calculated as shown in

able 6 . The total error 𝜎𝑡𝑜𝑡𝑎𝑙 is calculated as, 

𝑡𝑜𝑡𝑎𝑙 = 

√ (
𝜎1− 𝐷 

)2 + 

(
𝜎2− 𝐷 

)2 = 6 . 7 𝑚𝑟𝑎𝑑 (41)

The distance 𝑝 for the Scheffler receiver is calculated as per the fol-

owing Fig. 15 below, 

The distance BF = 𝑝 for the reflector is calculated by the following

elation, 

 = 

√
5 . 978 2 + 2 . 135 2 = 6 . 35 𝑚 (42)

Considering the value of 𝑛 𝑖 equal to 6 ( ± 3) for considering 99.73%

f the total energy received at the receiver and value of 𝜎𝑡𝑜𝑡𝑎𝑙 and 𝑝

alculated in Eqs. (41) and 42 , the image size and hence the diameter

f the receiver is calculated from Eq. (40) as, 

𝑟 = 2 𝑝 tan 
( 𝑛 𝑖 𝜎𝑡𝑜𝑡𝑎𝑙 

2 

)
= 0 . 2553 𝑚 (43)
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Fig. 14. Image formation at the focus of a 

parabolic mirror [19] . 

Fig. 15. Calculation of distance from the edge of the parabola to the focal point. 

Table 7 

Receiver final dimensions. 

Diameter (m) 0.5 

Volume capacity, litre 15.5 

Material Boiler steel grade material, SS-304 

Plate thickness, mm 5 
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Considering the actual errors in focusing, tracking, mirror alignment

nd errors in approximating the analysis for Scheffler the final diameter

f the receiver is considered as 0.5 m. The total volume capacity for

he dome type receiver is taken as 15.5 litres based on the thermal loss

nalysis. As the receiver is subjected to the highest temperature and

ressure in the entire system, boiler grade material SS-306 with 5 mm

hickness is selected for the receiver. The final dimensions of the receiver

re summarized in Table 7 below, 

oncentration ratio 

The Concentration Ratio ( 𝐶𝑅 ) is an important geometrical param-

ter for the solar concentrators. This ratio indicates the concentrator’s

bility to concentrate the solar energy [54] . Its value is constant and
11 
xed for a given concentrator after its manufacturing [54] . Higher the

oncentration ratio for a given concentrator, higher concentration and

ubsequently higher temperatures can be achieved at the focus of the

oncentrator. For the designed Scheffler receiver of diameter 0.5 m and

cheffler dish reflector area of 16 m 

2 the concentration ratio based on

he Scheffler reflector dish (SDR) area is given by the following equa-

ion, 

𝑅 𝑆𝐷𝑅 = 

𝑆𝑐ℎ𝑒𝑓 𝑓 𝑙𝑒𝑟 𝑟𝑒𝑓 𝑙𝑒𝑐𝑡𝑜𝑟 𝑎𝑟𝑒𝑎 

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟 𝑎𝑟𝑒𝑎 
(44)

𝑅 𝑆𝐷𝑅 = 81 . 48 

𝐶𝑅 𝑆𝐷𝑅 ratio provide the concentration ratio based on the standard

cheffler dish reflector size. It is constant for a given Scheffler concen-

rator with a given receiver and the reflector dish. 

The Geometrical concentration ratio ( 𝐶𝑅 𝑔𝑒𝑜𝑚 ) for a given concentra-

or is defined as the ratio of aperture area to the receiver area. As ex-

ected, for higher 𝐶𝑅 𝑔𝑒𝑜𝑚 , higher concentration and the temperatures

ill be achieved at the receiver. This ratio is based on the aperture area

f the Scheffler concentrator and it is defined as, 

𝑅 𝑔𝑒𝑜𝑚 = 

𝑆𝑐ℎ𝑒𝑓 𝑓 𝑙𝑒𝑟 𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝑎𝑟𝑒𝑎 

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟 𝑎𝑟𝑒𝑎 
(45)
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Fig. 16. Geometrical Concentration Ratio 

( 𝐶𝑅 𝑔𝑒𝑜𝑚 ) for Scheffler dish reflector of size 16 

m 

2 in the Northern hemisphere. 
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As shown in Fig. 12 the available aperture area for the Scheffler

oncentrator varies from maximum of 13.7 m 

2 to minimum of 9.23 m 

2 

ith the declination angle for the day at the given location. Thus, for

he given Scheffler concentrator the geometrical concentration ratio also

aries with the aperture area for the given day of the year. Fig. 16 below

hows the variation of 𝐶𝑅 𝑔𝑒𝑜𝑚 with day of the year for the northern

emisphere. The highest and lowest 𝐶𝑅 𝑔𝑒𝑜𝑚 for the Scheffler dish of 16

 

2 size is 69.6 and 47.25 respectively. At equinox the available aperture

rea is 11.313 m 

2 . Thus, 𝐶𝑅 𝑔𝑒𝑜𝑚 at equinox for the Scheffler is calculated

s 57.63. 

The aperture area provides information about the actual area of the

eflector that is visible to the solar rays. Thus, the geometrical concentra-

ion ratio is the most practical concentration ratio for the given receiver

or all the practical engineering applications [54] . 

onclusion 

This paper has presented a detailed stepwise design procedure for

 16 m 

2 standing type Scheffler concentrator along with its dome-type

eceiver. Initially basic size Scheffler dish reflector has been designed,

hich is further resized to the desired size of 16 m 

2 . The crossbar equa-

ions and elliptical frame calculations have also been discussed in detail

or the 16 m 

2 Scheffler reflector. The seasonal parabola equations are

alculated with the variation in declination angle for the northern hemi-

phere. The aperture area calculated for the Scheffler reflector varies

rom 9.23 m 

2 to 13.7 m 

2 . Based on the image analysis at the receiver

f the and thermal loss analysis, the diameter and the volume capac-

ty for the stainless-steel receiver are calculated as 0.5 m and 15 liters

espectively. The concentration ratio based on the reflector dish area

nd the geometrical concentration ratio at equinox for 16 m 

2 Scheffler

oncentrator are estimated as 81.48 and 57.63 respectively. This design

rocedure can be suitably used for designing any size of Scheffler con-

entrator along with its dome type receiver. 
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