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Abstract- The paper presents a mathematical formalism to study energy absorbed by base plate and walls of the absorber tray 

due to mirror reflected radiation for a solar hot box. The absorber tray has been considered as composed of five surfaces (base 

plate and four walls). The study is focused on estimating the reflected solar radiation receiving areas on these five surfaces. 

The formalism has been developed using solar geometry angles, collector-reflector design parameters, tracking modes with 

appropriate boundary conditions. The expressions derived for the areas of five surfaces which receive radiation reflected by 

mirror are presented in form of tables with boundary conditions. The formalism has been studied for various cases such as 

non-tracked, azimuthally tracked collector with fixed mirror angle and fully tracked modes. The developed formalism can be 

used in general for any flat plate collector with four walled absorber tray. The results of calculations presented here are for hot 

box solar cooker with inclined and vertical walls. The study elucidates that reflector is more effective in winters, tracking 

requirements are less in winters as compared to summers and more effective heating of load can be achieved for collectors 

with inclined walls. This study may serve as a useful aid in better designing of four walled flat plate collectors such as solar 

cookers, dryers, distillation stills, water heaters etc. 

Keywords- : energy absorption, reflected radiation, flat plate collector, solar cooker, base plate, inclined walls, tracking 

modes. 

 

1. Introduction 

Solar energy is increasingly making its way through both 

solar PV and thermal technologies [1-6]. The need of the 

hour is to improve performance of both solar PV and thermal 

systems. Many of the solar thermal devices such as solar hot 

box cookers, water heaters, distillation stills and dryers etc. 

are basically flat plate solar collectors. The performance of 

the solar collectors can be enhanced by the use of mirror 

reflectors.  

There have been several studies on flat plate collectors 

related to the estimation of rate of radiation absorbed for 

different collector orientations, reflector orientations, shading 

due to single or double reflectors, etc. [7-24]. The earlier 

studies on collector-reflector system as reported in literature 

have considered various aspects and parameters but there is 

no study which focuses on the distribution of the reflected 

energy between base plate and walls of the absorber tray. In 

the earlier studies mainly energy absorption has been 

considered on aperture area only and therefore the 

distribution of energy absorbed on the base plate and four 

walls of the absorber tray has not been studied. Solar thermal 

devices such as hot-box solar cookers, solar stills and dryers 

etc. based on flat plate collector have absorber tray as an 

essential component. In these systems the load is placed on 

the absorber tray which is generally four walled structure 

with base plate.  The energy absorbed by the tray is 

conducted to the load, thus lesser shading of the base plate 

and more energy receiving area enhances the thermal 

performance of the system. The distribution of absorbed 

energy between base plate and four walls is affected by the 

wall height and wall inclination of the absorber tray.  Nahar 

and Garg  [25] conducted a study for the optimization of the 

air-gap between absorber plate and cover glazing for 

minimum convective losses and minimum shading of the 

absorber base plate due to the vertical side walls. Sengar 

et.al. [26] developed a mathematical formalism to study 

energy distribution pattern in solar hot boxes for global solar 
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radiation. The study focused on distribution of energy 

between the base plate and walls of the absorber tray for 

global solar radiation. Formalism was developed as a general 

case for a flat plate tilted collector with off-south orientation. 

Study related to distribution of mirror reflected energy 

between base plate and walls of the absorber tray is not to be 

found in literature therefore the present work focuses on this 

aspect. The four walled absorber tray has been considered as 

five surfaces and formalism has been developed to study the 

energy distribution pattern for mirror reflected solar radiation 

considering the base plate and walls. Here wall height and 

wall inclination have also been included. The developed 

formalism has been studied for flat plate collector for 

reflected radiation for various cases such as non-tracked, 

azimuthally tracked collector with fixed mirror angle not 

adjusted and fully tracked modes.  

2. Methodology 

The formalism has been developed for a general 

case of flat plate solar collector which has four walled 

absorber tray (Fig. 1), thus absorber tray is considered to be 

composed of five surfaces j=1 to 5. The mathematical 

expressions with boundary conditions have been developed 

on the basis of experimental observations of the base plate 

and wall areas of the tray receiving reflected solar radiation 

for different months for solar collectors [27, 28]. 

  The basic equations have been taken from the 

earlier studies mentioned in the literature but the expressions 

for reflected radiation receiving areas for base plate and walls 

have been developed separately in the present work. The 

main steps involved in the present work are 

i) Modifying the basic equations related to solar flux 

and solar geometry angles for five surfaces of the absorber 

tray 

ii) Developing expressions for useful reflected 

radiation receiving areas with proper boundary conditions for 

non-tracked case. 

iii) The expressions were further modified and 

developed for different cases such azimuthally tracked with 

reflector fixed at an angle and fully tracked modes. 

iv) Combining above steps and using various 

parameters related to solar geometry, solar radiation and 

dimensions of collector-reflector, computer programs were 

developed for different cases for calculation of energy 

absorption by base plate and walls of the tray. 

The formalism has been developed with continuous 

systematic study of shadow patterns and radiation receiving 

surfaces (walls and base plate) of solar hot boxes placed in 

sun for different months. The mathematical expressions have 

been derived on the basis of this study of solar hot boxes with 

vertical and inclined walls. 

3. Development of the formalism 

For any flat plate collector the general expression for the 

energy absorbed q due to radiation reflected by the reflector 

is given by [29,30] 

SAq c     (1)  

 

 
Fig. 1. View of absorber tray with five surfaces. 

here Ac is the area of the absorber plate and S is the 

incident solar flux absorbed by the collector. 

For specular reflector 

 
brcrirbnrIS  coscos        (2)   

Here ρr is the reflectivity of the reflector, Ibn is the beam 

radiation in the direction of sunrays, θir is the angle of 

incidence of sunrays on the reflector, θr is the angle at which 

the reflected ray strikes the aperture of the collector, τcα is the 

transmissivity-absortivity product of the glaze for the 

reflected radiation.  

The value of reflectivity and transmissivity of a glaze for 

solar incidence angle from 0° to 90° can be obtained from the 

Fresnel laws and equations given below 
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where I and II are the reflectivities of the two 

components of polarization. 

Similarly transmissivity based on reflection-refraction r 

is given as 
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for M glaze covers. 

The transmissivity based on absorption a is given as 

rtK
a e cos/  (9) 

where K is extinction coefficient of glaze material, t is 

the thickness and r is the angle of refraction.  

The transmissivity of the transparent cover  is obtained 

from product of r and a, i.e. 

ar                                (10)  

Here in this formalism the base plate and walls have 

been considered so surfaces j= 1 to 5 has been incorporated 

in the expression. Thus the modified expression becomes 





5

1j
rjurjar SAq   (11) 

here j is the index associated with a surface, j = 

1represents the absorber base plate and j = 2 to 5 correspond 

to the four walls of the absorber tray, qar is the energy 

absorbed by the absorber tray of the collector due to reflected 

radiation, Aurj is the useful i.e. radiation- receiving area of the 

j
th

 surface for reflected radiation and Srj is the reflected solar 

flux absorbed by the j
th

 surface. 

 For specular reflector the modified expression for solar 

flux absorbed by j
th

 surface is  

 
brjcrjirbnrrj IS  coscos           (12)  

Here θrj is the angle at which the reflected ray strikes the 

j
th

 surface of the absorber tray and αj is the absorptivity of the 

j
th

 absorber surface. 

Therefore the expressions for the useful areas Aurj are 

derived as function of angle of incidence of beam radiation 

on the j
th

 surface (θij), zenith angle (z), solar azimuth angle 

(γs), surface azimuth angle of collector (γ), depth of the tray 

(d), the outward inclination of the walls with respect to the 

vertical (θw), the length (L) and the breadth (B) of the base 

plate of the absorber tray, the length (L′) and the breadth (B′) 

of the aperture of the tray, the slant height or the breadth of 

the walls (l), tilt angle of the collector (β), the length (L′) and 

width (Lm) of the reflector, the angle that reflector makes 

with the collector (Ψ) and the tracking conditions. 

3.1 Expressions for Useful Absorber Area for Reflected 

Radiation 

Considering a Cartesian coordinate system with origin at 

one of the corners of the base plate (O), X-axis is along one 

of the length edge (OD), Y-axis is along one of the breadth 

edge (OA) of the base plate and Z-axis is normal to the base 

plate as shown in Fig.1. The sectional view of the absorber 

tray making an angle β with the horizontal is shown in Fig. 2. 

It is quite obvious from the figure that the unit vector normal 

to the absorber base plate (n1) is  

kn1                      (13)   

 

Fig. 2 Sectional view of absorber tray tilted at an angle β. 

For obtaining the unit vector along the direction of 

the beam radiation on a tilted surface, first of all the unit 

vector is written for a coordinate system (X′Y′Z′) with X′ 

along South, Y′ along East, Z′ vertical and X′ Y′ plane is 

horizontal as shown in Fig.3, and then it is transformed from 

the coordinate system X′Y′Z′ to the coordinate system XYZ. 

 

Fig. 3 View of absorber base plate with coordinate systems 

attached to the collector (XYZ) and ground (X′Y′Z′). 

The unit vector along the beam radiation ( bn ) in 

Cartesian coordinate system X′Y′Z′ is  

kjin  zyxb                                    (14) 

here x′ = sz  cossin , y′ = sz  sinsin , and z′ 

= zcos . 
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Accordingly, kjinb
 zszsz  cossinsincossin       (15)   

Let nb is the unit vector along the beam radiation in the 

tilted coordinate system (XYZ) of the tray as shown in Fig.2 

then  

kjinb zyx                                        (16) 

where the values of x, y and z can be found in terms of x′, 

y′ and z′ through the following transformation equation.  
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The following are the expressions for the normal to the 

four walls of the absorber tray 
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and the angle of incidence of the direct radiation on the 

j
th

  surface ( ij ) is 

  bj nn .cos ij     here j = 1to 5      (23)  

Let the angle of incidence of the sunrays on the base 

plate be θi1 as shown in Fig. 2 and γ is the surface azimuth 

angle of the collector then 
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The surface azimuth angles of the walls in terms of γ are 

as follows 

  180 and 90 , ,90 5432         (29) 

Let the mirror reflector be attached to the top northern 

edge of the collector and is adjusted such that it makes an 

angle Ψ with the aperture surface as shown in Fig. 4. The 

reflector has the common edge L with the collector. The 

width of the reflector is Lm. It has been assumed that the 

reflection is specular. The expressions for the useful areas for 

reflected radiation falling on the absorber base plate as well 

as on the walls may be deduced as explained below.  

From the Fig. 4 it can be seen that the unit vector normal 

to the reflector surface, nr, is 

kinr  cos - sin                                   (30) 

The solar incident angle on the reflector (θir) may be 

obtained as 
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Fig. 4. Sectional view of collector with reflector adjusted at 

an angle ψ with the glaze. 

According to the laws of reflection in vector algebra, the 

unit vector along the reflected ray that strikes the collector 

nr1 [14] 
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The components of nr1 along the X, Y and Z-axes are                   
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The angle θrj at which the reflected ray strikes the j
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surface of the absorber tray may be obtained as 
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These angles are used in estimating the absorption of 

solar radiation on different surfaces of the solar hot box 

absorber tray i.e. walls and base plate using eq. 12. 

3.1.1 Useful Base Plate Area for Reflected Radiation 

If the mirror orientation is kept fixed then the length of 

reflected light (Lr) can lie within the base plate or overextend 

it depending on the Ψ, θi1, γs and γ.  

From the Fig.5 it can be seen that „bs‟, the section of the 

breadth of the base plate where the reflected light does not 

reach due to the back wall height and the mirror angle 

adjustment, is given by 

wsr1  tand -cos  tan   dbs        (42)                         

The value of bs can be positive or negative at any instant 

as can be seen from the Fig. 5 and 6. 

The breadth of base plate „b‟ which is not in shade due to 

the back wall is 

b = B - bs if 0 tan-  -cos  tan wsr1              (43) 

and   b = B if 0 tan-  -cos  tan wsr1            (44) 

The length of reflected light (Lr) on the plane containing 

base plate of the tray is given by 

  tansinL  cos r1 m   mr LL    if 

0 tan-  -cos  tan wsr1          (45) 

w r1r1 m  tand  tand   tansinL  cos   mr LL  

if 0 tan-  -cos  tan wsr1       (46)     

 

 

Fig.5. Collector with reflector adjusted at an angle ψ 

such that bs is positive. 

 

Fig. 6. Collector with reflector adjusted at an angle ψ 

such that bs is negative. 

 

The section of the length of the base plate where the 

reflected light does not reach due to the side wall height and 

the mirror angle adjustment has been expressed as Ls, which 

is given by   

wsr1  tand -sin  tan   dLs         (47)  

The area of the base plate that receives reflected 

radiation has been expressed as Aur1 for the various 

conditions of Lr , b, Ls, γs and γ. For s  > 90
o
  and θir > 

90
o
 the sun would be at the back of mirror and in that case 

instead of reflected radiation, shadow of the mirror would fall 

on the absorber tray. The various expressions of Aur1 for the 

different orientations of collector and mirror and for the 

changing solar angles are presented in Table 1 and Fig. 7. 
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Fig. 7(i).  Lr < b and  S  =0. Fig. 7(ii). Lr cos S  < b and b tan S  +Ls < L.  

 
 

Fig. 7(iii). Lr cos
S   ≥ b and b tan

S  +Ls < L. Fig. 7(iv). Lr cos S   ≥ b and b tan S  +Ls ≥ L. 

 
 

Fig. 7(v). Lr cos S   < b, b tan S  +Ls > L  

and Lr sin S   < L. 

Fig. 7(vi). Lr cos S   < b, b tan S  +Ls > L  

and Lr sin S   ≥L. 

Fig. 7. Hatched portion shows the radiation receiving absorber base plate area Aur1 for conditions 

mentioned below each figure [7(i) to 7(vi), Table 1]. 

 

Table 1: Absorber base plate area that receives reflected radiation when collector is non-tracked oriented 

off-south.
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3.1.2 Useful Wall Area for Reflected Radiation 

The expressions for the useful wall area have been 

deduced here considering the boundary conditions 

on srL  cos . When s   ≠ 0 and θir < 90
o
 then one or 

two walls may receive reflected radiation at an instant 

depending on the boundary conditions.  

When srL  cos < b then either the wall surface „2‟ 

or wall surface„4‟ would receive reflected radiation 

(sidewall). If b < srL  cos < b+l or b+l 

< srL  cos then wall surface „3‟ (front wall opposite to 

reflector) and one of the walls „2 or 4‟ would receive 

reflected radiation at an instant. Wall surface „2‟ would 

receive reflected light if the projection of the incident sunrays 

on the horizontal plane lies to the west of the projection of 

the normal of the base plate.   

Similarly wall „4‟ would receive reflected light if the 

projection of the incident sunrays on the horizontal plane lies 

to the east of the projection of the normal of the base plate. 

The useful wall area of the absorber that receives the 

reflected radiation at any instant is given by the following 

expressions presented in the Fig. 8 and Table 3 for the 

different conditions on srL  cos .

  
Fig. 8(i) Lr cos S   ≤ b, b tan S   

+Ls > L, Lr sin S   < L. (Side wall) 

Fig. 8(ii) Lr cos S   ≤ b, b tan S      +Ls > L,  Lr sin 

S   > L. (Side wall) 

 

 
  

Fig. 8(iii) b < Lr cos S   < b + l  

b tan S  +Ls ≤ L . (Front wall) 

h = Lr cos S  - b, k = b tan S  +Ls 

j = h tanθw and f = Lr sin S  +Ls. 

Fig. 8(iv) b < Lr cos S   < b + l,  

and b tan S  +Ls ≤ L . (Side wall) 

tanα = tanθw + bs / l, p = h tanα 

and g = h tanθw. 

 

 
 

 

Fig. 8(v) b+ l < Lr cos S   and b tan S  +Ls ≤ L . 

(Front wall)  

f ′= L′ - (b+l) tan
S  -Ls and h′= L - b tan S  -Ls 

Fig. 8(vi) b + l < Lr cos S   and 

b tan S  +Ls ≤ L . (Side wall) 

Fig. 8. Absorber wall (front/side wall) area receiving reflected radiation shown as hatched portion for the conditions 

mentioned below each figure and expressions are presented in Table 2. 

 

Table 2: Absorber wall area that receives reflected radiation when collector is non-tracked oriented off-south. 

 

Conditions Area Figure 
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


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lLA rrw  -cos s4/2   Fig. 7(v), 

Fig.8(i) 



INTERNATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH  
Sengar N. et al. ,Vol. 9, No. 1, March 2019 

464 
 

LL

andbL

r

r





s

s

-sin

-cos




   lLLA srw  -cot s4/2   Fig. 7(vi), 

Fig.8(ii) 

bLr s-cos     lLLA srw  -cot s4/2   Fig. 7(vi), 

Fig.8(ii) 

LL

b

and

s

s

s











tan

0

 

bLr s-cos   lLA rrw  -cos s4/2   Fig. 7(v), 

Fig.8(i) 

lb

b





                

-cos L  sr 
  

   

 

  bl
l

b
bLl

bL

bLLbL

bLA

s
wsr

sr

wsrsrs

rrw

















2
tancos2         

cosA

tan cos sintan2 

-cos 
2

1
 

rw2/4

s3









 Fig. 8(iii) Fig. 

8(iv) 

srLlb   cos

 
   

 lBb

llbLbLA ssrw

 
2

1
A

 tantan
2

1

rw2/4

3



 

 Fig. 8(v) 

Fig. 8(vi) 

0 s  bLr   lLA rrw  4 and 2    

lbb   L  r  
     

   











l

b
bLlbLbl

bLLbLA

s
wrr

wrrrw

2
tan2A

 tan 2 
2

1
 

4 and rw2

3





  

rLlb   
   lBblLLArw  

2

1
Aand 

2

1
4 and rw23    

 

3.1.3 Total Useful Absorber Area for Reflected Radiation 

The total useful absorber area Aur at any instant for the 

reflected radiation is given by the summation of the useful 

areas for reflected radiation of the five surfaces 

corresponding to j=1 to 5. Thus 





5

1j
urjur AA                         (48)  

3.2 Angular Adjustment of Reflector for Maximum 

Reception of Reflected Light on Absorber Base Plate 

An equation has been developed for angular adjustment 

of reflector for azimuthally tracked condition, when the 

sunrays do not over extend the base. The condition has been 

considered because the heat transfer does not take place 

directly between the load and the walls, though indirectly by 

conduction some heat may be coupled to the load. By 

adjusting the limiting rays on base plate boundary and not 

allowing extending on the front wall the angle of incidence 

becomes less for base plate and the shadow area towards the 

back wall is less. Both these factors give positive 

contribution towards increased absorption of radiation on the 

base plate area. 

The breadth of the base plate   

EGbB s   (49) 

 cotsincos mm LLJHGE 
  

(50) 

and ws ddb  tancot    (51) 

here  is the angle at which reflected ray strikes the 

horizontal glaze and base plate. 

 cotsincostancot mmw LLddB 
          (52) 

 

 2270  z  (53) 

    wzmm ddLLB  tan2tansincos  (54) 

Above equation can be solved numerically to render the 

values of  for known Lm, B, d, z and w. Here Lm, B, d and 

w are the design parameters of the system and z, the zenith 

angle depends on the solar geometry. 

3.3 Expressions for Useful Absorber Area for Some 

Special Cases 

3.3.1 Non Tracked South Facing Collector 

Generally south facing solar systems are preferred in 

non-tracked mode for places in northern hemisphere for 

maximum interception of solar radiation year round. For this 

case the expressions for useful absorber areas are same as 

mentioned in Table 1 and 2, the only difference being that 
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s  is replaced by s as the surface azimuth angle γ for 

the collector is zero.  

3.3.2 Azimuthally Tracked Collector with Fixed Mirror 

Inclination 

If a collector is tracked azimuthally i.e. the collector 

follows the sun‟s motion in east-west direction then 

mathematically s  =0. This particular case is of physical 

significance while considering a collector operating with a 

single axis tracking system (azimuthal tracking). 

When the collector is tracked azimuthally but the angular 

adjustment of the mirror reflector is not done according to the 

altitude angle of the sun i.e. the angle that reflector makes 

with the collector plane is kept fixed, the area of the base 

plate that receives reflected radiation is given by  

Aur1 = L . Lr    if Lr < b        Fig.7(i)                (55) 

Aur1 = L . b    if Lr ≥ b          (56)                            

The relations for the useful wall area corresponding to 

reflected radiation for a collector, which is tracked 

azimuthally but the mirror adjustment is not done have been 

presented in Table 3. 

Table 3: Absorber wall area that receives reflected radiation 

when collector is tracked azimuthally with fixed mirror 

inclination 

 

Conditions Area 
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3.3.3 Fully tracked mode 

The case when collectors are tracked azimuthally and 

mirror is also adjusted is the optimal case where maximum 

energy gain can be achieved in case of solar cookers and 

hence considered as fully tracked mode. This is helpful while 

comparing the energy gain in different tracking modes. The 

area of the base plate that receives reflected radiation in this 

case would be 

Aur1 = L . b                      (57)                                   

Here it is assumed that the angular adjustment is done in 

such a way that the rays reflected from the topmost edge of 

the reflector reach the front edge of the base plate as 

presented in section 3.2. Hence in this case the front wall 

(surface 3) would not receive reflected radiation but the two 

sidewalls would have the following radiation receiving area 

lLA rur  4 and 2                        (58)                         

here Lr is equal to b. 

3.3.4 Collector having Absorber Tray with Vertical 

Walls 

Quite often due to the fabrication simplicity or cost 

benefits the flat plate solar collectors, which have absorber 

tray with vertical walls are used in several solar thermal 

appliances such as solar water heaters, dryers and distillation 

stills. Therefore for the estimation of the useful absorber area 

for such a collector θw = 0 should be used in the expressions 

presented in tables 1-3.  

4. Computations  

The developed formalism has been used to study the 

pattern of energy absorbed by the base plate and walls of the 

absorber tray for reflected radiation. The computations and 

results presented here are for commercial hot box solar 

cooker CSC (Fig. 9).  

 
 

Fig. 9. The common commercial fiber body hot box solar 

cooker (CSC). 

Further the computations have been done for energy received 

by the aperture and it has been verified that the sum of the 

energy absorbed by the base plate and walls is equal to the 

energy absorbed by the aperture area. A computer program 

was prepared in Qbasic on the basis of developed formalism 

taking into account the parameters viz. θij, γs, γ, d, θw, L, B, 

L′, B′, l, β and incorporating the various conditions and 

expressions presented in section 3. The details of the 

parameters used in the computations are given in Table 4.  

The extinction coefficient and refractive index of glass sheet 

have been taken as 15 m
-1

 and 1.52 respectively. The value of 

τc and the tilt factors have been calculated [29]. The values of 

Ib and Id have been obtained through ASHRAE method, 

where the values of A, B and C used in the calculations are 

the revised values given by Iqbal [30].  During the 

calculations the average value of absorptance has been taken 

for a day depending on the variation of the incidence angle. 

On Dec-21 (δ=-23.45
˚
) the angles vary from 50 to 77°

 
and the 

absorptance would vary from 0.91 to 0.81, therefore average 
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value of 0.86 for absorptance has been used in the program. 

Similarly for δ = 0° and δ = 23.45° the average values of 

absorptance are taken as 0.93 and 0.94 respectively [31]. The 

reflectivity of the mirror has been taken as 0.80. The 

calculations have been done for the tracking modes (i) non-

tracked south facing mode when reflector is adjusted for 

maximum reception of solar radiation on the base plate 

during solar noon (mode A) (ii) azimuthally tracked mode 

when reflector is adjusted for maximum reception of solar 

radiation on the base plate during solar noon (mode B) (iii) 

fully tracked mode where azimuthal tracking is considered 

along with the continuous optimum adjustment of the 

reflector (mode C). The reflector angle (ψ) for maximum 

reception of reflected radiation on the base plate for various 

declination values calculated using eq. 54 for CSC with wall 

inclinations 0
o
 and 20

o
 has been presented in table 5.  

 

Table 4: Parameters used in computations. 

 

S. No. Parameters Details 

1. CSC (20
o
) 

dimensions 

Base plate-0.16 

sq.m. (0.4 m  

0.4 m.) 

Aperture-0.21 

sq.m. (0.46 m  

0.46 m.) 

Wall height-

0.084 m. 

Wall 

inclination-20
o
 

2.  CSC (0
o
) 

dimensions 

 

Base plate-0.16 

sq.m. (0.4 m  

0.4 m.) 

Aperture 

0.16 sq.m. 

(0.4 m  0.4 m.) 

Wall height-

0.084 m. 

Wall 

inclination-0
o
 

3. Glass sheet Extinction 

coefficient-15 

m
-1

 

Refractive 

index-1.52 

Number of 

sheets -2 

Thickness of 

each-4mm 

4.  Absorptance 0.86 for δ =  

-23.45
o
 

0.93 for δ = 0
o
 0.94 for δ = 

+23.45
o
 

 

5.  Location and 

time 

Jaipur (India) Latitude-

26.55
°
N 

Longitude-

75.52
°
E 

Solar time-8 

a.m. to 4 p.m. 

6. Tracking modes Mode A 

Non-tracked 

Mode B 

Azimuthally tracked with fixed 

mirror inclination 

Mode C 

Fully tracked 

 

 

Table 5: Reflector angle (ψ) for maximum reception of reflected radiation on the base plate for various declination values.  

 

Solar 

Time 

(hr) 

CSC (0
o
) CSC (20

o
) 

 ψ (δ = -23.45°) 

in degrees 

ψ (δ = 0°) 

in degrees 

ψ (δ = 23.45°) 

in degrees 

ψ (δ = -23.45°) 

in degrees 

ψ (δ = 0°) 

in degrees 

ψ (δ = 23.45°) 

in degrees 

8:00 65.5 74.5 80.5 64 73 79.5 

9:00 72.5 82.5 89 71 81.5 88.5 

10:00 78 90 98 77 89.5 97.5 

11:00 81.5 96 107 81 95.5 106.5 

12:00 83 98.5 114 82 98 114 

13:00 81.5 96 107 81 95.5 106.5 

14:00 78 90 98 77 89.5 97.5 

15:00 72.5 82.5 89 71 81.5 88.5 

16:00 65.5 74.5 80.5 64 73 79.5 
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5. Results and discussions 

Fig. 10 shows the variation in energy absorbed by the 

base plate and walls of the collector with θw=20
o
 for reflected 

radiation with solar time on three different days of a year. 

Here the collector is considered to be kept in non-tracked 

mode when reflector is south facing and is inclined at an 

angle ψ with the collector such that maximum solar radiation 

is received at the base plate at local solar noon. It is quite 

interesting to observe that the maximum reflected energy is 

absorbed on Dec-21 followed by Mar-21 and Jun-21. The 

energy absorbed at the solar noon due to the reflected 

radiation on Dec-21 is 130% more than Jun-21 and 31% more 

as on Mar-21.Thus the loss in energy absorbed due to less 

global radiation in winters can be compensated to some extent 

with the use of reflector. Curve for Jun-21 reveals that if 

reflector angle is kept fixed for maximum reception at local 

solar noon then the enhancement in energy absorbed due to 

reflected radiation is for very short duration 11:30 to 12:30 

and that too is only 10-12% of the solar radiation absorbed. 

Therefore in summers the role of reflector fixed in one 

position is almost negligible and the system can be used 

without it. 

The energy absorption by the base plate and walls of the 

collector with vertical walls (θw=0
o
) for reflected radiation 

has been shown in fig. 11 for three different declinations. On 

comparing fig. 10 and 11, it can be seen that radiation 

absorbed by the base plate in December is 18% more for the 

systems with inclined walls though the energy absorbed by 

the walls is almost equal. As expected the energy absorption 

by the base plate and walls is 10-40% higher in March and 

June for the system with inclined walls. 

 

Fig. 10. Variation in hourly energy absorbed by the base plate 

and walls of the solar collector CSC (20
o
) for reflected 

radiation for three different declinations (δ). 

 

Fig. 11. Variation in hourly energy absorbed by the base plate 

and walls of the solar collector CSC (0
o
) for reflected 

radiation for three different declinations (δ). 

 

Fig. 12. Variation in hourly energy absorbed by the base plate 

and walls of the solar collector for different tracking modes 

A, B and C for reflected radiation on Dec-21 (δ = -23.45
o
). 

The effect of various tracking modes on the energy 

absorbed by the CSC (wall inclination 20
o
) due to the 

reflected radiation for three different days (Dec-21, Mar-21 

and Jun-21) of a year has been presented in the form of graphs 

in Fig. 12-14. Figs. 12-14 clearly show that the maximum 

energy absorbed is for mode C and minimum is for mode A 

for all the three representative days. It is quite interesting to 

see that the energy absorbed by the base plate on Dec-21 for 

mode C is 118% more than the corresponding value for mode 

A, while the energy absorbed by the walls is almost the same 

and the total energy absorbed for mode C is 89% higher than 

the energy absorbed by the mode A. On Jun-21 for mode C 

the energy absorbed over the day by the base plate, walls and 

total energy is 18 times, 5.3 times and 14 times more than the 

corresponding values for tracking mode A. Another 

interesting point to observe is that the total energy absorbed 

over a day for non-tracked mode (A) on Dec-21(840 kJ) is 10 

times  more than the energy absorbed on Jun-21 (80 kJ). On 
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comparing the tracking modes B and C it has been found that 

the percent difference in the total energy absorbed for the two 

modes is 1.5%, 32% and 177% for Dec-21, Mar-21 and Jun-

21, respectively.  

 

Fig. 13. Variation in hourly energy absorbed by the base plate 

and walls of the solar collector for different tracking modes 

A, B and C for reflected radiation on Mar-21 (δ=0
o
). 

 

Fig. 14. Variation in hourly energy absorbed by the base plate 

and walls of the solar collector for different tracking modes 

A, B and C for reflected radiation on Jun-21 (δ = 23.45
o
). 

The formalism can prove to be useful in better designing 

of flat plate collector- reflector systems and in improving 

performance.  

6. Conclusions 

A mathematical formalism has been developed for 

estimating energy absorbed by the base plate and walls of the 

absorber tray of a flat plate collector for reflected radiation. 

Expressions for useful reflected radiation receiving areas for 

base plate and walls of absorber tray for various cases such as 

non-tracked, azimuthally tracked collector but mirror angle 

not adjusted and fully tracked modes have been developed 

and presented. Results of calculations for hot box solar cooker 

CSC have been reported. The study shows that the maximum 

reflected energy is absorbed on Dec-21 followed by Mar-21 

and Jun-21. If reflector angle is kept fixed the energy 

absorption in summers is for very short duration and only 10-

12% of the solar radiation is absorbed. The study reveals that 

the radiation absorbed by the base plate in December is 18% 

more for the systems with inclined walls though the energy 

absorbed by the walls is almost equal whereas the energy 

absorption by the base plate and walls is 10-40% higher in 

March and June for the system with inclined walls. This 

indicates that more effective heating of load can be achieved 

for collectors with inclined walls. The study of various 

tracking modes shows that for December the azimuthally 

tracked and fully tracked modes are almost equivalent. 

Tracking requirements are more in summers and the energy 

absorption for fully tracked mode is 177% higher than the non 

tracked mode.  

This formalism can be used in general for any flat plate 

collector-reflector systems to study the energy distribution 

pattern on walls and base plate of a four walled absorber tray 

for reflected radiation. It can also be used to study solar hot 

boxes with inclined walls, different walls and base plate 

materials, and aid in efficient designing. 
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