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ABSTRACT

	 A solar hot water generation system that makes use of a linear 
Fresnel reflector solar concentrator (LFRSC) technique to concentrate 
solar radiation onto a stationary absorber cavity suspended above the 
concentrator plane is proposed. Heat loss from the trapezoidal cavity 
absorber occurs via a complex interaction between radiation, convection 
and conduction within the cavity, and then from cavity to the surround-
ings. This article describes and compares experimental and analytical 
methods used to investigate the heat losses from the cavity absorbers 
with and without plate underneath the absorber tubes. Reasonable 
agreement is achieved between the two methods for heat loss in the 
cavity absorber. Also, analytical and experimental thermal performance 
analysis of LFRSC system is determined. The results are presented and 
discussed.

Keywords: LFRSC, analytical model, trapezoidal cavity absorber, over-
all heat loss coefficient.

Nomenclature
Aa	A perture area of the concentrator [m2]
Ac	A rea of the transparent glass cover placed at the bottom [m2]
Ap	A bsorber plate area [m2]
Ar	A bsorber tubes surface area [m2]
c	 Specific heat of the water [kJ/kgK]
C	 Constant used to find Nusselt number
CP	 Total concentrated power on the tubular absorber [W]
CR	 Concentration ratio
De	D istance between the absorber surface and transparent cover [mm]
f	 Focal height of the absorber [m]



Vol. 29, No. 2     2014	 53

Gr	 Grashof number
hco	 Convection heat loss coefficient from the bottom glass surface 

[W/m2-K]
hcp	 Convection heat loss coefficient from the absorber surface [W/

m2-K]
hro	 Radiation heat loss coefficient from the bottom glass surface 

[W/m2-K]
hrp	 Radiation heat loss coefficient from the absorber surface [W/m2-

K]
hw	 Heat loss coefficient from the transparent cover to the surround-

ings [W/m2-K]
I	D irect component of solar flux [kW/m2]
L	L ength of the absorber [m]
N	 Total number of reflector on either side of the central reflector of 

the concentrator.
Nucp	 Nusselt number
n	 Reflector position number on either side of the central reflector 

of the concentrator
Pn	 Solar power on the tubular absorber contributed from the nth 

reflector [W]
Pr	 Prandtl number
R	L ocation of constituent mirror elements [m]
s	 Shift between the mirror elements [m]
Ta	A mbient temperature [°C]
Tc	 Cover temperature [°C]
Ti	 Water inlet temperature [°C]
To	 Water outer temperature [°C]
Tp	A bsorber plate temperature [°C]
Ts	A bsorber tube surface temperature [°C]
Ttank	 Storage tank temperature [°C]
Ul	O verall heat loss coefficient [W/m2°K]
w	 Width of the reflector [m]
W	 Width of the absorber plane [mm]
Wg	 Width of the glass cover [mm]
z	 constant used to find Nusselt number

Greek Symbols
ρ	 Specular reflectance of the glass reflector
θn	 Tilt of the nth reflector [°]
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ε	 Half of the angular subtense of the sun at any point on the earth 
[=16’]

εp	 Emissivity of the absorber surface
εc	 Emissivity of the transparent cover
σ	 Stefan Boltzman constant

INTRODUCTION

	A  linear Fresnel reflector solar concentrator system is a solar con-
centrating system where stripes of mirrors at ground level rotate around 
independent parallel axes to reflect sunlight on an elevated, fixed linear 
absorber. The concept has been proposed initially as an alternative to 
tower systems with heliostat fields [1], a large Fresnel linear collecting 
field would have concentrated the sunlight on a unique linear absorber, 
on a high support (61 m). However, the comparison with central tower 
systems seemed unfavourable [2], the incident light is less efficiently ex-
ploited (the tracking is on one axis) due to the lower concentration factor 
and a linear receiver has greater heat losses than a central receiver. The 
cost of the LFRSC manufacture and maintenance are presumably lower. 
The two-stage linear Fresnel reflector solar concentrator was analyzed 
via an in-depth study of an installed, nominally 220 kWt systems. The 
principal practical design options for the secondary concentrator were 
evaluated via a computer simulation which includes ray-tracing of the 
reflectors. The Fresnel concentrator can be considerably less expensive 
[3] than the corresponding parabolic trough collector, but was found 
to deliver about one-fourth less yearly energy. However, much of this 
difference could be eliminated through the use of higher-quality CPC 
reflectors [4,5]. The LFRSC field can be imagined as a broken-up para-
bolic trough reflector [6]. However unlike parabolic troughs, the mir-
rors used for reflection are flat in shape. The greatest advantage of this 
type of system is that the used flat mirrors are cheaper than parabolic 
glass reflectors. Additionally, these are mounted close to the ground, 
thus minimizing structural requirements [7]. In Australia, a Fresnel sys-
tem has been built to be integrated with the Liddell coal plant; it uses 
slightly bent mirrors without any secondary reflector near the absorber. 
Another prototype has been designed by the Solarmundo company [8], 
with a secondary reflector provided above the absorber serves also as 
a wind protection to reduce convective losses. At the Plataforma Solar 
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de Almeria (Spain), a Fresnel string based on the Solarmundo project 
[8] has been built. A 5MWprototype [9] has been built in California by 
Ausra company, which has also proposed a full-scale 177 MW plant (the 
Carrizo Energy Solar Farm Project). Simulations and studies have been 
performed on the properties of an elevated linear absorber [10] and stor-
age systems have been proposed [11]. A preliminary economical analysis 
[12] shows that the system should produce electric energy cheaper than 
trough plants of the SEGS model. The receiver is nothing but a station-
ary linear cavity, usually trapezoidal, consisting of a number of tubes. 
The inside of the cavity, external to the tubes contains air which is not in 
contact with ambient. The tubes are heated by absorbing reflected solar 
radiation from the LFRSC field placed on the ground. The water flow-
ing through the tubes inside the cavity absorbs heat. A linear Fresnel 
reflector solar concentrator with a cavity absorber can provide operating 
temperatures in the range of 70 – 200°C [6].
	 Heat loss from the absorber tube occurs by a complex mechanism 
that includes all the three modes of heat transfer namely radiation, con-
vection and conduction modes. The knowledge about that loss through 
the structure surrounding the absorber tubes is very important because 
it affects the efficiency of the collecting system. The heat loss depends on 
several factors, as the geometry of the cavity, absorber tubes (with and 
without plate), distance between the adjacent absorber tubes, material 
selection etc. The study [13] demonstrated that the heat losses from the 
cavity are predominantly by radiation as compared to convection heat 
losses. Singh et al. [14] studied the performance of round and rectangu-
lar pipe absorber experimentally. They concluded that the efficiency of 
the round pipe (multi-tube) absorber was 2-8% higher as compared to 
rectangular pipe absorber. Also the efficiency of the rectangular pipe 
absorber ranged from 24% to 63% for selective surface coated absorber 
as compared to 15% to 54% with ordinary black painted absorber at dif-
ferent concentration ratios. Similarly, efficiency of the selective surface 
coated round pipe absorber varied from 25.7% to 71.2% as compared 
to 16% to 59.6% for ordinary black painted round pipe absorber. Flores 
Larsen et al. [15] analyzed the steady state thermal behavior of an ab-
sorber in the LFRSC system by using Energy Plus software package and 
concluded that the higher portion of the thermal loss occurs by radiation 
from the window surface, that is, for a pipe temperature of 200°C around 
91% of the heat is lost from the bottom glass cover. Also, the overall heat 
loss coefficient of the absorbers increased with absorber temperature in 



56	 Distributed Generation and Alternative Energy Journal	

all cases considered and also selective surface coating on the absorber 
found useful as compared to ordinary black paint because there was 
significant reduction in overall heat loss coefficient by 20-30% [16]. In the 
study of the trapezoidal cavity [17], it was found that non-uniform heat-
ing of the bottom wall produced greater heat transfer rate as compared 
to uniform heating case for the Rayleigh number in the range of 103 to 
105. Radiation heat transfer coefficient between hot absorber plate and 
glass cover of the cavity can be calculated considering radiative heat 
transfer modeled as that between two parallel planes [18]. Considering 
emissivities of the hot and cold plates and interaction of surface radia-
tion with free convection [19], correlations were developed for square 
cavity with air as the intervening medium. A new trapezoidal cavity 
receiver for a LFRSC was analyzed and optimized via ray trace and CFD 
simulations [20]. The computational study of heat loss characteristics by 
using non-Boussinesq numerical procedure in CFD package with FLU-
ENT version 6.3 has been developed [21] and concluded that trapezoidal 
cavity absorber with aspect ratio (depth to width of the cavity) is greater 
than 2.5 and temperature ratio (cover to hot surface temperature) greater 
than 0.6 can be used to minimize the internal heat loss of the absorber. 
Also, numerical comparative study of combined natural convection 
(incorporating Boussinesq approximation) and surface radiation model 
for the same two solar trapezoidal cavity absorber models (with and 
without plate) of LFRSC system was carried out by the same authors [22] 
by using ANSYS workbench FLUENT [23] module (computational) and 
MATLAB simulation program (analytical). A good agreement between 
analytical and CFD simulated models were observed (within ±20%).
	 For a large-scale practical harnessing of any renewable energy 
technology, a detailed performance evaluation of energy conversion 
system model is necessary. Knowledge about the effect of various design 
parameters of the trapezoidal cavity absorber on thermal performance 
of the LFRSC (Fig. 1) model is important. To accomplish this, an experi-
mental LFRSC model is developed to study the effect of absorber surface 
temperature, cavity absorber (with and without plate underneath the 
absorber tubes) and mass flow rate of working fluid (water in the pres-
ent case) on its thermal performance. The first cavity model has absorber 
plate at the top of the cavity (with plate) and the second one has absorber 
tubes (without plate) at the top of the cavity. The above two cavity mod-
els are developed and the experimental results of them are compared 
with analytical results. Since, most of the published works have focused 
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Figure 1. A schematic view of LFRSC with trapezoidal cavity absorber

on the plane absorber surface, the present analysis concentrates on the 
thermal performance comparison of trapezoidal cavity with plate un-
derneath absorber tubes and without plate (absorber tubes only). Find-
ings of the study are discussed in this article.

DESIGN OF LFRSC SYSTEM

Experimental set-up
	 The basic elements making up a conventional LFRSC are:
(i)	 the absorber tubes with and without plate underneath in a trapezoi-

dal cavity
(ii)	 the transparent glass cover placed at the bottom of the absorber cav-

ity
(iii)	 the reflector
(iv)	 the support structure.

	 Elements (i) and (ii) together constitute the main trapezoidal ab-
sorber cavity, while elements (iii) and (iv) constitute the concentrator. 



58	 Distributed Generation and Alternative Energy Journal	

Following assumptions are made to facilitate the designing of LFRSC (i) 
the reflector elements are specularly reflective and (ii) the solar radiation 
incident normally on the reflector elements. An experimental set-up of 
LFRSC system is shown in Figure 2. It consists of 2N reflector elements, 
with N (in the present system, N = 40) reflectors present on either side 
from the centre of the concentrator plane, water tank, cavity absorber set 
up with thermocouples, flow regulator and water circulation pump. The 
solar concentrator consists of 40 reflecting units on either side of absorb-
er, each having 1000 mm length and 40 mm width fixed onto a rectan-
gular frame (1050 mm length and 4100 mm width). Each mirror reflector 
was fixed separately at the required angle, corresponding to the noon 
condition, to focus sun rays at the absorber. Solar concentrator frame is 
provided with a telescopic pipe arrangement to keep the whole reflect-
ing unit at the required slope so that sun rays could fall perpendicular 
to the absorber plane. The Fresnel concentrator axis is oriented along the 
N-S direction. The frame is moved in the E-W direction with great care at 
every 15 minutes and reading is taken at the interval of every 1 hour. The 
water is heated when it flows through the trapezoidal cavity absorber 
tubes at a desired flow rate and fall into the tank again. The inlet header 
and outlet header are used to connect the absorber tubes. The inlet 
header is connected with pump and outlet header is connected with tank 

Figure 2. Experimental set-up of LFRSC with trapezoidal cavity absorber
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through chlorinated polyvinyl chloride (CPVC) pipe and rubber hose of 
12.5 mm ID. The dimension of water storage tank is 350 x 350 x 475mm 
by volume with glass wool insulation thickness of 150mm all around the 
sides. A flow regulator valve is fitted to control the water flow through 
the absorber tubes. Thermal performance of the two trapezoidal cavity 
absorbers with and without plate of linear Fresnel solar concentrating 
collector is studied experimentally in the outdoor conditions.
	 Calibrated k-type (make: LUTRON TM – 902C) digital thermo-
couple has been used to measure the absorber surface temperature, 
glass cover temperature and storage tank temperature. Also calibrated 
PT (RTD Type) – 100 sensor (make: SELECTRON 303) has been used 
to measure the outlet temperature of the water. Thermocouples are 
connected to a digital meter with LED display to record their outputs. 
The uncertainties in the measured data were calculated based on the 
procedure given by Singh et al. [14]. The uncertainty in measurement of 
temperature and solar intensity are ±0.25% and ± 5% respectively. The 
uncertainty in experimental overall heat loss coefficient for the cavity 
absorber was estimated about ±2%.

Design of Concentrator
	 The tilt of each mirror elements is chosen such that a ray incident 
normally on the aperture plane and striking the midpoint of the mirror 
element, after reflection, reaches the focal point. If absorber tubes are 
arranged horizontally along the absorber plane such that the centre of 
the absorber plane coincides with the point f, then the lower sides of the 
absorber tubes will be illuminated by the radiation reflected from the 
constituent mirror elements. Using simple geometrics optics, the tilt of 
the first mirror element with the concentrator plane can be calculated as 
[24],

	 	 (1)

where, R1 is the location of the first mirror element on either half of the 
concentrator, w is the width of the constituent mirror elements and f (≈ 
1.1m) is the distance between the centre of the absorber and the concen-
trator plane. The above implicit equation may be solved iteratively for 
θ1. The location of the second mirror element and its tilt with the concen-
trator plane are chosen such that the radiation reflected from the second 
mirror element is not blocked by the first mirror element. This neces-
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sitates introducing a certain space between two consecutive mirror ele-
ments. The necessary shift (sn) for the second mirror element is given by:

	 	 (2)

	 On the basis of similar geometrics optical considerations, the fol-
lowing generalized expressions for shift (sn), location (Rn) and tilt (θn) 
parameters associated with the nth mirror element can be derived:

	 	 (3)

	 	 (4)

and
	 	 (5)

with θ0= 0, s1 = 0 and R0 = w/2, R1 = w/2 as initial values for iteration 
and n = 1,2,….,N.

	B y using the above equations, the values of θn, sn and Rn are found 
out for each mirror elements. Each of the mirror elements is then locked 
into position, so that the axial mirrors produce an image of the sun on 
the lower side of the absorber.

Performance Parameters
	 Concentration ratio (CR) of the LFRSC is obtained by summing up 
the concentration contribution of the each reflector element. Contribu-
tion of concentration of nth reflector element (CIn) to the local concentra-
tion ratio distribution on the absorber surfaces is calculated by,

	 	 (6)

	 	 (7)

	 	 (8)

	 	 (9)
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	 	 (10)

	 	 (11)

where In, Jn and Kn are width of the portion of reflected rays on the ab-
sorber surface.

	I n the Fresnel concentrator–tubular collector system, as different 
reflector elements reflect energy on to the absorber, it is more meaningful 
to determine the total concentrated power reaching the absorber. Solar 
power (Pn) reached to the absorber contributed from the nth reflector is 
given by [24],

	 	 (12)

Thus, the total concentrated power on the receiver due to the contribu-
tions from all the reflector elements, including the central one is,

	 	 (13)

where,
		
	 	 (14)

	 Note that the solar power Pc is equal to zero, if width (w) of the 
reflector is less than or equal to bottom width (Wg) of the trapezoidal 
cavity absorber.
	 Aperture diameter (D) is derived from the basic geometry and ex-
pressed as [25],

	 	 (15)

	 The aperture diameter of present LFRSC system is calculated as 4.0 
m and so the total aperture area is approximately 4.0 m2 as length of the 
system is 1m.

Efficiency of LFRSC System
	 The concentrator is oriented in N-S horizontal and E-W tracking 
configuration. The thermal efficiency test for each concentrator-absorber 
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(with and without plate) system is conducted for different surface tem-
perature and various mass flow rates. A proper record of inlet and outlet 
water temperatures, absorber surface temperature, tank water tempera-
ture and mass flow rate of water is made. The thermal efficiency (η) is 
calculated from,

	 	 (16)

	 Calibrated k-type (make: LUTRON TM – 902C) digital thermo-
couple has been used to measure the absorber surface temperature, glass 
cover temperature and storage tank temperature. Also calibrated PT 
(RTD Type) – 100 sensor (make: SELECTRON 303) has been used to mea-
sure the outlet temperature of the water. Thermocouples are connected 
to a digital meter with LED display to record their outputs.
	 The uncertainties in the measured data were calculated based on 
the procedure given by Singh et al. [14]. The uncertainty in measurement 
of temperature and solar intensity are ±0.25% and ± 5% respectively. The 
uncertainty in experimental thermal efficiency of the solar collector was 
estimated to be about ±5.5%. All care was taken to reduce manufacturing 
and assembling error to achieve the concentration ratio.

Design of Trapezoidal Cavity Absorber
	 Figures 3 (a) and (b) represent the arrangement of the trapezoidal 
cavity absorber with and without plate underneath the absorber tubes. 
A set of a six copper round tubes (outer diameter, do = 15.8 mm, inner di-
ameter, di = 12.7 mm and length, l = 1m) brazed together in a single layer 
96mm wide is placed over a copper absorber plate of 120mm width for 
the first model of cavity with plate (Figure 3(a)). For the second model 
of cavity without plate, absorber tubes, with same dimension as the first 
model, are placed without the plate (Figure 3(b)). The absorber surface 
is coated with black chrome selective surface by the process of electro-
plating. Thickness of the black chrome plating is about 12µm. A glass 
cover of width 196mm is placed at the bottom of the cavity 45 mm (De) 
below the absorber surface to suppress the heat loss from the absorber 
surface. The insulation thickness of approximately 35mm is placed on 
the top and two sides of the cavity.
	 Then, the overall heat transfer coefficient of the absorber surface 
is determined experimentally at different water temperatures by main-
taining different water flow rates. The overall heat loss coefficient of the 
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(a)

(b)

Figure 3. Sketch of trapezoidal cavity absorbers for analytical modeling; (a) 
with plate (b) without plate

absorber surface is given by, for cavity with plate,

	 	 (17)

where Tp = Absorber plate surface temperature in °C.
And for cavity without plate,
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	 	 (18)

where Ts = Absorber tube surface temperature in °C.

	 Several observations are taken at different water temperatures and 
the water temperature variation from inlet to outlet is within 2 to 7°C.

ANALYTICAL MODELING

	 Heat transfer in the trapezoidal cavity absorber from hot absorber 
surface (Figures 3(a) and (b)) is mainly through convection and radia-
tion. The trapezoidal cavity absorber (Figure 4) is insulated (with glass 
wool) from three sides to reduce heat loss, there would be heat loss 
from the cavity absorber through insulated sides by conduction and it 
is considered as negligible in the present analytical model. The natural 
convection type heat transfer occurs inside the cavity. The radiation heat 
exchange between the hot absorber surface and the glass cover of the 
cavity absorber may be taken as the heat transfer between two horizon-
tal parallel surfaces with different temperature. Estimation of the overall 
heat loss coefficient of the cavity absorber is done by considering con-
vection and radiation losses from the absorber surface (either plate or 
tube surface) through glass cover to the surroundings [16],

	 	 (19)

The heat loss between the absorber surface and inner glass surface can 
be estimated by considering heat loss between two horizontal parallel 
surfaces (hot surface up and cold surface down). The convection heat 
transfer correlations, for cavity with plate [26, 27], are given as:

	 	 (20)
where,

	 	 (21)
and for cavity without plate [28],

	 	 (22)
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in which C and z are constants and are taken from data book [27], ac-
cording to the range of the value of the Rayleigh number. Physical prop-
erties of air have been taken at the average temperature of bottom glass 
cover and absorber surface. Similarly heat loss at outer cover surface 
‘hco’ can be estimated by [28],

	 	 (23)

Radiation losses from a body mainly depend upon body temperature 
and surface emissivity. Radiation heat transfer coefficient (hro) from bot-
tom glass cover of the cavity to the ambient can be calculated as [18],

	 	 (24)

Radiation heat transfer coefficient between hot absorber surface and 
glass cover (hrp) can be calculated by [18],

	 	 (25)

The heat loss coefficient is estimated using the measured values of ab-
sorber surface temperature (Tp or Ts), cover temperature (Tc) and ambi-
ent temperature (Ta) by a MATLAB computer program.

RESULTS AND DISCUSSION

Performance Parameters of the System
	 In the present work, the various design parameters considered are 
shift (s), width of reflector (w), location of each reflector (R), height of the 
absorber plane (f). A program is developed to calculate the concentrated 
power by using the design parameters. The total concentrated power of 
the system is found out by using Equations (13) and (15). The maximum 
concentrated power is obtained as 2.5kW for the value of w = 0.04m, f = 
1.1m for a set of 40 numbers of reflectors on either side of concentrator.
	 By using the above value of f and w, a MATLAB program has been 
developed to calculate the total concentrated power for different sets 
(N =10, 20, 30, 40, 50, etc.) of glass reflectors with reflectivity of 0.98. 
The reflectivity of the glass was measured out by using Novo – Glass 
(Statistical Glassmeter), Komal Scientific Co., India. The variation of 
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concentrated power with respect to number of reflectors (N) is shown in 
Figure 5. The concentrated power is observed to increase with number 
of reflectors up to about 40. The extra-axial reflector mirrors beyond N = 
40 contributed little to the concentrated power due to the larger cosine 
losses associated with them.
	 Figure 6 shows the graph between total number of mirror reflec-
tor and the concentration ratio. The growth of the concentration ratio 
declines slowly with increase in the number of reflectors. Gain in con-
centration ratio reduced significantly with increasing number of reflec-
tor mirrors after concentration ratio of 19. This may be attributed to the 
cosine effect of the reflector angle (θn) as the contribution of the nth mir-
ror reflector to the concentration ratio depends upon the factor Cos θn 
(Equation (6)).
	 The distribution of the local concentration ratio on the absorber of 
the present LFRSC system with the distance along the absorber plane 
is plotted in Figure 7. It may be seen that a uniform concentration ratio 
(22.44) is obtained over a width (70 mm) of the absorber plane and there-

(a)

(b)

Figure 4. Trapezoidal cavity absorbers without bottom glass cover (a) with 
plate (b) without plate
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after the concentration gradually falls down to zero. The observation 
is found in line with the literature results [14, 25, and 29]. Hence in the 
present LFRSC system, out of six tubes, almost five tubes (each of which 
has 15.6mm OD) located at the center of the absorber plane receive same 
radiation. So, the central tube temperature is measured and assumed as 
the mean absorber surface temperature for heat transfer analysis.

Temperature Analysis
	 The experiment is conducted for three different mass flow rates 
(0.03, 0.025 and 0.02 kg/s) in two cavity models on clear sunny days. 
The observations are made during the month of July, 2012. The capacity 
of water storage tank is 15 litres. The values of the storage tank tem-
perature (Ttank), collector water inlet (Ti) and outlet (To) temperatures, 
absorber surface temperature (Tp or Ts), bottom glass temperature (Tg) 

Figure 5. Number of mirrors Vs Concentrated power

Figure 6. Number of mirrors Vs Concentration ratio
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and ambient temperature (Ta) are shown in Tables 1 and 2 for the trap-
ezoidal cavity with and without plate respectively. It is found that the 
temperature of water was tending to rise rapidly in all cases during start 
up. However it reached the stagnant value around 2.00 pm to 3.00 pm. 
Also, it is seen that the time required for reaching this peak stagnant 
value is less for trapezoidal cavity with plate as compared to trapezoidal 
cavity without plate. This may be attributed to lower heat loss coefficient 
values in cavity with plate as compared to that of cavity without plate. 
From Tables 1 and 2, it is also inferred that the peak stagnant tempera-
ture values reduced by reducing the mass flow rate of the system.
	 The range of variation in the storage tank temperature is from 38°C 
to 72°C for the cavity with plate at different mass flow rates as com-
pared to 38°C to 65°C for the cavity without plate. Regarding the outlet 
temperature of the water at 0.02kg/s from the cavity absorber tubes, a 
maximum of 73°C for the cavity with plate and 66°C for the cavity with-
out plate is achieved. Also from the experimental analysis, it is identified 
that, the maximum difference between the inlet and outlet temperature 
in the absorber tubes is 7°C for the cavity with plate and 4°C for the cav-
ity without plate. As expected, this decrease in temperature difference is 
due to the higher heat loss coefficient for the cavity without plate at bot-
tom. So, from the Table 1 and 2, it is observed that, the cavity with plate 
gives higher outlet water temperature and storage tank temperature at 
all mass flow rates as compared to cavity without plate. The range of 
variation of temperature from inlet to outlet header is in line with the 
results as shown in literature [29].

Figure 7. Distribution of local concentration ratio on the absorber plane



70	 Distributed Generation and Alternative Energy Journal	

Overall Heat Loss Coefficient
Experimental Analysis
	 The experimental values of the overall heat loss coefficient of cav-
ity absorber with and without plate (Figure 8) for black chrome coated 
varied with absorber surface temperature are obtained by using Equa-
tions (17) and (18). Range of overall heat loss coefficients in the two 
different trapezoidal cavity absorber is given in Table 3 and it lies in the 
range of 4.3 to 5.8 W/m2K for trapezoidal cavity absorber with plate 
as compared to 5.4 to 6.8 W/m2K for without plate. It can be seen that 

Table 1: Various temperature obtained for the cavity with plate at the mass 
flow rate of (a) 0.03kg/s (b) 0.025 kg/s (c) 0.02 kg/s
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the cavity absorber with plate and black chrome coating has lower heat 
loss coefficient values as compared to cavity absorber without plate and 
black chrome coating. This experimental result is in agreement with the 
numerical result reported in literatures [16, 17, and 30]. This may be due 
to the absorber surface area exposed to the cavity air is slightly more for 
trapezoidal cavity without plate as compared to cavity with plate. Also, 
it is noted that the difference between overall heat loss coefficient of cav-
ity absorber surface with and without plate are more at lower absorber 

Table 2: Various temperature obtained for the cavity without plate at the mass 
flow rate of (a) 0.03kg/s (b) 0.025 kg/s (c) 0.02 kg/s
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surface temperature (at 95°C) and slowly the difference is getting lower 
at higher temperatures.

Analytical and Experimental Comparison
	 Figure 9 shows the effect of absorber temperature on the overall 
heat loss coefficient of cavity with plate for analytical and experimental 
values. The trend of variation of overall heat loss coefficient of analytical 
values is similar to the experimental values i.e. the overall heat loss coef-
ficient increases with increase in absorber surface temperature. This may 
be due to the fact that convection and radiation heat loss increases with 
temperature particularly the radiation heat loss. The overall heat loss co-
efficient values obtained by experimental method are 10-14% lower than 
the analytical results. The magnitude of error depends on the particular 
combination of the radiative parameters used and assumptions (as de-
scribed in section 3) made in the analytical models.
	 Figure 10 shows the effect of absorber temperature on the experi-
mental and analytical values of the overall heat loss coefficient for the 

Figure 8. Comparison of overall heat loss coefficient for the cavity absorber 
with and without plate

Table 3:
Overall heat loss coefficient for cavity absorber with and without plate
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cavity without plate and black chrome coating. In this case also, the 
overall heat loss coefficient increases with absorber temperature values. 
The deviations of experimental values of the heat loss coefficient from 
the analytical ones are slightly less to the analytical values as compared 
to cavity with plate (Figure 9). The experimental values are 8.8-9.6% 
lower than analytical values.
	I n the present study, the heat loss coefficient estimated by analyti-

Figure 9. Effect of absorber temperature on the overall heat loss coefficient for 
the cavity with plate

Figure 10. Effect of absorber temperature on the overall heat loss coefficient 
for the cavity without plate
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cal method is over predicted by 8.8-14% as compared to the experimen-
tal values. Over prediction of the absorber heat loss to the experimental 
values is quite acceptable from the design point of view [30]. Also, the 
percentage variation of present experimental values with the analytical 
values is lesser as compared to percentage variation (10% - 40%) report-
ed in earlier works [16, 26].

Correlation Analysis
	 In this section, the correlation between the overall heat transfer co-
efficient and the absorber temperature for two different cavity models is 
developed. The power-law fit trend line has been chosen to correlate to 
the results. The power curve between heat loss coefficient and absorber 
temperature is found to be best fit with correlation coefficient (R2) of about 
0.98 on an average. Similar observations (0.9) were also made by [20]. The 
general relation between overall heat loss coefficient and absorber surface 
temperature can be given by [16], for the cavity with plate,

	 	 (26)

for the cavity without plate,

	 	 (27)

where coefficient G and index d are constant.

	 The overall heat loss coefficient is predicted for cavity absorber 
with and without plate with the correlations developed for the respec-
tive absorbers with help of Equations (26) and (27). Good agreement 
between analytical and experimental values is observed. Deviation be-
tween experimental and predicted correlated values is within 5% to 12% 
in case of cavity absorber with plate and within 10% to 14% in the case of 
cavity absorber without plate. This trend is similar to the results found 
in literatures [22]. Values of the constant R2, G and d obtained for cor-
relation equation for different absorber temperature for the considered 
models are given in Table 4.

Efficiency of the System
	 Thermal efficiency of the LFRSC system is mainly influenced by 
mass flow rate, surface coating on the absorber pipe, concentration ratio 
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of the concentrator, water inlet temperature, ambient temperature and 
solar intensity. The thermal efficiency for both the trapezoidal cavity 
absorbers with and without plate is calculated experimentally by using 
Equation (16). For the comparison of the two cavity models, the effi-
ciency of the LFRSC system is determined for three different mass flow 
rates, viz. 0.03, 0.025 and 0.02kg/s. The performance curve for efficiency 
Vs time for the three different mass flow rates is plotted to understand 
the effect of variation of solar intensity (time) and mass flow rate on effi-
ciency of the LFRSC system for the two cavity models (with and without 
plate). Figures 11 and 12 show the range of thermal efficiency obtained 
for cavity with and without plate for black chrome coating at different 
mass flow rates with respect to time. Thermal efficiency of selective sur-
face black chrome coated cavity with plate is found to be 9.1% to 32% 
as compared to 9% to 26% cavity without plate. The use of trapezoidal 
cavity with plate, however, results in a considerable improvement in the 
thermal efficiency as compared to cavity without plate. Higher thermal 

Table 4: Values of the constants R2, G and d for predicted and experimental 
results

Figure 11. Thermal efficiency Vs Time for the cavity with plate at different 
mass flow rate
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efficiency in the cavity with plate may be due to reduction in overall heat 
loss coefficient as discussed earlier.
	 The thermal efficiency of LFRSC system also decreases with de-
crease in mass flow rate. This may be due to the increase in heat loss 
with the rise in temperature at the focus due to reduced mass flow rate. 
It is inferred that the maximum efficiency is obtained at mass flow rate 
of 0.03kg/s for both the trapezoidal cavities (with and without plate) 
and lower efficiency at the mass flow rate of 0.02kg/s. Also, the thermal 
efficiency of the system is high at 12.00 to 14.00 hrs for both the cavity 
models. The obtained values ranged from 9% to 32%, which is in the 
range of other values found in the literature [14, 29].
	 Figure 13 shows the thermal efficiency curves plotted against the 
factor (Ti – Ta)/I at the optimum mass flow rate (0.03 kg/s) of the pres-
ent LFRSC system for cavity with and without plate. It is seen that the 
thermal efficiency decreased with the increase in the factor (Ti – Ta)/I. 
Similar trend is seen in the literatures [14, 29]. Observation of the curves 
also revealed that smaller the temperature difference (Ti – Ta)and higher 
the solar intensity (I), higher was the collector efficiency. The maximum 
efficiency occurred at the condition where inlet fluid temperature is al-
most same as the ambient temperature. This is attributed to lower heat 
loss from the absorber at inlet water temperature near to ambient. On 
the other hand, low collector efficiencies are the result of low radiation 
levels and high fluid inlet temperatures. This would be due to higher 

Figure 12. Thermal efficiency Vs Time for the cavity without plate at different 
mass flow rate
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heat loss from the absorber at higher inlet temperature. Also from Figure 
13, it is inferred that use of cavity with plate resulted in considerable im-
provement in the thermal efficiency of the concentrator–receiver system. 
The trapezoidal cavity absorber with plate maintained 26.9% higher 
efficiency as compared to that of cavity absorber without plate at the 
optimum mass flow rate.
	 The regression curve between thermal efficiency of the LFRSC and 
the factor (Ti – Ta)/I is linear. It is in line with the curve obtained for solar 
collector analyzed in literatures [14, 31]. The relationship between the 
thermal efficiency and (Ti – Ta)/I may be expressed as:

	 	 (28)

Where, ‘k’ and ‘l’ are constants. Constant ‘k’ is slope of the straight line 
and ‘l’ is intercept on Y-axis. The best fit curve is linear equation for both 
slope and intercept. Also, the regression line constants ‘k’ and ‘l’ values 
are shown in Figure 13.

CONCLUSIONS

	 A comparison of combined natural convection and surface radia-
tion model for the two solar trapezoidal cavity absorber models (with 
and without plate) of LFRSC was presented. The overall heat loss coeffi-
cient of the cavity absorber increases with absorber temperature. Values 
of the heat loss coefficient for different trapezoidal cavity absorbers were 

Figure 13. Thermal efficiency Vs (Ti-To)/I for the cavity absorber
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predicted as 4.3 - 8.1W/m2K. The values of the heat loss coefficient for 
the trapezoidal cavity absorber were slightly higher as compared to the 
values presented in literatures [16, 20]. The cavity with plate was found 
to be more efficient as compared to cavity without plates. The values of 
the constants for the power law correlation have been derived from the 
analytical and experimental results for both the cavity models. The trend 
of variation of overall heat loss coefficient estimated with analytical 
model was similar to the experimental values. Good agreement (within 
14%) between predicted analytical values and experimental values were 
observed. Also from the experimental analysis, it is identified that, the 
maximum difference between the inlet and outlet temperature in the 
absorber tubes is 7°C for the cavity with plate and 4°C for the cavity 
without plate. Further, the thermal efficiency of the LFRSC system had 
been analyzed and it decreased with the increase in mass flow rate. The 
thermal efficiency for cavity absorber with plate ranged from 9.1% to 
32% and without plate ranged from 9% to 26%. The present analytical 
and experimental study of cavity absorber of a LFRSC suggests the use 
of absorber plate underneath the absorber tubes enhances the thermal 
performance of cavity absorber and hence the LFRSC system.
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