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Abstract  The demand for process heat particularly low pressure steam is increasing in recent past. Solar energy can be 
utilized for generating medium temperature (100°C -150°C) low pressure (T<200°C) steam. By using solar concentrators, 
low pressure steam can be generated by using low cost technology [1]. Fresnel lens solar concentrators are very useful to 
generate low pressure steam for industrial and cooking applications. The study of performance of Fresnel lens solar 
concentrator and steam generation using Fresnel lens solar concentrator is presented in this paper. The overall efficiency of 
Fresnel lens solar concentrator is around 51% and can generate process steam required in the industry. The thermal 
performance and cost benefits of Fresnel lens solar concentrator are also described. The studies presented in this paper 
concerns with Fresnel Lens Solar Concentrator System which are most useful for generating process heat for industrial 
applications. Thermal performance of Fresnel lens solar concentrator (FLSC) system can be studied by evaluating useful heat 
gain from the system when exposed to solar radiation [1]. FLSC system consists of Fresnel lens, receiver tracking system and 
heat removing device. An attempt has been made to evaluate the performance of FLSC system with two methods 
viz.continuous fluid flow test method and Steam generation test method. The study reveals that Fresnel lens Solar 
Concentrator system has a very good potential in generation of low pressure steam. 
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1. Introduction  
The Energy demand over the world is increasing 

exponentially, while fossil fuel reserves have started 
depleting. In order to sustain the development, continuous 
supply of energy is required. There is need to find energy 
resources which can be regenerated, such as solar energy, 
geothermal, biomass or will not deplete with time. 
Renewable energy source is one which can be regenerated or 
does not deplete with time. Solar energy is the most 
important source of energy which can fulfill future energy 
needs. There are many technologies developed to use solar 
energy for domestic use.  

The Fresnel lens solar concentrator developed at school of 
energy studies, university of pune is designed for direct 
steam generation using solar energy. The solar concentrator 
system has been designed for generation of low pressure 
steam for various applications such as industrial process heat 
and steam cooking. The point focus and line focus Solar 
Concentrators are already been developed by industries in 
India and abroad [6, 7]. The glass and aluminium material 
are normally been used as reflectors in the solar 
concentrators. An unique attempt has been made to  
develop line focus refracting type solar concentrators for 
thermal applications. A procedure is developed for thermal  
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performance evaluation of Fresnel lens solar concentrator for 
continuous fluid flow and direct steam generation [4]. The 
Fresnel lens solar concentrator developed at school of energy 
studies, university of pune is designed with following 
objectives.  
Objectives:  

1.  To estimate thermal performance of Fresnel lens solar 
concentrator. 

2.  To study the effect of mass flow rate, intensity of solar 
radiation and inlet temperature on efficiency of FLSC 
system. 

3.  To estimate quantity and quality of steam. 
4.  To estimate the efficiency of Fresnel lens solar 

concentrator at different operating pressures (steam 
temperatures). 

2. Experimental  
2.1. Continuous Fluid Flow Method 

A setup for “continues fluid flow” test was developed in the 
laboratory, the schematic view of the test set-up is shown in 
the Fig.1 it essentially consists of, 

1.  Refracting type Fresnel lens and a receiver placed at 
the focal line of the lens. 

2.  Single axis tracking system. 
3.  Fluid circulation system consisting of storage tank, 

fluid circulation pump. Flow meter for heating inlet 
fluid to desired temperature and well insulated 
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connecting pipe lens. 
4.  Two temperature sensors, one at inlet and other at the 

outlet of the receiver. 
In addition to FLSC system, following equipment’s are 

used for collecting thermal performance data; 
1.  Pyranometer (1) for measuring Global solar radiation 

on horizontal plane. 
2.  Pyranometer (2) with shading ring to measure diffuse 

solar radiation. 
3.  Temperature and humidity sensor for measuring 

ambient temperature and relative humidity. 
4.  Anemometer for measuring wind velocity. 
Temperature sensors shown in Fig.1 and above 

equipments are connected to data logger having 16 channels 
and memory module to collect and store the data. 

The protocol to evaluate thermal performance of FLSC 
system is essentially based on ISO standards. The 
experiments are carried out during clear sunny days and 
when intensity of solar radiation (beam) is more than 400 
W/m2. Following parameters are measured at the interval of 
05 minutes. Data logger records average value of each 
parameter over a period of 05 minutes. 

1. Inlet temperature of fluid (°C) 
2. Outlet temperature of fluid (°C) 
3. Temperature of storage tank (°C) 
4. Global solar radiation using pyranometer (1) (W/m2) 
5. Diffused solar radiation using Pyranometer (2) (W/m2) 
6. Ambient Temperature (°C) 
7. Wind velocity (m/s) 
8. Relative Humidity (% RH) 

Table. 1.  Data Collection (Continuous fluid flow) 

Data Set (1) A 
Fluid : Hytherm 600 
Mass Flow Rate : 0.5LPM 
Wind Speed : 0.5 – 1.5 m/s 
Inlet Temperature : 35 to 45°C 
Date : 08/12/2012 

 

Data Set (1) B 
Fluid : Hytherm 600 
Mass Flow Rate : 0.5LPM 
Wind Speed : 0.6 – 1.4 m/s 
Inlet Temperature : 40 to 55°C 
Date : 09/12/2012 

ime Ta IbRb Ti To Qu 
 

Time Ta IbRb Ti To Qu 

 
°C W/m2 °C °C Joules 

  
°C W/m2 °C °C Joules 

10:30 28.6 442 35.4 62.5 28522.8 
 

10:30 28.4 512 42.8 69.8 28687.5 

10:40 28.7 444 38.4 66.4 29470.0 
 

10:40 28.5 423 43.2 71.0 29537.5 

10:50 28.9 474 38.9 68.6 31259.3 
 

10:50 28.6 549 43.8 72.0 29962.5 

11:00 29.0 515 39.3 71.2 33574.8 
 

11:00 28.8 590 44.0 74.5 32406.3 

11:10 29.2 553 39.7 72.3 34311.5 
 

11:10 28.9 633 43.9 75.1 33150.0 

11:20 29.5 574 40.0 73.2 34943.0 
 

11:20 29.2 651 43.8 75.2 33362.5 

11:30 29.7 547 40.1 74.0 35679.8 
 

11:30 29.6 563 44.3 74.5 32087.5 

11:40 30.2 556 40.4 75.4 36837.5 
 

11:40 29.7 622 45.0 76.6 33575.0 

11:50 29.7 609 40.3 77.0 38626.8 
 

11:50 30.2 708 45.6 80.0 36550.0 

12:00 29.3 586 40.0 76.2 38100.5 
 

12:00 30.2 646 46.0 79.4 35487.5 

12:10 29.8 575 40.0 75.8 37679.5 
 

12:10 30.2 633 46.3 80.1 35912.5 

12:20 29.8 581 40.2 77.2 38942.5 
 

12:20 31.2 656 47.0 81.2 36337.5 

12:30 30.2 567 40.7 78.9 40205.5 
 

12:30 31.2 631 47.2 81.3 36231.3 

12:40 30.8 541 41.1 80.8 41784.3 
 

12:40 30.3 604 46.9 83.7 39100.0 

12:50 30.9 520 41.3 82.5 43363.0 
 

12:50 30.7 590 47.3 84.9 39950.0 

13:00 30.9 473 41.5 80.0 40521.3 
 

13:00 30.9 501 48.1 84.6 38781.3 

13:10 31.1 436 41.5 73.1 33259.0 
 

13:10 31.3 467 48.4 81.2 34850.0 

13:20 31.2 408 41.8 74.3 34206.3 
 

13:20 31.4 492 48.9 82.4 35593.8 

13:30 31.0 380 41.9 74.5 34311.5 
 

13:30 31.6 375 49.5 79.1 31450.0 

13:40 31.3 327 42.0 72.6 32206.5 
 

13:40 31.7 370 49.8 78.6 30600.0 

13:50 30.9 322 41.9 69.1 28628.0 
 

13:50 31.6 402 50.3 77.5 28900.0 

14:00 31.4 295 42.0 67.7 27049.3 
 

14:00 31.6 400 50.6 76.7 27731.3 

14:10 31.2 287 42.3 67.1 26102.0 
 

14:10 31.7 374 50.9 75.5 26137.5 

14:20 31.2 277 42.3 65.7 24628.5 
 

14:20 31.8 366 51.5 74.5 24437.5 

14:30 31.4 290 42.5 64.7 23365.5 
 

14:30 31.8 382 51.9 72.5 21887.5 
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Figure 1.  FLSC System Experimental setup (Continuous Fluid Flow) 

The data is collected by varying thermic fluid flow rate 
(LPM) from 0.5 LPM to 1 LPM and inlet temperature of 
fluid from Ambient to 120°C. Inlet temperature of the fluid is 
controlled by the heater fixed near the inlet of the receiver 
tube. The data is collected when sky is clear and during the 
time form 10:30 am to 02:00 pm, so that intensity of solar 
radiation does not change much. Table 1 shows data 
collected as an example. 

2.1.1. Evaluation of Heat Collected by the Fluid 

The useful heat collected by the thermic fluid during time 
interval ∆t is given by  

𝑄𝑢 = 𝑚̇𝐶𝑝(𝑇𝑜 − 𝑇𝑖)∆𝑡 

Where,  
𝑄𝑢 is the useful heat gain during time interval 

∆𝑡 (𝐽𝑜𝑢𝑙𝑒𝑠) 
𝐶𝑝 is the specific heat of the fluid (J/Kg °C) 
𝑇𝑖 is the inlet temperature of the fluid (°C) 
𝑇𝑜 is the outlet temperature of the fluid (°C) 

2.1.2. Instantanious Efficiency of Flsc System 

The instantaneous efficiency of the FLSC system is 
evaluated using following equation [3] 

𝜂 =
𝑄𝑢
𝐴𝑝𝐼𝑏

 

Where,  
𝑄𝑢 is the heat gain from the collector during time interval 

of 10 minutes  
𝐴𝑝 is the aperture area of the Fresnel lens and  
𝐼𝑏 is the intensity of solar beam radiation received during 

time interval of 10 minutes 
The incident solar radiation consists of diffuse radiation 

and beam radiation [3]. However solar concentrator’s uses 
only beam radiation to focus on the receiver [3]. We have 
measured Global radiation and diffused radiation falling on 
the horizontal surface. Therefore intensity of solar beam 
radiation falling on the horizontal surface is given by, 

𝐼𝑏ℎ = 𝐼𝐺 − 𝐼𝐷 
Where, 
𝐼𝑏ℎ is the intensity of beam radiation falling on horizontal 

surface, 
𝐼𝐺 is the intensity of global radiation on horizontal plane, 
𝐼𝐷 is the intensity of diffused radiation on horizontal plane. 
The intensity of beam radiation falling on the aperture of 

the Fresnel lens is given by  
𝐼𝑏 = 𝑅𝑏𝐼𝑏ℎ 

Where, 
𝐼𝑏 is the intensity of beam radiation falling on the aperture 

of FLSC 
𝑅𝑏 is the tilt factor 
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Figure 2.  FLSC System Experimental Set-up (Steam Generation) 

2.2. Steam Generation Test Method 

Solar concentrators are mostly used for generating steam 
or heating thermic fluid [11]. Low pressure steam is required 
in many process industries such as food processing, dairy, 
chemical and pharmaceutical industries. Hence we decided 
to test the performance of the FLSC system for steam 
generation. 

The system used for generating the steam is basically 
closed loop system based on thermosyphon principle. The 
thermic fluid system was suitably modified to generate the 
steam. The schematic view of the system is shown in the 
Fig.2. The system consists of; 

1. Fresnel lens solar concentrator system with lens, 
receiver and tracking system 

2. Small boiler place above the FLSC to generate steam 
3. Thermosyphon system to circulate water through 

receiver. 
4. Two temperature sensor Ti and To fixed at inlet and 

outlet of the receiver 
5. Three temperature sensors fixed to boiler (T1, T2, T3) to 

measure temperature of water in the boiler (T3), 
Temperature of Steam (T2) and temperature of outgoing 
steam (T1). 

6. Two pressure gauges to measure the pressure of steam 
inside the boiler and when steam is released. 

When solar radiation is concentrated on the receiver, the 
temperature of the water in the receiver increases and heated 
water is pushed to the boiler. The equal amount of water 
from the boiler then pushed to the receiver, form inlet side 
thus thermosyphon generated a convective flow which 
circulates water through the receiver. The continuous flow 
thus generated transfers heat received by receiver to the 
boiler and temperature of water in the boiler increases. 
Finally the steam is generated in the boiler. The procedure to 
measure the performance of the FLSC system is given 
below. 

Initially cold water is filled in the boiler such that about 
one third volume of boiler is empty. On a clear sunny day, at 
about 10:30am, the Fresnel lens is adjusted so as to focus 
solar radiation on the receiver tube. Then the tracking system 
is started to track the sun. As soon as solar radiation is 
focused on the receiver tube, water in the receiver starts 
heating. The temperature gradient between receiver and 
boiler pushes hot water into the boiler and cold water from 
bottom of the boiler tank is pushed into the receiver. Thus 
convective flow is set into system by thermosyphon, which 
keeps water circulating through the receiver. During the 
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circulation of water, heat is transferred to water which raises 
the temperature of water in receiver and subsequently in the 
boiler. Once the temperature of water reaches boiling point, 
steam begins to generate which is accommodated in the 
empty space of boiler. When pressure of the steam is above 
1.5 – 2.0Kg/cm2, the valve V1 is slowly released and steam is 
exhausted through the outlet pipe of the boiler. The valve is 
adjusted in such a way that while steam is released, the 
pressure in the boiler remains constant. This steady state is 
continued for about 1 hour during which following 
parameters are recorded by the data logger. 

1. Inlet Temperature of water (Ti) 
2. Outlet Temperature of water (To) 
3. Water Temperature in a tank (T3) 
4. Steam Temperature in a Tank (T2) 
5. Temperature of steam when released from boiler (T1) 
6. Global and diffused radiation on horizontal surface  

(IG , ID) 
7. Ambient Temperature (°C) and relative humidity 

(%RH) 
8. Wind Velocity (m/s) 
Table 2 shows the data collected for a particular day as an 

example. 

2.2.1. Heat Gain and Efficiency of FLSC System for Steam 
Generation 

Thermal performance of FLSC system for steam 
generation is carried out as follows, 

When Fresnel lens focuses solar radiation on the receiver 
tube, heat is generated by absorbing solar radiation. Fluid in 
the receiver gets heated and it is pushed to boiler, thus 
thermosyphon is activated. The temperature of water in the 
boiler increases due to heat transfer from receiver to boiler. 
When boiling point is reached steam is generated in the 
boiler. Therefore useful heat received by the boiler is,  

𝑄𝑢𝑏
= 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑏𝑜𝑖𝑙𝑒𝑟𝑋𝐶𝑝𝑋∆𝑇
+ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑏𝑜𝑖𝑙𝑒𝑟𝑋𝐶𝑝𝑏𝑋∆𝑇
+ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑠𝑡𝑒𝑎𝑚𝑋𝐿𝐻 

𝑄𝑢𝑏 = 𝑚𝑤𝐶𝑝𝑤�𝑇𝑓 − 𝑇𝑖� + 𝑚𝑏𝐶𝑝𝑏�𝑇𝑓 − 𝑇𝑖� + 𝑥𝑚𝑜𝐿𝐻 

Where,  
𝑚𝑤 is mass of water filled in the tank (kg) 
𝐶𝑝𝑤 is specific heat of water (KJ/Kg°K) 
𝑇𝑓 is Final Temperature of Water (°C) 
𝑇𝑖 is initial Temperature of water (°C) 

Table 2.  Data collection for steam 

Date: 19/03/2013 
Maximum Pressure reached : 1.7Kg/cm2 
Amount water filled in the boiler : 3 Kg 
Amount of water left after the release of steam : 0.300 kg 
Steam produced by the system : 2.7 Kg 
Time when data collection started : 11.00 AM 
Time when steam released : 12:00 PM 

Time Solar Radiations(W/m2) Temperatures (°C) 

 
IG ID IbRb T1 T2 T3 Ti To 

11:00 750.0 151.4 658.5 43.0 36.3 31.0 30.9 89.8 

11:10 765.3 152.1 674.5 43.3 36.5 42.2 42.4 75.6 

11:20 780.6 152.8 690.6 44.2 38.4 61.0 40.9 78.2 

11:30 819.4 152.8 733.3 44.0 42.7 75.8 55.5 81.4 

11:40 858.3 152.8 776.1 44.3 47.6 83.6 72.4 91.2 

11:50 897.2 152.8 818.9 46.7 51.2 95.2 83.8 100.4 

12:00 936.1 152.8 861.7 46.9 50.7 106.4 94.9 110.5 

12:10 936.8 154.9 860.1 46.3 57.8 115.8 104.7 118.7 

12:20 937.5 156.9 858.6 45.5 62.5 123.4 112.7 126.0 

12:30 938.2 159.0 857.1 57.5 109.4 126.0 120.6 127.5 

12:40 938.9 161.1 855.6 82.6 110.5 123.8 120.7 124.9 

12:50 920.8 166.7 829.6 90.6 108.6 121.3 118.1 122.5 

13:00 902.8 172.2 803.6 92.1 109.7 122.8 118.4 123.9 

13:10 884.7 177.8 777.6 92.2 113.4 125.6 120.6 126.5 

13:20 866.7 183.3 751.7 92.1 113.3 125.8 120.5 126.8 

13:30 798.6 182.6 677.6 93.2 112.6 125.5 120.1 126.4 

13:40 730.6 181.9 603.5 89.5 106.0 118.0 112.3 116.0 
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𝑚𝑏 is mass of boiler (kg) 
𝐶𝑝𝑏 is specific heat of boiler material (KJ/Kg) 
𝑥 is dryness factor of steam ~ 1.0 
𝑚𝑜 is mass of steam generated (kg) 
𝐿𝐻 is latent heat of vaporization of water (KJ/kg) 
When we release steam at constant temperature and 

pressure ∆t = 0 
Therefore efficiency of the system given by,  

𝜂 =
𝑄𝑢𝑏
𝐼𝑏𝑛𝐴𝑝𝑡

 

Where,  
𝐼𝑏𝑛 is intensity of beam solar radiation 
𝐴𝑝 is Aperture area of the FLSC and  
𝑡 is time interval i.e. time during which steam at constant 

pressure is released 

3. Results and Discussion 

The performance of the Fresnel Lens Solar Concentrator 
(FLSC) system depends on several parameters. Some of the 
factors affecting the performance of FLSC system are, 

1. Optical efficiency of FLSC system 
2. Heat removal factor of the system 
3. Mass flow rate of fluid used for extracting heat from the 

receiver 
4. Overall heat loss factor  
5. Inlet temperature of the fluid and 
6. Intensity of solar radiation 
The effect of above parameters on the performance of 

FLSC system is studied using the data collected as described 

in Table 1 and Table 2. 

3.1. Effect of Mass Flow Rate of Fluid on Efficiency 

After collecting the performance data for FLSC system 
using continuous fluid flow test method the data has been 
analyzed to evaluate performance of the system. Using 
hytherm 600 as thermic fluid for removing heat, Optical 
efficiencies at different mass flow rates are as below, 
For 1st set of experiment, where flow rate is 0.5LPM 

η = 0.51 – 1.37 ∆T/IbRb, 
Where ∆T = (Tm-Ta) & Tm = (Ti+To)/2 
Hence, Optical efficiency = FR(τα)e = 0.51 
Heat Loss coefficient = FRUL = 1.37 

For 2nd set of experiment, where flow rate is 0.7LPM 
η = 0.56 – 1.44 ∆T/IbRb, 

Where ∆T = (Tm-Ta) & Tm = (Ti+To)/2 
Hence, Optical efficiency = FR(τα)e = 0.56 
Heat Loss coefficient = FRUL = 1.44 

For 3rd set of experiment, where flow rate is 1 LPM 
η = 0.60 – 1.63 ∆T/IbRb, 

Where ∆T = (Tm-Ta) & Tm = (Ti+To)/2 
Hence, Optical efficiency = FR(τα)e = 0.60 
Heat Loss coefficient = FRUL = 1.63 
An increase in the mass flow rate of the fluid increases the 

value of the heat transfer coefficient [3]. Due to this, the 
collector efficiency factor FR(τα) and heat loss factor 
increases. Hence it was observed that when mass flow rate 
increases both optical efficiency and heat loss factor (FRUL) 
increases. 

0.0 0.1 0.2 0.3
0.0

0.2

0.4

0.6

0.8

1.0

Ef
fic

ien
cy

 (η
)

(Tm-Ta)/IbRb

Solar Radiation Intensity Level  : 400 to 500 W/m2

η=0.55−1.46 (Τm−Τa)/ΙbRb

 

Figure 3.  Variation of Efficiency with (Tm-Ta)/IbRb for IbRb = 400-500W/m2 
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Figure 4.  Variation of Efficiency with (Tm-Ta)/IbRb for IbRb = 500-600W/m2 

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
0.0

0.2

0.4

0.6

0.8

1.0

η=0.42−1.65 (Τm−Τa)/ΙbRb

Solar Radiation Intensity Level  : 600 to 750 W/m2

Ef
fic

ien
cy

 (η
)

(Tm-Ta)/IbRb

 

Figure 5.  Variation of Efficiency with (Tm-Ta)/IbRb for IbRb = 600-750W/m2 

3.2. Effect of Intensity of Solar Radiation on Efficiency 

The effect of Intensity of Solar Radiation on efficiency of 
FLSC system is shown in the Fig.3, Fig.4 and Fig.5. The 
variation of efficiency with (Tm-Ta)/IbRb has been plotted for 

three different levels of solar radiation (450 W/m2, 550 W/m2 
and 675 W/m2). It was observed that the efficiency of FLSC 
system is strongly influenced by the intensity of solar 
radiations. The optical efficiencies at three different Intensity 
levels are as below,  
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Sr. No. Solar radiations (W/m2) Optical efficiency 

1 450 0.55 

2 550 0.46 

3 675 0.42 

3.3. Effect of Inlet Temperature on Efficiency 

The inlet temperature of the fluid affects the efficiency of 
the FLSC system. As inlet fluid temperature increases the 
receiver temperature also increases due to the heat gain from 
the solar radiation. When temperature increases the 
convective and radiative heat losses from the absorber tube 
also increase [3]. Due to the increase in the heat losses the 
overall heat gain decreases and hence efficiency also 
decreases. The data was collected at different inlet 
temperature with different mass flow rates which is 
summarized in the below Table 3. It was observed that as 
inlet temperature increases the optical efficiency increases. 
The results are shown in Fig.6. 

3.4. Steam Generation Using FLSC System 

The demand for process heat particularly low pressure 
steam is increasing exponentially. Solar energy can be 
utilized for generating medium temperature (100°C -150°C) 
low pressure (T<200°C) steam. By using solar concentrators, 
low pressure steam can be generated by using low cost 
technology. Fresnel lens solar concentrators are very useful 
to generate low pressure steam for industrial and cooking 
applications. The study of performance of Fresnel lens solar 
concentrator and steam generation using Fresnel lens solar 
concentrator is presented here. The overall efficiency of 

FLSC System is found to be 51% and can generate process 
steam required for the industry. Table 4 gives the summary 
of the steam of output of steam when steam is released at 
constant pressure. The maximum pressure measured to be of 
1.8 Kg/cm2. It was also observed that the steam generation 
depends on the intensity of solar radiation. The higher the 
intensity, steam generation will be more. It also revealed that 
at higher temperature more steam will be generated. 

Table 3.  Effect of inlet temperature on efficiency 

Date Set 
No. 

Flow rate 
LPM 

Inlet 
Temperature 

(°C) 

Avg. 
Efficiency 

(%) 

08/12/2012 1a 

 
 
 

0.5 

40 44 
09/12/2012 1b 50 37 
10/12/2012 1c 60 41 
13/12/2012 1d 65 39 
15/12/2012 1e 90 27 
16/12/2012 1f 100 19 
17/12/2012 1g 120 25 
21/12/2012 2a 

 
 

0.7 

60 44 
22/12/2012 2b 70 46 
23/12/2012 2c 80 41 
25/12/2012 2d 100 34 
26/12/2012 2e 120 29 
28/12/2012 3a 

 
 
1 

50 53 
29/12/2012 3b 65 40 
03/01/2013 3c 90 43 
04/01/2013 3d 100 40 

 

0 20 40 60 80 100 120 140
0

20

40

60

80

100

Ef
fic

ien
cy

 (%
)

Inlet temperature(OC)
 

Figure 6.  Effect of Inlet Temperature on efficiency 
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Table 4.  Steam generation Efficiency of FLSC system 

DATE TIME INTERVAL IbRb Ta STEAM PRESSURE H. GAIN S.R.In. Efficiency 

  
W/m2 °C Kg Kg/cm2 Joules W.sec 

 
09/02/2013 12:30 - 13:10 734.6 20.3 0.70 1.3 1851092.0 3755479.7 0.49 

18/02/2013 12:05 - 12:30 715.0 22.2 0.90 1.4 2134514.0 4873440.0 0.44 

20/02/2013 12:20 - 12:45 555.0 23.1 0.45 1.6 1245079.5 2837057.8 0.44 

19/03/2013 11:55 - 13:30 787.5 29.4 2.70 1.7 6135853.0 13419000.0 0.46 

20/03/2013 12:20 - 13:00 795.6 31.2 1.40 1.6 3428750.0 6778512.0 0.51 

21/03/2013 12:40 - 13:00 877.5 31.3 1.35 1.8 3025609.0 5981040.0 0.51 

 
4. Conclusions 

Refracting type solar concentrator has been designed and 
developed which can be used for generating heat in the 
temperature range of 100°C to 200°C. This Fresnel Lens 
Solar Concentrator system is useful to generate low pressure 
steam for various applications like industrial process heat 
and steam cooking. One of the advantages of this refracting 
concentrator system over reflecting type solar concentrator 
system is the durability of the system. 

It has been found that the Fresnel Lens has life of more 
than five years which is important aspect for cost effective 
application, where as for reflecting type solar concentrator, 
the mirrors need to be changed for every two years.  
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