
EVALUATE,	REDESIGN	&	FABRICATE	SOLAR	PARABOLIC	DISH	COLLECTOR	FOR	
EFFECTIVE	SOLAR	RAYS	CONCENTRATION	

	

ABSTRACT	

In	the	present	scenario	solar	energy	emerges	as	one	of	the	most	reliable,	promising	and	 infinite	source	of	non‐conventional	
energy	and	to	harness	it	many	alternative	methods	are	developed	so	far	and	many	more	efficient	energy	harnessing	methods	
are	still	 in	 its	various	phases	of	development	 in	which	solar	parabolic	disc	collector	based	solar	energy	harnessing	method	
seems	more	promising	and	effective	for	those	areas	where	sunlight	intensity	remain	always	at	its	average	like	gulf	countries	of	
middle	east	Asia	as	well	as	major	deserts	of	the	worlds	because	of	its	limitless	expansion	as	well	as	advantageous	availability	
of	solar	rays	much	more	 intense	than	any	other	part	of	the	world.	Generally	solar	parabolic	disc	collectors	reflect	the	solar	
rays	and	 concentrate	 it	 into	a	point	where	due	 to	 conversion	of	 solar	 ray,	 the	 temperature	 increases.	But	 the	efficiency	 is	
largely	depend	upon	curve	angle	of	solar	parabolic	disc,	material’s,	reflective	index	which	is	used	to	develop	disc.	This	paper	
present	 evaluation	 of	 a	 designed	 solar	 parabolic	 dish	 collectors.	 An	 experimental	 set‐up	 is	 constructed	 and	 tested	 in	
Mechanical	block,	Suresh	Gyan	Vihar	University,	Jaipur	(latitude	26.9260°	N,	longitude	75.8235°	E,	altitude		431m	above	sea	
level),	Rajasthan,	 India.	Maximum	 peak	 focal	 point	 temperature	was	 found	 to	 be	 228	 °C	 on	 first	 day	at	 2	PM.	Maximum	
average	focal	point	temperature	was	found	to	be	217	°C	at	2	PM.	Focal	point	temperature	increases	from	9	AM	‐	2	PM	and	
decreases	after	2	PM.	Temperature	above	200°C	was	recorded	against	the	ambient	temperature	which	was	a	good	sense	of	
efficiency.	
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1. INTRODUCTION	

Solar	 concentrator	 is	 a	 device	 which	 concentrates	 the	
solar	energy	 incident	over	a	 large	surface	onto	a	smaller	
surface.	 The	 concentration	 is	 achieved	 by	 the	 use	 of	
suitable	reflecting	elements	which	result	in	increased	flux	
density	 on	 the	 observer	 surface.	 In	 order	 to	 get	 a	
maximum	concentration	an	arrangement	for	tracking	the	
sun	 is	 required.	 Temperature	 as	 high	 as	3000	 °C	 can	be	
achieved	using	solar	concentrators.	It	consists	of	focusing	
device,	a	receiver	system	and	a	tracking	arrangement.	.	In	
recent	 years	 the	 conversion	 of	 solar	 energy	 into	
electricity	 is	 receiving	 more	 and	 more	 attention.	 The	
energy	from	sun	is	the	world’s	largest	energy	source	and	
that	 can	 be	 accessed	 with	 existing	 technology.	
Furthermore,	sunlight	is	free,	clean	and	renewable.	Solar	
parabolic	dish	collectors	(SPDCs)	are	a	unique	renewable	
energy	technology.	SPDCs	have	the	ability	to	gain	energy	
from	the	sun	light	to	heat	up	the	fluid	passing	through	the	
receiver.	 	This	heated	fluid	can	be	utilized	for	generating	
steam	by	heating	water	and	electricity	generation,	 space	
heating,	 crop	 drying,	 timber	 seasoning,	 paint	 spraying	
operations	 and	 other	 industrial	 applications.	 This	
technology	 will	 be	 extremely	 helpful	 in	 improving	 the	
quality	of	life	for	many	people	around	the	world.	

Today	we	 are	dependent	 on	 fossil	 fuels	 such	 as	 oil,	 coal	
and	 natural	 gas.	 These	 resources	 are	 finite,	 having	 been	
created	by	natural	processes	over	millions	of	 years.	The	
world	 is	 dependent	 upon	 energy.	 Energy	 is	 an	 essential	
part	of	our	daily	life.	We	use	energy	to	heat	and	cool	our	
homes	 schools	 and	 businesses.	 We	 use	 energy	 for	 light	
and	 appliances.	 Energy	makes	 our	 vehicle	 go,	 plane	 fly,	
boat	sail	and	machine	run.	Energy	is	considered	a	player	
in	 the	 generation	 of	 wealth	 and	 also	 a	 significant	

component	 in	 the	 economic	 development.	 In	 today’s	
world	 the	 growth	 of	 nation	 is	 calculated	 by	 the	 energy	
consumption	 of	 nation,	 the	 GDP	 of	 country	 is	 directly	
linked	 with	 energy	 consumption.	 Renewable	 energy	 is	
accepted	 as	 a	 key	 source	 for	 the	 future.	 In	 developing	
world	shortage	of	fuel	emphasizes	the	need	for	alternate	
energy	 sources	 and	 the	 most	 pollution‐free,	 limitless	
source	is	solar	energy.	It	is	unlike	other	sources	of	energy,	
solar	energy	allows	systems	to	be	constructed	possessing	
a	 thermal	 conversion	 mode	 that	 necessitates	 a	 simple	
technology.	 Attempts	 have	 been	 made	 to	 improve	 the	
efficiency	of	solar	parabolic	dish	collectors	by	employing	
various	 techniques.	 Test	 has	 been	 made	 on	 different	
shape	and	dimension.	A	range	of	theoretical	models	have	
been	 introduced	 to	 improve	 the	 disadvantage	 of	 solar	
parabolic	dish	collectors.		

This	 paper	 present	 evaluation	 of	 a	 designed	 solar	
parabolic	 dish	 collectors.	 An	 experimental	 set‐up,	
described	in	the	next	section,	is	constructed	and	tested	in	
Mechanical	 block,	 Suresh	 Gyan	 Vihar	 University,	 Jaipur	
(latitude	 26.9260°	 N,	 longitude	 75.8235°	 E,	 altitude		
431m	above	sea	level),	Rajasthan,	India.	 It	 is	suitable	for	
heating	 the	 air	 from	 small	 level	 to	 industrial	 level.	 The	
Solar	 energy	 is	 one	 of	 the	 cheap	 and	 easily	 available	
energy	 source	 in	 the	 world	 and	 it	 is	 most	 capable	
renewable	 energy	 sources	 in	 the	 world	 because	 of	 its	
large	quantity,	and	its	non‐pollutant	behavior,	and	infinite	
source	as	compared	to	highly	costly	and	scarcity	of	fossil	
fuels.	It	produces	no	pollution	and	because	of	no	pollution	
it	 is	 very	 much	 environment	 friendly	 provide	 a	 healthy	
environment.	
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Figure	1:	Schematic	of	parabolic	concentrator	system.	

	
2. EXPERIMENTAL	SET‐UP	

Solar	 air	 heater	 mainly	 consists	 of	 frame,	 reflective	
surface,	 receiver	 and	 tracking	 arrangement.	 Constructed	
solar	parabolic	dish	collector	is	shown	in	the	figure	2.	The	
frame	 was	 made	 of	 metal	 rod	 welded	 together.	 The	
aperture	 area	 of	 dish	 collector	was	 1.27	m2.	 Area	 of	 the	
receiver	 was	 0.032	 m2.	 The	 concentration	 ratio	 of	 the	
parabolic	dish	collector	was	39.69.	Wedges	of	aluminum	
reflective	 surface	 used	 to	 concentrate	 the	 sun	 rays	 into	
focal	 point	 and	 glued	 to	 frame	 with	 the	 help	 of	 sealant	
(sika)	

Thermocouple	 temperature	sensor	was	used	 to	measure	
the	 temperature	 at	 different	 point	 in	 the	 parabolic	 dish	
collector,	 water	 inlet,	 steam	 exit,	 focal	 point	 and	 inside	
receiver	 respectively.	 The	 environmental	 temperature	
was	 measure	 with	 the	 help	 of	 alcohol	 thermometer.	
Digital	solar	power	meter	(TENMARS	TM‐	207)	was	used	
to	 measure	 the	 solar	 flux	 in	 w/m2	 at	 both	 the	 position	
horizontal	 as	 well	 26°	 angle.	 Digital	 anemometer	
(METRAVI	AVM‐05)	was	used	 to	measure	ambient	wind	
velocity	in	m/s.		

	

Figure	2:	Constructed	parabolic	dish	collector	

3. MEASUREMENT	PROCEDURE	

Experiment	on	constructed	solar	parabolic	dish	collector	
was	conducted	on	days	with	clear	sky	condition	in	May	‐	

June	2014.	The	 collector	 slop	was	 adjusted	 to	 26°	 south	
facing,	 which	 is	 suitable	 for	 geographical	 location	 of	
Jaipur	(latitude	26.9260°	N,	longitude	75.8235°	E,	altitude		
431m	above	sea	level)	Rajasthan,	India.	Experimental	set‐
up	is	constructed	and	tested	in	Mechanical	block,	Suresh	
Gyan	Vihar	University,	Jaipur.		

After	 installation	 parabolic	 dish	 collector	 was	 left	
operating	several	days	under	normal	weather	conditions.	
The	 Thermocouple	 temperature	 sensor	 wires	 were	
positioned	 at	 different	 point	 in	 the	 dish	 collector.	 The	
solar	 parabolic	 dish	 collector	 was	 tilted	 26°	 angle	 and	
south	 faced.	 Experiment	 on	 the	 solar	 parabolic	 dish	
collector	was	performed	 in	 the	 clear	 days	 of	May	 ‐	 June	
2014	 in	 Jaipur,	Rajasthan,	 India.	The	 test	was	conducted	
between	 9	 AM	 and	 5	 PM	 solar	 time.	 The	 reading	 was	
taken	 at	 the	 interval	 of	 60	minutes.	 The	 solar	 radiation	
(horizontal	and	26°	angle	position),	wind	speed,	ambient	
air	temperature,	water	inlet	and	steam	exit	temperatures,	
focal	point	 temperature	and	 inside	receiver	 temperature	
were	 measured	 for	 each	 set	 of	 experiments	 during	 the	
steady	state	period	by	60	min	intervals.	The	temperature	
was	 measured	 at	 different	 point	 by	 thermocouple	
temperature	sensor.	The	environmental	temperature	was	
measure	 with	 the	 help	 of	 alcohol	 thermometer.	 Digital	
solar	 power	 meter	 (TENMARS	 TM‐	 207)	 was	 used	 to	
measure	 the	 solar	 flux	 in	 w/m2	 at	 both	 the	 position	
horizontal	 as	 well	 as	 26°	 angle.	 Digital	 anemometer	
(METRAVI	 AVM‐05)	 was	 used	 to	 measure	 the	 ambient	
wind	velocity	in	m/s.	

Experiment	 was	 performed	 in	 our	 GYAN	 VIHAR	 college	
premise	to	determine	the	thermal	conversion	efficiency	of	
the	 concentrator	 system	 through	 demonstrating	
temperature	variations	and	changes	in	the	state	of	liquid	
heat	transferring	means.	 	Water	as	a	heat	transfer	 liquid	
is	 used	which	was	pumped	 through	 the	 central	 receiver	
where	 it	 was	 heated	 and	 temperature	 rise	 of	 the	 water	
were	 recorded.	 The	 testing	 of	 the	 parabolic	 dish	 solar	
concentrator	was	 done	 in	 the	month	 of	May‐	 June	 2014	
for	five	days.	The	whole	set	was	placed	in	an	open	space	
in	the	sun	from	9:00am	in	the	morning	to	5:00	pm	in	the	
evening	 each	 day	 for	 five	 days	 in	 a	 raw	 in	 our	 college	
premises	 in	 Jaipur,	 Rajasthan.	 Glass	 thermometer	which	
was	 placed	 at	 the	 focal	 point	 was	 used	 to	 obtain	 its	
maximum	 obtainable	 temperature.	 The	 results	 obtained	
for	each	hourly	reading	of	8	hours	every	day.	

Procedure	

1. Set	 all	 the	 sensors	 at	 desired	 positions	 (water	 inlet,	
steam	exit,	 receiver	 and	 inside	 receiver)	 to	measure	
the	temperature.	

2. Set	the	thermometer	near	to	the	apparatus	so	that	we	
can	 measure	 the	 temperature	 of	 surrounding	 air	 at	
desired	interval.	

3. Make	sure	that	parabolic	dish	collector	is	south	faced	
at	26	degree.	

4. Start	pump	and	fill	the	receiver	with	water.	
5. Write	down	the	inlet	temperature	of	water.	
6. As	the	water	level	rises	to	desire	level	in	the	receiver,	

close	the	water	inlet	valve.	
7. Make	sure	that	there	is	no	any	leakage	in	receiver.	
8. Let	 the	water	 to	boil	 inside	 the	 receiver	and	 change	

its	phase	to	steam.	
9. Let	pressure	inside	the	receiver	rise	to	a	desire	level.		
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10. As	 pressure	 inside	 the	 receiver	 reach	 desire	 level,	
open	the	exit	valve	and	let	steam	come	out.	

11. Write	down	the	exit	temperature	of	steam.	
12. Measure	the	solar	radiation.	
13. Repeat	step	4,	6,	8	and	10	after	every	hour.	
14. Repeat	the	process	again	on	the	next	day	from	point	4	

to	12.	
	

4. CALCULATIONS	

The	 equation	 for	 thermal	 output	 Qout	 of	 a	 concentrating	
collector	operating	at	temperature	T	is	given	below:	

Qout	=	F'[γAinqin	‐	U.Arec(T	‐	Ta)]	 	 	 ‐‐‐‐1	

Ain	:	The	area	of	the	incident	solar	radiation	(m2).	

Arec	:	The	area	of	the	receiver	(m2)	

γ:	Optical	efficiency	

qin:	The	incident	solar	irradiation	(W/m2)	

Ta	:	The	ambient	temperature	(°C)	

U	:	The	heat	loss	coefficient	(W/m2K)	

F’	:	Collector	efficiency	factor	

The	quantity	Ain/Arec	is	called	the	concentration	ratio	

The	collector	efficiency	ƞc	at	operating	temperature	T	is	

ƞc=Qout/Ainqin	=	F'[γ	‐	U.Arec	(T	‐Ta)/Ainqin]	 	 ‐‐‐2	

5. RESULT	AND	DISCUSSION	

After	 installation,	 constructed	 parabolic	 dish	 collector	
was	 left	 operating	 several	 days	 under	 normal	 weather	
conditions.	 Thermocouple	 temperature	 sensor	 wires	
were	positioned	at	different	point	in	the	solar	air	heater.	
The	 dish	 collector	was	 tilted	 26°	 angle	 and	 south	 faced.	
Experiment	 on	 the	 solar	 parabolic	 dish	 collector	 was	
performed	 in	 the	 clear	days	of	May‐June	2014	 in	 Jaipur,	
Rajasthan,	 India.	 The	 test	was	 conducted	between	9	AM	
and	 5	 PM	 solar	 time.	 The	 reading	 was	 taken	 at	 the	
interval	of	60	minutes.		

As	per	the	observation	and	calculation	of	data	Maximum	
peak	 focal	point	temperature	was	found	to	be	228	°C	on	
first	 day	 at	 2	 PM.	 Maximum	 average	 focal	 point	
temperature	was	found	to	be	217	°C	at	2	PM.	Focal	point	
temperature	 increases	 from	9	AM	 ‐	 2	PM	and	decreases	
after	 2	 PM.	 Temperature	 above	 200°C	 was	 recorded	
against	the	ambient	temperature	which	was	a	good	sense	
of	 efficiency.	 The	 temperature	 at	 the	 focal	 point	 varied	
with	time.	Variation	of	temperature	with	time	was	due	to	
movement	and	position	of	the	sun,	the	angle	of	inclination	
of	 the	parabolic	dish	and	 the	atmospheric	 condition	and	
also	 the	 turbulence	 in	 the	 environment	 surrounded.	
When	 1liter	 of	 water	 was	 introduced	 inside	 absorber	
boiling	took	place	in	less	than	23	minutes.	

	

Figure	3:	Average	focal	point	temperature	of	five	days	

6. CONCLUSION	

A	detailed	experimental	study	was	conducted	to	evaluate	
the	variation	of	focal	point	temperature	at	different	time	
of	 a	 day.	 According	 to	 the	 result	 of	 the	 experiments	
following	conclusions	are	obtain:	

1. Maximum	peak	focal	point	temperature	was	found	to	
be	228	°C	on	first	day	at	2	PM.		

2. Maximum	average	focal	point	temperature	was	found	
to	be	217	°C	at	2	PM.		

3. Focal	point	temperature	increases	from	9	AM	‐	2	PM	
and	decreases	after	2	PM.	

4. Temperature	 above	200°C	was	 recorded	 against	 the	
ambient	 temperature	 which	 was	 a	 good	 sense	 of	
efficiency.	

5. The	temperature	at	the	focal	point	varied	with	time.		
6. Variation	 of	 temperature	 with	 time	 was	 due	 to	

movement	 and	 position	 of	 the	 sun,	 the	 angle	 of	
inclination	of	the	parabolic	dish	and	the	atmospheric	
condition	and	also	the	turbulence	in	the	surrounding	
environment.	

7. When	1liter	of	water	was	introduced	inside	absorber	
boiling	took	place	in	less	than	23	minutes.	

8. The	 efficiency	 of	 system	 is	 a	 function	 of	water	 flow	
rate	and	it	increases	with	the	increase	of	air	flow	rate.	
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