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ABSTRACT	

The	planet	is	progressively	marching	towards	a	serious	energy	crisis	owing	to	an	escalating	desire	of	energy	becoming	greater	
than	 its	 supply.	We	have	always	accepted	 that	 the	energy	we	make	use	of	each	day	 is	not	unrestricted,	 still	we	 take	 it	 for	
granted.	In	the	energy	deficient	world	it	is	strongly	felt	that	the	use	of	solar	energy	as	possible	source	is	not	being	fully	utilized.	
In	the	recent	years,	we	all	are	facing	electricity	crisis.	It’s	time	to	harness	the	renewable	energy	resources	of	the	nature.	The	
solar	energy	utilizes	to	run	a	Stirling	engine.	In	this	paper	a	Stirling	engine	using	renewable	energy	heat	source.	Review	of	
study	is	done	for	the	development	of	Solar	Stirling	engine	which	will	help	in	development	of	the	engine	which	can	be	used	for	
generation	of	electricity	 for	household	application	 etc.	Several	methods	will	applied	on	 the	 engine	 in	order	 to	 improve	 its	
overall	efficiency,	and	critical	problem	areas	will	be	isolated	and	addressed.	

Keywords:	Stirling	engine,	Renewable	energy,	Overall	efficiency.	

1. INTRODUCTION	

A	 Stirling	 engine	 is	 a	 heat	 engine	 operating	 by	 cyclic	
compression	 and	 expansion	 of	 air	 at	 different	
temperature	levels	such	that	there	is	a	net	conversion	of	
heat	energy	to	mechanical	work.	Like	the	steam	engine,	
the	 Stirling	 engine	 is	 traditionally	 classified	 as	 an	
external	combustion	engine,	as	all	heat	 transfers	to	and	
from	 the	 working	 fluid	 take	 place	 through	 the	 engine	
wall.	This	contrasts	with	an	 internal	combustion	engine	
where	 heat	 input	 is	 by	 combustion	 of	 a	 fuel	within	 the	
body	 of	 the	 working	 fluid.	 Unlike	 a	 steam	 engine’s	 (or	
more	 generally	 a	 Rankine	 cycle	 engine’s)	 usage	 of	 a	
working	 fluid	 in	 both	 of	 its	 liquid	 and	 gaseous	 phases,	
the	Stirling	engine	encloses	a	 fixed	quantity	of	air.	As	 is	
the	 case	 with	 other	 heat	 engines,	 the	 general	 cycle	
consists	 of	 compressing	 cool	 gas,	 heating	 the	 gas,	
expanding	the	hot	gas,	and	finally	cooling	the	gas	before	
repeating	 the	 cycle.	 The	 efficiency	 of	 the	 process	 is	
narrowly	restricted	by	the	efficiency	of	the	Carnot	cycle,	
which	depends	on	the	temperature	between	the	hot	and	
cold	reservoir.	The	Stirling	engine	is	exceptional	for	of	its	
high	 efficiency	 compared	 to	 steam	 engines,	 quiet	 in	
operation	and	the	ease	with	which	it	can	use	almost	any	
heat	 source.	 From	 the	 previous	 work	 it	 is	 found	 that	
there	 is	 no	 data	 available	 on	 alternative	 fuel	 source	 to	
operate	Stirling	engine	for	power	generation.	Therefore,	
the	 present	 work	 is	 identified	 to	 generate	 the	 power	
with	 the	 help	 of	 alternative	 renewable	 energy	 fuel	
resources	 to	 operate	 the	 Stirling	 engine	 and	 to	 design	
and	 analysis	 for	 increasing	 overall	 efficiency	 of	 the	
system.	

2. STIRLING	ENGINE	COMPONENT	

A	 Stirling	 Engine	 consists	 of	 number	 of	 components,	
Which	 may	 vary	 in	 design	 depending	 on	 the	 type	 and	
configuration.	The	most	basic	are	outlined	as	follow:	

2.1. POWER	PISTON	AND	CYLINDER	

This	 consists	 of	 a	 piston	 head	 and	 connecting	 rod	 that	
slides	 in	 an	 air	 tight	 cylinder.	 The	 power	 piston	 is	
responsible	for	transmission	of	power	from	the	working	
gas	 to	 the	 flywheel.	 In	 addition,	 the	 power	 piston	
compresses	the	working	fluid	on	its	return	stroke,	before	
the	 heating	 cycle.	 	 Due	 to	 the	 perfect	 air	 tight	
requirement,	 it	 is	 the	 most	 critical	 part	 in	 design	 and	
fabrication.	

2.2. DISPLACER	PISTON	AND	CYLINDER	

The	displacer	 is	a	special	purpose	piston,	used	 to	move	
the	working	gas	back	and	forth	between	the	hot	and	cold	
heat	 exchanger.	 Depending	 on	 the	 type	 of	 design,	 the	
displacer	may	or	may	not	be	sealed	to	the	cylinder,	i.e.	it	
is	a	loose	fit	within	the	cylinder	and	allows	the	working	
gas	to	pass	around	it	as	it	moves	to	occupy	the	part	of	the	
cylinder	beyond.	

2.3. SOURCE	OF	HEAT	

The	source	of	heat	may	be	provided	by	the	combustion	
of	 fuel,	 and	since	combustion	products	do	not	mix	with	
the	 working	 fluid,	 the	 Stirling	 engine	 can	 run	 on	 an	
assortment	 of	 fuels.	 In	 addition,	 other	 sources	 such	 as	
solar	dishes,	geothermal	energy,	and	waste	heat	may	be	
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used.	 Solar	 powered	 Stirling	 engines	 are	 becoming	
increasingly	popular	as	they	are	a	very	environmentally	
friendly	option	for	power	production.	

2.4. FLYWHEEL	

The	 flywheel	 is	 connected	 to	 the	 output	 power	 of	 the	
power	 piston,	 and	 is	 used	 to	 store	 energy,	 and	provide	
momentum	for	smooth	running	of	the	engine.	It	is	made	
of	 heavy	 material	 such	 as	 steel,	 for	 optimum	 energy	
storage.	

2.5. REGENERATOR	

It	is	an	internal	heat	exchanger	and	temporary	heat	store	
placed	 between	 the	 hot	 and	 cold	 spaces	 such	 that	 the	
working	 fluid	 passes	 through	 it	 first	 in	 one	 direction	
then	 in	 the	 other.	 Its	 function	 within	 the	 system	 is	 to	
retain	 heat	 which	 would	 otherwise	 be	 exchanged	 with	
the	 environment.	 It	 thus	 enables	 the	 thermal	 efficiency	
of	the	cycle	to	approach	the	limiting	Carnot	efficiency.	On	
the	 flip	 side,	 the	 presence	 of	 regenerator	 (usually	 a	
matrix	 of	 fine	 steel	 wool),	 increases	 the	 dead	 space	
(unswept	volume).	This	leads	to	power	loss	and	reduces	
efficiency	gains	from	the	regeneration.	

2.6. HEAT	SINK	

The	 heat	 sink	 is	 typically	 the	 environment	 at	 ambient	
temperature.	 For	 small	 heat	 engines,	 finned	 heat	
exchangers	 in	 the	 ambient	 air	 suffice	 as	 a	 heat	 sink.	 In	
the	 case	 of	 medium	 to	 high	 power	 engines,	 a	 radiator	
may	be	required	to	transfer	heat	from	the	engine.	

3. SCOPE	OF	DESIGN	

The	 Stirling	 engine	 designed	 and	 fabricated	 could	 be	
heated	 externally	 using	 solar	 concentrated	 beam	 rays.	
An	alpha	configuration	of	the	engine	was	chosen,	whose	
working	shall	be	explained	further	in	this	report.	

The	solar	concentrated	beam	rays	with	a	temperature	of	
300oC‐500oC	are	used	as	a	heating	source	 for	powering	
the	Stirling	engine.	The	aim	of	choosing	this	design	was	
to	make	 the	manufacturing	 cost	 of	 this	 engine	 low	 and	
keep	it	simple.		

4. STIRLING	ENGINE	CONFIGURATION	

4.1. ALPHA	TYPE	CONFIGURATION																

	

Fig.	1.	Schematic	diagram	using	catia	v5	of	experimet	
Setup.	

An	 Alpha	 Stirling	 contains	 two	 pistons	 in	 separate	
cylinders,	 one	 hot	 and	 one	 cold.	 The	 hot	 cylinder	 is	
situated	inside	the	high	temperature	heat	exchanger	and	
the	cold	cylinder	 is	situated	 inside	 the	 low	temperature	
heat	exchanger.	This	type	of	engine	has	a	high‐to‐power	
volume	 ratio	 but	 has	 technical	 problems	 due	 to	 the	
usually	high	temperature	of	the	hot	piston	and	durability	
of	its	seals.	Most	of	the	working	gas	is	in	contact	with	the	
hot	cylinder	walls,	it	has	been	heated	and	expansion	has	
pushed	 the	hot	piston	 to	 the	bottom	of	 its	 travel	 in	 the	
cylinder.	 The	 expansion	 continues	 in	 the	 cold	 cylinder,	
which	is	90°	behind	the	hot	piston	in	its	cycle,	extracting	
more	 work	 from	 the	 hot	 gas.	 Then	 the	 gas	 is	 at	 its	
maximum	 volume.	 The	 hot	 cylinder	 piston	 begins	 to	
move	 most	 of	 the	 gas	 into	 the	 cold	 cylinder,	 where	 it	
cools	and	the	pressure	drops.	Almost	all	the	gas	is	now	in	
the	cold	cylinder	and	cooling	continues.	The	cold	piston,	
powered	by	 flywheel	momentum	(or	other	piston	pairs	
on	the	same	shaft)	compresses	the	remaining	part	of	the	
gas.	 The	 gas	 reaches	 its	 minimum	 volume,	 and	 it	 will	
now	expand	 in	 the	hot	 cylinder	where	 it	will	be	heated	
once	more,	driving	the	hot	piston	in	its	power	stroke.	

5. SOLAR	BEAM	CONCENTRATOR	

Choosing	 the	 right	 type	of	 solar	concentrator	 for	use	 in	
our	 solar	 Stirling	 engines	 will	 greatly	 influence	 the	
efficiency	 of	 the	 engine	 and	 therefore	 is	 deserving	 of	
special	 attention.	 A	wide	 variety	 of	 solar	 concentrators	
are	 currently	 commercially	 available	 in	 order	 to	
concentrate	 solar	 rays	 for	 the	 purpose	 of	 power	
generation.	There	are	many	forms	of	solar	concentrators,	
but	 the	 most	 common	 forms	 are	 the	 use	 of	 curved,	
parabolic	 mirrors	 and	 the	 use	 of	 Fresnel	 lenses.	
Concentrated	 solar	 power	 systems	 use	 mirrors	 or	
concentrate	 a	 large	 area	 of	 sunlight,	 or	 solar	 thermal	
energy,	onto	a	small	area.	The	 temperature	 is	as	4000C.		
The	 solar	 beam	 concentrator	 is	 designed	 to	 take	
advantage	 of	 the	 parabolic	 curve	 performance	 of	 a	
reflector	 which	 is	 most	 efficient	 means	 of	 	 collecting	
solar	 energy	 onto	 a	 focal	 point	 where	 an	 absorber	 is	
located.	

Table1.	Parabolic	mirror	rank:	

	

Parabolic	mirrors	 ranked	 a	 3	 on	our	 cost	 scale	 due	 the	
expense	 of	manufacturing	 curved	mirrors.	 It	 is	 one	 the	
most	 common	 forms	 of	 solar	 concentration	 and	
therefore	ranks	a	2	in	ingenuity.	However,	its	popularity	
is	 well	 placed	 since	 it	 is	 extremely	 able	 to	 perform	 its	
task	 with	 a	 noticeable	 amount	 of	 reliability	 which	 has	
earned	 parabolic	 mirrors	 two	 5‟s	 obtained	 in	 the	
reliability	and	ability.			
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Fig.2	Parabolic	Concentrated	Mirror	

6. CONSTRUCTION	 OF	 FABRICATED	 STIRLING	
ENGINE	WITH	SOLAR	HEAT	SOURCE	

The	setup	consist	of	a	hot	air	cylinder	and	cold	side	air	
cylinder	 both	 the	 cylinder	 made	 up	 of	 an	 aluminum	
material	and	the	external	diameter	of	the	hot	air	cylinder	
is	30mm	and	 internal	diameter	 is	12mm	 .The	extended	
glass	tube	is	fixed	to	the	cylinder	for	viewing	the	process	
inside	 the	 cylinder	 and	 fins	 produced	 on	 the	 outer	
surface	 of	 the	 cylinder	 for	 lowering	 the	 temperature	 of	
the	hot	air	and	 the	piston	of	 the	hot	air	side	cylinder	 is	
made	up	of	an	glass	tube	of	10	mm	and	20	mm	in	length	
acquired	with	 the	piston	 rings.	The	glass	 tube	piston	 is	
fixed	to	the	aluminum	rod	and	the	grooves	were	made	to	
pass	 the	 hot	 air	 inside	 the	 cold	 side	 cylinder.	 And	 the	
cold	side	cylinder	having	20	mm	external	diameter	and	
10	mm	internal	diameter	and	 	 fins	are	cut	on	 the	outer	
surface	of	the	cylinder	for	lowering	the	temperature	and	
the	 piston	 of	 the	 cold	 air	 side	 cylinder	 is	 made	 up	 of	
aluminum	of	10	mm	diameter	and	20	mm	in	length.		

Two	 connecting	 rods	 are	 connected	 in	 between	 the	
crankshaft	 rod	 and	 the	 respective	 pistons.	 The	
connecting	rod	made	up	of	aluminum	and		the	length	of	
I‐Beam	is	40	mm	in	length.	Extended	coupling	located	in	
between	 the	 connecting	 rod	 and	 pistons	 of	 hot	 air	
cylinder.	

Two	mountings	are	used	which	are	 fixed	 to	 the	bottom	
plate	 and	 one	 is	 used	 to	 locate	 and	 balance	 the	 engine	
cylinder	 and	 to	 transfer	 the	 hot	 air	 to	 the	 cold	 side	
chamber	 cylinder	 and	 other	mounting	 is	 used	 to	 locate	
the	crankshaft	and	to	balance	the	flywheel.	The	flywheel	
is	 used	 to	 store	 the	 rotational	 energy.	 Six	 holes	 were	
drilled	 in	 the	 flywheel	 to	 reduce	 the	 weight	 of	 the	
flywheel.	 Standard	 roller	 bearings	 are	 used	 for	 smooth	
operations.	 Standard	 screws	 are	 used	 wherever	
required.	

For	supplying	external	heat	 to	 the	hot	side	cylinder	 the	
solar	 heat	 is	 used	 to	 operate	 the	 engine.	 For	
concentrating	 the	 solar	 heat	 to	 the	TDC	 of	 the	 hot	 side	
cylinder	parabolic	mirror	dish	is	used	to	concentrate	the	
solar	 rays/heat	 to	 the	 cylinder.	 One	 way	 reflective	
mirror	 90	 to	 100	 nos.	 of	 mirror	 cuts	 by	 the	 diamond	
cutter.	 Mirrors	 are	 attached	 in	 such	 a	 way	 that	 the	
mirror	 should	 take	 the	 parabolic	 shape	 on	 the	 dish.	
These	mirrors	are	arranged	in	such	a	way	because	when	
solar	 rays	 incident	 on	 the	 dish	 it	 should	 reflect	 and	
create	 the	 focal	 point	 and	 concentrate	 the	 heat	 on	
external	surface	of	hot	air	side	cylinder.	

7. WORKING	 PRINCIPLE	 OF	 FABRICATED	
STIRLING	 ENGINE	 WITH	 SOLAR	 HEAT	
SOURCE	

The	working	principle	of	a	Stirling	engine	is	based	on	the	
phenomenon	of	 the	 temperature	difference	between	 its	
hot	and	cold	end	 side	 cylinder.	The	working	 fluid	air	 is	
used	to	operate	the	engine.	Stirling	engine	is	an	external	
heat	engine	so	solar	heat	 is	used	 to	operate	 the	engine.	
The	solar	rays	from	the	sun	is	incident	on	the	parabolic	
mirror	 dish	 due	 to	 the	 one	 way	 reflective	 mirror	 the	
solar	rays	reflected	and	focal	point	produces.	At	the	focal	
point	 the	 temperature	 of	 solar	 heat	 is	 continuously	
increasing.	 Set	 the	 external	 heat	 surface	 of	 the	 Stirling	
engine	 to	 the	 focal	 point	 so	 that	 the	 concentrated	 solar	
heat	 is	 impinges	 on	 the	 surface	 of	 the	 hot	 air	 cylinder.	
Due	 to	 the	 solar	 heat	 the	 temperature	 of	 the	 working	
fluid	i.e.	air	is	continuously	goes	on	increasing	due	to	the	
property	of	working	fluid	air	expanded	after	heating.	

To	 start	 the	 Stirling	 engine	 150o	 C	 of	 temperature	 is	
required.	 After	 attaining	 the	 150o	 C	 the	 engine	 starts.	
Initial	jerk	touch	is	required	to	the	flywheel	for	operating	
the	 engine.	 After	 external	 heating	 the	 pressure	 rises,	
because	 of	 its	 sealed	 chamber	 hot	 air	 is	 expanded	 and	
acts	on	the	power	piston	to	produce	a	power	stroke.	

The	gas	is	passed	through	regenerator	to	the	cold	side	of	
the	cylinder	the	gas	is	cooled	and	the	pressure	drops	and	
pushes	 the	 displacement	 piston	 to	 the	 BDC	 of	 the	 cold	
side	 cylinder.	Due	 to	 these	 the	 flywheel	 rotates	 the	 gas	
reaches	to	the	minimum	volume,	and	it	will	now	expand	
in	the	hot	air	cylinder	where	it	will	be	heated	once	more,	
driving	the	hot	piston	its	power	stroke.	

Our	ultimate	 aim	 is	 to	 rotate	 the	 flywheel.	 The	 at	most	
speed	of	the	flywheel	is	achieved	by	testing	is	1360	rpm.	
Dynamo	 is	 connected	 to	 a	 flywheel	 so	 the	 mechanical	
energy	 (kinetic	 energy)	 is	 converted	 into	 electrical	
energy.	This	way	the	power	generation	is	done	with	the	
help	of	solar	heat	Stirling	engine.	

8. RESULT	AND	DISCUSSION	

The	 design	 and	 fabrication	 of	 solar	 powered	 Stirling	
engine	 has	 been	 done.	 The	 experimentation	 has	 been	
carried	 on	 the	 engine.	 Various	 observations	 have	 been	
studied.		

While	experimentation,	we	came	across	that	to	start	the	
solar	 powered	 Stirling	 engine	 it	 requires	 minimum	
140oC.	After	achieving	these	temperatures	then	only	the	
engine	starts.	

To	 calculate	 maximum	 power	 and	 torque	 the	 prony	
brake	 dynamometer	 method	 	 is	 used.	 From	 this	 the	
maximum	power	and	torque	values	obtained	are	shown	
below	in	the	table.	
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Table	No	4.1	–	For	Maximum	Power	And	Torque	

	

The	 maximum	 power	 obtain	 from	 the	 solar	 powered	
Stirling	 engine	 is	 3.86	 watt	 and	 maximum	 torque	 is	
calculated	from	the	power	equation	is	0.02710	N.m.	

After	 the	 calculations	 and	 results	 following	 graphs	 are	
plotted	 for	 interpretation	 of	 performance,	 and	 then	we	
will	be	able	to	analyze	the	maximum	power.	

Graph	No	1.		Weight	VS	Power	

	

In	 this	 experimentation,	 the	 power	 in	 solar	 powered	
Stirling	engine	is	analyzed.The	above	graph	is	plotted	for	
the	 Weight	 against	 Power	 because	 by	 calculating	 the	
weight	 of	 the	 rotating	 flywheel	 on	 machine.	 Weight	 is	
requires	 to	 calculate	 the	power.	As	 shown	 in	 the	 graph	
the	weight	is	taken	on	the	X‐axis	and	Power	is	taken	on	
the	Y‐axis.	While	plotting	 the	observation	values	on	the	
graph	 the	 graph	 represent	 that	 increasing	 of	 weight	 is	
directly	proportional	to	the	power.	Increasing	gradually	
load	 on	 flywheel	 tends	 to	 increase	 the	 load	 on	 the	
engine,	 so	 the	 power	 on	 the	 engine	 increases.	 The	
maximum	weights	load	on	the	flywheel	tends	to	stop	the	
engine;	from	this	maximum	weight	the	maximum	power	
is	obtained.	

Graph	No	2	–	Temperature	VS	power	

	

As	discuss	above,	 similarly	 the	engine	works	 in	a	 cyclic	
process.	First	we	measure	 the	 speed	of	 the	 flywheel	by	
tachometer	and	also	we	measure	the	temperature	at	the	
surface	of	hot	air	cylinder	by	thermister	for	the	following	
observations.	 We	 gradually	 measure	 the	 weight	 of	
flywheel	 by	 putting	 the	 flywheel	 on	 machine	 and	
calculate	the	weight,	so	 from	the	observation	values	we	

calculate	the	power	and	torque.	Now	the	above	graph	is	
plotted	for	the	temperature	against	power.	As	shown	in	
the	graph	on	X‐axis	Temperature	is	taken	and	on	the	Y‐
axis	 Power	 is	 taken.	 While	 plotting	 the	 observations	
values	on	the	graph,	the	graph	represent	that	increasing	
of	 temperature	 is	 directly	 proportional	 to	 power.	 By	
supplying	 continuous	 solar	heat	 to	 the	 surface	or	 input	
tends	to	increase	its	power.	The	concentrating	solar	heat	
is	 achieved	 up	 to	 210oC	 at	 this	 temperature	 maximum	
power	 obtained.	 And	 by	 increasing	 values	 of	
temperature	 leads	 to	 increase	 the	 power	 gradually.	
Hence	we	conclude	from	the	above	graph	that	higher	the	
input	temperature	leads	to	increase	the	output	power.	

9. SUMMARY	AND	CONCLUSION	

Throughout	the	process	of	designing,	manufacturing	and	
testing	of	our	Stirling	engine,	we	have	uncovered	many	
new	 insights,	 problems	 and	 solution	 concerning	 the	
different	 portions	 of	 the	 engine.	 We	 applied	 our	
knowledge	and	design	the	prototype	model	of	the	engine	
and	 implement	 the	 reverse	 engineering	 for	 fabricating	
and	 designing	 and	 developed	 formulas	 to	 predict	 its	
power	 output	 at	 different	 temperature	 difference.	
Overcoming	many	engineering	and	designing	challenges,	
we	 are	 able	 to	 build	 the	 engine	 and	 include	 the	 tools	
necessary	to	record	the	data	inside	the	engine.	

The	project	was	undertaken	to	explore	the	particularity	
of	power	production	from	solar	powered	Stirling	engine.	
This	includes	research,	design	and	fabrication.	

From	 various	 experiment	 tests	 we	 conclude	 that	 the	
solar	 powered	 Stirling	 engine	 requires	 temperature	
above	 140oC	 to	 start	 the	 engine.	 Continuous	 supply	 of	
heat	requires	increasing	the	power	of	the	Stirling	engine.	

To	 increase	 the	 power	 of	 the	 engine	 large	 temperature	
difference	 is	 required,	 research	 is	 going	 on	 how	 to	
increase	 the	 large	 temperature	 difference	 with	 simple	
and	 easy	 method.	 With	 the	 use	 of	 solar	 heat	 we	
diminishing	the	non‐renewable	energy	resources	and	we	
moved	 to	 the	green	energy	and	 it	 effects,	no	hazardous	
to	 the	 environment.	 Furthermore	 the	 engine	 must	 be	
designed	 at	 low	 cast	 and	 to	 be	 competitive	 for	 energy	
application.		

By	the	prototype	fabricating	model	of	the	engine	we	can	
produce	 maximum	 power	 of	 3.86	 watt.	 But	 from	
practical	view	we	can	say,	the	solar	dish	produces	large	
surface	area	of	concentrated	focal	point	and	in	practical	
the	 prototype	 model	 uses	 1/10th	 surface	 area	 to	
produce	 3.86	 watt	 and	 rest	 of	 heat	 is	 wasted	 in	
atmosphere.	If	we	install	10	engine	in	concentrated	heat	
surface	 then	we	can	produce	38.6	watt	and	 these	much	
power	is	produced	in	least	cost.	

After	researching	we	came	across	at	his	type	of	parabolic	
dish	the	concentrated	heat	surface	produce	up	to	1	kw	of	
energy,	which	is	incredible.	Hence	we	conclude	that,	the	
project	 successfully	 explored	 the	 practicality	 of	
generating	power	from	an	solar	powered	stirling	engine.	
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