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ABSTRACT	

This	main	aim	of	this	experiment	was	compare	three	solar	air	heaters	having	different	absorber	area,	simple	single	pass	solar	
air	heater	(SAHs)	(Type	I),	single	pass	SAHs	having	aluminum	wire	mesh	(Type	II)	and	single	pass	SAHs	having	aluminum	fins	
(Type	 III).	 	 In	 type	 II	used	aluminum	wire	mesh	were	 insert	on	absorber	plate,	 in	order	 to	deliver	 improved	heat	 transfer	
surface.	A	5	mm	double	glass	plate	used	to	covering	the	collector,	to	decrease	convective	heat	losses	to	the	ambiance.	These	
three	 types	 of	 experimental	 setup	 were	 analyzed	 for	 various	 air	 flow	 rates	 (4.20	 m/s	 and	 Natural	 Convection)	 and	
temperature	 condition	 versus	 time.	 The	 collector	 incline	 was	 adjusted	 to	 26°	 and	 south	 faced,	 which	 is	 seemly	 for	 the	
geographical	position	of	Jaipur	(26.9260°	N,	75.8235°	E).		In	this	experiment	on	the	SAHs	were	working	in	the	sunshiny	days	of	
May‐June	2015.	The	maximum	thermal	efficiency	46.02	%	was	achieved	in	type	III	at	air	flow	rate	4.20	m/s.	

Keywords:	 Solar	Air	Heater,	Aluminum	Wire	mesh,	aluminium	 fins,	Thermal	Efficiency,	Heat	 losses,	 Solar	Flux	w/m2	and	
absorber	 plate,	 Double	 glass	 cover,	 Pressure	 losses,	 convective	 heat	 transfer	 coefficient.

1. INTRODUCTION	

Solar	air	heater	 is	a	unique	type	of	heat	 interchange	that	
absorbs	 and	 converts	 solar	 radiant	 energy	 to	 heat.	 Solar	
air	heater	are	used	low	to	moderate	temperature	such	as	
space	 heating,	 timber	 seasoning,	 crop	 drying,	 paint	
spraying	 operations	 and	 other	 industrial	 or	 agriculture	
purpose.	The	basic	construction	of	solar	air	heater	simple	
and	 easy.	 The	 system	 was	 thermally	 shielded	 from	 the	
back	 and	 from	 the	 side.	 The	 two	 transparent	 window	
glass	 of	 5mm	 thickness	 was	 using	 for	 cover	 plate.	 This	
type	of	device	has	 fewer	 corrosion	and	 fewer	 amount	of	
escape	 difficulty	 as	 related	 by	 liquid	 flat	 plate	 collector.	
The	 main	 drawback	 of	 solar	 air	 heater	 is	 that	 the	
coefficient	of	heat	 transfer	by	 the	absorber	plate	and	air	
stream	is	low,	then	the	outcome	is	low	thermal	efficiency	
of	 solar	 air	 heater.	 In	 solar	 air	 heater	 many	
implementation	have	been	develop	to	better	heat	transfer	
coefficient	 between	 the	 absorber	 plate	 and	 air	 stream	
passing	through.	The	modify	factors	of	the	solar	air	heater	
efficiency	 are	 collector	 depth,	 wind	 velocity,	 absorber	
plate	 material,	 collector	 length,	 falling	 solar	 flux,	 etc.	
Inserting	aluminium	wire	mesh	and	aluminium	fins	to	the	
absorber	plate	because	it	was	increase	heat	transfer	to	the	
passing	 air	 and	 also	 it	was	 increase	 its	pressure	drop	 in	
the	collector.	

The	 main	 reason	 of	 various	 implement	 was	 to	 improve	
the	 efficiency	 of	 solar	 air	 heaters	 by	 applying	 several	
methods.	 The	 system	 was	 using	 various	 shapes	 and	
several	dimension	of	air	 flow	passage	 in	plate	 type	solar	
air	 collector.	 In	 theoretical	 models	 ranges	 perform	 as	 a	
technique	 to	 improve	 the	 disadvantages	 of	 solar	 air	
heater.	 In	 this	 system	 the	 improvement	 of	 heat	 transfer	
area	 single	 flow	 solar	 air	 heater	 have	 been	 identify,	 the	
results	 was	 improve	 its	 thermal	 performance.	 The	 good	
distribution	 of	 flow	 was	 depend	 on	 collector	 obstacles.	
The	improvement	of	conventional	air	heater	performance	
using	finned	and	v‐	corrugated	air	heaters.	

In	this	project	the	representation	of	thermal	efficiency	in	
three	 types	such	as	Type	I,	Type	 II	and	Type	III	solar	air	
heater	respectively.	The	thermal	efficiency	of	these	Types	
was	 analysis	 in	 three	 modes.	 The	 comparison	 among	
performance	 of	 designed	 simple	 single	 pass	 air	 heater	
(Type	I),	single	pass	solar	air	heater	with	aluminium	wire	
Mesh	 (Type	 II),	 and	 single	 pass	 solar	 air	 heater	 with	
aluminium	 fins	 (Type	 III).	 The	 construction	 of	 solar	 air	
heater	 cum	 dryer	 experimentally	 set‐up	 (details	 in	 next	
section)	 was	 done	 on	 roof	 of	 ISBM,	 Suresh	 Gyan	 Vihar	
University	 Jaipur.	 Its	 latitude	 angle	 was	 26.92600	 N,	
longitude	75.82350	E,	altitude	431m	above	the	sea	level),	
Rajasthan,	India.	The	efficiency	calculation	of	newly	solar	
air	heater	cum	dryer	to	the	experimental	measurements.	
In	 this	 experiment,	 the	measurement	 of	 various	 air	 flow	
rates	 (4.20	 m/s,	 natural	 convection),	 these	 values	 was	
determine	 the	 thermal	 efficiency	 of	 solar	 air	 heater	 and	
the	conditions	of	air	temperature	versus	time.	

2. EXPERIMENTAL	SET‐UP	

Solar	air	heater	generally	consists	of	plywood	strong	box,	
absorber	 plate	 (aluminium),	 transparent	 cover	 (glass	 or	
plastic),	 material	 for	 insulating,	 passage	 of	 air	 and	 fan.	
SAHs	are	systematically	shown	in	 figure	1.1	and	pictures	
of	Type	I,	Type	II	and	Type	III	are	shown	in	figure	1.2,	1.3	
and	1.4	respectively.	

In	 this	experiment	 solar	air	heater	was	working	 in	 three	
various	 Types	 such	 as	 Type	 I,	 Type	 II	 and	 Type	 III	
correspondingly.	 The	 strong	 box	 was	 making	 by	 12mm	
thickness	plywood.	The	inner	measurement	of	strong	box	
was	1476mm×726mm×174	mm.	The	24mm	thickness	of	
thermo	Cole	was	using	for	insulation	on	sides	and	bottom	
of	strong	box.	The	22	gauge	thickness	of	aluminium	sheet	
was	 using	 for	 absorber	 plate.	 This	 aluminium	 sheet	was	
painted	by	black	dark	rubber	coated	paint	to	absorb	more	
and	 more	 heat.	 The	 two	 transparent	 window	 glass	 of	
5mm	 thickness	 was	 using	 for	 cover	 plate.	 All	 the	 three	
Types	 was	 using	 double	 glass	 cover.	 The	 two	 fans	 12v	
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each	 were	 using	 to	 force	 the	 air	 through	 the	 collector.	
These	 fans	 was	 connected	 on	 voltage	 divider	 in	 series	
connection	for	supply	and	maintain	the	speed	of	air.	The	
device	LM‐35	temperature	sensor	was	used	to	measuring	
the	temperature	at	any	point	in	SAHs	such	as	inlet,	outlet,	
absorber	 plate,	 within	 the	 glass	 plate,	 below	 the	 glass	
cover	 and	 absorber	 correspondingly.	 The	 device	 alcohol	
thermometer	 was	 using	 for	 measuring	 the	 environment	
temperature.	The	solar	flux	was	measured	by	solar	power	
meter	in	w/m2	on	both	horizontal	position	along	with	260	
angle.	The	air	velocity	of	SAHs	together	with	surrounding	
air	 velocity	 at	 outlet	 was	 measured	 by	 the	 Digital	
anemometer	 (METRAVI	 AVM‐05)	 device.	 The	 gapping	

between	 cover	 glass	plate	and	 container	box	was	pasted	
by	putty.	The	enrage	stick	was	used	to	make	certain	no	air	
gap	in	the	SAHs.	The	absorber	plate	was	situated	in	centre	
of	 the	 plywood	 strong	 box	 at	 127mm	depth	 from	 top	 of	
the	box.	

The	 interior	 of	 strong	 plywood	 box	was	 coated	 by	 dark	
black	 paint.	 In	 Type	 I	 absorber	 plate	 was	 completely	
situated	 in	 the	 centre	 of	 collector	 strong	 box.	 In	 Type	 II	
aluminium	 wire	 mesh	 were	 inserting	 on	 absorber	 plate	
and	each	aluminium	wire	was	coated	in	black.	In	Type	III	
aluminium	 fins	were	 attached	 in	 the	 absorber	 plate	 and	
each	fins	was	coated	by	dark	black	paint.	

	

Fig	‐1.1:	Outlook	representation	of	solar	air	heater	

	

Fig.‐1.2:	Simple	single	pass	SAHs	(Type	I)	

	

Fig.‐1.3:	Single	pass	SAHs	having	aluminium	wire	mesh	
(Type	II)	

	

	
	

Fig.‐1.4:	Single	pass	SAHs	having	aluminium	fins	(Type	
III)	
	

3. MEASUREMENT	PROCEDURE	
			
After	 putting	 in	 roof	 of	 ISBM	 Gyan	 viahr	 university,	
Jaipur;	 the	 three	 different	 Types	 of	 SAHs	 were	 gone	
working	 some	 days	 below	 weather	 conditions.	 The	
device	 LM‐35	 temperature	 sensor	 cables	 point	 was	
situated	 at	 different	 point	 of	 solar	 air	 heater.	 The	 solar	
air	 heater	 was	 bend	 260	 angle	 and	 south	 faced.	 The	
experimentation	of	SAHs	was	operated	in	the	clear	days	
of	 May‐June	 2015.	 The	 experiment	 was	 performed	
between	10	AM	to	3:30	PM.	The	reading	was	note	down	
at	the	period	of	30	minutes.	In	this	experiment	the	wind	
speed,	 air	 velocity	 at	 outlet,	 solar	 radiation	 (vertically	
260angle	and	horizontally),	inlet	and	outlet	temperature	
of	 heater,	 Ambient	 temperature,	 above	 glass	
temperature,	 absorber	 plate	 temperature	 and	 inner	
temperature	 were	 obtained	 or	 respective	
experimentation	 during	 the	 steady	 state	 stage	 	 by	
interval	 of	 30	minutes.	 	 The	device	 LM‐35	 temperature	
sensor	 was	 used	 to	 measuring	 the	 temperature	 at	 any	
point	 in	 SAHs.	 The	 solar	 flux	 was	 measured	 by	 solar	
power	meter	in	w/m2	on	both	horizontal	position	along	
with	 260	 angle.	 The	 air	 velocity	 of	 SAHs	 together	 with	
surrounding	air	 velocity	at	 outlet	was	measured	by	 the	
Digital	 anemometer	 (METRAVI	 AVM‐05)	 device.	 The	
device	alcohol	thermometer	was	using	for	measuring	the	
environment	 temperature.	 The	 bend	 angle	 of	 solar	 air	
heater	was	measured	by	Magnetic	base.	
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4. NOMENCLATURE	

SAH Solar	air	heater

Qu	 Collector	useful	energy	gain	(W)

I	 Solar	radiation	(W/m2)

Ac	 Surface	area	of	the	collector	(m2)

ṁ	 Mass	flow	rate	(kg/s)	

Cp	 Specific	heat	of	air	at	constant	pressure	(kJ/kg	K)	

Ta,	out 	Temperature	of	air	at	outlet

Ta,	in		 Temperature	of	air	at	inlet

Ρ	 Density	of	air	(kg/m3)

A	 Cross	section	area	of	pipe	at	exit	(m2)

V	 Velocity	of	air	at	exit	(m/s)

P	 Pressure	(N/m2)

Ν	 Specific	volume	(m3/kg)

R	 Specific	gas	constant	(	J/kgK)

ha	 Convective	heat	loss	for	air

Qtotal	 Total	heat	losses

λ	 Darcy‐ Weisbach	friction	coefficient

Ʃξ	 minor	loss	coefficient

Dp	 pressure	loss	(pa,	N/m2)

	 	

5. THERMAL	PERFORMANCE	ANALYSIS	

Thermal	 efficiency	 (η)	of	 the	 solar	 air	heater	 is	defined	
as	 the	 ratio	 of	 the	 useful	 energy	 gain	 to	 the	 solar	
radiation	incoming	to	the	solar	air	heater:	

η	=	Qu/I	Ac								 	 	 	 (1)	

Where	Qu	is	the	collector	useful	energy	gain	(W),	I	is	the	
solar	 radiation	 (W/m2)	 on	 the	 heater	 surface,	 Ac	 is	 the	
surface	area	of	the	collector	(m2).	The	useful	energy	gain	
(Qu)	can	be	calculated	by	following	equation:	

Qu	=	ṁCp	(Ta,	out	–	Ta,	in)	 	 	 (2)	

Where	ṁ	 is	 the	mass	 flow	rate	 (kg/s),	Cp	 is	 the	 specific	
heat	 of	 air	 at	 constant	 pressure	 (kJ/kg.K),	 Ta,	 out	 is	 the	
temperature	of	air	at	outlet,	Ta,	 in	 	 	 is	 the	temperature	of	
air	at	inlet.		

Putting	Qu	from	equation	(2)	in	equation	(1),	we	get:	

η	=	ṁCp	(Ta,	out	–	Ta,	in)/I	Ac	 	 (3)	
	 																																																																																																					

Equation	for	Mass	flow	rate	(ṁ)	is:	

ṁ=	ρAV							 	 	 	 (4)	

Where	 ρ	 is	 the	 density	 of	 air	 (kg/m3),	 A	 is	 the	 cross	
section	area	of	pipe	at	exit	(m2)	and	V	 is	 the	velocity	of	
air	at	exit	(m/s).		

Density	 of	 air	 (ρ)	 can	 be	 calculated	 by	 following	
equation:	

Pν=	RT				 	 	 (5)	

Where	P	is	the	pressure	(N/m2),	ν	is	the	specific	volume	
(m3/kg),	R	is	the	specific	gas	constant	(287	J/kg.K)	and	T	
is	the	temperature.		

ν	can	be	written	as:	

ν=	1/ρ																																						 	 (6)	

So,	equation	for	ρ	is:	

ρ=	P/RT			 					 	 	 (7)	
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Energy	losses:	

1/U	=	1/ha	+	dx1	/	k1	+	dx2	/k2	

Where,	

dx1	=	Thickness	of	thermo	Cole	

dx2	=	thickness	of	plywood	

k1			=	thermal	conductivity	of	thermo	Cole	

k2			=	thermal	conductivity	of	plywood	

Convective	heat	transfer	coefficient	(ha),	

ha	=	2.5(∆T)0.25		w/m2					(standard	value	for	ha)	

Qsides	=	UAc	(Ta,	out	–	Ta,	in)	

Qbottom	=	UAc	(Ta,	out	–	Ta,	in)		

Qtop	=	UAg	(Ta,	out	–	Ta,	in)	

Where,	

Ac	=	Area	of	collector	as	m2	

Ag	=	Area	of	glass	as	m2		

Qtotal	=		Qsides	+	Qbottom+	Qtop		

Qtotal	=			98.88	Watt	or	99	Joule/second	

Q	=	UA∆T	

Pressure	losses	can	be	calculated	as:						

dp	=	λ	(l/	dh)	(ρr	v2	/2)	+	Ʃξ	1/2	ρr	v2			

Where			

dp	=	pressure	loss	(pa,	N/m2)	

	λ		=		Darcy‐	Weisbach	friction	coefficient	

	l			=		length	of	container	

dh		=		diameter	(m)	

Ʃξ		=	minor	loss	coefficient		

Air	flow	can	be	calculated	as	

Q	=	πr2/4	×	exit	air	velocity	(m/s)	

For	Wire	mesh							

Area	of	Wire	mesh	=	6a2	(for	1	hole)	

For	Fins	

Length	of	fin	=	102	mm	

Width	of	fin		=	51	mm	

Area	of	1	fin		=	½	l×b	

6. RESULT	AND	DISCUSSIONS	

	

Fig.‐2.1:	Temperature	variation	with	time	for	Type	I	
collector	with	air	flow	rate	4.20	m/s	on	May	30,	2015	

	

Figure.‐2.2:	variation	of	Thermal	efficiency	(%)	with	
time	for	air	heater	Type	I	at	4.20	m/s	air	flow	rate	on	

May	30,	2015	

Figure‐2.1	 represents	 the	 30	 minutes	 interval	
temperature	 deviations	 and	 the	 velocity	 of	 exit	 air	was	
4.20	m/s	 in	 the	 testing.	 The	 secondary	 axis	 represents	
the	solar	flux	(w/m2).	The	maximum	solar	flux	obtained	
in	 everyday	 was	 965	 w/m2.	 While	 assumed	 it	 was	
increase	in	the	morning	to	a	greatest	value	998	W/m2	at	
noon	and	decrease	beginning	 in	afternoon.	The	average	
temperature	 at	 everyday	 on	 inlet/	 surrounding,	 outlet,	
absorber	 plate,	 inside	 glass	 surface,	 among	 glass	 and	
absorber,	was	measured	while	42.46,	71.40,	81.30,	78.80	
correspondingly.	 Every	 day	 average	 solar	 flux	 was	
obtained	as	800.76	w/m2.	The	average	thermal	efficiency	
was	determined	42.02	as	4.20	m/s.	The	variance	by	the	
average	outlet	and	inlet	temperature	of	Type	I	at	exit	air	
velocity	 4.20	 m/s,	 throughout	 the	 experiment	 in	
represents	in	figure	2.2.	

	

Figure	4.1:	average	thermal	efficiency	(%)	versus	time	
of	Type	I	and	Type	II	and	Type	III	at	4.20	m/s.	
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7. CONCLUSIONS	

A	detailed	experimental	study	was	conducted	to	evaluate	
the	energy	efficiencies	of	three	types,	Type	I,	Type	II	and	
Type	III	solar	air	heaters.	According	to	the		to	the	result	
of	 the	 experiments,	 the	 single	 flow	 solar	 air	 heater	
having	 aluminum	 wire	 mesh	 and	 single	 flow	 solar	 air	
heater	 having	 aluminium	 fins	 introduced	 for	 increasing	
the	 heat‐transfer	 area	 	 at	 exit	 air	 velocity	 4.20	 m/s,	
leading	 to	 improved	 thermal	 efficiency.	 The	 maximum	
thermal	 efficiency	 is	 measured	 by	 46.12%	 in	 type	 III	
SAHs.	
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