
HEAT	EXCHANGERS	

The	process	of	heat	exchange	between	two	fluids	that	are	at	different	temperatures	and	separated	by	a	
solid	 wall	 occurs	 in	many	 engineering	 applications.	 The	 device	 used	 to	 implement	 this	 exchange	 is	
termed	a	heat	exchanger,	and	specific	applications	may	be	found	in	space	heating	and	air-conditioning,	
power	production,	waste	heat	recovery,	and	chemical	processing.	
	

HEAT	EXCHANGER	TYPES	

Heat	exchangers	are	typically	classified	according	to	 flow	arrangement	and	type	of	construction.	The	
simplest	heat	exchanger	is	one	for	which	the	hot	and	cold	fluids	move	in	the	same	or	opposite	directions	
in	a	concentric	tube	(or	double-pipe)	construction.	In	the	parallel-flow	arrangement,	the	hot	and	cold	
fluids	enter	at	the	same	end,	flow	in	the	same	direction,	and	leave	at	the	same	end.	In	the	counterflow	
arrangement,	the	fluids	enter	at	opposite	ends,	flow	in	opposite	directions,	and	leave	at	opposite	ends.	
Alternatively,	the	fluids	may	move	in	cross	flow	(perpendicular	to	each	other),	as	shown	by	the	finned	
and	unfinned	tubular	heat	exchangers.	
	

	

	

	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
Another	common	configuration	is	the	shell-and-tube	heat	exchanger.	Specific	forms	differ	according	to	
the	number	of	shell-and-tube	passes,	and	the	simplest	form,	which	involves	single	tube	and	shell	passes.	
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A	special	and	important	class	of	heat	exchangers	is	used	to	achieve	a	very	large	(400	m2/m3	for	liquids	
and	 700	m2/m3	for	gases)	heat	transfer	surface	area	per	unit	volume.	
	

The	Overall	Heat	Transfer	Coefficient,	U	

An	essential,	and	often	the	most	uncertain,	part	of	any	heat	exchanger	analysis	is	determination	of	the	
overall	heat	transfer	coefficient.	Recall	from	Equation	3.19	that	this	coefficient	is	defined	in	terms	of	
the	total	thermal	resistance	to	heat	transfer	between	two	fluids.	In	Equations	3.18	and	3.36,	the	
coefficient	was	determined	by	accounting	for	conduction	and	convection	resistances	between	fluids	
separated	by	composite	plane	and	cylindrical	walls,	respectively.	For	a	wall	separating	two	fluid	
streams,	the	overall	heat	transfer	coefficient	may	be	expressed	as	
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where	m=(2h/kt)1/2	and	t	is	the	fin	thickness	

For	the	unfinned,	tubular	heat	exchangers:		

	

	

	

	

	
	
where	subscripts	i	and	o	refer	to	inner	and	outer	tube	surfaces	which	may	be	exposed	to	either	the	hot	
or	the	cold	fluid.	
	
Heat	Exchanger	Analysis:	Use	of	the	Log	Mean	Temperature	Difference	
	
To	design	or	to	predict	the	performance	of	a	heat	exchanger,	it	is	essential	to	relate	the	total	
heat	transfer	rate	to	quantities	such	as	the	inlet	and	outlet	fluid	temperatures,	the	overall	heat	
transfer	coefficient,	and	the	total	surface	area	for	heat	transfer.	
	

		
	
since	T	varies	with	position	in	the	heat	exchanger,	it	is	necessary	to	work	with	a	rate	equation	of	the	
form	where	 Tm	is	an	appropriate	mean	temperature	difference.	
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The	Parallel-Flow	Heat	Exchanger	
	
The	hot	and	cold	mean	fluid	temperature	distributions	associated	with	a	parallel-flow	heat	exchanger	
are	shown	in	Figure.	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	
The	energy	balances	and	the	subsequent	analysis	are	subject	to	the	following	assumptions:	
	
1.	 The	 heat	 exchanger	 is	 insulated	 from	 its	 surroundings,	 in	 which	 case	 the	 only	 heat	 exchange	 is	
between	the	hot	and	cold	fluids.	
2.	Axial	conduction	along	the	tubes	is	negligible.	
3.	Potential	and	kinetic	energy	changes	are	negligible.	
4.	The	fluid	specific	heats	are	constant.	
5.	The	overall	heat	transfer	coefficient	is	constant.	
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The	Counterflow	Heat	Exchanger	
	
	
The	 hot	 and	 cold	 fluid	 temperature	 distributions	 associated	with	 a	 counterflow	 heat	 exchanger	 are	
shown	in	Figure	11.8.	 In	contrast	to	the	parallel-flow	exchanger,	this	configuration	provides	 for	heat	
transfer	between	the	hotter	portions	of	the	two	fluids	at	one	end,	as	well	as	between	the	colder	portions	
at	the	other.	For	this	reason,	the	change	in	the	temperature	difference,	 ∆T	=	Th	-Tc,	with	respect	to	x	is	
nowhere	as	large	as	it	is	for	the	inlet	region	of	the	parallel-flow	exchanger.	
	
	
The	hot	and	cold	fluid	temperature	distributions	associated	with	a	counterflow	heat	
exchanger	are	shown	in	Figure	
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Heat	Exchanger	Analysis:	The	Effectiveness–NTU	Method	
	

It	is	a	simple	matter	to	use	the	log	mean	temperature	difference	(LMTD)	method	of	heat	exchanger	
analysis	when	the	fluid	inlet	temperatures	are	known	and	the	outlet	temperatures	are	specified	or	
readily	determined	from	the	energy	balance	expressions.	The	value	of	 ∆T	m	for	the	exchanger	may	
then	be	determined.	However,	if	only	the	inlet	temperatures	are	known,	use	of	the	LMTD	method	
requires	a	cumbersome	iterative	procedure.	It	is	therefore	preferable	to	employ	an	alternative	
approach	termed	the	effectiveness–NTU	(or	NTU)	method.	
	
	
Number	of	transfer	units	=	NTU	
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