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31	JAHRGÃƒÂ¤nge	1999	â	€	"2020	This	series	of	books	publishes	monographs	and	professional	books	in	all	fields	of	heat	and	mass	transfer,	presenting	interrelations	between	scientific	bases,	experimental	techniques,	analysis	of	the	results	based	on	models	and	their	transfer	to	technological	applications.	The	authors	are	all	the	main	experts	in	their
fields.	Heat	and	Mass	Transfer	is	aimed	at	professionals	and	researchers,	students	and	teachers.	Its	objective	is	to	provide	basic	knowledge	and	practical	solutions,	while	encouraging	the	debate	and	calls	attention	on	essential	synergies	to	launch	new	research	projects.	Select	all	/	Deselect	Allly	does	not	have	access	to	this	book,	but	you	can	purchase
chapters	separated	directly	from	the	index	or	buy	the	full	version.	Applications	in	a	flexible	format,	Heat	and	Mass	Transfer:	Fundamentals	and	Applications,	from	Yunus	Cengel	and	Afshin	Ghajar	offers	the	perfect	blend	of	basics	and	applications.	The	text	provides	a	very	intuitive	and	practical	understanding	of	the	material	by	emphasizing	the
physical	and	the	underlying	physical	phenomenon	involved.	This	text	covers	the	standard	themes	of	heat	transfer	with	heaviness	in	physics	and	daily	applications	in	the	real	world,	while	developing	the	mathematical	aspects.	This	approach	is	designed	to	take	advantage	of	the	intuition	of	students,	making	the	easiest	and	most	attractive	learning
process.McGraw-Hillâ	€	™	s	Connect,	it	is	also	available	as	an	optional	element.	Connect	is	the	only	integrated	learning	system	that	trains	students	continuously	to	offer	exactly	what	they	need,	when	they	need	it,	how	they	need	it,	so	that	class	time	is	more	effective.	Connect	allows	you	to	assign	assign	assignments,	exams	and	exams	easily	and
automatically	grade	and	record	the	scores	of	the	student’s	work.	Problems	are	randomized	to	prevent	prevent	answers	and	can	also	have	a	“multi-step	solution”,	which	helps	to	move	the	learning	of	students,	if	they	experience	difficulties.	All	the	topics	of	advanced	heat	transfer	and	heat	transfer	relevant	to	heat	conduction,	convection,	radiation	and
multi-stage	transport	phenomena	are	covered	in	a	single	textbook,	and	are	explained	from	a	fundamental	point	of	view.	The	book	presents	integral,	differential,	and	generalized	mean	formulations	for	the	equations	of	transport	phenomena.	The	book	employs	a	top-down	approach.	For	example,	emphasize	the	basic	physics	of	the	problem	by	starting
with	a	general	government	equation	and	narrowing	it	down	for	the	particular	problem.	Instead	of	being	contained	in	an	individual	chapter,	mass	transfer	is	integrated	throughout	the	book.	Modern	applications	of	heat	and	mass	transfer,	for	example.	Nanotechnology,	biotechnology,	energy,	materials	processing,	etc.,	are	emphasized	through	examples
and	task	problems.	The	fundamentals	of	the	numerical	approach	are	discussed	to	ensure	that	students	understand	the	basis	and	limitations	of	these	methods.	Topics	that	are	missing	from	most	of	the	other	books	are	integrated	into	colloquial;	e.g.	porous	media,	micro-scale,	heat	transfer	and	multi-component	multi-phased	systems.	The	book	presents
all	forms	of	phase	changes,	which	include	boiling,	condensation,	fusion,	solidification,	sublimation	and	vapor	deposition	from	a	perspective	in	the	context	of	fundamental	treatment.	The	molecular	approach	to	describing	transport	phenomena	is	also	discussed,	along	with	the	connection	between	microscopic	and	molecular	approaches.	Heat	and	mass
transfer	can	be	found	in	many	applications	ranging	from	the	design	and	optimization	of	traditional	engineering	systems,	such	as	heat	exchangers,	the	turbine,	the	electrical,	heat	pipes	and	food	processing	equipment,	up	to	emerging	technologies	in	sustainable	energy,	biological	systems,	security,	Information	Technology	and	nanotechnology.	The
purpose	of	this	textbook	is	to	the	subject	of	heat	and	mass	transfer,	emphasising	the	important	progress	made	in	this	field	over	the	last	decade,	while	emphasising	the	basic	and	fundamental	principles.	It	provides	advanced	and	relevant	heat	and	mass	transfer	materials	in	a	single	volume	for	undergraduate	and	graduate	students	instead	of	relying	on
multiple	books.	Engineering	students	in	a	wide	variety	of	engineering	disciplines	â​​	from	mechanical	and	chemical	to	biomedical	and	materials	engineering	â​​	must	master	the	principles	of	heat	and	mass	transfer	as	an	essential	tool	for	analyzing	and	designing	any	system	or	systems	where	heat	and	mass	are	transferred.	This	textbook	was	developed	to
meet	that	need,	with	a	clear	presentation	of	the	fundamentals,	broad	sets	of	problems	to	reinforce	that	knowledge,	and	tangible	examples	of	how	that	knowledge	is	used	in	engineering	design.	Professional	engineers,	too,	will	find	this	invaluable	book	as	a	reference	for	everything	from	the	traditional	to	the	emerging	heat	and	mass	transfer	system.
Contents:	Introduction;	Generalized	Regent	Equations;	Conduction	of	Heat;	External	Convective	Heat	Transfer	and	Mass	Transfer;	Internal	convective	heat	transfer;	Natural	convection;	Condensation	and	Evaporation;	Ebullizion;	Fundamentals	of	Thermal	Radiation;	Heat	Transfer	by	Radiation.	Page	2	Advanced	Heat	and	Mass	Transfer	Amir	Faghri,
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have	been	published	in	the	last	decades.	The	field	of	heat	transfer	and	mass	has	advanced	many	times	during	its	evolution	due	to	the	development	of	new	knowledge,	techniques	and	applications.	If	the	evolution	of	our	comprehension	of	thermally	and	mass	transfer	is	examined,	it	is	observed	that	the	first	phase	was	dominated	by	the	development	of
experimental	results	and	correlations,	as	well	as	techniques	for	conventional	problems	related	to	the	time,	the	Heat	and	mass	transfer,	with	primordial	hell	in	non-dimensional	analysis.	The	second	phase	consisted	mainly	in	the	development	of	simple	theoretical	tools	to	predict	these	classical	results	using	concepts	such	as	the	theory	of	the	limit	layer
and	cinctic	theory,	which	provide	very	useful	physical	information	and	effective	designer	tools	for	the	Termic	engineers	in	exercise.	The	third	phase	began	with	the	development	of	large	digital	computing	computers	and	more	efficient	computing.	We	were	able	to	develop	a	much	better	physical	understanding	of	the	complex	heat	problems	and	mass
transfer	through	the	use	of	such	tools.	In	addition,	the	most	advanced	experimental	measuring	techniques,	including	optical	and	data	acquisition	systems,	generated	a	large	amount	of	experimental	data	in	the	field	of	heat	transfer	and	mass.	As	we	move	towards	the	fourth	phase,	we	must	realize	the	challenges	and	opportunities,	such	as	the	immediate
and	easy	availability	of	resources	at	hand	through	the	Internet	from	anywhere	in	the	world.	Second,	we	can	not	continue	as	before,	that	is,	the	focus	of	cooking	books	used	in	the	elaboration	of	some	of	the	existing	textbooks.	We	must	integrate	innovation,	critical	thinking	and	relevance	in	our	textbooks	to	train	21st	century	engineers	in	a	globally
competitive	market.	On	the	other	hand,	most	applications	in	the	field	of	heat	and	mass	transfer	have	been	traditional	energy	and	thermal	engineering	and	conventional	energy	systems,	as	well	as	space	activities.	Modern	technologies	and	new	applications,	such	as	nanotechnology,	biotechnology,	energy,	materials	processing	and	information
technology,	are	likely	to	play	an	important	role	in	curriculum	development	in	the	coming	years.	Globally,	universities	need	to	better	align	heat	and	mass	transfer	in	engineering	curricula,	as	well	as	the	nature	of	academic	experiences,	with	the	challenges	and	opportunities	that	engineers	will	face	in	this	digital	environment.	Traditionally,	heat	and	mass
transfer	at	the	graduate	level	is	taught	in	four	separate	courses:	heat	conduction,	convective	heat	transfer,	mass	transfer,	and	advanced	heat	and	mass	transfer	Amir	Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	©	2010	Global	Digital	Press	radiation.	The	material	covered	by	these	courses	is	quite	extensive,	although	some	of	them	are	even
irrelevant.	Graduate	students	do	not	receive	an	appropriate	exposure	to	topics	related	to	modern	emerging	technologies.	An	advanced	textbook	covering	all	relevant	topics	(thermal	conduction,	convective	heat	transfer,	mass	transfer,	radiation	and	multiphasic	phenomena)	is	not	currently	available	in	a	single	volume.	We	therefore	hope	that	this	text
will	help	to	fill	that	gap.	There	are,	of	course,	excellent	generalized	undergraduate	textbooks,	as	well	as	advanced	postgraduate	level	books	on	individual	subjects.	However,	due	to	curricular	limitations	or	the	small	size	of	the	faculty,	several	universities	are	offering	individual	courses	that	cover	all	of	these	intermediate	and	advanced	topics	of	heating
and	mass	transfer.	The	purpose	of	this	textbook	is	to	introduce	the	theme	of	of	heat	and	mass,	focusing	on	the	important	advances	achieved	in	this	area	during	the	last	decade,	at	the	same	time	highlighting	the	basic	and	fundamental	principles.	Therefore,	we	hope	to	provide	a	unique	textbook	that	can	use	these	courses,	in	order	to	avoid	the	need	to
use	several	textbooks.	A	A.	The	solutions	manual	and	the	PowerPoint	presentation	package	are	only	provided	to	the	instructors	adopting	the	book	for	the	course.	As	authors,	we	wish	to	express	our	thanks	to	the	following	postdoctoral	fellows	and	postgraduate	students	who	generously	reviewed	individual	chapters	based	on	their	experience,	and
provided	suggestions	for	improvements	and	corrections	needed:	H.	Bahrami,	J.	Huang,	H.	Shabgard,	n	.	Sharifi,	S.	Wang,	and	J.	Zhou.	In	addition,	we	want	to	recognize	the	contributions	of	the	students	in	recent	years,	who	learned	from	the	manuscripts	of	which	this	book	emerged.	This	textbook	has	been	prepared	for	use	as	an	advanced
undergraduate	or	postgraduate	level	textbook	on	heat	transfer	and	mass	for	various	disciplines.	We	recognize	a	new	trend	in	several	universities	to	offer	a	unique	course	on	advanced	heating	and	mass	transfer,	so	we	have	tried	to	cover	the	materials	that	various	disciplines	may	wish	to	include	in	that	course.	The	authors	were	lucky	enough	to
elaborate	textbooks	on	previous	physical	transfer	on	various	topics,	so	some	of	the	materials	have	been	taken	from	those	sources.	We	appreciate	your	suggestions,	comments	and	criticism.	Amir	Faghri	Yuwen	Zhang	John	Howell	Preface	XIII	Amir	Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	Ã,	2010	Global	Digital	Press	Nomenclature	BO	BO	BRQ
CCC	CF	CI	CP	CV	C	CD	CF	D	DDDD	DH	DIJ	DIJ,	M2	Number	of	Biota,	HL	/	K	(K	is	the	common	conductivity	of	the	solid)	Bond	number,	(Ã¯â	€	™	tâ¬¬	Ã	¢	Ã	¢	Ã	âri	Ã	â)	BRINKMAN,	ÃŽ1Â	"4	UM	/	[K	(TS	Ã	¢	Ã	¢	Â	|	²	²	TC)]	2	BRINKMAN	Number	of	heat	flow,	Ž1Â"	4	UM	/	(QW	D)	Specific	heat	,	J	/	(KG-K);	speed	of	molecular	random	movement,	m	/	s;
Sound	speed,	m	/	s	particles	speed	(m	/	s)	molar	concentration	of	the	friction	factor	of	the	ITH	species,	KMol	/	m3	Specific	heat	of	constant	pressure,	J	/	kg-K	Specific	heat	A	Constant,	J	/	KG-K	Heating	Capacity,	J	/	KG-K	Trail	friction	coefficient	Coefficient	of	pressure	pressure-diffusion,	M;	self-defusiness,	self-defusiness,	tensor	diffusion	conductance
rate	deformation,	1/s	hydraulic	diameter,	m	binary	diffusivity,	m2/s	Maxwell-Stefan	diffusivity,	m2/s	Ã	̄Â¦	Â”	ij	DiT	e	E	E	Â¦	f	multicomponent	diffusivity	Fick,	m2/s	diffuse	multi-component	thermal	viability,	m2/s	specific	internal	energy,	J/kg;	kinetic	energy	Molecules,	J	internal	energy	or	surface	free	energy,	J;	emissive	power,	W/m2;	electric	field
vector	total	energy,	coefficient	friction	J;	wave	frequency,	1/s	,	molecular	velocity	distribution	function.	force,	N;	Helmholtz	free	energy,	J/kg-K;	flow	through	a	control	volume	surface	force	vector,	N	F	xiv	Advanced	Heat	and	Mass	Heat	and	Mass	transfer	Amir	Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	Â©	2010	Global	Digital	Press	F0-ÉÂ”T	FA-
B	Fo	Fr	g	G	Gr	Gz	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	h	hm	hm	,G	black	body	fraction	configuration	factor	between	surfaces	A	and	B	Fourier	Number,	Â±	t	/	L2	Froude	number,	U	/	gL	or	U	2	/	(gL)	gravitational	acceleration,	m/s2;	specific	Gibbs	free	energy,	J/kg	Gibbs	free	energy,	J;	coupling	factor,	W/m3-K;	irradiance,	W/m2	Grashof	number,	g	é2
éÂ¦TL3	/Ã©1â​​2	2	Graetz	number	heat	transfer	coefficient,	W/	(m2-K);	enthalpy	specific,	J/kg	mean	heat	transfer	coefficient,	W/m2-K	mean	enthalpy	of	the	multiphase	mixture,	J/kg	latent	heat	of	vaporization,	J/kg	modified	latent	heat	of	vaporization,	J/kg	convective	mass	transfer	coefficient,	m/s	mass	transfer	coefficient	in	section	of	non-condensable
gas,	m/s	hsÃ	̄Â¬	hsv	H	I	0	I1	I	J	J0	J1	Ji	J*	i	Ja	latent	heat	of	fusion,	J/kg	latent	heat	of	sublimation,	J/kg	enthalpy,	J;	height,	m;	Henry’s	constant;	magnetic	field	magnetic	field	vector	intensity,	W/m2-sr;	electric	current,	modified	Bessel	function	of	the	first	type	of	Modified	Bessel	of	the	first	type	of	the	total	flow	of	the	first	identity	tensor	(diffusion	+
convection);	Radiosity,	(w	/	m2)	BESSEL	function	of	the	first	type	of	order	zero	bessel	function	of	the	first	type	of	basic	flow	first	order	of	the	ITH	species	in	relation	to:	with:	Velocity,	MOLAR	FLUGE	DE	KG	/	M2-S	of	IT	species	in	relation	to	molar-averaged	velocity,	the	jakob	number	of	Kmol	/	M2-S,	CP	Ã	Â”T/HÃ	Â¬V	thermal	conductivity,	W/	(MK)
Thermal	conductivity	tensor,	W	/	(MK)	Modified	Bessel	function	of	the	second	type	of	the	Zero-modified	Bessel	function	of	the	second	type	of	the	first	class	of	the	Boltzmann	constant,	the	curvature	of	the	interface	J	/	K,	1	/	M;	Permeability,	m2;	Dielectric	Constant	Arrhenius	Constant	Momentum	Exchange	Coefficient	between	phases	J	and	K,	KG	/	(M3-
S)	Kapitza	number,	Â1⁄4Ã	̄	Â¬4	g	/	[	(Ã	̄	Â¬	̄	̄	̄	v)	Ã	̄	̈	3]	Knudsen	number,	Ã	Â”/	l	(characteristic)	length,	mkk	kb	k0	â	̈¬	Â2	kjk	ka	k	k	k0	k0	k1	nomenclature	XV	Amir	Faghri,	Yuwen	Zhang,	and	John	Howell	Copyright	Â©	2010	Global	Digital	Press	le	lb	lewis	number,	Â±	/	d	bubble	or	scalar,	Ã	̄Æ		/	[g	(Ã	̄	Ã	̄	g)	],	m	the	m	Ã	̄	Ã	̄	â	̄	â	̄	â	̄	̄	â	̄	̄	â	̄	â	̄	â	̄	â	̄	â	¬	̄	â	̄	â	̄
â	¬	¢	ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ	t	q	Q	QÃ¢	Â2	QÃ¢	Â2	Â2	Â2	qmax	Â2	Â2	qmin	mass	mean	beam	length,	kg;	Exponent	on	the	flow	over	a	wedge	mass	flow	velocity,	an	absolute	mass	flow	of	kg/s	in	relation	to	the
stationary	coordinate	system,	mass	flow	vector	kg/m2-s,	mass	source	kg/m2-s	per	unit	volume,	kg/m3-s	molecular	mass,	kg/kmol;	Number	of	hollow	surfaces	in	the	Mach	number,	U/C	number	of	moles;	number	of	horizontal	tubes	in	a	matrix;	Refractive	index	Complex	refractive	index,	N	Ê	’IÃ®Âo	Unit	Normal	Vector	Number	of	vector	of	vapor	bubbles
released	per	unit	area	and	cycle	of	release,	1	/	m2	Conducting	/	Radiation	Parameter,	Distributed	Liquid	droplet	size	ratio	KÃ®'	/	ÃÆ​TREF3W2,	1	/	M3	Number	of	Mondays	for	the	ITH	component	in	a	multi-component	system	Absolute	molar	of	the	ITH	component	With	relation	to	the	stationary	coordinate	system,	the	number	of	of	KMOL	/	S,	the
quantity	of	molecules	of	density	of	number	of	Avogadro	molecules	(1	/	Mol)	of	density	of	Avogadro	number	Nucleation	sites	NUSUSTELT	number,	NUSUST	LOCAL	number	HL	/	K	Pressure	HX	X	/	K,	PA;	Number	of	singular	values	retained	Peclet	pressure	correction	pressure	UL	/	ÃŽÂ	±	Number	of	prandtl,	ÃŽ1Â	"2	/	ÃŽÂ	±	Number	of	turbulent
prandtl	calorific	speed,	w	calorific	speed	per	unit	of	length,	w	/	m	calorific	flow,	w	/	m2	maximum	caloric	flow	(critical)	in	boiling,	w	/	m2	minimum	caloric	flow	in	a	boil,	W	/	m2	Internal	caloric	generation	W	/	M2	per	unit	of	calorific	generation,	W	/	M	3	Total	transfer	of	heat,	j;	TDMA	coefficient;	Volumetric	Flow,	M3	/	S	Fondensional	Radiative	Flow,
QÂ	»/	âƒTref4	Ã	¢	â	€	2	¢	â	€	2	QSolar	Constant,	1368	W	/	M2	QÃ	¢	â	€	2	¢	â	€	2	¢	â	€	2	q	»XVI	Advanced	Heat	and	Mass	Transfer	Amir	Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	Â	©	2010	Global	Digital	Press	RR	REFF	R	RB	RC	RCÃ	¢	â	€	2t	Re	RG	Ã	¢	ìj	RuSer	Rmen	RR	RV	RÃŽ	'RA	Re	S	Ã¯â	€	¢	â	€	¢	â	€	2	â	€	2	S	SC	radial	coordinate,	m
residual	vector;	Vector	location	on	the	efficient	radius	surface	of	the	PORO,	M	Radio,	M;	Curv	Radio	Nature,	M;	Adimensional	Radio,	R	/	RI;	Electric	resistance,	ohm;	TÃ	©	ric	resistance,	K	/	W;	Residual	Radio	Bubbles,	M	Contact	Urmal	Resistance	(M2-K	/	W)	Constant	Gas	Resistivity	ELÉTRICA,	RU	/	M,	KJ	/	KG-K	Net	Reaction	Rate	of	the	Ahaba
Chemical	Reacciation	Radio	Bending	from	Menisco,	M	Size	Characteristic	of	Micro	Roughness,	M	gas	constant	gas,	8,3144	KJ	/	kmol-k	Steam	spatial	radius,	m	interfacial	tissue	resistance,	m2-k	/	w	Number	of	Rayleigh	,	G	ÃŽ2	ÃŽÂ	|	TL3	/	(ÃŽ1Â	"2ÃŽÂ	±)	Number	of	Reynolds,	UL	/	ÃŽ1Â"	2;	4Ã	žâ	€	²	/	ÃŽ1Â	"4Ã¯Â	|	¬	(for	Specific	Entropy	Cond	film,	J	/
(KG-K);	Space	variable;	m;	Location	of	the	interface,	M	Entropy	generation	rate	per	unit	volume,	w	/	kg-k-m3	entropy,	j	/	k;	red	rhine	of	the	source	in	numbean	solution;	location	of	the	non-dimensional	interface,	S	/	L;	Solubility,	KMol	/	pa-m3;	Position	along	the	path	vector	of	the	path.	Single	values	​​matrix	Number	of	Schmidt,	ÃŽ1Â	"2	/	D;	sub-cooling
parameter,	c	PS	(TM	Ã	Ã	Ã	Ã	Ã	Ã	Ã	â	€	²)	/	HSÃ¯Â	|	¬	Number	of	Sherwood,	HM	L	/	D12	Stanton	Number,	H	/	(ã	|	C	PU)	Stefan	Number,	CP	TW	Ã	¢	ì	TM	/	HSÃ¯Â	|¬	Lf/time,	s	unit	tangential	pulse	vector	laser	duration,	temperature	s,	melting	point	K,	saturation	temperature	K,	wall	temperature	K,	ambient	temperature	K,	velocity	K	K	X-Direction,
Speed	of	M/S,	M/S;	Number	of	Unknown	Configuration	Factors	Orthogonal	Matrix	Medium	Speed,	M/S	SH	St	STE	SR	TT	TP	TTM	TSAT	TT	TP	TTM	TSAT	TW	TÃ¢	Uuu	Nomenclature	XVII	Amir	Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	Â©	2010	Global	Digital	Press	â​	UU	*	UB	UC	UF	Pseudovelocity	In	the	X	direction,	the	M/S	speed	based	on
the	guessed	pressure,	the	scan	speed	of	the	M/S	laser	beam,	the	critical	Helmholtz	speed	of	M/S,	the	friction	speed	M/S	1/2,	(Ã	̄	“w/Ã	̄	Ã	̄¬)	Average	Velocity,	specific	volume	of	M/S,	M3/kg;	velocity	in	the	y	direction,	m/s;	Radial	velocity,	m	/	s;	or	vapor	velocity	along	the	Ã	Â·	-COORDINE,	M	/	S	Volume,	Speed	Vector	M3,	M	/	S;	Orthogonal	matrices	Ã
Æ	|Ã©	KÃ	̄Æ		Â¶	Average	velocity	vector	of	masses,	Ã	̄Æ	Â§	Ã	̄Æ	Î±	k	Ã	̄	k	vk	Ã	̄Æ		̄,	m	/	s	Ã	̄Æ		k	=	1	Ã	̄Æ		̧	pseudovelocity	in	the	y-direction,	M	/	S	velocity	based	on	the	guessed	pressure,	M	/	S	velocity	in	the	Z-direction	or	axial	velocity	,	M/S,	the	specific	work,	the	pseudo-speed	J/kg	in	the	Z	direction,	the	speed	of	M/S	based	on	the	guessed	pressure	,	axial
velocity	of	liquid	phase	M/S,	axial	velocity	of	vapor	phase	M/S,	wave	velocity	M/S,	work	of	M/S,	J;	width	of	the	cavity,	m;	Width	of	a	capillary	groove,	M.	Weber	Number,	Ã	̄	U	2	L	/	Ã	̄Æ		Womersley	Number,	Ã	̄	R	2	/	Ã	ANÂ1⁄2	CARTESIA	COORDIN,	molar	fraction	Molar	of	the	coordinate	of	material	of	species	i,	M;	coordinate	without	dimensions,	body
force	X/L	per	unit	of	mass	acting	on	the	species	i	in	the	phase	of	KTH,	the	Cartesian	coordinate	M/S2,	the	material	coordinate	M,	the	Bessel	function	of	the	second	type	of	the	Bessel	function	of	the	second	type	of	first	order	Cartesian	coordinates,	axial	coordinates,	coordinate	m	of	material,	m	um	v	VV	Ã	̄	V	e	vv	*	w	e	ww	*	Wi	Â¬	wv	ww	W	Nos	Wr	x	xi
X	Xk,	iy	Y	Y0	Y1	Z	Z	Greek	symbols	Â±	thermal	diffusivity,	m2	/	s;	relaxation	factor;	coefficient	accommodation;	Absorption	of	a	surface	Î±	(s)	Absorption	of	the	wedge	medium	of	half	participant,	rad;	coefficient	of	thermal	expansion,	1	/	k;	Contact	angle	measured	in	degrees;	attenuation	coefficient,	Ã®Âo	+	Ã	̄Æ	s	Î2m	composition	volume	coefficient
volume	xviii	Advanced	Heat	and	Mass	Transfer	Amir	Faghri,	Yuwen	Zhang,	and	John	Howell	Copyright	©	2010	Global	Digital	Press	Ã©3	Ãzec	Ã©'+	Ã'*	èÂ​	general	diffusion	coefficient;	liquid	mass	flow	per	unit	width,	kg/m-s	Angle	of	electric	permitivity	of	the	refractive	rate	limit	layer	thickness,	thickness	of	the	liquid	or	vapor	film,	m;	depth	of	thermal
penetration,	m;	depth	of	penetration	by	long	irradiation	be,	m;	thickness	of	the	deposited	film,	m;	thickness	of	the	surface	element,	m;	thickness	of	the	non-dimensional	film	Kronecker	delta,	Ã'	u	f	/Ã1â		2	Ã	̄¬	thickness	of	the	non-dimensional	film,	Ã'	/	LF	,	or	Ã'	(Ã1â			2	Ã	̄Â¬2	/	g)	Ã	Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â		Â	
dimensionless,	Ã'	/	(Ã©Â±1	ÃÂ¦1hsÃ	̄...	Â¬	/q0);	thickness	of	the	dimensionless	liquid	layer	in	contact	melting,	Ã'	/	W	thickness	of	the	thermal	limit	layer,	m	time	interval	for	the	average	time;	time	passage	in	solution	numerical,	s	half	the	width	of	the	phase	change	temperature	range,	K;	temperature	difference,	volumetric	element	K	for	the	volume
mean,	m3	of	porosity;	volumetric	fraction;	emissivity;	emissivity;	emissivity;	emissivity;	emissivity;	diffusivity;	Diffusivity	of	the	momentum	parasite,	Thermal	diffusivity	of	the	parasite,	Emitance	m2/s	of	the	variable	variable	medium	dimensionless	for	binary	solidification,	X	/	(2	Ãâ​2);	dimensionless	coordinate,	y	/	Ã';	normal	coordinate	at	the	solid-liquid
interface,	m	end	angle	of	inclination	of	efficiency,	rad;	Contact	angle	or	humidity,	rad;	dimensionless	temperature;	spherical	angle	coordinates	the	excess	temperature,	K	own	function	contact	angle	obtained	from	the	meniscus	contact	surface	roughness	model,	m;	imaginary	component	of	the	complex	refractive	index;	absorption	coefficient	(m-1)	mean
absorption	coefficient	of	Planck	(m-1)	mean	free	path,	m;	wavelength,	m;	constant	Change	of	single-liquid	phase,	S	/	(2	...	1/2)	Critical	wavelength	M	Dangerous	wavelength,	m	Dynamic	viscosity	of	the	own	value,	kg	/	(m-S);	Chemical	potential,	j	/	mol;	Magnify	permeability	Ã	â	«Ã	ž	ã	ž	§	Ã	§	ÃŽÂ	Ž	Ãžâ»	Ãžâ	»Ãžâ	Ã	â	€	œ	4	Nomenclature	XIX	Amir	Amir
Yuwen	Zhang,	y	John	Howell	Copyright	Â©	2010	Global	Digital	Press	2	years	kinematic	viscosity,	m2/s;	frequency	(Hz);	C2	/	ÃÂ”T	number	of	phases	surface	pressure,	N/m2	dimensionless	flow	function;	pH	2O	/	(pH	2O	+	pCO2)	density,	kg/m3;	reflectivity	of	a	surface	mass	concentration	of	species	i,	kg/m3	surface	tensile	force,	N/m;	collision	diameter,
dispersion	coefficient,	(m-1)	Stefan-Boltzmann	constant,	5.67	Ã​Â​	10â¢Ã·8	W/m	2	-K	4	ÃÂ¦i	ÃÂ¦	shear	stress,	N/m2;	thermal	relaxation	time,	s;	dimensionless	time,	Â¦t	/	L2;	optical	thickness	ÃÂ”	(S)	transmittance	of	the	stress	tensor	of	the	participating	medium,	N/m2	viscous	stress	tensor,	N/m2	Ã”w	wall	shear	stress,	N/m2	Ã”	potential	Lennard-Jones,	J;
specific	value	of	the	general	property,	ÃÂ¦;	angle	of	inclination;	Circumferential	angle	in	sp	Sp	Spherical	coordinates	is	variable	of	similarity;	dependent	variable	in	the	fuel	of	spherical	droplets	is	general	property	dispersion	phase	function	function	function	flow	function,	m2/s	blood	perfusion	rate	angular	frequency	(s-1);	albedo,	[Éo/	(ÃÂ​s	+	ÃÃ©o)	]
Â¦	the	physical	fraction	of	the	species	i	is	the	general	quantity	of	the	vector;	surface	tension	parameter;	Solid	angle,	esterradians	Ã¢	Â​	Laplace	operator	vector	Sub-indices	0	reference	variables;	initial	condition;	deposit	conditions;	vacuum	B	lower	neighbor	grid	control	point	volume	face	to	the	lower	part;	blood;	blackbody	application	apparent	value	c
critical	point,	condenser	capillary	cut	value	E	east	neighboring	point	and	equilibrium;	evaporator;	control	volume	facing	the	top	final	effective	value	f;	fuel;	fine	film	i	ith	component;	initial;	internal	interface	I	k	phase	kth	in	a	multiphase	system	̄Â¦Â¬	liquid	L	left;	characteristic	length	Ã		Ã		Ã	s	ÃÂ		SBâ		2â	2â	2	xx	Advanced	Heat	and	Mass	Transfer	Amir
Faghri,	Yuwen	Zhang	and	John	Howell	Copyright	Â©	2010	Global	Digital	Press	m	men	N	nb	o	P	p	q	r	R	rad	ref	rel	S	s	sat	stag	T	t	tr	W	mean;	melting	point	or	soft	area;	metabolic	meniscus	northern	neighboring	grid	point	normal	to	the	surface;	overall	face	down	control	volume	Points	of	quadrix	outer	outer	outer	point	under	the	consideration	product;
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