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Convection, Diffusion and Dispersion Characteristics Convection, Diffusion and Dispersion Characteristics
Diffusion fi=af Diffusion fi=af
Physical Physical
Y Convection fitufr=- 4 Convection fitufi=-
phenomena phenomena
Dispersion )‘; :ﬁf\n Dispersion )‘; :ﬁf\n
Finite Diffusion
PDE = Difference +
Solution
Dispersion
1 2

&) 2} oy 2}
Convection T
fitufi=- u = Convection Velocity

Characteristics of a convection equation can be determined

by investigating a simple wave moving in time and space
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Convection

Using complex Fourier, a simple wave is determined as below
F(x,1) = Ce"e™ = R(F(x, 1) + iT(F(x.1)
C=Wave amplitude
S$=Complex wave frequency
k=Wave Number
‘R =Real Part

‘ 5§ = Imaginary Part

%%E%%

Convection Convection

F(x.1) = Ce"e™ = R(F(x,1)) + iS(F(x.1) (o + iw)Ce™ e 4 y(ik)Ce™ T = o
s=0+iw
@ a+ilw+uk) = -
F(X f) — Cerr.'ei(,’g.uﬂur) o=-e
! w = —uk

U I}

Substituting in Convectic@Eq. fi+rufi=- F(x.1) = Ce™efkeron

o+ iw Cemer'[k.wmn +u h'( Ce'rrei(.{wwn S L
( ) (ik) F(J(, r) — Cctk(.\ ut)
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Convection Convection
F(x,1) = Ce"e™ = R(F(x, D) + iS3(F(x,1) Any wave is a linear Above equations show that
superposition of Sine and any Fourier component
F(x,1) = Cemm Cosine waves with moves without any change
different amplitudes and in shape and with constant
Consider a sine wave wave lengths velocity

Jlx. o) = A, sinmx

as Initial Condition Any arbitrary wave moves

without any change in

F(x, o) = Ce™ = Clcos kx + i sin kx) = A,, sinmx shape and with constant
velocity
C= Am @
k=m
f(x, 1) = A, sin(m(x — ut)) Pure Convection equation only moves the initial

distribution with constant velocity "

%%E%%

Convection Convection
' :
05 0.
1 f 1 T & f 3 1 1 3 T 5 1 f f !
X X x x
k=vYm c =
k=n ky =y ky =nm
C=1= oy c=u=ce,\
ky = Ymm ky = mm
C=U= 5,0\ C=U= 5,0\
12 13
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Diffusion
Jo=afu
F(x, 1) = Ce¥e™ = R(F(x,1) + iS(F(x.1)

s=0+iw

4

F(X, f) = Cerr.'ei(,’\.uﬂur}

U

Substituting in Convection Eq. f, = af,\-.\-

4

(o + "w)C(Jtrlei(A\+(J!l - {?(ik)r C(Jcn‘(,i(ﬁlﬂu!)

¥ = Thermal diffusion coefficient

2

Diffusion

F(x, 1) = Ce¥e™ = R(F(x,1) + iS(F(x.1)

A
F(.’(, {) — Ce—nk Fet-k\

Consider a sine wave

as Initial Condition flx, o) = Ay sinmx

F(x, )= Ce™ = Clcoskx + isinkx) = A, sinmx
C= Am
k=m

. —, \ . ., ol . . Y ~
Ft) = Aye ™ sinmx = e (A, sinmx) = eV f(x, 0)
16

Diffusion

(o + jw)C()‘rre;‘(Awun - (y( ”-\,)r C(’m("‘“ el )

4

o+ iw = —ak"
o= —ak'
W= o

U

o
F(_l’, f) - Ce—uf\ Ft,t-h
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Diffusion

~ —, Y . - \ . . Y ~
flx, ) = Ape ™ sinmx = e M A,, sinmx) = e fx, o)

¢ The initial condition decreases exponentially exp(—ak'r)
¢+ The reduction rate of initial wave depends on k"

¢ The initial condition can not spread in the space

The amplitude and shape
of the initial wave
changes with time

Every Fourier component
decreases based on its
wave number
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Diffusion Diffusion
.
én ; 5::_; 2
i ' H ) i B :
x i’ e
o=y =
k=vm k=n ks n ky =nm
==, =0/ k, = Ymr k, = mm
@=o,\n" =0T
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Dispersion Dispersion
ﬁ — ﬁfnt B= Dispersion coefficient (o + r-w)cg«rzgi:k.\-mr: — ,B(ik)rCe‘"eM’“‘"”
F(x,1) = Ce"e™ = ROF(x,0) + iB(F(x, 1)) 4
pErTe o +iw = —ipk"
@ o= o
F(X f) - Cem‘eitkrhur) w = jBkY

U g

Substituting in Convection Eq. ff = ﬁfux

U

(0_ + r-w)cemef:hﬂur) - 'B(ik)rcemes(k,\'uu!)

‘ ‘ F{X. f) — Ccikt.‘j’}k‘fi
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Dispersion Dispersion
- si ik _ . "
Flx,n = Ce"e™ = R(F(x,0) +i3(F(x, 1) In pure convection In dispersion equation
Fix, ) = Cet —pk"1) equ.ati.on Wave Wave velocity is constant
velocity is constant but depends on wave number
Consider a sine wave (1, o) = A, sinmx c=u o= pk
as Initial Condition J(x, o} = Ay sinm:
F(x, o) = C(cos kx + i sin kx) = A,, sin mx Each wave mqvgs without The dispers.iop.equatior)
any changes in its shape :> spreads the initial wave in
C=A and amplitude but with the space and changes its
—am different constant velocity shape during solution time
k=m
flx.n) = A, sin(m(x - pk"1)
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k=vr k=x ky = vx k==
B=rc,oon/n B=epeein" ky = Ymm Ky = inm
c=pk =0 00F ¢ K = o een B=csecrfn B=csoonn
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