Exercise 4.1.

. . cm?], .. _5 [em? S
Calculate depth of penetration for typical gas (D = 1 [T])' liquid (D = 10 [T]) and solid in high

2
temperature (D = 10~1° [Cm ]) for:

S

e 1second
e 1hour
e 1day
e 1 month
Solution:
x =+vV2Dt
[cm] D[cmzls] 1 sekunda | 1 godzina 1 dzieh 1 miesigc
gaz 1 1,414 84,85 415,69 2276,84
ciecz 1-10° 0,00447 0,268 1,315 7,20
ciato state 1-10° 1,414E-05 | 0,00085 | 0,004157 0,0228
Exercise 4.2.
ion ¢ = M o-G-w?/4Dt £ iffusi ion:
Prove that the function ¢;(x,t) = o fulfills a diffusion equation:
aCi _ dZCl'
at ~ ldx?
Solution:
dc; 0 ( M _(x—u)z) M(x — p)? _x-w? M _(x-p)?
— =—|———e 4Dt |=————¢ 4Dt — e aDt
ot 0t \2/Dnt 8Dt2v/Dnt 4t\/Dnt
dc; 0 ( M _(x—u)2> M(x—p) _(x=w?
— = e 4Dt = —— " e 4Dt
ox  0x \2vDmt 4Dt\/Drt
d0%c; 0 ( M(x — u) _(x—mZ) M(x —p)? _-w? M _(x-w)?
=——-—— ‘74Dt |=—uw 4Dt ——— o~ 4Dt
dx* 0x\ 4DtVDnt 8D2t2\/Dmt 4Dt\/Drt
M(x — p)? _x-w? M _Ge-p)? [ M(x — p)? _G-w? M _(x-p)?
— e 4Dt -— e 4t =(?)=D|————e 4Dt ——¢ 4Dt
8Dt%\/Dnt 4tV Dmt 8D2t2\/Dmt 4DtV Drt
M(x — p)? _x-w? M _G=w? M(x —p)? _x-w? M _(x=p)?
— © e 4Dt -— e 4Dt =—— " o7 4Dt — e 4Dt
8Dt%\Dmt 4t/ Dmt 8Dt%\/Dmt 4tV Dt



Exercise 4.3.

Find concentration c(x) for a closed system of length d in a steady state, if c(x, t=0) was given by

equation:
20x
c(x,t=0)=10+—
d
For:
e Neumann boundary conditions J(0,t)=J(d,t)=0
e Dirichlet boundary conditions
Neumann
Steady state:
0.,
ot
Diffusion equation:
dc _o0= aJ N _ .
Frimil it J(x) = cons

from boundary conditions:

=0 = DaC—O =3 = t
J= Foi ¢ = cons

1 (4 20x 1 10221 1
c(t—»oo)=—J 10 + —dx = — |10x + =~[10d +10d] = 20
0 0

d d d d
Dirichlet
c(0,t) =10
c(d,t) =30
Steady state:
2o
Jat
Diffusion equation:
%= 0= —6—] = J(x) = const
Jat ox

dc
J =const = —D$=const = c=Ax+B

from boundary conditions:



As a result:

20
c(x,t > ) =7x+ 10

Exercise 4.4.

Temperature distribution in an isolated rod of length 1=10cm, is in t=0 given by:
2

T(x,0)=5 (x —é)

Calculate temperature distribution in a steady state, assuming Dirichlet boundary conditions.

Solution:

aT aQ ar
—=0=—— = (Q=const = a=const = T=Ax+b

From boundary conditions:

2

T0,6) = 5 (— ?) = 55,56 [K]

2

T(L,0)=5 (10 - E) = 222,22[K]
3

b = 55,56[K]

222,22 — 55,56 K
=

Ostatecznie:

T(x,t » o) = 16,66x + 55,56

Exercise 4.5.

Sample of thickness I=20[cm] has following boundary conditions:

e  On left side: NBC J(0,t)= oooos[m‘”]

e Onright side: DBC c(l,t)=0 OOS[mOI]

Find a steady state concentration profile for diffusion coefficient D = 107° [%]



Solution:

6c_0_ aJ R _ .
-0 "5 ] = cons
From NBC:
mol
16, 0) = 0,0005 [ 2|
cm?s
dc ] ]
]——Da = C—f—de——5x+A
From DBC:
c(l t)=—il+A = A=c( t)+il
’ D ’ D
Finally:

c(x,t) = %(l —x)+c(lt)

c(x,t) =2(20 — x) + 0,005

Exercise 4.6.

On the plot below it can be seen how the self-diffusion coefficient of Pb depends on the temperature (or to be
more precise 1/T). Knowing, that the diffusion coefficient can be described by the Arrhenius relation:
D =D%exp ant )
= D% exp T
find:

e value of the enthalpy of activation
e depth of penetration in 450K after two days
e depth of penetration in 550K after two days

Value of D° equals 4,1868-10” [m*/s]
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Solution:

InD = InD° afl

ne=m k T
Enthalpy of activation

AH k In(107*) — In(1071%) 861733 - 10-5 —36,8414 + 32,2362 1073 eV
= —K % = — . -
0,00215 —0,00178 ’ 0,00037 ’ ¢
D in 450K:
1,07255

D = (4,1868-1075) - exp (— ) =4,07-10""

8,61733 - 1075 - 450

Depth of penetration 450K:

x = /4,07 -10-17 - 20000 = 3,752[um]
D in 550K:

1,07255
8,61733-1075 - 550

D = (4,1868-1075) - exp (— ) =6,22-10715

Depth of penetration 550K:

x = /4,07 - 10-17 - 20000 = 46,367 [um]



