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C/w 3 A)@mﬁnﬁ'os N Peyws 1eadin
3| princples of hydwstatics (b

' T ! S ot o sufuc f
e ' v * e

2" The stafics of fwo phuses of one fluid:
anpillary- condonsation (£ 2 )

2T saics of tuio a&‘ﬂwent immiscible "»ﬂw'o(s (RbEFeb);
Juasistatic  displacement (BpSE 2K )

4° wdtab.‘w Ge)R4x)

32 Absmpﬁon of fluils [7 porous media

Tuorg of dotherms (5828) .
W;{dzsmfhon iotherms ( BHE/PLHIER 5248 )
e ve[wﬁ‘msha'f betwen ﬂ«id pressure and fluid o(m;,@,
at o gien tmperitue wsde the porous medium
which i fourd - exporinentaly .
| Gebls ciu.at«‘on (g"ﬁ‘ﬂff”fiwff’fﬁﬁz‘ﬁiﬁ ):
w= S 27
R oC
whwe W S He  exces W pumpes 0faAson( mole cules
por it ares IR0
X is de obolute tunporature ;
Y s te stacz tehsivn .

2" Assume %ﬂpm could @accwr only i o sngle layer ond
Hat the energy of odsovption would be Yo same eveiphae on
te odeorptin: surface, The yoltin fetumn Hhe quantdy of: gos
adorbel  and g g8 pressure [

- _abp
w = H'OLP

whre « ad Bb are constamts

faae |



2" Aoume  asdsorbedl molecules exict in more fan ene Jayer

we have Hhe BET equotion

__5’- = ' + BlG-1)
VCER®) VUm G Vin G-

whave ﬁz—;ﬁo s e veatie Bpresuce (FRIER),
Po s the vapowr precsure of the bulkc diguid
AR SELE ) ;
Vi s te volume of g requinedl to cover the
entive ntwrad surfaw of Heporocs medjum .,
ln ok G- e Constants.

4 Asume. the omdfﬁan#%—owrns Y corvelatin between -t
Surfac. spreading- fre of odserbedl fim and fht aren
occupied  por adswbe| woleeulep s the same with fhe
adsorption of gases o slids. We e  Horkis ~Jura

iy b

where A ond B ave constanto, omol
S= CA‘—’:.% S is the tomal Swfaa e,

eq/xwhbm :

C s & constont .

Usig, BET equetions, we om detomie  constant Un, and if
te e ywlume m%‘ned 4 cover a umt area nfadsarbent (FHy)
with o momomolecular Layor of odsrbate (ARAMR)YIS kown, |

we can dtermine te vtumad avex oS :
Vin

S'—'——-——

Vo
Y He main fave to parow drturstius (fd) modfiention of

He BET oguatin has 4o be veed .

Horkins -Jura equotion can be opial W f,’)nmdw'a(ﬂy to Surface - measuvements
H the constmt ¢ can ke evaluoded.



33 Capillary-  condensation (£ SRIRR) of Fluidks porous media

Theorgy- of sorphin  pystress ( BRLESBIE) .
Assume - 7<) al adm?‘h'm e wﬁvdy dire o capftlmy« condinsadin
%) oddsorbate  densities epod  bplke dengties
) dferenss of poe Soge fom crlar con be vyured
) e vadids ) n  chelukhg- conctm
)of Y J;{,ﬁn uk:wa:%%%’m mZo,c 5!
Then we have the  Jolyin equachin ,
A sfea'd case of eelin eotin s Qe of zew contact argle
ad a creuly capillory. of yudivg o s

P o 2PM
’&‘P - PrRX

wheve P the vapur precure of as Ll , and
Bis 9% origimal value |

Ml e woleolar weight (43 )

T is the absolute tompornture

Sorption }\7:we5a‘s is met yet completely undorséood .

Methods for dotormining the pore size distribution based op odlsrptin
USO'H{&’MS
a)/ﬂcdmls based on copillant- condonsatiin theory
Asune Y qud p are unaf/écﬁm(b/a,%m%m
~ euatin Sugaests fhat thy rodivg Of‘ﬂtZS]mlesffnng
fat my ke diiacled éa given biguid at o cansont
tunporatue ¢ Solthy o0 func tion of the presure .
fiom adwrption Gotherms , we can gt the poe sz
distnbution .
b) Methods besed on thy  cltorminortion of tht ortonal surfoee -
for a stoight,  uirculow opdinder,  a= % '
Asune Yo relution is agprosimlely tre 4 tho pres o a
Poros medium , then we can get ‘werage’ pore  pudli. -



C) fothodls  yicldis, ogpB® approxinate  estimates based on
& considerotion  of o shape of adtrphun icotherms .

32 The quasistatic olis placement ofm.lﬁq,wb{ by awther th A
porous ynedliam

O Thory- of capllarg- pressire
: . _ spae flll by the ftwd
sadwradion (PedR) S = Pa—— —

yolumetnc. figud omtort CEHEIHIRET) 9=%‘W’—=SP
: bulic
Jiguid. voction (et ) @ @ & = (1+e)0= _lng_

Bl
Three saturodion reginas 2 (fe4e L)
@) Complote  sxturodion  regimt (Ffbtokd)
5) Pondular vegime EERE):
The Phase accuwrs r)\'ﬂthvrm p'f-Pendula/r bodlies
Hrougheut Ha porous medium . The penclular s
dovet, Touch each ot  Hat dore is 1o flov
of Hhot phase .
¢) Funiculow- regine. - (BAREEIRE ) :
The peordalar bookes tonch ench othor and merge .
There 1 a ontimeus network of both phases  acroy
Hhe PWOU,S madium.
capillong. presswre. (R45EA) P, : o preswre diffuentit (B
of fornad by surfow tonshn to
crenke  equlbrium.
O o= P08) = Plpwel) ~ Prphme)

The diforonce. dff on free surfoce emvgy between Gwo Satdration
Strtes i Hhe cam@ porous mesium (s

O AF‘-‘-J:fCo&



Sne drrfaciad tension (RizcD) & by defintin the free
Swface energy- por unit drirfaciad aren Y.;~‘d“

e hawr Sg- 3, = ?'.f

Ina S%\ﬂc carw,%mure diffoertio] ocres He herfae (g

— 2'27
O = 7
whare 1 is the corveture (HF) of Hhe urtanfauld

() stoas 1= Fp 6 istie ot angle.

Typbor v b, 7, = A2

If the dsplued flud s the vaccun, all the cxpilaries wrth
A diametr fargw Han &, wil totally fled, Then we have
oo

d_&
C)

:T
where  we  shoulol mplacz ,,QL/ 7 lr . if e

capt(ames we ot Cirenlor 17 amd noae the ?"""P&
radic of curvature of the menyscus.

7o T shage o{ e meancus sofisfies
C r ( )_ e

)
M =} I-f g:;- , the e%méw g a axtgnoiol (,ﬂ‘.m)

i"/} O F= F csh(2)

e

Ad  n=oase
P=0-827 R

V=o0-052 - » Vis fhe volume of fluid in
Yo pondutor mg,(izﬁ\%%)

fage 3



for arbitrars pores walin,  the oapillany pressare /S
A
fe= =%

whee S & WMCWMIMCW}.

I the pros medium S un consofidatec ( RBSER), and S5 i
the particle Surface por unit solid velume , fhen

S = U P)So
for fw‘hc&s of w"fvrm diometer &, S= = g . and
—lo - 6C-p)?
P &

Ths nay be wsal for orbitrarg. porois madia.

Lo factin = 7= B(5)7= 760 (anr e
Pt for & mumber of unoonsohuatad porous medic. foll sodis fectorpily
hew tht cwrve for rMbabrhan of the weltid fluid (@i f)
gl e cune for alrmnag( (ﬁ?é&)

Y

* \3
e

D) M@a&uyement Of m?,'lmy, pressure .
@ Caf‘um%’ pressure andk pove Size. distwbution
m@rwnj/ gjection method .
@ Hydosotic epubibrin of fluicls o vertical clumns of porous  muskin
Fud ad wr in a vertical porous padium Wil R establish,
an equlibrium . Tt egubibrium  condlition i
[© =P.0) 1P} = Gonse.
whoe Y& the vertical oordinate \pward

or2 V-z= cnmt = -3z

whee ¥ = - I , 2 s the vertical  oordinate
eF
‘mesured downwond |

Zis te Wafako(e.fﬂ\ over - Soil .
I e pores makian oy swell by fhe odietin of fuid | Hn the
egulbrium condition  becomes
3 ¥-zta - wonst.



= j’% p) , s an overburden potmﬁwl GiZLg) -
P is the dtal vertical Joad C@Wi@(é’ﬂﬂf@"w
madia at g, expesel o witineters of voter (Bhafe).
P+ &

(g)= 2 VT A
por gy 1 2,

Binfes ae alld xoric (Fr8es), if B> as 27
and <Gy proflec ae ald  hydnt (i), (f >0,

A 27, and 020, &T’ repecents the pycaotadic point
($efre) . |
(@ Limitations Of the capillary presure concept
T oupllag- precsare curves awe different forr drmigogh. - el
emby bition %fl’&'{mﬁﬂﬂ ) which & adicte MS@IC&IK.

3.5 Relative Wdtabiufy (#8% 28):39%)
O The tnpt  of weféab.'%/
Ordivad scalds of wektabilty for fiuids i reletion to o
& )
gaven porows medium  gre densed .

© Measurement of m{fa&’hy
ament

@) The measurenent of %ﬁwm (JE8 5D

b) Inbibiten tests (BokAA)

) Fractimal welability CELRUR) dbormmativg
G Heat of wethhs- g3

W= S% -5%-5.2,
whove , W s e haat odef"'%—; S8 fe &bﬂ-ﬁﬂn’ﬂ(
da,,@ areqa , amd S, e bapd - air t‘htzrfaaa areq .

With  (x6= ,L? ;)j“‘ , U e

2 W= 9, (S@h-g)
¥ s> ad S, =5, te total  tvrral aven | g2 houe

3 W= 5,Sw
pfnnlﬂ /I.



Chap-t DARCY'’S AW
4.1 The How Of' Homogeneous Fluds (ﬂﬁ%’ﬁ&) th Povous Medion

42 afmmw Lnvetigectis
0 Parcy s giporiment

[ Q= —ka =t (Darcyt o)

{7 T luhe & is wlune flow rote
hrhs A is the horizonta] -Péaue @ ares ;
b, h, b ave @/m}/m deoted on the graph.

k is a wnstmt
; 2’ R= - 4 ToPterh
% whae k' i aoons;nt)k’= Tl;
2 P, 1. are ﬂtﬁ.?remneat%luffer
ol fwer bundang of Hhe bed.
6 The Permloi%/ concept

Specific f’mealn'w{y (%%iﬁi‘?) N & @ /<;1A
where i s fht uSteaity of the fluid .
The o(tfmdmm of the fwmzalafa’y on e fluid pressure. P
ad Hu Gtal presure U s
k= k(T-p)"
where ‘m s A conStamt .
A directional vani-tion of pernes bih‘f/ ® my occur. That i,

o a cabe s cut eut of a macroscopically homogeneaus prece
of rck, tie porneabiliby may pot be the same acws ol Hhe

fass.

fose |



43 Differedial forms of Darey's Law
O I&‘)"?’D‘PC orous  medin
§= -2 (V- %)
vhee G is olld Yo ol fiteer- velocity (BEpggiaf)
Mot 1" The differentiel agpatin e o writen i1 o frm of

-]QYOL ‘P)Waf (75%‘) :
—s= _ kf
i

wheve 5/= 92‘!'[:4%&

2 frother fom of @ Darcy fuw s

F= -v( f;f)v‘ ’iﬁ?

-

or, 9= ~vy
2
wW }’= —ﬂP-'f'Lﬁﬁia(s K a &
velo aity potwtin] (BEH)
}'bwever, this ﬂﬁwm«f refve;enéuf‘m (s wreng-

[or ghen B burlany caditing, Hhe diffrenial form of Davey§
(S by itsehf- ot suffiiest | for it @ contais (5:2,0). Too forthor

efirations are  needed :
¢) Conmection fetwen @ amd P of the fuid
g=0p
) Gomtinuity  condign
-P3¢ = v-(£§)

whore P is Ha poosity (#psg)
AL the thgee quating fod € -

2 _ N
Poc = V- [ L& (vp-¢3)]

Poste 2



@ Anisotwpic (BFTEE) porovs medin
i= - s
whre B is the permebility Gnsas of Hhe porois medium |
ad s synmewic . § s defired o before -

A58 %)
/'lf we define dvectional Wfarmbnw as
/ M
T AP

= R
s Cos B o
and ——in-/_ - kR, * Ez t k3 ’

Ths s an eU«})sor‘d if r=/k .
2" we defie chivectimal pormeabilty o
ka = N-R-R
Bon = b ek + ko GA B + kel
This is on elhpsoid if = J—’@—

Th mst coses, ke olifererce betuen e two Hpes of
divectimal pomeability s qu& negdigile .

@ ComF'w»'He porous media..
[ Assume. + )y Both ]Ltw‘d ond medivm follow Hooke's faw;
&

= {c
d
fa‘%“ e

where B ad B, are (,omfrem'bi(a'{’, coeffiients
assumed fo be constants.

b) The permenbility of the. medium does not change
Mﬂg— Compression.

Then the compressibiity of 4he median only  alters the. cortinity
euntion -



We have x (for proof , see pp-84)
V) = - (P4

Ths (Shehedkachew'’s) thamy- i incomplete becauise it olpesre.
asume  Hhet permenbility depends on the. prevaling fluidk presure .

2 memssiw porous media, we have :

Parey’s faw - c;ﬁ-%ag%

where the subscripts dewte  compnants .
Constitutie  euatin: P = Pep)
Continuity condition: - 2A0%) _ 3fCtk)pP]
OE, 2>t

whee (K+1) s the wlume foctor induced

b/ the  Consolidartion of porous pedium.,
The thee equating foad to 8 an fundamental Rydrodynamic
opotin - (RAaphtide)

aLtk)pP] 9(7{%@9%)
>t - T 2%

I we assume that Htt'&:tw(dtag«z aflmlkmﬁiﬁim
i entively- produed by a chamge wn the pore yolume, then
the O fudamental hydvodgnamic equaction reduces ¢ .

LRtk 2))] = (£ £, Sag%,)

S In te e of Joaally dotmpic strees aut pernaablity
Wf&?:AMtMBmW pressive. 7’0,19(],’
e reldie volume veduction i -/f(jv’ib).

Sprfiiel parmebity b 4,4 %) gty sfisties :
KR _ -],
Ao ™ _/S&ZL L Lo

ulere Hhy ddex 0 ddiote the angingl value |
(zel stoin state)

Pvar 2



The true ?ameﬂbb}'fy Satisfies:
(2 . - ktru.( Pz P’
Ao 1+ 34 ., A Aocw £
Then = M3 -
Ko ek Rop = (1753 ’é‘“‘f
Hure we assumed Hhe wwmzchamyfh-elw?veﬁwe
Sl (EAR) 5 cabic (=FHE4963) .

Assume the. e -pormanbility R g, @under pressure is

e Afied 0 the cedl .
4he came —f‘/(:*_%s&) presue

Sha e wm‘Pathn (ERIER) g -at‘ﬂ\ﬂ'ﬁel.d occurs  in
the vertioh direction 3 oly , the sufekf«aqjl femeabwfm
ok (®0,5) are 3 i diecton £,1,5 safisfy
‘zew strain wovdﬂnﬂaﬁx R - Rrae 2.7,
'(gﬁgm)afm l' Ly (1tk) M Lo

)\-{MA . ,-‘.- &Z —_ kwwz ﬂ‘?ﬁ
T k) ~ M T L

Qe _ kme PP
Lo M oK)

Hot i,
kyg = (1K) koe = (1£3K) Rsup
Ry = kg;=(1+§&c) sup
Ry = T ke = ((~5K) Ry
T pernabilbity tmsr n R (5,1,3) hos Hw form:

= by, o 143K
¢ - ( 1K
[-£k
FOI"OS' ? Meag ‘H“
by we Pd?[(l’rK)P] , whee Gdix o vefos to
the zep stram staty .
i the rheologind equatim (FRN548) of #ue fluid
PCP i known, then by <ntegration, we (an otui

(tk)ef.



4° In He case af anisbopic  stresses q“"%{mmy.
Asyme  that  the vertieal divection is apn‘naM directon
for stess and for pormeability .

Gy

The toted streses 7, xx)ja Shuld be set i Suth a
manner that <f slwu(d be the ombw/a{zn presure in he
freld amd there s 1o Latorak strom (HeaB) of He wek.

fermeabllity: Messure by ky, b seporntally for all voles
of the fluid preswe p. T yields the permeability
tunsor Ryg

égg:(k*kyka)

hore the parametars ¢, vefer 1o the gl fed
stafe . (LtikE)
brosiy + Bt can le masund fust o W the Sotropic cax.
Mow, fo refers to 4, st@/ of«ﬁelﬂ(&tatt

5 for plastic porous madin. Witk bystoress .
wtz 0= 4 IF
ﬁ: (%)9
= _(_P_)

ﬁel- ( )Mn(mdm;..
T Buren hlat - /(r%.(ov equating owe :
o _ 21}’? k(h) 4
at {ql a’ , a4 = m (gfgo)
2 s _kCP)
el az‘,auzﬁc B 48] & >0)



Aty The Messuronerts of formeability
© laboratory metiods for isotwpic penneability  detoirminions

st diguid aa't%)

ey 0 blo  substan oS
When measuring- W‘W in M?M;/ (,mfac'ﬁb&
suche a3 soifs omd cloys | ont shouLolerfeﬂM precaurtions

to the pore presswe.
@ Anisrtropic pernanbility SeseHigas nessurentns.
In?rlna‘?l@; Hoe e tw wys o maswe  anmisotmpic
formenbility , as B ove dscussad (o 432 Ore can
use ithor of fom adiscriminately , teruse their velts
differ 0’!17 9?1#7.
In vest mafority of coes, the horizontal pernesbility
rck st is mich graxter fhan e vertio
WB.W
@ In st CHosts) permeability pasurements
Tois disiuble to moaswe e pormeability v situ when S
Affcdt to obtain o representatile Sarple. of the medium thg queStipn.
© Awrogivg of  parmeability mecsurements
In mest nStances , & hatwal Porous medium | chhomogoneeus

on o swll scale, but it an l;e considwedl as hamogeneous
on o lmge sale.



In progtice, what I wanted (s WWW'W'W‘W
of-&hmedmm on o fare Scale , Hwewr, chagas are that
mesurements can only be performod on snall scalt samplt . Mo,

we ned o dettrming e “effectiie” permenbility from {b:%l;ml ' premeabligies.

|* Extreme case |+ constant focad Hlux |, or o goup of
horizontal porous tubes on Sequence

T
l—-!—r—tg~-~-l
e L -

Pocy’s dur stotes tat B g - jfii LZ_fzf-f L )
' T

b e e g 2 1o

Defie re-ffective' Pzrmmbfh‘f/ éqf
Hon Z;I; =iap whe £X o be itrpretnl o5 e
rlatle fegewy £ (%) at which e permeabity ke wes foard
th Jnull-sanplz MERSUrements .

This s the hamonic mean of local permenbility  mensuenerty .

2 Bxtreme ase 2 : constomt pressure gradient | or 0‘?’”‘7’#
S horizontal porous tubes on parallel,

> a1 <« ﬂJWO)/:(/[awg.{yeS &r::/"é%—‘-/kﬁ"" W‘ngn
1A Pond M L
Wﬁzujﬁ‘ Then we have

. & -7
%—2—: J—Il-(zgikd) 'P&D(Lrbeﬂn
The %mwfa?nmbilﬁyq"ﬂ(ﬁs)«tmg;
bop = =4y,
where AL o 1 dieroretod as the velrtie freguney s,
ot which he Pewualulfgz ke was found dn Smalf es
Ths is the awthmetic mean of Jocad pemeabiity measwenents.

x{\
The €ﬁ[€c-ln've pevmeabih‘\‘/ les/zhdﬁed' Somevhere betukey the arithmetic  gnd
harnenios. meaas. Pz 5



Erpincally, the practic  has evolued of employhg- the g
goomstric mean for averoginy-:

ity - =f bk
However, ot 1s- wmrect anlyin wry ToHE GRKS .
The stathtics of the spatial distribution of the Leal permabilities
Is ASpBOPY necessary- further daousion of avereging-

45 Fullrotion Theory WP (%%5212)
O Builkup @ () of o fittw cobe (£ 80)

A sy BERR) i fillrd thrmgh o fltr ke , the rowe
of depasition (FAR) s proportioral o the thoughput o () of
filtrets CRFR)

T TR Cemstmt presure)

q/: L (PmP)
2U(Ccttc’)

The total wlome of filtrate filtwed through o unit area from

the beginning. of the process of filtration
Veor= [Fqde = | S ppicte)
© Golmatage GFSR) « C‘[’u

(almatoge veters to the bappig of particles cntuihed th a
Stream of fuid dwm;/rts possage though o porous mesium -
Assume M-%%— is W‘ﬁbna,( to the concentrativn of shll
vnblocked pores , whee ks the concontyertion OfWPaVaOf the

porous mediim blocked ;

2k (ht)
= aCout) [ A= Kout)]

niockod
where 4 is the im%#alnumbemf‘fﬁ?rispwm wlame.

Coxt) ¢ e woncntrodion o ceg e Had strean.
The mass balane equaction s Aol fls

2L 4 2 (cy) = - KXY
i P

TlLs +#0n osualin. . .

[T [ X Y | I S, USRI



Chap. > SOLVTIONS OF DARCY's /AW

5| General  Remarks
52 Steody State Flow
® AMfy{nazJZ solutbion s
The fundamenta h/dmdymm'c e@mﬁm for sotmpic pomss wadia s
pat - [&(vp-eB)]
In steady :{u&flf)u), FE =0, Ths gies
v [L(VP -2)] =0

If Yo fhuid is incamprecsibfe and\ the porous medium  hamogeneous,
we have
VP =o

for tuo - i mensionad  vadial flbw of an mwmfremue ﬂwbl o & well
which (s comflffe& poehating- the Hwid - meh#. medium , Hhe  Solictim |5

R= Sz (%)

whore £ is the vadins of the gy , o i e prevwe at o
p Rhf, W, R (st presure at dictance g, from 4wl

Ric th il dischwge (E7S ) por unt ting awol ynt penctioition
lengtp of the el

I the Hhd is Compressible , et
X = {6’0‘;0
the epmbn necw(s
- V- (P ?)-—o
For gases: cmo( lumzontal flw of biguels | the second tom is neghigrble.

e

73, Tn b firor case for am et g8, X = c’'+bx
Witk bundary conditions , e the Solution ig

2 2 2
U=t 87 -



whave. 7& = :u/i (pteye) 1S the vdoafy potentid
Uking. the. mothod of nages , Hhe lition is
Y= AZ 1.1( ChU 2552 - avs(-’;%)) +%
 \eh[ Ay a2z
whoe ¥, i fhe ve(oa‘?/ potantia] ot the top of the
Substratum A s & constamt.
The stream function Corresponding- to the uetoa’f/»« potuntil

I e sinh (Tom2)
¢z 24 2 WW(‘*‘;"(%\__)) +,

i

&) Solutins by aralogies (#ik)
Io The ]%W 9f decéw'a‘y
2" The fow of hoat
3° T distrbution of streses
£ The flow of viscaus fluids
5" Mechami cal mgaling (RSP AAE )

53 UnSW State Fow
@ General remarks



® Thery- of fnar appesivatin of wnsesdy st e
P 3f the fluid s o bpid of cnsomt sy
6 =6e F,c(]’ k)
p2£ = v—[—jf-(vr FF)]
We gt
P ¥ = £ o
2" If Hhe porous medium i3 efastic

con’&nw*?/ equation reds

V-(pF) = - (p+n )’a&%c[i

//eg&xa&}mmf?’mm mey;faw we got
(P‘f gf)atzv'((gﬁ'vp)
With AP L we hawe ‘

°’F

AL
We get
(Pofe 1 Bo) 26 =2 7

¥ Note: zf e Suppore P =~ p oy 7. (P h),

W (Pt 2L - £
I compressi bilitios e spglf .
e C@m,m;y/ equtin reads ; (Werner)
W VT < -5 (phrg, )20
Whoe P s the average ?[“MH‘(B"“"%
g5 the fime potentia .
Witk @ Darcy's fouw =~ Elvp | ve ger

(Peet )22 = Lo

PadO 7



£ for an dal gas-
p=cp
Veglect the gmuity torm, Wx get
2p 2 = & VP

Undir cortain condifins | v hark

Lo ot V)

for e four Miawizal - coses , it is oluoys tho heot- omiuctiy
eqiation .
G \arims 9feoiﬁc Solutions of the Dinearized  egpating
’a for amnrrem'b&i_ porous mediim 1n oo WM,
Y ][mm@@f eqpation reads

ax‘ RE

o 0 TRy
The boundang. conditin is
{im'tl'd
(0:,t) = 'Fo

lV(oL,t) =P
| ‘P( %,0)= ]70
The solution s

$809 = - Qoo + 60 Eopt- e iy

Then the solution  pecomes

W= |- ;}( Z 'S"‘J"exp(- I8F) gncnme)



2" In polor corrdinatas, the equation becones

PP 130 _ 15

st ror T @
T htial ond boandary- conditions g are
Pro) = fo
pl=,t) =
Lx@(r%@) = %&
The sofutin s

. M (&K
?R‘E‘z;,'\_f_ > dx

40%
=Pt waE( i)
@ General unsteady - stafe. fhw
for on \deas s, te egatin (s
F&) | 2PM 5y
% T Rk 9’6[7%)
Hooe st st o dapn® e 5o 224
Yo differene sceme Pk
7

= 2 , 2 2
tatst ‘T'(Pxfox,t 2P, t B<-ox,t) * sz’c
With  car bl and boundaﬁyf wndl'-{a'pns) we com cofve fhg

-Frouzm numfm’mll;/v.
@ E)(r)v)nmwtal Solwhims

Pﬂnn :Zi
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sigle—pie sl — fo 42 (g o)
focal - globa techmigpes (k> 7, Tmu*/

Mﬁ’ﬁm Mfscw&‘uf — fmxﬁ Coll cut)
@P;eado 7elative N AN

b}YMéﬁ'SCaIZV I)WW

WFCM% 0\{ flow CWM aqation)
 fae Salt solutin of Hmsprt ( sectuatin eputin)
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Lbbock = loom
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