lo.302.
Recitation w1V 12/vfos

V6
/ Problemy | - MIL

A porous cylmdncd faelle.i' 0.3 em m  diameter amd 0.3 em

h|sh is ,nh'odu(ed nto O bath ‘onmn“"j a dilute solubon (ID'ssw mp(g/“)

of o plahnum salf oamd 1s  mantamed n e  bath for given

period of tHime.

)lw have bsen asked Jo eshwate  the uniformdy of the distribution
of  saf which  results  from the process . For tHas purpose, please
evaluate the concentration at +Hhe center of ovie  of Hw f" anar

e, b e geomeinc cowler of fh pellet aud ot e adge

where the

cases ) eKFrCSS \/O\kr

face amd the cyhndncaﬁ surface intersedt. Tn all
omswer relafive fo the nihwl  concartration

P {anar

Consder  immersion e of 100 seconds omd  |00O seconds.

Dats

. the effechve diffusiuty of the

TS 10”3 em™[sec

- e external  mass
Hhe PClld' s [\5 “0-4 em/sec.

|
|

T >

Ftahuu.m satt  n  the  pellet

punsfer  coeficient, hm, to all faces of

-5
Coo® 10 gm woles Je¢
D=1 um¥s -

L'o.5¢w\ 1 )\.m_‘. |‘5X(D 4 wls

|
L o A ) L o fransient

R*0B¢ : . fwo sPa.‘th atmensLons
l » dilute

+« no reactions
‘. Sl/z_ 3‘
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Problem | continued MTL

RecatX all  our  solution strategies  for  travsent  heat trausfer

(ali cothu.d'wn) Problew‘s- The fvst step  was  always to
evaluate  the  Biot number (). A Biot  number exss m

dffusve  wmass  pamsfer as well (Boa). Tus  Biw expresses the rahy of
intermad  resistance o vass  tausfer  fo  extevmad  resistance .

Heat  transfer Mate  trancfer

——————

/ Coo

" "/ - //
| walk /
-2 X j meéembrave

boundary conditon ot mterface:

boundary condihon ot nterface:.

- e, %{x%) ='h(T(°) 'Tan) “D%&(‘(X:D) =-hM(C(0\' Coo>

6=T- Tow, m°* /L -D ddﬁm-{vo\ =-hm._(5c.to)- SCa}
X S
~J 40 . -hLe
an -D df:m(po\ ='th(c,4(o\— Sc,,,)
ae (6 , Bi* bk
dvl-+B ' M 8= CM'Scm»Vl=X/L
WED Wik K “D%Q =’h°;£" &
A ED Wm- K "
40 | jhel o - FBi, 0
an sfr
hw 53 Ws

By anelogy wih HT:
o Bt <<l lumped capactmnce s Ok
€ Bi 2z infernall SPﬂhd efleek  ave |mporfnut
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Rectaton & (1, (2ol
3o Problem | continued MJIL ,
For our Frﬂb\em)
Biww = hmb (i.ﬁxlo"‘ emls ) (0115 m)
— = .45 > o.l
'S 1075 am*/s
W
Thus , we cannot  use a  lumped  capacidance ” appma.d\. what approaches
?
shoud we  thmk  abet? Cavt we  freat  the pellet  as oo gemi-
mande  sold 2 How  far has  the  wmas transfer Wave  propugacted
mh e pelld ot hwes  of mtevest 7 To answer  these  gueshions
we ned P calewlate  Hhe Funer nuwmber  for s diffusive  process
By amalogy to HT, where Bz at/ir the  Founer number for
mass  vousfer s Fo = P/Lr.
t (s) Fo
' . o
100 (05)100)/(045)t =  0.0M% —> ths +, com be treated
as  semi-mfinite
1000 (15-5)1000) /(0.15)* = O.MH4 _p Lepe o  Fust tem
g.0.V. soluhow s vald
[However, this PnblCW\ also  vvolves  two spatial  coordmates. HHw do
we et this? Go back fo §58 on  mulh dimensional  effects v BT
For two-dimensioned, transient  conduchon & short  cylinder,
'T(f', x,t) - TOO _T(X,‘k\'T@} T(r‘,t\’Too
Ti- Te Ti - Too | plane Ti — Toe xmf:
S\m.\avly for mass transfer
clrmb)- o clatl-om gﬁpjl_?r;’
¢ ~ Coo ¢c; ~Coo nfiute cg ~Coe \f,l::Q‘L

cylinder
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Poclem | Covhnued M3JL

4/s

For t= |ooo.s(b{=0."|"""0‘ the  fint  tevm approximate golution frowm

o sepavation  of  vanables soluflon s sufficent .

¥ -
%= C-Co _ @& Z,l C“cxp(" E:Fo) cos (2;,‘ x*) full  solution
ns

plave wall !
c;- Coo

0¥ ( fust term) = G, cxp(“é.zFo\ cos (é.x’) approx .(Fno.z.)

[ -4
mfimite  cylinder, ¥ = 2_. Ciw gxp('g: Fo) 'J'D(g,\r*) exact soluhon
he

o% = G, exp(~87F) Tol5, r¥) approx. - (F°>°'z)

SO, ‘FD" -t=(0005,

Bi = a5 » Tasle 5.|

B, S
Pane Walll I.108% 1812
[ ol 1.35806

Inf CYI .

0
Cevter of 6*",."\,_ wall -‘-(\,I%'l?-) exp(-l.lo.‘:?"-o.'f%)cos(l-loss' 1) = 0.3093

o Plakur
fate,
(1.35g6) exp (= Lot 0.444) To (1.o4ey - 0) = 06,4015

-

(0, 045, Iooo> e*’mf— eyl =

e¥-= (0-30‘13)(0. *to'IS) = 0.1ab
et— C-Cee O lde —> c,(o, 0.5, tooo) = 0.31% cw

G, ~Cop
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5/b Rectahon & 1l
Problem | contmued | MIL.
@ geowm“m ceuter of  the pellet ( 0,0, wob)
9*'r|aw¢ w“}ﬂ, = [. 1€ exp (‘ l-|0581. -O.H'-l'-l) cos (l.lDSS'O) = Olof“]?

e* l mé cyl = 0.5

% = (0.6$98)(0.4018) = 0.ag|

¢ (0,0,1000) = 0.1 Co

@ ot the edge of plavar face amd ¢yl wadl (o.ls,o.ls,looo)

e*lrlam well = 11812 exp("(.wb’?z- o.wq) oS (|_|o &g -1) = 0.3093
- 2, )= 0.10
6% it eyl = |.358% exp (-1.bHg™ 0. MY) 7, (1.64g- 1) = 01743
o.421¢
0% = (o.ao%)(o.m%s) = 0,054
c (045, 015, 1o00) = ©0.9%6 Coo
S wwwvimary for t=1000s
geomd'hc centev ( 0,0, 1000) 0-119 ce
center of  planar fuce (0, 0.15, (0CD) 0.2 Ceo
edge of face § wall (045, 0.15, (o00) 0,946 Co

How do we addres e  shorter hwme ( Fo= 0.044, t=(o0s) ?

One wWo s to use He  some overa il soluhan  straley,
omd ewduale eada plect (,PIM wall ¢ nf cyl) using e
axad  solutom  fama  S:O: V. Another way wowd be +o
use & " sgmi-infrite  sold'’ approada ( similanty  soluhw)  for

two  pieces ((inf eyl & plane wald) .

, 12/ wfof
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oo
wolew L C MIL
o
Plowe. wall: e¥ - il Cn CXP(‘S: Fo) cos( gnx*) Cs.39 “’]
n=i
Ch = 4 smbn [5.34 b)
28, + sw(284)
%, twn Gt B cs.31 ]
o Flam. mf eyl
Inf C‘/l.' 6* = 21 Gn CXP(—QuLFD) j'o(énr’) 5n Cn l Bn__Ewn

I3
neL 55.?74‘] l.lo” {.[%5 l.b%« 1.3583

cn__. 2 ___:5_._(551_. [5.156) 3.9 ~0-a5 H.34 -v.5339
S5n  ToMp)t T M%)

7, lza . B [6.47 ¢

To (3
e*

.fiﬂﬁ. mf gl  C
geom. center (0,0, 1008) = (/% 00H)  pagse 0 0-0¥cw
canter of face (o,o.us,noo) = (0,1, 0. 044\ oeaad 0.974 0:31C
edge o€ fae (0-15,045,100) = (‘,‘;"""H 0.033a4 05194  0:63 C

¢ wall

ofe.: Only two terms were used here  beamuse + was  found Y
e Hrd  ond mgher order  terms covtnbuted 1o o
y\cghgtb‘e extent , aven  at I =°.'D"H _ Note that this method  could
glso ke used by using grphicl reswiB fr Ha exad $.0.V. goluhon,

Nete on using a simlanty goluhon As wenhoned earhier —ths problem  could  also
pbe solved by using similanty solubms  for the mf eyl amd r(aw\z walk
T fack, smee we are ot gudh low R, we axpeet that Ha  pemetmhicn
dept  wll  be 5o small that the wmf ¢yl problem will  be well
arrmx‘m'-‘“‘d by o plane wall soluhan  as  well. Thus E¢. 560  cam be

used for both  precas . The results  achieved Hamsly  compunt well with Ha  above
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V7
2 Problem L ML

Lon olymer lind

g pelymeric  cylinders  with  a  radius of 2 wmm have  beew
produced (W the labratory with  tHhe  intert  of  usng  them as
park oF an  mplantable biomedical  device. Unfortunately, the rods
wntan A small  amount of  wmoviomenc residue which  must  be extracted

F"‘ov to use. Twn  order o  adteve Hais, the rods will be [pmersed 11
golvet. Yow lave leew asked fo  estimals

o lovge volume  of well- shrred

he hwme ﬂ%umd to  achieve a  ten-fold redwcliont 1w Hhe  monomer

conceutrhon  af e centerime  of e cylinders. The  diffusivily of He
and e  mass  transfer

0-* em®s ,

monomey within e polymer s
of  the rods omd  the solveut s

coefficient bdweew  the surfuce

o2 emls. TTwo

golvents are under coustderation amd He  solubihifies

Ha two  solvenis ave
Pavh'homnj of Ho—

kuown 1o be

of He monomer  In
di fferent. SPQCLﬁL&Mﬁ . He  egw [ byruawa

%Md‘e
woviomer  loetweea Hee colvent  amsh B polymer s gven by .
SO‘:VCV\'i' A N EC'M]A = [—CM]P —_— Sr/A - ’ - SA,/P
solvewt B Ceud g = 005 Lol ™ Spm=to5=
Sea/e < D.D;
Sp/e= 20

concentrrbum, A refevs 1o solvent

e, W00 WAL eV

whaae , LCul s
solvent g f refers 1o Folyme,r.

A, B vefers 1o

@) What 18 e Biot  nwmber  assocated  wibh Ha  use

ok  solveut AT
Bi: _hmb . (1073 cnds ) (0.2 em)

= Q00
S*ﬁ i (107® owns)

b) What s He Biot  number asscaated  wiHh  solvent B?

Bim = hmb  _ (197 wnfs) (0.2 ) g
Sele & 50 (107 am¥s)
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Rectahon % I\, 12/yfol
2| Problem 2 cowhwued MIL
) Tf solvent A s used, how mavy lhours  will e required
4o achieve o I0- fold reductton 1w Hhe centerdine comcm‘tmhauf
=
Heva , we wil ue Fa. P4 on page 950 omd solve Ho
problem oy amalagy  fo  heat tramsfer.  Swce  Cy,a (X~ 0) = 0,
we want 8F = ¢ 0)-Co0 . o.] - cl0)z o.lc .
C; - Co0

B = ao0 = B = 0.005 @ for 6% = 0.l Fp=0.5

o= Dt 5 g= BL: | ©.5)N02em"
: =3

L 107 cwnls

£= 5.56 ha.

A) T£ solvent B s used, how wmany lours will 4 fake $
actheve o lo- fold reduction  (n He centeriine  copcentratio 2

L = = o0l = 0.5
A-ﬁmw, 6f= ol , but Bl iz Fo o

£ BLY _ (0.s)02 em)

N.32 ha.
o 107* s

Note:  tHhis  could  have adso been cdone  using He one - ferm
mnxnmm soluhons  fowa S0V, amdk  Awling  He Fo's




