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APPENDIX A

RELATIONSHIP BETWEEN AXTAL DISPERSION
COEFFICIENT AND VELOCITY AND PARTICLE SIZE

2h which fluid flows with some
function of turbulence and

For a given veloexts -y ng time , provided by the cell
dimension and _the ber - s , is required for perfect
mixing . Howe f ; THATION aracte: ized by imperfect

mixing will havﬁ ion tinelé, less than that of a

perfect cell 6p ,‘- kurefnre more, than one cell is required to

i ] ) S04 ) TS HT G o ot . o

effect of %perfect nixing is to cm' the Wlth dispersion

mﬂ%’iﬁ‘%ﬂmnﬂ%%‘%ﬂ%ﬂ frh » & erester

dlﬂpe ion and thus larger E results .



Imperfect mixing may be viewed as the result of br-passingr or
short circniting and dead-space retention . This states that a
fraction of particles entering void cells passes through in a much
shorter time than the holding time €, , while other fractions
retained for much greater periods than this holding time . Obviously
a distribution of retentien fimes results is characterized by a

dispersion coefficient E 1trf of this process to

molecular diffusiom—effers e EQ? for a more quantitative

treatment .

Consider a fi g8 | a zone (xg-xp) bound by

ﬂuﬂqwﬁﬂﬁﬁawni ;

Fig. Emﬂain: kmeﬂ:-ﬁllluﬂun n:u:uhl

’Q‘W'mﬂﬂim 1A13NY8 Y

Fig. A.1 Einstein's kinetic-diffusion model

The transport of U molecules from left to right per unit area can be
expressed as

Ug = 1/2%cg*(xp-x1) A2
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Imperfect mixing may be viewed as the result of by-passing or
short circuiting end desd-space retention . This states that a
fraction of particles entering void cells passes through in a much
shorter time than the holding time &, , while other fractions
retained for much greater periods than this holding time . Obviously

a distribution of V results is characterized by a

WL @uit}f of this process to

v for a more quantitative

dispersion coeffici_L .
molecular diffusic
treatment .

Consider &

line Py and

a zone (xp-X1) bound by

ﬂuﬂqwﬂﬂhﬁﬂﬂni |

Fig.  Einst ‘ym: hnetil:-diﬂusmn mndal

ARIANN I 1A1INYIA Y

Fig. A.1 Einstein's kinetic-diffusion model

The transport of U molecules from left to right per unit area can be
~ expressed as

Ug = 1/Zkcg¥(xp-x1) A.2



If a real packed bed of length L is visualized as n mixing
units , then the height of one mixer is L/n . By measuring upstream
and downstream dispersion or diffusion , the mixing coefficient E is
obtained . Therefore the time constant for axial mixing can be

expressed in a similar manner, a5 equation A.6

AT

since a perfect mixef is ¢ ch retention time equals mixing

e AN TSN
time then i T,

s )

i el
. AugIngninglns
aensalurTingnat

To relate this expression with the ideal perfect mixer formed

A.9

by particles of diameter dp , & mixing efficiency e is introduced

here and defined as a ratio of actual mixers n to the limiting



a9

number in the ideal perfect mixer (np} - e:njnp.smnetlﬁ
length of each perfect mixing cell will be some fraction (F) of
particle diameter d, , the constant fraction F will be about unity
or less depending on the packing arrangements , therefore the number

of perfect mixers is

A.10

A1l

For diffusiml’ in mid cell approaches the ideal

e, w1 BTVE VAT . ome 7 it

mixing lenggl for the beds becomes unity and equati jon A.11 can be

eoreiedis | G171 I TN umawmaﬂ

E = /2w A.12
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APPENDIX B
DERIVATION OF THE MODEL’S TRANSFER FUNCTION

Consider the following ] ,

,
ey

Ayml
Z=1

1. No reatl

2. Fluidmlucitr -epains constant |
*ﬂ"‘i.l‘ﬁ‘ﬁ*ﬂ PR AENg
AR AT ATV Ty

€sasazinc(z,t) = Qlolz,t)-c(z+az,t] + E,*A*[n;_{mﬂ -ac(z,t)

Bt oz oz

dividing the above equation by A*Az we obtain



e2c. T4 ¥ [smmmn] + E,FJLMJMJMH]
ot A AZ . ?z

It ultimately yields

ac/at = o .p [2%c/a2?) B.1

Accumulation dispersion

term tern
Let Zsz/L %, o
I?Eﬁ,u-w
Therefore equation B.1 cas written in dimensionless form as
Y~ fw.
lfh*toﬂﬁz - Bc/ol :ﬁ T*(dc/ot) B.2

AULINENTNYINS
X fm'ﬁ SRRPERNRN) 1))

outlet point , respectively .

At inlet point

91
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st The Inlet Point i
- A%E *[9c(2=0,t)/02]

or ', %,
£, /0 ) *(0c(2=0,t) 5z)

ﬂﬂﬂﬂﬂﬂﬂﬁﬂ&ﬂﬂi
awfmnim‘ﬁ P LITILE]

E%Q.El—-

Fig.B3 Mass Conservation at The Outlet point
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A%y, ¥cg(z=L,t) - ASE *[oc(z=L,t)pz] = Atu,*cg(z=L,t)

or
cglz=L,t) - (Ey/u,)*[ec(z=l,t)oz] = celz=L,t)
let Z = z/L
hence
= celz=1,t)
Since there exi osition ,thus

So the equation beca

.y oclt ,j. g B.4
AULINENTNEINT
Letﬁiw =L[c(z,t)] ; therefore equation B.2 becomes

TANTIUANTING TR E

[Z{p*é(z,p))-{clz,t=0)} 1 = (1/Pe)*[a%é/522] - f{2ifoz)

Since the initial condition is defined as shown below



el(z,t=0) = 0
thus

Z3p*a(z,p) = (1/Pe)*[2%&(z,p)/oz2] - [28(z,p)/oz]

Let ¢(s,p) =&L[E(z,p)] ; =0

Z4pth(s,p) mlizPe

= | g(/édfu.w—{asu=u,puazil

F =

_1*s*¢(z=0,p)+_1%5(z [ 281 z=00 p \\

’ & s,p)-s*c(s,p)-Z*p*e(s,p)

Pe Pe @ & = \
L] < L8
*c

s2-s-z¥p #2(s,p) #( s=dy® #20,p) ve)* 9E(2=0,p)
r;f.*
Pe 2z
2(s,p) = Lpe 0)+(1/Pe)eé(2=0,p) B.5
(s2 g’piPe} _ Pe. "sl-l 2z

Equation ﬂuﬂel:ﬂm itﬂhﬂ’llﬂeionin as follows
-3 RIS umAINeNa s

Ein(2=0,p) = ©(z=0,p) - (1/Pe)*loC(2=0,p)/o2]
or

yp(2=0,p) = -8(220,p) + (1/Pe)*[2E(2=0,p) /o 2] B.6
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Substituting equation B.6 into B.5

c(s,p) =  Pe* {sC(2=0,p)/Pe}-Ci,(2=0,p) B.7

=
{s-M ) {s-7g)
where M
s
Taking the invers e *:'Qm,m-' “quation B.7
Let ¢©(z,p) |

€(z,p) = Pe#* +E(7=0,p)-Re \ L L (N
' ) S (s Hs-p)

Applying the cover rule and tak partial fraction to the first

term of equatien E.E =
"_-' |:." ‘

]
sf.[{l-ﬁ}{l'?\z]] = af{s-M)} + b/{s}

ﬂ‘lJEI’WIEWlﬁWEl']ﬂ‘i

a = A/} and_ b o= AN

» YRIANN I UN1INYAY

uf[{a-»l}{n-»zu = INVAN-2I/(s-N) - [p/AN-%)) /s8] B9

Proceeding similarly as above for the second term we obtain



1/[{s-MHs-M1}] = c/{s-A} + d/{s-Ag}

c = Y{M-A3) and d = -1/{M-2)
hence

1]

1/[{s-A Hs-"31]

Applying B.9 and B_10

&(z,p) = &(2=0,p %, {M—Jz}m@(fw}]
- PeXéyp, #L LA \‘.« - (/-7 exp(Mpxz)]

or

c(z,p) = _&;}f (Agkexp(Npkz)* £(2=0,p)
L Pe
-exp(Mo*xz)] B.11

L ———

._ ;
b
A
:-"'

1 muﬂmw 51N
ammnimum'swmaﬂ

a_cr.z.m = __Pe  *[MZkexp(Apkz)-ApZkexp(Apkz)Ix[c(2=0,p)/Pe]
dz M-22}
- __Pe *[cjn(2=0,p) ¥ [N *exp(M*z)-Ag¥exp(Po*z)] B.12
{M-2}
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Transforming B.4 into the Laplace domain and letting ©(z,p) =Llc(z,t)]

2e(z=1,plfez = O B.13

or
clz=0,p *lﬂln{b‘n-l}”*Pe
*z)}
B.14
Substituting B.14 intc the following
z,p) = [Pe/NEAGIIFERT FEAgEERp I p*z) 1* [S4,(2=0,p) 1%
weﬂm e AR 0N ko 1) My rexp g )]

-[Pef{lilﬁﬁ.]*{c in(2=0,pl)*[exp(M *z)-exp(Pyp*z)]

. NENTNEANT
E{Q,ﬁm@,ﬁmmﬁmm‘hn ;

(N *exp (M *z)-Mytexp(Py*z) 12/ ™~ 2xexp (M *z 1—?'22*1!:::! (Po*z)]]

Rewriting this in the form of a transfer function



8(2,0)/8in(2=0,p) = [ ( ~ {exp(M*z) - exp(Pg*z) (M Zrexp(N*z) -

A2xexp(Apxz) + {M*exp(Pxz) - Agkexp(Pg¥z)}?)
/{MPexp(Nxz) - PoPkexp(Ap¥z)}] * [Pe/{M-2g)]

or
&(z,p)/8in(2=0,p) = [ (T ) + Aolexp({M+Ag}¥z) +
ApPrexp(2Kgkz) +
‘.'f““ﬂ"'“ )
z)}] * [Pe/{Pq-M3)]
Hﬁiritw the above ire ;v:'-'hf
¢(z.p) =~ 2o 1z * __Pe
8in(z=0,00h7 N (Mrz)) A
4 |
or

U NN AR T
ATl INETAY

Pex{ 1"_21'

exp(~{ApHAg ez YR { A Zkexp(Ay¥z ) -ApDkexp(Mo*z)} ]

Thus ]
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o) = PexiA Ao} B.15
€in(2=0,p) (M Zxexp(-Ppxz)-APrexp(N*z))

At the end of the bed column at Z=1 the transfer function eventually

B.16

AULINENINYINS
ARIANTAUNING 1A Y



APPENDIX C

SIMPLIFICATION OF MODEL’S TRANSFER
FUNCTION TO COMPLEX FORM

ho Fak,
ﬂuﬂ’muﬁmami
AAPINNI TN A Y

Mow defining the following term as

MikE NI N |-

A = ce3d

A = d-31

el

-

el

100

C.l
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ROLTI W TG Y T

g= 2Zcl . k= 291}

Thus
- e el
A o= (g o+ 3°1) - -1 *+ -2 c'1 = 1+ 49 c.4
1
2 2 2 :]
» = (d+ 3j1) = d +1 ] +2d14J = h+ 3k c.5
2
= -
for m= e cosll L | sanil)
. / -d
o comilh. / e sin(l)

Then ; ]

1 -c- F i _
e = e i = Jusin - m=3i'n C.6

2
- - = 0+ J'q .7
Substituting i
H{jw) =

Jk¥ (m = 3°n)
i ]
1t *go+ hn=-mk)

Let

~AUBFN TN 1R

awra"\{“ bl s Tl

{fc-d)i't+ 251 ={c =d)'s + Z°1't
= Fe - i
2 2 2 2

t +s8 t + s
= Re + jlm
Where Re= [ rFe
‘(e =d)*t + 2°'1'8)
2 2
t + 8
Im= [ Pe ]
‘(={c = d)'s + 2°1°¢)
2 2




APPENDIX D

CURVE FITTING BETWEEN THEORETICAL RELATION

AND EXPERIMENTAL DATA »

Let the following -:f: :tF.=“-I ined as follows :

Pe

7

N

(/8]

i equency domain

Hy : 1 > ith point +

Hy fer function at point jth
arg[H;] function at point ith

k= sampling point in time dowsin

F T ice ”"" in time domain

¢ pbtained from dpversion of transfer function by

A Ut AUEAIWIARS

AR aﬁaﬁﬁﬁﬂhmaﬂ

experimental data at rth
normalized experimental function

Er
f

t = experimental time

102
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The following curve fitting exercises for three different flow
rates illustrate how suitable the proposed model based on Pe and 7

obtained from experiment i's .

D.1 Curve fitting at high velocity

o o %
i
Fig. D1 Curve showing magnitude of transfer function vs

frequency for Pe = 208 and 7 = 50.53148 -
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Function vs

8land 7 = 50.53148

o & TN s
AUE ANYNINLUANG oo
A I IRy

The transformation of the functions from the frequency domain

to the time domain can be.- performed in the following manner .
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100

Fig. D¥ Th eoretical H lized Concentration-time

ﬂ u E’ ’anm ﬂﬂ?% &b’}f}ﬁau 53148
awwmnimumwmaa

The experimental concentration distribution data and the

comparison of the experimental response curve with the theoretical

" curve are presented as follows :-
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r oa= 1 -

g =

i i = -
2 |,
10D |
19
-7
H .
[ e | !
| 60,D 4
(8.2 2
w3,
v e
IB! . ALy
From. i)
137 g LTA R
i B
el
[132,5 Eye-S
LT 3, PES

H':IﬂWle r.r-:l-.—;-—.-; —
i 1y :

|

N

D

q =

CITE
%

1

ﬂus nenSHek 19
qwqawﬁinunrﬁﬂﬂTmﬁT—‘

Fig. D5 Comparison of experimental response curve and

theoretical response for Pe = 208 and 7 = 50.53148

L
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D.2 Curve fitting at medium velocity

The following presentation shows the plots of magnitude , phase

-
angle and transfer function ‘,gainst frequencies .

Fe = 2X0
T 3w BI.39171

N oa= &4

do 1= o.oﬂr/ )
i t= 0 ..N

@ 3= j-ga

AU INENINYINT
QR THRTING I

Fig. D6 Curve showing pagnitude of transfer function vs

L8]

frequency for Pe = 230 and T = 82.39171



108

ﬁ*uz'f "ifiﬁu"ﬁ‘“ﬁ:'i; el
PRIAATUAMINYAE

The transformation of the functions from the frequency domain

to the time domain can be performed in the following manner .
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A I WW%““‘M“

Curve for Pe = 230_and 7= 8¢91?1

QW'lﬁﬂﬂ‘iﬂJﬁJWTmmﬁil

The experimental concentration distribution data and the
comparison of the experimental response curve with the theoretical

curve are presented as follows :-
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D.3 Curve fitting at low velocity

The following presentation shows the plots of magnitude , phase

¥
angle and transfer function gainst frequencies .

RAUYANENTNYINS

Gq T TS 9% ‘T' - ‘J.
2K Jold JVIE) |16\ E .8

i

Fig. D11 Curve showing magnitude of transfer function vs
frequency for Pe = 260 and ¥ = 209.0635
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D.3 Curve fitting at low velocity

The following presentation shows the plots of magnitude , phase

i
angle and transfer function gainst frequencies .

Fe 1= 260
T 3= 20%.063%

M 1= &4

1 =0 ..N

w o oz= 1cde

q Iy
Fig. D11 Curve showing magnitude of transfer function vs
frequency for Pe = 260 and € = 209.0635
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Porm O L1277

F := 0.038 J.H't[!-l]

0.08

=0.01

iF |

i ﬁM?LmWZZfE’“
ARIAN TN INY A

The experimental concentration distribution data and the

comparison of the experimental response curve with the theoretical

curve are presented as follows :-
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Fa= o .97
go = g0 = Lo a= 30 =
L L [
. - WrrCE SR
0.3 | (o3 | (148, 0827 | [220,9379 |
£ e 3iiasns EIRTTE
FETRITF | 232.9034 )
I (30 | [153.1310 (235,366 |
i £F (1349137 | [2=2.2085 ]
s 3° (136, 4985 [228.9217
ey = mﬂhi ﬂﬁﬁ
rr- (32— [ sremtir ETENTTa
v FT Cies, 9103 ] (247,363 |
0.3 13 | Lot , 393] | FIIRITH
(40 | 11 (168, 2738 | (230, 7310 ]
-ﬂlL -'— m Jm
17 = FWITEY 34,0947 |
185 | = 173,324
2 FEm (175,0088 37,4830 |
27 F (176,689 | 55,1448
w
40 |
| 48,3
G
ETER

o b
o < T .t A
Eor

Fig.D15 Comperison of experimental response curve and

theoretical response for Pe = 260 and 7 = 209.0635



APPENDIX E

MOMENT'S METHOD FOR DERIVATION OF

MEAN RESIDENCE TIME AND VARIANCE

From the t,ra.nsfe:.:' | '*‘.. enn 1 ‘ :
— ———
o / A \ ‘
ﬁ’;\\i\ s
let q = J1 + 4s/P¢ -ﬂf \ ’ V = (Pe/2)¥(1-q)
%ﬁ \
ﬂlﬂl;gf i ks ‘- - /% t(2%q)]

Pel#(149) 24 Srern3t: po2(1-q) 2re™(Pe/2)%(140)

7 Y
1

U
grqrel (Pe/2)#(1-0)]

ﬂ Uﬂlﬂﬂﬂzmiﬂﬂﬂ gz u-an)
quaﬁﬂ‘iﬁulﬂﬂ'}?ﬁmaﬂ &

[(14q)2 - (1-q)2ze(~UtV))

Therefore equation E.1 eventually becomes
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H(e) = *q# *{1- E.2
[(14q)2 - (1-q)%*exp(-Pe*q)]
gince
dH = dH.da
N\
and
da = 2T7/Pe
ds
B ,,[ cihiead zlm-ql..._.{_r-em‘u-q}ﬂ
dq
4 [[qrelPe/2)*(1-@) 11557 40) - ‘ 1) 2% (-pe)re~Peta
[Lae
Thus

7

di.dg = 8%7 y 2. 7- 2.-Pe*q)[gtpe/2%e le{l'ﬂhg{PEfz]{l'QI]]

«e UL INBNINOTITT

§dq) 2% (~pe)*e~Peta} ]

or
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dH = -e_v[{]+g12-“-ﬂz{1’9*1]|{{g,{&tgl-ﬂsgﬂ'ﬂfﬂil-ﬂ}l

ds [(14g)2 - (1-q)23e-Pe*a )2

G i
[43qrelPe/2)#{1-a}) 4x(14q)-{-2(1-g)e~Pe*U4(1-q)2%(2/q)*e"PE¥Q)

FPe*q

o L[ e 1

E.3

l
According to equation 3.36
bk =B

\Z
1

o 7 ',E = u-i
¢ Y,

AULINENINYINT
AT M TN A

¢ = 4%(149)-{-2(1-q)e"Pe*q4(1-q)2%(2/q)*e"Pe*a
Pe*q Pe*q '



118
H = elPe/2}{1-q)

I ” {(8/Pe*q)-4]

J = [(14q)2-(1-q)2e"Pe*q)

L = 4%q*H*G

o[ -Pexc

M =

Therefore the secghdfon ,..L' -éntiation of the transfer function

is

92y = 7 232 E.4

8s? s
f 1179

Now cnnsidﬂu E} ’;na mgﬂ weren jiations

o=

awm\mmwnﬂmaﬂ

= J¥2I%H 4+ I*H*DJ
(- Ds -1

= J*[ 1#H*(-7/q) - {16Z/Pe#q3)*H ] + 1*H#G*T E.5
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-BL = -2{16/Pel*H + 2{16%*q/Pel*H - D8*M + D16%g:M
?s o8 -1 D85 s
08#q?#M - D{16/Pel*M + @{16%a/Pel*M
8s s 25

M + 24*%Txq*M -

{T32/Pe}*M + {T#dbj(Peiq))* 8/Be)*M + {32/(Pe?sq))*M  E.6

Substituting E.5 p47/ into idd, L aking the limit of such a

relationship . As

ﬂﬂﬁ%ﬂ%wmm
amajgnfu ng@gﬁﬂ



By substracting E.3 from E.B8 , this yields equation 3.37 .
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APPENDIX F -

DETERMINATION OF PARTICLE SIZES

The crushed particles were sieved with 30 - 50 mesh screens and

determined by a microscope ¥ spectromicrometer . By using
wure F1, the particle size
distributions appear L& ve  the Same shape as in figure F2. The

surface mean dis erawith/ the ollowing elationship were utilized -

e
ﬂ‘IJEl’J‘VI NINEINT
amaﬂn‘smummmaﬂ

.Fl Ferret’s diameter , must be the longest dimension along

the line parallel to the base of the field of view
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The obtained surface mesn dismeters were 0.4919 , 0.6314 ,
0.8075 and 0.986 mm .

AULINENINYINS
ARIAIATAUNNINGIAY

Fig.F.2 Particle size distribution with an

average of 0.6314 mm .
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APPENDIX G
SAMPLE CALCULATIONS

The following sample calculations are based on system H-4-0.9

at volumetric flow rate O :,N et tse

., 318.15 ‘

ﬂ‘IJEl’J‘VIEWlﬁWEI'm‘i

= ¢ iﬁﬂlxlﬂ"

ammnimumfmmaa

= 1.891

G.1/ Data obtained from Handbook of tables for Applied Engineering
Science , 2" ed., The Chemical Rubber Co., 1873 , pp. 57 .



2.
U = A B
(7/4y* d2
For cc/sec

AL

propane(45°%,1 gtm) ~ 0. 5?5 x 1[}-2 cp(€-2)

ﬂuﬁl’J‘l’IEWlﬁWEl']ﬂ‘i

- 8.75 x Iﬂ Fa*m

awwmnituumwmaﬂ

= 0.9861

g9.881 x 1074 m

so Re = (7.938 x 10-3)(1.691)(8.861 x 107%)

(8.75 x 10-5)
= 1.5124

124
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4. Calculation for The Mean Residence Time

From equation 3.30 , 3,36

My = Ztco(t)it =zt fc,w_)
I". > ] zEE{t}
: = -lim d¥(s)
=0
ds
=t
From value in
and
A gimilar -r‘-:';;.;;;;.f_; for A4y o1 1 ~using data in tlhle G.2
V. J

S0 = 2. 55

ﬂ‘L!El’J‘VIEWlﬁWEI']ﬂ’i
ammn‘imum'mmaﬂ

G.2/ Data from monograph in Perry Handbook pp.21 .



5. Calculation for The Variance
From equation 3.31

€2y T E(t-mie(tlot = I(t-ty)? (_-.-.E.Lu

Zcglt)
lin | d2i(s) - (mu)?]
£=+0
ds ds

From table G.1
Hence 23.06
A similar calcul . done by using data obtained
from table G.1
therefore 1.04

6.

pees m“ﬁ‘ﬂﬂ?ﬂﬁl'ﬂﬁwmﬂ‘i
’QWL&QHWW%’MEHQH

Pe Pe? Pel

€ . = 62pax:keﬂ bed -~ &8 2I:nl:l..l.'nk



8
8
3

ﬂ‘IJEl’J ‘l’lﬂ'ﬁ%ﬂfﬂﬂﬁ’
Qﬁ?ﬁﬂﬂ‘iﬁu umqwmaﬂ

Pe? = Ud

= (7.936 x 10-9)(9.861 x 10°%)
(2.289 x 1079)
0.3419
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Teble G.1 Data , mean and variance for sample calculation

t (sec) | C (b F (b t,) | e F
35.40 0 v 0.8371 8.2091
36.28 2 .6010 | ©.8666 0.3229
37.17 3.6 | e.ee17 | ®.0974 0.4013
38.96 8.6199
38.94 8.6214
39.83 9.9469
40.71 1.8739
41.60 1.2084
42.48 1.1984
43.37 1.2482
44.25 1.2968
45.14 1.8318
46.92 8.7631
46.91 8.4778
47.79 8.2469
48.68 8.0729
49.66 8.0013
56. 45 8.0393
61.33 . 3.5 2.1813
52.22 | Wﬁq ‘ju.m
63.18 | 119.5 | @.8611 | 3.p244 86497
ol | Gk s | [J pan )l 27l P17 pjoded
6a.87 | 96.5 | @.ea08 | 2.4105 1.1580
65.76 | 84.5 | @.8432 | 2.8866 1.3539
s6.64 | 72 0.0368 | 1.7871 1.4314
67.63 | ©8 8.6297 | 1.3448 1.4117
68.41 a5 8.6239 | 9.9405 1.2847
659.39 31 P.8158 ©.3387 8.6187




Table G.1 (continued)

t (sec) | C_(t) F,(t) tF, () - " F (L)
60.18 11 0.0056 B.3387 8.5187
61.87 6 .8026 8.1662 9.2813
61.95 9.2646
62.84 8.2305
63.72 8.2289
64.61 8.2013
65.49 8.1786
66.38 8.1276
67.26 9.1424
68.16 8.1679
69.03 8.8871
69.92 @.8956
78.8 8.1846
71.69 9.1140

23.9652
Therefore j —“mn

.l' acked bad

AEIN

Table G.1 9Data , mean

= 234“‘?

AR mfllm

Ch Y R Wﬂﬂ%u
i.8 16.2 @#.6183 1.1138 #.3531
3.6 ] #.34356 - 1.2366 B.3748
6.4 1 #.8382 9.2061 9.3887

26.2 2.65667 1.8385
Therefore Myparn = 256 and &,

1.04
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APPENDIX H
BASIC PROGRAMMING FOR CALCULATION OF PECLET NUMBER

h :m

2 o
¥ S
AR
¢ m- & m
=
—
ce ~
ﬂ.l -

1T
]
¢

o

AUt NN

A
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The flow chart shown can be written in basic as fol lows :

10

40
50

110
120
130
140
150
160
170
180
180

CcLS

IKPUT ™ RATIO OF VARIANCE AND BQUARE OF MEAN RESIDENCE TIME "; R
1F E >= 0.0001 AND R < 0.019 THEK PE = 2000 : GOTO 40

PE = 200

IF PE > 200 THEN 60 ELSE 150
IF A < R THEN 70 ELSE &

PE = PE - 100 :

GOTO 60
PE = PE + 10
GOSUB 250
IF A > R THEN 90
IF ABS(R-A) <= 6.

Pe = Pe = 1

IF A < R THEX 160

Pe = Pe V_

..

Pe = Pe + 1

MH"‘IJEI’WIEWITWEﬂﬂ‘i

1Fa> THEN 180 ELSE 210

Q’W‘Tmﬂ‘im UANINYAY

230

240

IF ABS(R-A) <= 1.5 x 10°5 THEX 240 ELSE 210

FRINT A , B : END

250 A = (2/Pe) - (2/Pe”2) + (2/Pe”2)%EXP(-1%Pe)

o ¥
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APPENDIX 1

SiF
.ng

ammnimumwmaﬂ

Fig. I1 Three Impulse respmuu of methane tracer

in propane at a flow utn of 0.81 cc/sec .
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o

TINEST
mnsxﬁﬂﬂl&t%ﬂﬁ?

ﬂ‘IJEI’JVIWﬁW
Qﬁﬁﬁ\‘lﬂ‘imﬂmﬂ 1lp

—-—mﬁ

Fig. I4 Chromatograph showing that methane is not adsorbed by MSC-3A adsorbents
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