CHAPTER 5.0
DISCUSSION

We will first show how we estimated the coverage from
experimental data utilizing the surface CSTR model. Then we
will discuss how well the surface CSTR model features the

experimental transient curve.

5.1 ESTIMATION OF THE COVERAGE

The surface CSTR tells us, see Section 2.4, that,

tk = knfk'a {C.f. Eq.2-32)
Since

kg = kp: 4+ kgw (c.f. Eg.2-1)
and

kR = k"‘lnn

{c.f. Eg.2-3)

substituting these into Eg.2-32 yields,

k_an = le -+ kRn (5_1)

We can write the following equations for k=2, 3, Qracar
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g ZR' + IR" (5-2)
- v "n + 'R" {5-3)
iR* = *R" + “R" {S5-4)
n-an = an + BR!' (5_5)
Addition of these eaguations yields:
lpe = 2pe + IR +... + nR. +0Opn (5-6)
Assuming a Flory-Schultz distribution yields:
R* = g*'R’ {5-7)
JRI = onlR' (5_3)
QR- = G"IR' (5'9)
BR* = gP"l.lge (5-16)

Therefofé, Eq.5-6, after having been substituted by the

above egquations, yields;
IR" = (@ + a? + a® +...+ a®71)!R’ + Tg" (5-11)

Thereicre,
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R = R + !gr" (c.f. Eq.2-1)

= (1 +a + a? + a® +...+ a1 iR +hg (5-12)

as n + =, "a" + 0, The above equation becomes,

IR - IRC / (l - G) (5‘13)

Therefore,

T3 = 'N/ 'R ='N(1~-aqa) /R

(1 -~ e)® / Ir' / Ng

(1"0}91 / TOF; [5-14)
or
91 = Tl'TOFl /S (1 - a) (5-15)

The same procedure can be carried out fcr peool Ck.+ The

result is,

8 = TR TOFL/{1 - «) {5-16)

Our present method of data analysis is based on
Eg.5~16. We treat our data as if they wefe generated by
pools described in Chapter 2. Tk can be determined from the
transient data according to the model developed in Chapter
2. Gas Chromotography can give us TOF, and a, c¢.f. Table
4-2. Accordingly, 8, can be calculated from Eq.S-16.

Fig.4-10 shecws 8, ot warizus D, 7O ratiss. It is seex
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that only a certain fractional coverage belongs to chain

growth.

5.2 COMPARISON BETWEEN EXPERIMENTAL DATA AND TEE MODEL

Prom cur present findings it emerges that the surface
CSTR model can approximately interprete the transient data.
The reascons for arriving at this conclusion are discussed

below.

When considering the distribution of species i in C
products, one may intuitively think of statistical distribu-
ticn. By statistical distribution we mean, for example, in
all the C; compounds, *Fisg, = (*Fi3g)?. *Fizg, = ('Fizg)?,
and 'szclxacl = 2+ ['Fi3c)(*Fi2p), which, according to the
definition on page 10, leads to Fisgipe, = P13p. in

general, for statistical distribution in Cp products,

kpy = ki/it/(k=1)t=(Frag) RO Frsgfi (5-17)
and
Fi3p 3 C = 1E';l::c . {5-18)

Fig.5-1 demonstrates the experimental data when 'Fisp =
0.5 and 0.6. It is readily seen that the product dis-

tributed nen-stztistically.

From the surface CSTR model, we know that the statis-

=igal Tigrrinee -4 i Yo 3 trarc 1l osis —fF sba 2€TR - i
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where tp = tl_and T3 = t3 = 0. Therefore, a choice of the
pérameters other than 1 = Tyr T2 = 0 and T3 = ¢ will not
iead to Eg.5~17 and Eqg.5-18. In other words, the non-
statistical distribution can be interpreted as 1, X T3, Ty X

0, and 13 X 0., as shown in Fig.5-1.

Another feature of the experimental data is that the

transient responses of the intermediates (!?C;'%C; and
'2Cy1%Cy) rise simultaneously with '3C;. What underlies is
that the lifetime for either Cy-building surface inter-
mediates or C; and C3 surface intermediates must be very
short. By adjusting parameters 1b, 1, and 713 in the CSTR
model, we can obtain a good simulation for _this

simultaneously-rising feature (Fig.2-4 and 2-5).

When we compare the experimental data with the
predicted values, we find that:

(1} For C; and C; products, whern 'Fisc < 0.8, the model
can give gquite good estimati;n {Fig.4-3 and 4-5) for the
transient responses of C; and C, species at a give time.
Only when 'Fis, is greater than 0.8, a large discrepancy be-
tween the predicted and the experimental data for both Cj
and C, is observed. Therefore, we cocnclude that the surface
CSTR model approximately aescribe the transient behavior ef
C; and C, species.

{2} For C3 products, except ‘3c3, C3 products can be

preZlicted up =2 Tiip = 0.2 iTigld-... FTor LIo.

s TIIWOTTTE .
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Table 5-1: Comparison of Estimated
and Experimental F*=Cinc2

1F13c Exp. csTR*
0.0 0.0 0.0
0.1 0.065 0.04
0.2 6.142 0.10
0.3 0.22 0.185
0.4 0.315 0.250
0.5 0.37S 0.40
0.6 0.48 .50
0.7 0.62 0.62
0.8 0.72 0.72
0.9 0.86 0.86
1.0 1.0 1.0

*): with 1/7y = 0.1, To/Ty] = 0.7.
**3y: for statistic distribution, b"Cincz = i3,

**%*);: residuval mean square error is 0.02683.
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Table 5-2: Comparison of Estimated
' and Experimental Fi3cincy

tFisp Exp. csTR”
0.0 0.0 0.0
0.1 0.055 0.015
0.2 0.115 0.065
0.3 0.15 0.125
0.4 0.232 0.210
0.5 0.32 0.30
0.6 0.38 0.375
0.7 0.54 0.50
0.8 0.65 0.63
0.9 0.79 0.78
1.0 1.0 1.0

*): with 1 /7y = 0.1, t9/1T7 = T3/7t3 = 0.7.
*%): for statistical distribution, F"Cinc3=’F"c-

*4%}: residual mean square error is 0.03512.
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is essentially a very rough interpretation for the real
situation. However, when we plot F"Cinc3 {Fig.4-5), we
£ind that the transient response of *3C in C3 can be
described well with the surface CSTR model up to Fl3q ;p c5
= 0.65, due to the compromise between the underestimation in

*3C3 and the overestimation in other responses.

(3) The estimated and the experimental data of !3C in
C; and ?’C in C3; for a given 'Fi3. are shown in Table
5-1 and 5-2. It can be seen that within the experimental er-
ror, the model is essentially suitable for 0.0 < Fisg <
1.0. This implies that Eactoré which result in the deviatisn
between the experimental and the predicted values for ‘F::c
at a given time when 'Fis; > 0.8, as stated before, may be
the same as that forx F"c1nc2 and F"CinC3' Although it is
not clear what these factors are, the effect on transient
responses by these factors can be sure to be very small,
i.e., the effect is apparent only after ‘Fa:c > 0.8, a fact
that allows us to utilize the surface CSTR model to have an
order of magnitude for the lifetime of the surface inter~—

mediates and their coverage on the catalyst surface.

]
From the above discussion we can draw the following

conclusions:

(1) The surface CSTR model can feature the experimen=zal

data better than the statistical distributioen consideration.
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the transient behavior of C; and C, products. Although it
gives a poor estimation for individual species of Cg3
products, it can essentially predict the transient behavior

of !*c in Cc3.
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CHAPTER 6.0
SUMMARY

The isctope transient technigque has been utilized in
the stvdy of the Fischer-Tropsch synthesis over cobalt
catalyst. With a switch from a '?C0/D, to '3CO/Dy feed, the
transient response behavior can be approximately described
by a surface CSTR model presented in this thesis. At T =
210°C and D,/CO = 1 to 6.545, the estimated lifetimes for
€y, Cp and Cy surface intermediates are around 20, 14 and 14
sec, respectively, whereas the lifetime for C; surface in-
termediate which participates in the chain growth is around
2 sec. Only a certain surface carbons participate in the

chain growth.
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APPENDIX A.
(IN) FORMS IN EQ.2~22

Table A-1: (in) Forms in Eg.2-22

pool 1) K&j (in) (=*rg)
co Tg °Fiz2pqg 0
co 10 ‘Pllm 1
C; T3 ‘szcl °szcl
cy T ‘Fz:cl "Fucl
Cp EF:zc °F12cl
Cb Tb bFl zcl nFl 261
C» Ta zFlzcz ‘Fazclezzcl
Cz To zFl:cz ‘?;sclbfascl
Cy 15 F;zclz 'cy 1r: zclbrx :cl + "Puclbf‘lzcl
C T 3F1z 2p,2. OF12
3 3 C3 ¢y Fizg)

3 2 b
C3 T3 FI,CB FIJCI Fl!cl

2 b H b
C3 T3 szczncl F12C2 Flscld- F;:clxzcl P:zcl
Ca, té 3P120 13 Zy1s bF:z  +2Py3. 12, PEis
2 Cl C Cg G Cl Cy Cl
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APPERDIX B

THE TRANSIENT RESPONSE FROM THEE CSTR MODEL



The transient response of species i from poal Ck

follows:

Let:
y0
vb
vyl
y2

¥3

Then

= exp(~t/tu)
= exp(-t/Ty)

= exp(-t/1y)

)

exp(-t/rz)

= exp(-t/t3)

For peool CO,

°Fra2pg = y0

oFlSco =1 - yO

For pool Ci-

1
szc

i
Flﬂc

= Axy0 = Bxyl

AFPPENDIX B.
THE TRANSIENT RESPONSE FROM THE CSTR MODEL

=1 - Axy0 + Bxyl
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85
where,
A= To / (To - TlJ (B"‘lﬂ)
B= 1y / (19 = T1) {B-11)
For pocl Gy,
BFi2o = Cxy0 - Dxyb (B-12)
bF;sc =1 - Cxy0 - Dxyb {B~13}
where,
C =19 / (Tp = Tp) {B~14)
D=1t/ (Tg = Tp) ' {B-15)
For poecl C,,
*Fiag, = (1 - €S1)*y2 + R1*y0d « R2%y0tyl
- R3*y0*yb + R4*yl*yb (B-16)
Fi3g, = 1 = T1%yD + T2*yl - T3*y0 + Td*yb + R1*yo0d
- R2%*y0*yl - R3*yO*yb + R4*yl*yb - CS52*yiB-17)
2 - -2 -2 -
FIZClllcl 1 r 2c2 Fl’cz (B 13)
where
Rl = axC*1g / (19 - 2%tg) (B-19)
Sos ETatigwTp o ittty - ztiTgrTiil VR
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x. Y

R3

R4

A*D*toSTb /! (To*Tb - ?2*(T0+1b)

B*D*Tlsfb 7/ (Tl*fb - Tz*(11+Tb}

CS51 = R1 - R2 -~ R3 + R4

Tl = A*TQ/{to—tzj
T2 = B*7y/(11-713)
cQl = T1 - T2

T3 = C*TD/(To—tz)
Tl = D*1p/(Tp=T2)

cQ2

i

T3 - T4

Cs2

For pool Cj3,

1 -¢C01 - cR2 + Cs51

’F::c3 = ¥Y1*y3 + C*UL*y0® - C*U2+y02+yl

-~ C*U3*yo?**ybh + C*Udtyl*yl*yb

+ C*{1-CS1;*CP2*y0*y2 - D*US*yDd?+yp

+ D*D6*Y0*yl*yb + D*U7*yQ*yb?

- D*US*yl*yb2 - D*x(1 = CS1)*CP4*y2+yb

245

85

(B-21)
{(B-22)
{B-23"
(B-24)
(B-25)
(B-26)
{B-27)
(B~-28)
(B~29)

(B-30)

{B-31)
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’F13c3 = V2*y3 + 1-U23*yD + U24*yl — U25*y0 + D26*yb
+ Ul9*y0? - 020*yD*yl - U2i*y0*yb + U22*yl*yb
- CS2*CP13*y2 — C*CP5*y0 + C*US*y0? - C*Ul0*yl*yl
+ C*Ull*y0? - C*Ul2*y0*yb - C*Ul*y0®
+ CrU2*y02%yl + C*O3*y0%*yb = C*U4*yO*yltyb
+ CS2*C*CP2*yD*y2 + D*CP8*yb - D*Ul3*yl*yb
+ D*Ul4*yl*yb - D*01l5*y0*yb + D*Ulv*yb
+ D*CS2*CP4*y2*yb — D*US*y0%*yb + D*Ué*y0*yl*yb

+ D*U7*y0*yb? ~ D*UB*yi*yb? (B-32)

e TVRETN = \3*y3 + D17*y0 - U18 *yb
+ Ul9*y0% - U20*y0*yl - T21*y0*yb
+ U22*y1*yb + {(1-CS1)*CP13*y2
- *Fiag, + U2*y3

- 2%’Fizg, + 2%0L*y3 {B-33)

’Flzcliscz = 1 - ’F:zcz

- ’Fxsca - ’Flzczlscl (B-34)

Where

21 = Fl*Tal{ig — 3%13) $B=-TO
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o2 R2*TO*11/(to*11 - T3*(Tpt2%11))

o3 R3*T°*be(10*1b - T3*[To+2*1b))

U4 = Ri*to*1y/(tp*Ty%Tp —
T3*{Tg*Ty + Tg*Tp + T1%Tp))

CcP1l

0l - 02 ~ U3 + 04

cPp2

ToTz/(Tofz - T3*(Tu+12))
US = RI*TgTL/(TgTh = Ta*(1g+2%*Ty))
06 = Rz*to*Tl/(To*Tlin

- 13*110*11 + 1p*Tp + T1*Tp))
07 = R3*totb/(107b - 13*{Tb+2*TQ)}

U8 = RA*137h/(T1Th = T3*(1p+2%1,))

CP3 = U5 - U6 - U7 + U8
CP4 = Tbtzf(fbtz - 13*(Tb+tz))
CPE = To/(?o - T3)

U9 = Tl*fof('fo - 2*'(3]

Ulo = TZ*Totl/[TDTI - T3*(T°+Tl)]

247

{B=36)
{B-38)

{E-339)
{B-40)
(B-41)
(B~42)
{B-43;
(B—-44)
(B-45)
(B=46)
{B~-47)
(B-48)
(B-49)

{B-50)




CP6

01l =

Ul2 =

CP?7 =

CPE8 =

gl3 =

Uls

CP9 =

0ls5 =

Ulé

CP1l0

ul7 =

Uls =

Crll

o9 - Jlo

T3*T°/(TU - 2*13)

Té4*1qTp/(ToTp —

0ol - 112

Tp/(Tp = T3)
Tl*'[ofb/[ ToTb -

Tz*flfbf(flfb =

013 - Ul4

T4*T°Tb/(toTb -

Tad*rp/{(Tpy=~2%13)
= Pgl5 -U0lé6

C*1p/(Tg = T3)
D*1 /{1 — T3)

= Ul7 - Ul8

T3*(Tg+Tp))

T3*{Tg*Tp))

13*(11+Tb))

T3*(T°+Tb})

ulg = Rl*fo/ffo - 2*13)
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{B-51)

(B-52)

{B-53)

(B-24)

{B-55)

{B~58)

{B-~57}

{B—-58)

{B-59)

(E-60}

{B-61)

(B~62)

(B-€3)

(8-64)
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CP13

CPi4

023

024
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026

c
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]

R2*1511/(TgT1 ~ T3*(1g9*73))
BR3*19Tp/(ToTp — Ta*(1p+Tp))
R&*T1TH/(T1Th — T3*(11*Tp))

0lg9 -~ U020 - U21 + D22

T2/ (T3-13)

Tl*TD/(TO

= Tz*Tl/{Tl

P15

I3*1g9/(1y

Ta*1 /{1y

CP12 + (1-Csl)*CP13

- 13)

=1 - 023 + 024 - U225

+ U26 + CP12 - CS2*CP13

k3

car be Scliie

. -
3
(S

L Y

—_ - N
O PR
-« - M} [

249

S0

(B-65)
(B-67)
(B-68)
(B-69)
(B-70)

(B-71)

(B-72)

(B-73)

(B=-74)

{B-75)

(B-76)
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L
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DIENSION FZ~>(§2%3),FFC31123),FFINCL23) ,X(123) 82
DINENSION F171233,F2(123),F3(123),F8(123)

DI“ENSTION FCyr123),FC2€123),001€123%,C002¢123)

CO=™ON UT4(4)

CyevON uT>{4,a),UT5(3,0,4),AR1(4,8,4),AR2(3,4,8,4)
INTEGER 47,9 .021,C00(4) , &1(2),42(2),43(2)

INTEGER D1¢2)

DATA AQ/VTINE?Y

DATA BO/'RESPOY,INSEY/

DATA CO/ COMP?  fUTER P, 9STIMULT YATION? /

DATA EG/'STANDV/
DATA ALZVeT(B/1,%eT1)4/

DATA  A2/04Te2/9,%¢T1)1/
DATA AZZ14T (320, eT1)V/
DATA Bi/'L/CGRYs,EL17VL/CET Y/,
» Furiety Gl/7v(V/,G62/71)¢2
T1320,.54
YoxTix0,05
xX{1)=0
NCYEL21
NO29%
AXTO0/(TOeTY)
B2T1/(T0eT1)
X(1}=D,
DO 15 Isi NCY -
ESEXP(=X(1)/T0)
FIEXP(eX(21)/7T1)
CO2(I)=leE
FCICI)3AEsReF
FL2lI)=leFCtl)
AREAZAREA+FCY (1)
£ WRITE(E,5) CO2(13,FC2¢1),CO1(])
X(I+1)mX(I)e2,8%
15 CONTINUE
AREASAREA#2,896
T8x0,013=T1
CRERUSUNRUNSERRANINS NN g RNy
DD 99 Jat,t
urB{Ji=T8sTtL
CxT10/(T0=TH)
O=TB/(TO=T18)
T221,00001 =Tt
D0 80 I=i,t
ut2tJ,Idat2/11
RAIZA=CHTO/(TO=22TR)
RA2ZBaLeTOeT1/(102aTieTRa({T0+T1))
RASEBAsDeTOnTR/(102TBoTd2{TO»TH))?
RAGZEwDeT1oTR/{T12TB=T22{T1+TE))
ClzRAL=RA2Z«RAI+RAL
RASZA=TO/(TOT2)
RAE=B=TI/(TleT2)
C22RAS=RAL=LY
RATSCaTO/(TO0wT2)
RAE=D=TR/(TB=T2}
CI=AT=Rad=ly
Cdizl wLlaC2erl
c ?QINTtpRAI.QAE.RA!.HARAS,HAb.RAT.RlB

c PRINT=,€1,C2,C3,C4
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c GOTD 89
3 12 1131,5%
ARI(I, 1,100,
12 CONTINUE
x(11=0,
L0 <3 K31 ,M1Y
ExExPLl=Xx{xX}/T0)
FeExP{eX(xX)/T1)
GEEXP{eX({x) TR}
UsEXP(=X(<1/T2)
RiSRALeEaEwRAZeE2FwRAT*EaGoRAGaF2l
R2ZRAStEwzigeFeR]
RIZAATaE»RABaGeR]
Rz} ,=R1="2=13
FFLet n1z=Rts(1=CLl)al
FFC3¢ KY2RG=Cowl
FFINI K)YaR2+R3I=(C2+C53nL
AR1CJ,T,11=Ar1¢d,11)oFFC2C . K}
ARL1CJI,1,212ARICI,Zr2)+FFINE K)
- ARICI, I, 313ART(J,T3)+1,«FFC3( K)

A(K+1IxX(A)22,68%
' WRITECD ,SIFFC2CJ,14%),FFC3CJeI.X):FFINCI,I,X)
20 CONTINUE
s FORMAT(1X £ 3(5X +¥10,8))
cé FORMAT(A(SX,F10,8))
Cc GOT0 89
ZEABUTY

CALL CALCHP
CALL PAGE(11,,8,5)
CALL SWISsB
CALL UCCHAR
CALL MX1ALF{ED,G2)
CALL MX2ALF(E1l,G1)
call Mx3ALF(B1,FuU)
CALL AREA20(8,.,5,)
CALL XNAMELAD,Q)
CALL YNAME(BOD,8)
CALL HEADIN(CO,20,24¢1)

- CatLlL snAF:.o.so.,suo.,.o,.a,l.as

. CALL RLMESS(A1,30,50,,1,2)
X1=UrB{t)
CALL RLREAL({X1,8,2+1,2)
CALL RL™ESSCA2,10,200,,1,2)
xX2sUT2(J, 1)
CALL RLREALCX2,4,2,1,2)
CALL CURVEULX,FC2,NCY,0}
CALL CURVECX,FFC2 4NCY,0)
CALL CURVE(X,FFC3, NCv,0)
Call CURVEELX,FFIN 4NCY,0)
CALL ENDPLCLY
DO 19 I0=21,3%

19 AR!tJ.I-Iu)'lﬂllJ.I.101'2.396171

49 - T3%0,45% #T]

c.t.ttttta-t.ttct.tt.ttt-:tttgltf.tnittt.ttt*-'i
DO 30 Ls§,2

urTitt,L.L3=T3/T)
UL1SC«RA1=T0/(T0=3,5T3)

UC23DaRAL «TQuTE/(TOnTE=TI2{TO¢2,0TB))
UC!SCtRAz-Tb-TLI(TDtT[-T3t11802.071)3
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" 13

LCw= aRAZeT 12 TIoTB/(T2TIaTh=TSaT0uT 0T nTaeTseTI)}
e =Ceda3sTIaIB/(TOnT3wTIa(TOSZ 2TH))
LEozDrRAZeTOeTE/{TI+TReTIn{TB¢2xT0))

S UCTSCeRABUCArDIRALZ

T LT e R e TIa TR/ (T aT ieTalT3+2,4T1))
dc. s l=Uuce

ACesuvC3-ucs

AC3zUuULS=UCe

ACG=0CT=lCs

CUTzACt~AC2vACBSeaCd
TCIzL=T0/(Td=22T3)
YC23DeTOuYR/7{T0xTEB=TIa(T8+TE)) .
CTi=TLl=ICe
TCIZCaTORTI/Z{TO2T1oTE(T0+T1))
TEGSDeT1aTB/LTleTB=TIn(T1+TE))
CT2=TC3=T28

CURZRASHLTI-RALALT2=CUT
TT1zCasTO0xYB/¢TOuTB=T3I={(TO+TB))
TV2aDsTB/ (TBe2#13)

CT3xzTTi=TT2
CUSRATCT1=RAA2CTI=CUY
C1zleTO/(T0~13)

C2xD2TB/(TBeT})

SFadi-a2

CUazBFw( '1eCu2 «CU3
RGISRAL2TO/(TO=22T3)
RELESRA22aTOsT1/7(T0=T1mT3n(TO+T1]})
RO3IZRAZ=TO*TR/(TORTBeT3n(TO+TE))
RQASRAQaTIATE/(T12TBaT3a{T1¢T8))
CRISRA1«RIZ2~REI+RQE
Q3IsRAS=TH/{TGwT3)
QaxRAbsTL/{T1=T3)
CR22G3=38«CR]
QSaRAT=TO/LT0=T3)
GOERASSTB/(TR=T3)
CR3I=(S~Rb6=CRY
CRAz1alR1«CR2=CRS
CRSxT2/7(Ta=T3}
QTECaTOsT2/{T0T2=TI2(T0+12))
QBzDeIBw T2/ (T8 T2=T3e(T2+TB)})
CR63Q7=08

CuStizCRawCYL
cuzu-cnzocns.(caoCB)tcas
CUT2=2CRSCRs
ES1aCuieC1eli)nCRS
CS2=xLUGl=CanCuT2
CS3zCU2+4CUTS(LR24CIInlRD
C5€3C1+(1=C1)2CRS=(51
CSS5=zLuUlNn=csy

CSesCya=CasRy

00 13 l2=1,4
AR2LJ,1,L,12)=20,

CONTINUE

xX(l)ma,

DO 2% KK=mi,NCY
EEXP (e X EXKY FY0Y
FEYP{mx{Xx)/T1)
G=ExP({aX{xX)/7B)
UZEXPL=X(xK) /T2
YEEXP{wX(uK)/T3)
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LCLeEsF st wy( 2o 0t o8
Z3eE-EuFelLygataFal
CLSrEEMRelpeEnlieG
FlafF oFxtwiTaaF el el
L B SRR ¥ FEk ¥ ¥ P
L STllseToTL2aiet
TU2STZAaF «E=TCaAnGaF
U2sRAS*+TYImRAGsTU2~UE
TUIETTISEeGeTT22G25
UISRAT7eTUL=RABsTUT=UL
FazQi=EwQ2eG
VazFReyle12eyl .
RUISRIISE4E=RIZeExFoRA32EaGoRCA=F 2§
RUZzuIeEw;dnFaRyY]
RulauSeE=J8aGeRU1
RUAZ1 ,»RUlaRU2eRYZ
uUBzCRS=U
RuoaQ?elsE=Qgalsl
Ual3RUGej4
RUINZRUZ+QUI{L24C3) 2B
RUTZ23UB eRUe
Siavisli=Cl)»RUs
S23Ug1=CasRUT2
$3xU2+Ulw(L2e03)nRUS
S4zRUL4 (101 )eiBas]
S5SaRUINeS
Se3ys=-CaeRUS
PRINT2,5%,C81,82,C52,83,053,84,(084,85, CSS.SG,:SG
PﬂtNTi'U“l|CU41 RUTZ2,CUT2

- b o
Loy e
(SN U TIE O 1]

i ks

F1(KK)3S51+4C1eC8]1)ny
FR(KK)®S2:LS22VY
FI(XK}ES3+58(L83+C8Q) 0y
FA(KK)}25S+862¢(C55+C56) ey

AR2CT Lol 1YmARZ¢ I, I, L1)0F 2 L KK)
ARS(J, T, L, 2)uAR2¢J, 1, 28301 ,=F2¢( KK)
ARRCI, T,L,3)mRR2¢T,I,L,3)4F 3¢ KK)
ARZLIE,L,3)8AR2¢I, 1,8 eFaL KX)
X(KR+1)ZX(KK)+2 896

£ WRITEC10,16) Fl¢ KK),FRIKR),FI{KK),FA(XK)

25 ConTINUE .

C16 FORMATEIX , 8{S5X,F10,8))

€6 FORMAT(E(5X,F10,8))

c GoTQ 99

CALL CALCMP

CaLL SHDCmR(90,,1,0,01,%)
CALL PAGE(11,,8,5)

CALL SwIssS

CALL MXIALF(EN,G2)

CALL MX2A_F(EL1,G1)

CALL ™x34.F(CBL,FU}

CALL AREA20(S,,S,.)

CALL XNAME(CAD,4)

CALL YNAME(Bo,8)

CALL HEADINCCO,20,2,,1)
Call GRAFF, 0,50,,3¢2,,.0,.2,:1.¢)
CajLL RLFMESSCAL,;10,30,,1,2)
X12UTB(J)

Call RLREALCX1,8,2,!,2)
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14

0
ao
90

e By 00~

CLli @ ~-39C42,10,150,,1,.2)
x24T 2(2. 1) . 96
Calbl R SEAL(x2,8,7,1,2)
CALL RL™E3S5C43,10,270,,1,2)
RAZUTICI,T.L

Ctl ~l=rl gn3pufel g2
CALL LUPYE(X,FL2,NCTY,0)
CAlLL CULRVE(X, Fi,NCY,0)

CALL CumRvE(X,F2,NCY,0)

CALL CURVE(X,F3I ,NCY,0)

CALL CUvEC(X, Fa,nCY,0)

CALL ENDRLCYY

DO 14 1331,48

ARSIT 1oL, 13)330R2(J 910 s13)02,896/T}
CONTINUE

GOTO 100

TIaT322,

CONTINUE

T2872e2,

CONTINUE

TBEYB+G,

CONTINUE

CALL APLO

WRITELII,1)T1,AREA

po 9 Is1,8

WRITECL13,23UTB(I)

Do & J=i,a

WRITE(13,3) ufz(I,J),(lRI(I JelJd)elJui,3)
00 7 K=}1,8

#RITEC(13,4) UT3(1,J,K), (AR2(I:J,K, IJJ:IJ'!:‘)
CONTINUE

CONTINUE

CONTINUE

FORMATLEIX,F7,4,5x,F12,7)
FOR“ATC1X,F7 4}
FORMAT(IX,F7,4,3¢(Sx,F12,.71)
FBRHlT(1!,F7.¢,¢(5!¢712.7))

STOP

END

Dt.li¥§ ;. E In!ll‘lgsiz iill.........-El.i--.t..-§§?!.lliﬂgattziﬁiif
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APPENDIE D

AREA VS LIFETIME PLOTS
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