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Unsteady state mass transfer in a slab

Equation of continuity of A for constant p and D,g
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Questions

1. Concentration vs. Distance after 2500s
( Interval=0.0005)

2. Concentration vs. timeto 25000s
at x=0.001, 0.002, 0.003 and 0.004

3. Concentration vs. Distance after 2500s
( Interval=0.00025)
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% POLYMATH 5.1 - [Ordinary Differential Equations Solver]

@ File Edit Program Window Examples Help - 0 X

= = i = ‘ % ‘ &= ‘ 5 &2 X
Dave LEC MLE OEC BES Calenlate|  Units Const metup
solve System of nonlinear equations|

Indep “ar [ Initalvae 10
Salve with REF45 - Final % alue |5|:":| g

Table Zraph Heport W Comments

AddDE | AddEE | Remove | Eat | B[ | 4| mp

Differential equations ¢ explicit equations Irikial walue | Comments

1 | diCaz)Adit) = DABHCAZ-2CAZ+CAT ) deltan™2 0.001125
_ 2 | diCaZ i) = DABHCA4-2CAZ+CAZ) deltar™2 0.00125
_ 3 | diCad)Adit] = DABFCAS-2CA4+CA3) deltan™2 0.001375
_ 4 | diCaR)A(t) = DABFCAR-2-CAB+CA4) deltan™2 0.0ma
_ 8 | diCaE)Adlt] = DABSCAT-2CAB+CAR) deltan™2 0.001E625
_ B | dICATIA() = DABFCAR-2CAT+CAR) deltan™2 0.007175
_ 7| diCag)Adit] = DABFCAS-2-CAB+CAT) deltan™2 0.001825
_ 6 |DAB =103 F.4a.
_ 9 | deltax = 0.0005 F.4a.
10 | CAS = if[t==0)then(2. De-3)elze([4"CAB-CAT)/S) F.4a.
11 |CAD =E.0e-3 F.4a.

12 [K.=1.5 F.4a.

13 LA = ifft==0then[] De-3elze/CAD/K] F.4a.

Differential Equations: ¥ | &usxiliary Egquations: B

pf-13a.pol | F.13[a] Unzteady-state Masz Tranzsfer ina Slab I= 401 2004-06-02 MLk




# POLYMATH 5.1 - [Differential Equations Solution #2]1

@ Report Edit MWindow Help

=EX

(]

ACIN A AN AF APAF- SR NF
Open SDaveE LEQ MLE DEQ REG Calculate]  Units Const setup
POLYMATH Results ~
7.13(a) Unsteady-state Mass Transfer in a Slab 08-02-2004, Few5.1.225

Calculated values of the DEQ variahles

Variabhle initial walue mnminimal walue waximal walue final walue

t 1] 1] 2500 2500

CAZ 0.001125 0.001125 0.0035727 0.0035727

Ca3 0.00125 0.00125 0.0031691 0.0031691

Cad 0.001375 0.001375 0.0028097 0.0025097

Cab 0.0015 0.0015 0.0025088 0.0025088

CAf 0.001lez25 0.001al85 0.002274:2 0.002274:2

Ca7 0.00175 0.001a945 0.0021083 0.0021083

CAG 0.0015825 0.0017171 0.00zZ0099 0.00zZ00949

DAE 1.0E-09 1.0E-09 1.0E-09 1.0E-09

deltax 5.0E-04 5.0E-04 5.0E-04 5.0E-04

Cag9 0.00z2 0.0017145 0.00z2 0.00197%7

Can 0. 006 0. 006 0.006 0.008

E 1.5 1.5 1.5 1.5

Cal 0.001 0.001 0.004 0.004
ODE Report (REF45)

Differential equations as entered by the user

[1] diCA2idit = DARFCAZ-2*CAZ+CATIdeltax™2

[2] diCADM = DARTCAL-2*CAI+CANIde a2

[3] diCAdidit = DARFCAS-Z*CAL+CATIde a2

[4] diCASwdi) = DABFCAB-2*CAS+CALIde a2

[5] diCABWdE) = DABRTCAT-2 CAB+CADdeltax™2

[6] diCAT WA = DABRTCAR-2*CAT+CARdeltax™2

[7] diCASWHT) = DABTCAS-2*CAB+CATHe a2

Explicit equations as entered by the user

[1] DAB=1.0e-9

[2] deltax=0.000%5

[3] CASY=ifit==00then(Z.0e-31else((4*CAR-CATIE]

[4] CAD=6R.0e-3

[5] K=1.4

[6] CAT1 =ifit==00then(1.0e-31else(CADM)

Independent variahle

variable name

initial value : 0 3
Mao File POLYMATH Report T = 402 2004-06-02 LIk




<% POLYMATH 5.1 - [ODE Results: BKFA5, Solution #2]

@ File Edit Bow Column  Align  Format  Matrx  Window Examples  Help = 4
ﬁ-‘n‘m‘iﬁ% ﬂ&&‘t‘iﬁ:ﬂ‘
Open SaveE LEC MLE DEC REG Calculate]  Units Const setup
R0O18: C011 = [0.0017627
t | ez | caz | cad | cas | oae | car | cas | DaB | dehaw | Cag Al A

1 (0O 0.0071125 000125 0.001375 0.0015 0001625 0.00175 0.001825 1.0E-09 h.0E-04 0.00z 0.006 1.5 0.0a
2 | 52349347 0.0016416 0.0073003 00013734 (0.007 5007 0.0016241 0.00717404 00013148 1.0E-09 h.0E-04 0.00713407 0.008 1.5 0.0a
3 [81.031595 0.00718512 0.0013552 0.00713857 0.007 5006 0.0016231 0.00717358 0.0013039 1.0E-09 h.0E-04 0.00713343 0.008 1.5 0.0a
4 [112.24B66 0.0020378 0.0014252 0.00139391 0.007 5021 0.0016218 0.001 731 0.00183029 1.0E-09 h.0E-04 0.00713285 0.008 1.5 0.00
5 |1123.95345 00021235 0.0014645 0.00714034 0.0015034 00016211 00017285 0.0017397 1.0E-09 5.0E-04 0.0018252 0.006 1.5 0.00
B | 164.9258 00022315 0.0015525 00014334 00015077 00016197 00017235 0.0017353 1.0E-09 5.0E-04 nootaa 0.006 1.5 0.00
¥ | 184.36353 0.0023545 0.001559397 0.0014492 0001511 00016192 00017208 0.0017334 1.0E-09 5.0E-04 00018142 0.006 1.5 0.00
g | 204.36353 00024222 0.0 6477 0.001 4665 00015151 00016187 nootaes 0.0017358 1.0E-09 5.0E-04 ooo1aoz 0.006 1.5 0.00
9 | 244.36353 0.002R339 0.0017404 0.0 5057 00015254 00016185 00017133 0.0 778y 1.0E-09 5.0E-04 00018024 0.006 1.5 0.00
10 | 264 36358 0.0025396 00017348 0.0 5264 00015316 00016184 0.001711 0.001 7752 1.0E-09 5.0E-04 0.0017385 0.006 1.5 0.00
11 | 28436363 0.002636 000713278 000715478 0.007 5385 0.00767393 0.0071 7088 0.0Mm#s18 1.0E-04 h.0OE-04 0.00717347 0.006 1.5 .00
12 | 30436353 00026737 0.001838933 0.00715697 0.0071 546 0.001 6202 0.007170RS 0.001 7535 1.0E-09 h.0E-04 0.0071 7309 0.006 1.5 0.0a
13 | 34436353 0.0027545 0.0013473 00076744 0.0071 5628 00016228 0.001703 0.001 7821 1.0E-09 h.0E-04 00017835 0.006 1.5 0.0a
14 | 36436353 0.0027884 0.001985 0.001637 0.001572 00016246 000717074 0.0017539 1.0E-09 h.0E-04 0.0017739 0.006 1.5 0.0a
15 | 384.36353 0.0028199 0.0020208 0.0016595 00015816 0.001 6267 0.0017 0.0017559 1.0E-09 h.0E-04 0.001 7763 0.008 1.5 0.0a
16 | 40435353 0.0023434 0.0020551 00016823 0.0015916 0.0016291 0.0016987 0.001 753 1.0E-09 h.0E-04 0.001 7728 0.008 1.5 0.0a
17 | 444.36353 0.0029029 000212 0.001 727 0.00716128 0.00716348 0.0071696E 00017474 1.0E-09 h.0E-04 0.0071 ¥E6 0.008 1.5 0.00
18 | 464 36358 000239273 0.0021506 0.0Mm 7493 00016239 00016382 00016958 00017447 1.0E-09 5.0E-04 0.0017627 0.006 1.5 0.00
13 | 484 36358 0.0023503 0.002180 o0myaia 00016352 00016414 0.00164952 0oomyaz: 1.0E-09 5.0E-04 0.0017594 0.006 1.5 0.00
20 | 50436358 0002971 00022085 0.001743 0.0016467 0.0016457 00016945 00017397 1.0E-09 5.0E-04 0.0017562 0.006 1.5 0.00
21 | h44 36358 0.0030 22 0.0022621 0.0018354 00016703 00016542 00016345 0.0017351 1.0E-09 5.0E-04 0.0017502 0.006 1.5 0.00
272 | Bed. 36358 0.0030307 00022875 0.001 8562 00016822 0.0016584 00016546 0.001733 1.0E-09 5.0E-04 00017473 0.006 1.5 0.00
23 | B84 36358 0.0030484 000231 0.0 8766 00016943 0.0016637 00016345 00073 1.0E-09 5.0E-04 00017444 0.006 1.5 0.00
24 | B04. 36353 0.003065: 0.0023357 0.007 3967 0.007 FORR 0.0071EEEY 0.007 64954 00077292 1.0E-04 h.0OE-04 000717417 0.006 1.5 .00
25 | 64436353 0.0030965 0.0023808 0.0019358 0.0071 731 000716734 0.00716969 0.001 7258 1.0E-09 h.0E-04 0.0071 7367 0.006 1.5 0.0a
26 | BR4. 36353 00031113 0.00240149 0.0019548 0.0071 7432 0.001 625 0.00163973 0.0 7243 1.0E-09 h.0E-04 0.00717343 0.006 1.5 0.0a
27 | 63436353 0.0031253 00024226 00019735 0.0071 7555 0.0071 6908 0.0071693 0001723 1.0E-09 h.0E-04 0.001 7321 0.006 1.5 0.0a
28 | 704.36353 0.0031388 0.0024425 00019518 0.001 Fe77 0.00716967 0.0071 7004 0.0Mm7#218 1.0E-09 h.0E-04 00017239 0.008 1.5 0.0a
29 | 744.36353 0.003 641 0.0024808 00020274 0.0071 7321 0.0071 7039 0.001 7035 0.0017138 1.0E-09 h.0E-04 0.001 7261 0.008 1.5 0.0a
30 | 7B4.36353 0.0031 761 0.0024937 0.0020445 0.00713043 00017152 0.0071 7053 0.001719 1.0E-09 h.0E-04 0.0017243 0.008 1.5 0.00
A1 | 784.36358 00031876 00025163 00020676 00018163 00017216 00017073 00omy1aa 1.0E-09 5.0E-04 00017227 0.006 1.5 0.00
32 | 804 36358 0.0031987 00025334 00020782 00018283 00017231 0.0017034 0omyya 1.0E-09 5.0E-04 000172413 0.006 1.5 0.00
33 | 844 36358 00032197 0.002566 00021104 0.00185:21 00017413 0.001714 00maye 1.0E-09 5.0E-04 0.0o01718a 0.006 1.5 0.00
34 | 864 36358 00032296 00025316 0002126 0.0018639 0001748 00017165 0001717 1.0E-09 5.0E-04 00017177 0.006 1.5 0.00
35 | 884 36358 00032393 0.002R4965 00021413 0.0018755 0.0017544 00017191 0001717 1.0E-09 5.0E-04 00017164 0.006 1.5 0.00™
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# POLYMATH 5.1 - [ODE Besults Graph, Solution #2]

@ﬁraph Design  Curves  Aaxis  Yaxis Grid Window Help
= | | I k | & | = 5
Open Dave LEC MLE DED REG Calculate]  Units Const setup
3 BOE-3
. - CAZ
13564 L Graph Title . b
- Cad
- CAE
- CAR
a0z | - LA
28563 |
2E0E3 |
23563 }
210E3 }
18563 |
1.60E-3
1.35E-3
11|:|E_3 1 1 1 1 1 1 1
0.00 250.00 500.00 750.00 1000.00 1250.00 1500.00 1750.00 2000 .00 2250.00 2500.00
t
Mo File Mo Title T = 357 2004-06-02 LIk




# POLYMATH 5.1 - [ODE Besults Graph, Solution #4]

@ﬁraph Design  Curves Xaxis  Yaxis Grid  Window  Help

= = Il i T e A e piro
Cpen Dave LEC MLE DEC REG Calculate|  Units Const setup
4.00E-3 ————
a7er L Graph Title
34263 | - LAz
- CA
- e
- £
- CFfE
31363 | - CAT
23463 |
25563 | Final time=30000
23663 |
19763 |
1.65E-3 Ip'
||rlr
13063 II
11|:|E_3 1 1 1 1 1 1 1 1 1
0.00ED 3 D0EZ R]= o.00E: 1.20E4 1.50E4 1.50E4 2 10E4 2 40E4 2 F0E4 3.00E4
t
Mo File Mo Title = 245 2004-06-03 MLk




% POLYMATH 5.1 - [ODE Results Graph, Solution #12] MEIE
g X

@ﬁraph Design Curves #axis Yaxis Grid Window Help E

= = Il e h 5 . @ €
Open SaveE LEC MLE DEC REG Calculate]  Units Const setup
1 A0E-3
171E3 Graph TI“E : Eﬁ
- Crt
- CAS
- CHB
15263 | - bAF
13363 |
1.14E-3
0 ANE-4 F|na| t|me:50000
7 BOE-4
& F0E-4
3 B0E-4
1 9DE-4
DDDEJ 1 1 1 1 1 — ___ 1 ) 1
000 ED & 00E3 1 00E4 1 50E4 2 O0E4 2 ADE4 3 00 E4 3 ADE4 4 (0 E4 4 50 E4 5 O0E4
t

Mo File Mo Title T = 1:35 2004-06-05 ML




# POLYMATH 5.1 - [ODE Results Graph, Solution #13] MEIET
SN (Y e

@ﬁraph Design Curves Xaxis Yaxis Grid Window Help =
= = Il i T . A, e iy
Open Save LEQ MLE DEQ REG Calculate|  Units Const setup
0.5 —
054 L Graph Title - Caa
- CAd
- CAE
- CAE
- AT
0.45
0.4z
0.3
030 Final time=50000
0.24
0.1%
0.1z
0.0
oop  E ; - - - ; - . . .
0.00ED 5.00E3 1.00E4 1.50E4 2 00 E4 2 S0E4 2.00E4 3 S0E4 4.00E4 4 50E4 5.00 E4
t

Mo File Mo Title 2= 1:35 2004-06-05 MUK




% POLYMATH 5.1 - [Ordinary Differential Equations Solver]

W File Edit Program Window Examples Help

= = Il i T . A, e iy

Open Save LEQ MLE DEQ REG Calculate|  Units Const setup

[ndep W ar It— [ritial W alue ':'

Solve with |[RKFA5  v|  FinalValue |2500 5
Tahle | Fraph Repaort ¥ Comments
AdDE | AddEE | Remove | Eat | B | ¥ | ||

Differential equations / explicit equations Initial walue | Comments

1 | dICAZ)A(E] = DAB*CAI-2#CAZ+CAT ) delkax™2 0.0011125
2 | diCA3)AE] = DAB*CAL-24CAI+CAZ) delkax™2 0.00125
3 | diCA4)Ad(E] = DAB*CAR-2*CA4+CAT) delkax™2 0.001375
4 | d[CAR)A(E] = DAB*CAR-2*CAR+CAL) deltax™2 0.0M5

B [dICAE)/d[t) = DAB*CAT-2*CAB+CAR) deltax™2 0.001625
B [dCA7)AE) = DAB*CAR-2*CAT+CAR) deltar™2 0.00175
7 [dICAR)/Ad[t) = DAB*CAS-2*CAB+CAT ] deltar™2 0.001825
8 |CAS = ifft==0]then[2.0e-3)elze([4"CAB-CAT]3) n.a.

9 (DAB =1.0=-19 h. a.

10 | deltax = 0.0005 h.a.

11 | CAD = B.0e-3 h. a.

12 |[K.=15 h.a.

13 [CAT = fft==0]then(1.0e-3elze([*kc*Cal*deltaxs-DaB*Ca3+4°DAR* CAZ) [ FDAR + 27k oK. delax]] h.4a.

14 [ke = 0000007 h.4a.

Differential Equationsz: ¥ | Ausiliary Equations: 7

pf-13a.pal | 7.13[a)] Unsteady-state Mass Tranzfer in a Slab = 301 2004-06-05 HLIM




#= POLYMATH 5.1 - [ODE Besults Graph. Solution #23]

@ﬁraph Design Curves Xaxis Yaxis Grid Window Help

b

=
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Save

fil
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it

REG

Al

Units

5

Calculate

SE)ES
- | & x
| & |

Const setup

210E32

200E32

2.70E32

2450E2

230E3

2.10E32
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1.50E2

1.30E32
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Ma File

Graph Title

- LA
- LCA2

Final time=2500
kc=0.000001

0.00

Mo Title

250.00

A00.00

TA0.00

1000.00

= 300 2004-06-05
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t
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% POLYMATH 5.1 - [ODE Results Graph, Solution #25] MEIE
g X

@ﬁraph Design Curves #axis Yaxis Grid Window Help E

= = Il i i ) a2 e yiry
Open SaveE LEC MLE DEC REG Calculate]  Units Const setup
4 00E-3 ——
afiEr | Graph Title

- CAz
T4ET | - LCra

- Cidd

- CHS

- O

- CAF
21363 |
23463 |
25663 |
23663 |
19763 |

Final time=40000
16363 |
kc=0.000001
13963
1.10E3 - - - - - - - - -
.00 B 4 003 £.00E3 1.20E4 1.60E4 2.00E4 2 40 E4 2 B0E4 5 20 E4 3 60 E4 4.00E4
t

Mo File Mo Title T = 302 2004-06-05 ML




Diffusion and Reaction in Falling Liquid Film
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Questions

1. Concentration of dissolved A within the solution at
Z=1m, no reaction

2. Average flux of A

3. Concentration vs z

4. Compare adsorbed A with exiting A value
5. Reaction constant, k=1s-1

6. Compare 1 with 5
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% POLYMATH 5.1 - [Ordinary Differential Equations Solver]

W File Edit Program Window Examples Help - | 0| x
= = Il i T . A, e iy

Open Save LEQ MLE DEQ REG Calculate|  Units Const setup

[ndep W ar |2 [ritial W alue |':'

e |FIKF45 -..| FinalValue |1
Labie Graph | Repart W Comments

AddDE | AddEE | Remove | Eat | B[ | 4| wp

Differential equations / explicit equations Iritial walue | Comments
1 | diCaZ)Ad(z) = [DAB[CA3-2CAZ+CAT) deltan™2-kprime Caz)vmax{1-[[2-1Fdeltax/delta] "2)) 1]
_ 2 | diCad)Ad(z) = [DABCAR-2CA4+CAT) deltan™2-kprime Cad)/ vmax(1-[[4-17deltax/delta] "2)) 1]
_ 3 | diCAB)/dlz] = [DAB*CAB-2*CAR+CA4)  delkas™ 2-kprime CAR] [vmax1-5-1 *delkax/delta] 2] 1]
_ 4 | diCAS)/dz) = [DAB*Cad-2*CAZ+CAZ) delkas™ 2-kprime Ca 3] fvmax1-3-1 *delkax/delta) 2] 1]
_ 5 | dICAR)Ad(z) = [DAR*[CAT-2CAB+CAR) deltan™2-kprime CAE) vmaw™{1-[[6-1Fdeltaxdelta] "2)) 1]
_ B | dICA7)Ad(z) = [DAR*[CAB-2*CAT+CAR) deltan ™ 2-kprime CaA7 ) vmaw™{1-[7-1 Fdeltax/delta] "2)) 1]
_ 7| diCAB)Ad(z) = [DABCAS-2"CAB+CAT) deltan ™ 2-k prime CAR) vmaw™{1-[[8-1Fdeltaxdelta] "2)) 1]
_ 8 |diCag)/d(z) = ([DABCa10-2*CAT+CAR) deltax™2-kprimeCAS) [vman(1-[[9-1 Fdeltax/delta) 2] 1]
_ 9 | dICa10)/dlz] = [DABTCATT-2Ca10+CAT) delar™ 2-kprimeCAT 01/ vmaw™{1-([10-1)"deltax/delta) " 2]) 1]
_10 |DABE =1.5e-3 h.a.
11 | kprime =10 . a.
12 [vmax =06 . a.
13 [delta=3e4 h.a.
14 |CA1 =003 h.a.
15 ECATT = (47041 0 CAthenDlelze([47CA10-CA),3) h.a.
1B | deltax = 0.1"delta h.a.
17 | wavg = [2/3)wmay h.a.

Differential Equationz: 3 | Ausiliary Equations: 8

pf-15a.pal | 7.15(a) Diffusion with Beaction in Falling Liquid Filrn A 942 2004-06-08 HLIM




#= POLYMATH 5.1 - [ODE Besults Graph., Solution #11

@ﬁraph Design Curves Xaxis Yaxis Grid Window Help
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x

= | © I h | & | = N
Cpen Save LEQ MLE DEQ REG Calculate]  Units Const setup
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% POLYMATH 5.1 - [ODE Results Graph, Solution #31] - @]

@ﬁraph Design LCurves Xaxis Yaxis Grid Window Help - | 0] X
= = Il ] e = B F. & T
Open Dave LEC MLE DEQ REG Calculate|  Units Const aetup
0.0 —un —
003 Graph Title
- CAZ
0.0z o
- LCAE
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0.0z - AT
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- CAID
- MNfawvg
0.0z
0.0z
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0.01
0.00
pop KIS : : : : : : : : :
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2

Mo File Mo Title 2= 350/ 2004-06-08 ML




# POLYMATH 5.1 - [Scatter points graphl

@ﬁraph Design Curves Xaxis Yaxis Grid Window Help
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% POLYMATH 5.1 - [Ordinary Differential Equations Solver]

@ File Edit Programm  Window Examples Help - O X
AL AN EAFAEAEAEY
COpen DaAYE LEQ MLE DEQ REG Calculate|  Units Const setup
[ndep W ar |2 [nitial W alue |':'
S alve with m Final % alue |-I
| Tahie | IFraph Hepart ¥ Comments
AddDE | AddEE | Remove | Eat | B | ¥ | 4|
Differential equations £ explicit equations [nitial salue | Comments ~
15 |delta= 3ed h.a.
16 [CA1 = 003 h.a.
17 | CAT1 = H4*CA10<CASthen(O)else([4°CA10-CAT)/3) h.a.
_18 | deltax = 0.1"delta h.a.
13 |vavg= [/ vman h.a.
2l H=1 h. 3.
2 W= 1 h. 3.
(22 |wzl = wman 1. 3.
_23 |wz2 = wman(1-([2-1 [deltax/delta] 2] . 3.
_24 | we3 = wmar (131 [deltaxidelta] 2] . 3.
25 |vzd = wmaw(1-[4-1*delax/delta]”2) =)
2B |wvzh = wmax (151 [deltax/delta] 2] =)
_ 27 |web = wmax(1-([B-1 deltax/delta] 2] 1. 8.
(28 | va¥ = wmaw1-([7-1)"deltax/delta) 2] h.a.
29 | vz = wmaw(1-([8-1)"deltax/delta) 2] h.a.
(30 | wed = wmaw 131 *deltax/delta] 2] h.a.
31 | wel0= wmaw[1-[10-1 deltax/delta]™2) h.a.
32 w211 =1 h.a.
33 Eecl = wzl*LAT h. 3.
3 |wed = weZ"CAZ h. 3.
39 |wed= wedTAS 1. 3.
36 |wed = wzd"CAd . 3.
(37 |weh= wzb"CAD =)
38 |web = wzB"CAE =)
39 |woi = weCAY =)
AN | wel = wzBTAR h.a.
A1 |weH= we3TAS h.a.
A2 | welD = wz10FCAT0 h.a.
43 (w1l = wz11*CATT h.a.
w
< >

Differential Equationz: 10 Ausiliary Equations: 33
pr-15a.pal | 7.15(a] Diffusion with Beaction in Falling Liquid Filrmn = 56| 2004-06-08 I LIk




&% POLYMATH 5.1 - [ODE Besults: BKF45, Solution #33]

@ File Edit Row Column  &lign Format  Matrx  Window Examples  Help
o | S | | \ o] s | B | o
Open Save Calculate|  Units Const aetup
R100:CO34= |0.018
vzl | w29 | w210 | w211 | vc | w2 | e | vcd | w5 | vk | vc7 | vch | vca | vc10 | vc1d

67 | 0306 0216 0114 1] nma 000778 00053315 00022246 |BOGYE-04  2B3E-04 7.979E-05  2339E-05 EB892E-06 1.973E-06 0
B2 | 0.306 0216 0114 1] 0o1a 0.M08539 00054293 | 00022966  B.458E-04 | 2.803E-04 BE4BE-05  26VIE-0R |Y.V23E-06  2246E-06 O
B3 | 0306 0216 0114 1] 0o1a 0.0M083321  0.0054774 | 00023324  B.6REE-04 | 2891E-04 8934E-05  2703E-05 |87164E-068  2392E-06 0O
0| 0306 0216 0114 1] 0o1a 0009296 0005525 | 000236871  8.852E-04 | 2.93E-04 93FE-0R  283ZE-05 |8EZZE-06  2B4BE-0E O
71 | 0.306 0216 0114 1] 0o1a 0.M09665  0.0055721 | 00024037 9.051E-04 |3.071E-04 9.7F09E-05  296BE-05 |9.0393E-08  270RE-06 O
72 | 0.306 0216 0114 1] 0o1a 0.0110337 0005665 | 00024745  9451E-04  3.255E-04 |1.045E-04  3.2435E-05 |[1.01E05 J046E-08 0O
73 0,306 0216 0114 1] 0018 001074 00057107 | 00025098  9.652E-04 | 3.349E-04 1.084E-04  3.337E-05 |1.064E-05 32Z2BE-06 O
74 | 0.306 0216 0114 1] nma 00111088 00057559 00025448 | 9854E-04 3 444E-04  1123E-04  353BE-05  1.119E-05  3I41B8E-06 O
70 | 0.306 0216 0114 1] nma 00111431 00058007 00025798 | 00010056  3541E-04  1.163E-04  36A9E-05 11VRE-05  3BIGE-O6 0
76 | 0306 0216 0114 1] nma 00112102 0005833 00026493 | 00010463  3.736E-04  1.245E-04  4007E-05  1.295E-05 4.036E-06 0
7 | 0.306 0216 0114 1] nma 0011243 00055325 00026838 |0O00M0BRY 3.835E-04 1.287E-04 4172E-05 1.358E-05 4.265E-06 0
78 | 0306 0216 0114 1] nma 00112784 00055755 00027182 | 00010872  3935E-04  1.33E-04 4341E-05 142305 449E-06 00
3 | 0306 0216 0114 1] nma 00113073 00060181 00027525 | 0001078  4.036E-04  1.373E-04 4514E-05 14905  472E06 0
a0 | 0306 0216 0114 1] noma 0.M136598 0.00R1021 | 00028206 0001143 4240E-04 (1. 462E-04  48FEE-0R |1.B3E-0R RZ2IFEDE O
a1 | 0,306 0216 0114 1] 0o1a 0.0174004 000871435 | 00028544 0001168397 |4.345E-04 1.503E-04  BOS9E-05 |1.704E-05 GBAO4E-06 O
a2 | 0.306 0216 0114 1] 0o1a 0.01714306 00081345 | 0002888 00011904 | 4.45E-04 1.554E-04 BZ249E-05 |1.7/9E-05 BYAIEOE O
a3 | 0.306 0216 0114 1] 0o1a 0.01714604 00062251 | 00029216 00012111 |4.555E-04 1.60Z2E-04  5A43E-05 |1.85FE-05 GOGYE-OE O
a4 | 0.306 0216 0114 1] 0o1a 0.0115188 00083051 | 00029382 00012527 |4.769E-04 1.693E-04 HB45E-05 |Z2019E-05 GBERIE-OE O
a5 | 0.306 0216 0114 1] 0o1a 0.0115475 00063445 | 0003012 00012735 |4.877E-04  1.7AFE-04  BORZE-OR | 2104E-05 B935E-06 0O
a6 | 0.306 0216 0114 1] 0018 0.0115757 000835836 | 00030547 00012944 |4.936E-04 1.797E-04 B.Z263E-05 |2191E-05 7312E-06 O
a7 | 0306 0216 0114 1] nma 00116037 00064223 00030863 | 00013153 HO096E-04 1.848E-04 BAVRE-0R  Z228E-05 7 R4BE-06 0
a8 | 0306 0216 0114 1] nma 00116584 00064986 0003152 (00013571 GH318E-04 1.951E-04 BS9Z2ZE-0R  Z4BRE-05 B353E-06 0
a3 | 0306 0216 0114 1] nma 00116853 00065362 00031843 (003753 H43E-04 2003E-04 YARIE-OR  Z26R1E-05  BFZZ2E-06 0
a0 | 0306 0216 0114 1] nma 00117119 00065735 00032165 (0001393  HAR42E-04  2067FE-04 Y.382E-0R  Z26BE-O5 S101E-06 O
91 | 0306 0216 0114 1] nma 00117381 00066105 00032485 00014193 GBERGE-04  2111E-04 YBRZE-0R  27VR1E-05 S491E-06 0
92 | 0.306 0216 0114 1] nma 0011733 00066333 0003312 (00014619 HA885E-04  222E-04 BI07E-0R  Z25FE-05  1.031E-05 0O
93 | 0.306 0216 0114 1] noma 013748 0006193 | 00033436 000714828 | B.OE-04 22VBE-04  BERFE-OR | Z0MBE-0R 1.07F3E-DR O
94 | 0.306 0216 0114 1] 0o1a 0.0118338 00067549 | 0003375 00015038 |6116E-04 | 2.333E-04  8BE1E-05 |3183E-05 1117E-05 0O
95 | 0306 0216 0114 1] 0o1a 0.0M18645 00087302 | 00034062 00015248 |6.233E-04 | 2.39E-04 3.87E-05 J303E-05 11R1E-O05 |0
95 | 0.306 0216 0114 1] 0o1a 0.011913 000685393 | 0.0034632 00015667 |6.463E-04 | Z2506E-04 | 9.4E-05 J537E-05  1.284E-05 |0
97 | 0.306 0216 0114 1] 0o1a 0.0119369  0.0088342 | 0003433 00015877 |B.53FE-04  25B4E-04 9E6FIE-05 |36RBE-05 1.303E-05 O
93 | 0.306 0216 0114 1] 0o1a 0.0119604 0.0089283 | 000352396 00016038 |B.7OGE-04 | 2624E-04  9947E-05 |3 VE1E-05 1.352E-05 O
93 | 0.306 0216 0114 1] 0018 0.0119837 0.0083962 | 00035601 00016296 |B.825E-04 | Z2634E-04 1.023E-04 |390FE-05 1.403E-05 0O

0,306 0.216 0114 0 hoie 00120192 [0.0070137 |0.0036089 |0.0016619 |7.011E-04 |2773E-04 |1.067E-04 |4.107E-05 |1.484E-05 |0

4
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# POLYMATH 5.1 - [Scatter points graphl

@ﬁraph Design Curves Xaxis Yaxis Grid Window Help - | 0] x
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% POLYMATH 5.1 - [Data Tablel

@ File ‘Window Examples Help

= = fil e e 2
Open Save LEC MLE DEQ REG Calculate

i e i

Units ‘ Const ‘ metup ‘

Irkerpolation T Differentiation T Integration Independent var
Coz -
e Dependent war
: o |
COTdC02 = | 1.018E-06 N=11
Dew = 0.00%
| 0
Solve with | 2IMPSOM j

MA1=N,,, H*W=9.438%10-7
MA2=H]v,C,dx=1.108% 10-6
(MA2IMAL)=117.4%, error=17.4%

Data Table | Regreszion  Analysiz | Prepare Graph
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<% POLYMATH 5.1 - [Ordinary Differential Equations Solver] MEIE]
SN (Y

@ File Edit Prograrm Window Examples Help

AL AN N E AR AEAE Y
Cpen Dave LEC MLE DEQ REG Calculate|  Units Const setup
[ndep Y ar |2 [ritial Y alue |D
Salve with m Firnal v alue |5':I
Tahie Fraph Hepart V¥ Camments
AddDE | AddEE | Remove | Edt | B[ | 4| =

Differential equations £ explicit equations Irnitial walue | Comments .
1| diCAZ)Adz] = [DABTCAI-2CA2+CAT ) deltas™2-kprime Ca2) (vman(1-[[2-1 Fdelkax/delta] 2]) 1]
_ 2 |diCad)diz] = [DABCAR-2*CAd+CAZ) deltaxs™2-kprime Cad)(vmax(1-[[4-1Fdelkax/delta] 2]) 1]
_ 3 |diCaB)Adizl = [DABTCAB-2*CAS+CA4) deltaxs™2-kprime CaS)vmax(1-[[5-1Fdelkax/delta] 2]) 1]
4 | diCa3)Adiz) = [DABTCAL-2CAI+CAZ) deltaxs™2-kprime Ca3) vmax(1-[[3-1Fdelkax/delta] 2]) 1]
_ 5 |diCaB)/dz] = [DABYCAT-2CAB+CAR) deltax™2-kprime CaE)/[vmax(1-[[6-1Fdelax/delta] 2]) 1]
_ B |diCA7)diz] = [DABHCAS-2*CAT+CAR) deltan™2-kprime CTAT 1A vman(1-([7-1Fdelax/delta) " 2]] 1]
_ 7 |diCAB)/dizl = [DABHCAS-2CAB+CAT) deltan™2-kprime TAB) vman(1-[[8-1 Fdelax/delta) “2]] 1]
_ 8 |diCAS)/diz] = (DABFCAT0-2CAI+CAB) deltan™2-kprimeCAS)vman(1-[(3-1 " deltaxn/delta] 2] 1]
9 |diCATD)Ad[z] = [DABHCATT-2*CAT0+CAT) deltan™2-kprime CAT0) [vmaw(1-((10-1 *deltax/delta)"2]) 1]
10 [ diMA&awg)/d(z] = [-DABH(-3CAT+4"CAZ-CAS) 2 deltax] 1]
11 | WA = MNaawgH5w h.a.
12 [DAB = 1.5e-9 hn.a.
13 Ekprime = 1 h.a.
14 [vmax = 0E h.a.
15 [delta= 3Fe-d h.a.
16 [CA1= 003 h.a.
17 [CATT = 4 CAT 0 CASthenD)else([4°CAT0-CAT)/ ) h.a.
18 [deltax = 0.1*dela h.a.
13 |vavg = [2/3]"wmax h.a.
20 JH=1 h.a.
2 W= 1 h.a.
_22 |wzl = wman h.a.
23 [wad = wmaw[1-[[2-1 Fdeltaxidelta]™2) h.a.
24 [wzd = wmax[1-][31 deltaxidelta]™2) h.a.
20 [wzd = wmax(1-[[4-1 [deltaxidela]™2) h.a.
26 [wzb= wmax 151 [deltaxidela)]™2) h.a.
(27 [wab = wmax[1-[[E-1 [deltax/dela]™2) h.a.
28 [wal = wman[1-[7-1 [deltaxtdelta]™2) h.a.
29 w28 = wmax[1-[8-1"deltax/dela)]™2) =)
AN L wr9 = a0 Faltaw A daltal ™2 h A b
< |

Differential Equations: 10 | Ausiliary Equations; 33
pf-15a.pal | 7.15[a] Diffusion with Beaction in Falling Liguid Filrn 2= 4:09 2004-05-03 MLk




# POLYMATH 5.1 - [ODE Besulis Graph, Solution #41
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# POLYMATH 5.1 - [ODE Besults Graph, Solution #6]

@ﬁraph Design LCurves xaxis Yaxis Grid Window Help
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