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Introduction
Availability of fast, efficient computers

— increased role of computing in analysis and solution of
engineering problems and graphical communication of
results

— greater need for computer application skills in the

curricula and practice of chemical engineering

Commercial computational packages

* reduction in the time and effort required for engineering
calculations

« efficient solution of problems
 essential for better understanding of fundamentals

e solve relatively complex problems with limited or no
formal training in programming



Introduction (contd.)

Why use Mathcad?

ease of use

need to know very little of the Mathcad syntax and about
numerical analysis — focus on problem solution

combines some of the best features of spreadsheets and
symbolic math programs

efficient manipulation of large data arrays, symbolic
calculations, and easy construction of graphs

ability to perform calculations with units

Advanced and special capabilities of Mathcad

solution of stiff differential equations

statistical methods for nonlinear parameter estimation
programming

courses in process control, reaction engineering,
separations, and thermodynamics



This Presentation
 Experience in using Mathcad in three undergraduate
courses

* Pertinent illustrations — in the order of increasing

complexity of problems

- benefits of using Mathcad in accelerating the learning
and strengthening the fundamental knowledge base

Examples In This Presentation

(1) Linear algebraic equations (LAES)

(2) Nonlinear algebraic equations (NLAES)
(3) Ordinary differential equations (ODEs)
(4) Integral equations (IEs)

(5) Integral algebraic equations (IAEs)



Sources of Examples Considered

Felder, R. M., R.W. Rousseau, R.W., and L.G. Bullard, L.G., Elementary
Principles of Chemical Processes, Fourth Edition, John Wiley and
Sons, Inc., New York (2016).

Fogler, H.S., Elements of Chemical Reaction Engineering, Fifth Edition,

Prentice Hall, Upper Saddle River, New Jersey (2016).

Froment, G.F., Bischoff, K.B., De Wilde, J., Chemical Reactor Analysis
and Design, Third Edition, Wiley, New York (2011).

Cutlip, M.B., Shacham, M., Prentice Hall PTR (1999).



Example 1 — Separation of Mixture (LAES)
Cutlip & Shacham (1999) 2

x, = 0.07. x, = 0.04,

5 x,=0.54, x, = 0.35 Benzene (B)
» Col 2
olumn B, _ Styrene (S)
%, = 0.18, %, =024, Toluene (T)
70 kmol/min X, =042, x;,=0.16 Xylene (X)
» Column 1 D
Xy = 0.15, x,=0.25, 2 .

X, =04, =02 Xy =0.15. x,=0.1.

B XT=D.54. XE=O.21
»| Column 3
B,
x, = 0.24, x,=0.65,
x;=0.1. x;=0.01
Dy
0.07 0.18 0.15 0.24 0.15
0.04 0.24 0.1 0.65 0.25 Bl -1
A = b :=70- =A b
MW 0.54 042 0.54 0.1 0.4 D2
0.35 0.16 0.21 0.01 0.2 B2

D;=2625 B;=175 D,=875 By=175



Example 2 - Parameter Estimation (LAES)
y=y,te y,=x,0,+x,0,+...+x,0,

0,,0,,...,0_— unknown parameters
Fogler (2016)

data available-y, x,,x,,...,X

A®@=b, A=XTX, b=XTY = O=X"X)IXTY

X1 X2 o X Yi o,

Xor  Xopp we X y 0

X — 21 22 2m Y = 2 9= 2
_an Xn2 Xnm ] _yn_ _Qm_

—_— o B
r=kp, Pg In(r) = In(k) + a. In(p , ) + P In(py )



0.42 0.1 0.1

1
0.96 0.2 0.2 1 Example 2
0.18 0.05 0.05 1 .
r==|0.78 pp=| 03 pg:=| 0.01 Xp=] 1 — Linear
1.2 0.4 0.02 1 RegreSSlon
0.28 0.05 0.4 1
2.88 0.5 0.5 1 (contd.)
X5 = ln(p ) Xq = ln(p ) Y :=1In(r)
2 A 3 B
X = augment(X,, X,, X;)
Q:= stack(XlT, XZT, X3T> X:= QT
-1
T T
6:=\X X XY _
Fogler (2016) ( ) 4871x 10 °
3
ry = oxp(01- Xy + 02X, + 03-X;) ~1.481x 10
s | 9417x 107 °
k:= exp(e 1) a =0y (r _ rp) .
- | LO73x 10
p:=03 4
2.959x 10
k = 6.652 o =0.997 6.006x 103
3

B =0.205 ~4.098% 10



Example 3 - Rate Expressions for Catalytic Reactions

Association Reaction: (A + B) to (C + D), B and D Only Involved in Surface Reaction

X =yl Ce ~ria 5 =y b by Sesth vy =Nsleg —NsFe's

(r; —15) > Ca-Cgky —Cag'ky — CgCag-kz + CCrgky
C4 — vacant active sites
(15 —13) = CcCgkg — Cegks + CgCagky — CpCesky

GGk T Symbolic Algebra
ry solve ,Cpg — ry solve ,Cog &> ———
CoCykg PSSH approach — single rate expression for a

r3 soive ,Cog = given reaction mechanism. Rate determining

step (RDS) approach — n steps in mechanism

PSSH for Active Site Forms —up to n rate expressions.
kj-Cy —(kp+k3Cg)  kyCp 0 Cg
-1
A= k6CC kSCB —(k_1_ CD + kS) b= 0 CPLS =A b
] 1 1 Gt -

Third relation - active sites balance



Catalytic Reactions - Symbolic Algebra

Ct-(kz-ks + CB'kS'kS + CD-kz-k4)

C - - 7 . - - -~ “~ - £ -~ £ -
S

Cag | siplfy —

Ces Co-(Creknke + Ca -Crrki-Kz + CrCrokak
t'( CKykgt Lo CLpKik3+ Lgleks 6)

= (ky-Cy Cg — ky Cag)

Ce(Ca-Cprky ks — Co-Cpykyky k)

r smphfy —

Special Cases:

(1)

substitute .k, = 0
%

r Ca-CpCrkykyks

(2)
substitute ,k4= 0
=3

Ca - CpCrkyksks




Catalytic Reactions - Symbolic Algebra
3)

substitute ,k6 = 1) CA'CB'Ct'kl'kS'kS
§

3

C)

substitute ,k2 =i T
Ca-CpCrkykyks

I' |substitute ,k4= 0—

smp bfy

(5)
substitute ~k2 =0 L
. CaCpCrkykyks
I | substitute ,k6= 0—>

smp hfy

(6)

substitute .k4= 0 L (7)
CA.CB-Ct.k]..kS-kS

T 1bsti = 0— Aoty Co =
substifute ~I\6 i k2k5 + CAk].kS + CBk3k5 + C:\CBklks substitute ’l\z =0
sip hify substitute ,ky=0 _, e e e

C s -ky-ke + Cpkyke + Cp-Croky-k
substitute ,kg= 0 AT RN AT

smp hfy



Example 4 — Redlich-Kwong Equation of State (NLAE)

RT a R2T25 ) RT.
P ——— , a=042747——, b= 0.08664—-"
(V—-b) V(V+bVT P. P,
R :=0.08206 T.:=405.5 P.:=111.3 V:=0.57 AIIlIIlOIlla
MV C C MV
RS 0.0866R-T, - given P, T — what is V?
a:=0.42747 > b= —
c ¢ 1 2 3 4 5
Given Iterative solution 1 56 450 0.57 0.864 0
RT . 2 111.3 450 0.233 0.703 0
P - V_b) + 05 0 (P, T) :=Find(V) 3 222.6 450 0.074 0.444 0
V-(V+b)T" 4 445.2 450 0.051 0.613 0
| R.T a 5| 1.113-103 450 0.04 1.2 0
re(P,T) :=1.0- — U={6| 2226103 450 0.035 21 0
P-(V(P,T) - b) 05
P-V(P,T)-(V(P,T) + b)- T 7 56 350 0.324 0.631 0
- p T 8 56 400 0.465 0.793 0
Z(P,T) := %Ti) T 9 56 550 0.751 0.932 0
' 10 56 650 0.917 0.962 0
WI(P,T) :=| V(P,T) 1 56 750 1.075 0.979 0
Z(P,T) 12 56 850 1.231 0.988 0
re(P, T)

Felder et al. (2016)
Ul := stack (W1(56,450), W1(111.3,450), W1(222.6,450), W1(445.2,450))

U2 := stack(W1(1113,450), W1(2226,450), W1(56,350), W1(56,400), W1(56,550))

U := stack (U1,U2,U3) algebra — no guess work



Example 5 — Multi-Reaction Equilibrium (NLAES)

(1) 2C0; (4) = 2CO (B) + Oz (), (2) 03 (C) + N3 (D) = 2NO (E)
y%y(-/y_% = (0.1071

1 1 1 1 1
- A0 =7 hgo-=7 Bco=7% TD0O~=7 NEo-=7%
9 4 ¢
yr/ycyp = 0.01493 > > > > >
Equilibrium relations
2;1 =-0.022 az :=—-0.083 Ny i=MNA(Q + npo + N + npo + Ngo Iterative SOlution
Given
(ngo + 2-&1)2-(11(:0 +E1 -8 (ngo+ 2@2)2
5 -0.1071=0 ( P ) ( : ) —0.01493=0
—+ —_ . —
(nt0+ 51)'(nA0—2'¢1) Nco* s17%2)\"D0 ~ <2
jN Felder et al. (2016)
= Find(&, &) &1 =-0.022 &y = —0.083
Equilibrium composition
Vel’iﬁcatiOIl Of SOllltiOll nA = HAO — 2&1 nB = nBO + 2&1 HC = HCO + &1 - &2 nD = nDO - (‘;2
2 nA nB l’lc
(ngo+ 2&1)(nco + &1 - &) PETMEOY 22 MeTMO TSl YASTE YBTS Yo T
-0.1071=0 n n t t t
(ngo + €1)-(na0 - z'il)z D= n_D YET n_E
t t
(nEO + 2-&2)2 ny =0245 ng=0.155 n-=0261 np=0283 np=0.033 n =0.978

—-0.01493=0
(nCO + & - EJZ)'(HDO - ‘tsz) yo=0251  ypg=0159  yc=0267  yp=029 yg = 0.034




Example 5 — Multi-Reaction Equilibrium (NLAES)

Equilibrium composition of a reaction mixture.

2C0, (A) =2C0 (B) + 05 (C). 05 (C) + N> (D) = 2NO (E). P=1 atm.
Relations: Ny =1 (Continuous flow reactor - Replace Nj's by Fj's.)
Np = Ng-(vao ~241) Np = Ng(yBo + 2:A1) Ne =Ny (yco+ A1 = 4)
Np = No-(¥po ~ A2) Ng = No-(vEo + 2:4) Ne = No-(1+4)
Kp; = 0.107] Kp, = 0.0149: P=1
(vpo + 21 (yco+ Aq - Ay) Felder et al. (2016)
£1(A1-42:¥40-¥B0-Yc0) = P —Kpy

(A .M,y = (YEO+ 2-A2)' -K .
2( 1° 2'>COvYDO‘yEO) = (yC0+ A] __A_))_(yDO “A-)) P2 SymbOllC Algebra
1 1 i
w=3 W=l ve=3 =3 =0

0.00000833333333333 333333;{1 07 148.0}{13 3 31432.0}«:12 + 3927.0x1 — 357.()

f(xl) = fl(xl,xz.yAO.yBO,yCO) solve ,x2 —



Example 5 — Multi-Reaction Equilibrium (NLAES)

&(x1) = fZ(XI'Xz'yCO‘yDO*yEO) substimte ,x2= f(x1) —

S
1.0(2.87 145845080083656(16 + 1.68469186593444e5&1 + 4.569637 10

Master equation

0.0593050781697029593 32
0.057229522364275026425
—0.18122064960135852005 0.15104588520604354084
—0.17039790313884509186 0.17171979247546263374
—0.17039790313884509186 0.17171979247546263374

Aq = g(x)) solve ,x1 —

—0.1812206496013585200% 0.151045885206043 54084

e - (009
e 4= 171 0.057

ol

3
8.606663 1000000000003653116 + 5.0495508e54x1" -2

6th order
polynomial
in x1

Symbolic Algebra

0.021
—0.023

> (0
fl(Al’AZ’yAO’yBO*yCoj g "

Na = Ng-(yao — A1) Np = Ng(ygo + 2:A1)

Np = Ng(ypo ~ A2) Ng = N*(vEo + 2A2)

> (0
fz(Al’Azdco’ymsyon *lo

Nc =Ng(vyco+ A1 —A))

N, =Ng-(1+4)



Example 5 — Multi-Reaction Equilibrium (NLAES)

i (0.215] i 0.119 " 0.372 " 0313
A 0219 B {0114 C o414 D "1 0357
—
0.042 1.059 p 0.944
NE = N[ — PO = PO =
—0.047 1.057 L4 Ay 0.946
> > - ) >
B Np B Np B Ne B Np B NE
YA ) YB*: N, yC: N, YD N, YE=& N,
0.203 0.112 0351 0.295 0.039
= y = - — - =
YA =1 0.207 B~ 10.108 YC= | 0392 YD = | 0338 YE7| _0.044

No iterations required. y,’s and N,’s cannot be negative.



Example 6 — Vapor-Liquid Equilibrium
(Benzene — Toluene Mixtures, NLAE)

Bj p5in mm Hg, T in °C
yJP - T‘Jpj(_T)' 10g10 pj = Aj — T :
Z - Ap=6.89272 B := 1203.531 Cg = 219.888
P=S zpj(T) at T =T,
] A = 6.95805 By :=1346.773 Cp = 219.693
Bubble point (bp) calculations P :=760 T=95 T T | |
G' . ° — 1
e Iterative solution 08
N Bp N Br ( B)0.6- n
B~ T ypix
(T+CB) T+ CT) _ L B 0.4f -
xg 10 +(1-xg)-10 ~P=0 Thp(p) := Find(T)
0.2 -
A "B A Br 0 ! ! ! !
1 P (tpp(xe)rcs)  (1-xg) T (T (xg)eCy) 0 02 04 06 08
res(xg) = - 10 S—10 -1 B
By 31071
AB— -13
o T Cwtmby)  2mar
By(%p) = vp(xp) = —— 110722
rzz(xB)
—1x107 0
Felder et al. (2016) _1s
= 244210

—3x10”V°



Example 6 — Vapor-Liquid Equilibrium (NLAE, Contd.)

TAV .
Z])*(T) =1 at T:po‘
J J . 3 3
Dew-point (dp) calculations T:=100 Iterative solution
Given
B B
‘AB+(T+]2 ] ‘AT+(T+Z ) A R T R
yg P10 Bt (1-yg) P10 T _1=0 Ty (yp) = Find(T) 0 02 04 06 08
By, B, 0 E_E[j,-'E} 1
- Ag+t - A+

resl(yB) =y P10 (po(YB)+CB) . (1 —yB)~P~10 (po(YB)+CT) .

Bp
Ap-
T C P
PaulvB) =10 alva)«Ca) xg(yp) = PYB(.‘/ )
Bv\'B
_ ﬂb{lﬂ'_li T T T T
31091077, oy
-
resl(yvB) 0
—2x107 "

—2442107

—15 '
=~ 107007 06 03 0 x  1.0000001

0 vB 1



Example 7 — Isothermal Series Parallel Reactions (NLAES)

M = mesitylene, H = hydrogen, X = xylene,
Fogler (2016) Me = methane, T = toluene

M+H—-> X+Me, 1, =k,C\+/Cy

X+H—>T+Me, 1, =k,Cy,/Cy

Stoichiometric Relation
Cy =%(a+CH—CX), a=2Cyo +Cyy —Cypp-
k, = 55.2 (ft*/lb mol)*>/h, k, =30.2 (ft3/Ib mol)°->/h,

Cio=0.021 Ib mol/ft3, C,,, = 0.0105 Ib mol/ft>.



Fogler 2016y 1-Xxample 7 - NLAEs (contd.)

k1 =552 k2 =30.2 CHo =0.021 CMo =0.0105
CXo =0.0 a = 2-CM ot CX 0~ CHo Iterative solution

Cgg :=0.0089 Cx :=0.00312 a=0 Single set of guesses

Given
(C ~ Cho)

Te

0.5.( )0.5

a + Cpy — Cx)-0.5 - ky(Cy

- —kl-(CH) .Cy

0.5.(

— =k (Cy) (a + Oy — Cx)-0.5- ky(Cpy) 0

Family of solutions
Soll('cc) = Find(Cyy. Cx) CH(TC) - 3011(rc)1 CX(rC) - SOII(TC)Z



Example 7 - NLAEs (contd.)

Relative errors

o] () o+ o) - (0 05 -k () e

I‘GH(’C) : -1

C(t) - Cho
r-[kl-(CH(r))O's-(a + CH(T) - CX(r))-O.S —~ kz-(CH(r))O'S-CX(T)}
reX(t) = -1
Cx(f)

0.04 1-10 ° | |

C(z) i " IEZL—H%U’_—'
0.02 m

ey o ]

0 | | - .10_6 | |

0 0.2 0.4 0.6 02 04 06



Example 8 — Three CSTRs In Series (NLAES)
250, (A) + O, (B) > 280, (C) r=kC,Cy

(1-X)(0.54—0.5X)
(1-0. 14X)2 Fogler (2016)

r=kC,, f(X), f(X)=

: D .
Design X, - X, , ——1£(X,)=0, i=1, 2, 3,
Equation — 3

Da = kCA()T V,=V,=V,=V/3
Given — X3 — 0.9 Da:=2 <« Guess

Guesses > Xl =0.3 X2 =0.6



Example 8 - NLAEs (contd.)

Given
_Xl _Da (1-x4)-(0.54-0.5X;) o XX, Da. (1-X5)-(0.54- 0.5, i
. (1-0.14 Xl)2 . (1-0.14 X2)2
i Da (1 - X3)(0.54-0.5X;3) Da
X3 = Xy = — -0 |
3 203 (1 B 0.14X3)2 ] X1 | = Flnd(Da, X1, XZ)
| X,
Da = 19.502 X, = 0.635 X, = 0.823 Iterative Solution
Verify
x, - 22, (1-X)-(0.54- 05X o 10 | X%, Da. (1 - X3)-(0.54- 0.5;3) i
3 (1-0.14 Xl)2 3 (1-0.14 X3)2
X, - X, - 2. (1= 3}{0:34-05%) -3984x 10~ Converged.
3 (1-014 X2)2




Equal Volume - V1 =V2=V3 =V/3.

X4 =08 Three CSTRs
3= 08 .
pa (1-X3)(0.54-05X;5) In Series (NLAES)
el B ) sohe Xy > _ Non-Iterative Solution
of Master Equation

(1 -0.14%;5)*

Da (1 —X5)(0.54 - 05X,)

M=% %o - i Symbolic Algebra
—X;1)(0.54 -0.52
2(Da) = X, -%-(1 i 0? %) Master equation
; (1-014X,)
(Do) shphly ~3 2.60843864076048576386147 17.01073006008062782Da — 2.6084386414308208663814r 6.25416007281¢
Da + 137.54774986975299379 Da + 137.54774987579168295 Da2 +3179.1791€
19.502080484499384069
—58.617254980492962358 20.007163854372121194.
—812.466066751593605F 777.25546597933857966) 9th Ol‘der
= —58.617254980492962358 20.007163854372121194: l o l
v = g(Da z:lll‘l_)ehina—) —30.515240696864327306- 45.890268386848379294: PO ynomla
‘ —30.515240696864327306 45.890268386848379294 1n Da
5.9700854455344495096 39.552587161657867641
5.9709854455344495096- 39.55258716165786764
—812.466066751593605F 777.255465979338579661



Example 8 - Three CSTRs In Series (NLAES)
— Non-Iterative Solution of Master Equation

1 -X,)(0.54-05X
Da = 19.5020804724880536. Xy = X3 - Da.( 3 3)

3

5

(1 —0.14X;3)

Da (1 - X‘_})'(O.S-’l - O.SX.,)
e - - 5, SIS X, =0.823

(1- 0.14}(2)3’

1 —X{)(0.54-0.5X
Xl_Da.( 1)( 1) i

y (1- 0.143><:1)2




Example 9 — Catalytic Reaction In A CSTR (NLAE)

A — Products (olefins hydrogenation) Froment et al. (2011)

Cho=13mol/L, V=10L, v,=0.2 L/s
Steady State CSTR

V(= 0.2 CAO =13 V=10 T :=l
Vo
f(Cy) = oA (Cao —Ca)
§ (1 + CA)2 f(CA) " T B r(CA)
7515357677521880442 0
Cpg = f(CA) solve,Cp  — | 2.130932562958723480 f(CAS =10
8.117531669289088474 0

No iterations.



Example 9 — Which Steady State Is Reached? (ODE)

t;:==0.0 te:=10000.0 Npts =200 Sy
1~ CA
 Cao — C, c,
D(t,C) = — » Cpj1:=2.1305
T
I (1 + Cl) ) Nearby steady

state unstable.

Sol = Rkadapt(Cajy.tj,tp, Npts, D) Stable

Npts , 2

Sol := Rkadapt(C A2t U, Npts, D) Caf = SOlets 2

Stable CAfZ =8.118



Example 10 — Tubular Membrane Reactor (ODEs)
Fogler (2016)

(FAO B FA )FB ]

CiC F
BEC) = k[ A~ C

r=k(C, —
YK, F. F.

k=0.7 min!, K-=0.05mol/L, ks =1 min,
V=300L, P=8.2atm, T=3500K.



Example 10 - Membrane Reactor - ODEs (contd.)

P
P:=82 R :=0.082 T := 500 Cr, = T Cr, = 0.2
k:=0.7 KC =0.05 kB =1.0 FAO =10 FBO =0
. o C F
kp=kCro  kpy=kpCr, C, = _To co| A9
Ke Fgo
Npts := 100 V;:=0.0 Vg :=300.0 Fi=Fa & F,=Fp
F, (Fao —Fy)
A0+ F (Fao * F2)2
D(V,F) :=
I (Fao + ) .
Sol := Rkadapt(IC,Vi, Vg, Npts, D) Fogler (2016)

V= Sol<1> Fp = Sol<2> Fp:= Sol<3>



Example 10 - Membrane Reactor (contd.)

10
Equilibrium for reaction only operation
Fa
P Ol 1 Fy (Fao —Fy)
B G(F) =| ——— - C;'Fy
e Ul Fyg+F, 172 2
AQ 2 (FAO + F2)
0 I I
0 100 200 300
\Y
F, (10-F))”
G(Fy) substitute ,Fy = Fpq—Fj — ~ 4.0000000000000000006—————
(ZO—Fl) (20—F1)2
F, (10- ) 104 23 Symbolic algebra
S -4 > solve,Fl —
_( - 1) (20—F1) 10 — 2+/5




Example 11 — CSTR vs. PFR (IE, AE, IAE)

Autocatalytic Reaction
A+B—->2B r=kC,Cy

r=kC,, f(X),

f(X) = (1-X)(0.01+ X),

v
T=—o0u.
Vo

Da =kC,,1,

e

Dappg(Xe) ::J (1 - X)-(0.01 + X)

0

Xe

DaCSTR(Xe) = (1 _ Xe).(o,m + Xe)

20 T

10 [~ 3
DaPFR(Xe)

: = 2
When is Da CSTR DaPFR.

Ke =07 Iterative solution
Given

X
f © 1 Xe

dX - =0

J (1 - X)-(0.01+ X) (1= Xc)-(0.01+ X,)

0
X, = Find(X,) X, = 0.841 DacgrR(X) = 6222
Verify

X

c X

f 1 dX - - —4187x 107 °

J (1-X)-(0.01 + X) (1= X.)-(0.01+ X,

0



Example 12 — Series-Parallel Reactions - Adiabatic (NLAES)

A—5 5B, C, = C o Fogler (2016)
(1+1k,)
7 k,C,
Energy Balance B X2 >C, Cj =
(Cpa = Cpp = Cpc = Cp) (1+1k,)

CLrCp(T-T,)+(k,C,AH, +k,Cz;AH, )t =0,

F.
k. =k exp(—), 1=1, 2.
1 10 p( RT)
G(T)=R(T), R (T)=C,(T-T,),
Master
Equation T k,(T) T k,(T)

G(T) = [AH, + AH

[1+ 1k, (T)] ’ {1+Tk2(T)}].



Fogler (2016)

Example 12 C,=J/{mol.K}; AH,, AH, = J/mol; C,, = mol/L;
T,=K; t=min; E,, E, = cal/mol; k,, k, = min!.

Cp:=300 AH{:=-55000  AH,:=-71500 1:=0.01
E;:=9900 E, :=27000 Cpg:=03  Tg:=300
Ko no= 3.3 s ko = 4.58 2
= 2.0-¢X . =4a4.086CEX .
10 Pl 1987 300 20 Pl 1987 500
k((T) =k i ko(T) = k !
= kqex =Ky yex
I 1P 987t 2 2057 T g7
—ky(T) | Tky(T) |
(1 + r-kl(T)) (1 + r-kz(T))




Example 12 - NLAEs (contd.) - Five Steady States

R(T) := Cp:(T - To)

1.5-10°

400

600

T

dif(T) := ab _ 1.0
R(T)

dif(309.59 = 6.249x 10 °

1 dif(354.33) = 2.788x 10 °

dif(473.89 = —4.697x 10

dif(540.29 = -5.812x 10

800 dif(719.59 = -1.027x 10

6

6

6



Discussion
Use Matlab & Polymath in parallel to Mathcad

« Expose students to different packages
- to provide a broad spectrum of skills needed for problem solving
- to observe differences in the packages’ capabilities

Use of computational software
- should enhance students' understanding

- should enrich the logic and problem-solving skills

* Appropriate background on different numerical methods via

instructor's handouts
* Some class sessions in computer laboratory
- to supplement the lectures
- to demonstrate applications of computing packages
- to develop and enhance the skills of students in using these

 Integration of computational software - throughout the courses



Closure
Computational Packages

important tools for the future chemical and biological engineers
enhance teaching and learning

students appreciate the courses even more

allow the teacher to cover more material

develop the skills and flexibility necessary for ready adoption of different
software packages for professional activities

Experience with Mathcad

- capabilities in symbolic manipulations useful in developing skills in solving

complex problems

- graphics capabilities help in visualization of results and reinforcing

expected results and understanding not so expected results

Additional benefits

- time spent outside the courses on gaining further familiarity with different

computational software and their applications



Thank you for
your attention.

Questions &
comments?



