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» Assessing the computing needs in undergraduate and graduate
ChE education*

»Selecting a set of software packages to fulfill the computing
needs

»Demonstration of the advantages and disadvantages of the
various software packages by solving a benchmark problem.

» Combining the various software packages for more effective
and efficient problem solving

> Conclusions
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Assessing the computing needs in undergraduate and
graduate ChE education

Ten Representative Problems from the ChE curriculum were
prepared for the ASEE Chemical Engineering Summer School
held in Snowbird, Utah on August 13, 1997.

The ten problems were solved using six software packages:

Excel - Edward M. Rosen

Maple - Ross Taylor

Mathematica - H. Eric Nuttall

Mathcad - John J. Hwalek, University of Maine

MATLAB - Joseph Brule, John Widmann, Tae Han, and Bruce
Finlayson

POLYMATH - Michael B. Cutlip, and Mordechai Shacham

Assessing the computing needs in undergraduate
and graduate ChE education

»The ASEE summer school presentations identified advantages
and disadvantages of the various software packages and lead to the
conclusion (see: Comput. Appl. Eng. Educ. 6: 169-180, 1998) that
there is a need to use a set of several packages in ChE education.

» One possible set of packages with a CACHE* connection:

- POLYMATH™ — Serves as a general, easy to use, user friendly
Problem Solving Environment (PSE)

- Excel — Serves as a spreadsheet based PSE (the PSE most widely
used by practicing engineers)

- MATLAB - Serves as a programming language and symbolic
manipulation tool.




POLYMATH 6.1 Educational

»A proven computational system (PSE, Problem Solving
Environment) that supports advanced problem solving in
chemical, biochemical and other engineering disciplines.

» Capabilities include Linear Equations, Nonlinear Equations,
Differential Equations, Data Analysis and Regression.
»Low-cost site licenses are provided through the CACHE
Corporation for academic departments. These licenses enable
use in computer labs and distribution of individual copies to all
student, faculty, and staff.

»Individual use educational and professional versions are also
available.

»POLYMATH has a minimal learning curve and provides
extensive error checking during problem entry that leads to great
efficiency in problem solution.

Limitations of the Individual Packages

»In POLYMATH, the easiness of use and user friendliness
dictate a fixed set of capabilities and options. When a particular
problem does not fit into the options provided, repeated manual
rerunning of the problem may be necessary.

»In Excel, the PSE options were added in a late stage of
development. Thus the problem specification (using cell
addresses instead of variable names) is difficult and the
documentation of the problem statement is hard to understand.

»In MATLAB (as in other programming languages), it is the
user’s responsibility to take care of many technical details of the
solution that can be more efficiently done by the computer (like
arranging the equations in the calculation order). The error
messages may not be clear enough for a novice user.




DYNAMICS OF A HEATED TANK WITH PI
TEMPERATURE CONTROL#* (DHT) — An Example
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*Problem No. 10 presented in the session of “The Use of Mathematical Software
Packages in ChE” in the ASEE ChE Summer School, Snowbird, Utah, 1997.

DHT Example - POLYMATH MODEL

deg - xs 5 ) E' mp | |RKF45 »| [ Table [ Graph | Beport

Differential Equations: 4 | Ausiliary Equations: 10« Ready far salution

#FProblem 10 - Closed loop dynamics of a stirred tank heater
d(T)dit)=(WC*Ti-T)+q)rthoVCp # Temperature in the stired tank (deg. C)
diTO)d(t)=({T-TO-(taud/2)*[(WC*Ti-T)+q)/rhoVCp))*2/taud # Time delayed temperature by |
d(Tm}/dit}={T0-Tm}/taum # Temp. measured by the thermocouple (deg. C)
dierrsum)/d(t}=Tr-Tm # Integral of the difference between set point and measured temps

#The explicit equations

g=10000+Kc*(Tr-Tm+Ke/taul®errsum # Heat supply (kd/min)

Tr = 80 # Set point temperature (deg. C)

WC=500 # (Flow rate)*{heat capacity) (kJ/min-deg. [# Initial values of the differential variables
rhoWCp=4000 # mass in tank)*(heat capacity) |PJEI$'U?U=_§3

Kc = 50 # Proportional gain of the Pl controller ':k‘J"-'-Tm[U_: 80

taud=1 # Dead time (min) errsum(0) = 0

taum=5 # Thermocouple time constant (min) # Initial/final values of the independent differe
taul=2 # Feset time (min) t(0) =10

Ti=60+step # Feed temperature (deg. C) t(f} = 100

=

Etep = if it < 10) then (0) else {-20) # Step change in feed temperature (deg. C)




DHT Example - POLYMATH SOLUTION

Problem 10(b) - Dynamics of a Heated Tank for Pl Control
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DHT Example — Excel SOLUTION
F7 - A =rkd{5B515,5E6,5F6,5G6,5H6.516,0,2,5B56) =4
A [ B\ [ e | »p | B =1 6 [ ®H | 1
1 |[Problem 10(b)
"2 | Dynamics of 2 Heated Tank with PI [=mperatur= Control - INOtE the use of cell addresses
== instead of variable names
4 |Paramatars SRR >
5 Tima {min] T Tm Errsmm
irhﬂ"tp—ldc {0 i 0 80 30 ]
[7Tis-C 1 035 50l 80 50 0
8 |taud - min 2 1 80 80 50 0
ZKC-L-Jmi.n-C 3 1.5 30 80 30 ]
i“tp - kI/'min-C 4 2 30 80 30 ]
11 [Tr-C 5 23 80 80 50 0
12 |taem - min 5 3 80 80 50 0
i taul - min 7 3.5 80 80 30 0
14 g 4 30 80 30 ]
5 |Intzgration Increment - h 9 4.3 30 30 30 0
16 10 5 30 80 50 0
17 11 55 80 80 50 0
i 12 6 30 80 30 ]
19 13 6.3 30 30 50 ]

The worksheet does not provide enough information regarding
the model used. It cannot serve as stand alone documentation




k1T = ff1(x, y1,
k12 = f112(x, 1,
k13 = f1T3(x, y1
k14 = f14(x, y1
k15 = fIf5(x. y1,
k21 = fIfl(x + O
k22 = fi2(x + (
k23 = fif3(x + 0.5
k24 = T (x +(
k25 = fTf5(x + 0.
k31 = fIFl(x +(
k32 = fI2(x +(
k33 = T3(x +(
k34 = T (x +(
k35 = fTf5(x + 0.5

Visual Basic Program for Fixed Step Size RK
Integration by E. M. Rosen

'h = step size
% = independent vanable

Wl w2, y3, v4, v5 = dependent variables

_ 'nr = number of dependent variable to return =rk4

3, yd, y5, prm)

3. w4, va, prm) , . -

3.vA. VS, prim) prim a parameter vector of unspecilied length

3 wd vS, prm)

3.4, yS, prm) 'Kij o1 s the k value. j1s the equation number or dependent variable
5*h,yl+05*h*kll,y2+0 Lyd+ 0.5 *h*kl4, y: * k13, prm)

hoyl+05*h*kll.y2+ L vd+05*h*kld, * k15, prm)

h, vl +0.5 *kll,y2+0 Lyd +05*h*ki4, #k15, prm)

h,¥l1+0.5 *kll,y2+0 L vd+05*h*kld, * k15, prm)

hyyl +05*h*kll,y2+05 Lyd +05*h*ki4, #k15, prm)

h, vl +0. v4+05 * k25, prm)

h, vl +0. . prm)

h, vyl +0. prm)

h,¥1+0.5 prm)
5*h,yl +05*%

primj

DHT Example — Visual Basic Model (functions)

qs = prm(3) * {prm(6) - prm(2))
q=qs+ prm{4) * (prm{6) - y3) + prm(4) * v4 / prm(8)
Public Function fiT1(x, v1, 2. v3, v4, v5, prm) dlTdt = (prm(3) * (u-vIy+q)/ prm(1)
step= | M2 =(y1 - y2 - (prm(3) / 2) * dTdt) * 2/ prm(3)
IFx < 10 Then
step=10
End I
End Funetion
1= prm(2) + step * (-20) . o .
Public Function f130x, w1, v2, v3. vd, v5, prm)
gs = prm( prm(6) - prm{2})
q=gs+ prm(4) * (prm(6) - y3) + prm(4) * v4 / prm(8) 13 = (v2 -3 7
. e ’ 3 2 -v3)/ prmi7
dTdt = (prm(3) * (L -y 1) +q) /prm( 1) ¥ 2}/ primg
f1F1 = dTdt End Function
d
End Function Public Function (0 w1, v2, v3, vd, v5, prm)

Public Function {1

step = |

Ifx < 10 Then
step =10

End I

ti = prm(2) + s

2(x, y1, ¥2. y3. y4. y5. prm) [T14 = prm(6) - y3

End Funetion

\ Public Function fI15(x, y1, ¥2, v3, v4, ¥5, prm)
ms=0
End Funetion

Note null function

tep * (-20)




DHT Example — Excel Solution
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Combining the Packages for Greater
Efficiency in Effective Problem Solving —
POLYMATH and Excel

1. The problem is entered and solved in its basic form
using POLYMATH.

2. POLYMATH 6.1 automatically converts the
problem into a well documented Excel spreadsheet,
ready for solution.

3. The problem can be modified within Excel for
parametric studies (using “two input data tables, for
example)




DHT Example — Excel Model Generated by POLYMATH

C18 - B =((((C13-C14) - ((C8/ 2) ™ ({(C5 ™ (C11-C13)) + C3)/ CB))) * 2) / CB)
A | B c [o] _~ E I
1 |POLYMATH DEQ Migration De€ument
| 2| Variable  |Value Polymath Equation Comments
| 3 |ExplicitEqs q 10000 g=10000+Kc*Tr-Tm)+Kctaul *errsum Heat supply (ks
4 Tr a0 Tr=80 Set point tempe
500 WC=500 tel*fhea
POLYMATH 4000 rhoVCp=4000 massfin tank)
converts 50/ |Ke=30 Proglortional gai
variable 1 taud=1 Degd time (rmin,
5 taum=5 rmocouple t
names to cell 2| |tawr=2 set time (min
addresses Ti 60| |Ti=60+step eed temperaty
| e step 0 step=if (t = 10) then (0) else \-20) 'Step change ini
13 |Integration Vars | T a0 T(0)=80 Temperature in
|14 | T0 80 | TO(G)=80 Time delayed te
| 15 | Tm 80 Tm(0)=80 Temp. measure
| 16 | BITSUM errsumid)=0 Integral of the di
| 17 |ODE Eqs d(Tydit) d(T)d(t) = (WCHTi-T)+q)dhoVCp
18] d(TONd(t) d(TAKd(E) = (T-TO-(taud/2)*((WCHTiNJ)+q)irhoVCp)) *2Raud
19 diTm)dit) di Tmid(t) = (T o
20] d(errsum)dt REC Model documentation by
|21 [Indep Var t 0 to)=0:tA=100 variable names, POLYMATH
Z equations and comments

DHT Example — Integrating by the Unique POLYMATH

ODEEgs

Indep Var

Gen sel p
d(Tydt) E]
d(TOdt)

d(Tmydit) 0.042853441 7 7 Polymath ODE Solver found a solution,

dierrsum)dit -0.80B66268, diersumld(t) = Tr-Tm
t

Press OK to keep this solution.
Press Cancel to restore original values.

t0)=0 =100

cares

ODE solver for Excel
A [ B | € [D] = I £
| 1 |[POLYMATH DEQ Migration Documen{iZ/ZEiis
2 Variable Value Folymath
I Explicit Eqs q 20097 27676 q=10000+ ODE initial values vector (Y) ODE equations vector (')
(4] r 80/  Tr=60 [ pLuecsiziscsis =] | rLusceizecsa [Z|
5 WweC 500 WC=500
| rhoVCp 4000 hoVCp=4 Differential variable cell iffr variable final value
| 7| Ke 50 |Ke=50 | 100
| & | taud 1
| 9 | taum 5
% E?M 45 e Data Points
i Ti=60-+sten
1z step step=if(t= J i [T
| 13 |Integration Vars | T 80.549546
| 14 | Ta 80.59439849 Exit | Clear | Adv, ‘ Help | Reload | Solve
| 15 | Tm 80.80866269 |
| 16 | eIrsum 405.5083959 I
L7
| 18]
|19
|20
121
122
|23
|24
28




DHT Example —- MATLAB Model (function)

DeEeE BB« & &5 88 860 E =8 sek
1 function Tdot=tempdynit, T}
2 = global gzetpt taud taui Ko Tzetit onoff
3
4 % Use logicalblock tomodel the step change at 10min.
5 -  dift«dl
i - Tinlet = &
7T - else
g - Tinlet =40
# - end
10
11 - gin=gsetpt+Ee*Tsetpe-Ti3N+onolf*Ke/caui*TE) % cotal heat sent in
1z =  rowll)= G00MTinlec-TAN+gqink@00n) % energy balance
12 =  row2) = (TULFTEF 05 taud rowl)fF2scaud; % Pade approximation for delay
14 = row(3) s TEFTE0S; % Thermocouvple dynamics
15 = rowid)=T= L - T3} % the intagratederror
14
17 - Tdot = row; ROW(3)=d(Tm)/dt
13

Note the loss of clarity because of t o define arrays of variables
(instead of using variable names) and the special Syntax requirements.

DHT Example - MATLAB “Main Program”
DEeE { 2R« & &F 88 8 58E EE stk

1 - eclearall, cle
= gsetpt taud taui Ko Tset it onoff
/E::?,:a% tauds=l; taui=’z Tsetpt=6l;
4 - EKc= inputfenter the gain)

= onoff=inputienter 0 for no integrator, enterl if inte g

] WinitialTEaT IO
7 - to=0; tfin=200; % limit=sof int\egration
- tapan=[totifin]
g@l= To=[E060800F % initial condit:o of system Tank Temp, Cut let Temp
10 % Thermocouple Temp and err signal
11 -  [£,Tl=odedSitempdy,tspan, Tok
12 - T
13 =  plotit, T ey, €, T 2y roe £, T 2
14 - grid
15 - titlefTemperatue vs time!)
14 — =xlabelitime inminutes)
17 -  vwlabeliTemperature in )
18 - legendiTankOut let TpyHeasurec T

19

Note many problem specific components in the “Main Program”




DHT Example - MATLAB Solution

Temperatue vs time

O Outlet T
| = -~ -Measured T| |

Temperature in C

60 70 80 90 100
time in minutes

Combining the Packages for Greater
Efficiency in Effective Problem Solving —
POLYMATH and MATLAB

1. The problem is entered and solved in its basic form using
POLYMATH.

2. POLYMATH 6.1 automatically converts the problem into a
MATLAB function and provides a template m file to run
this function.

3. The problem can be modified within MATLAB for
parametric studies, optimization, control etc. (using for and
while statements, for example)
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DHT Example —- MATLAB Model (function) Generated
by POLYMATH.

DE2E +BRo o S da4f 88 8600 138 st

1 funcrion dYfuncvecdr = ODEfunit, Tuncvec)

2 T = Tfuncvec(l) .

3 0 = TEuncveci?) \ Note consistent use of
4

5

8

7

8

9

T = Tfuncvec(3)

errsun= Yruncvecky variable names and
taul =% %Reset time (win) . .
S S ——— reordering the equations
WC =500; %(Flowrateflheat capacity)kdmin-deg. C)
rhoVCp =4000; %mwass in tankMlheat capacity) kdsdeg. C)

in Ko =50; %Proportional gainof the PIecontroller (kd/min-deg. C)

i1 taud=1; %Deadtime win)

12 taum =5 %Thermocouple time constant (mind

13 cg=10000 + Ec* (Tr - T + Ko/ taul* zrrswmy %Heat supply (kdanin)

14 if L «10) %3tep change in feed temperature (deg. C)

15 step=10;

18 else

17 step =-0;

18 end

139 Ti=40+step; %Feed temperatur=(deg C)

0 dTdt = (WC*(T1i-T)+ o/ rhoVCp; % Temperature inthe stirredtank ([deg. C)

i dTode =(T-T0-(taud/ 2 *(WC*(Ti-T) + )/ rhoWlpl* i/ taud; %Timedelayedt

13 dTmdt = (T0- Tm)/ taum; % Temp measuredby the thermocouple (deg. C)

23 derrsumdt = Tr -Tiy % Integral of thedifferencebetween set point and

4 d¥funcvecdt = [ATdt; dT0dL; dTmd:; derrsumdt])

w o et B owom | [

= = e e e e e e e
FPR S S TR TP AP

DHT Example - MATLAB “Main Program” Available in

the POLYMATH “Help”
FH BB~ S #&aF 88 B0 EEA stk

function Prob_10
- clear,cle, format short o, formakt compact
=[0100.] % Famysfor the independent variable

displ Var
= displkt =:'numistritspaniil;

- dispp 7 dgede Only the initial and
= disp(yl ODEfunitspanil) vl

final values are
= It,¥l=0dedS{@ODEfun, tspan, yi) .
- fori=lsizelyd problem spec1f1c

= disp( Jolution for dependent variakhle w intiste(ill
= dispil i W intistriily

- dispilt 7,10

- plotit, v, il

= title(k Plot of dependent variable v int2str(i)l;

= ¥xlabell Independent variable (Lh)

= vlabel(l Dependent variable @ intistr(ily

- pause

- end
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DHT Example —- MATLAB Solution Using the Program
Generated by POLYMATH

Plot of dependent variable y1

82

Dependent variable y1

64 I I Il Il I I Il Il I
0 10 20 30 40 50 60 70 80 920 100

Independent variable (t)

Conclusions

The Excel worksheets and MATLAB functions generated by
POLYMATH are well documented problem models of uniform
structure obtained by minimal effort on behalf of the user.

These models can be easily modified to carry out parametric
studies, optimization, control, etc., automatically. Thus the
advantages of the various programs can be fully utilized while
the required effort is reduced.

The POLYMATH conversion utility provides also considerable
educational benefits by enabling learning of Excel and
MATLAB by modifying existing spreadsheets or programs.
Learning by modification may prevent frustration caused by
repeated failures to obtain a working program when
programming from scratch.
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Inexpensive site licenses for POLYMATH 6.1
are available from the CACHE Corporation

Educational Site License Information

The site license allows an academic department to use
POLYMATH in all computer labs and to make individual copies
available to all students, faculty, and staff for installation and use
on their computers. POLYMATH can be provided by computer
networks.

The current site license costs for POLYMATH are $175 and $125
for each successive year thereafter. CACHE nonmember
institution rates are an initial $200 and a $150 annual fee for
subsequent years. These fees cover any updates or new versions.




