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LEQ: Linear Equations Solver. Enter (in matrix form) and solve a
new system of simultaneous linear equations.

NLE: Nonlinear Equations Solver. Enter and solve a new system of
nonlinear algebraic equations.

DEQ: Differential Equations Solver. Enter and solve a new system
of ordinary differential equations.

REG: Data Table with Analysis and Regression. Enter, analyze,
regress, and plot set of data points.

calc: Calculator. Enter and evaluate explicit expressions with a
variety of intrinsic functions.

units: Unit Converter. Convert selected units into desired units.
const: Scientific Constants. Find selected scientific and
engineering constants.

setup: Parameter Settings. Modify setup and parameters of

numerical solution algorithms.
HELP: Extensive HELP is always available. Also F1 always given



Linear Equations Solver

The purpose of this program is to allow you to solve systems of linear algebraic

equations where the set of linear equations is inputted in a matrix-vector form.
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Nonlinear Equations Solver

+f POLYMATH 6.0 Professional Release - [Nonlinear Equations Solver] - O] x|
File Program Edit Format Problem  Examples  Window  Help _Iﬁllil
’“uﬁﬁlééga?lﬁ= B B O E e

“% i B = | |saferewt =]

|Nu:unllnear Equations: & |.-'-‘-.u:-:|llar§.-' Equations: 14 |~...-f Feady for =olution

I-I# Example 4 - Three phase bubble point -
fix11)=x11-0.2 / (betal +{1 - betal) * k11 / k12) # Mole fraction of camp. 1 in liquid phase 1
[}{21] = %21 -0.8/ (betal + (1 - betal) * k21 / k22) # Mole fraction of comp. 2 in liguid phase 1
fix12) = 12 - x11 " k11 / k12 # Male fraction of comp. 1 in liguid phase 2

i) = w22 - w21 " K21 / k22 # Mole fraction of comp. 2 in liguid phase 2

fith= =11 %01 - k11) +x21 * {1 - k21) # Bubble point temperature {deg. C) T
flbetal)= (x11 - x12) + (221 - x22) # Liguid phase split ratio [L1/LT+L2)]

# The explicit equations

pl =107 2231 - 1417.9 £ (191.15 + 1)) # Vapar pressure of 15t companent (mmHg)

p2 =102 (B.10765 - 1750.29 / (235 + 1)) # Vapor pressure of 2nd camponent (mmHg)
A= 1.7 #%an Laar equations constant A

R |: N7 &£%an |l aar ennatinns cnnstant B I _Ij
4 [ 3

Ln1 | MNoFile | Example 4 - Three phaze bubble point
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The options and information available on this screen are the following:

(]
F +

Input a new nonlinear (implicit) algebraic equation.

¥z
+

Input a new explicit algebraic equation.

A
Input minimum and maximum values for single nonlinear equation.

i
View the currently defined problem variables.

Export current problem to Excel.

Solve current problem (pink color when problem correctly entered).



Differential Equations Solver
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# Example 1 - Heat Exchange in a Series of Tanks

diTdit) =MW * Cp ™ (TO - T + UA * (Tsteam - T11) / (M * Cp) # Temperature in the first tank (deg. C)
dT2Wdit) = MWW * Cp * (T1 - T2 + UA * (Tsteam - T21) / (M ™ Cp) # Temperature in the second tank {deg. ©)
dT3)/dit) = W * Cp ™ (T2 - T3) + UA * (Tsteam - T31) / (M ™ Cp) # Temperature in the third tank (deg. C)

# The explicit equations

W' = 100 # Feed flow rate (kgfmin)

Cp= 2.0 #Heat capacity (kl'ky -deg. C)

T0 = 20 # Feed temperature {deg C)

LA =10, # Area*heat transfer coefficient (kJ/min *deg C)
Tsteam = 260 # Temperature of steam (deg. C)

M = 1000 # Total mass in a tank (kg)

# nitial values of the differential variables

110y =20

T2{0) =20

T3y =20

# Initialffinal values of the independent differentiation variable
tid) =0

tif) = 200

L1 |MaFile | Exarnple 1 - Heat Exchange in a Series of Tanks
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Data Table for Regressions,
Curve Fitting, and General
Plotting

The data table Is used for input,
manipulation and storage of numerical
data. The data Is stored in a column-
wise fashion where every column is
associated with a name (variable) and
can be addressed separately. The
stored data can be regressed (link to
Regression), analyzed (link to data
analysis) and plotted.
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The window for the Regression/Linear & Polynomial

option is shown below.
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Multiple Linear Regression

 This part of the program will fit a linear function of
the form:

y(x1, x2, ..., xn) = a0 + al*x1l + a2*x2 + ... + an*xn
where a0, al, ..., an are regression parameters, to a
set of N tabulated values of x1, x2, ..., Xn

(independent variables) versus y (dependent variable).
Note that the number of data points must be greater
than n+1 (thus N >= n+1). The program calculates
the coefficients a0, al, ..., an by minimizing the sum
of squares of the deviations between the calculated
and the data fory.
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- Solve current problem (pink color
when problem correctly entered).

-Show a report showing the
regression model the numerical values
and confidence intervals of the
parameters and other statistical
information.

—Graph the calculated curve (or
points) and the data points .

—Store Model - Places output model
results within Daa Table.

—Export problem to Excel (highlighted
when problem is correctly entered).

— A residual plot is displayed showing
the deviation between the data and
the calculated values of the dependent
variable.



Data Analysis

Regression  Analysis | ﬁraphl

9

Dependent var Independent var

P = [

Intespalation | Differentiatinnl Integratinnl

Indep variable value |?.Ei

Calculated walue |
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Interpolation - Calculates the value of the
dependent variable for a specified value of
the independent variable .

Differentiation - Calculates the derivative of
the dependent variable for a specified value
of the independent variable.

Integration - Calculates the integral of the
dependent variable for a specified region of
the independent variable.

Dependent variable - Select any column
from the Data Table as the dependent
variable.



Graph Preparation and Editing
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The graph editing options can be reached using the
icon buttons on the left of the

window. Representative options are listed below.
Max Y-axis — Change the upper bound on the Y
(vertical) axis.

Min Y-axis - Change the lower bound on the Y
(vertical) axis.

Max X-axis — Change the upper bound on the X
(horizontal) axis.

Min X-axis — Change the lower bound on the X
(horizontal) axis.

Scatter Sonnected - Show the curve connecting the
calculated and/or stored data points.

Draw points - Show the calculated and/or stored
data points.

Auto scale - Determines whether the program
automatically changes the scale as users
remove/add function curves.

Curves and Functions - Option to remove variables
and to add function plots to the graph.



Exporting to Excel

 The "Export to Excel" function of

Polymath is found in all program except
the Linear Equation Solver. This option
becomes available whenever the current
problem in Polymath has been entered
completely and the Excel icon Is active.
The desired Excel Workbook must be

opened on the computer before the
problem Is exported to Excel.



A sample problem is ready for solution within Polymath and the

Excel icon is colored green..
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# Example 3 - Calculation of pipe diameter
fill=dp-2*fF *tho "y ™ w* L/ D # Calculation of pipe diameter for specified flowrate (D in m)
fiff1 = If iRe < 2100) Then {fF - 16 / Re) Else (fF - 1 / {4 * jog(Re ™ sgrtifF)) - D.4) * 21 # Fanning's friction factor

# The explicit equations

tho = 46.048 +T* (9.418 + T (-0.0329 + T * (4.882e-5 - T * 2.895e-8))] # Liguid density (ko/cu-m)
vis = exp(-10.547 + 541693 / (T - 144937 # Liguid viscosity (Pa-s)

Re=D0"v"rho/vis # Reynold's number

v=oq/ (pi "D A2 4) #Flow velocity {m/s)

dp = 103000 # Fressure drop (Fa)

L =100 # Fipe length {m)

T=20+273.15 # Temperature (K)

pi=3.1416

g = 0.0025 # Flow rate (cu-m/s)

# Initial Guess for nonlinear equations vanables
Di0y =0.04
fF i) = 0.004

Ln18 | MoFile | Example 3 - Calculation of pipe diameter
|229PM | 2/28/2005|CAFS | HUM >




A single click on the Excel icon or selection from the Problem
menu causes the problem to be automatically exported into Excel

as shown below

EiMicrosoftbwcel-Bookt ~1oix]
=. File  Edit Insert  Format Tools Data  Window Help  Acrobat Type a guestion for help: f= L 081 X
DeER &Y §BR-J oo @8 2 -2 218 il 45 100% IR
A2R
A & | O E | F 3

3 |Explicit Egs rho 9945671404 Fho=46.048 + TH3418 + T = (-0.0320 + T * (4.882¢-3 - Liguid densily (fgioum) ;

4 Wig 0.00029308 Wisg=erp- 10047 + S41.69/(T- 144.32)) Licuiiel wiscosty (Fa-a)

i Fe aa620.3631 Fe=0*v* rhodvis Reyhold's number

i} W 1.958943214 LTl ol Rl Flow viedoe Ty (sl

It dp 103000 ci=1 03000 Pressure drop (Fa)

a L 100 L={00 Pine jgngth (o)

4 L 249814 T=23+ 27315 Temperaiure (K]

10 pi 31416 pi=3 1476

11 v} 0.0024 =0.0025 Flow rate (cL-rmrs)

12 [Implicit Vars ] .04 Lyid=0.04 Calcuiation of pine diammeter for spe
13 F 0.004 TR =0.004 Fanning's friction factor il
14 |Implicit Egs i 2427284879 fli=co- 2 F ot T LAD

15 fifF) -0.00068%5 ffF)=if(Re = 2400) Theh (fF- 16/ Re) Else (fF- /(4 ¥ log{Re * sqrtfF)) - 0.4 ~ 2)

16 |Sum of Squares: 589173571 | F=FO)M2+FA)"2 =
W4 v HlPLY £ Sheetl / | 4] | L“J
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Creating MATLAB Files

 The equations and comments from the
Nonlinear Equation Solver and the
Differential Equations Solver can be
automatically generated in complete
MATLAB "M" file format.

« The MATLAB "M" file Is placed In the
Polymath Nonlinear Equations Report as
shown, and this code can be copied
directly into the MATLAB editor
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Matlab formatted problem

*guess = [0.04 0.004] % initial guess vector
function fx = MALEfUR:Y,

D==i1);

F = =27,

YeTemperature (K

T=25+27315

SeLigquid density (kogicu-m)

thio = 46,045 + T * (3418 + T *(-0.0329 + T * (4 587e-5 - T * 2.595e-81));

pi=3141E
YeFlowy rate [cu-miz)
o = 0.0025;
YePressure drop (Pa)
dp = 103000,
ePipe length (m)
L =100;
oliguid vizcosity (Pa-2)
vis = expl-10.547 + 541 69 /(T - 144 5371
YeFlowy velocity (mez)
MEgipi*D~2 714
SeReynold's number
Re=D0D*v*rho ! vis,
SeCalculation of pipe diameter for specified flowrate (Dinm)
1 A=dp-2*fF*rho*w*w *LJDy;
YeFanning's friction factar
if (Re = 21007
(2,11 =(fF - 16 FRe) ;
elze
fx(2,10 = (fF -1 7 (4 * log1 0(Re * sgt(fF - 0.4) ~ 27,
enid

| Na File | POLYMATH Report
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MATLAB Output from Differential
Equations Solver
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Matlab formatted problem

tzpan = [0 200.]; %% Range for the independent wariable

yO = [20, 20, 20.]; % Initial values for the dependent variables
function d%vfuncwvecdt = ODETun(t v funcyec,

T1 = Y Tfuncwec(17;

T2 = Y Tuncwec(27;

T2 = Yfuncwec(37;

Fead flowe rate (kafmin’

Wy =100

YeHeat capacity (kg -deg. )

Cp o= 2.0

eFeaed temperature (deg )

TO = 200,

seAreatheat transfer coefficient (kldimin *deg O

U =10

YWTemperature of steam (deg. )

T=team = 250,

Y Total mas=s in a tank (k) £

M = 1000, |
ZeTemperature in the first tank (deg. <) ||
dTic =0 = Cp = (TO - T12 + UA = (Tateam - T12) 5 (kd * Cpal; ||

ZeTemperature in the second tank [(deg. £ =
dT2ct =0 * Cp = (T1 - T29 + U = [(Teteam - T23) 5 (kd * Cpl;

HWTemperature in the third tank (deg. C) |||
dT3ch = vy * Cp * (T2 - T3 + UL * (Tateam - T332 5 (k0 * Cpal; Ll
d¥ funcyecot = [dT1dt;, dT2ch; dT3Sch]; .'

Mo File CPOLY'RMATH Report
224 FPhd 241 E42005 : L




