Chapter 10
Main Objectives:

(1) Sketch P-xy and T-xy phase envelopes and label bubble, dew, flash and pure component
conditions.

(2) Interpret problem statements to choose correct VLE routine to execute.
(3) Execute Bubble, Dew, Flash routines.

(4) Apply Raoult’s Law to emission calculations.

General Criteria
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function RaoultRBRP

Raoult's law shortcut calculation of bubble pressure,
vectors for critical properties

all values set in code, none from workspace.

M o o

The bubble point is BP x.1*P.1.sat + x.2*P.2.s8at +
The value is calculated using vectors multiplication.

of go

o

% set coutput - eliminate spaces
format compact

Frrx¥sxx*xTnput section, can be edited*******x#xx
3Constants

names ={'ethane', 'propane', 'nbutane', 'ibutane'}
Te = [305.4 369.8 425.2 408.13; % critical temps K
Pc = [4.88 4.249 3.797 3.648]; critical Ps (MPa)
w = [0.09% 0.152 0.193 0.177]:; accentric factor

o ol

Punits "TMPa';

PKl;

Tunits

% temperature at which to calculate

T = 320;

% set the composition to use for calculation
= [0.1 0.9 0. 0.]

%**********End Of lnput SectiOn***************

o

dispi(spraintf('T{%s) = %g', Tunits, T))

% create a vector of reduced temperatures and pressures
Tr = T./Tc;

% Create a vector of vapor pressures using shortcut vapor pressure method.
% Note that dot cperators are used for element-by-element processing.

Psat = Pc .* (10.7{7/3.*{(1+w) . *(1-1./Tr}));

Calculate the bubkle pressure.

o o0 P

BP = x * Psat';

disp(sprintf ('Bubble P{%s) = %g', Punits, BP))
% reset standared output format
format loose

end

Because Psat is a line vector, create a column vector to
use matrix multiplication. The ' indicates a transpose.



12/31/10 1:35 PM M:\COMPNET\Matlab\chap10\RaoultTxy.m 1 of 3

function RaoultTxy

% Raoult's Law Txy using Antoine Psat

% vectors for Antoine Coefficients

% all values get in code, none from workspace,

% The routine uses the same methods as RaoultBT, and the background

% of the calculation methods and variables are largely described in

% that function.

% This routine uses

% element-by-element vector math

% 1-D solver

% plotting multiple data sets and labelling chart

% Developed by Carl Lira for use with

% Introductory Chemical Engineering Thermodynamics, by

% J. Richard Elliott and Carl T. Lira, Prentice-Hall, 1999.

% See http://www.egr.msu.edu/~lira/thermtxt.htm for links to

% download an original. To be redistributed only in un-modified form,
% and only for educational use. The program develcopers have no liability
% for the use of the program or results. Copyright 2008, Carl T. Lira.
addpath (genpath{'../Psat')); %add path to Antoine constants

Fraxxxxkxxkrrt+Beginning of input section, editable
% id values from rows of ../Psat/AntoineTable.mat
id = [27 31];

Frrkkkkkxkxkkr v xEnd of input sectionxsrxkkkkxskvsksshss

[names A B C] = AntoineGet (id);
names

% Specify units for Antoine Equation constants.

Tunits = 'C';
Punits = 'wmHg';
$variables

Tguess = 50; %initial guess

% set P basis for bubble T calculation

P = 1000; % same units as Antoine's equation
% Create composition vectors that span the composition range.
x1 = 0:0.1:1;

X2 = 1 - x1;

% Create rows of composition pairs in X by tranposing the
% composition vectors.

X = [x1' x2']);

% count number of rows

Nrows = length(x1);

o,

% find the bubble pressure for each row of X (each pair of compositions)
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for i = 1:Nvows
options=optimset {'Digplay’', 'iter'); % Option to display output
[T, fval,status] = fzero(@calcObj,Tguess); % Call optimizer

3

% store the results for later plotting

Tstore(i) = T;

% y values are available because a nested function is used.
Ystore(i,:) = vy;

end %for ¥ loop

&print table of results

%'sprintf' is nested in 'disp' to create tighter output format
disp(sprintf{'1 = %s, 2 = $s',char (names (1)), char {names(2))})
disp(sprintf('P = %g %s', P, Punits})
disp (sprintf ("x1\tyI\tT (%s) ', Tunits})
for i = 1:Nrows

disp(sprintf ('%g\t%g\t%g',X(i,1},¥Ystore(i, 1), Tstore(i)))
end

gplot results

% plot x vs. T with a default solid line
plot (X(:,1),Tstore)

% get plot limits for xaxis

x1im{{0 11)

hold on % add to plot

% plot y vs. T on same plot with dashed line
plot {¥Ystore(:,1),Tstore,'--"'}

% add chart labels

xlabel{['x - y ' char{names(1})])

ylabel {['T(' Tunits ')'])
title([char(names{1)) ' + ' char{names(2)) ' at P= ' num2str(P) ' ' Punits])
hold off

Q

% end of main function

3

%¥beginning of nested objective function({shares vars with main function)
function obj = calcObj {TCelsius)

sproperties
% vector of vapor pressures.
% Use element-by-element vector math
Psat = 10.7(A - B./(TCelsius+C)); $%mm Hg
% vector of K ratios
K = Psat/Pp;
% use the active row of X to calculate the corregponding y's
y = X(i,:).*K;
% objective function
obj = gum(y) - 1.;
end
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% ver 1.1 Added use of ../Psat/AntoineTable 1/19/10 CTL
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