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Introduction

This document provides a step-by-step guide in writing process flowsheeting models with
LIBPF. It is based on LIBPF 0.5.267.

A basic knowledge of C++ is required.

Hello world

It is customary to have the first application demo to print the string “Hello world!”.

The basic structure of the file containing the main() function in LIBPF would then be:

#3$ %

#$

#$
#$

%
*#S
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#' ! $
( (+,#$
#' = . $
0 #%$
#' 1 . 2 $
*#$
3
# 4563 %
77 #$ 77
3
3

Everything is this first listing is required by the application to initialize data, the user can

only add code after the register_all() call and before the unrolicontext() instructions.

Diagnostic messages

The diagnostic ~ macro call in the 1 listing will output the string “Hello world!” to std::cout

if the sum of verbosityLocal + verbositySubSystem + verbosityGlob al is larger than the
its first int parameter.

The meaning of the three verbosity flags is:

int  verbosityGlobal=0; This is defined once in the main() unit and declared extern in
the other units.

static  const int verbositySubSystem=0; There is one variable with this name in
each compilation unit.

static  const int verbosityLocal=0; There is one variable with this name in each
function or sometimes class.

Mathematics

The Qdouble class

LIBPF performs all mathematical operations on a specially defined class called Qdouble

which provides dimensional checks and derivatives computations.
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Derivatives computation

Derivatives of the 1% order can be computed simultaneously with function evaluation with a
technique known as FADOO (Forward Automatic Differentiation with Operator

Overloading). See the documentation of ADOL-C, look for “tapeless” mode.

Suppose there is a function f: A?® A?. Evaluating the function numerically amounts to
supplying the vector of dependent variables [x1, X2], the function will return [fy, f].
To obtain derivatives with FADOO, you supply to the function a more complex object for
each independent variable: for example for the first independent variable you supply a
data structure containing one floating point number x; containing the value of the variable,
and a floating point vector with a size equal to the overall number of derivatives® you are
interested in, initialized with the derivative of the first independent variable by each
independent variable.
Since:

L
the vector of derivatives for the first independent variable will be [1, 0] and for the second it
will be [1, 0].

Each mathematical operation has been overloaded, and propagates the derivative
information while computing each expression. In this way at the end of the function
evaluation the derivatives can be collected in the data structure, in the elements of the

floating point derivatives vectors.

! Actually a dense representation of derivatives is used when the number of variables is less than or equal to
the constant 8469,-0!:-,(;:58 , set to 4 by default in active.hpp. When the number of required derivatives

is greater than 8469,-0!:-,(;:58 , @ sparse representation is used.
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]
fy =sin(y = 7)-exp(=x) f; =sin(x, +3)-exp-x,)
i 3%
ey
=]
normal computation computation of derivatives

Simple mathematical operations

The following listing shows how to trigger the derivatives computation:

*H#<$
= 4+ #$
o+ #&S
_>, =
#' 6 . 456 $
#' 6 : ? #%$$
* #$

The output will be:

>6 . 456 <@ @AB<C DE& DF
>6 . <@ @AB< GE <@&@BF H<BAIJ

This means that:

v -0.00024153ﬂ =0.0820567
1P T

Phases and Streams

LIBPF supports two-phase computations (vapor-liquid) with ideal (Raoult / Henry law) via
the streamVL class. Each instance of streamvL contains a pointer to a phase object called

Tphase which contains the mass and mole flows and fractions for the total phase.
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If the compositions of the vapor and liquid phases are required, use the streamVLexplicit
class which also contains pointer to phase objects called Vphase and Lphase which contain
respectively the the mass and mole flows and fractions for the vapour phase and for the

liquid phase

Basic manipulations with phases

The phase contains the following quantities:

7 9 %
7
6
K
6
+6L +
6
!
1
M
77 * 6
77 6
77 6
77 6
3

The simplest thing you can do with phases is summing them.

&# ?& ' '84"'$
<# ?7< '84™S
< #& C $
< #$
<*GJ &
& #$
#' ; 7 &$
< #$
#' ; 7 <$
&N <
# ; 7 $

Note that feedl will remain with its default values; properties rho, s, v, g, h for the feeds

are not computed and stay at their default values since the phase object only performs
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mass and energy balances. The energy-related properties s, g, h for the product will come

form the balances for extensive quantities.

This is an extract of the output:

> 7>>>>>> +M ?& I, (-:=;:58
>>> 9
>>> 9

&B@F<&C DE& 6 .

GJ <<@BOC DE&6 .1<5
G& <<@BOC DE& 6 .8<
G<J <<@BOC DE& 6 .5<
GFJ <<@BOC DE& 6 .(1@
G@) <<@BOC DE&6 .(5
GBJ <<@BOC DE&6 .(5<
GAJ] <<@BOC DE& 6 .1<

*GJ &@<HBI 6 1<5
*G&J &@<HBI 6 8<
*G<J &@<HBI 6 5<
*GFJ &@<HBI 6 (l@
*G @) &@<HBI 6 5
*GBJ &@<HBI 6 (6<
*GAJ &@<HBI 6 1<
>>>9

1 E&:! /

> 7>>>>>> +M ?2< 1, (-:=;:58
>>>9
>>>9

<llHC DE& 6

GJ <IHC DE&6 .1<5
G& C DE& 6 .8<

G<J C DE&6 .5<

GFJ C DE&6 .(1@
G@J C DE&6 .(5

GBJ C DE& 6 .(5<

GAJ C DE& 6 .1<

*GJ & 6 1<5
*G&J 6 8<
*G<J 6 5<
*GFJ 6 (l@
*G@J 6 (5
*GBJ 6 (5<
*GAJ 6 1<
>>>9

1 E&:! /
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> T>>>>>> + M ?& !, (-=;:58
>>>9
>>>9
+6L <F&C DE&C + .
@ &HAH D< PDE& DE< 1
D< DE< M
&H D< DE< ,
@<A@HC DE& 6 .
GJ HOIBHHC DE& 6 . 1<5
G&J A&BH<C DE& 6 . 8<
G<)J |IB@@&C DE& 6 . 5<
GFJ FBFAIIC DE& 6 (1@
G@J A&IB&FC DE& 6 .(5
GBJ OI<F@ C DE& 6 . (6<
GAl @O@@@&HC DE& 6 NES
&H<OOC DE& 6 .
GJ @OH<FAC DE& 6 . 1<5
G& <<@BOC DE& 6 . 8<
G<J] <<@BOC DE& 6 . 5<
GFJ <<@BOC DE& 6 (1@
G@J <<@BOC DE& 6 .(5
GB)J <<@BOC DE& 6 . (6<
GA)J <<@BOC DE& 6 1<
& DEFC !
D< PDE& DE< 9
&H C DE& DF 6
@< A@H DF DE& K

.G J <&FFH< 6 1<5
.G&J &@AH&I 6 8<
.G<J &AIl@ 6 5<
.GFJ H@IO< 6 (l@
G@) &@AH& 6 (5
.GBJ <FAB< 6 (6<
.GAJ &BAB& 6 1<
*GJ <IFAH 6 1<5
*G&J &<& AB 6 8<
*G<J &<&AB 6 5<
*GFJ &<&AB 6 (l@
*G@J &<&AB 6 (5
*GBJ &<&AB 6 (5<
*GAJ &<&AB 6 1<
>>>9

1 E&:! /

Basic manipulations with streams

The interesting thing you can do with a streamVvL is flashing it:
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K" # ?,,! ' '84"'3$
#$
E*GJ # 0O0%
E*G&J # &%
=#H& ' + $
=+ #=' # $$
9=# ; E $
=+ #=' #& $$
=# : E$
# #9=% I= N#I=E 9=%& $
%
=1 #=3$
#' ; : GJ$

The output would be:

>; & A H<P & FFHBE &
>; <&F &AIP OOFB@@
>: F< @<P & FOHA
>; FABFAHP @ F<AB
>; FI& @AOP &AO<0B
>: Fl<k<@&P F AHHB
>; FI<BF<P @@B<@O
>: FIKAH@ P BHFHFB
>; FI<IIIP I<<B&B

>: FI<KH@&P HA&<@F
>: FI<KHHAP &

Using genflash1l

Genflash1l is the vertex model to represent an (optionally) reactive vapor-liquid flash drum
with one inlet and one outlet. It performs a flash as specified but does not separate the
phases.

It can be used to calculate PH (pressure-enthaply), PS (pressure-entropy), PT (pressure-
temperature), PA (pressure-vapor fraction) flashes, it has the capability of containing any

number of reactions.

In the next listing two streamVL and a genflash1l model will be instantiated and used to

compute the reaction enthalpy at constant temperature:

K" # 2.0 - '84™'$
K' # =54 ' 84"'$
;o 77 770 0 77 # - ‘&%

code_samples_rev2.doc




2006/09/01

LIBPF - Code Samples

10di 17
" 77 77 0 O 77
77 # Do GJ ! LM $
&& # _& 1 ; I84IIIII 1 $
# (++"5MI 77 # $$
# (#4'SM 77 # $$
Q
GJEQ #& $
; ; #FEIl ' P $
( ? #H& ' $ *&
#$
#' E E
$
#' $
#' C G G JE
C JE  #$
S = G GJEC J$
#' © G G JE
C JE  #$
E G G JE C J$
#I
# . E G GJEC JE
E G GJ EC J$
$

To pass flexibly arrays of string-int and string-string pairs to the gelflash11 constructor we

use the boost assign library, check out:

http://www.boost.org/libs/assign/doc/index.html

The resulting output:

FIA

> FIABC DE&

> EHOO<A D<C DEF

> C (5< Ol <
> C (5< C
> C

BC DE&

F@ C DE&
DE&
EO<AIOF D< DE<
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Flowsheeting

Flowsheeting means arranging the model instances in a graph so that certain tasks like

finding the solution path can be performed automatically.

We will wrap the simple one-block process model of the last paragraph in a flowsheet; to
accomplish this we will need to:
1) subclass a new class my_first_flowsheet from class flowsheet
2) define the method my _first_flowsheet::maketables where the connectivity is set up
3) define the method my_first_flowsheet::setup where the default input values are set
4) instantiate one object of type my_first_flowsheet

5) use it

Subclassing from class flowsheet

Subclassing from class flowsheet is usually done by copying and pasting another
flowhseet type subclassed from class flowsheet and replacing the class name with our

my_first_flowsheet:
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Defining the maketables method

The lines where we instantiated and connected the two streamVL and the genflashl1l

model get transformed as follows:

0 0. 77C # (1$%

#(! E&$ %
CK *  &&# - o
77 770 0 77 T ‘&%
77 7700 77 ' 77 # - GJ
LM $
cC, K" # 2.0 - ' o $
cC, K" # =-514(; Lo ' ooC $
3
3

Note that the construction and attach-ing of the streams is condensed in the single
statement makeEdge (which actually is a macro).
Also note the conventional source and sink units used to denote the origin of all streams

entering the flowsheet and the destination of all streams leaving the flowsheet.

Defining the setup method

Here we have to perfom some heavy editing, manly because the my_fisrt_flowsheet does
not containg any object called reactor but it has a vector of objects which you can access
with the method O(std::string &) (inherited from flowsheet which in turn inherits it from
modelBase).

The method O() returns a pointer to a generic modelBase * so in this scoping it is now
known that O(“reactor”) contains a vector or reactions; you need to access it with

O(“reactor”)->O(“reactions”) and so on.
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Instantiate one object and use it

The flowwing instructions are quite standard and can be used to instantiate and calculate
almost any flowsheet:

The output is:

main *** Defining components

main *** Register native models and user-defined fl owsheets with object factory
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main *** Initialize graph-related data and function
main *** Output graph in AT&T DOT format
main *** Set up inputs and cuts
main *** Connectivity check = 1
main *** diagnostic print
Vertex list:
0 aaa:source<dummy>
in:
out: aaa:inlet(-> aaa:reactor)
1 aaa:sink<dummy>
in: aaa:outlet(aaa:reactor ->)
out:
2 aaa:reactor<genflashl>
in: aaainlet(aaa:source ->)
out: aaa:outlet(-> aaa:sink)

Edge list:
aaa:inlet(aaa:source,aaa:reactor)
aaa:outlet(aaa:reactor,aaa:sink)

main *** Starting sequential computation
flowsheet::calculate *** entered with solutiontype
flowsheet::calculate *** calculate_onepass(1)
flowsheet::calculate_onepass *** aaa... aaa:source
flowsheet::calculate_onepass *** aaa... aaa:reactor
flowsheet::calculate_onepass *** aaa... aaa:sink
main *** Saving to retention

main *** Output flowsheet results in HTML format

At the end of the computation the results are saved to retention and in the file Q.html
Also a Q.dot file is written to disk ,which contiains the flowsheet connectivity encoded as a

graoh in AT&T graphviz DOT program.

Browsing results in the database

(Note: the following screenshots are relative to a different case)

The complete set of data is seved to an external database (for example Microsoft Access

2003) via the standard ODBC interface.

The complex hierarchy of objects is serialized in three tables:

1) CATALOG: contains the list of all objecst
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2) QTBL: contains the list of all real valued variables
3) STBL: contains the list of all integer valued variables and parameters
4) ITBL: contains the list of all string valued variables and parameters

This is how the CATALOG table may look like:

This could be the ITBL table:

The ITBL can be used as a linked list to find embedded objects. For example looking in the
CATALOG table you can see that in this example STREAMO1 has CATALOGID ==8 so0 in
ITBL you find its embedded objects are 9 10 and 11. These can be found in the CATALOG
to be the vapour phase, the liquid phase and the total phase respectively.

This could be the apperarance of the QTBL table:

code_samples_rev2.doc



2006/09/01

_ LIBPF - Code Samples
16 di 17

Since CATALOGID == 10 for the liquid phase of stream STREAMO1, the data for this

obect can be retreved with a query:
SELECT * FROM QTBL WHERE CATALOGID =10

And finally this could be the STBL table; the strings table in this case mostly holds

configuration options for streams.

Connectivity in DOT

The DOT file can be transformed in a gif file or in a SVG (Scalable Vector Graphics) file

with the following graphviz commands:
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../Programmi/ATT/Graphviz/bin/dot.exe -Tgif Q1.dot -0 Q1.gif
../Programmi/ATT/Graphviz/bin/dot.exe -Tsvg Q1.dot -0 Ql.svg

The resulting SVG can be look at in Internet Explorer after having installed the Adobe SVG
plugin:
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