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=prL Process unit model

Unit models represents by a set of equations the thermodynamic phenomena

involved in the conversion of the flows in the process unit operation
Thermodynamic state
Constitutive equations

Simulation ‘
~ Equation i’
fm(NnaTna Pna Cnaﬂ-p) =0

Simulation equations

*Mass balances
eChemical reactions

*Energy balances

ePerformances equations
eHeat and mass transfer

eEquilibrium
eCompression
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ePFL Degrees of freedom (DOF) of a unit model

. n
Nin :| Process unit | : out
N,T,P,éi NaTapaéi
np Parameters

Equations : ng

Variables : ny

mass balances/network Nc State of the streams  ny=(ngyt * Nin)*(Nc+2)
Energy | Unit parameters np
Impulsion nj Internal variables Ne
models Nm
specification Ng
DOF = ny-ne

DOF = number of set points to make the unit calculable
Equations (ne+ns ) =Variables (ny )
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=PFL Incidence Matrix of a Unit model

ny variables = nx + np
ny state variables np parameters

Mass balance
Energy balance
Model

Const Equations

Specifications

To solve the problem :
|) square matrix
2) independent equations

S i Procecs 7) In the incidence matrix, the element (i) is equal to | if variable i is in equation |
and Energy Systems ‘g,

Enginesring It indicates the presence (incidence) of a variable (i) in the equation (j)



cPrL Unit model : heat exchanger :

<«—0h—| ——0C—
N\ /
N\ /
\X/ —
/1 N
1IN ih
/ N\
—ic—H NHe——
Nb. Equation 1.me 27T, 3.P,; 40 57T., 6P, Tmp 8Ty 9.P,; 1000y, 11.7, 12.P,, 13.A 14.Q 15.U
1(EB) Q = MeiCPe(Teo — Tei) X X X X
2(EB) Q = mpicpn(Thi — Tho) X X X X
3(MB) mp; = mp, X X
4(MB) me; = e X X
5(P) Phi = Pho X X
6(P) P, =P, X X
TM) Q=UA (Thl_T‘E%ZI.__(QTﬂfj)_T”) X X X X X X X
(T, =70
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=P~L Unit model : Incidence matrix
) 0.0.0.0.0,0.0.000.0.00

F(X) - Equations 00000000011111 X Variables
Ne=Ns + Nb + Nm 12345678901234 Nv state

Ni intermediate
Np parameters

Nx=Nv+Ni+Np
DOF analysis
Ne=Nx
Nc Constitutive equations Edl4 |x X XX
C(X)=0 Eql2 X X X
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cPrL Types of modelling equations

= Form of the equations
 Implicit form
= f(x,y)=0
- Explicit’ form
= y=f(x)
= Types of equations
- Balance equations
- Constitutive equations (thermodynamic state) : non linear
- Model equation
« Specification equations (constants)
= X=XS
= X-X5=0

= IPESE “Explicit could be also in the form of y=f(x,y), in this case there is the need to solve a non
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cPFL Solving a model : simultaneous approach

XXX XXXXXXXXXXX
00000000011111
12345678901234

Find X such that

For a given X, F(X) is evaluated

NxN

set of N non linear
equations




cPrL Unit model : heat exchanger simultaneous resolution :
Find X such that

<«<—0h—H\ f——0C—
N /|
N | | L F(X)=0
% -
/X\
TN ih 15x15
—ic—»/ Ne——
set of 15 non linear equations
Nb.  Equation liong 2T 3.Py  4aneo 501w 6.Pey  Tanpi 8Thi  9.Pn 10004, 11.T04 12.P5, 13.A  14.Q 15U
1(EB) Q = 1eiCPe(Teo — Tei) X X X X
2<E ) Q = mhicph<Thi - Tho) X X X X
3(M ) mhi = mho X X
4(MB) 111; = Mg X X
5( ) Phi = P}w X X
6(P) P, =P, X X
M) Q= UA(Thl ?(3121 (F%;’))T i) X X X X X X X
(Tho—Tei)
8(S) e = s, X
9(8) Tci - Tcsi X
10(S) P, =P X
11(S) Th: =Ty, X
12(S) Pni = F;, X
13(S) 1ip; = my, <
14(S) A= A® X
15(S) U =U* X
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cPFL Sequential resolution : case 1 (happy case)

1. Process mathematical equations to have an explicit form Xi= f(Xkxi)
2. Rearrange the matrix to have a diagonal matrix

. diag; = f(diagr,k=1,...,i—1)

3. Define the order of resolution
Solve the sequence

10



cPFL Sequential resolution : case 2 (hon happy case)

1. Process mathematical equations to have an explicit form Xi= f(X)
2. Rearrange the matrix to have a diagonal matrix

tnot diag; = f(diagr,k=1,...,i —1)

Xd needed by Eqg8 but calculated by Eq10

3. Guess off-diagonal terms Xd

4. Define the order of resolution
5. Solve the sequence until Xd
6.1 test convergence
Xdk ?= Xdk-1
6.2 if No : update Xdk+1= Xdk
> packto 5
6.3 if Yes continue with the sequenc
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cPrL Unit model : heat exchanger 12
<—0oh—H\| t oc— o o
NI L Explicit form
N V] —
X
// \\ in
% \ (1 (1 — f ' — ) —
Nb.  Equation Ling 2T 3.Py 9Py 8Ty Tiw 134 15U 104 4iiey 6.P 12.Phy 5.0 1175, 14.Q
8(S) e = X
9<S) Tci:Tcsz‘
11(S) T =T5
12(5) P =P} S@%e,,t.
13(S) 1y = 1, /3 .= ..
14(8) Ah:As h X //"@SO/ xl f('xf]<l)
15(S) U=U? X ‘/z‘/'o,7
3<MB) mh,‘ = mho X X
4(MB) 1 = 1, X X
5<P) P;”—Pho X
6(P) Py=P., X
1(EB) @ = tiveicpe(Tuo — Toi) X X X
2<EB) Q:mhicph(Thi—Tho) X X X X . — L —_
M) Q=UAS R x x £ . dohvex; —flxi) =0
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=P~L Unit models : conclusions

= A flowsheet is a set of interconnected units
= System State Variables : what we need to know to characterize the system
= State variables for each flow
= Unit parameters
= Model (simulation) equations
= Constitutive equations define the thermodynamic state of the flows
= Unit models model the thermo-chemical transformations in units
= Balance equations : mass + energy + impulsion
= Thermo-chemical and mechanical transformations/transfer
= Specifications
= Variables that needs to be fixed to fix the degrees of freedom
= Define the resolution strategy
= simultaneous or sequential
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=PFL Pros and cons

Simultaneous Sequential

Problem statement Incidence matrix DOF analysis required
implicit

Robustness unique solving scheme |specific solving procedure

bounds; if-then-else

calculation modes specifications solving scheme

Derivatives Required numerical noise at
flowsheet level if iterative
scheme
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