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MODELAGEM E OTMIZACAO:
implementar uma versao “eletronica” do
sistema industrial permitindo testar diferentes
configuragoes e parametros operacionais...




Q#1: Vocé assistiu ao video
de abertura do curso enviado

por Email (eDisciplinas) ?

A) Assisti sim...
B) Nao assisti nao...

C) Nao assisti, nao vou assistir e penso que ninguém
deveria ter assistido...

D) Nao tenho certeza se assisti ou nao...

E) E impossivel dizer...




Exemplos de aplicacao
desenvolvido neste curso...




CALCULOS POR MEIO DE SIMULAGAO CFD (COMPUTATIONAL FLUID DYNAMICS)

JA\ Free Student Software | ANSY: X

o
h=]
o
3
2
o
>
<
®
Q
=

& C ® ® © @ https//www.ansys.com/academic/free-student-products 80% bad in @ e =

»

1]
>

[CEA) ® O & https//v 60% vee

Careers Academic  Customer Portal ~ Resource Library () v

ch

Products Solutions Services Support About ANSYS

OpenVFOAM The open source CFD toolbox eﬁ

Home | Products | Semices = Download | Code | Documentation | Community | Governance | Hews

FOLLOWUS ON Euitter

About us Contact Jobs Legal

oA

X / = ¥ OpenFOAM v1906 Released Boston 25 - 28 March E51 OpenCFD relesses
/‘ %, Download GpenFOAM juntsville, AL 13 - 16 May EBGpenGie pemetto
,/:f' Subscribe to the newsletter Itimore, MD 17 - 20 June OpenFOAM v1908 of the
/17 Farmington Hills, M 22 - 25 July OrenE M spen saron CFD
ourseces ] seciTeRNow ps
OpenFOAM Training El=re==
OpenFOAM Support ® e
SpenrCaw 11612 of he
OpenFOAM Development Pty e

Engineering Services About OpenFOAM Bevsam avts

m OpenFOAM is the free, open source CFD software released and developed primarily by | ES| OpenCFD releases
OpenFORILv1S0S

OpenCFD Lid since 2004. t has a large user base across mostareas of engineering and e (R,
OpenFOAM History ‘science, from both commercial and academic organisations. OpenFOAM s an exiensive TEmrEa ANSYS Free Student Software Downloads S
Official Documentation range of features 1o solve anything from complex flid flows involving chemical reactions, e
OpenFOAM Governance turbulenee and heat transfer, o acoustics, soid mechanics and electromagnetics. More... e ANSYS provides free student software products perfect for work done outside the SUPPORT RESOURCES
OpenFOAM Community OpenFOAM is professionaly released every six months fo include customer sponsored Main News Archive projects;student competitions and more: Qur renewable products can be downl.ny EDUCATORTOOLS
Tutorial Wiki developments and contributions from the communty. tis tested by ESI- Student products can be installed on any supported MS Windows 64-bit machine. Lea
Reporta Bug OpenCFD's Appiication Specialsts, Development Partners and selected cusiomers, and ANSYS AIM Student and ANSYS Student so you can download them today. STUDENT TEAMS

‘supported by ESI's worldwide infrastructure, values and commitment.

Tweets vy @openioa® LOGO STORE

Quality assurance is based on rigorous testing. The process of cade evaluation, verification

and validation includes several hundred daily unt tests, a medium-sized test battery run on a EMASTERS DEGREE

weekly basis, and large indusiry-based test battery run prior {o new version releases. Tests RS & CONDITIONS

are designed to assess regression behaviour, memory usage, code performance and
Create your run-time images in

‘scalabilty.

#0penFOANM #CFD #v190€ in
OpenFOAM releases are scheduled every six months in June and December. parallel and in-memory without

the need to save to file! R R R

Bitlyi2XZIJ6H Discovery Live Student Discovery AIM Student ANSYS Student
About OpenCFD
OpenCFD Lid has been developing and releasing OpenFOAN since s debut in 2004 and -
owns the OpenFOAM Trademark. OpenCFD Ltd is a wholly owned subsidiary of the ESI
Group.
Our mission is to sustain the future of OpenFOAM as the highly functional, freely available
and open source CFD software, offering a long-term and viable complement to CFD codes. 2
which are constrained by licence costs and multi-user, muliiprocessor cost inflation

> CLICK HERE > CLICK HERE

Our team of Developers, Application Specialists, Trainers and Testers are located globally in
far-gast Asia, India, Europs and North America. Mors...

Announcing the first Keynote:
Speaker for the Tth
#OpenFOAN Conference,

OpenFOAM Trademark 1517 October 2018, Berin

OpenCFD Lid granis use of the OpenFOAN trademark by Third Parties on a licence basis, 51 Germany: Click her for

click below to start a conversation with ANSYS

Group and OpenFOAM Foundation Ltd are currently permitted to use the Name and agreed further detais: bit ly/2Ju0CTI
Domain Name. For information on trademark use, please refer to the trademark policy Register now at
quidelines. BityI2LHXIVR

Please contact OpenCFD if you have any questions on the use of the OpenFOAN m CONTACT US
trademark E :

Violations of the Trademark are continuously montored, and will be duly prosecuted.

<

Contributions to OpenFOAM frsm

OpenCFD recognises that the OpenFOAN Community at large make unique, progressive and
ground-breaking developments using OpenFOAN. We faciltate:

code contributions via develop.openfoam.com
tutorials assisting OpenFOAM leaming via wiki.openfoam.com

with the govemance necessary to guarantee quality through editorial and voting controls

Our commitment to OpenFOAM users

OpenFOAM comes with full commercial support from ESkOpenCFD, including software
support, centracted developments, engineering services and a programme of
training courses and community-based development projects. These activiies help fund
the continued development, maintenance and release of OpenFOAN to make it a strongly
‘viable, commercially supporied, open source produet.

©2004-2019 OpenCFD Ltd (ESI Group)
Terms of Use | Priveoy Policy
Design by 1234 info | Modified by OpenCFD | Content generated using fexdht XHTML 1.0 | CS520




OLEO @ 15kg/min,

90°0C, 1bar

Teq

sq

Tsf

T

ef

AGUA @ 10kg/min,

10°0C, 1bar

CONSTRUCAO DO MODELO GEOMETRICO
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1 Details of Body
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Analysis of the Investment Projects (Capital Budgeting)

Acumulado (MR$) Acumulado (MR$)
2.000,00 600,00
1.500,00 400,00
1.000,00 200,00
’ ’ 0,00 T T T T 1
500,00 200,00 0 100 200 300 400 500
0,00 . . . . . -400,00 -
500,00 ( 100 200 300 400 500 -600,00 +—
-800,00 +——
-1.500,00 -1.200,00
depreciagao 5 depreciagao 2
taxa de desconto 0,54% ao més taxa de desconto 0,54% ao més
VPL 42 20MR$ VPL -401,50 MR$
TIR 0,65% ao més TIR 0,23% ao més
TIR 7,81% ao ano TIR 2,77% ao ano
Beneficio/Custo  1,1274 R$/R$ Beneficio/Custo  0,6632 R$/R$

DECISION: WIND. However...



MODELAGEM, SIMULACAO, OTIMIZACAO...




Projeto otimizado
(condigoes nominais, arbitrarias)

OTIMIZACAO... -

e mono-objetivo
e multi-objetivos

Operacao otimizada
 (condigoes reais, de campo)

AsS queslﬁes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



Q#2: o termo “condicoes
nominais de projeto” faz

alusao a qué ?

A) O efeito do nome do projeto sobre seu desempenho...
B) A renovabilidade dos vetores energéticos...

C) O emprego da regeneracao interna de calor...

D) Hipoteses quanto as condicoes de operacao do projeto...

E) E impossivel dizer... ;



Usina de cana 1G / Biorrefinaria 1G2G...

varaveis de
controle/projeto

varaveis
de saida

varaveis nao
controlaveis

bbbl

Usina Vertente
Guaraci / SP

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.




taxa de processamento
teor de fibra na cana
impurezas minerais
mortandade leveduras
contaminantes quimicos
temperatura ambiente

etc.

o

configuracdo do

y

configuracao do ciclo

{

pureza do oxigénio

sistema de extracao de Rankine produzido
tecnologia de poténcia no pré-
filtragem de sdlidos evaporador

IR 2R 2R 2R IR’

sugarcane

mechanical

straw

processing

juice

extraction

evaporation

crystallization f.sugars

bagasse - exergy surplus
> steam . exergy
* generation

centrifugation [ BRLLME==SSEmTS

ethanol

pre-treatment process process
drive heat
hydrolysis oxyfuel boiler
molasses
juice ial lignin > co, dewatering s.critical
fermentation filtering I H,0 compression €0,
1 to,
wine | pre membrane N
distillation VG | evaporation separation 2

air

—>» créditos de carbono

—> producdo de etanol

—> geracao de eletricidade

—>» producdo de acglcar

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



configuracdo do configuracao do ciclo pureza do oxigénio

sistema de extracao de Rankine produzido
tecnologia de poténcia no pré-
filtragem de sdlidos evaporador

y {

taxa de processamento —> o
teor de fibra na cana —>/|
impurezas minerais —>|
mortandade leveduras =—>
contaminantes quimicos =—> !
to,
. | ] I membrane |—)N
temperatura amblente % VG | evaporation separation 2
ethanol aTir
etc. =

—>» créditos de carbono

“o =3 producdo de etanol

—> geracao de eletricidade

—>» producdo de acglcar

OTIMIZACAO DO PROJETO: como determinar as variaveis de
projeto que maximizem as variaveis de saida, em relag¢ao a
condi¢cdes nominais arbitradas (variaveis nao controlaveis) ?



configuragao do configuracao do ciclo pureza do oxigénio

sistema de extracao de Rankine produzido
tecnologia de poténcia no pré-
filtragem de sdlidos evaporador

y {

taxa de processamento —>| I —> créditos de carbono
mechanical traw
teor de fibra na cana — proctesng
impurezas minerais = mw —> producdo de etanol
< process  process
mortandade leveduras —> % oxyfuelbollr
|
. ’ . ¢ juice ial lignin ., ewaterin, s.critical ~ . .
contaminantes quimicos =—> svgar fermentaton fiering__| h —{ compresion }" —> geracgao de eletricidade
| 1 to.
. wine pre membrane
temperatu ra amblente % distillation vg¢ |7| evaporation sepa'rTation I_)N2
th I air

etc. —>| —>» producgdo de agucar

OTIMIZACAO OPERACIONAL: como manipular as variaveis de
controle de maneira a otimizar as variaveis de saida, dadas as
flutuacoes das varidveis nao controlaveis ?



Projeto de um Processo Transformativo...

varaveis de
controle/projeto

X=X, X, ... Xy
Y

— —> (1)1()_i ,0)
O, | ™ -
X
vardveisndo = |0, — = ¢,(X,3) varaveis
controldveis © =| . |~ L de saida
— = 95(X,8)
Oy | —f
—> — ¢, (X,0)

Min/Max ¢, (X,8) / f(X,8) =0

T Equagdes de modelagem do
sistema (p.e. balancos de

m As questdes postadas no Chatdo YouTube massa e energia)

seraorespondidas ao final da aula.




Exemplo de aplicacao
desenvolvido nesta aula...




Central Termelétrica de Grande Porte...

varaveis de
controle/projeto

varaveis
de saida

varaveis nao
controlaveis

A A

Manjung 4 ALSTOM
1000 MW (Malaysia)

https://youtu.be/W2AD34CPI7E

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.




Manjung 4 ALSTOM

STF100 steam turbine

GIGATOP turbogenerator

Two-pass boiler

HP/LP heaters

Feedwater tank

Condenser

Bus duct

Coal silos

1000 MW (Malaysia)

https://youtu.be/W2AD34CPI7E

Central Termelétrica de Grande Porte...

o

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.



Parametros de desempenho (¢)
1) Poténcia nas turbinas

2) Rendimento T

3) CAPEX + OPEX Y

Restrigoes

1) m=10kg/s

2) T,.4=1002C
3) P,.<150bar
4) P;,=70bar
5) T, mp < 7002C
6) x%>0,9

Fungoes de Custo...

o

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

o



Parametros de desempenho (¢) §b def rendimento (+) e CAPEX (—)

1) Poténcia nas turbinas
2) Rendimento T
3) CAPEX + OPEX 4

Restri¢coes

1) m=10kg/s

2) T,.,=100°C
3) P,.<150bar
4) P;,=70bar
5) T, <7002C
6) x>0,9

Fungoes de Custo...

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Modelagem do sistema
industrial...

21



Nterm =
temperatura Q abs P max Pint
A
Teomb [7777 77777 77T _q" __________________
Abc

Ade

Tcond . —% --------------
ent,ropia

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




temperatura
A
Tcomb ___________________________________________________________________________
Ade
Tong [
ent,ropia

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Nierm =
temperatura QQ bs P nax Pint
A
Tcomb ___________________________________________________________________________
Ade
Tona [~ 7
ent,ropia

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




temperatura
A

T """"""""""""""""""""""""""""""" Ade

comb

Tcond

~

7 .
entropia

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Temperatura

comb

Area

ch :m'(hc _hb)

ch = UAbc ) [(Tcomb o Tb) _ (Tcomb o Tc )]/ln( 1comb - Tb j

comb ~ c

~UApe (T.-T,

T —T)=(Torr - T,)-€X c.| <c”b
(comb c) (comb b) p|: m (hc_hb]:|

As questbes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



Temperatura

Area

Qde :m'(he _hd)

CQde = UAde ) [(Tcomb o Td) o (Tcomb o Te)]/lr{ }omb — Td]

comb e

~UAge (T.-T

T —T)=(T —Ty) X .| e~ d
(comb e) (comb d) p|: m [he_hd):|

As questbes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



Fluxograma de Calculos

x=0 —— F()?,S):O

4

P, entropy S2=Sp

A4

= enthalpy
c temperature

Tc_Tb

S5y

—UAy,
(Tcomb - Tc) = (Tcomb - Tb) - exp m ’ h(Tc) —h,

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

enthalpy
temperature

temperatura

Teomp [-m=mm=mmmmmmmmmmmrmm s s 7/"

i

heat
exchanger

entropy

_UAd T _Td
(Teomb —Te) = (Tcomp — Ta) - €Xp [ m - < e >]

h(Te) — hq

press&do

hf



Metodos de solugao:
ITERACAO FUNCIONAL




Solucao pelo metodo da iteracao funcional...

f(X)=0 — X =h(x)

X = h(xo )

X, = h(x1) h(x) -
Xy = h(Xz)
Xk+1 = h(Xk ) 0.4— L
g(x)

As questbes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



Exemplo de aplicacao...

f(x)=cos(x)—x=0

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Métodos de solucao:
NEWTON — RAPHSON




Solucao pelo metodo de Newton-Raphson: 1D

f(x)

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Solucao pelo método de Newton-Raphson: 1D

f(x)

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Solucao pelo método de Newton-Raphson: 1D

f(x)

o

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

Equacao da reta tangente:
y=0a-Xx+D
a="f(x,)
f(Xg)=T(Xq) Xo +

b = f{xo) — F(Xo) - X

35



Solucao pelo método de Newton-Raphson: 1D

f(x) Equacao da reta tangente:
y=0a-Xx+D
a="f(x,)
f(Xg)=T(Xg) Xo +

b = f{xo) — F(Xo) - X

Raiz da reta tangente:
Xx=-b/a

i)
=% " i)

As questdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.




Solucao pelo método de Newton-Raphson: 1D

f(x)

Raiz da reta tangente:

o

Equacao da reta tangente:
y=0a-Xx+D
a="f(x,)
f(Xg)=T(Xq) Xo +

b = f{xo) — F(Xo) - X

Formula de recorréncia

X=-Pb/a B 1 c
f(xo) i\> Xk+1 o Xk o X (Xk)

T )

As questbes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

F(x)



Exemplo de aplicacgao...

FOrmula de recorréncia

f(x)=cos(x)—x=0

f'(x)=—sin(x)—1

|

1
Xk+1 — Xk o fl(X )
k
COS(X, ) — X,
X = X :
—sin(x, )—1
xk f(xk) f'(xKk) xk+1

1 -0,4597 -1,84147 0,750364
0,750364 -0,01892 -1,68190,739113
0,739113 -4,6E-05 -1,67363 0,739085
0,739085 -2,8E-10 -1,67361 0,739085
0,739085 0 -1,67361 0,739085
0,739085 0 -1,67361 0,739085
0,739085 0 -1,67361 0,739085

As guestdes postadas no Chatdo YouTube
seraorespondidas ao final da aula.

0,752

0,75
0,748
0,746
0,744
0,742

0,74
0,738
0,736
0,734
0,732

x F(X, )

xk+1



Xx=0 —

_UAbC_ Tc_Tb
m  (n(T.)—h,

C

(T omb Tc ) — (Tcomb o Tb ) -exp

c

entropy S,=Sy P. —

v

Tb | TC
enthalpy heat . - _—
P E temperature entropy Sc.=Sq P.
hb hc
> hal Tb h Te
enthalpy eat =
Pa temperature hd exchanger h Ll Se=S¢
e

P, —>| enthalpy —> hf

-UA T-T
Tooms = To) = (Teomp — To) - €X .| —e d
(comb e) (comb d) p m he(Te)—hd




(T,

comb

_Tc):(Tc

omb

—T,)-exp

-UA .

Tc _Tb

m

h(Tc ) B hb

x=0 —
Pa ——> entropy S,=S,
S enthalpy
PC temperature

Ty

hb

, Tc
heat |
hc

A

4

P, ——

S.~Sy

enthalpy
temperature

Ty

hd

heat
exchanger
h

P, ——

Te

e

entropy S.=S¢

P, —>| enthalpy

—> hf

(

T

c

omb Te) = (Tcomb B Td ) -EeXp

—-UA .

Te B Td

he(Te)_ hd




—UA c T —T
(Tcomb_Tc):(Tcomb_Tb)°eXp|: - (h - 2 j:|

—UA _
f= (Tcomb a Tc) — (Tcomb - Tb ) : eXp|: be ( TC Tb ]:|
b

df  f(T, +¢)—1(T,)
dT €

c

—UA —
f(Tc + 8) = (Tcomb = (Tc + 8)) — (Tcomb B Tb ) . exp[ m : (h((-l:lf -:'88)) _-::I: j}
c b

e<1%deT,

As questbes postadas no Chatdo YouTube
seraorespondidas ao final da aula.



m

—UAg ( T.-T
(Tcomb_Te):(Tcomb_Td)'EXp|: [ : d j:|

h(T,)—h,

df _ f(T, +&)—f(T,)

dT

e

e

e<1%de T,

As questdes postadas no Chatdo YouTube
serdorespondidasaofinal da aula.
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12 Ade
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f=1
A
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Método de Newton - Raphson:
N equacoes x N incognitas




$ X1 = Xy —

F(x)

As questdes postadas no Chatdo YouTube
serdorespondidasacfinal da aula.

x F(X, )
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Sistema de pré-aquecimento de oleo “baiano”...

O quiz esta longe !!!
vapor saturado

Démarche: gastar Q para

economizar W (exergia) |:> Q

U

L=50km
W

D=50cm

A

v

1400
w1200

L |

1

condensado

P
N
o
o
o

800
600
400
200

Viscosidade (

0 50 100 150 200

Temperatura (oC)
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Método de Newton - Raphson:
N equacoes x N incognitas




Solucao pelo método de Newton-Raphson: ND

1
Xsr = Xy = x T(Xy )

F(x)
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Solucao pelo método de Newton-Raphson: ND

1
X1 = X — x (X))

F(x)

[ Xl =X ] = [JOC]_][f(Xk)]
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Solucao pelo método de Newton-Raphson: ND

1
X = Xy — ' (x,) x F(X, )
(Xl =X ] = [JGC]_][f(Xk)]
of /ox, of/ox, - of/oxy

ac] - of, /ox, of,/ox, --- Of, /0OXy

O /0%, Of/OX, - Of/OXy
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Sistema de pré-aquecimento de oleo “baiano”...

vapor saturado
@ 100°C
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Q — I'nvapor ) (hvap o I"'qu )‘T Q Myapor Q =UA

Equacionamento do pré-aquecedor:

vapor saturado .
@ 100°C Q= méleocpéleo (Tsf —Tef)

[(Tq—Tsf)—(Tq—Tef)]

g n Tq—Tsf
To Tq—Tef

Tsf
|

—UA
liquido saturado Tag—Tsf)=(Tg—Tef)-ex
auido satur (Tq—Tsf)=(Tqg ) p(méleo Cpéleo]
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Equacionamento do pré-aquecedor:

vapor saturado .
@ 100°C Q= m(’)leocpéleo (Tsf —Tef)

Q n Q=UA. [(Tq—Tsf)—(Tq—Tef)]

n Tq—Tsf
Ta Tg—Tef

Tsf
|

—UA
liquido saturado Tag—Tsf)=(Tg—Tef)-ex
auido satur (Tq—Tsf)=(Tqg ) p[mdeo Cpéleo]

—UA
f, = (Tq—Tsf)—(Tq—Tef)-exp( U ]
méleocpéleo
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Equacionamento da bomba + tubulacao
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Equacionamento da bomba + tubulacao

AI:)bba

= AP

visc

AP

Visc

L V?
_f.B.p7
’ f=f(Re,e/D)

fator de atrito

max 6leo
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Equacionamento da bomba + tubulacao

AP, = AP

visc

AP

Visc

L V?
_f.B.p7
’ f=f(Re,e/D)

fator de atrito

Moo = anD2 /4

max 6leo
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AP 5
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Equacionamento da bomba + tubulacao
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Equacionamento da bomba + tubulacao

AI:)bba = AI:)visc I | | 4
- oleo
APbba _ Pma * 1 -

X

L

AP, = f(Re)-08106——-m’
pD
méleo n L 2
f=P_ -|1- ~f(Re)-0,8106——-m2,,
mmax P
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Equacionamento da bomba + tubulacao

L
pD

2
5 M

f, =P .1—[mé'e°j —f(Re)-0,8106

Re = 4”rnc')leo L
unD

T = Tsf

w(T)=6.7109-107°-T* —=2.9844-107 - T° +...
.+5.0341-107"-T*—4.0864-10" - T +1.6546-10"
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f(m,..,Tsf)=(Tq-Tsf)- (Tq—Tef)-exp( —UA )

oleo poleo

oleo

é'“] —f(Re)- 08106— m2
pD

1c2 (méleo ’ TSf) — Pmax |11- [
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Q#3: no exemplo
anterior qual a vantagem de

se agquecer o 0leo entes de
bombea-lo ?

A) Contribui para mitigar o aguecimento global ...
B) Permite economizar CAPEX...
C) Permite economizar OPEX...

D) Da verossimilhanca as condicoes nominais de projeto...

E) E impossivel dizer... _
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