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Introduction

The objective of this presentation is to offer an overview of some of

the results obtained by our research group recently
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Rationale

Focus on the state-of-the-art

Our research group is focused on contributing to the state-of-the art of
Process Systems Engineering, providing new tools for the design of

chemical process equipment and flowsheets.
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Rationale

Research activities are “Result-Oriented”

All students are assighed to a research theme directly linked to a

publication from the start.
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Research activities are “Result-Oriented

Example: Caroline Goncalves (Former DSc student)

Shell and Tube Heat Exchanger Design Using Mixed-Integer
Linear Programming

Caroline de (). Gongalves and André L. H. Costa
Institute of Chemisiry, Rio de Janeiro St 3 Rua 830 Francisco Xavier, 524, Maracana, Rio de
() Brazil

Miguel 1. Baga

School of Chemical, Biokgical and Materials Engheerng, University of Oklahoma, !

rman Oklshoma 73019

pubs acs ong/IECR

Alternative Mixed-Integer Linear Programming Formulations for
Shell and Tube Heat Exchanger Optimal Design

Caroline de O Ul.‘l‘l!.'ll\-‘l:‘i_.l André L H. Costa," and Miguel ]. Bagajewice ot

"Institate of Chemistry, Rio de Janeim $tate Univendty (UER]), Rua $30 Francsco Xavie, 524, Maracani, Rio
CEP 20550-900, Brasdl

*School of Chemical, Biokgical, and Materiak Engincering, University of Oklshoma, Womman, OMahama 73019, United States

de Janeir

@ Supporting Infarmation

ABSTRACT: In a recent artide (Gongalves ot d, AICKE [ e bl
2017. DOL 101062 2ic 15556), we presented a mized-inbeger
liner prognmming fommlation b the detaled desgn
of shell and tube heat exchangem based an the Kem approach
{Bern, I €. Process Heat Transfer; Mcteaw Hill, 1950). The
formulation reliss an the use of standardized vahues for several ——
mechaical parts, which we express in terms of disoete 7 |
choices. Becume we 2im at having this model wed as part of |
mare compler madeds (ie, hest evhanger netwarks gmthesis), S f
we identified 2 nesd to improve its mmpagational eficiency.

In this article, we explore several different modeling option

to speed wp sohitions. These options are based on different
altematives of aggregafion of the discrete valuss in relation to the 5ot of binary variabler Numerical results show that these
proceduses allow large compagational effort reductions.

Secavet 5 November 218 | Revsed 1 March 201 | Accepmed: 15 varcn 2019

DO 101002/ 3 146802
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Linear method for the design of shell and tube heat
exchangers using the Bell-Delaware method

Caroline de O. Goncalves® | André L. H.Costa® © | Miguel J. Bagajewicz®

‘Sahool of Sdence and Technology, Unigrando
iy o i smra | bstract

\"ﬂ' In this articke, we present a rigorous reformulation of the Bell-Delaware model for
Urkversity (R, Bl de Janekro, Flo de the design optimization of shell and tube heat exchanger to obtain a lincar model.
Saneira, Bl We sxtend a previously presented methodologyL2 of rigorously reformulate the
Iohool ot Cremical, Bological and Matedals
Ergineering University of Oldahoma, Morman,

et Chemisry, fio de laneim St

mixed-integer nonlinear programing Kem model and we add disjunctions to automat-

P ically choose the different comrelations to cakculate heat transfer coeffidents and
pressure drop under different flow regimes. The linear character of the formulation
Comespondence
Aneke L H. €, Ittt of Chemisiry, fa allows the identification of the global optimum, even using conventional optimization
deJareim State Lk EPETLY algerithms. The proposed mixedinteger finear programming formulation with the
josplysimamsinha Bell-Delaware method is able to identify feasibie solutions for the design of heat
tmal: adrehoduaise exchangers at a lower cost than those obtained through conventional design formula-
Funding Information tions in the literature. Comparisons with the Kem method also indicate an average
Comeho Macond de Deservolvimento 22% difference (usually lower)in area.

Clentiten & Tecnalégica, Grang/ fovam
Hhumber: Process 311225 /201 60; Funcio
Carlos Chagas Filho de Amparo & Pesquisa do
ada do o de lanara; Urveradade do design (process simulation), aptimization
ada do o de lanaro, Grany fwam
Mhumber: Programa Prociincla Masoral
Coundl for Sderntic and Tecno bgical
Development
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Research activities are “Result-Oriented”

Example: Julia Lemos (Former DSc student)

Applied Thermal Enginesring 12

Contents lists available at Soi i oot

Applied Thermal Engineering

Globally Optimal Linear Approach to the Design of Heat

journal homepage: www. elsevier.com/losate/apthermang . . )
Exchangers Using Threshold Fouling Modeling
Research Paper
Linear method for the design of shell and tube heat exchangers including @Cmm it of € o de J“““g“ 'l*l'“‘" and J:::jt I: '1 “:““ e 24 s o d
. . natifnde o hemistiry, Rio de Janeiro Siste iversity ( ) Bus Sso Francisco Xavier, 524, racana, Rio de
fouling modeling Janeire, R CET 1000

Miguel J jewicz
School of Chemical, Biological and Materials Ex ng, University of Odclahon

an, OK 73019

Julia C. Lemos®, André L.H. Costa®*, Miguel |. Bagajewicz ©

N, iy it Jamasir ), Brail
2 O 73019, I5A

NN 10N Y aie 6083

HIGCHLIGHTS Published online Tanary 22, 2008 i Wiley Online Library (wilevonline ilbvary o om)

+ & foulling model is insertsd into the dedign ojtim ization of heat exchangers
+ The mathematical probilem cansiss in a mized-integer Enear mrogramming (MILP)
« The results indicate 2 better performancs when mmpared to mmentional approaches

This ..r”J\.I'«-’ presents a ~-e'r.F..:d ,r.» the munthematical oprimiza

th

o

ARTICLE INFO ABSTRACT

Typisal heat exchanger design rocsdurss arebassd an the e of fxed valies of fauling factars, mastly
based on estimates coming fom pradice. Howsver, buling depends an thermafluidynamic conditians
(=g flow velacity) which vahues 2t canssquence of the sebction of design varizbles (=5 bafile spacing)
Therefare, the indusian of Buling models into 2n aptimal design proasd ure may yiek better solutions. In
this article, we extend a recent ghabally apfimal finear Brmulation for the design of shell and tube heat
exchang ers (Gongalves et al, 2017 ) Our extension ] eadks toa finear model and comsists on adding velacity
dependent fouling Getors. A comparisan with design examples based on fixsd fuling factors indicates
that the linzar problem cn dentily betier design sahitions, withowt imvalving any extemal mmergenes

kap

Jua
‘Aaitabis satine 11 Ia.‘O'I

& 17 Elsevier Lid. All rights reserved
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Research activities are “Result-Oriented”

Example: Ana Levy (Current DSc student)

I& EC B fooh’n g Water Systems Featuring
:

5 e This ind. Erg. Ol R, 2000, 58, 9473 0435 pubsaczorglECR
esearch
S —

Globally Optimal Design Optimization of Cooling Water Systems Heat Etchallger I)eSigll a}ld

Ana L. L. ..L"\-‘}'_.I Jaime N M. hlm‘rz_.l Mlgul:| . Bagajewdez,” and André L. H. Costa®'

sttt o Chemistry, Rio de Jansiro State Univemity (UER]), Rua 520 Francsco Xavier, 524, Maracana, Rio de Jansino, R, CEP
2O550-%K), Brazil

'LEPABE, Department of Chemical Enginesring, Faculty of Enginesring, University of Porto, Bua Dr. Roberto Frias, s/n, 4200465

Variable Outlet Temperature

Yoo of Chemical Bickgical and Materiaks Engineering, University of Olahoma, Nomman, Olahoma 73019, United States

O Supparting Information

ABSTRACT: This study presents a globally optimal Enear

procsdure for the simmlonsous design of cooling water

systems. The optimization entaik obtaining optimal pipe Stz s Desgn

diameters, selection, and detailed coder design. For the JT— . . .
ltter,the Kerm model and the linear farmelation prapored by - A A Ana L. L. Levy®, Miguel J. Bagajewicz'* and André L. H. Costa™"
Gongabves et al {Ind Eng. Chem Res 2017, 56, 5970) were " # # #

used The proposed linear model i compared with conven: | ' - Hent exchangers 1 ] T
ticnal design procedurss, such as optimizing the design of

each exchanger first, through area minimization or through

arca and presure drop costs. The results illmtrate in one of — -
the emmples the advantage of using the proposed Mamcana, CEP 20550-900, Rio de Janeiro, RJ, Brazil
smmlansous design approach. e

(+) Rio de Janeiro State University (UERJ), Rua Sdo Francisco Xavier, 524,
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Rationale

Research activities are “Result-Oriented”

Example: Aline Rayboltt (Current DSc student)

Globally Optimal Mechanical Design of Sieve

Trays in Distillation (’.‘olumns/

Aline R. da Cruz Souza? Miguel J. Bagajewicz®, André Luiz Hemerly Costa® *

2 Instituto de Quimica, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, RJ, Brasil

b School of Chemical, Biological and Materials Engineering, University of Oklahoma,

Nomman, Oklahoma USA 73019
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Research activities are “Result-Oriented”

Example: Marco Thiago (Current DSc student)

Globally Optimal Design of Air
Coolers Using Distributed Model.

Part I- Fixed Air Flowrate /

Marco Thiage da C. Santos ?, Argimire Resende Secchi*, Miguel J.

Bagajewicz” and André L. H Costa, * 7,
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Research activities are “Result-Oriented”

Example: Priscila de Souza (Former MSc student)

Globally Optimal Linear Approach for the Design of Process
Equipment: The Case of Air Coolers

Priscila A. Souza and André L. H. Costa
It de QJf:luu;. Rio de Janeins State Undversity (LUERT), Rio de Janeino, Brazil

Miguel J. Bagajewicz
School of Chemical, Biolegical and Materials Engineering, University of Oklahoma, Moman, OK 73019

NN T Y aee IS9TT
Fublighed onling Ocwber 20, 2017 i Wiley Online Libwary (wileyonlinellrary com)

In a recens article, Gong
shell-and-tube hear exch

wpimal. The objectve
cogl. The corsirainis ide the thermal @ vilraulic modeling of the |
air flow dirough the finned surface. In addition, we worked on rediucing
aliternatives for the description of the original discrete variables orgal
of the proposed approach & ilustrated through ifs comparis
American Institute of Chemical Enginoers ATCRE J, 64
Keywords: heat ransfer, oprimization
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Research activities are “Result-Oriented”

Example: Alice Peccini (Former MSc student)

|8 EC =

0 Ot This: v, B, Charry, R 2019, 53, 13080100498 pubsacsong/1ECR
research
¥

eonral & Erainmses

Optimal Design of Double Pipe Heat Exchanger Structures

Alice Peccini,’ Julia C. Lemos," André L. H. Costa,** and Miguel ]. Bagajewice'

"Federal Univenity of Rio de Janeira (UFRJ), Bscola de Quimica CT, Haoco E, lha do Fundio, Rie de Janeine, Ric de Jansie CEP

21949 %K), Brazil

*Rin de Janeiro State Univemsity [UER]), Rua %o Francisco Navier, 524, Maracand, Rio de Janeim, Rio de Janeiro CEP 20550.900,

Brazil

“Schal of Chemical, Bickgical and Materials Engineering, University of Okkhoma, Nomman, OMahoma 73019, United States
O Supporting Information

ABSTRACT: This paper nvestigates the design optimization of I
double pipe heat srchanger using mathermatical programming. g
The heat ewchanger area is minimized and the thermo-flnid H ] [ Fee
dynamic conditions are considered for the use of the night C ]

Inner fube diagmeler

transport correhitions, together with design specifications, such
as, maumum presure drops and minimum excess area. The
mudular nature of this kind of heat exchanger and the allocation
of the streams (inside the inner tube or in the annubs ) are also |
contemphited Two mirediinteger nonlinear progmmming i
(MINLF} approaches are propossd. One approach relates the

binary variables to the nonlnear constraints directly. In the

second, the reulting nonkinearities involving binary variables are formally linearized, without los: of rigor (25, no we of
tmuncated Taylor series). The proposed methodology can get better solutions: than taditional trial and emor procedures. The
flexibility of the mode is ilustrated, together with a comparison between the performances of both MINLP formulations.
Additionally, computational time and bl optimality ssmes are discused.

of hranches
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Research activities are “Result-Oriented”

Example: André Nahes (Current undergraduate student)

Design of Gasketed-Plate Heat
Exchangers Using Different
Deterministic Optimization Techniques

Andre L. M. Nahes?, Natalia R. Martins®, Gustavo C. Alves? Miguel I.

Bagajewiczb. André L. H. Costa®”

anstitute of Chemistry, Rio de Janeiro State University (UERJ), Rua Sdo Francisco Xavier,

324, Maracand, Rio de Janeiro, RJ, CEP 20350-900 Brazil

bSchool of Chemical, Biological and Materials Engineering, University of Oklahoma, Norman

Ofklahoma 73019
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Research activities are “Result-Oriented”

Example: Joao Pedro (Current undergraduate student)
/

Globally Optimal Horizontal Condenser

Design

Jodo Pedro Domingues?, Igor ..... T, Miguel J. Bagajewicz™ and André L.

H. Costa™*
(?) Institute of Chemistry, Rio de Janeiro State University (UERJ), Rua Sio Francisco Xavier, 524,
Maracand, Rio de Janeiro, RJ, CEP 20330-900, Brazil.

(+) School of Chemical, Biological and Materials Engineering, University of Oklahoma. Norman.

Oklahoma USA 73019
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Results 1234 5
Let’s talk about humbers... 67690

Papers in international journals (2015 - 2019): 11

- AIChE Journal
- Industrial & Engineering Chemistry Research

- Applied Thermal Engineering
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Results 12345

Let’s talk about numbers... 67 690

Conference Papers: 11

XX| Congresso Brasileiro de Engenharia Quimica — COBEQ 2016 (1)

27" European Symposium on Computer Aided Chemical Engineering — ESCAPE 2017 (1)

International Symposium on Process Systems Engineering — PSE 2018 (1)

XXIl Congresso Brasileiro de Engenharia Quimica — COBEQ 2018 (1)

29t European Symposium on Computer Aided Chemical Engineering — ESCAPE 2019 (2)

5th International Conference on Sustainable Chemical Product and Process Engineering (1)

AAIQ - X Congreso Argentino de Ingenieria Quimica CAIQ2019 (1)

| Congresso Brasileiro em Engenharia de Sistemas em Processos (PSE Brazil), Rio de Janeiro, May 2019. (2)

Process Systems Engineering Asia(1)
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Results 1234 5
Let’s talk about humbers... 675?0

MSc Dissertations: 2

DSc Thesis: 2
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Women and men at work ﬁ?}
Undergraduate students: 4
Graduate students: 5

Post doc: 1
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Opportunities

We are hiring...

The research group is expanding, addressing new problems and

seeking new students.
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Opportunities

We offer...

“You will be famous”



