
75

j u n i o  2 0 1 5



N.o 75 
June, 2015 
ISSN 0120-6230  
e-ISSN 2422-2844

Rector: 
Mauricio Alviar Ramírez

Dean:
Carlos Alberto Palacio Tobón

Editor-in-Chief
Maryory Astrid Gómez Botero

Editorial Board
Luis Ribeiro
Geosistemas
Instituto Superior Técnico
Lisboa, Portugal
Eduardo Miró
Instituto de Investigaciones en Catálisis y 
Petroquímica (INCAPE, CONICET)
Santa Fe, Argentina
Octavio Armas Vergel
ETS Ingenieros Industriales Ciudad Real, 
Universidad de Castilla-La Mancha, España
Jean Denis Taupin
HydroSciences, Institute de recherche pour le 
développement
Montpellier, Francia
Román Hermida
Facultad de Informática
Universidad Complutense de Madrid, España
Oscar Rosa Mattos
Dpto. Metalúrgica y Materiales
Universidade Federal do Rio de Janeiro, Brasil
Eduardo Sánchez
École Polytechnique Fédérale de Lausanne, Suiza

Watson Vargas Escobar 
Dpto. de Ingeniería Química
Universidad de los Andes, Colombia
John Ramiro Agudelo Santamaría
Dpto. de Ingeniería Mecánica
Universidad de Antioquia, Colombia
Jorge Andrés Calderón Gutiérrez
Dpto. de Ingeniería de Materiales
Universidad de Antioquia, Colombia
Sebastián Isaza Ramírez
Dpto. Ingeniería Electrónica
Universidad de Antioquia, Colombia
Julián David Arias Londoño
Dpto. Ingeniería de Sistemas
Universidad de Antioquia, Colombia

Elena Valentina Gutiérrez Gutiérrez
Dpto. Ingeniería Industrial 
Universidad de Antioquia, Colombia 

Scientific Board
Jesús Casanova Kindelan
Ingeniería Energética y Fluidomecánica
Universidad Politécnica de Madrid, España
Esteban Abad Holgado
Investigaciones Químicas y Ambientales, CSIC 
Barcelona, España
Georgina Fernández Villagómez
Ingeniería Química
Universidad Nacional Autónoma de México
Néstor Jaime Aguirre Ramírez
Escuela Ambiental
Universidad de Antioquia, Colombia

Administrative Assistant
Sandra Hernández Barrientos
Proofreading
Juan Fernando Zabala C.
Sandra Milena Zuluaga Salazar
Juan David Ángel Gutiérrez

English Proofreading
Claudia E. Urrego Zapata

Book Cover
Image made with Ingeni-Art, an evolutionary painting 
algorithm adapted by Walter Alonso Ardila and Mario 
Eliecer Hoyos from the SICOSIS research group at 
Universidad de Antioquia.

Design, layout and printing
L. Vieco S.A.S.
comercial@lvieco.com

Post
Reduced postal fare N° 842

E-mail
revistaingenieria@udea.edu.co
Web site
http://aprendeenlinea.udea.edu.co/revistas/index.php/
ingenieria
The contents or any other legal restriction related to the 
articles is responsibility of the authors.
This issue was supported by the Universidad de Antioquia’s 
Journals Fund.

Objective of  Revista Facultad de Ingeniería 
“The principal objective of the Revista Facultad de Ingeniería 
is to promote the publication of original and unpublished 
articles derived from experimental research or from engineering 
simulations, developed by researchers and experts from 
national or international, public or private institutions”.



Table of contents

Rev. Fac. Ing. Univ. Antioquia N. ° 75 pp. 3-6, June, 2015

EDITORIAL 7

Letter to the Editor 9

Implication of the inferior vena cava in the generation of reentry in the pectinate 
muscles

15

Andrés Paolo Castaño-Vélez, Carlos Alberto Ruiz-Villa, Andrés 
Castillo-Sanz

Chitosan/hydroxyapatite scaffolds for tissue engineering manufacturing 
method effect comparison 

24

Diana Marcela Escobar-Sierra, Johan Martins, Claudia Patricia Ossa-
Orozco

Effect of the functionalization of silica nanoparticles as a reinforcing agent on 
dental composite materials

36

Henry Alberto Rodríguez-Quirós, Herley Fernando Casanova-Yepes

Nonlinear analysis of the electroencephalogram in depth of anesthesia 45
Oscar Leonardo Mosquera-Dussan, Daniel Alfonso Botero-Rosas, 
Mauricio Cagy, Ruben Dario Henao-Idarraga

Parameter estimation method for induction machines using instantaneous 
voltage and current measurements

57

Johnny Wladimir Rengifo-Santana, Joseph Benzaquen-Suñe, José 
Manuel Aller-Castro, Alexander Alfredo Bueno-Montilla, José Alex 
Restrepo-Zambrano

Maximum power point tracking in PV systems based on adaptive control and 
sliding mode control

67

Paula Andrea Ortiz-Valencia, Luz Adriana Trejos-Grisales, Carlos 
Andrés Ramos-Paja



Performance of a Genetic Algorithm applied to robust design in multiobjective 
systems under different levels of fractioning

80

Enrique Canessa-Terrazas, Héctor Allende-Olivares

Reconfiguration of photovoltaic arrays based on genetic algorithm 95

Juan Ramón Camarillo-Peñaranda, Fabio Andrés Ramírez-Quiroz, 
Daniel González-Montoya, Freddy Bolaños-Martínez, Carlos Andrés 
Ramos-Paja

Graphene samples preparation and some possible uses in developing optical 
communication devices

108

Juan Diego Zapata-Caro, Ana María Cárdenas-Soto, Rodrigo Henao-
Henao, Eunezio Antonio Thoroh de Souza

Physical and mechanical characterization of concrete exposed to elevated 
temperatures by using ultrasonic pulse velocity 

118

Ricardo Alfredo Cruz Hernández, Luis Eduardo Zapata Orduz, Luz 
Amparo Quintero Ortiz, Julián Orlando Herrera Ortiz

Incorporación de otras materias primas como fuentes de azúcares fermentables 
en destilerías existentes de alcohol

130

Romel García-Prado, Amaury Pérez-Martínez, Karel Diéguez-Santana, 
Leyanis Mesa-Garriga, Inti González-Herrera, Meilyn González-
Cortés4, Erenio González-Suarez

Comparison of molecular models of carbon monoxide for calculation of vapor-
liquid equilibrium

143

Bibian Alonso Hoyos-Madrigal, Farid Chejne-Janna

Influence of sodium chloride on the cloud point of polyethoxylate surfactants 
and estimation of Flory-Huggins model parameters

155

Alessandro Alisson de Lemos Araújo, Eduardo Lins de Barros Neto, 
Osvaldo Chiavone-Filho, Edson Luiz Foletto

Simulating gas-liquid mass transfer in a spin filter bioreactor 163

Lilibeth Caridad Niño-López, Germán Ricardo Gelves-Zambrano

Assessment of the RLS 90 calculation method for predicting road traffic noise 
in Colombian conditions

175

Diego Mauricio Murillo-Gómez, Juan Camilo Gil-Carvajal, Valentina 
Zapata-Rodríguez, José Julián Téllez-García



Daily rainfall interpolation models obtained by means of genetic programming 189

Maritza Liliana Arganis-Juárez, Margarita Preciado-Jiménez, Katya 
Rodríguez-Vázquez

Error analysis in obtaining scale factors with operational modal analysis and 
mass change

202

Luis Manuel Villa-García

Robust tracking control for linear vibrating mechanical systems 211

Francisco Beltrán-Carbajal





7 

EDITORIAL

Since March 12, this year, the Revista Facultad de Ingeniería has been assigned an online ISSN (e-ISSN: 
2422-2844), which can be seen at the top of this issue’s cover. Considering that digital publications are 
in state of tremendous growth, we hopefully expect our online journal to reach a broader spectrum of 
readership by having this identification, since our journal was only recognized by the printed serial number. 

With regard to digital publications, The Investigation Vice-rectory arranged with the Academic Council 
and the Superior University Council of the University of Antioquia the Digital Object Identifier (DOI) 
for 21 journals of the institution, including the Revista Facultad de Ingeniería. Indeed, the current 
issue is the first of our journal containing papers identified by DOI. It is expected that the use of 
this alphanumeric string positively impact the visibility of the articles, authors and the University. 
Furthermore, another important advantage of the DOI should be noted: its interoperability, which is the 
ability to use this identifier for services outside the direct control of the assigner exchanging meaningful 
information; for instance, a user can search for a paper DOI number without consulting the assigner [1]. 

Based on the foregoing, the plethora of documents available on the Internet everyday has generated 
the need to create a system to identify and locate digital documents that frequently change location 
or name. The Digital Object Identifier is the most currently used, created to uniquely identify “digital 
objects” such as papers, articles, or parts of electronic journals, book chapters, images, figures , etc. [2].

In 1997, at a book fair in Frankfurt, the International DOI® Foundation (IDF) was created to develop 
and manage the DOI system. This system was an initiative of the International Publishers Association, 
the International Association of Scientific, Technical and Medical Publishers and the Association of 
American Publishers. Citation linking of electronic articles developed by the CrossRef Registration 
Agency is the first application of the DOI system. After its launching in the year 2000, some other 
registration agencies have been appointed in other areas and languages. DOI syntax was standardized 
in 2000 and the DOI system was approved as an ISO standard in 2010 [3]. 

The DOI syntax is defined by a prefix separated by a slash character; the DOI number has no limitation 
on length or characters, it is case-sensitive and can incorporate any standard Unicode character. Thus, 
a particular registrant is given a unique prefix and suffix assigned by Registration agencies, allowing 
decentralized allocation of DOI numbers. The prefix has two components: a directory indicator followed 
by a registrant code, separated by a period (e.g. 10.1500). The directory indicator is always 10 identifying 
the DOI string. The registrant code is an alphanumeric string that identifies the registrant. The suffix may be 
a serial number or may incorporate other identifier generated in another system used by the registrant such 
as an ISBN, ISSN, among others. In these cases, the existing system shall specify the suffix construction. 
For instance, the syntax for a DOI using an ISSN would be: 10.1500 / issn.0028-0836. Any DOI number 
(10.1500 / jpci.1998.2535) can become a link as http://dx.doi.org/10.1500/jpci.1998.2535 link for easier 
access to the document when the DOI is displayed in an Internet browser [1, 2].

Maryory Astrid Gómez Botero
Editor-in-Chief
Revista Facultad de Ingeniería
Universidad de Antioquia
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