COLECAD

DESAFIOS

DAS

ENGENHARIAS:

ENGENHARIA DE COMPUTAGAD 2

ERNANE ROSA MARTINS E\tegﬁg
(DRGANIZADOR) Ano 2021



COLECAD

DESAFIOS

DAS

ENGENHARIAS:

ENGENHARIA DE COMPUTAGAD 2

—

\\\\\\\\\\

ERNANE ROSA MARTINS E\tegﬁg
(DRGANIZADOR) Ano 2021



"
N

q
R
©
3
N
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Assistentes editoriais
Natalia Oliveira
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Natéalia Sandrini de Azevedo
Camila Alves de Cremo
Luiza Alves Batista
Maria Alice Pinheiro 2021 by Atena Editora
Imagens da capa Copyright © Atena Editora
iStock  Copyright do Texto © 2021 Os autores
Edicdo de arte  Copyright da Edicao © 2021 Atena Editora
Luiza Alves Batista Direitos para esta edicdo cedidos a Atena
Revisdo Editora pelos autores.
Os autores  Open access publication by Atena Editora

Todo o conteldo deste livro esta licenciado sob uma Licenca de
@ Atribuigao Creative Commons. Atribuigao-Nao-Comercial-
NaoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0).

O contelido dos artigos e seus dados em sua forma, corre¢cdo e confiabilidade sdo de
responsabilidade exclusiva dos autores, inclusive nao representam necessariamente a posi¢ao
oficial da Atena Editora. Permitido o download da obra e o compartilhamento desde que sejam
atribuidos créditos aos autores, mas sem a possibilidade de altera-la de nenhuma forma ou
utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliagcdo cega pelos pares, membros
do Conselho Editorial desta Editora, tendo sido aprovados para a publicacdo com base em
critérios de neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do
processo de publicagao, evitando plagio, dados ou resultados fraudulentos e impedindo que
interesses financeiros comprometam os padrdes éticos da publicagao. Situacdes suspeitas de
ma conduta cientifica serao investigadas sob o0 mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacgéo, Ciéncia e Tecnologia do Parana
Prof. Dr. Américo Junior Nunes da Silva - Universidade do Estado da Bahia

Prof? Dr® Andréa Cristina Marques de Aradjo - Universidade Fernando Pessoa

Prof. Dr. Antonio Carlos Frasson - Universidade Tecnoldgica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

D:\tena

Editora

Ano 2021


https://www.edocbrasil.com.br/
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4774071A5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4444126Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4734644D8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771171H3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4242128Y5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4168013D9

"
N

q
R
©
3
N
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

Prof. Dr. Arnaldo Oliveira Souza Jinior - Universidade Federal do Piaui

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Criséstomo Lima do Nascimento - Universidade Federal Fluminense

Prof® Dr? Cristina Gaio - Universidade de Lisboa

Prof. Dr. Daniel Richard Sant’Ana - Universidade de Brasilia

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Ronddnia

Prof? Dr® Dilma Antunes Silva - Universidade Federal de Sao Paulo

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Elson Ferreira Costa - Universidade do Estado do Para

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Gustavo Henrique Cepolini Ferreira - Universidade Estadual de Montes Claros
Prof. Dr. Humberto Costa - Universidade Federal do Parana

Prof® Dr® lvone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Jadson Correia de Oliveira - Universidade Catdlica do Salvador

Prof. Dr. José Luis Montesillo-Cedillo - Universidad Auténoma del Estado de México
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof? Dr® Lina Maria Gongalves - Universidade Federal do Tocantins

Prof. Dr. Luis Ricardo Fernandes da Costa - Universidade Estadual de Montes Claros
Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Pontificia Universidade Catélica de Campinas
Prof® Dr® Maria Luzia da Silva Santana - Universidade Federal de Mato Grosso do Sul
Prof. Dr. Miguel Rodrigues Netto - Universidade do Estado de Mato Grosso

Prof. Dr.Pablo Ricardo de Lima Falcao - Universidade de Pernambuco

Prof? Dr® Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa
Prof® Dr® Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa
Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Saulo Cerqueira de Aguiar Soares - Universidade Federal do Piaui

Prof. Dr. Urandi Jodo Rodrigues Junior - Universidade Federal do Oeste do Para

Prof® Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof? Dr® Vanessa Ribeiro Simon Cavalcanti - Universidade Catélica do Salvador
Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Arinaldo Pereira da Silva - Universidade Federal do Sul e Sudeste do Para
Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catdlica de Goias

Prof® Dr® Carla Cristina Bauermann Brasil - Universidade Federal de Santa Maria
Prof. Dr. Cleberton Correia Santos - Universidade Federal da Grande Dourados
Prof® Dr Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vigosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof® Dr® Girlene Santos de Souza - Universidade Federal do Reconcavo da Bahia
Prof. Dr. Jael Soares Batista - Universidade Federal Rural do Semi-Arido

Prof. Dr. Jayme Augusto Peres - Universidade Estadual do Centro-Oeste

Prof. Dr. Jilio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof® Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof? Dr® Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro

D:\tena

Editora

Ano 2021


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4758163P1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K2187326U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537717Y7&tokenCaptchar=03AGdBq25B4lxTE6dxhpWHIqxGO4pzzZPgu_iV_QeN8f-tMTk8_sLDOB3PD_mtdQto3H5C2R2ZsmxnQtfmP66wxlIUt_CzTJNotB4Nr2WeA_ZeswgWraa8MbkAaZzV6d4gzkjqhc5hYQ_M-PfSdSI7td93FvBg2bA_iQABLK3i0vQ0yQRv1A1eB6SAfJCCqLkJYK596wJItTTqwwkcjAoFPtAsP-pVLiuGf7SJ_ujWrq_i7e1ac86qNNWa4t2uz65kb3UGFiVXXHrO-FYdcycEtCopnwy24k_7y06U-vF-n-8PZQEl3SDM3ejydvF0fyiSGRsDtN1eSkV6vWnGCu7u4Mc0gY3WMCxo6n9h6ArYBnNV6Cm64GaRIFb2IozQuQEayUcf2hIrTNuNZNcI3xXna_NbCwxnM8FL3w
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?metodo=apresentar&id=K4236503T6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4442899D1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4442899D1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4779936A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4279858T4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4764629P0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4137698A3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4777360H4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257759E9
http://orcid.org/0000-0001-9605-8001
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4705446A5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771879P6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4416387H0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4437388Z1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252176Y6&tokenCaptchar=03AGdBq26r9EVjWZW6sbYV6Q3XWGEB7epb3WfkzfKlDLCL6nuSImCrTbZxxdXfH115SzT25I_DhCpgpShBG_bHFXb9avzWk6MqPQ5Zp852OEiXNYhpLA-1o7WMKEodPM974saRwubwT3ShtpI7TEUL1yL5gyWfjv-J8D0MVaZgolDHwnfde1QFLtnFBrSV7U3TMOlJjjTwlkIFKDPDdU5xFyNuqv7dgkF7UxyXUdDvkxvbam3pRrYvbqx_9n6fnJX2_cfH-uWR2fMeVyV82I9DjqHSG7u0oUFyl5bANzJZo2QGC73qpepr9YPym9hEA6ZkyAdzW0KaEju5BJNlFoIaVJkRrvcw_NNcXhQ9bnlrNJoyfwprUxxX9sxpxDuekPRDL7SREOqoujeurRQ7LYg7MiVFrMwFKPFpsudAav9n63JnabvRFbkuxokGOVhW6hIZ6GrqDjdtJArpWI8QYKDGLgBsWmONrszfNw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759649A2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4745890T7
http://buscatextual.cnpq.br/buscatextual/busca.do?metodo=forwardPaginaResultados&registros=10;10&query=%28%2Bidx_nme_pessoa%3A%28rita%29+%2Bidx_nme_pessoa%3A%28de%29+%2Bidx_nme_pessoa%3A%28cassia%29+%2Bidx_nme_pessoa%3A%28da%29+%2Bidx_nme_pessoa%3A%28silva%29+%2Bidx_nme_pessoa%3A%28oliveira%29++%2Bidx_nacionalidade%3Ae%29+or+%28%2Bidx_nme_pessoa%3A%28rita%29+%2Bidx_nme_pessoa%3A%28de%29+%2Bidx_nme_pessoa%3A%28cassia%29+%2Bidx_nme_pessoa%3A%28da%29+%2Bidx_nme_pessoa%3A%28silva%29+%2Bidx_nme_pessoa%3A%28oliveira%29++%2Bidx_nacionalidade%3Ab%29&analise=cv&tipoOrdenacao=null&paginaOrigem=index.do&mostrarScore=false&mostrarBandeira=true&modoIndAdhoc=null
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4203383D8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4277797H6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4462393U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4792160H3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4758278P9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4717019T5
http://lattes.cnpq.br/3962057158400444
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257670Z4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4791258D5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4550722Z1&tokenCaptchar=03AGdBq26LoS54yshuGjAVTAhWtnomcb507AafRxgqUHA5rWXDTSAC8ujT1VFuP3y4tEBpGZS19N7RvwQkr5-DNtHriEEfmKb3_xUnkf3DhuvNCis7j04oZUuB6sbtybYhhfqdItqvhoc65O4cnN7x8sDpdIA2YfMuD3aFN8lr_S8JQb21Y8ACfte1yscvXXYcb9BYcCxWmKJd1WT1zmiAHbGk8p2qcdZuPko-NEiJ5Ugid8V4GsrrRxNzr1Vaz46HdLyP-3SoU5boilW0MWXEJcql0N06gtpZRX8hFIkpuD6W1PuIm9rguooIts9aPhbSlACsBNSamb17Kz9iEl3SIt1aquVaMiuT2H0OjxSwQ189Q0oth7WG3Vke0uwL2SYCHXeuec8UfMRJMHigDIUlf9gvkuDFSNg2vQ
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769404T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4402494Z9&tokenCaptchar=03AOLTBLS3hr4cVdLwJSKo9XuEbo3aSa84rmwd-VOUOnOKNG3KlETmWt897QU6hGmuwDDNVvUrUkgDH-vfvZPo1eIf2BLLKEI2emXX1CA5HvkIgdhkMivWo24B8yZ-zPcvj4Fw7L1gp3Q20koTp8vB34HZj7tj6QIwm7Eg-r9RL6NmagOF4QShFd0RxMWncbwWeS6oSfAa9pUBo00oql_WKfAajQU7-KR4W7i6mx7ToD1Ks7uHo1tjJlvLXmi7eaCSELEFilDt7ucyjDmTDMmA69x906qBDzhUwgw9wNMmIKZrcdqSAUCKEKQyl65e9O4lIr5JoUjhqwYTYlqXV-8Td4AZk_gu2oOCQMktRum_bd5ZJ0UcclTNxG2eP5ynmhjzA8IqVUfHDX1jdLgwP-yNSOi-y3y7nzoJqU8WIDza49J4gZUb-9kuQJX9f1G7STe2pOK2K3_dnTDg1l2n2-D-e9nP6yOPDEhkwDXCBPqIxdIiq0Nw7T-hKXd1Gzc3DUUqou6qw9HA6F2nwy2UHd-eNvPVHcyDBXWNtdQrSC-N3IilO2aX6co_RHJc6661cZbnZ9ymBUs9533A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4717916J5&tokenCaptchar=03AOLTBLSVwbRfXQjvHTLKSbnQb-EM9FjsS8YUlzZidkeuA9sSX1KCi29pQYB0pkW06OTfYJOOF6c3m-CckDuL-Oh5sJFBIKejpmfeQVcMOV11R5LYPbegZCB29EuKUVsIutVxqSJdP8M8kpcFOLJvVLUABQ2zXTIcS6RskfgSgeo7v7cwjGQ0aFXQxEqvUBOHHfMElt7SLSolhyhOtMRHWMzO2r9aAqjhF6zTOPQYoqoqQ7hdKB5sHVaEjAI_F6afXKd3g_32o_aFei6P5_WjFj27KtgrKs0z4ZCVerHuXwwU9iZywYA9upkLgGv2zJAOQU51HVBuDSAmVvHxyqhM6fSuRQMmf33YJIg9G3zOOLUPbOkox--oyiwbH2ClIV7NsCPvCgcXO57Z4a1lv7uK12dTpufQYLqtGE1NKSw_JUJmck3XJrFxV8_0eWbzNa8VQFzJFz8Wakp_VyC03nIL0hc9rNxF8BG9kvDECVj8HSt8lPiwtnLyavrp44Dk-TBq_AEQVz4OH-fFYyh3AKMKrtkuzWnJKXXCULFlOa-z5gwLCQJ_KBEoh_fl9LPmzvboZxwrYyIndtSL
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4448161E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4761024J9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799273E2&tokenCaptchar=03AGdBq268VEkAcn3ftZ_2lZ-SL33xDwfeshMnherzDAzqv6lBQj8Hb9MVSbjclJQj7Co8u0G5K2qg28cPA0VDL7deaFLPcBB225xfSH9cY813pYSTpkZb5yNNx4B96AuZiaivkRGg57X14E80_ebaYUUK0tYeRE_YGiVDTF9ot0Cg_9yPAQGBQDcoSlXzQ3Jv3J4cj-VxOvY8_phk-Sr50ziZu5mm-RdiqTMbHFNlm8Jvve1Yqo5DJkxxNnZNOV6uYsPLS0-LwCjYYN72DfxAlLNJNOA7yZYt3arJXt5NqXlUqogF9y7Yl83eWoGJ-bG4GzrNrtaDx3wmOafTCa_RR5J_s2k7ESRQuaJiES6aOpLel16W_T9krltTH8b_immDt2qfUtaoef4VxO0GYIe-O4ZGQ4xSwFWf6A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4776446E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4705653J5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K8165109H2&tokenCaptchar=03AOLTBLSbWEZwpva2ByIrBPCi-0az6LzTydMcPZSUTgp16vbnnLpg51Ugkf9LxOhcdp-j8ju-G690W40chagCitBRtkGUdH2DrzuB_Wwf-gzusS7c1mwGcOgaajazzXK0iDHLZDCdHFu-cQErx5UZuXAq6LHHhsC0jt4ptl6JoIkyJenMJK2676GqBk_VFV-PtpfjlX42HNgL0P9k_Ztf28FMXLNYCKmWSum37Y7-POrmi40F52-KRx-84V0s_avLH1EUB3nOzzqYYGOjozeF-uZF5uGYwkYDLNJ-WXiTzdZybxlUDzdPZkgboLRDEno2ptYbBytJU18zNTtVu76IKO6Vj-ETNeOAl7GqqvWmwLl15JBsg59vvqLQlp2bSA-pI7bOUHEw1Qk92hHHAUQT56_5-K6SkJm6mpsHxrh5X-cEsL-wZKAUPCZVtji0IlOdxPWGr_7plMjGiCvU2I0J-Gv7Du69Fk9BKEMokAsV_QudOoViVOUQUQraVrLZPdmHOve9RAaNjuNGnpJQCsuK9AeqrAPbA6IQKF-YySF7iHF_qig9QJ9uUA0ISfZF4C8EdnQhgAcB5As6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4488711E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4221072D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4249363T4

"
N

q
R
©
3
N
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido
Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biologicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr® Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof® Dr® Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof® Dr® Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof® Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr® Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof® Dr* Eysler Gongalves Maia Brasil - Universidade da Integracéo Internacional da Lusofonia Afro-
Brasileira

Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recéncavo da Bahia

Prof? Dr® Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salide de Coimbra
Prof® Dr® Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Aimeida - Universidade Federal de Rondonia

Prof® Dr? lara Licia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. Jonatas de Franca Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof? Dr® Magnélia de Araljo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Recdncavo da Bahia
Prof® Dr® Maria Tatiane Goncalves Sa - Universidade do Estado do Para

Prof® Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof? Dr® Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Vanessa da Fontoura Custddio Monteiro - Universidade do Vale do Sapucai

Prof? Dr? Vanessa Lima Goncalves - Universidade Estadual de Ponta Grossa

Prof? Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof® Dr® Welma Emidio da Silva - Universidade Federal Rural de Pernambuco

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

ProF@ Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias

Profe Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Cleiseano Emanuel da Silva Paniagua - Instituto Federal de Educacao, Ciéncia e Tecnologia de
Goias

Prof. Dr. Douglas Gongalves da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof® Dr® Erica de Melo Azevedo - Instituto Federal do Rio de Janeiro

D:\tena

Editora

Ano 2021


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4742429E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707670J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4267496U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773603E6
http://lattes.cnpq.br/5082780010357040
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4767996D6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4574690P9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751642T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4125932D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4785541H8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707037E3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?metodo=apresentar&id=K4721661A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730006H5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730006H5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799345D2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4431074H7
https://orcid.org/0000-0002-5205-8939
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4421455Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4777457H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4732623J3&tokenCaptchar=03AGdBq24iB-Pof08yPIxT6yxqim-Gnz-Y1IERLxwCNF6X8B9QzolzMoUtSDkPD6WZqA3yZ9AocEA-Ms1KKdTiOsRHg3DhIQwGo4ezaV3L0m_jo_oNAt2bpDjn-YYZVFAVh_wflb5D7E2YzRSy1Owzi0PkDAULG_dxn3s8nGd7OI4JiQUTInBUYirVwP-tlf_CP0AcGDIRSR6_ywnG_r5InTp1TG4mF2qZpMSWM8YklIs672ldbN7qYBYirnIjtrefebeiYbxomms41FywGx-yEcO10Ztb8x6DRdgHU_a6cXS8Z5k5ISxMK1MurH5TXXMv9GTYdgr_kZ6P2pZflXWlKOY_cNoCwIwSPAUTQ1VJR-fpO869k8oAgy1VpCxPKUoVcP6Vb9d4XrDijweLhiAXfO1_iH0V6LyUyw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730979Y6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4770360J4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4177965H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4762258U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769144H2&tokenCaptchar=03AGdBq24Yxzjqjp7LskrufFVo0QrNAEv_wS-y9Yis7IH_xN8FImtn8T7wzW4CuISziPu87d95GO0da-CoAH7yG2-Z2mAJEQjgvyA7RGZsPKjEBx32rZJKmJkeRFMazOtWfpab87pjaC_XpeRceOifpsHXhAnXcuOqREUS4W1iUHMb0B_kvJKY7FRdnJRer3EHn5Ez_79p0cFso7UE5Ym0ET4ptZXWlpQ4RcrS0hQDiJS-IDoKSOxiaCZF9pFNEWki2O6bRejqfEqUlEGc3UTwcq_vkXTUgvNSnjeSCGbS09fo5UGVZP1Q1YNrzuIHhujGsB_BvTjjlC7fLNxfU2r2qpuzV9xULL7P5sLJPBFGqY_mZQuN-2tBIEujGguY81LwJm0GB4sgtmYJDc-JU-tiU1QrsExBI9_OKg
http://lattes.cnpq.br/1353014365045558
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4417033E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4723835T5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208877H4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4467061D7&tokenCaptchar=03AGdBq267s04IEVTMOWiqwurh_lBmUoi-vS7BW6P--0eLLmrOX3otZcGuK9_kzkerITV0xTmMad5fjY73BQjeAr5HU9a3VsN-BCAhIdFq3Bt2GghD1Sac4QbYFTuCxGCEajtFe9GBasPKJhvDIpQspDMnFXYyXhHAERpCeeFfUl-iWYu92wzV213OW5WT39pXNY-Eox-fBJemXlD4lUsNjSNqJhZOaj3MQ-6ZihaP2Bg1nKJ0H9sKrRw-M0ZFfilSGsFeVwe3HiyIPVrLdZmeB7rN1ldWt1HHwAcgJKtUFD_QaprpSqT135HrPW6GG3n5UBd7lKNvk0MnETJZHSV49UlnpJDy3cXwa7ZZu2KGU4X3fIN6o1YHVJzMsQXodx0lT8nC0uhPIUElyD694XgZv0L-mmWMl1PrDw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208106A6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4728374J9&tokenCaptchar=03AOLTBLSd782i965vCUhSY1Tf89Z5X-2c8WmQvb5mB04zomll-Y2szBLd81HYsfkufWR-gBq5feMUL2LWVFOYezaaB_N8HJrg444SriTsScGQwNgFRlNqEFWVKgyr2LcdZC3TwBSOhFrHcx-fB9E_MLK9TEcuTIrweDsrLptGONUQHuGFs0w5Tq8zQpUJ1oBPW9PWJ8VOWknBRF_vyVj1043dMF4u7HT9lUeOC53CV1mxxrgJEBlXqXYuUVzFKRNUjZtRAg0W3aGDTT2BjW1kOtBkozSKnk_ZrFpMuxqzujBD_5zoN8hKsmKWbn3uvYuw3FAHhvtXhc6GbwtFn3NTSeOo1d4iFG-ODet7uvVFJJSRSVuPPDEtHMRVcm082SntHNs8rB_cBPJmK54nRqSxougSpTfA7kq3Zjn_SoOeKo22R-2b_C9U4nAfxhKkzip5nV4cA1A13DrZ2vOSMGmMiBVqvhhr5ywn6Quy_pPEuWwca5XKP15frqfeIQiObr5VsyngYyyE7JyIDfhQ1UDigdsGHLGH2ZEl_Y1Mf83-z6bui470oWfCD8hBgg9UBOgnyvJ91B6S1qDi
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4750685J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773701H6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4496674E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4708470J3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4241566A7
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof® Dra. Jéssica Verger Nardeli - Universidade Estadual Paulista Julio de Mesquita Filho
Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande

Prof® Dr® Luciana do Nascimento Mendes - Instituto Federal de Educacgado, Ciéncia e Tecnologia do Rio
Grande do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof. Dr. Marco Aurélio Kistemann Junior - Universidade Federal de Juiz de Fora

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof® Dr? Priscila Tessmer Scaglioni - Universidade Federal de Pelotas

Prof. Dr. Sidney Gongalo de Lima - Universidade Federal do Piaui

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Linguistica, Letras e Artes

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof® Dr® Angeli Rose do Nascimento - Universidade Federal do Estado do Rio de Janeiro

Prof® Dr® Carolina Fernandes da Silva Mandaji - Universidade Tecnolégica Federal do Parana
Prof® Dr® Denise Rocha - Universidade Federal do Ceara

Prof® Dr® Edna Alencar da Silva Rivera - Instituto Federal de Sao Paulo

Prof® DrFernanda Tonelli - Instituto Federal de S&o Paulo,

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai e das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof® Dr® Keyla Christina AiImeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia do Parana
Prof? Dr® Miranilde Oliveira Neves - Instituto de Educacédo, Ciéncia e Tecnologia do Para

Prof? Dr? Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste

Prof? Dr® Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

D:\tena

Editora

Ano 2021



http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537856E4&tokenCaptchar=03AGdBq25h8s4ah6wRNPrjprU34aYFel02dUO8rCfIm5Dqn0zx7x-SOFz8S9Cgi7nVgAOr9BtH4aO4sfkQ-E5jfY7GGAva11Lj54I5Ks81P3cOKDsR2L2bC57MFAdyQ5zkxGhYmdwiH1Ou1aKVPQsQ-PHWu6MVpgVCz4wNpL0wxSE9sCtO3vobB1j0oPGwrvE0YgAfmI2B_4HS3daHhCIVe74EBkUincgIXr2ekTFY3_lGSr3lm2KDnZynPE4OjNXYPSdvAEMZn443NnoKDEpMTl5pYsZYSymhhw9DVjloXcM_aE0VtRXDPCUpoOIFJGXMdh10Ys_CK3XixwjCY1n7Ui_aNUS2NhnIIhrRjabALTJgmg92Tgek1-ZOcY3yQBLsFnK7Rni2elPkXUm_qcZsnSgtUk6FDRiR34B6DWhPSaV96tv8YL8hB3ZFss4gR3HdF6M-vS7-mzr5mrLAbFhYX3q-SMLqRVsBYw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730619E0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4703046Z8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751950T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4272309Z6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4259265T5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4269841A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4592190A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4774983D5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537843A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4217820D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4770908P1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4544802Z1

Colecédo desafios das engenharias: engenharia de computagéo 2

Diagramacgdo: Maria Alice Pinheiro
Corregdo: Giovanna Sandrini de Azevedo
Indexagdo: Gabriel Motomu Teshima
Revisdo: Os autores
Organizador: Ernane Rosa Martins

"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Dados Internacionais de Catalogac¢é@o na Publicacao (CIP)

C691 Colecao desafios das engenharias: engenharia de
computacao 2 / Organizador Ernane Rosa Martins. -
Ponta Grossa - PR: Atena, 2021.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5983-384-9

DOI: https://doi.org/10.22533/at.ed.849211808

1. Engenharia da computacao. |. Martins, Ernane Rosa
(Organizador). Il. Titulo.
CDD 621.39

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

.

ernclas

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br

v

C

D:\tena

Editora

Ano 2021



http://www.atenaeditora.com.br/

"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um
conflito de interesses em relacédo ao artigo cientifico publicado; 2. Declaram que participaram
ativamente da construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do
estudo, e/ou aquisigao de dados, e/ou andlise e interpretacao de dados; b) Elaboragao do artigo
ou revisao com vistas a tornar o material intelectualmente relevante; c) Aprovacao final do
manuscrito para submissao.; 3. Certificam que os artigos cientificos publicados estdo
completamente isentos de dados e/ou resultados fraudulentos; 4. Confirmam a citacao e a
referéncia correta de todos os dados e de interpretacdes de dados de outras pesquisas; 5.
Reconhecem terem informado todas as fontes de financiamento recebidas para a consecugao
da pesquisa; 6. Autorizam a edi¢do da obra, que incluem os registros de ficha catalografica,
ISBN, DOI e demais indexadores, projeto visual e criacao de capa, diagramac¢ao de miolo, assim

como langcamento e divulgacao da mesma conforme critérios da Atena Editora.

D:\tena

Editora

Ano 2021



"
N

q
R
©
3
W
O
©
S
R
©
Q
©
2]
g
Qq

Jéncias

C

DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui
apenas transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo
constitui responsabilidade solidaria na criacdo dos manuscritos publicados, nos termos
previstos na Lei sobre direitos autorais (Lei 9610/98), no art. 184 do Codigo penal e no art. 927
do Cédigo Civil; 2. Autoriza e incentiva os autores a assinarem contratos com repositérios
institucionais, com fins exclusivos de divulgagcao da obra, desde que com o devido
reconhecimento de autoria e edi¢cao e sem qualquer finalidade comercial; 3. Todos os e-book
sao open access, desta forma nao os comercializa em seu site, sites parceiros, plataformas de
e-commerce, ou qualquer outro meio virtual ou fisico, portanto, esta isenta de repasses de
direitos autorais aos autores; 4. Todos os membros do conselho editorial sao doutores e
vinculados a instituicdes de ensino superior plblicas, conforme recomendacao da CAPES para
obtencao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizagao dos nomes e e-mails
dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.

D:\tena

Editora

Ano 2021



APRESENTACAO

AEngenhariade Computacao € a area que estuda as técnicas, métodos e ferramentas
matematicas, fisicas e computacionais para o desenvolvimento de circuitos, dispositivos e
sistemas. Esta area tem a matematica e a computacdo como seus principais pilares. O
foco esta no desenvolvimento de solugbes que envolvam tanto aspectos relacionados ao
software, quanto a elétrica/eletrénica. Os profissionais desta area sdo capazes de atuar
principalmente na integracdo entre software e hardware, tais como: automacgéo industrial
e residencial, sistemas embarcados, sistemas paralelos e distribuidos, arquitetura de
computadores, robotica, comunicacao de dados e processamento digital de sinais.

Dentro deste contexto, esta obra aborda diversos aspectos tecnologicos
computacionais, tais como: implementacdo e modificacdes numéricas a serem feitas no
algoritmo de Anderson (2010) para simular o escoamento sobre uma asa finita submetida
a angulos de ataque proximos ao estol; modelo distribuido para analisar a influéncia da
formacdo e do adensamento de geada sobre o desempenho de evaporadores do tipo
tubo-aletado, comumente usados em refrigeradores frost-free; um algoritmo de Redes
Neurais Convolucionais(CNN) que identifica se a pessoa esta ou nao utilizando a mascara;
potencialidades do M-Learning e Virtual Reality no curso técnico em Agropecuaria; avaliagdo
da qualidade da energia elétrica em um sistema de geracéo de energia fotovoltaica; uma
abordagem para a segmentagdo de imagens cerebrais, utilizando o método baseado em
algoritmos genéticos pelo método de mdltiplos limiares; estudo numérico de uma ancora
torpedo sem aletas cravada em solo isotropico puramente coesivo, utilizando um modelo
axissimétrico ndo-linear em elementos finitos; estudo acerca da analise numérica de placas
retangulares por meio do método das diferencgas finitas, obtendo solu¢des aproximadas
para o campo de deslocamentos transversais bem como os correspondentes momentos
fletores, para problemas envolvendo uma série de condigbes de contorno, utilizando-se
o software Matlab® para simulagédo; desenvolvimento e aplicagdo da Realidade Virtual
(RV) como Tecnologia de Informagdo e Comunicagéo (TIC) para auxiliar no processo de
ensino-aprendizado de disciplinas do Ensino Médio; avaliagéo dos resultados obtidos em
campanhas de medi¢édo de qualidade da energia elétrica (QEE) na rede basica em 500
kV; examinar o comportamento mecanico-estatico de uma longarina composita projetada
para uma aeronave esportiva leve através de investigacdes numéricas, empreendidas em
software (ANSYS Release 19.2) comercial de elementos finitos; construgdo de um sistema
para monitoramento de ativos publicos; a relagcdo da Sociedade 5.0 envolvida no contexto
da Industria 4.0 e a Transformacéo Digital; algoritmos de selecdo e de classificacao
de atributos, identificando as vinte principais caracteristicas que contribuem para o
desempenho alto ou baixo dos estudantes; a Mask R-CNN, utilizada para a segmentacao
de produtos automotivos (parabrisas, faréis, lanternas, parachoques e retrovisores) em uma

empresa do ramo de reposicao automotiva; o nivel de usabilidade do aplicativo protétipo



para dispositivo mével na area da saude voltado ao auxilio do monitoramento movel no uso
de medicamentos em seres humanos.

Sendo assim, esté obra é significativa por ser composta por uma gama de trabalhos
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes
desta area. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas
significativas contribuicdes, e aos nossos leitores, desejamos uma proveitosa leitura,

repleta de boas reflexdes.

Ernane Rosa Martins
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ABSTRACT: A sealing system is proposed using
labyrinth seals to minimize gas leaks, for which
triangular, rectangular, and trapezoidal geometric
parameters are evaluated. For each one of the
geometries a group of parameters were optimized
minimizing the gas leakage, using the multi-
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objective genetic algorithm (MOGA), updating in
each step the geometry employing a user defined
Ansys SpaceClaim Python algorithm. For a new
set of parameters (height, width, and angle of
the shape, space between cavities, and piston
length) the script creates the boundary geometry
and meshing. The CFD analysis evaluates the
gas leakage for the given geometry and constant
boundary conditions (10 MPa inlet pressure, 25
m/s piston speed, 40 ym piston/cylinder gap, and
ideal methane gas), and uses this data as input
to MOGA. The input set values were reduced to
manufacturable quantities, so finite or discrete
values can be used across the iterations. The
analysis of distributed properties such as velocity,
temperature, and pression, inside the cavity,
showed a steady laminar regime with an energy
loss due to entropy increment. The most sensitive
parameters are the piston length and height cavity
for all shapes. The trapezoidal shape presented
the best performance in minimizing the mass flow
leakage.

KEYWORDS: Labyrinth seals, pulsed
compression reactor, CFD simulation, Ansys
Fluent.

RESUMO: Um sistema de vedacgdo & proposto
usando selos de labirinto para minimizar
vazamentos de gas, para o qual parametros
geométricos  triangulares, retangulares e
trapezoidais sédo avaliados. Para cada uma
das geometrias foi otimizado um conjunto de
parametros minimizando o vazamento de gas,
utilizando o algoritmo genético multi-objetivo
(MOGA), atualizando em cada etapa a geometria
empregando um algoritmo Ansys SpaceClaim
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Python definido pelo usuario. Para um novo conjunto de parametros (altura, largura e angulo
da forma, espaco entre cavidades e comprimento do pistdo), o script cria a geometria de limite
e a malha. A analise CFD avalia o vazamento de gas para a geometria dada e as condi¢des
de contorno constantes (pressao de entrada de 10 MPa, velocidade do pistdo de 25 m / s,
folga do pistéo / cilindro de 40 ym e gas metano ideal) e usa esses dados como entrada
para MOGA. Os valores definidos de entrada foram reduzidos a quantidades fabricaveis,
portanto, valores finitos ou discretos podem ser usados nas iteragcdes. A analise das
propriedades distribuidas como velocidade, temperatura e pressao, no interior da cavidade,
mostrou um regime laminar estavel com perda de energia devido ao incremento de entropia.
Os parametros mais sensiveis sdo o comprimento do pistdo e a altura da cavidade para
todos os formatos. O formato trapezoidal apresentou o melhor desempenho em minimizar o
vazamento do fluxo de massa.

PALAVRAS - CHAVE: Selos de labirinto, reator de compresséo pulsado, simulagdo CFD,
Ansys Fluent.

11 INTRODUCTION

Pulsed compression reactor (PCR) have many applications, such as: production
of alkenes by dehydrogenation of paraffins; gas and hydrogen synthesis; thermal
destruction of impurities that are discharged in industrial process exhaust (air cleaning)
and toxic compounds; production of acetylene, nitric oxide, hydrogen cyanide; controlled
generation of mono dispersed ceramic, metallic and amorphous nanoparticles by thermal
decomposition of appropriate precursors (carbonyl and organometallic compounds, salts,
etc.), (KRONBERG, 2008).

Many efforts have already been made to develop a commercial chemical reactor
based on the principle of pulsed compression. Authors who carried out detailed investigations
are (LONGWELL et al., 1958), (KOLBANOVSKIY; SHCHIPACHEV; CHERNYAK, 1982),
(MORRISON; REIMER, 1989); however, single shot compression machines are not suitable
for industrial applications, (KRONBERG, 2008). On the other hand, many researchers as
(VON SZESZICH, 1956), (JAN; VAN DIJCK, 1957), (VAN DIJCK, 1957), (OBERDORFER;
WINCH, 1961), (YAMAMOTO et al., 1963), (KARIM; MOORE, 1963), (KARIM; MOORE,
1990), (LOWTHER; BOHON, 1990), and (DOLINSKIJ et al., 1997), tried to use internal
combustion engine designs or similar as reactors. However, the commercial applications
of internal combustion engines as reactors are limited for a variety of reasons: because it
uses oil lubrication, high losses due to cooling (up to 30%), relatively low maximum inlet
and outlet pressures, possible sharp decrease in volumetric efficiency with size, inability
to continuously adjust the compression ratio as the composition of the reactant’s changes,
(KRONBERG, 2008).

Engineering and reactor design problems for large-scale production of PCRs are
thermal control and necessary stabilization for long-term operation, effective start-up
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methods, gas exchange in chambers (geometry of the chambers, position, size and shape),
piston and cylinder materials, and effective lubrication and sealing (KRONBERG, 2008).
The objective is to provide stable and wear-free of the piston and sealing, and to prevent
gas leakage through the space between cylinder and piston (gap).

The problem that will be addressed here is the lubrication and sealing, and therefore
an effective sealing. (SCHALLER; DARVISHSEFAT; SCHLUCKER, 2018) and (WANG et
al., 2019) stated that oil-free lubrication carries the gas completely dry and avoids gas
contamination due to oil. Also, if PCRs are equipped with a non-contact seal it would have
no wear and almost unlimited service life. The distinctive feature of the piston compressor
with labyrinth seals is that it does not produce friction between the cylinder-piston, (KLAY,
1975). So, the method for minimizing leakage, lubrication and sealing is to use a labyrinth
seal in the piston, cylinder, or both.

21 PCR LABYRINTH SEAL

Alabyrinth seal is a structure that consists of multiple cavities where the flow circulates
inside them and due to the friction with the walls, the kinetic energy of the fluid is dissipated,
thus reducing the leakage flow. The advantages of labyrinth seals are simplicity, robustness,
and suitability for high pressures, (SCHALLER; DARVISHSEFAT; SCHLUCKER, 2018).
Instead of piston rings, the labyrinths in the piston are provided with a large number of
grooves that produce a labyrinthic sealing effect against the cylinder wall, which is also
grooved; the piston moves with enough free space so that there is no contact between the
piston and the cylinder wall, (KLAY, 1975).

Graunke and Ronnert (1984) showed that the first labyrinth seal equipped compressor
was built in 1935. They explained the sealing action of the labyrinth as due to pressure
differences from one chamber to another, the throttle point acts as a nozzle for the gas. Part
of the pressure energy in the previous chamber is converted into kinetic energy at the nozzle.
In the next chamber, the velocity lags almost to zero, and the kinetic energy dissipates in
part as heat and in part as vortex energy. By providing a succession of these throttle point
and chamber systems, the pressure is reduced from the high level before the piston to the
low level after it. The flow process in the labyrinth can be described theoretically by some
differential equations as the ideal gas state equation, the continuity equation, the equation
of motion or the law of momentum, and the law of conservation of energy.

Most of the research related to labyrinth seals study the rotor-stator system, that is,
for rotating elements, and those that study the cylinder-piston system basically focus on
the effects of geometric parameters, (WANG et al., 2019). (CANGIOLI et al., 2017), and
(VERMES, 1961) explored the labyrinth seal flow calculation method. Currently the main
research methods for labyrinth leaks are the analysis of thermodynamic theory, numerical
analysis method, leak measurements, flow visualization method. Other studies investigated
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the mechanism in rotating machines and combined the CFD method, and theoretical
analysis to study the flow pattern within the labyrinth seal and analyze the effect of the
structural arrangement and the pressure relationship on the sealing efficiency, (WANG et
al., 2019).

(“Pulsed compression reactor for nanoparticles manufacturing”, [s.d.]) uses a free
piston pulsed compression reactor to achieve adiabatic compression. If gas compression
is achieved without heat loss, this is accompanied by increases in gas temperature, and
if the compression is fast enough, the process approaches an adiabatic one. When using
this method, a complete cycle does not exceed 0.01 seconds, the period of time with
extreme temperatures and pressures is around 0.001, this short period makes minimal the
heat exchange between the gas and the cylinder walls, (GLOUCHENKOV; KRONBERG;
VERINGA, 2002). In this method, a mixture of reactive gases in a tube is compressed by a
free piston that moves at a speed of 5-40 m/s, (KRONBERG, 2008).

31 MODEL

The main objective of this study is the parameter’s optimization of a PCR labyrinth
seal. As seen in Figure 1, three different geometries will be analyzed, with triangular,
rectangular, and trapezoidal shapes. The parameters needed to define each shape are the
piston diameter, piston length, gap between piston and cylinder, cavity length, cavity depth,
cavity angle, initial free length, and distance between cavities. The piston diameter and
gap are considered constants through the present work and stated as 60 mm and 40 um,
respectively. The remaining parameters can vary within the limit values given in Table 1.
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Figure 1 — Geometry definition for triangular, rectangular, and trapezoidal shapes
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Gap h
Piston between Piston Cavity Cavity Cavity Initial free Distance
; * ; between

diameter piston and length length depth angle length .
R cavities
cylinder*

d[mm] G [pm] L [mm] W [um] H [mm] al’] Jmin [mm] e [mm]
60 40 30-150 0.5-5.0 0.5-5.0 30-75 2.0 1.0-5.0

*Constant values

Table 1 - Constant and limit values for given cavity geometry

The generation of the parametric geometries is crucial to carry out the optimization
process. For this, it was decided to automate this process using scripts, because it reduces
the time used to modify the geometry. The CAD program Ansys SpaceClaim was chosen
for this study because it presents a user-friendly development environment, a script in the
Python programming language will be developed for each of the shapes of the labyrinth
seals. Each of the parameters is defined within the limits shown in Table 1, which will for
manufacturable values.

The geometries returned by the scripts are two-dimensional geometries that represent
the fluid domain. It was decided to use two-dimensional geometries for the study, because
it is expected that the fluid presents an axisymmetric behavior. This behavior reduces the
computational resources, compared to a three-dimensional study.

Meshing represents an important aspect within the study since an inadequate meshing
can cause convergence problems during the simulation process. The criteria to generate
the meshing were: aspect ratio AR = 1; orthogonal quality OQ = 1, and dimensionless
wall distance y+ = 30-300. The meshing was carried out using triangular and quadrilateral

elements.

Gas model Turbulence Model C Ok [
Ideal gas
(piecewise-polynomial)

Realizable k-& 1.9 1.0 1.2

Table 2 — Ansys Fluent model parameters

Gas Inlet Outlet Piston
BC BC speed
Methane, CHa Atmospheric

10 MPa @300 K 25m/s

(compressible gas) 0 MPa @300 K

Table 3 — Boundary conditions of the model

Ansys Fluent software was used for the fluid analysis of the three proposed labyrinth
seal shapes. Within the software, the simulator type was configured as based on pressure
and axisymmetric analysis. The Realizable k-epsilon viscosity model was chosen, as
it showed better convergence compared to the other variations of k-epsilon model and
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k-omega models. Also, the software Theory Guide recommends this model in cases where
the flow characteristics includes vortices (ANSYS, 2020). Table 2 shows Ansys Fluent’s
parameters values for this model. Table 3 shows the boundary conditions. This research
project is mainly focused on the compression of methane, whereby methane is used as a
compressible gas, inlet gauge static pressure being 10 MPa, outlet gauge pressure 0 MPa
(atmospheric), and a piston speed of 25 m/s.

41 RESULTS

For the case of the boundary inlet pressure condition, it was seen that the fluid within
the domain exhibited supersonic behavior for the given conditions. It is for this reason that
an initial static pressure “Supersonic / Initial Gauge Pressure” was used, with a value of
0.95 times the gauge static pressure of 10 MPa. For the definition of the gauge total inlet
pressure, equation (1) was used to define it as a function of the inlet static pressure, the
coefficient a was set as 1. In addition, the “Prevent Reverse Flow” condition was placed at
the input. The number of iterations for each simulation was limited to 1500 iterations, which
shows that for this number the convergence was acceptable.

Pa:Po(n_l)_a(Ps(n_1)_Pstarget) (1)

Where: n, iteration

P, gauge total pressure
a, coefficient

P, gauge static pressure
j)

zel?
s target

target gauge static pressure

A parameter correlation study was carried out. This study was based on the leakage
mass flow as output parameter. The Spearman method was chosen, with a range of 50
samples per cavity shape. Each of the samples were determined based on the limits of each
geometric parameter. Each parameters sensitivity was obtained, and their values are shown
in Figure 2. For all shapes, the piston length is the most sensitive parameter, and the other
parameters differ in dependence on the shape. The quadratic regression’s coefficient of
determination R2? of leakage mass flow obtained was 0.97 in triangular, 0.78 in rectangular
and 0.79 in trapezoidal shape.
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Figure 2 — Parameter’s sensibility

To determine an approximate leakage mass flow mathematical model, with the
geometric parameters as input variables, a surface fitting was carried out. The Ansys
Response Surface Type’s Genetic Aggregation method was used, where the previous 50
samples, used in the parameter correlation, were taken as a basis. Figure 3 shows the mass
flow leakage surface for the piston length and space between cavities as input variables,
respectively, for the three shapes. These surfaces were obtained by surface fitting, as
stated previously, with a Coefficient of Determination R? of Learning Points (quality of the
interpolation) and Cross-Validation on Learning Points (stability or reliability of the response
surface) on Learning Points, 1-1 respectively in triangular, 1-0.98 in rectangular and 1-0.99
in trapezoidal shape.

TRIANGULAR shape RECTANGULAR shape TRAPEZOIDAL shape

L 150
eb

my 0.02076

50

1 5 100 1 5

e
1501 pigtance between Cavities [mm]

Piston

0 N 3
2 3 2 3
longth [y 10 1 150 1

Figure 3 — Mass Flow leakage for optimal triangular, rectangular, and trapezoidal shape

The flow streamlines for the three shapes are plotted in Fig. 4. For the triangular one,
the primary vortex generates minor secondary ones near the vertex. In all cases is seen
a centered main vortex displaced slightly to the flow direction. Turbulence is generated
at the shape inlet and outlet, caused by the abrupted gas expansion and compression,
respectively. The reduction in kinetic energy is greatly influenced by piston speed. The
velocity profile is more distorted at the trapezoidal shape, causing higher friction at the walls
and therefore higher pressure drop than the other two cavities. Also is seen at the velocity
profile along the gap, that the velocity is zero at the cylinder wall (which remains static) and
negative at the piston wall (which moves opposite the flow).
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Figure 4 — Flow streamline and velocity profile for optimal triangular, rectangular, and trapezoidal shape

Figure 5 shows the pressure drop along the piston, as well as the increase in the
kinetic energy of turbulence. As shown in the figure the pressure drop begins to increase
from 90 mm and represents approximately the 59.86% of the total pressure drop, in the four
cases that includes the 3 shapes of labyrinth seals proposed and the case in which there is
no labyrinth seals. Along the turbulence kinetic energy curve there are some peaks for each
case, these peaks represent the effect it has on the fluid at the entrance to each cavity. In
the same way, can be seen peaks of less size over the pressure curve. It is clearly seen in
the figure that the curves of the case without labyrinth seals do not present these peaks, so
this confirms the effect that the cavities have on the fluid.

To explain the behavior of the cavity, the distribution profile of temperature (TD),
pressure (PD), total energy (TED) and turbulent kinetic energy (TKED), and entropy (ED)
were calculated. What occurs in TED is a decrease in the energy in the cavity in relation to
the energy in the gap, being less in the center and increased towards the extremes. This
means that there is energy consumption, which is what it seeks, which will be responsible
for the rotation of the fluid within the cavity. To explain this, we see that the PD and TD follow
approximately the same distribution. A decrease in temperature and pressure leads to an
increase and decrease in entropy, respectively. As the pressure variation is greater, then
there is a liquid increase in entropy that is transformed into irreversibility (heat), which is
precisely what is seen in the ED.

TRIANGULAR shape WITHOUT Labyrinth Seals

RECTANGULAR shape TRAPEZOIDAL shape i
10 1250 10 = 250 10 = 250 10 =
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Figure 5 - Drop pressure and increase Turbulence kinetic energy along the piston

Colecao Desafios das Engenharias: Engenharia de Computacgéo 2 Capitulo 13




For the optimization of the geometric parameters minimizing the gas leakage, the
multi-objective genetic algorithm MOGA method was used. The maximum allowable pareto
percentage MAPP and converge stability percentage CSP conditions were set at 70% the
2%, respectively. The optimization was carried out based on the surface fitting using the
ANSYS Design Exploration tool. Three optimization candidates were considered, after
which a verification was made, simulating then each of the three candidates. This process
was repeated for each of the proposed labyrinth seal shapes, i.e., for triangular, rectangular,
and trapezoidal shapes.

The leakage mass flow for the trapezoidal shape is 0.02007 kg/s (1% with respect
the smooth piston), which represents the lowest value of all shapes, Tab. 4. Triangular
and rectangular shapes have more leakage mass than smooth piston configuration.
This behavior has also been observed by (SCHALLER; DARVISHSEFAT; SCHLUCKER,
2018), who studied a hydrogen compressor with rectangular labyrinth shape for pressure
differences of up to 1 MPa and 50 um gap, pointing out a critical gap value below which the
smooth or linear seal shape performs better than the caved ones. A better understanding of
the gap effect, and the influence on the type of flow regime (laminar / turbulent) is required.

Without Labyrinth

Parameters Seals Triangular Rectangular Trapezoidal
Distance between cavities, [mm] - 5 5 5
Cavity angle, [deg.] - 30 - 35
Cavity length, [mm] - - 0.5 0.5
Cavity depth, [mm] - 0.5 0.5 0.5
Piston Length, [mm] 150 150 150 150
Mass Flow Leakage, [kg/s] 0.02027 0.02049 0.02050 0.02007

Table 4 - Optimal parameter values for given cavity geometry

51 CONCLUSIONS

The simulation and optimization of the labyrinth seal for PCR with triangular,
rectangular, and trapezoidal shapes was carried out successfully, for all cases a set of
optimal values of geometry parameters was found. For a 60 mm piston length, 40 um gap
and methane gas at 10 MPa as fluid source. The dimension parameters of the shapes
were optimized, and the piston length resulted as the most sensitive. Because of this, other
cavity parameters as angle, depth, width and spacing were less important, so consequently,
results for a smooth cylinder piston presented a similar performance that those caved.

The analysis of distributed properties such as velocity, temperature, and pression,
inside the cavity, showed a steady laminar regime with an energy loss due to entropy
increment, greater variation (peaks) of TKE and vorticity was observed in the inlet and
outlet of cavities. Also, the reduction in kinetic energy is greatly influenced by piston speed.
The trapezoidal shape presented the best performance to minimize the mass flow leakage,
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with a cavity angle of 35 °, cavity depth of 0.5 mm, distance between cavities of 5 mm and
a piston length of 150 mm, on the other hand that least performance presented was the

rectangular shape.
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