NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 16, NO. 3, SEPTEMBER 2019

Nigerian Journal of Technological Development

Volume 16, Number 3, September 2019.

A Quarterly Publication of the Faculty of Engineering and Technology,

University of llorin, llorin, Nigeria.

Editor-in-Chief
Professor A. A. Adedeji



NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 16, NO. 3, SEPTEMBER 2019

EDITORIAL BOARD

Dean of Faculty

Engr. Prof. D. S. Ogunniyi
Department of Chemical Engineering,
University of llorin, llorin, Nigeria.

Editor-in-Chief

Engr. Prof. A. A. Adedeji
Department of Civil Engineering,
University of llorin, llorin, Nigeria.

Associate Editor-in-Chief

Engr. Prof. C. J. Ejieji
Department of Agricultural and Biosystems Engineering,
University of llorin, llorin, Nigeria.

Managing Editor

Engr. Dr. M. F. Akorede
Department of Electrical and Electronics Engineering,
University of llorin, llorin, Nigeria.

Business Manager

Engr. Dr. (Mrs.) T. E. Odetoye
Department of Chemical Engineering,
University of llorin, llorin, Nigeria.

Treasurer

Engr. Dr. (Mrs.) N. T. Surajudeen-Bakinde
Department of Electrical and Electronics Engineering,
University of llorin, Ilorin, Nigeria.



NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 16, NO. 3, SEPTEMBER 2019

ASSOCIATE EDITORS

Prof. J. O. Ojo

Dept. of Electrical and Computer
Engineering,

Tennessee Technological University,
Cookeville, Tennessee, USA.

Prof. J. A. Olorunmaiye

Dept. of Mechanical Engineering,
University of llorin,

llorin, Nigeria.

Prof. Foluso Ladehinde

Dept. of Mechanical Engineering,
State University of New York,
Stony Brook, New York, USA.

Prof. B. F. Sule

Dept. of Water Resources and
Environmental Engineering,
University of llorin,

llorin, Nigeria.

Prof. S. M. Adedayo

Dept. of Mechanical Engineering,
University of llorin,

llorin, Nigeria.

Prof. Y. A. Jimoh

Dept. of Civil Engineering,
University of llorin,

llorin, Nigeria.

Dr. Samuel John

Dept. of Mechanical Engineering,
Namibia University of Sci & Tech
Windhoek, Namibia.

EDITORIAL ADVISORY BOARD

Prof. O. Adegbenro

Dept. of Electrical/Electronics
Engineering,

University of Lagos,

Lagos, Nigeria.

Prof. J. O. Omolehin
Dept. of Mathematics,
University of llorin,
llorin, Nigeria.

Prof. A. O. Ogunlela

Dept. of Agricultural & Biosystems
Engineering,

University of llorin,

llorin, Nigeria.

Prof. E. O. Akinyemi

Dept. of Municipal Infrastructure,
Intl Inst for IHE Engineering,
2601 DA Delft,

The Netherlands.

Prof. A. M. Olaniyan

Dept. of Agricultural & Bio-Resource

Engineering,
Federal University Oye,
Ekiti, Nigeria.

Dr. Olugbenga Mejabi

Dept. of Mechanical Engineering,
Wayne State University,

Detroit, Michigan,

USA.

Prof. G. A. Adebiyi

Dept. of Mechanical Engineering,
Mississipi State University,

USA.

Prof. S. A. Abdulkareem
Dept. of Chemical Engineering,
University of llorin,

llorin, Nigeria.

Dr. S. S. Zakariyah

College of Engineering and
Technology,

University of Derby, Derby DE22
3AW, UK.

Prof. A. A. Adewara
Dept. of Statistics,
University of llorin,
llorin, Nigeria.

Foundation Editor-in-Chief
Prof. B. J. Olufeagba

Dept. of Electrical & Electronics Engineering,

University of llorin,
llorin, Nigeria.

Prof. J. A. Omoleye

Dept. of Chemical Engineering,
Covenant University,

Ota, Ogun State, Nigeria.

Prof. T. S. Ibiyemi

Dept. of Electrical & Electronics
Engineering,

University of llorin,

llorin, Nigeria.

Prof. Kayode Oje

Dept. of Agricultural & Biosystems
Engineering,

University of llorin,

llorin, Nigeria.

Dr. P. Sanjeevikumar

School of Electrical & Electronics
Engineering,

Dublin Institute of Technology
Kevin Street, Dublin-8, Ireland.



NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 16, NO. 3, SEPTEMBER 2019 iv

Annual Subscription

2019 rates including postage are:

Nigeria (NGN) Other Africa Countries (USD) Other Countries (USD)

Individual 4,000 30 40

Institution 5,000 60 80
Correspondence

Nigerian Journal of Technological Development
Dean Office, Faculty of Engineering & Technology,
University of llorin, Ilorin, Nigeria.
E-mail addresses: njtd_editor_chief@unilorin.edu.ng ; njtd_man_editor@unilorin.edu.ng

Journal Homepages: http://www.njtd.com.ng
http://www.ajol.info/index.php/njtd/index

© Faculty of Engineering & Technology, University of llorin, llorin, Nigeria.

All right reserved.

No part of this publication may be reproduced or stored in retrieval system, transmitted in any
form or by any means, electronic, mechanical, photocopying, recording or otherwise without the
prior written permission of the publishers.

First published in 1989.

Published by the Faculty of Engineering & Technology, University of llorin, llorin, Nigeria.

Abstracting and Indexing

Google Scholar, AJOL, DOAJ, HINARI, DRJI, Journal Factor, Stanford University Libraries,
Journals for free, ACADEMIA, Academic Resource Index ResearchBib, AcademicKeys,
JournalSeek, Genamics, ROAD, Bielefeld University Library, 11JIF, SIS.

Printed in Nigeria by:
USMOLAG PRINTERS
No. 50 Ajasepo Road, Offa Garage, llorin, Kwara State.



\Y NIGERIAN JOURNAL OF TECHNOLOGICAL DEVELOPMENT, VOL. 16, NO. 3, SEPTEMBER 2019

Information for Authors
Aim and Scope

The Nigerian Journal of Technological Development publishes high-quality articles focusing on
all aspects of Engineering and Applied Sciences. All manuscripts will be double blind peer-
reviewed and if found suitable, published according to the subject matter, either as a Research
Paper, Review Paper or a Technical Note.

Submission of Manuscript

Submission of manuscript is on the condition that it is an original work of the author(s) and it has
neither been published previously nor currently under consideration for publication elsewhere.
Authors should submit the electronic copy of their manuscript directly to the journal through the
journal's website using the online submission system. Please do not submit a hard copy to the
editorial office or send your manuscripts by e-mail.

After the manuscript has been submitted, you will see a confirmation screen and receive an email
confirmation stating that your manuscript has been successfully submitted. If you do not receive
this, your manuscript will not have been successfully submitted to the journal and the paper cannot
progress to peer review. If this is the case your manuscript will still be sitting in the 'Incomplete’
section of your 'Author Page' awaiting your attention.

To track your submission's progress through the review and editorial process, you will need to log
into the journal website, and choose your role as Author. Click on the linked title to go to the
submission record.

Preparation of the Manuscript

Manuscript should be written in English Language and typed in 12 point font size using Times
New Roman in double spacing on A4 paper. A margin of 25 mm should be left at the sides. The
paper should not exceed twenty (20) pages, including figures and tables. The manuscript should
be organised under the following headings:

Title Page

The title page should contain only the title of the article, authors’ contact details such as names,
institutional affiliations, corresponding author’s email address and phone number. The page is
also to contain the abstract of the article. This should be uploaded as a supplementary document
on the Author’s portal. Please note that the article title should not exceed fifteen (15) words.

Page 1 of the Manuscript

Page 1 of the manuscript should contain the title of the article, the abstract, five or six keywords,
and may include the Introduction Section, etc. However, it must NOT contain name(s), and
address(es) of author(s), and e-mail addresses and telephone number of the corresponding
author. These information will be supplied on the online submission platform in addition to the
uploaded title page above. The abstract should not normally exceed 200 words in 12 point font
size.
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Keywords
Five or six relevant keywords should be provided on the title page.
Symbols, Abbreviations and Units

Symbols and abbreviations should be defined where first mentioned. If the symbols are many, a
“Notation” defining the symbols must be included between the abstract and Introduction. Sl
units should be used.

Introduction

This should include the background to the study, a brief review of literature and clearly-stated
objectives.

Theoretical Analysis
The mathematical principles or theories used should be included as appropriate.
Materials and Methods/Methodology/Experimental Procedure

This section should include apparatus and equipment setup, work materials, design,
experimental methods, as applicable.

Results and Discussion

Results could be presented in descriptive, tabular or graphical form. Information presented in
tables should not be repeated as figures. Discussion should be focused on the interpretation of
experimental findings.

Conclusion

The conclusion should be a brief summary of findings. It should clearly state the contributions,
relevance of the findings and recommendations, as appropriate.

References

The Harvard system (alphabetical listing) of referencing should be used in the body of the
manuscript while only essential references must be cited and listed. Examples of citing
references include: Omeiza (2012) or (Omeiza, 2012) as appropriate; Olaniyan and Oje (2002)
or (Olaniyan and Oje, 2002) as appropriate; Ogunlela et al (2006) or (Ogunlela et al, 2006) as
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Tables and Figures

Tables and Figures should be placed as close as possible to the first place of reference.
References should be made to all the tables and figures in the manuscript.
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A processing fee of N8,000.00 should be paid while sending the manuscript and a publication
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