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Dear professional colleagues, researchers and fellow students:  

 We are very pleased to introduce the first issue of Aljouf Science and Engineering Journal (ASEJ). ASEJ was 

established under the generous patronage and leadership of his esteem Prof. Ismail M. Al-Beshry, the Rector of Aljouf 

University, Aljouf, Sakaka, KSA. Its maturity is an outcome of the consistent support of high-performing authors, a 

supportive and professional dedicated reviewers, many vigorous and conscientious editorial boards and collective input 

from the editorial board members. Various researchers who are active in the above field have been enrolled for providing 

the necessary impetus for the new journal. We are quite hopeful and shall be grateful to the service that these eminent 

scientists shall provide to the growth of ASEJ. We are certain that the renowned scientists and academicians both from 

the industry and academic institutions all over the world will be enriched by sharing their research experiences through 

ASEJ. We are happy to invite you to submit your valuable research works in URP journals. We strongly believe that our 

journal will help to develop your own professional career. 

        Thanks 

        Editors 
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With its vision to promote science and scientific knowledge to everybody, Aljouf Science and 

Engineering Journal (ASEJ) is an international peer-reviewed journal owned by Aljouf University 
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The papers published in Aljouf Science and Engineering Journal (ASEJ) should present novel 

results and have either theoretical significance or practical utility or both. They may be presented 

in the form of full articles, short communications or state-of-the-art reviews. 

 All contributions will be rigorously reviewed to ensure both scientific quality and technical 

relevance. Revisions of manuscripts may thus be required. 

Manuscripts must be submitted in the English language and authors must ensure that the article 

has not been published or submitted for publication elsewhere in any format, and that there are no 

ethical concerns with the contents or data collection. The authors warrant that the information 

submitted is not redundant and respects general guidelines of ethics in publishing. All papers are 

evaluated by at least two international referees, who are known scholars in their fields. 

Objectives 

The main objective of ASEJ is to provide an international forum for academics, researchers, 

industry leaders, and policy makers to investigate and exchange novel ideas and disseminate 

knowledge and information covering the broad range of natural science and industrial activities. In 

addition, it aims to establish an effective channel of communication between policy makers, 

government agencies, academic and research institutions and persons concerned with basic 

science and its applications. It also aims to promote and coordinate developments in the fields of 

natural science, engineering science and other related fields. The international dimension is 

emphasized in order to overcome cultural and national barriers and to meet the needs of 

accelerating ecological and technological advances in all industries and the global society and 

economy. 

Open Access Policy 

This journal provides immediate open access to its content on the principle that making research 

freely available to the public supports a greater global exchange of knowledge. 

All published manuscripts will be available on the Journals website http://vrgs.ju.edu.sa/#. We 

strongly believe that our journal will help to develop your own professional career. You can 

communicate with us at any time, throughout the publishing process.  

EDITORIAL OFFICE & COMMUNICATION  

Aljouf Science and Engineering Journal (ASEJ) 

Aljouf University, Sakaka, 2014, Aljouf, Saudi Arabia 

Email: ajbse@ju.edu.sa 

  

http://vrgs.ju.edu.sa/
mailto:AJBSE@ju.edu.sa
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GUIDE FOR AUTHOR 

 

TYPES OF CONTRIBUTIONS 

Original research papers and occasional reviews, 

short communications, letters, letters to the 

editor and news items. Please ensure that you 

indicate clearly the appropriate article type when 

making your submission.  

BEFORE YOU BEGIN 

Ethical guidelines 

Confidentiality 

All material submitted to Science Journal of 

Aljouf University (SJJU), accordingly to Aljouf 

Science, Engineering Journal (ASEJ) remains 

confidential, and the Editor operates a peer 

review system in which the identity of the 

referees is protected. 

Duplicate publication 

Duplicate publication is the publication of the 

same paper or substantially similar papers in 

more than one journal. Authors must explain in 

the submission letter any prior publication of the 

same or a substantially similar paper, and should 

explain any circumstances that might lead the 

Editor or reviewers to believe that the paper may 

have been published elsewhere (for example, 

when the title of a submitted paper is the same as 

or similar to the title of a previously published 

article). 

If work that makes up more than 10% of the 

manuscript submitted to ASEJ has been 

published elsewhere, please provide a copy of 

the published article in order that the Editor can 

make a judgment on the amount of overlap 

without delay. If a member of the editorial board 

learns that work under consideration has 

previously been published in whole or in part, 

the Editor may return the paper without review, 

reject the paper, announce the duplication 

publicly in an editorial and/or contact the 

authors’ employers. 

Submission of manuscripts to more than one 

journal 

Authors may not send the same manuscript to 

more than one journal concurrently. If this 

occurs, the Editor may return the paper without 

review, reject the paper, contact the Editor of the 

other journal(s) in question and/or contact the 

authors’ employers. 

Plagiarism and scientific misconduct 

Plagiarism is the use of others’ published and 

unpublished ideas or words (or other intellectual 

property) without due reference or permission 

and/or their presentation as new and original 

points. Plagiarism is serious scientific 

misconduct and will be dealt with accordingly. 

All papers submitted to the journal is cheched 

with iThenticate   program for plagiarism. We 

define plagiarism as a case in which a paper 

reproduces another work with at least 15% 

similarity and without citation. 

If evidence of plagiarism is found before or after 

acceptance or after publication of the paper, the 

author will be offered a chance to defend his/her 

paper. If the arguments are found to be 

unsatisfactory, the manuscript will be retracted 

and authors found to have been guilty of 

plagiarism will no longer have papers accepted 

for publication by ASEJ. 

 

iThenticate compares submitted documents to 

extensive data repositories to create a 
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comprehensive Similarity Report, which 

highlights and provides links to any significant 

text matches, helping to ensure that you are 

submitting an original and well-attributed 

document.  

Data auditing 

The journal reserves the right to view original 

figures and data and may make periodic requests 

to see these. 

Conflict of interest 

All authors are requested to disclose any actual 

or potential conflict of interest including any 

financial, personal or other relationships with 

other people or organizations within three years 

of beginning the submitted work that could 

inappropriately influence, or be perceived to 

influence, their work. 

 

Submission declaration 

Submission of an article implies that the work 

described has not been published previously 

(except in the form of an abstract or as part of a 

published lecture or academic thesis or as an 

electronic preprint, that it is not under 

consideration for publication elsewhere, that its 

publication is approved by all authors and tacitly 

or explicitly by the responsible authorities where 

the work was carried out, and that, if accepted, it 

will not be published elsewhere including 

electronically in the same form, in English or in 

any other language, without the written consent 

of the copyright-holder. 

 

Changes in authorship 

Requests to add or remove an author, or to 

rearrange the author names, must be sent to the 

Journal Manager from the corresponding author 

of the accepted manuscript before the accepted 

manuscript is published and must include: (a) 

the reason for the addition, removal, or 

rearrangement of the authors
,
 names and (b) 

written confirmation (e-mail, fax, letter) from all 

authors that they agree with the addition, 

removal or rearrangement. In the case of 

addition or removal of authors, this includes 

confirmation from the author being added or 

removed. Requests that are not sent by the 

corresponding author will be forwarded by the 

Journal Manager to the corresponding author, 

who must follow the procedure as described 

above. Note that: (1) Journal Managers will 

inform the Journal Editors of any such requests 

and (2) publication of the accepted manuscript is 

suspended until authorship has been agreed. 

 

Copyright 

Upon acceptance of an article, authors will be 

asked to complete a 'Journal Publishing 

Agreement' An e-mail will be sent to the 

corresponding author confirming receipt of the 

manuscript together with a 'Journal Publishing 

Agreement'. 

Subscribers may reproduce tables of contents or 

prepare lists of articles, including abstracts for 

internal circulation within their institutions. 

Permission of the Publisher is required for resale 

or distribution outside the institution and for all 

other derivative works, including compilations 

and translations. 

If excerpts from other copyrighted works are 

included, the author(s) must obtain written 

permission from the copyright owners and credit 

the source(s) in the article.  

 

Retained author rights 

As an author you (or your employer or 

institution) have the right to use your articles for 

a wide range of scholarly purposes. 

 

Role of the funding source 

You are requested to identify who provided 

financial support for the conduct of the research 

and/or preparation of the article and to briefly 

describe the role of the sponsor(s), if any, in 

study design; in the collection, analysis and 

interpretation of data; in the writing of the 

report; and in the decision to submit the article 
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for publication. If the funding source(s) had no 

such involvement then this should be stated 

 

Subscription 

Articles are made available to subscribers as 

well as developing countries and patient groups 

 

Language (usage and editing services) 

Please write your text in good English 

(American or British usage is accepted, but not a 

mixture of these). If the English language is 

used, extra abstract in Arabic should be 

provided. 

 Submission 

To submit your paper, please send your 

manuscripts by e-mail to the Editor 

(AJBSE@ju.edu.sa). You must submit the 

manuscript in a single electronic file. The 

manuscript should be edited using Microsoft 

(MS) Word (2003 up to 2010, with .doc or .docx 

extension) 

Referees 

Please submit, with the manuscript, the names, 

addresses and e-mail addresses of three potential 

referees. Note that the Editor retains the only 

one who has the right to decide whether or not 

the suggested reviewers are used. 

PREPARATION 

Use of word processing software 

Manuscripts must be in an electronic format that 

meets the following specifications: 

 

 Do not submit a manuscript file as a PDF 

file. Remove line numbering. 

 The manuscript file—with tables and 

figures placed at the end of the file, each on 

a separate page—should be in Microsoft 

Word (2003 up to 2010, with .doc or .docx 

extension).  

 Do not use the Microsoft Word “Styles and 

Formatting” or “Track Changes” features in 

the file.  

 Tables should be in MS Word (.doc or 

.docx), one table to a page using hard page 

breaks.  

 Figures (graphics of any kind) should be 

placed at the end of the Word document as 

images, one figure to a page using hard 

page breaks.  

 Equations may be created and inserted as 

part of the text, or they may be submitted as 

images embedded within the text. 

ARTICLE STRUCTURE 

Manuscript Page setup  

 Margins: 25.4 mm (1 in.) top, 25.4 mm (1 

in.) left; adjust the settings for bottom and 

right margins so that the text area is not 

more than 165.1 mm by 228.6 mm (6.5 in. 

by 9 in.) 

 Font (typeface): Times New Roman, no 

smaller than 10 points. 

 Numbering: Insert page numbers at upper 

right of each page; insert name(s) of 

author(s) at upper left of each page 

 Text: Single-spaced. 

 Paragraphs: Indent first line 12.7 mm (0.5 

in.); do not use an extra line space between 

paragraphs; do not indent first line after a 

subhead. 

Subheads: All subheads should be flush with the 

left margin, with one line space above. 

Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). 

  

FIRST-LEVEL SUBHEAD  

 (all capitals, boldface, on separate line)  

 Second-Level Subhead  

 (initial capitals, boldface, on separate line)  

 Third-Level Subhead  

 (initial capitals, italic, on separate line)  

mailto:AJBSE@ju.edu.sa
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 Fourth-Level Subhead (initial capitals, 

boldface, on same line as text, with extra letter 

space between the subhead and text)  

 Fifth-Level Subhead (initial capitals, italic, on 

same line as text, with extra letter space between  

 the subhead and text)  

 • Bulleted and numbered lists: Indent first line 

12.7 mm (0.5 in.); do not indent for text 

runovers. 

 

 Table Titles and Figure Captions:  

 

 TABLE 5 Effects of All Factors  

 (Insert title above the table; “Table” is all 

capitals; title is initial capitals; all types are 

boldfaced;  

 Extra space, but no punctuation after number; 

no punctuation at end of title.)  

 

 FIGURE 3 Example of results.  

 (Insert caption below the figure; “Figure” is all 

capitals; caption is sentence case; all type is 

boldface; extra space but no punctuation after 

number; period at end of caption.) 

 

Body of the manuscript 

 

Introduction 

State the objectives of the work and provide an 

adequate background, avoiding a detailed 

literature survey or a summary of the results. 

 

Materials and methods 

Provide sufficient detail to allow the work to be 

reproduced. Methods already published should 

be indicated by a reference: only relevant 

modifications should be described. 

 

Theory/calculation 

A Theory section should extend, not repeat, the 

background to the article already dealt with in 

the Introduction and lay the foundation for 

further work. In contrast, a Calculation section 

represents a practical development from a 

theoretical basis. 

 

Results 

Results should be clear and concise. 

 

Discussion 

This should explore the significance of the 

results of the work, not repeat them. A combined 

Results and Discussion section is often 

appropriate. Avoid extensive citations and 

discussion of published literature. 

 

Conclusions 

The main conclusions of the study may be 

presented in a short Conclusions section, which 

may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

 

Appendices 

If there is more than one appendix, they should 

be identified as A, B, etc. Formulae and 

equations in appendices should be given separate 

numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

 

Essential title page information 

• Title. Concise and   informative. Titles are 

often used in information-retrieval systems. 

Avoid 

abbreviations and formulae where possible. The 

title should be all capitals.  

• Author names and affiliations. Where the 

family name may be ambiguous (e.g., a double 

name), please indicate this clearly. Present the 

authors' affiliation addresses (where the actual 

work was done) below the names. Indicate all 

affiliations with a lower-case superscript letter 

immediately after the author's name and in front 

of the appropriate address. Provide the full 

postal address of each affiliation, including the 
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country name, and, if available, the e-mail 

address of each author. 

• Corresponding author. Clearly indicate who 

will handle correspondence at all stages of 

refereeing and publication, also post-publication. 

Ensure that phone numbers (with country 

and area code) are provided in addition to the 

e-mail address and the complete postal 

address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has 

moved since the work described in the article 

was done, or was visiting at the time, a 'Present 

address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The 

address at which the author actually did the work 

must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such 

footnotes. 

 

Abstract 

A concise and factual abstract is required. The 

abstract should state briefly the purpose of the 

research, the principal results and major 

conclusions. An abstract is often presented 

separately from the article, so it must be able to 

stand alone. For this reason, References should 

be avoided, but if essential, then cite the 

author(s) and year(s). Also, non-standard or 

uncommon abbreviations should be avoided, but 

if essential they must be defined at their first 

mention in the abstract itself. 

 

Keywords 

Immediately after the abstract, provide a 

maximum of 6 keywords, using American 

spelling and 

avoiding general and plural terms and multiple 

concepts (avoid, for example, 'and', 'of'). Be 

sparing with abbreviations: only abbreviations 

firmly established in the field may be eligible. 

These keywords will be used for indexing 

purposes. 

 

Abbreviations 

Define abbreviations that are not standard in this 

field in a footnote to be placed on the first page 

of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at 

their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section 

at the end of the article before the references and 

do not, therefore, include them on the title page, 

as a footnote to the title or otherwise. List here 

those individuals who provided help during the 

research (e.g., providing language help, writing 

assistance or proof reading the article, etc.). 

 

Nomenclature and units 

Follow internationally accepted rules and 

conventions: use the international system of 

units (SI). 

If other quantities are mentioned, give their 

equivalent in SI.  

 

Math formulae 

Present simple formulae in the line of normal 

text where possible and use the solidus (/) 

instead of a horizontal line for small fractional 

terms, e.g., X/Y. In principle, variables are to be 

presented in italics. Powers of e are often more 

conveniently denoted by exp. Number 

consecutively any equations that have to be 

displayed separately from the text (if referred to 

explicitly in the text). 

 

Footnotes 

Footnotes should be used sparingly. Number 

them consecutively throughout the article, using 

superscript Arabic numbers. Many word 

processors build footnotes into the text, and this 

feature may be used. Should this not be the case, 

indicate the position of footnotes in the text and 

present the footnotes themselves separately at 
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the end of the article. Do not include footnotes in 

the Reference list. 

Table footnotes 

Indicate each footnote in a table with a 

superscript lowercase letter. 

Tables 

Number tables consecutively in accordance with 

their appearance in the text. Place footnotes to 

tables below the table body and indicate them 

with superscript lowercase letters. Avoid vertical 

rules. Be sparing in the use of tables and ensure 

that the data presented in tables do not duplicate 

results described elsewhere in the article. 

References 

Citation in text 

Please ensure that every reference cited in the 

text is also present in the reference list (and vice 

versa). Any references cited in the abstract must 

be given in full. Unpublished results and 

personal communications are not recommended 

in the reference list, but may be mentioned in the 

text. If these references are included in the 

reference list they should follow the standard 

reference style of the journal and should include 

a substitution of the publication date with either 

'Unpublished results' or 'Personal 

communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for 

publication.  

Web references 

As a minimum, the full URL should be given 

and the date when the reference was last 

accessed. Any further information, if known 

(DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the 

reference list) under a different heading if 

desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are 

added to any references in the list (and any 

citations in the text) to other articles in the same 

Special Issue. 

Reference style 

Text: Indicate references by number(s) in square 

brackets in line with the text. The actual authors 

can be referred to, but the reference number(s) 

must always be given. Example: '..... as 

demonstrated [3,6]. Barnaby and Jones [8] 

obtained a different result ....' 

List: Number the references (numbers in square 

brackets) in the list in the order in which they 

appear in the text. 

Examples: 

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. 

Lupton, The art of writing a scientific article, J. 

Sci. Commun. 163 (2010) 51–59. 

Reference to a book: 

[2] W. Strunk Jr., E.B. White, The Elements of 

Style, fourth ed., Longman, New York, 2000. 

Reference to a chapter in an edited book: 

[3] G.R. Mettam, L.B. Adams, How to prepare 

an electronic version of your article, In: B.S. 

Jones, R.Z. Smith (Eds.), Introduction to the 

Electronic Age, E-Publishing Inc., New York, 

2009, pp. 281–304. 

Journal abbreviations source 

Journal names should be abbreviated according 

to the List of title word abbreviations 

http://www.sciencemag.org/site/feature/contribin

fo/prep/res/journal_abbrevs.xhtml 

Submission checklist 

The following list will be useful during the final 

checking of an article prior to sending it to the 

journal for review. Please consult this Guide for 

Authors for further details of any item. 

Ensure that the following items are present: 

One author has been designated as the 

corresponding author with contact details: 

• E-mail address

http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
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• Full postal address

• Phone numbers

• Keywords

Further considerations 

• Manuscript has been 'spell-checked' and

'grammar-checked' 

• References are in the correct format for this

journal 

• All references mentioned in the Reference list

are cited in the text, and vice versa 

• Permission has been obtained for use of

copyrighted material from other sources 

(including the Web) 

• Color figures are clearly marked as being

intended for color reproduction 

AFTER ACCEPTANCE 

Proofs 

One set of page proofs (as PDF files) will be 

sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs 

will be sent by post). If there is any correction, 

please list your corrections quoting line number. 

If, for any reason, this is not possible, then mark 

the corrections and any other comments on a 

printout of your proof and return by fax, or scan 

the pages and e-mail, or by post. Please use this 

proof only for checking the typesetting, editing, 

completeness and correctness of the text, tables 

and figures. Significant changes to the article as 

accepted for publication will only be considered 

at this stage with permission from the Editor. 

We will do everything possible to get your 

article published quickly and accurately – please 

let us have all your corrections within 48 hours. 

It is important to ensure that all corrections are 

sent back to us in one communication: please 

check carefully before replying, as inclusion of 

any subsequent corrections cannot be 

guaranteed. Proofreading is solely your 

responsibility.  

Offprint 

The corresponding author, at no cost, will be 

provided with a PDF file of the article via email 

(the PDF file is a watermarked version of the 
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This paper focuses on residence time distribution (RTD) radiation signal modeling and treat-

ment. Therefore, implicit solutions of RTD radiation models are proposed by Maple 18. Also, explicit 

analysis is introduced. Thus, block diagram modeling of RTD through Matlab Simulink is imple-

mented. These models are perfect mixers in series, perfect mixers in series with exchange and perfect 

mixers in parallel models. The proposed models are used to implement the behavior of the RTD with 

different values of performance parameters such as Peclet number, mean residence time, total volume, 

flow rate and number of mixers. The parameters tuning are of primary concern to enhance the per-

formance of the RTD. Efficiency measurements algorithms are studied and evaluated. Hence, the 

geometric efficiency and total intrinsic photopeak efficiency are considered. Furthermore, the RTD 

signal de-noising of 
99

Mo is performed by complex wavelet transform. Moreover, I-moment of RTD 

radiation signal is determined. Thus, the mean residence time is evaluated. Consequently, the mean 

residence time is simply calculated. The accuracy of the underlined algorithm is evaluated through 

statistical measurements. The obtained results confirm the applicability of RTD measurements for in-

dustrial purposes. 

Keywords: Perfect mixers, plug flow, mineral processing.

1. INTRODUCTION

The residence time distribution (RTD) is the most 

informative characteristics to obtain hydrodynamic 

information [1]. It is a particularly important param-

eter in industrial applications [2-3]. The diagnostics 

and the characterization of a mixing process may be 

directly gained from the interpretation of the RTD 

curves [1]. The RTD is applicable across a broad 

industrial spectrum such as petroleum, petrochemical 

industries and mineral processing. Moreover, the 

waste-water treatment sectors are identified as the 

most appropriate target beneficiaries of radioisotope 

applications [4]. On other words, the RTD is a 

probability density function [5] that may be charac-

terized using statistical moments [6]. Therefore, it is a 

probability distribution function that describes the 

amount of time that fluid elements spend inside the 

reactor [7-11]. 

The tracer is injected instantaneously into the inflow 

stream [12-13]. The concentration of the tracer in the 

samples is determined by weighing the tracer and the 

samples [12]. The RTD technique consists of a pulse 

injection of a small amount of concentrated tracer at 

the inlet and the continuous measurement of the 

concentration–time tracer response [14-16] as shown 

in Fig. 1. The data recorded in each tracer test are 

treated and analyzed using residence time distribu-

tion analysis software [17]. It is provided by Inter-
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national Atomic Energy Agency, Vienna, Austria 

[17]. The data treatment includes background sub-

traction, tail correction, radioactive decay correction, 

zero shifting, smoothing and normalization [17]. The 

RTD model must be based on the flow characteristic 

in the reactor; otherwise the obtained model will 

deviate greatly from the actual process. There are 

several flow regions in impinging streams reactor. 

Also, the flow characteristics are different within 

these flow regions [13]. Several empirical models 

have been used in residence time distribution studies 

[18]. On other words, mathematical models are pre-

sented to describe the residence time distribution 

characteristics through practical issue [19]. These 

empirical models involve interconnected perfectly 

mixed and plug flow subreactors of unequal volume 

arranged in series and parallel [18]. The theoretical 

models solutions have poor convergence properties. 

Moreover, these are too complicated. Therefore, 

Matlab Simulink is used for modeling of RTD. 

Consequently, four block diagram models are pro-

posed. These models are axial dispersion model, 

perfect mixers in series model, perfect mixers in 

series exchange model and perfect mixers in parallel 

model. These models are fitted to the RTD signal. 

Moreover, this paper aims at presenting a model 

enabling to predict the residence time distribution 

under the effect of various parameters. The ad-

vantages of these models are simplicity. Moreover, 

they present accurate results in comparison with 

other empirical software. Therefore, this paper is 

organized as follows: Section 2, the proposed models 

are presented. Results and discussion are summarized 

in Section 4. Section 5 is devoted to conclusion of the 

work. 

Fig. 1: System component of RTD measured signal. 

2. THE PROPOSED RTD MODELING

2. 1. Models of perfect mixers in series 

The The perfect mixer model has been extensively 

used to characterize and simulate grinding processes. 

This is due to its simple conceptual representation 

and suitable mathematical treatment [20]. Here, two 

different mathematical models are introduced. The 

first model depends on the analytic solution of this 

model differential equation. The perfect mixers in 

series model are composed of perfect mixing tanks 

connected in series as shown in Fig. 2 [2]. This model 

can be described by [4] 

 p

dC JQ
C C

dt V
   (1) 

where J, Q, V, Cp denote the number of mixers, flow 

rate, tank volume and previous concentration in the 

tank, respectively. The solution of previous equation 

represents the tracer at the system output. The solu-

tion of Eq. 1 is based on Laplace transform. There-

fore, the laplace transform method was applied. 

Then, the following equation as a function in 

s-domain is stated as 

 
pQJC

C
s Vs QJ




 (2) 

Then, inverse Laplace is applied that leads to the 

following RTD function in time domain. 

22 sinh
2
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However, the second model depends on general in-

tegration mathematical solution. This solution leads 

to the following RTD function in time domain at the 

output of the system. 

1
QJt

V
pC C e

 
  

   
 (4) 

This equation describes the radiotracer at the output 

of the system. However, an implicit solution de-

scribing the RTD at the output of the system is in-

troduced. This solution depends on Matlab Simulink. 

It is a graphical user interface (GUI) model that helps 

in understanding the physical behaviors of RTD 

signal. This model methodology helps user and sci-

entists to optimize their work. Therefore, block dia-

gram model for perfect mixers in series is introduced 

as shown in Fig. 3. This model has the advantage of 

its simplicity and can be compared to the IAEA 

software.   

Fig. 2: Perfect mixers in series model [2] 

Fig. 3: The proposed block diagram model of perfect 

mixers in series model. 

Radiotracer Scintillator Detector 

Data Acquisition System (DAS) P
C 

Scintillator Detector 

Liquide Flow 
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2. 2. Model of perfect mixers in series with 

exchange 

The perfect mixers models in series with exchange 

are used in RTD industrial applications. The repre-

sentation of this model is shown in Fig. 4. The age, α, 

of a fluid at a time, t, represents the difference be-

tween this time and the time at beginning of injection 

[21]. This model is described by [19] 

   2

p

dC JQ
C C C C

dt V
    

 
 (5) 

The solution of this model equation is introduced 

using two different analytic techniques. The first 

solution depends on on Laplace transform. Thus, the 

tracer concentration as a function in s-domain is 

introduced. 
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Then, the radiotracer concentration as a function of 

time domain is deduced by taking inverse Laplace 

transform 
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The second solution is based on general mathemati-

cal integration. Consequently, the radiotracer con-

centration at the output of the system is given by 
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        (8) 

Furthermore, a block diagram model through Matlab 

Simulink is realized as depicted in Fig. 5. 

Fig. 4: Perfect mixers in series with exchange 

Fig. 5: The proposed block diagram model of perfect 

mixers in series exchange  

2. 3. Model of perfect mixers in parallel 
Here, the perfect mixer model in parallel is of pri-

mary concern. The equation of this model is de-

scribed by 
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This equation can be modified and rewritten as 
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           (10) 

The proposed block diagram model for perfect 

mixers in parallel is illustrated in Fig. 6. 

Fig. 6: The proposed block diagram model of perfect 

mixers in parallel model. 

3. EFFICIENCY MEASUREMENT OF

ACQUIRED RADIATION SIGNAL 
  3.1. The geometric efficiency measurement 
The geometric efficiency can be defined as the 

fraction of all gamma rays that are emitted by source 

and arrived at the detector surface. Consequently, it 

is function of source to detector distance and ge-

ometry of detector. Therefore, an algorithm for the 

describing the geometric efficiency is shown in Fig. 

7. The geometric efficiency for a point source is

described by 

24
geom

A

d





  (11) 

where A and d denote the cross-sectional area of the 

detector and the source-to-detector distance, re-

spectively.  

Fig. 7: Geometric efficiency algorithm 

  3. 2. The intrinsic photopeak efficiency 

The intrinsic photopeak efficiency is related to full 

energy peak region of interest. An algorithm for 

intrinsic photopeak efficiency is illustrated in Fig. 8. 

The intrinsic photopeak efficiency is described by 

`
100%

p

p

C

N 

  
 (12) 

Where Cp and Nγ denote the number of counts in the 

photopeak corresponding to energy per unit time 

and the fractional number of γ-rays emitted per 

disintegration, respectively. However, this effi-

ciency derived from the standard absorption for-

mula. 

int =1-e x  (13) 

where μ, ρ and x are photoelectric mass attenuation 

coefficient, the density and thickness of the sensitive 

detector material, respectively. 

Fig. 8: Intrinsic photopeak efficiency algorithm 

 Acquire Radiation Signal From Radioisotopes 
 Analyze the Input Signals 
 Count Total Number of Counts at the Full Peak 
 Determine the Emission Probability Constant of the Isotope
 Count Total Number of Counts from the Isotope
 Compute Photopeak Efficiency

 Determine the area of the detector
 Calculate the source to detector distance 
 Compute the Geometric Efficiency

Q Q Q Q 

V 

αQ αQ αQ 

V V 
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4. HANDLING OF RTD RADIATION

SIGNAL 

4. 1. RTD Signal de-noising using complex 

wavelet transform 

Here, the experimental components for studying and 

evaluation of noise elimination using complex wavelet 

transform algorithms are stated. It covers the follow-

ing components; 
99

Mo radiation source, scintillation 

detector, amplifier, Data acquisition system and con-

nection to a desktop personal computer (PC). A 

NaI(TI) scintillation detector is used to detect  the 

radiation signal from 
99

Mo radiation source. This 

detector is connected to amplifier through coaxial 

cable which in turn connected to the PC. MATLAB 

environment is used to perform noise elimination 

using complex wavelet transform evaluation. 

Therefore, an algorithm for signal de-noising using 

complex wavelet transform is studied on RTD radia-

tion signals. This algorithm is proposed for multidi-

mensional signal processing in [23-25]. Thu, an algo-

rithm of noise elimination using complex wavelet 

transform is illustrated in Fig. 9.  Moreover, different 

wavelet transform levels are considered. However, 

further details of complex wavelet transform are 

illustrated in our previous research [24]. 

 Use 99Mo Radiation Source 

 Signal detection by Scintillator Detector 

 Acquire the signal by Data Acquisition System 

 Store the RTD signal on Excel Sheet on Personal 

Computer 

 Determine Total Number of Levels in the Wavelet 

Tree 

 Applying the Complex Wavelet Transform to the 

Input Signal 

 Applying the inverse Complex Wavelet Transform 

 Obtain the Reconstructed RTD Radiation Signal 

Fig. 9: An algorithm of the complex wavelet transform 

algorithm for noise elimination of RTD radiation signal. 

4.2. Normalization of RTD radiation signal 

and moments computation 

It is necessary to consider the normalization area of 

the tracer curve because it makes the computations 

of moments much simpler. The normalization curve 

is obtained by dividing each data point by the area 

under the curve [4-19]  
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where nc(t) denotes the corrected count rate. How-

ever, one of the cores of RTD data treatment is the 

moment's computation. It is used to describe the 

RTD functions in terms of statistical parameters 

such as mean residence time and standard deviation. 

It is defined by [4] 

 
0

i

iT t E t


   (15) 

On other hand, the mean residence time (MRT) is 

equivalent to the first moment. 

5. RESULTS AND DISCUSSION
5.1. RTD Modeling Results 
 5.1.1. Perfect mixers in series results 

The radiotracer concentration with time at different 

number of mixers and mean residence time for per-

fect mixers in series is shown in Figs. 10-11, respec-

tively. The concentration decreases with the number 

of mixers as depicted in Fig. 10. This is may be due to 

various factors such as dead volume and contamina-

tion fraction with medium. Also, the radiotracer 

concentration decreases with mean residence time as 

illustrated in Fig. 11. Figure 12 shows the relation 

between radiotracer concentration and time at dif-

ferent flow rate with J=10 and V=1000L. The results 

show that radiotracer increases with the flow rate. We 

noted that better mixing is introduced as the flow rate 

increases. For better illustration, the 3 dimensional 

relation between radiotracer concentration with time 

and flow rate at different mixers numbers with 

V=1000L is depicted in Fig. 13. 

Fig. 10: The radiotracer concentration with time at 

different number of mixers with τ=190s

Fig. 11: The radiotracer concentration with time at dif-

ferent mean residence time with Pe=9 

Fig. 12: The radiotracer concentration with time at dif-

ferent flow rate with J=10 and V=1000L 
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Fig. 13: The radiotracer concentration with time and 

flow rate at different mixers numbers with V=1000L 

5.1.2. Perfect mixers in series exchange results 

The radiotracer concentration of perfect mixers in 

series exchange with time at different number of 

mixers, flow rate, tank volume and flow rate coeffi-

cient are depicted in Figs. 14-17, respectively. The 

radiotracer concentration decreases with number of 

mixers exchange as shown in Fig. 14. However, the 

concentration increases with flow rate as depicted in 

Fig. 15. Furthermore, the tank volume has an effect 

on tracer concentration. The radiotracer concentra-

tion decreases with tank volume as in Fig. 16. This 

may be due to dead volume regions within larger 

tanks. Also, the tracer concentration decreases with 

flow rate coefficient as in Fig. 17. 

Fig. 14: The radiotracer concentration with time at dif-

ferent number of mixers with V1=175L, Q=8.75L/s and 

α=1 

Fig. 15: The radiotracer concentration with time at 

different flow rates with V1=175L, J=4 and α=1 

Fig. 16: The radiotracer concentration with time at dif-

ferent tank volumes with J=4, Q=8.75L/s and α=1  

Fig. 17: The radiotracer concentration with time at 

different alpha with V1=175L, Q=8.75L/s and V1=175L 

Fig. 18: The radiotracer concentration with time at dif-

ferent first tank volume with Q=1L/s and α=0.05 

Fig. 19: The radiotracer concentration with time and 

mixers numbers at different flow rates with α=0.05 

Moreover, the relation between radiotracer concen-

tration and time at different first tank volume with 

Q=1L/s and α=0.05 is shown in Fig. 18. Furthermore, 

the radiotracer concentration with time and mixers 

numbers at different flow rates with α=0.05 is de-

picted in Fig. 19.  

5.1.3. Perfect mixers in parallel results 

The radiotracer concentration with time for perfect 

mixers in parallel at different number of mixers, 

mean residence time, flow rate and flow rate in first 

tank are depicted in Figs. 20-23, respectively. The 

concentration decreases with number of number of 

mixers as shown in Fig. 20. However, the radiotracer 

concentration decreases with mean residence time as 
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evident in Fig. 21. However, this concentration de-

creases with flow rate as in Fig. 22. The radiotracer 

concentration of first tank increases with flow rate as 

shown in Fig. 23. 

Fig. 20: The radiotracer concentration with time at dif-

ferent number of mixers with τ1=201s, τ2=8s, Q=8L/s, 

Q2=Q1 and J2=1  

Fig. 21: The radiotracer concentration with time at dif-

ferent mean residence time with τ2=8s, Q=8L/s, Q2=Q1 

and J2=1 

Fig. 22: The radiotracer concentration with time at dif-

ferent flow rates with τ1=201s, τ2=8s, Q2=Q1 and J2=1 

Fig. 23: The radiotracer concentration with time at 

different first flow rates with τ1=201s. 

5.2. Efficiency measurements results 

Geometric efficiency was calculated using the 

above equation as a function of the source detector 

distance. A rapid decrease of this efficiency is ob-

served with the source detector distance as depicted 

in Table 1. Since, the geometric efficiency is in-

versely squared with the distance. Total, intrinsic 

photo-peak and intrinsic total efficiencies are de-

picted in Table 2. 

Table 1: Geometric efficiencies measurement 

Source-to-Detecto

r Distances (cm) 

4.5 6 7 8 10 

εGeom 0.81 0.45 0.35 0.28 0.18 

Table 2: Intrinsic efficiencies calculation 

Efficiency Measured Values 

εi 0.2517 0.5462 0.5456 

εp 0.2052 0.0570 0.0588 

5.3 Handling results of RTD radiation signal 

     5.3.1. RTD signal de-noising results using complex 

wavelet transform 

Here, a low-pass filter was applied. Therefore, par-

tial reconstruction of the original signal is intro-

duced. Consequently, different levels of the filter 

bank were applied with the low-pass filter to the 

acquired signal. It is noted that the absolute value of 

the wavelet coefficients is obtained. Moreover, 

these filters are highly based around 00,  45, 90

and 135. Moreover, the real and complex parts of 

the complex filter constitute Gabor-like filters as in 

[7]. Furthermore, the RTD signal is reconstructed as 

shown in Fig. 24. From this figure, the transformed 

signals are shift-invariant. Moreover, it is free of 

aliasing. The evaluation of the considered RTD 

signal de-noising algorithm is considered by statis-

tical evaluation measurements as in Table 3. 
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u
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n
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  Time(Sec)e
Fig. 24: Reconstructed signal using five levels of the algorithm
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Table 3: Statistical measurements of RTD signal de-noising 

using complex wavelet transform 

Statistics Meas-

urements 
PSNR Error Executed 

Time 

Values 25.6244 0.1093 1.876806 

    5.3.2. Mean residence time results 

The normalization of the area of experimental 

curve is depicted in Fig. 25. However, the 

measurement of the normalized curve is illustrated 

in Table 4. From this table, the standard deviation 

a measure for the broadening of the RTD. 

moment computation is of primary concern. It is 

based on probability of weighted moments and the 

coefficients of the shifted Legendre polynomial to 

calculate the l-moments. The first moment calcula-

tion is 193.5895. On other hand, the mean 

time is equivalent to the first moment. Thus, the 

mean residence time with the RTD signal is shown 

in Fig. 26. 

 Time (sec)
Fig. 25: Normalization of the area of experimental 
tracer curve 

Table 4: Statistical measurements of the obtained nor-

malization curve 

Statistics Meas-

urements 

PSNR σ Error 

Values 6.9168 144.2526 0.33768 

Fig. 26: Mean residence time with RTD radiation sig-

nal. 

6. CONCLUSION

This paper presents the analysis of RTD radiation 

signal. Hence, the evaluation of radiotracer concen-

tration based on explicit and implicit solution is 

presented. Explicit solution by Maple 18 is intro-

duced. Therefore, a closed form expression for radi-

otracer concentration is introduced. Moreover, an 

implicit solution through Matlab Simulink is inves-

tigated. These proposed models describe the perfect 

mixers in series, perfect mixers in series with ex-

change and perfect mixers in parallel models. We 

observed that flow rate, number of mixers and tank 

volume changes the behaviors of radiotracer con-

centration. Also, efficiency measurement of detec-

tion system is computed. It is based on the detection 

geometry efficiency and total intrinsic efficiency. 

Furthermore, the handling of RTD radiation signal is 

considered. The RTD signal de-noising by CWT is 

studied. Evaluation of this method is considered by 

statistical measurements. Also, the moment calcula-

tion using both probability of weighted moments 

coefficients of shifted Legendre polynomial is in-

troduced. The first moment calculation is found to 

193.5895. On other hand, the mean residence time is 

equivalent to the first moment. It is found to be 

193.5895sec. The obtained results confirm the ac-

curacy of proposed models for analysis and evalua-

tion of RTD signal. 
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The diffraction of unsteady compressible flows is numerically investigated over convex 90o sharp 

corner. The study simulates various compressible flows produced by shock tube cited in the liter-

ature. Three different shock waves are examined (i) isothermal compression wave where the con-

dition behind the shock front is 0 , , 2122  uTTp ; (ii) compression wave of properties 0 , , 222 uTp ; and 

(iii) blast wave due to explosion ) , ,( 222 uTp . The study is conducted for the three cases at incident 

planar shock wave of Mach numbers, M = 1.3 and M = 2.4. High-resolution hybrid scheme is ap-

plied to calculate the inviscid fluxes of Euler equations. The third-order hybrid scheme is a com-

bination of characteristics-based method and the modified Steger and Warming flux vector split-

ting method. For interpolating the conservative variables at cell faces, the modified MUSCL is 

applied in conjunction with the van Albada limiter. Time integration is achieved by the se-

cond-order implicit unfactored method. The present numerical schlieren images reveal excellent 

agreement with the corresponding experimental shadowgraphs. Qualitative and quantitative 

comparisons of the three shock waves reveal distinct flow characteristics and pressure loads. 
 

Keywords: Shock Wave, Compression Wave, Shock Diffraction, Sharp Corner, Numerical, CFD

1. INTRODUCTION  

Shock wave is a sharp change of pressure and density 

in a narrow region travelling through air, caused by 

explosion or by a body moving faster than sound 

speed. Shock tube is an instrument used for scientific 

research to reproduce shock waves to study com-

pressible flows under a wide range of flow properties, 

i.e. pressure, temperature and velocity. A shock 

wave inside a shock tube is generated in the driver 

section by building up of high pressure (compression 

wave) or by a small explosion (blast wave). The shock 

wave propagates in the driven section after bursting of 

the diaphragm. The method of producing shock waves 

determine the peak and duration of pressure wave 

which significantly influences the resulting flow field 

[1]. It is worth mentioning that the two states associ-

ated with the driver and driven sections initially sepa-

rated by a diaphragm in a shock tube are not the same 

as the upstream and downstream states of the normal 

shock propagating into the driven section [2]. The 

literature survey shows that different initial conditions 

behind shock front have been used for studying com-

pressible flows [2]. The compression wave (known as 

shock-tube problem) can be obtained in laboratory by 

two stationary gases in a tube separated by a dia-

phragm [1, 3, 4]. The Sod’s shock-tube problem [5] 

and cylindrical blast [3] are common test cases for the 

accuracy of computational fluid dynamics. Moreover, 

the isothermal compression wave, where the temper-

ature is the same in the upstream and downstream 

states of the normal shock, was also employed [6, 7]. 

However, compression wave is different from the 

blast wave and may not be suitable for some applica-

tions. Thus, blast-driven shock tube generate pressure 

wave that is more realistic to blast waves [2]. The 

blast wave generates non-zero speed behind shock 

front, e.g. the modified Sod’s shock-tube problem [3]. 

Many investigations of shock wave reflection, diffrac-

tion and interaction have been carried out using blast 

waves [8-13]. The above mentioned researches were 

assumed constant conditions behind shock front. 

mailto:abagabir@yahoo.com
http://en.wikipedia.org/wiki/Computational_fluid_dynamics
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Nevertheless, variable properties behind shock were 

also specified for cylindrical shocks [14-16]. The 

shock radial properties were linearly decreased from 

shock value to zero at the centre of explosion. Alter-

natively, expansion wave was also studied for diffrac-

tion around corner [17].  

Whilst there have been many researches of shock 

waves, there have not been any comparative studies of 

compression and blast waves. Therefore, the purpose 

of the current study is to conduct investigation of 

shock diffraction of the compression and blast waves. 

The comparative study has been done for the bench 

mark problem of shock wave diffraction over convex 

90
o
 sharp corner [18]. This problem has engineering 

applications involving flows in a channel with a sud-

den expansion and shock wave interacting with an 

airplane wing. The production of spiral vortex due to 

shock waves diffraction over convex corners have 

been investigated experimentally [19-22] and numer-

ically [23-24]. A planar shock wave moving over a 

convex 90
o
 sharp corner generates complex flow 

structure developing over time. It was believed that 

the developed flow field is self-similar because there 

is no length scale associated with the geometry 

[19-23]. Recently, it was demonstrated by using 

large-scale experimental facilities that the flow is 

temporally not self-similar [22]. 

2. PROBLEM DEFINITION

The objective of the present study is to examine the 

diffraction of three different shock waves over convex 

90
o
 sharp corner. The investigation is done by com-

putational fluid dynamics using written FORTRAN 

code. The methodology is to approximate (discretise) 

the governing partial differential equations into a set 

of algebraic system, which can be solved numerically. 

One of the challenges in the numerical simulation of 

compressible flows is to eliminate the numerical un-

certainties due to cell size and scheme resolution 

which can be responsible for suppressing the 

flow-field details. However, the accuracy of the re-

sults is limited by the available computing facilities. 

Therefore, the present investigation has been per-

formed using high resolution scheme in associated 

with the optimized cell size. 

The geometry and flow condition of the problem un-

der investigation are shown in Fig. 1. An incident 

planar shock wave of Mach number, M, moves over 

90
o
 sharp corner from left to right. The upper and 

lower boundaries are rigid non-penetrable walls. Ad-

iabatic conditions are used for the walls. Supersonic 

flow conditions are defined at the inlet section and 

non-reflecting conditions are set for the outlet section. 

Initially, the pressure, temperature and velocity, ahead 

of shock wave (state 1) are, p1 = 1atm, T1 = 300K, u1 

= 0   respectively. The present research investigates 

the flow field for two incident shock waves of the 

Mach number, M, of 1.3 and 2.4. These shock intensi-

ties are selected because the induced flow behind the 

incident shock is subsonic for M = 1.3 and supersonic 

for M = 2.4. Moreover, the flow becomes locally su-

personic for stronger shock wave of M = 2.4. Conse-

quently, the weak and strong shocks produce distin-

guished evolving flows. 

The initial conditions behind the shock front are spec-

ified in the region between x = 0 and x = 0.15 as 

shown in Fig. 1.  

Fig. 1: Geometry and flow condition for shock wave diffraction 

over 90o sharp corner. 

Generally, the conditions behind the shock front (state 

2) are related by the Rankine-Hugoniot relations [2]:
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where  (  1.4) is the ratio of specific heats and R is 

air gas constant (=287 J/kg.K). 

However, in the present study, three incident shock 

waves, of different initial conditions propagated into 

ambient air, are considered: 

Case 1: Isothermal compression wave 

)0 , ,( 2122  uTTp . 

Case 2: Compression wave ( 0 , , 222 uTp ). 

Case 3: Blast wave ( 222  , , uTp ). 



12 Aljouf University Science and Engineering Journal 2016; 3(2): 00-00 

The numerical simulations are performed using struc-

tural quadrilateral 480,000 cells. The cell size is 

0.125mm  0.125mm. The post processing of the 

present numerical results is performed by Tecplot 360 

software. 

3. GOVERNING EQUATIONS

The computational code used in the present study is 

based on the Euler equations for two-dimensional un-

steady compressible flow, which can be written in 

matrix form as:  

0














y

F

x

F

t

Q yx     (6) 

where t is time and the conservative variable matrix, 

Q, is given by: 

 TT evuUQ ,,,     (7) 

where U is the conservative variables,  is density, u 

and v are velocity components in x- and y-directions. 

The total energy, e, is given by: 

  222 vuie      (8) 

The inviscid fluxes can be written as: 
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The pressure, p, is calculated by the ideal-gas law 

equation of state: 

 ip 1 

where i is specific internal energy. 

4. NUMERICAL METHOD

The numerical study has been performed using finite 

volume method for the solution of the Euler equa-

tions, Fig 2.  

Fig. 2: Notation for control volume discretisation. 

1. Firstly, the derivatives of the inviscid fluxes are

discretised at the cell centre (i,k) using the fluxes at 

the cell faces (i+1/2, k) and (i-1/2, k), as shown in Fig. 

2 [27]: 
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For simplification, the notation k will be dropped 

from the following equations. 

2. High-resolution hybrid scheme is implemented to

estimate the inviscid fluxes at the cell faces using the 

limiter function,  [27, 28]: 

  FVSCBMi FFF   121 (12) 

The scheme is a combination of the third-order char-

acteristics-based method (CBM) [25] and the modified 

first-order Steger and Warming flux vector splitting 

method (FVS) [26]. The FVS provides additional nu-

merical dissipation in the regions of strong shock 

waves where the CBM does not provide sufficient 

numerical dissipation to capture strong shock waves. 

The gradients is subjected to a slope limiting proce-

dure to prevent the creation of local extremes at the 

boundaries, otherwise the solutions obtained will ex-

hibit oscillations at shocks. The limiter function,, is 

applied which uses a minimum function to limit over- 

and under-shoots when reconstructing values at cell 

faces [27, 28]: 

   2

11,min1,1min iiii MMff     (13) 

Using the conservative variables at cell centre (i) and 

neighbouring cells (i+1 and i-1), the van Albada lim-

iter,  f, is given by [29]:  
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The small positive number,, prevents division by 

zero. 

3. Using the conservative variables at the left, L, and

right, R, of the cell face, Fig 2, the fluxes of the CBM 

[25] and FVS [26] are estimated by, respectively:  

      11
2

1
RLCBM UUF      (15) 

RLFVS UUF  (16) 

Where  is eigenvalue. 

4. Then, the modified third-order MUSCL scheme has

been employed for interpolating the conservative var-

iables at the left and right of the cell face [30]:  
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The parameter g is a sensor function, which prevents 

spurious oscillations by reducing the accuracy of the 

scheme to first order in the vicinity of shock wave 

[30]. It uses the van Albada limiter,  f  [29]: 

  21211 iii ffg     (19) 

5. Implicit method provides considerable economy in

terms of computer resources compared to explicit 

method. Therefore, time integration has been obtained 

by the second-order implicit unfactored method [27, 

31]. It can be formulated at time step of n+1 as: 

0
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6. Finally, the resulting matrix is solved by

Gauss–Seidel relaxation scheme [27, 31]. Two 

Gauss–Seidel sub-iterations are used and 20-50 New-

ton iterations are employed for each time step. The 

Courant-Friedrichs-Lewy, CFL, number of 5 is ap-

plied. 

5. RESULTS AND DISCUSSION

Firstly, the test case of a cylindrical expanding blast 

wave which has an exact solution [3] has been select-

ed to validate the implemented implicit-unfactored 

high-resolution hybrid scheme. A cylindrical blast 

wave of radius 0.4 m initiated at a centre of square 

domain of 4 m2. The shock wave moves into a gas at 

rest of ambient conditions, p1=0.1atm, T1=278.7K, 

u1= v1=0. The conditions behind the shock are 

p2=1atm, T2=348.4K, u2=v2=0 [3]. These conditions 

are similar to the mentioned case 2 of compression 

wave. The computations are performed using Carte-

sian mesh of 100100 cells. The solution initialization 

is adapted by assigning modified area-weighted val-

ues to the appropriate cells to avoid the staircase 

problem. Figure 3 shows the numerical density varia-

tions along the radial distance compared with the ex-

act solution [3].  The radial distance of 1 is the loca-

tion of the centre of explosion, Fig. 3. The solution 

reveals a cylindrical blast wave and contact surface 

moving away from the centre of explosion and an ex-

pansion wave moving towards the centre, Fig. 3. It is 

found that the hybrid scheme predicts the discontinui-

ties that travel in all directions. The shock wave and 

contact surface is resolved with two cells. 

Fig. 3: Comparison between the present numerical result and 

the exact solution of Toro [14] for cylindrical blast wave. 

The general flow features of incident shock (IS) dif-

fraction over 90
o
 sharp corner are shown in Fig. 4. It 

is found that the resulting flow depends on the inten-

sity of the shock wave [19-23]. The curved diffracted 

shock (DS), which is centred at the corner, is separat-

ed at the sharp corner and propagates downwards 

normally to the wall, Fig. 4. A reflected expansion 

wave (EW) travels upstream into the post-shock re-

gion. For a strong shock wave of supersonic 

post-shock flow, Prandtl–Meyer expansion is formed 

[23]. The separated shear layer (SL) rolls up into a 

spiral vortex (V) downstream of the sharp corner, Fig. 

4. The shear layer expands and the spiral vortex

broadens with flow evolution at later times. Contact 

surface (CS) moves forward behind the incident 

shock. Its lower end is dragged around the vortex 

structure. However, it is found that for a strong shock 

wave the evolving flow become more complex 

[19-23]. The shock-shock and shock-vortex interac-

tions generate vortex embedded shocks (VS) and hor-

izontal oblique shock (OS) above the shear layer 

starting from the separation point, Fig. 4 [19]. It is 

connected to a vertical second shock (SS) that ending 

at the vortex core. Also lambda shocks (LS) are pro-

duced which look like a triangle connecting the sharp 

corner and the shear layer, Fig. 4. 

Computations are performed for the diffraction of 

compression and blast waves of Mach number, M, of 

1.3 and 2.4 over 90
o
 sharp corner. Firstly, the numer-

ical schlieren (absolute gradient of the density) shown 

in Figs. 5a and 5c of the blast-wave cases at M = 1.3 

and M = 2.4, respectively, are compared with the cor-

responding experimental results (Fig. 5b and 5d) pre-

sented in Van Dyke (1986). The three snap shots of 

the numerical schlieren at consequent time reveal ex-

cellent qualitative agreement with the corresponding 

experimental shadowgraphs. It is found that the pre-

sent numerical solutions are well captured the com-

plexity of the resulting flow in terms of shape, size 
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and position. It is clearly that the numerical scheme is 

able to capture the incident shock, diffracted shock, 

contact surface, expansion wave, shear layer and vor-

tex. It is found that the present numerical results able 

to capture even the trivial flow details such as oblique 

shock, second shock, lambda shocks and vortex 

shocks. 

Fig. 4: Flow features of shock wave diffraction over 90o sharp 

corner. IS: incident shock, EW: expansion wave, DS: diffracted 

shock, CS: contact surface, SL: shear layer, V: vortex, OS: 

oblique shock, SS: second shock, LS: lambda shock and VS: 

vortex shock. 

A set of numerical schlieren (density) are shown in 

Figs. 6 for incident shock of M = 1.3. Three snap 

shots at consequent time are presented for the three 

cases of compression and blast waves. For compari-

son purpose, the numerical images of the three cases 

are presented at similar incident shock position, con-

tour lines and values. Moreover, Fig. 7 shows the en-

largement of the last frames of evolving time shown 

in Fig. 6. In general, the radius of curvature of the 

diffracted shock is centred at the sharp corner for all 

cases. However, as shown in last frames of Fig. 6, the 

reflected shock wave from the bottom wall is moving 

faster in the compression-wave cases than the 

blast-wave case. This can be attributed to that the 

post-shock flow of case 3 is denser than the other 

cases. The two cases of compression waves illustrated 

similar flow features. However, the contact surface 

moving behind the incident shock over the shear layer 

is pronounced in case 1, Fig. 7 (a). Case 3 of blast 

wave exhibits the biggest generated vorticity which is 

attached to the wall surface. As well as, it creates 

perturbed shear layer, Fig. 7 (c). Moreover, case 3 

shows expansion wave which travels upstream along 

the convex wall. This is because the shock wave of M 

= 1.3 produces subsonic post-shock flow, Fig. 6 (c).  

For a strong shock wave of supersonic post-shock 

flow (M = 2.4), the sequence of schlieren, pressure 

and vorticity images of cases 1, 2 and 3, are shown in 

Figs. 8, 9 and 10, respectively. In addition to the flow 

feature shown in M = 1.3, the M = 2.4 cases generate 

oblique shock (OS), second shock (SS), lambda 

shocks (LS) and vortex shocks (VS) due to strong 

shock-shock and shock-vortex interactions. However, 

the compression and blast waves reveal distinct flow 

characteristics. The prominent difference is that the 

blast wave (case 3) generates horizontal oblique shock 

above the shear layer which connected to a second 

shock that ending at the vortex core, Fig. 10. In con-

trast, the two compression-wave cases do not reveal 

oblique shock (OS) and second shock (SS) as the 

blast-wave case. It seems that the lambda shocks seen 

in the two compression-wave cases converted into the 

oblique and second shocks in the blast-wave case. 

That is due to the decreasing of the shear layer slope 

with the horizontal in case 3 which is -35o; while for 

cases 1 and 2, the slope is -18o. The slopes are meas-

ured corresponding to the last frames of Figs. 8, 9 and 

10. The differences of the formation of the vortex

among the three cases are pronounced as shown in the 

vorticity images. One can observe rolled-up circular 

structure of the two cases of the compression waves, 

Figs. 8 and 9. However, case 2 shows bigger vorticity 

structure with wrinkly surface. Whereas, the vorticity 

of the blast wave, case 3, evolves differently showing 

elongated structure which can be associated with the 

second shock interaction. 

On the other hand, the contact surfaces of cases 1 and 

2 are moving behind both the incident shock and the 

generated vorticity as depicted in earlier time instant, 

Figs. 8 and 9. At later time, as shown in the following 

frames, the contact surface interacts with the shear 

layer and vortex structure. The lower end of the con-

tact surface rolls up with the vortex. The interaction 

between the contact surface and the vortex causes 

wrinkle in the vortex surface (Figs. 8 and 9). Never-

theless, for case 3, the contact surface does not inter-

act with the vortex since the contact surface outraces 

the vorticity structure. An interesting feature that case 

2 of compression wave develops Kelvin–Helmholtz 

instability on the shear layer, Fig. 9.  It is associated 

with the roll-up of small vortices above the main vor-

tex. This can be attributed to the perturbation of the 

shear layer by the contact surface at earlier time. The 

experiments of Skews et al. (2012) showed similar 

instability. The shock-tube diaphragm was burst 

through a puncture made by a needle which produced 

compression wave similar to case 2. Some published 

numerical results also showed the Kelvin–Helmholtz 

instability [18]. Case 1 is also subjected to interaction 



Ahmed M. Bagabir: COMPARISON OF COMPRESSION AND BLAST WAVES DIFFRACTION ………… .. 11 

of contact surface with shear layer but it seems that 

the flow dampens the Kelvin–Helmholtz instability, 

Fig. 8.  

Quantitatively, Fig. 11 depicts the effect of compres-

sion and blast waves on pressure history at the 

sharp-corner point. For all cases, the pressure first 

rises rapidly to the maximum as a result of the influ-

ence of the incident shock front arriving at the corner. 

For case 3, the pressure traces remains constant at the 

peak value, consequently, unvarying supersonic flow 

behind the shock front, Fig. 11. Meanwhile, the pres-

sure traces of the compression waves drop to the 

pressure in the uniform region behind the expansion 

wave which leads to non-uniform flow behind the 

shock front. This is supported by the pressure load 

variations at the convex walls shown in Fig. 12. 

Moreover, regarding time scale, the incident shock 

front of case 3 is the fastest and case 1 is the slowest, 

Fig. 11. On the vertical wall, the pressure load is al-

most the same for all cases. 

6. CONCLUSION

The main findings of the present numerical investiga-

tion are summarized as follows: 

1. Compression and blast waves are simulated over

convex 90
o
 sharp corner for weak and strong 

planar shock wave.  

2. The present numerical results of blast wave are

validated against the published experimental

shadowgraphs.

3. Schlieren images of the three considered waves

reveal different flow features regardless of the

Mach number.

4. All the cases generated shear layer rolls up into a

vortex structure downstream of the sharp corner.

5. Case 2 of the compression wave shows remarka-

ble feature of Kelvin–Helmholtz instability on

the shear layer

6. The three waves generate different vorticity

structures in term of shape, size and strength.

7. Blast wave generates oblique and secondary

shock waves and exhibits the most complex flow.

8. Pressure traces show that the blast wave produce

substantial pressure loads.

9. The present study reveals that the flow feature of

shock wave diffraction not only depends on

shock strength, it also depends on shock proper-

ties.

NOMENCLATURE 

CBM Characteristics based method 

CFL Courant-Friedrichs-Lewy number 

e Total energy  

F Inviscid flux matrix  

FVS Flux vector splitting  

f The van Albada limiter 

g sensor function  

i Specific internal energy, cell centre 

M Mach number 

n Time iteration 

p Pressure 

R Air gas constant 

Q Conservative variable matrix  

s Sound speed  

T Temperature  

t Time 

U Conservative variable 

u, v Velocity components 

x, y Cartesian coordinates 

 Limiter function 

 Ratio of specific heats 

 Eigenvalue 

 Density 

7. REFERENCES

[1] Ofengeim, D., Drikakis, D., Simulation of blast 

wave propagation over a cylinder. Shock Waves, 

7(1997) 305–317. 

[2] Needham, C.E., Blast waves, Springer, (2010). 

[3] Toro, E. F., Riemann solvers and numerical 

methods for fluid dynamics, Springer, (1999). 

[4] Robinson, A.P.L., Schmitz, H., Fox, T.E., Pasley, 

J., Symes, D.R., Vorticity deposition, structure 

generation and the approach to self-similarity in 

colliding blast wave experiments. High Energy 

Density Physics, 14(2015) 6-12. 

[5] Sod, G. A.,  A Survey of several finite difference 

methods for systems of nonlinear hyperbolic 

conservation laws. J. Comput. Phys., 27 

(1)(1978)1-31. 

[6] Ball, G. J., A free-Lagrange method for unsteady 

compressible flow: simulation of a confined cy-

lindrical blast wave. Shock Waves,   5(1996) 

311-325. 

[7] Paton, R. T., Skews, B. W., and Saligram, A., 

Visualisation of plane shock wave diffraction 

from the curved exit of a shock tube. Journal of 

Visualisation,   18(2015) 493–499. 

http://www.osti.gov/energycitations/product.biblio.jsp?osti_id=6812922
http://www.osti.gov/energycitations/product.biblio.jsp?osti_id=6812922
http://www.osti.gov/energycitations/product.biblio.jsp?osti_id=6812922
http://en.wikipedia.org/wiki/Journal_of_Computational_Physics


12 Aljouf University Science and Engineering Journal 2016; 3(2): 00-00 

[8] Yang, J. Y., Liu, Y., Lomax, H., Computation of 

shock wave reflection by circular cylinders. 

AIAA Journal,   25 (5)(1987)683-689 . 

[9] Igra, O. I., Falcovitz, J., Reichenbach, H., Heilig, 

W., of the interaction between a planar shock 

wave and a square cavity. J. Fluid Mech.,   

313(1996) 105-130. 

[10] Zoltak, J., Drikakis, D., Hybrid upwind methods 

for the simulation of unsteady shock-wave dif-

fraction over a cylinder. Comput. Methods Appl. 

Mech. Engrg.,   162(1998)165-185. 

[11] Bagabir, A., Drikakis, D., Mach number effects 

on shock-bubble interaction. Shock Waves, 

11(2001) 209-218. 

[12] Bagabir, A., Abdulrahman, A., Balabel, A., 

Shock-wave diffraction over single and double 

wedges. Emirates Journal of Engineer-

ing,12(2)(2007)53-60. 

[13] Bagabir, A., Cylindrical blast-waves propagation 

in an enclosure. Shock Waves.   22 

(6)(2012)547-556. 

[14] Marconi, F., Investigation of the interaction of a 

blast wave with an internal structure. AIAA J., 

32(1994)1561–1567. 

[15] Bagabir, A., Drikakis, D., Shock wave induced 

instability in internal explosion. Aeronautical 

Journal,   109(2005)1101-1136. 

[16] Kundu, A., and De, S., High-resolution Euler 

simulation of a cylindrical blast wave in an en-

closure. Journal of Visualisation, 18(2015) 

733–738. 

[17] Mahomed, I., Skews, B. W., Expansion wave 

diffraction over a 90 degree corner. Journal of 

Fluid Mechanics,   757(2014)649-664. 

[18] Takayama, K., Inoue, O., Shock wave diffraction 

over a 90 degree sharp corner. Shock Waves, 

1(1991)301-312. 

[19] Skews, B.W., The shape of a diffracting shock 

wave. J. Fluid Mech., 29(1967)297-304. 

[20] Van Dyke, M., Album of fluid motion, Parabolic 

Press(1986). 

[21] Matsuo, K., Aoki, T., Kashimura, H., Diffraction 

of a shock wave around a convex corner. Proc. 

17
th
 Int. Symp. on Shock Waves and Shock 

Tubes. Kim Y. M. (ed.)(1990)252-257. 

[22] Skews, B., Law, C., Muritala, A., Bode, S., Shear 

layer behaviour resulting from shock wave dif-

fraction. Exp. Fluids,   52(2012) 417–424. 

[23] Hillier, R., Computation of shock wave diffrac-

tion at a ninety degrees convex edge. Shock 

Waves,   1 (2)(1991)89-98. 

[24] Law, C.,  Muritala, A. O.,  Skews, B. W., Un-

steady flow with separation behind a shock wave 

diffracting over curved walls.  Shock Waves,   

24 (3)(2014)283-294. 

[25] Eberle A., Characteristic flux averaging approach 

to the solution of Euler's equations. VKI Lecture 

Series, Computational Fluid Dynamics, No. 

1987-04(1987). 

[26] Drikakis D. and Tsangaris S., on the solution of 

the compressible Navier-Stokes equations using 

improved flux vector splitting methods. App. 

Math. Modelling,   17(1993) 282-297. 

[27] Drikakis D. and Bagabir A. Numerical experi-

ments using high-resolution schemes for un-

steady, inviscid, compressible flows. Computer 

Methods in Applied Mechanics and Engineering, 

193(4)(2004)675-4705. 

[28] Eberle A., Rizzi and Hirschel E., Numerical so-

lutions of the Euler equations for steady flow 

problems, Notes on Numerical Fluid Mechanics, 

34, Vieweg Verlag, (1992). 

[29] van Albada G., van Leer B. and Roberts W., 

Comparative study of computational methods in 

cosmic gas dynamics, Astron. Astrophys,   

108(1982). 

[30] Thomas J., van Leer L. and Walters B., Implicit 

flux split scheme for the Euler equations. 

AIAA-paper (1985)85-1680. 

[31] Chakravarthy S. R., Relaxation methods for un-

factored implicit upwind schemes. 

AIAA-84-0165(1984). 

http://www.springerlink.com/content/t7lh39f7p9exdp61/
http://www.springerlink.com/content/t7lh39f7p9exdp61/
http://www.engg.uaeu.ac.ae/ejer/issues/v12/pdf_iss2_12/7.pdf
http://www.engg.uaeu.ac.ae/ejer/issues/v12/pdf_iss2_12/7.pdf
http://adf.ly/5895970/
http://adf.ly/5895970/
http://journals.cambridge.org/action/displayJournal?jid=FLM
http://journals.cambridge.org/action/displayJournal?jid=FLM
http://link.springer.com/article/10.1007/BF01414904
http://link.springer.com/article/10.1007/BF01414904
http://link.springer.com/search?facet-author=%22C.+Law%22
http://link.springer.com/search?facet-author=%22A.+O.+Muritala%22
http://link.springer.com/search?facet-author=%22B.+W.+Skews%22
http://www.sciencedirect.com/science?_ob=MiamiImageURL&_cid=271868&_user=1366817&_pii=S0045782504002312&_check=y&_origin=&_coverDate=22-Oct-2004&view=c&wchp=dGLbVlB-zSkWb&md5=5602853194d16199da26c46f0fa7e930/1-s2.0-S0045782504002312-main.pdf
http://www.sciencedirect.com/science?_ob=MiamiImageURL&_cid=271868&_user=1366817&_pii=S0045782504002312&_check=y&_origin=&_coverDate=22-Oct-2004&view=c&wchp=dGLbVlB-zSkWb&md5=5602853194d16199da26c46f0fa7e930/1-s2.0-S0045782504002312-main.pdf
http://www.sciencedirect.com/science?_ob=MiamiImageURL&_cid=271868&_user=1366817&_pii=S0045782504002312&_check=y&_origin=&_coverDate=22-Oct-2004&view=c&wchp=dGLbVlB-zSkWb&md5=5602853194d16199da26c46f0fa7e930/1-s2.0-S0045782504002312-main.pdf


Ahmed M. Bagabir: COMPARISON OF COMPRESSION AND BLAST WAVES DIFFRACTION ………… .. 11 

(a) 

(b) 

(c) 

(d) 
Fig. 5: Comparison of numerical schlieren (a, c) and experiment shadowgraph (b, d) [20] of blast wave diffraction over sharp corner 

(case 3). (a, b) M = 1.3 (t = 172, 263, 377 s); (c, d) M = 2.4 (t = 103, 186, 276 s).  

(a)

(b)

(c)
Fig. 6: Schlieren sequence of M = 1.3 shock waves diffraction over sharp corner: (a) case 1, (b) case 2, (c) case 3. 
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(a)                 (b)    (c) 
Fig. 7: Magnified view of vortex structure corresponding to last frames of Fig. 5: (a) case 1, (b) case 2, (c) case 3. 

(a)                (b)      (c) 

Fig. 8: Schlieren, pressure and vorticity sequence images for isothermal compression wave (case 1)of M = 2.4 diffraction over sharp 

corner. 



Ahmed M. Bagabir: COMPARISON OF COMPRESSION AND BLAST WAVES DIFFRACTION ………… .. 11 

Fig. 9: Schlieren, pressure and vorticity sequence images for compression wave (case 2) of M = 2.4 diffraction over sharp corner. 

Fig. 10: Schlieren, pressure and vorticity sequence images for blast wave (case 3) of M = 2.4 diffraction over sharp corner. 
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Fig. 11: Pressure history of the three cases at the sharp-corner point. 

Fig. 12: Pressure variation at the convex walls for the three cases at MS = 2.4 at time corresponding to the last frames of 

Figs. 7, 8 and 9. 
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