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1. SUBMISSION

Authors should kindly note that submission implies that the content has not been published or
submitted for publication elsewhere except as a brief abstract in the proceedings of a scientific
meeting or symposium.

Once the submission materials have been prepared in accordance with the Author Guidelines,
manuscripts should be submitted online at http://mc.manuscriptcentral.com/jpnarchitrev

The journal accepts submission in Rich Text format, Microsoft Word, and LaTex.

For LaTeX users, please read the instruction as follows:
1. New manuscript: For reviewing purposes, you should upload a single .pdf that you have
generated from your source files, fonts embedded, no T3 fonts allowed. You must use the File
Designation "Main Document" from the dropdown box.
2. Review manuscript: When submitting your revision you must still upload a single .pdf that
you have generated from your revised source files. You must use the File Designation "Main
Document" from the dropdown box. In addition you must upload your TeX source files. For all
your source files you must use the File Designation "Additional File NOT for Review and NOT
for publication". Previous versions of uploaded documents must be deleted. If your manuscript
is accepted for publication we will use the files you upload to typeset your article within a
totally digital workflow.

Click here for more details on how to use ScholarOne
For help with submissions, please contact: <Contact info>
2. AIMS AND SCOPE

This Journal is a peer reviewed academic publication of the Architectural Institute of Japan (AlJ) and
covers all branches of architecture design and building sciences. This journal is edited by AlJ and is
published four times a year and is distributed widely throughout the world as open access online
journal. The scope of the journal involves the aspects of science, technology, engineering, economic,
social science and humanity. Architectonics and other related fields should be included in this



journal. The aim of this journal is to publish most complete and reliable source of information on the
discoveries and current developments in this area through editorial, review articles, design reviews,
selected papers from transactions of AlJ, original contributions, etc. The journal decides to contribute
to resolve or mitigate these global and local problems by bringing new ideas and developments. The
journal provides a platform to facilitate the exchange of information between architects, researchers
and engineers for technological advancement globally.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS
Original Papers

Description. Original Papers present new research findings, designs and new developments relevant
to the scope of the journal. This manuscript type presents hitherto unpublished original works.

Structure. Basically, Original Papers should be divided into sections using following headings: (1)
Introduction; (2) Materials and methods; (3) Results; (4) Discussion and Conclusions; (5)
Acknowledgement(s); (6) Disclosures; (7) References; (8) Figure legends; (9) Tables; (10) Figures.

Review Papers

Description. The journal welcomes Review Papers on topics within the journal’s aims and scope,
submitted either directly or by invitation. All Review Papers will be subject to the normal peer review
process, regardless of whether they were submitted directly or by invitation. Review Papers provide
a review of the literature and a summary of scholarly views regarding particular topics or fields.
Review Papers can be objective and balanced overviews, or they may be personal accounts of the
authors’ own accomplishments in the style of personal reminiscences. Such manuscripts shall be
reviewed by at least two reviewers.

Structure. Basically, Review Papers might be divided into sections using following headings: (1)
Introduction; (2) Methods; (3) Results; (4) Discussion and Conclusions; (5) Acknowledgement(s); (6)
Disclosures; (7) References; (8) Figure legends; (9) Tables; (10) Figures.

Design Reviews

Description. The journal welcomes both solicited (by invitation) and unsolicited (direct) submissions
of Design Reviews. All Design Reviews will be subject to the normal peer review process, regardless
of whether they were direct submissions or submitted by invitation. Design Reviews provide a review
or summary of the authors’ own architectural works, and should be presented in the style of
personal reminiscences. This manuscript type is only open to submission by members of the
Architectural Institute of Japan.

Structure. Basically, Design Reviews should be divided into sections using following headings: (1)
Introduction; (2) Design concept; (3) Discussion; (4) Conclusion; (5) Acknowledgement(s); (6)
Disclosures; (7) References; (8) Figure legends; (9) Tables; (10) Figures.

Note. If your manuscript includes copyrighted works owned by third parties and your re-use
permission does not allow the material to be covered by an open access agreement, please read
“Publishing copyright material in an Open Access paper” of “5. EDITORIAL POLICIES AND ETHICAL
CONSIDERATIONS” of this guideline and follow the instruction.

Translated Papers

Description. The journal publishes English translations of papers previously published in Japanese in
Journal of Structural and Construction Engineering, Journal of Architecture Planning, and Journal of
Environmental Engineering. Candidate papers from these journals are selected by the Japan
Architectural Review Editorial Committee. Papers selected by the Committee will then go through



peer review. Only papers authored by members of the Architectural Institute of Japan will be
considered for publication as Translated Papers.

Article length. Manuscripts should be typewritten on Ad-sized paper in single-column format.
Manuscripts should be written clearly and concisely without redundancy or excessive details.
Manuscripts should be no more than 10,000 words (excluding references). The number of tables and
figures is not limited. Please carefully read a Guideline of Translated Papers before you start writing.

4. PREPARING THE SUBMISSION
Style
Units and abbreviations

The International System of Units (SI units) should be used. Abbreviations of units should be given in
Roman type. Symbols denoting physical quantities are printed in ltalics. If the author uses non-
standard abbreviations, they should be defined at their first appearance by the full words and the
abbreviations in parentheses. Thereafter use the abbreviation only. If there are many abbreviations,
they may be listed in a footnote.

Equations

Equations should be numbered sequentially with Arabic numerals within parentheses (e.g. (1), (2))
on the right-hand side.

Parts of the Manuscript

The manuscript should be submitted in separate files: main text file (including title page); tables and
figures.

The title page should include the following

(1) The article category (i.e. Original Paper, Design Review, etc)
(2) Title

(3) Full names of all authors

(4) Affiliations, cities and countries of all authors

(5) Corresponding author’s name and Al) membership number, with complete address details
including e-mail address

(6) Abstract (a single paragraph of no more than 200 words)
(7) Keywords (up to 5)

(8) The total word count and the word count of the abstract should be provided if the software
used to prepare the manuscript allows.

(9) For Translated Papers, please provide the following information:
“This article is the English language translation of an article that has been published in Japanese
in [journal title, with full reference including doil.”

Title

The title should be short and informative, containing major keywords related to the content. The
title should not contain abbreviations (see Wiley's best practice SEO tips).

Authorship

For details on eligibility for author listing, please refer to the journal’s Authorship policy outlined in
the Editorial Policies and Ethical Considerations section.




Main text

Please refer to the section ‘3. MANUSCRIPT CATEGORIES AND REQUIREMENTS' for details of the
structure of the different article types.

Acknowledgments

Contributions from individuals who do not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section. Financial and material support
should also be mentioned. Thanks to anonymous reviewers are not appropriate.

Disclosure

All authors should declare any financial support or relationship that may pose conflict of interest as
“Disclosure Statement” between Acknowledgements and References sections. If there is no
relationship relevant to the manuscript’s subject, indicate “The authors have no conflict of interest.”

References

e Only references that have been published or accepted for publication in the final form can
be cited.

e References should be cited in the text in the order of citations in Arabic numerals in
superscript, each followed by a closing parenthesis and a comma between the citation
numbers. Consecutive references can be connected by a hyphen (e.g. 1)-3), 5)) .

e There are no strict requirements on reference formatting at submission. References can be
in any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Authors are encouraged to include DOIs for
articles wherever possible. The reference style used by the journal will be applied to the
accepted article by Wiley during production.

Tables

Tables should be self-contained and complement, not duplicate, information contained in the text.
They should be supplied as editable format, not pasted as images. Legends should be concise but
comprehensive — the table, legend, and footnotes must be understandable without reference to the
text. All abbreviations must be defined in footnotes. Footnote symbols: T, %, §, 9], should be used (in
that order) and *, **, *** should be reserved for P-values. Statistical measures such as SD or SEM
should be identified in the headings.

Figure Legends

Legends should be concise but comprehensive — the figure and its legend must be understandable
without reference to the text. Include definitions of any symbols used and define/explain all
abbreviations and units of measurement.

Figures

Although authors are encouraged to send the highest-quality figures possible, for peer-review
purposes, a wide variety of formats, sizes, and resolutions are accepted. Click here for the basic
figure requirements for figures submitted with manuscripts for initial peer review, as well as the
more detailed post-acceptance figure requirements.

Figures submitted in colour may be reproduced in colour online free of charge. Please note,
however, that it is preferable that line figures (e.g. graphs and charts) are supplied in black and white



so that they are legible if printed by a reader in black and white. If an author would prefer to have
figures printed in colour in hard copies of the journal, a fee will be charged by the Publisher.

Additional Files
Appendices

Appendices will be published after the references. For submission they should be supplied as
separate files but referred to in the text.

Supporting Information

Supporting information is information that is not essential to the article, but provides greater depth
and background. It is hosted online and appears without editing or typesetting. It may include tables,
figures, videos, datasets, etc. Click here for Wiley’s FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are
available via a publicly accessible data repository, authors should include a reference to the location
of the material within their paper.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Editorial Review and Acceptance
Papers should be clearly written for diverse readers in different disciplines.

The acceptance criteria for all papers are the quality and originality of the research and its
significance to journal readership. Except where otherwise stated, manuscripts are single-blind peer
reviewed by at least two reviewers. Papers will only be sent to review if the Editor-in-Chief
determines that the paper meets the appropriate quality and relevance requirements.

Wiley's policy on confidentiality of the review process is available here.
Conflict of Interest

The journal requires that all authors disclose any potential sources of conflict of interest. Any interest
or relationship, financial or otherwise that might be perceived as influencing an authors’ objectivity
is considered a potential source of conflict of interest. These must be disclosed when directly
relevant or directly related to the work that the authors describe in their manuscript. Potential
sources of conflict of interest include, but are not limited to: patent or stock ownership, membership
of a company board of directors, membership of an advisory board or committee for a company, and
consultancy for or receipt of speaker's fees from a company. The existence of a conflict of interest
does not preclude publication. If the authors have no conflict of interest to declare, they must also
state this at submission. It is the responsibility of the corresponding author to review this policy with
all authors and collectively to disclose with the submission ALL pertinent commercial and other
relationships.

Authorship

The list of authors should accurately illustrate who contributed to the work and how. All those listed
as authors should qualify for authorship according to the following criteria:

1. Have made substantial contributions to conception and design, or acquisition of data, or analysis
and interpretation of data;

2. Been involved in drafting the manuscript or revising it critically for important intellectual content;

3. Given final approval of the version to be published. Each author should have participated
sufficiently in the work to take public responsibility for appropriate portions of the content; and

4. Agreed to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved.



Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section (for example, to recognize
contributions from people who provided technical help, collation of data, writing assistance,
acquisition of funding, or a department chairperson who provided general support). Prior to
submitting the article all authors should agree on the order in which their names will be listed in the
manuscript.

Additional Authorship Options: Joint first or senior authorship: In the case of joint first authorship, a
footnote should be added to the author listing, e.g. ‘X and Y should be considered joint first author’
or ‘X and Y should be considered joint senior author’

Reproduction of Copyright Material

If excerpts from copyrighted works owned by third parties are included, credit must be shown in the
contribution. It is the author’s responsibility to also obtain written permission for reproduction from
the copyright owners. For more information visit Wiley’s Copyright Terms & Conditions FAQ at
http://exchanges.wiley.com/authors/fags---copyright-terms—conditions 301.html

Publishing copyright material in an Open Access paper. If your reuse permission does not allow the
material to be covered by an open access agreement, please state this clearly by supplying the
following credit line alongside the material:

Title of content
Author, Original publication, year of original publication, by permission of [rights holder]

This image/content is not covered by the terms of the Creative Commons licence of this publication.
For permission to reuse, please contact the rights holder.

Publication Ethics

This journal is a member of the Committee on Publication Ethics (COPE). Note this journal uses
iThenticate’s CrossCheck software to detect instances of overlapping and similar text in submitted
manuscripts. Read the Top 10 Publishing Ethics Tips for Authors here. Wiley’s Publication Ethics
Guidelines can be found at authorservices.wiley.com/ethics-guidelines/index.html.

6. AUTHOR LICENSING

If a paper is accepted for publication, the author identified as the formal corresponding author will
receive an email prompting them to log in to Author Services, where via the Wiley Author Licensing
Service (WALS) they will be required to complete a copyright license agreement on behalf of all
authors of the paper.

Authors may choose to publish under the terms of the journal’s standard copyright agreement, or
OnlineOpen under the terms of a Creative Commons License.

General information regarding licensing and copyright is available here. To review the Creative
Commons License options offered under OnlineOpen, please click here. (Note that certain funders
mandate a particular type of CC license be used; to check this please click here.)

Self-Archiving Definitions and Policies: Note that the journal’s standard copyright agreement allows
for self-archiving of different versions of the article under specific conditions. Please click here for
more detailed information about self-archiving definitions and policies.

Open Access fees: Authors who choose to publish using OnlineOpen will be charged a fee. A list of
Article Publication Charges for Wiley journals is available here.

Funder Open Access: Please click here for more information on Wiley’s compliance with specific
Funder Open Access Policies.

7. PUBLICATION PROCESS AFTER ACCEPTANCE



Accepted Article Received in Production

When an accepted article is received by Wiley’s production team, the corresponding author will
receive an email asking them to login or register with Wiley Author Services. The author will be asked
to sign a publication license at this point.

Proofs

Once the paper is typeset, the author will receive an email notification with the URL to download a
PDF typeset page proof, as well as associated forms and full instructions on how to correct and
return the file.

Please note that the author is responsible for all statements made in their work, including changes
made during the editorial process — authors should check proofs carefully. Note that proofs should
be returned within 72 hours of working days from receipt of first proof.

Early View

The journal offers rapid publication via Wiley’s Early View service. Early View (Online Version of
Record) articles are published on Wiley Online Library before inclusion in an issue. Note there may be
a delay after corrections are received before the article appears online, as Editors also need to review
proofs. Once the article is published on Early View, no further changes to the article are possible. The
Early View article is fully citable and carries an online publication date and DOI for citations.

8. POST PUBLICATION
Video Abstract

A video abstract can be a quick way to make the message of your research accessible to a much
larger audience. Wiley and its partner Research Square offer a service of professionally produced
video abstracts, available to authors of articles accepted in this journal. You can learn more about it,
and purchase one for your article, at http://www.wileyauthors.com/videoabstracts. If you have any
questions, please direct them to videoabstracts@wiley.com .

Access and Sharing
When the article is published online:
e The author receives an email alert (if requested).
e The link to the published article can be shared through social media.

e The author will have free access to the paper (after accepting the Terms & Conditions of use,
they can view the article).

e The corresponding author and co-authors can nominate up to ten colleagues to receive a
publication alert.

To find out how to best promote an article, click here.
Measuring the Impact of an Article

Wiley also helps authors measure the impact of their research through specialist partnerships with
Kudos and Altmetric.
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Translated Papers (Secondary Publication)

Secondary publication in the same or another language, especially in other countries, is justifiable,
and can be beneficial, provided all of the following conditions are met:

(i) the authors have received approval from the editors of both journals;

(ii) the editor concerned with secondary publication must have a photocopy, reprint, or manuscript
of the primary version;

(iiii) the priority of the primary publication is respected by a publication interval of at least 1 week
(unless specifically negotiated otherwise by both editors);

(iv) the paper for secondary publication is intended for a different group of readers (an abbreviated
version would be sufficient);

(v) the secondary version faithfully reflects the data and interpretations of the primary version;

(vi) the footnote on the title page of the secondary version informs readers, peers, and documenting
agencies that the paper has been published in whole or in part and states the primary reference. A
suitable footnote might read:

“This article is the English language translation of an article that has been published in [title of
journal, with full reference including doi}.”

Articles submitted for Translated Papers will undergo the same review process as articles not
previously published. The manuscript will be reviewed in the same manner as other categories.
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1 | INTRODUCTION

Located in a business district lined with office buildings, the Kyoba-
shi Child Institution is an accredited child care center that functions
as a day-care center and kindergarten which also provides tempo-
rary babysitting and other childrearing support services.

2 | DESIGN CONCEPTS

2.1 | Elimination of children on waiting lists
and a solution to urban environment

The rate of women's empowerment has been increasing year by year
in Japan. According to the labor force survey by Ministry of Internal
Affairs and Communications,' employment rate of women between
30 to 34 years old has increased from 52% to 58.7%, that of 35 to
39 years old, from 55.8% to 63.3% in five years from 2010. Due to
the increase of working women in the middle of parenting brings
great demand for child care service for toddlers more than ever,
especially in the urban area.

2.2 | Surrounded by greenery

Greening over a large area of approximately 1,400 m? has been con-
ducted as part of the “"Green Tokyo 10-year Project” of the Tokyo
Metropolitan Government in order to create a beautiful urban land-
scape. For this facility, the goal was to create a glass box surrounded
by a wall of greenery. The result is an urban oasis that surrounds
the children with abundant green and sunlight.

2.3 | Enveloped in forms and colors

Color stimulation is thought to be a crucial element affecting the
development of a child’s brain.?2 Colorful columns and furniture have
been provided, using the motif of “forest and lake” on the third floor
and “tropical flowers” on the fourth floor. Fun and intriguing ele-
ments on a child’s scale (tight and low) have also been provided to
create an environment in which children can enjoy themselves as
their senses are stimulated.

24 | Enveloped in safety

2.4.1 | A disaster prevention base for the
district / Safety for the children

As a part of contribution to the community, open space for disaster
prevention is provided on the second floor of piloti which can accept
those who have difficulty going home in the event of disaster. A
storehouse belonging to Chuo ward in the basement is an effective
facility for the community surrounding in case of disaster.

Based on estimated time for parents to pick up their children is
24 hours at most, private power generator with enough capacity to
keep this facility running normally for one day plus storage of
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potable water, rainwater recycle tank that keeps service water, usage
system of service water in the rainwater reservoir tank and manhole
emergency toilets are installed as BCP (Business Continuity Plan} for
this institution.

2.5 | Children conscious air conditioning and
lighting

251 | Creating comfortable living environment
for children with gentle air flow and light

Child care room is a space with variety of usages not limited to play-
ing, eating and sleeping. All children have difficulty in managing their
physical condition, and gentlest air conditioning system was provided
for this purpose. Installation of floor heating and “film flow diffuser”
air conditioning system are the solution.

“Film flow diffuser” unit could reduce air flow speed from stan-
dard 0.5m/s, to 0.15m/s which creates gentle living environment for
children.

Adjustable color temperature (2,700-5,000K) and illuminance is
good to suit a variety of activities in a day: playing, eating and sleeping.

2.6 | Best selection of tree species

Simulation showed that lower part of the wall would receive less
than 500Ix. Considering this situation, relatives of English ivy were
planted mainly at the wall surfaces, Japanese staunton vine for the
upper part and Sarcococca on the slope under piloti.

2.7 | Greenery light up provides relaxation in the city

Spotlights of 4000K (color temperature) makes green plants look
more beautiful provide dramatic lighting effect at the lower part of
the building. The lighting is turned on after sunset until eight o'clock
at night providing refreshing green scenery to passersby in the busi-
ness district,

3 | DISCUSSION

Large scaled planting protects children from noise and bustle of the
city. Providing comfortable space for them. The space is not only a
joyful place where children activates their senses, but also provides
refreshing greenery view to passersby. Just like the right people for
the right posts, proper tree species were selected for the proper

places.

4 | CONCLUSION

Simulation showed that lower part of the wall would receive less than
500Ix. Considering this situation, relatives of English ivy were planted
mainly at the wall surfaces, Japanese staunton vine for the upper part
and Sarcococca on the slope under piloti, For the area lacking

CWILEY-

Journal Logo

TABLE 1 Planned minimum light intensity necessary for growing
plants®

Required
Planned luminosity
vegetation Types of vegetation {1x)
vy Climbing plant 500
Sarcococca Evergreen broad-leaved tree 300
Pachysandra Dicotyledonous herbaceous 1,000
terminalis plants
Stauntonia Climbing plant 2,000
hexaphylla
Clematis Climbing plant 2,000
Fraxinus griffithii Evergreen broad-leaved tree 3,000
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FIGURE 9

illuminance, artificial illumination with automatic light-up function is
installed and works when the illuminance becomes under 300Ix. The
ceiling of child care room, newly developed lighting units.

Child care room is a space with variety of usages not limited to
playing, eating and sleeping. On the ceiling of child care room, newly
developed lighting units with LED are set randomly.
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1 | INTRODUCTION

Ventilation involves exchanging contaminated indoor air with clean
(generally outdoor) air. From a specification standpoint, the amount of
air introduced is stipulated, for example, room ventilation frequency of
0.5 times/h or more. However, from a performance regulation stand-
point, a guaranteed amount of clean air is needed to control the con-
centration of contaminant below a threshold. Regarding the general
environment, the purpose of supplying clean air through the appropri-
ate ventilation is to maintain a hygienic and healthy environment for
the residents, which makes the control of air environment crucial in
local areas such as residential and breathing zones. Although introduc-
ing outdoor air immediately results in increasing the air-conditioning
load from an energy-saving standpoint, control of air environment in
local areas can eliminate energy waste resulting from supplying clean
air to areas far from the occupant zone, such as the ceiling. Based on
this concept, several studies have contributed to the knowledge about

ventilation efficiency, resulting in many practical applications.’

This article is the English language translation of an article that has been published in
Japanese in [journal title, with full reference]

Ventilation is essential to control contaminant concentration in a room, and hence,
the evaluation of ventilation effectiveness is crucial to achieve a clean, healthy, and
energy-saving indoor environment. In general, the contaminant transport efficiency
is defined by total flux, ie, convective and diffusive fluxes of the contaminant in a
local domain. The fiuxes are divided into two components: (i) the contaminant is
directly exhausted through exhaust outlet in the room and does not return to target
local domain and (i) the contaminant is returned to the target local domain by a
recirculating flow in the room. In this study, we propose a calculation procedure of

net escape probability of a contaminant that is constantly generated in the target

ventilation effectiveness, net escape velocity, net escape probability, returning probability

The purpose of this study was to discuss in depth about indoor
ventilation effectiveness in the limit value of a local domain.

As mentioned above, one aspect of ventilation effectiveness from a
performance standpoint is the “control of average contaminant concen-
tration in a local domain.” This average contaminant concentration in a
local domain is determined by the amount of contaminant generated,
the location, and the amount of clean air. However, as the indoor air
field is a strongly non-linear field defined by the Navier-Stokes equa-
tion, it is difficult to estimate the “average contaminant concentration in
a local domain” without assuming a simplified ideal flow field with per-
fect mixing and instantaneous uniform diffusion. The “average contami-
nant concentration in a local domain,” which is defined based on the
assumption of a non-uniform mixed flow field in a room, takes a differ-
ent value than the advective air velocity (the product of average air
velocity at the boundary and cross-sectional area of the advective flow)
flowing into the local domain, and this net ventilation air volume that
determines the average contaminant concentration at this local domain
is called local purging flow rate (L-PFR).*~

The average contaminant concentration at the local domain and
the L-PFR depend on the size of the target local domain. As the local

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2017 The Authors. Japan Architectural Review published by John Wiley & Sons Australia, Ltd on behalf of Architectural Institute of Japan.
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domain with a volume approaches the limit, it becomes a local
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“point” in the room, and at that point, L-PFR cannot have the air vol-
ume dimension (m®/s), and takes the velocity scale (m/s). This veloc-
ity scale that determines the average concentration at the local
point was named the net escape velocity (NEV) by Sandberg, and
the authors have reported®? that it can be calculated from the sum
of advective and diffusive fluxes of the contaminant in the local
domain.

The present study attempts to deepen the discussion on the
mechanism of formation of local average concentration at a “point”
in the room by focusing on the behavior of the contaminants consti-
tuting the average concentration at the "point” in the room defined
by NEV, and separating it into two components at this “point” of ref-
erence, viz., the contaminant directly exhausted from the “point”
through the exhaust outlet, and the contaminant returned to the tar-
get local domain through recirculating flow. In this paper, we have
named the probability of direct exhaust of contaminant from the
“point” toward the exhaust outlet in the room as net escape proba-
bility (NEP), and its definition and relation with NEV are discussed
below.

2 | NET ESCAPE PROBABILITY

To simplify the discussions, let us assume a two-dimensional room
model with one supply inlet and one exhaust outlet, as shown in
Figure 1. Moreover, assuming analysis based on computational fluid
dynamics (CFD) to assess the indoor flow field, which is a non-lin-
ear field governed by Navier-Stokes equation, let us make the con-
trol volume (CV), which is the minimum resolution scale in CFD,
the target local domain in our discussions. Although CV has a vol-
ume by definition, its average volume value can be treated as a
“point” by assuming discretization with the finite volume method,
and ignoring the non-uniformity at the volume boundary in volume
integration in the CV. In this manner, assuming the CV in CFD to
be the local domain, discussion on the assumed indoor “point” can
be pursued.

Focusing on a single CV in this room model, let us assume that a
fixed amount of contaminant q {kg/m’/s) is generated within the CV.
Although a portion of q generated within the CV is recirculated
within the room and ultimately purged through the exhaust outlet,

Fxlyatast |||\1'||'1I
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FIGURE 1 Conceptual diagram of NEP and returning probability

assuming the probability of g generated within the CV returning to
the CV through recirculation to be o [-], the inflow flux in the CV
(the sum of advective flux and diffusive flux at the CV surface
boundary) is balanced by the sum of the geometric series of con-
taminant returning probabilities, as expressed by the following
equation:

o
1-a

~
aVev Yo" = aVey
n=1

= Finfiow Ainflow (1)

where « is the returning probability [-] of the contaminant that was
generated with the CV and was purged out of the CV, q is the
amount (kg/m?/s) of contaminant generated within the CV, Vcy is
the volume (m?% of the CV, Ainow 1s the CV boundary surface area
(m?) of the inflow flux, and Finriaw is the inflow flux (sum of advective
and diffusive flux in the CV) (kg/m?/s). The presence of inflow flux
in the CV indicates that there is a recirculation of the contaminant
that was once transported out of the CV.

Considering the outflow flux Fouisow Of the CV, mass preserva-
tion gives Equation 2, and Equation 3 can be derived from Equa-
tions 1 and 2.

FinflowAinflow + aVev = FoutiowAoutfiow (2)
1
qVCV'1 = Foutflow ~ Aoutflow (3)
- o

where assuming the returning probability (RP, [-]) to be a, the follow-
ing equation for RP can be derived from Equations 1 and 3:

RP=q = — Fil|i|u-.-.--‘c\i||rlm“I o FinﬂrJWAhn[hw (4)

FinttawAinnow + Vv FouiowAoittiow

where it is assumed that the component other than o, that is, (1-a)
denotes the amount of contaminant that once transported out of
the CV does not return to the CV (although it may still remain within
the room) through recirculation, and this is defined as the NEP [-] of
the contaminant.

NEP =1 — o
qVey B FoutfiowAoutflow — FinflowAirﬂow (5)

Foutfloonutflow Foutfloonutﬂow

in the above discussion, it is assumed that the returning probabil-
ity o is constant. This assumption is considered rational based on the
premise that the discussions are limited to a uniform flow field and
the local domain is represented by a CV, the scale of which is the
minimum scale of resolution in CFD. Moreover, introducing this
assumption allows us to calculate the NEP using the RANS model-
based CFD analysis.

The NEP concept described in this section is equivalent to the
concept of visitation frequency, proposed by the authors in a previ-
ous study, when applied to CV, and rearranged as probabilities.”

The next section describes the relationship between NEP and
NEV, which is the velocity scale defining the average velocity at the

local “point."
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3 | RELATIONSHIP BETWEEN NEP
AND NEV

The authors have proposed two definitions of NEV, which is the vec-
tor quantity of the velocity scale that determines the average con-
centration of contaminant in the CV, using equations (6) and (7). The
definitions are based on the assumption of a one-dimensional model
(x-axis only) of the CV lattice structure®

Definition 1:
1 I3} |
NEV, = v { <UX¢‘|out . Deff% > . <UX¢|in e Deff% ) ) }
v out in )
= Foulflow.x . Finﬂcw;_(
dev
Definition 2:
0 _ 1 _ 0"’; . Fou!flowx
NEV, = g (wtloa Dy ) = d

where ¢cv is the contaminant concentration (volume average con-
centration) (kg/m? in the target CV. The ensemble average dcy will
be used in RANS model-based analysis for contaminant concentra-
tion ¢cy as shown in Equation 3. Moreover, Deg=(D+vi/ o), where o
is the turbulent Schmidt number.

Definition 1 shows the net exhaust velocity required to dilute or
remove the contaminant at the location of generation, and is equiva-
lent to the NEV when the purging flow rate (m*/s), which shows the
net ventilation amount defining the average contaminant concentra-
tion at a local domain (volume), is defined as a “point.”

Definition 2 shows the contaminant transport velocity by consid-
ering the efficiency of exhaust from the CV only as the contaminant
moves away from the CV. In Definition (1), the exhaust efficiency is
assessed by focusing on the component generated within the CV
only by subtracting the recirculated contaminant from the CV. How-
ever, Definition (2} shows the exhaust efficiency for all the compo-
nents in the CV, including the recirculated component, therefore
making it crucial to use the definitions appropriately depending on
the requirements of ventilation design.

NEV, in Equation 6 and NEV, in Equation 7 are vector quanti-
ties. However, considering only the outflow of contaminant from
the CV and redefining NEV; as a scalar quantity, and determining
the sign (positive/negative) based simply on the direction of the
inflow flux and the outflow flux with respect to the CV, NEV and
NEV* can be expressed as scalar guantities (defined in three
dimensions here) given by Equations 8 and 9, respectively, and
based on the relationship described in Equation 5, Equation 10 is
derived.’

INEV} = i INEV)| < Fouttiow ~ Finiow @
i-1 , 1|1(_v

. 3
Journal Logo —WI1 LEY—L
[NEV"| = i|NEVf| _ Foution )
ey ' dev
oVey
NEP . [NEV'| = -+ = |NEV| (10)
Illj‘uull’lu\u ‘bCU

In this study, the numerical analysis was performed with a simpli-
fied room model in order to clarify the physical implication of NEP.

4 | OUTLINE OF NUMERICAL ANALYSIS

Figure 2 shows the simplified target room model (two-dimensional)
used in the analysis. It is a 10Lgx10Lg (Lo is the supply inlet width)
dimensionless closed space, where three cases (Cases 1, 2, and 3),
by altering the position of exhaust outlet with respect to the supply
inlet at the floor level, and one case (Case 4), where the wall facing
the supply inlet was coated with adsorptive building material, were
considered. Three variations of the position of the exhaust outlet,
namely, near the floor on the wall facing the supply inlet (Case 1),
near the ceiling on the wall facing the supply inlet (Case 2), and near
the ceiling on the wall with the supply inlet (Case 3) were consid-
ered, and in the fourth case, the exhaust outlet position was the
same as in Case 3 facing the wall coated with adsorptive building
material.

The room was divided into a 10x10 mesh with equal intervals
of Lo, the supply inlet width, resulting in supply inlet and exhaust
outlet sizes of one mesh width. Moreover, the dimensionless air
velocity at exhaust outlet was set as 1, with an assumed turbulence
intensity of 30%. The calculations were performed with a Reynolds
number (Re=UoL,/v, where Uq is the inflow air velocity) of 70 000.
The model used in this analysis has been used in a previous study®
for NEV analysis. Using as simple a model as possible, this study
aimed to elucidate the analytical method through discussions on
NEV and the physical implication of NEP proposed here. Therefore,
the mesh division has been simplified, and conditions for the analysis

L= > =
{1) Case 1 {2) Case 2
- -
Adsoiptive
building matetial
e >
(3 Case 3 (4) Case 4

FIGURE 2 Cases analyzed
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have been set with a clear perception of the limits based on the

Journal Logo

standpoint of prediction accuracy concerning a flow field or a con-
centration field.

The flow field in the two-dimensional room model was analyzed
as turbulent flow using the standard k-¢ model, by dividing the space
into a 10x10 mesh with equal intervals. Although the analysis was
performed using the wall function (generalized logarithmic rule), no
consideration was given to the size of the first mesh on the wall.
After analyzing the steady flow field, assuming passive scalar, the
analysis of contaminant diffusion field was undertaken. The contami-
nant was generated in each of the CVs, and the concentration field
was separately calculated for each CV. Accordingly, the contaminant
was generated, and the concentration field was analyzed for each of
the 10x10=100 meshes in this analysis, resulting in a total of 100
concentration field analyses. The contaminant generation rate gcy
was set such that the perfect mixing concentration at the exhaust
outlet would be 1 for all the different conditions (Table 1).

While analyzing the contaminant concentration field, in Case 1
through Case 3, a boundary condition of zero gradient concentration
was applied on all the walls. In Case 4, a condition of zero concen-
tration (perfect sink) was applied to the adsorptive material-coated
wall, while on the remaining walls, a boundary condition of zero gra-
dient concentration was applied.

5 | NUMERICAL ANALYSIS RESULTS

5.1 | Average air velocity distribution

Figure 3 shows the average scalar air velocity distribution. The vec-
tor distribution of average air velocity along with the results of anal-
ysis on NEV* are shown in Figure 6 (advective air velocity: — ,
NEV*— ). Considering the scalar air velocity distribution, it is
observed that the air from the supply inlet near the lower part of
the wall on the left is flowing toward the interior along the floor.
After hitting the opposite wall with the exhaust outlet, it flows along
the wall surface creating a large flow circulation within the room. In
all the cases analyzed, the average air velocity in the vicinity of the
walls was relatively higher compared to that toward the center of
the room, creating a stagnant zone. Considering the average air
velocity vector diagram (Figure 6 — ), in all the cases, a large anti-
clockwise flow circulation was observed, although there were some

TABLE 1 Numerical and boundary conditions

Mesh design 10 (X)x 10 (Y}
Turbulent model Standard k-¢ model
Algorithm SIMPLE

Inflow boundary Un=1.0 [-], k,=3/2(0.3U;,2, &,=C, > *k>?/1;,

Outflow boundary Uouw koun Eou=Gradient zero

Wall treatment Velocity: Generalized log law
Contaminant: Gradient zero (general wall)

Cs=0 (adsorption wall surface)

Contaminant Passive scalar

differences in air velocity depending on the relative position of the
exhaust outlet. It is observed that in Case 1, the air flow path from
the supply inlet to the exhaust outlet is the shortest, suggesting that
the indoor circulation speed was lower compared to all other cases
because the air from the supply inlet directly flowed toward the
exhaust outlet.

5.2 | Contaminant concentration distribution

Figure 4 shows the contaminant concentration distribution when the
contaminant is uniformly generated within the room. The values
shown in the figure are dimensionless concentrations [-]; however,
for Case 1-Case 3, the values have been standardized using the con-
centration at the respective exhaust outlets. In Case 4, the values
were non-dimensionalized using the perfect mixing concentration,
the same in all the cases, as calculated for the ventilation quantity
and the amount of contaminant generated. This was because of the
presence of concentration reduction effect due to the wall coated
with the adsorptive material.

Although there are differences in the concentration distribution
depending on the position of the exhaust outlet, as observed in the
air velocity distribution in Figure 3, the concentration is higher
toward the center of the room where the air velocity is lower, creat-
ing stagnant zones. The indoor volume average concentration shows
a gradually lower value from Case 1 through Case 4, suggesting that
the contaminants are effectively transported by the circulating air
flow along the floor and the walls, and because of this, especially in
Case 4, the contaminants are effectively transported to the adsorp-
tive wall, resulting in the efficient removal of contaminants. As a per-
fect sink for contaminants is assumed by setting the surface
concentration on the adsorptive wall as zero, a significantly low con-
centration of 0.1 was achieved in Case 4, as opposed to the highest
value of approximately 1.2 for the indoor contaminant concentration
in Case 3.

Figure 5 shows the average concentration distribution when the
contaminant is generated in the CV at a point P inside the room.
The values shown are dimensionless concentrations similar to the
ones in Figure 4. The concentration is higher in the neighborhood of
the point P of contaminant generation, and especially higher in the
downstream region within the recirculating flow in the left side of
the room.

5.3 | Average air velocity and NEV* vector
distribution

Figure 6 shows the average air velocity distribution {advective air-
flow vector diagram) and results of analysis on NEV*. As shown
here, NEV* was calculated based on results of analysis of the aver-
age concentration field obtained through steady generation of con-
taminants sequentially in each CV, and shows the scale of
contaminant transport velocity based on integration of the effect
of advection and diffusion due to contaminant concentration gradi-
ent. Under the analysis conditions in the present study, in all the
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FIGURE 3 Distributions of velocity magnitude (U;,=1.0)
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FIGURE 5 Distributions of contaminant concentration under contaminant generation at point P in the space [-]

cases, while no large differences were observed between the
advective air velocity vector and NEV* vector, a detailed compar-
ison revealed a certain difference in size and direction between the
vectors. Overall, NEV* has been evaluated to be generally larger
compared to the advective air velocity, and it largely confirms the
presence of a certain extent of the diffusion effect due to contami-
nant distribution gradient (turbulent flow). The results suggest that
the direction of the advective flow and the direction of the con-
centration gradient (direction of diffusion) are the same; if the
directions of advection and diffusion were different, then NEV*
would be evaluated to be lower than the advective air velocity
scale. When comparing Case 3 with Case 4 (with an adsorptive
wall facing the supply inlet), no significant differences were

observed in the NEV* distribution; however, for NEV* at the first
CV from the wall facing the supply inlet, the NEV; component is
evaluated to be about 2-3% larger in Case 4 than in Case 3,
because of the effect of the diffusion component on the adsorptive
surface. Under the conditions of this analysis, the diffusion flux
from the target CV is almost always outward due to isotropic diffu-
sion, because in NEV* calculations, the contaminant generation
occurs only at the target CV. In spite of the presence of a constant
adsorptive flux toward the adsorptive surface in the CVs adjacent
to the adsorptive wall, there also exists a constant diffusion flux in
the opposite direction (toward the space), and they cancel each
other out in NEV; calculations, resulting in a dominant NEV; com-
ponent parallel to the adsorptive surface.
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5.4 | RP and NEP distribution

Figure 7 shows the results of the analysis of RP (Equation 4) distri-
butions. The results of the analysis of NEP (Equation 5} distributions
are shown in Figure 8. Similar to NEV* shown in Figure 6, the RP
and NEP for each CV shown here were calculated based on a steady
flow field information and the information on the average concentra-
tion field obtained by a sequential contaminant generation in each
CV (10x 10 times of concentration field calculations were performed
corresponding to the number of meshes used in calculating the NEP
distribution shown in Figure 8).
in all the cases, at the CVs adjacent to the supply inlet and the
exhaust outlet, the RP was close to 0, with NEP approaching a
value of 1. The results indicate that although the contaminant gen-
erated in the CVs adjacent to the supply inlet and the exhaust out-
let may traverse different flow paths within the room after
escaping from the CV, more than half of it does not return, likely
due to the direct purging through the exhaust outlet. RP is rela-
tively lower and NEP is relatively higher also at the stagnant region
near the room center and at the corners without supply inlet or
exhaust outlet. In the stagnant region, the transport of the contam-
inant generated in the CV is dominated by diffusion, and the
results quantitatively demonstrate that the probability of the con-
taminant returning due to advective flow is low. As shown in Fig-
ure 8, the NEP distribution probability of

transportation of the contaminant generated at each point in the

represents  the

« Velooin «NEV®

# . ® « % . Ty > @ N ) !
4 & & & - ' - » bt ! ;
v 1 p G g ot 1]
) < ol .0 ]

. . u - . * - -
. . IR T - PO Y I !
. - . . o T

L ]
. - - . - T T
> - et e e T
(1)Case | (2)Case 2

diagram toward the exhaust outlet (without ever returning to the
respective points). It also quantitatively indicates the contaminant
exhaust path (or the ventilation dilution path). However, it must be
noted that it does not include the concept of the scale of time
required for the exhaust.

5.5 | NEV distribution

We have proposed two definitions of the transport velocity scale
that determines the contaminant concentration at local points, given
by NEV (Equation 6) and NEV* {(Equation 7). As shown in Equa-
tion 10, these are integrated by using NEP, which is the probability
of the net exhaust of the contaminant. Figure 9 shows the | NEV* |
distribution given by Equation 7, and Figure 10 shows the NEV* dis-
tribution, which is the same as | NEV | distribution given by Equa-
tion 6. Comparing these with the average scalar air velocity
(advective air velocity), distribution shown in Figure 3 reveals that as
the contaminant leaves the local point (CV), the contaminant trans-
port velocity | NEV* | becomes greater than the advective air veloc-
ity, and the difference between the advective air velocity and
{ NEV* | shows the component that is transported out of the local
point due to diffusion of the contaminant. [t is also observed that
| NEV |, which is the exhaust speed scale component for the contam-
inant exhaust path leading directly to the exhaust outlet without
returning to the point of generation after the contaminant escapes
the local point (CV), becomes smaller than the advective air velocity.

Alspliee buldirg m.

M o= e -0 Vi b B W Py I S MR W =
- LI} POREY WY S S
- -— s - - %
—..--““‘ |".,, s v 1]
‘.I" | T
14 o o = 4 .« v
'
‘..--v"" -1'
1 b : 1
‘..111"'| : A
}
[ ¢ . *
P (N _— ‘
4 , r
.,.---"’T| N T B i
ol

) Case 4

FIGURE 6 Vector distributions of airflow (advection) and NEV* (U;;=1.0]

FIGURE 7 Distributions of returning probability [-]
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(2) Case 2

(1) Case 1

FIGURE 8 Distributions of net escape probability [-]

6 | DISCUSSION AND FUTURE
CHALLENGES

In this paper, to facilitate the discussions on one limit (extreme
value) of ventilation efficiency at an indoor local domain, assuming
the CV in CFD analysis to be a point mass, a method, to calculate
the probability of contaminant returning to the local point where it
was generated (RP) and the probability that the contaminant is
exhausted directly through exhaust outlet and does not re-circulate
to the target local domain (NEP) using the results of average diffu-
sion field analysis based on RANS model, has been proposed, and
the results of the numerical analysis using a simple two-dimensional
room model have been described.

The average contaminant concentration or the concentration
non-dimensionalized by perfect mixing concentration at a local point
provides essential information while considering the ventilation effi-
ciency at that point. The average concentration of this local point
will be controlled by the design goal or the value below the thresh-
old set in various environmental standards. However, for effective
control of this concentration, it is necessary to comprehend the
mechanism of average concentration formation. For example, when
NEV*, representing the transport velocity of the contaminant, and
NEP are both large, the contaminant (both retuming and generated)
quickly leaves the point of interest due to advection and turbulent
diffusion, and exhibits a high probability of being directly purged
through the exhaust outlet without any recirculation, resulting in a
large NEV as defined by Equation 10 at this point. In ventilation
design, one can grasp the degree of concentration dilution due to
turbulent diffusion by comparing this NEV* with the average air
velocity (advection speed) at the point of interest, while the NEP
value helps grasp the relative position of the point in question on
the virtual ventilation path from the supply inlet to the exhaust out-
let. This is the intention behind the aforementioned “comprehending
the mechanism of average concentration generation at a local point.”
However, the practical control parameters in ventilation design are
the supply inlet layout and air volume, and considering that the flow
field is highly non-linear, the results of adjusting these parameters
suggest that it is impossible to quantitatively grasp their effect on
NEV* or NEP without performing analysis under new boundary con-
ditions. The problem of determining an appropriate layout and air

Journal Logo —WI LEY—l—7

(3) Case 3

(4) Case 4

volume, based on NEV* and NEP values, actually belongs to the cate-
gory of inverse problem analysis, and in this area, many studies such
as three-dimensional or four-dimensional variational assimilation are
being pursued. The authars believe that further studies including
inverse problem analysis are required to advance the goal of analysis
on NEV* and NEP from comprehending the mechanism of average
concentration generation at a local point in order to use it as a prac-
tical ventilation design tool.

The NEP and NEV are quantitative indicators for discussions
regarding "efficiency concerning contaminant transport from a target
local point to the exhaust outlet, in a series of ventilation airflow
path from the supply inlet to the exhaust outlet.” NEP indicates the
probability that the contaminant generated at the target local
domain is exhausted directly through exhaust outlet, and assuming
that the air or contaminant mass flowing through this target domain
enters the next domain downstream of the target domain and fol-
lows either a path without returning to the target domain directly to
the exhaust outlet, or a path that involves at least once returning to
the target domain, the percentage of contaminant transport volume
in the former is given by NEP, while in the latter, it is given by RP.!
NEV* represents the contaminant transport velocity concerning all
the possible transport paths downstream of the target domain,
whereas NEV represents the contaminant transport velocity (this is
different from advective air velocity) concerning the paths down-
stream of the target domain leading directly to the exhaust outlet.

Assuming that the concentration is constant in the target domain
if NEV* at this point is large, but the NEP is small, then it indicates
that although the transport velocity of the contaminant generated is
high, it may repeatedly return to the target domain. If NEV” is small
and NEP is large, then it indicates that although the transport veloc-
ity of the contaminant generated is low, it means that the contami-
nant moves directly toward the exhaust outlet without returning to
the target domain. These are concisely represented by NEV, integrat-
ing NEV*and NEP. The authors believe that ventilation efficiency
analysis using NEV, NEV*, and NEP will be effective in evaluation of
cases where the contaminant concentration cannot be determined
solely from advective air velocity and ventilation air volume, or
where the concentration is greatly affected by an adsorptive flux
due to the presence of adsorptive materials, or where a concentra-
tion attenuation occurs due to chemical reactions in the air.
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The authors also believe that the discussions based on local
“point” presented in this paper will be extensible to local domain
with a finite volume, and applicable in regulating ventilation effi-
ciency in breathing and residential zones. Therefore, the authors
hope that the discussions on average concentration formation mech-
anism at a “point” treated as a limit of the local domain will be help-
ful to other researchers.
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ENDNOTES
* NEV and NEV*, as defined in Equations 6 and 7, are derived based on
mass balance at the CV that is assumed to be a virtual local point.
Therefore, in discussions based on a one-dimensional model, the inflow
and the outflow areas corresponding to the virtual CV are assumed to
be equal. The assumption of inflow area and the outflow area being
equal does not strictly hold if this formulation is extended to a three-
dimensional CV. Therefore, in a three-dimensional CV, it is necessary
to use adjusted inflow flux Finov, such that the inflow area equals the
outflow area, by adjusting the inflow flux Fj 0w using the ratio (Aj,now/
Acutiiow) OF inflow area Ajqnov, and outflow area Agyow, When deriving
Equation 10 from Equations 8 and 9.

Assuming uniformity is preserved within the CV, and given that the CV
has the lowest resolution scale in CFD analysis, it is considered rational
to formulate NEV and NEP using the inflow/outflow flux based on the
assumption that the inflow area equals the outflow area.

For example, if at a local point, NEP=0.7 and RP=0.3, it implies that
70% of the contaminant flowing along the path through the point will
be purged outdoor directly along a path toward the exhaust outlet
without returning to the point, while 30% of it will be returning at least
once to the point in question traversing various flow paths in the room.
The conceptual diagram is shown in Figure Al.
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