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Preface

Dear Distinguished Authors and Guests,

We are glad to introduce you to the proceedings of 2021 the 4th International Confer-
ence on Sustainable Development of Water and Environment (ICSDWE2021), which
was successfully held on March 13, 2021. Different from the previous three times,
ICSDWE2021 was carried out in the form of the virtual conference due to the impact
of COVID-19. Because there is worldwide travel restriction, we held this flexible
online conference to gather experts and scholars from China, Korea, Japan, Thailand,
Malaysia, USA, Viet Nam, Germany etc. with the aim to continue disseminating
the latest advanced research in the field of sustainable development of water and
environment and developing the academic exchange among researchers.

The aim of ICSDWE2021 is to present the latest research and results of scientists
(professors, students, Ph.D. students, engineers, and post-doc scientists) related to the
sustainable development of water and environment. The key goal of the conference
provides opportunities for academic scientists, engineers, and industry researchers
to exchange and share their expertise, experience, new ideas, or research result and
discuss the challenges and future in their expertise. ICSDWE2021 also provides a
platform for the students, researchers, and engineers to interact with experts and
specialists on the technical matters and future direction of their research area.

The papers were selected after the peer-review process by conference committee
members and international reviewers. The submitted papers were selected on the
basis of originality, significance, and clarity for the purpose of the conference. The
papers should provide the reader an overview of many recent advances in the field
related to the Sustainable Development of Water and Environment. The conference
program is extremely rich, featuring high-impact presentation. We hope that the
conference results constituted a significant contribution to the knowledge in these
up-to-date scientific field.



vi Preface

On behalf of the organizing committee, we would like to express our sincere
gratitude to the distinguished keynote speakers, as well as all the participants. We
also want to thank the publisher for publishing the proceedings. May the readers
could enjoy the gain some valuable knowledge from it.

We are expecting more and more experts and scholars from all over the world to
join the 5th ICSDWE2022.

With our warmest regards

Incheon, Korea (Republic of) Han-Yong Jeon
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Chapter 1 ®)
Solar Thermal Energy Production Gzt
in DSF Applied in the Human Comfort
Improvements

Eusébio Conceicao, Ma Inés Conceicio, Ma Manuela Licio, Joao Gomes,
André Ramos, and Hazim Awbi

Abstract This work presents a numerical study of solar thermal energy production
in DSF applied in the human comfort improvements, in winter conditions. The study
considers a solar thermal energy production made in a DSF system placed in the
outdoor environment and the improvement of human comfort conditions, namely the
thermal comfort and the indoor air quality in a virtual office provided with impinging
jets ventilation and occupied by eight occupants seated around the table with eight
seats. This study uses a Building Dynamic Response numerical model and coupling
of the Computational Fluids Dynamics and Human Thermal Response numerical
models. The impinging jets ventilation is built with an inlet system and an outlet
system. The inlet system integrates 4 vertical ducts, installed near the corner of the
walls, whose airflow direction is descendent, at 0.5 m from the floor. The outlet
system integrated six vertical ducts, located above the head level, with ascendant
airflow direction. The study considers a solar thermal energy production in DSF
during all day and the detailed evaluation of comfort condition in the middle of the
morning and afternoon. The indoor air quality, thermal comfort, Draught Risk and
Air Distribution Index are evaluated. The results show that the energy production
ensures acceptable indoor air quality and thermal comfort conditions.
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Keywords Energy - DSF - Impinging jets ventilation - Indoor air quality -
Thermal comfort + Draught risk - Air distribution index

1.1 Introduction

A DSF, double skin facade, is frequently used in the solar thermal energy production,
see Ghaffarianhoseini et al. (2016), Pasut and Carli (2012), Hazem et al. (2015) and
Poirazis (2004). This equipment is built by an air cavity between two transparent
glasses. The control of the cavity air ventilation can be performed by natural process,
mechanical process or hybrid processes. The DSF is dependent on the characteristics
of the skin coverage, the air ventilation topologies used, the eventual use of shading
devices, its location in the building, among other details.

Several authors have investigated ventilation systems based on impinging jets in
the last years. Example of this kind of study can be analysed in Karimipanah et al.
(2008), Karimipanah and Awbi (2002), Cao et al. (2014), and Karimipanah et al.
(2000). This study considers vertical ducts with descendent airflow. The ducts can
be localized in the corner of the walls or in other placed.

The human comfort is evaluated by the thermal comfort level and the indoor air
quality level (IAQ). The performance of the Heating, Ventilation and Air Condi-
tioning (HVAC) system is evaluated by the Air Distribution Index (ADI). However,
the local thermal discomfort eventually promoted by HVAC system is evaluated by
the Draught Risk (DR).

The Predicted Mean Vote (PMV) index and the Predicted Percentage of Dissat-
isfied people (PPD) index are used to evaluate the occupants thermal comfort level.
The PMV and PPD indexes, parameters developed by Fanger (1970), are applied
to assess the thermal comfort conditions in spaces with HVAC system and they are
presented in ISO 7730 (2005).

The carbon dioxide concentration is used in the IAQ evaluation (Conceigao et al.
2008a). The carbon dioxide concentration, release by the occupants, can be used as
reference of IAQ in occupied spaces (ANSI, ASHRAE Standard 2016).

ADI is used to assess simultaneously the air quality, thermal comfort, contami-
nants removal efficiencies and heat removal efficiencies. ADI was presented in detail
in the work of Awbi (2003), for uniform environments, and in the work of Concei¢ao
et al. (2013), for non-uniform environments.

DR is used to assess the level of local thermal discomfort of occupants of an
air-conditioned space. DR was developed by Fanger et al. (1988) and it is depending
of air temperature, air velocity and air turbulence intensity.

The numerical software used in this work is based on a coupling between two
numerical models, Computer Fluid Dynamics (CFD) and Human Thermal Response
(HTR). This methodology can be seen in the studies of Concei¢ao and Licio (2001,
2016), Conceigdo (2000), and Conceigdo et al. (2010a). The coupling methodology
need inputs obtained from Buildings Dynamics software. Examples of this kind of
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software can be analysed in the studies of Yan et al. (2014), Sailor (2008), and Balaji
etal. (2013).

In this study the inputs of the coupling methodology came from a Building
Dynamic Response numerical model developed by the authors. Examples are shown
in Conceicdo et al. (2000, 2008b), Conceicdo and Licio (2009, 2010a). The assess-
ment of the air temperature distribution, surfaces temperature distribution and energy
consumption was carried out. The surrounding building bodies, as tree, and others
external details, can be see analysed in Concei¢do and Licio (2010b). This soft-
ware considers the evaluation of thermal comfort through the PMV/PPD indexes
(Conceigdo et al. 2018), the adaptive thermal comfort (Conceigdo et al. 2010b), and
the temperature preferred control model (Conceigdo et al. 2009).

The main objective of this numerical work is to develop a new situation where the
production of energy is made in a DSF system using the solar renewable energy. The
human comfort, in this work, is made by an impinging jet system. In the numerical
simulation, made in winter conditions, it is used a coupling of the CFD, HTR and
Building Dynamic Response numerical models to evaluate the thermal comfort, TAQ
and DR levels, and the ADI.

1.2 Numerical Methodology

This work is made in a virtual office with 4.5 x 2.55 x 2.5 m>. The office is equipped
with an internal impinging jets ventilation system and an external DSF system.

The impinging jets ventilation system is built with an inlet system and an outlet
system. The inlet system integrates four ducts placed in the wall corners. The inlet
airflow, with descendent direction, enters at 0.5 m from the floor. The outlet system
uses six vertical ducts, located above the table level.

The numerical methodology used in grid generation of the CFD model is presented
inFig. 1.1. Figure 1.1arepresents eight occupants, a table and eight chairs. Figure 1.1b
includes the inlet ventilation and the outlet ventilation system. Figure 1.1c represents
the inlet (light green arrows) and outlet (light blue arrows) airflow.

Figure 1.2 shows the numerical methodology used in the grid generation of the
HTR model. Figure 1.2a represents eight occupants and a table. Figure 1.2b also
includes the impinging jets ventilation, namely the incoming and exit system. The
occupant location and identification number are presented in Fig. 1.3.

In Fig. 1.4 the scheme of the DSF system used in the energy production is
presented. Figure 1.4a represents the office space equipped with a DSF system and
Fig. 1.4b represents the DSF detailed.

In the numerical simulation is important to consider the occupation and the
ventilation cycle.
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c)

Fig. 1.1 Numerical methodology used in the CFD model grid generation: a Representation of eight
occupants, a table and eight chairs. b Including the inlet ventilation and the outlet system. ¢ With
inlet (light green arrows) and outlet (light blue arrows) airflow used

Fig. 1.2 Numerical methodology used in the grid generation of the HTR model: a Representation
of eight occupants, a table and eight chairs. b Including the impinging jets ventilation
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Fig. 1.3 Location of the occupants and identification number of each occupant

i

a) b)

Fig. 1.4 Design of the DSF system used in the production of energy: a Office space equipped with
a DSF system. b DSF detailed
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The occupation cycle of the virtual chamber is the following:

e 8h00 to 12h00, during the morning time, is occupied by eight persons;
12h00 to 14h00 is not occupied (lunch time);
14h00 to 18h00, during the afternoon time, is occupied by eight persons.

The ventilation cycle, that is used to transfer the energy from the DSF system to
the office space and to improve IAQ and thermal comfort levels, namely:

0h0O0 to 8h00, one air renovation;

8h00 to 12h00, airflow rate acceptable for eight occupants;
12h00 to 14h00 one air renovation;

14h00 to 18h00, airflow rate acceptable for eight occupants.
16h00 to 24h00 one air renovation.

In order to evaluate the thermal comfort and indoor air quality, the coupling
numerical software as used at 10:00 h and 16:00 h, namely:

e 10 h, evaluation of human comfort conditions at morning;
® 16 h, evaluation of human comfort conditions at afternoon.

1.3 Results and Discussion

In this point, the results obtained of the DSF numerical simulation and of the
occupants and environment variables determination are presented.

1.3.1 Energy Production in the DSF System

In Fig. 1.5, the DSF system indoor air temperature and outdoor environment
temperature evolution is presented.

In accordance with the results, the three DSF system presented the same internal
temperature and the DSF air temperature increases during the morning and decreases
during the afternoon. This fact is associated with the solar radiation.

The Building Dynamics Response numerical model calculates the results
presented in the Fig. 1.5. The obtained results at 10:00 h and at 16:00 h are trans-
ferred to the coupling system, in order to be used in the thermal comfort and IAQ
evaluation.

1.3.2  Air Velocity

The distribution of the air velocity around the sections of the human body is depicted
in Fig. 1.6. At 10 and 16 h, the evolution is presented, respectively, in Fig. 1.6a and b.



1 Solar Thermal Energy Production in DSF Applied ... 7
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Fig. 1.5 Evolution of DSF system indoor air temperature and of outdoor air temperature

According to the obtained results, the air velocity is higher in the lower human
body sections than in the upper human body sections.

1.3.3 Air Temperature

In Fig. 1.7 is possible to verify the evolution of the air temperature distribution
around the human body sections at 10 h, in Figure a), and at 16 h, in Figure b). The
air temperature is higher in the upper body sections than in the lower body sections.

1.3.4 Draught Risk

In Fig. 1.8, it is shown the DR distribution around the human body sections at 10:00 h
and at 16:00 h, respectively in figures a and b.

DR is higher in the lower sections than in the upper sections. The DR is slightly
highest in the lower sections for the occupants located in the top of the table than for
the occupants located in the side of the table. The DR level is acceptable, regarding
to ISO 7730 (ISO 2005).

1.3.5 Air Distribution Index

ADI values are presented in Tables 1.1 and 1.2. The Table 1.1 is associated with
10:00 h, while Table 1.2 is associated with 16:00 h.
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In general. all variables and parameters are similar both at 10:00 h and 16:00 h.
The thermal comfort and TAQ levels are acceptable regarding to the international
standards. The level of the thermal comfort is near the Category C (ISO 2005),
and the value of carbon dioxide concentration is near the acceptable limit (ANSI,
ASHRAE Standard 2016).

The results of the production of energy in the DSF system reveals that this system
can promote acceptable thermal comfort and IAQ conditions, in accordance with the
international standards.

1.4 Conclusion

In this work a numerical study of solar thermal energy production in DSF applied in
the human comfort improvements, in winter conditions, is developed and presented.
This DSF system, located in the office space outdoor environment and used in the
energy production, uses solar renewable energy. The HVAC system, founded in an
impinging jet system, is used to improve the human comfort conditions.

A coupling of CFD and HTR and a Building Dynamic Response numerical models
were used in the numerical simulation to evaluate the human comfort and discomfort
conditions. ADI was used to evaluate the performance of the HVAC system.

In accordance with the obtained results, the energy production guarantees accept-
able thermal comfort and IAQ conditions. The HVAC system, applied in this work,
promotes, inclusively, low DR levels to the occupants.

Acknowledgements The authors would like to acknowledge to the project (SAICT-
ALG/39586/2018) from Algarve Regional Operational Program (CRESC Algarve 2020), under
the PORTUGAL 2020 Partnership Agreement, through the European Regional Development Fund
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Chapter 2 ®)
Hydraulics Geometry Analysis of UPNM <o
Channel

Zuliziana Suif, Saiful Syazwan Wahi Anuar, Nordila Ahmad,
Maidiana Othman, and Siti Khadijah Che Osmi

Abstract Depth, width, velocity and suspended load are essential hydraulic features
that are determined mainly in the form of the river cross-section. The objective of
this study is to measure the hydraulic geometry parameters at station and investigate
the relationship between hydraulic geometry parameters with suspended sediment
concentration of the Universiti Pertahanan Nasional Malaysia (UPNM) channel. In
the analyses on the channel, three stations were selected. All of these stations have
sediment discharge, flow discharge and cross-sections measured data. Result shows
that at relationship of discharge and hydraulic geometry parameters b, f, m, a, ¢ and
k were obtained to be —0.0440, 0.1386, 0.3305, 1.4948, 0.3670 and 0.4868 respec-
tively. While the average hydraulic geometry sediment rating at every station found
to be 0.2728, 0.3765, 0.3745, 3.9596, 1.9478 and 1.4601 respectively. Moreover,
suspended sediment discharge and flow discharge shows a good average correlation
coefficient and exponent of 0.0112 and 2.7031 exponent, respectively. Overall, the
results of this research should be useful for watering the basin, management and
resource planning projects.

Keywords Depth - Width - Velocity + Hydraulic geometry + Suspended sediment
concentration + UPNM

2.1 Introduction

Research on hydraulic geometry and hydraulic characteristic has been started long
ago to improve the management of water, as it is great importance in the watershed.
The measurable hydraulic characteristics that constitute the form of rivers such as
depth, width and velocity are achieve by expressing these values as a power function
of flow discharge. The river has a capacity to transport large volume of sediment
while conveying water.
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The hydraulic geometry in a station scale describes the difference between mean
depth and width of the water when discharging in a river. Hence, the ability to
understand and anticipate the shape of such fluvial geometry relations is a powerful
tool for river managers. The term is introduced at-a-station hydraulic geometry of
the relationship between (Leopold et al. 1964) between depth, flowrate (velocity)
and surface width and discharge of water. Hydraulic geometry at-a-station produces
mean values at certain period. For example, such as one week, one month, one season
or one year. Analysis that carried out at a certain flow measurement station for a given
cross section of the river or stream. A line that is compared to the plot of monthly
dumping values cross- sectional field characteristics of a station presents a hydraulic
geometry parameter power function.

Theoretically, after rain the amount of sediment will increase the amount of sedi-
ment, too much sediment will cause damage to water quality, algal bloom, and depo-
sition build up. However, sediment is important to aquatic life but excessive amount
of it will cause more damage than create. However, too little sediment also become
a main trouble to environmental. Starvation of sediment often made by human in
construction field but natural barrier also can limit sediment transportation. That is
why this problem has to put priority to find solution and avoid future environmental
issue.

Hydraulic geometry parameters show variations, Alluvial channels depending on
bed content (Kolberg and Howard 1995). As it is costly and inefficient to collect
actual Channel Information, it is proposed that the planning level model should
be subject to hydraulic geometry relations and that the approach of evaluating other
models should be merged (Allen et al. 1994). Hydraulic geometry represents changes
made by the stream, both on a cross section and downstream, due to release changes.
Changes in width, mean depth, mean velocity, tilt, friction, suspended load and water
surface pitch are made. The relation between releases and changes is transmitted as
power work: y = aQb, with y being the changing parameter, Q releasing, a and b
being coefficients.

Hydraulic geometry similar to the hydraulic slope and bank strength (manning)
(Huang and Warner 1995). Dense vegetation produces smaller channels, while bed
vegetation enhances flow resistance and generates broader channels, decreases flow
speed and no major changes in depth (Huang and Nanson 1998). The hydraulic
geometry of a river flow channel refers to the relationship between flow and some
hydraulic properties of the channel, such as distance, depth and speed. In comparison
to hydraulic geometry downstream, which deals with spatial variations in channel
properties at some reference load, the hydraulic geometry of one station deals with
temporal variations in flux variables as fluctuates at a cross section for uncommon
discharges to bank full ranges. Hydraulic geometry at stations uses a variety of
discharges for single transverse geometry to be bankrupt.

The main objective of this study were following (1) To measure the flow discharge,
suspended sediment concentration and hydraulic geometry at selected station, (2) To
investigate the relationship between hydraulic geometry with suspended sediment
concentration.
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2.2 Study Area

Universiti Pertahanan Nasional Malaysia (UPNM) is a military university located in
Sungai Besi Camp, Kuala Lumpur, Malaysia. There are few construction has been
conducted in UPNM currently to fulfil current needs so UPNM will be the new study
area of this research. Three sediment and flow stations were used in this analysis.
The sediment and discharge data of all these stations is available. Every week, cross-
sectional data on the channel were collected and sediment measurements were taken.
The cross-sectional area data with the related regular discharge values were used for
evaluating each station. The study will be cover in channel and small stream at UPNM
only.

2.3 Methodology

In this study, the instalment of apparatus is to investigate the value of suspended
sediment concentration and hydraulic geometry parameters at different station in
UPNM area. The different type of station will tell the different condition of suspended
sediment concentration. In this experimental phase there will be one laboratories
involve that is Environmental Laboratory. In Environmental Laboratory, the field
sample will undergo the Total Suspended Solid (TSS) test. Then the Flow Tracker
will be used to determine the discharge (Q), velocity (V), depth (D) and surface width
(B) at different station in UPNM area. All the mentioned data will be measured at
the field during the uses of Flow Tracker.

2.3.1 Collecting Water Sample

The water sample used in this research was measured from three (3) station selected
in area of UPNM as shown in the Fig. 2.1 under study area. There will be three (3)
water sample all together and each of them taken every week to be tested the quantity
of suspended sediment concentration. The first station is a natural type. While, the
second and third station is human made channel which is trapezoidal shape channel.
The point of sample that collected is shallow so the procedure of collecting the sample
does not face many challenge. The sample taken at center of the channel and at the
mid from the base of the channel. To analyse suspended sediment concentration, the
sample that have been collected will be carry to the Environmental Laboratory to be
tested using TSS testing.
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Fig.2.1 Relationship between hydraulic geometry parameters and discharge at Station 1 (a), Station
2 (b) and Station 3 (¢)

2.3.2 Measurement of Hydraulic Geometry

Measurement of hydraulic geometry parameters using a device named Flow
Tracker2. The instalment of this device is to measure and determine the hydraulic
geometry of the channel that has been specifically determined. The device will be
setup at the field and all data will be collect on the spot. The hydraulic geometry
parameters that collected at different station in UPNM was recorded. The Flow
Tracker?2 able to detect velocity, water discharge, depth, coordinate, temperature and



