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FOREWORD

Bismillahir Rahmanir Rahim

MIST International Journal of Science and Technology (MI]JST) series aims at providing a forum for
scientists, engineers, researchers, educators and professionals from around the world for sharing the
research findings using the state-of-art technologies in their respective fields. Through its quality and
timely publication, MIJST has made its mark as a quality journal at home and abroad.

It was pleasure to endorse a series of reform drives in 2021 by MIJST Board aimed at meeting all the
requirements of Scopus and WoS indexing by MIJST. With the restructured Journal and the Advisory
Boards, comprising prominent researchers from the entire globe, I firmly believe that MIJST will be
capable of achieving its desired goal of getting enlisted in Scopus and WoS. I would like to welcome all the
new members of the restructured Journal and the Advisory Boards and wish to have their meaningful
cooperation and guidance to steer MIJST through a successful journey to achieving global recognition. At
the same time [ would like to thank all the valued authors who have contributed to this issue of the MIJST.
Special thanks and gratitude are also due to all the learned reviewers of the issue for their valuable
contributions towards enhancing the quality of the articles. [ would like to also extend my whole-hearted
thanks to the entire MIJST team for the timely publication of the current as well as all the previous issues
of MIJST.

[ wish continued success of MIJST in the years to come!

Major General Md Wahid-Uz-Zaman, BSP, ndc, aowc, psc, te
Commandant, MIST, Bangladesh
Chief Patron, MIJST, Bangladesh






EDITORIAL

It is a matter of great satisfaction that the 2nd issue (December 2021) has been published on schedule
thanks to the commitment and concerted effort made by the authors, reviewers, editorial and production
teams despite the continuation of the COVID-19 pandemic globally.

[ am very pleased to inform you that apart from making the MIST International Journal of Science and
Technology (MIJST) visible and indexed through Google Scholar, DOI Crossref., Microsoft Academic
Search, Semantic Scholar, Publons, Creative Common, BanglaJOL, and Open Journal system within a
timeframe less than two years, we have completely revitalised the Journal’s editorial and advisory teams.
By visiting the Journal’s website, you would be able to see the dynamic makeup of the new Editorial and
Advisory Board members who are truly world class experts in their respective fields representing over
22 countries from all continents. With this new energetic team, we are now more confident to materialise
the roadmap for getting the Journal to be indexed in SCOPUS, Web of Science (WoS), Emerging Source
Citation Indexing (ESCI) by Thomson Reuters/Clarivate Analytics, and Directory of Open Access Journals
(DOAJ) within the shortest possible time.

We urge you to submit your scholarly unpublished, original, and innovative contributions from any
branch of science, engineering, technology, and related fields to our Journal. All submitted contributions
will go through a double-blind peer-review process with effective feedback as we are committed to
publishing high quality original and innovative work.

The December issue includes five original research articles focussing on innovative autonomous braking
system for automotive application, emergency cooling of the state-of-the-art VVER-1200 nuclear reactor,
fully developed channel flow prediction, urban fabric design for seaport from Grasshopper perspective,
and the design of low head vortex turbine for mini hydropower plant. These articles deal with the real-
world problems.

Finally, I express my heartfelt gratitude and thanks to the Chief Patron, Executive Editor, Associate
Editors, Reviewers, Editorial and Advisory Board members, proof-readers, and web production
consultant for their wholehearted support, commitment, hard work, and passion for this journal. I call
upon you to promote the MIST International Journal of Science and Technology (MIJST) among
colleagues, research scholars, and library liaison officers.

Your valued feedback, suggestion, and advice for the advancement of this journal are cordially welcome.
Please feel free to contact me via telephone +61 3 99256103 and/or email: firoz.alam@rmit.edu.au;
mijst@mist.ac.bd.

Sincerely,

C O

Prof. Dr. Firoz Alam
Editor in Chief
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Road fatality and injury are a worldwide issue in the transportation industry.
Road traffic accidents are becoming increasingly significant due to higher
mortality, injury, and disability across the world, particularly in developing and
transitional economies. Eighty-five percent of the total road traffic fatalities
occur in developing nations, with Asia-Pacific accounting for roughly half of
them. A variety of factors influence road safety, including technological,
physical, social, and cultural factors. The purpose of this research was to design
an autonomous braking system (AuBS). Using the Adaptive Neuro-Fuzzy
Intelligent System (ANFIS), a DC motor, sensors, and SAuBS have been
developed to customize the traditional hydraulic braking system. The genetic
algorithm has been developed to simulate the fundamental characteristics of the
automotive braking system. The AuBS system goal is to slow the car without the
driver's help infrequent braking when the vehicle is moving at slower speeds.
When the ANFIS performance is compared to that of the AuBS model, it is
discovered that the ANFIS performs roughly 15% better.

1.INTRODUCTION

In the transportation sector, road fatality and injury are
known global issues. Major research on the topic of road
traffic accidents and fatalities has been emphasized by the
World Bank, World Health Organization (WHO),
Transport Research Laboratory (TRL), and others. Road
traffic accidents are becoming increasingly important as a
source of death, injury, and disability all across the world,
particularly in developing and transitional economies
(Mittal, 2008). Road traffic accidents entail not only
enormous financial losses, but also severe physical and
mental anguish for people, families, and businesses.
According to WHO figures, road traffic accidents account
for 75% of deaths in developing nations, despite the fact
that they own only 32% of the world's vehicles. Road
traffic accidents are expected to cost the world economy
USD 518 billion each year.

Another major source of road traffic accidents and deaths
in the country is the country's rapid expansion in the
number of automobiles. Accidents happen because of the
faults of drivers and other road users, or because of the
faults of the vehicle. Human failure is caused by the
driver's or the victim's guilt, alcoholic intoxication,
exhaustion, irresponsible driving and not obeying the rules
of the road, and ignorance of road safety, which result in
an accident and death (Friduly, 1999).

© 2021 MJST, All rights reserved.

The frightening of traffic accidents is a source of
considerable concern for all of us. Eighty-five percent of
road traffic deaths occur in developing nations, with Asia-
Pacific accounting for roughly half of them. According to
Anbalagan and Suyambukanni (2010), India accounts for
around 10% of all road traffic deaths worldwide. Accidents
on the road are unforeseeable, but they are not
unavoidable. Road safety is complicated by a number of
aspects, including technological and physical, as well as
social and cultural (Hassen et al., 2011).

In their study, the authors (Breuer et al., 2007) found that
late and untimely driver intervention in braking, as well as
insufficient braking torque obtained in emergency
scenarios, are among the leading causes of road accidents.

Late braking was found to be caused by driver
irresponsibility and human error by the European New Car
Assessment Program (Euro NCAP) (Pain et al., 2011).
Studies were conducted in the domain of active vehicle
safety to lessen these issues, which led to the introduction
of Advanced Driver Assistance Systems (ADAS) (Hamid
et al., 2016). To address these difficulties, researchers in
the field of vehicle active safety conducted research, which
led to the creation of Advanced Driver Assistance Systems
(ADAS). Collision avoidance (Hamid et al., 2017), blind-
spot monitoring, and automated emergency braking (AEB)
(Fildes et al., 2015) are examples of notable ADAS
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applications. AEB is an ADAS feature that works
autonomously, without the need for human interaction, to
lessen the chance of a collision in dangerous situations by
applying braking torque. Volvo City Safety (Distner et al.,
2009), VOLKS WAGON Front Assist (Berger et al.,
2015), and the 2010 Mercedes-Benz PRE-SAFER Brake
(Zwahlen et al., 2016) are three AEBs that have been
introduced on the road in the last five years.

Despite the vast number of commercial AEB products,
crash events have occurred when the distance between the
vehicle to vehicle is too near (Hong et al., 2013). To avoid
this issue, an AEB system that considers and maintains a
safe distance from the point of impact should be developed
(Rahman et al., 2018). The ASEAN New Car Assessment
Program (ASEAN NCAP) mentioned the AEB as a
requirement in its new grading protocols for 2017-2020
(Asean nCAP, 2020).

Over time, innovators have added new features to the brake
system with the goal of easing driving environments by
improving braking performance. The evolution of brakes
has been impressive, and it has incorporated many
technological breakthroughs over the years (Rahman et al.,
2018).

Nowadays, assist systems have diffused from high-end to
low-cost automobiles, and they are known by various
names such as advanced safety assist (ASA), smart
sensing, advanced driver assist system (ADAS), and so on.
As a result, automatic emergency braking (AEB) evolves,
in which the car automatically applies brakes in a
dangerous scenario without the assistance of the driver.
The system integrates an ultrasonic sensor with a controller
to identify if the vehicle is within a specified range. If the
driver looks to be ignorant of the situation, the system will
activate AEB to reduce the risk of accidents (Zwablen et
al., 2016).

This research aims to present a fundamental autonomous
braking system with the existing hydro-mechanical braking
system, in which the brake pedal simply engages with an
electromagnetic system based on thesignals of the
accelerator pedal sensor and the wheel speed sensor. The
ANFIS controller has been proposed to control the power
flow to the electromagnetic system since the fluctuating
velocity necessitated varying pressure to maintain the
vehicle's decelerating distance to a full stop.

2. MATERIALS AND METHODS

The development of the AuBS was carried out following
the flow chart as shown in Figure 1. The dc servo-motor
actuates the master cylinder to create the appropriate brake
hydraulic pressure from the master cylinder (MC) for the
creation of braking force at the wheel-calipers, as shown in
the diagram. Hydraulic braking mechanism, dc servo-
motor, ANFIS controller, wheel speed and ultrasonic
sensors, and a dc power source are the main components of
the AuBS.

2.1 Braking System Architecture

Figure 2 depicts an Al-based loT-controlled DC motor-
powered autonomous electro-hydraulic braking system

MIJST, Vol. 09, December 2021

(AEHBS). The DC motor supports the brake pedal force in
this system, with the wheel speed sensor, brake controller,
and proportional valve controlling the total system.

Sensor
Detects
Accelerator
Pedal Release

leudis s Josuas

Figure 1: Flow of action of S AuBS

BRAKE BOOSTER
MASTER CYLINDER

DC MOTOR
o

PROPORTIONAL VALVE

FRONT AXLE

REAR AXLE

Figure 2: Architecture of Autonomous braking system

Performance characteristics of a road vehicle refer to its
capability to decelerate and full-stop in a shorter distance.
The braking torque required to decelerate or stop the
vehicle can be estimated °1°:

_ uprXfXPmcg
Ton= =5 — ()
Upp XXy XPm 0
Tpoy = —F——— @5 —17) @)

where, gy is the brake pad friction coefficient, Ty braking
torque of the rotor, Nm, P master cylinder pressure, @is
the angular position of the brake pad from the centre of the
rotor, T: traction torque of the vehicle, Nm, x, is the
percentage of Pnc to the front axle and x; is the percentage
of Pnc to rear axle. The suffix f and r represent front and
rear axle and o and i indicate the outer radius and inner
radius of the brake pad from the centre of the braking rotor.

a. Rotor barking torque to decelerate the car,
Ty (£) + Tpy(t) < Ty 3)

b. Rotor braking torque to a full stop the car,
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Tpry (@) + Ty () =Ty 4)

where, T, is the traction torque, Nm.

2.2 Generic Form Algorithm for the AuBS

The braking power of the braking system in this study has
been assigned based on the signal of the wheel speed
sensor, ultrasonic sensor and accelerator sensor. The
vehicle starts to decelerate when the accelerator pedal
releases and the master cylinder starts to develop the
braking pressure for the braking devices (either disk or
drum braking). The braking devices develop the actuation
force which causes the development of braking force at the
brake pad and the vehicle decelerates or full stop. Based on
the condition of the braking force development, the genetic
algorithm has been developed, B = 0. Braking force is
subjected to instantaneous signal of:

i.  Wheel speed sensor,

wss(t)=x, 0<x <120(km/h) (5)
ii.  Ultrasonic sensor signal,

us(t) =x, 2<x<5(m) (6)
Rotor speed, M, (t) = ¢ (I,) (7
Braking force, By = ¢ (rpmyss) (8)
Error,e = M, — M, 9)
Rate of error,é = % M, — M,] (10)

where, x is the speed of the wheel, km/h, x displacement
based on the signal of ultrasonic sensor, m, e error
between rotor rpm and wheel actual rpm, é is the rate of
error, M, rotor rpm, M, actual rpm.

Figure 3 shows the controlling action of the AuBS using
ANFIS to decelerate the vehicle starts when the driver to
lift-up foot from the acceleration pedal. The system then
starts working with the input from the ultrasonic sensor
and wheel speed sensor, sendto the controller, which
controls the power flow to the motor to actuate the MC in
the development of hydraulic pressure to decelerate or
fully stop the car without the driver any effort. When the
car is at a higher or cruising speed, however, this system
will not be useful to fully stop the vehicle.

Pyt) ¥(t) to braking
unit of wheel

ANFIS
Controller

Tt i
DCMotor | Twit) | Master Cylinder
(MC)

Object El
S

Pg (t) — Instantaneous battery power to motor, i,(t)- battery current, T,(t}-motor
torque, ¥(t)=hydraulic pressure to braking unit of the wheel, y{t) - braking unit
pressure, WSS — wheel speed sensor, DS-distance sensor, S-stopping distance.

Stopping
Distance Sensor

Figure 3: Basic block diagram of a closed-loop vehicle
braking system
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Master Cylinder
Pressure, Py

VELOCITY (KMUS)

64% of
2 1o Pmc

Braking
Pressure at
Front Axle

BB EEEEGRE

Figure 4: Fundamental of braking system

Figure 4 depicts the basic braking characteristics that must
be met by the vehicle's braking system during deceleration
or full stop. It is also critical to avoid a vehicle collision.
The diagram depicts the vehicle's safe braking distance at
various speeds, as well as the required force on the MC
and hydraulic pressure on the axles. The related force on
the MC will be roughly 510N if the vehicle's safe stopping
distance is 30 m at 40 km/h, allowing the hydraulic
pressure to rise to 1100 kPa. As a result, the hydraulic
pressure at the front axle will increase by around 64%. A
pressure of 620 kPa is (620 kPa).

3. CONTROL STRATEGY OF SAuBS

An adaptive neuro-fuzzy inference system (ANFIS) is a
type of artificial neural network that uses the Takagi-
Sugeno fuzzy inference system. It combines neural
networks and fuzzy logic concepts, allowing it to capture
the advantages of both in a single framework. Its inference
system is made up of a set of fuzzy IF-THEN rules with
the capacity to approximate nonlinear functions through
learning. The best parameters obtained by a genetic
algorithm can be used to make the ANFIS more efficient
and ideal.

3.1 ANFIS Structure

Layer 1 The inputs to the nods in the first layer are the
fuzzy sets of the ANFIS. Every node in this layer is an
adaptive node. The layer is connected between the input
terminal and its corresponding membership function nodes.

Layer 2: This layer's nodes are all circle nodes labelled

ITo multiplies the input signals and sends the final
result out. For example,

w; = pa;(x) X ub;(y),i = 1,2; (11)

where, pa; is the membership function of linguistic
variable a and ub; is the membership function of variable
b, a; is the linguistic level (very small, VL, small L, M
medium, H high and XH extreme high) and similarly for b;
(VL, L, M, H, and XH). Each node output represents the
firing strength of a rule.

Level 3: N is the label for each node in this layer is
assigned by N. The i-th node determines the ratio of the
firing strength of the i-th rule to the total firing strength of
all rules:
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W=—ti=1,2; (12)

witw,’
Here, w is the normalized fring strength of rule i.

Layer 4: This layer node is an adaptive node, connected to
the corresponding normalized node in the previous layer,
and receive inputs from x and y. Each node in this layer is
a local linear model of the Sugeno fuzzy system;
integration of outputs of all local linear model vyields
predicted output:

wip; = wWi(ro + myx + n;y) (13)

Layer 5: The single node in the layer is a fixed mode
levelled %, which computes the overall output as the
summation of all incoming signals:

W1P1+Wopa+:+Wsps

P =

=Wipy + Wop, + -+ Wsps  (14)

wi+wy+e+wy

arp| m. b1 b= mx +my+r,
_____ = S EEEE= Wy
\ Dy = MX+ny+1,
- \ 2 = Myt )
b2 P:Wlpﬁwzpﬁ----‘*wspﬁ

Wit Wyt W,

a2 |~ ~
J e e B
m, /| Y
2/ \ / \ Wy
! \ JALLPRERY
S/ N LA b=z

(a)

or P=Wp +i,p,+. .. +Wp,

Layer1 Layer 2

Layer 3 Layer5

Layer 4

(b)
Figure 5: ANFIS model classification

Training data: o FIS output :*

8 Mt Lo Sy 5 Testing dlala ;. FIS output : *

Mode 1, emar #
5

Mode 2, errar
oz02 L 107

Output

Checking data: + FIS output: *

Figure 6: Theoretical ANFIS model performance

3.2 Training, Checking and Testing of the ANFIS
model

The ANFIS model is trained, checked, and tested using the

MIJST, Vol. 09, December 2021

MATLAB software program, which allows for easy
manipulation of the model's parameters and variables. The
system receives the entire set of data on the vehicle's motor
speed, sinkage, and power requirement, is divided into
three parts:

i. Training data, which made up 69.8% of the total 102
data set, enabled so-called "learning with a supervisor,"”
in which the network'’s output is known ahead of time
for proper inputs. The least error of training data as
shown in Figure 6 (a) is 0.55 for mode 1 (deceleration),
0.803 for mode 2 (full stop), and 0.69 for overall.

ii. Checking data, which is primarily intended to prevent
over-fitting of training data. In each training period, the
ANFIS model monitors the value of the checking error.
As illustrated in Figure 6 (b), the overall error is 0.83.
The checking data makes up 50% of the total data set.
The checking data has been made using MATLAB
Simulink.

iii. We used testing data to evaluate the ANFIS model. The
output of the ANFIS model is compared to known
values in order to discover the least amount of
inaccuracy possible. The smallest inaccuracy was 0.23,
as shown in Figure 6(c). Testing data accounted for
nearly 50% of the total data set. Data for testing was
gathered from a field experiment.

Figure 4 also shows that the fuzzy interference data is
more correlated compared to the training data and checking
data. This is because of the ANFIS interpretation capability
and the ease of encoding a priori knowledge.

AEB Coniral Using Sensor Fusion

Test Bench

Figure 7: ANFIS trained AEM model

A MATLAB ANFIS controller Simulink model has been
designed to optimize the braking pressure of the master
cylinder to deceleration/full stop of the vehicle. The
working range for the controller has shown in Table 1
which has been identified from the ANFIS MATLAB
model.

4. CASE STUDY: VEHICLE IN PEDESTRIAN
4.1 AEB Model Study- Pedestrian Crossing

The Autonomous Emergency Braking (AEB) technology
assists drivers by providing sufficient braking force to
avoid a crash. This system uses an obstacle positioning
sensor and a speed sensor, and the system's output is
braking force, which can come from the action motor
power that applies force on the master cylinder which
produces the braking pressure. The Adaptive Neuro-Fuzzy
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Inference System (ANFIS) is a technology that may be
used to train a controller that mimics human behavior
using current experimental data. When a data set is entered
into ANFIS, membership functions are generated, which
are then trained into a set of rules that can be satisfied.
ANFIS will train an AEB controller in this project,
resulting in a system that can autonomously mitigate any
road collision. Figure 7 shows the ANFIS Matlab model to
simulate the optimum braking system effective parameters
with trained AEM model data.

Table 1
Working condition for AuBS

Distance between

Vehicle ¢ Force
Dynamic vehicle (m) applied at
mode Front Side MC (kN)
Power brake 25-20 0.0 09-1.7
Deceleration 3.5-25 0.0 — 0.5 0.0-10.9
Cruising 4.0 - 3.5 0.51 — above 0.0
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Figure 11: ANFIS result is verified with the AEB model result

The pedestrian crossing and the location of the car
recognized by the RADAR SENSOR are visualized in
Figure 8. Figure 9 shows the ANFIS model is being
simulated with radar sensor input and compared with the
AEM model in Figure 10. In terms of generating braking
force, Figure 9 shows how the ANFIS model outperforms
the AEB model. The ANFIS controller will activate the
braking system just before the crossing, causing the
automobile to slow down or stop completely. Figure 11
depicts the 88 percent discrepancy between the AEM and
ANFIS results.

6. AEB MODEL TESTING - EXPERIMENTALLY

A laboratory % scale prototype of AuBS as shown in
Figure 12, was constructed using a typical scouter braking
system, which includes the master cylinder, brake pad,
brake callipers, and brake tube (Figure 12). The
performance of the prototype has been conducted using a
155kg load, road adhesion, p, = 0.6, frictional coefficient
of brake pad, ubp = 0.46, and master cylinder bore of
2.85 cm.
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The experimental result of the laboratory scale AuBS
controller equipped brake system is shown in Figure 12.
The servo-motor applied forces of 181 N and 361 N on
the MC were used in the testing. The vehicle's stopping
distance was found to be 23 m at time 1.4 s for the applied
force 361 N, while its braking distance was found to be
122 m at time 9.5 s for the braking force of 181 N.

7. CONCLUSIONS

e Semi-Autonomous Braking System (AuBS) can be
used as a stepping stone for the vehicle's braking
system during traffic congestion to reduce the driver's
input.

e ANFIS controlled braking system is more efficient
than a conventional braking system at decelerating or
fully stopping the vehicle without the need of the
driver's support.

e  Servo motor speed is inefficient to quickly control the
vehicle, especially in GO/STOP mode dynamics and
keep the vehicle in safe mode.

e AuBS adds value to the existing conventional braking
system to control the vehicle based on the response of
ultrasonic and photosensors in pedestrian crossings
and slow-moving traffic.

e To justify the AuBS performance, more research is
needed in the lab and the field with a full-scale AuBS
model.
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The mechanisms of boric acid mass transfer in a VVER-1200 reactor core are
studied in this work in the event of a major circulatory pipeline rupture and loss
of all AC power. The VVER-1200's passive core cooling technology is made up of
two levels of hydro accumulators. They use boric acid solution with a
concentration of 16 g H3BO3/kg H20 to control the reactivity. Because of the
long duration of the accident process, the coolant with high boron content starts
boiling and steam with low concentration of boric acid departs the core. So,
conditions could arise in the reactor for possible accumulation and subsequent
crystallization of boric acid, causing the core heat removal process to
deteriorate. Calculations were carried out to estimate the likelihood of H3BO3
build-up and subsequent crystallization in the core of the VVER reactor.
According to the calculations, during emergency the boric acid concentration in
the reactor core is 0.153 kg/ kg and 0.158 kg/kg in both the events of solubility
of steam and without solubility of steam respectively and it does not exceed the
solubility limit which is about 0.415 kg/kg at water saturation temperature. No
precipitation of boric acid occurs within this time during the whole emergency
process. Therefore, findings of the study can be used to verify whether the
process of decay heat removal is affected or not.

1. INTRODUCTION

The majority pressing issues that need to be addressed to
the industry of nuclear power today are for ensuring the
safety of new electricity plants with nuclear reactors. The
passive safety system (PSS) functioning ensures reactor
unit safety during loss of coolant accident (LOCA) in the
water-water energetic reactor (VVER-1200) reactor
project. PSS removes heat through the core by supplying
solution of boric acid having concentration of 16g/kg to the
reactor (Kalyakin et al., 2003; Morozov et al., 2009). Heat
removal through fuel elements can deteriorate as a result of
this and this can lead to a negative environmental effect.
The review of potential incidents at nuclear power plant for
an era of VVER fitted with passive protection systems
would benefit greatly from the evaluation of boric acid
removal from the core. Experiments have demonstrated
that high amounts of boric acid can be achieved in the core
simulator, resulting in its crystallization and disrupting
coolant circulation. Droplet entrainment has also been
found to cause the boric acid’s concentration to rise in the
core. Inexperiments which were carried out without a

© 2021 MIJST. All rights reserved.

separator to prevent droplet entrainment, boric acid
(H3BO3) concentration in the core simulator reached
equilibrium below the saturation limit, and crystallization
was not seen. This was due to the fact that steam took out
the same amount of boric acid solution as vapour.
Calculations and experiments revealed that the capturing of
boric acid droplets was not as strong when pure water was
used. This suggests that both H3;BO3 and the presence of
other impurities in water have a direct effect in the process
of droplet entrainment. It necessitates theoretical and
analytical research into the mechanism of boric acid
droplet entrainment in the context of VVER in emergency
boiling mode. The key goal of this study is to figure out
how much boric acid droplets entrain during accident. The
following issues must be resolved in order to accomplish
this goal:

e Calculating and analysing of VVER reactor plant's
mass transfer procedures (Morozov & Remizov,
2012).

e Calculating and analyzing the flow rates of Hydro-
accumulator 2™ stage, PHRS and flow rates due to
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droplet entrainment in
(Kalyakin et al., 2014)

2. THEORITICAL BACKGROUND

In emergency, there are two options for removing boric
acid through the reactor core: In the steam-water mixture,
through droplet entrainment and secondly, because of
steam solvent ability.

emergency  process

A. Processes of droplet entrainment

In two-phase flow systems, understanding the conditions
that contribute towards entrainment of a liquid film on the
surface via a gas flow is crucial for mass and heat transfer
operations. The onset of entrainment has a significant
impact on the processes of mass, momentum and energy
transmission (Ishii and Grolmes, 1975). In several
methods, a gas flow can be entrained by a wavy liquid
surface. The speed and distortion of wave crests are
governed by hydrodynamic and surface forces. Under the
horizontal air/water channel (HAWAC), Figure 1
demonstrates droplet production at wave crest in a slug
flow situation (Vallée et al., 2008).

Figure 1: Droplets form at the peak of the wave
(Vallée et al., 2008)

These pressures cause a severe distortion of the interface
under certain conditions resulting in fragmentation of a
section of a wave into numerous droplets. The surrounding
flow pattern as well as the shape of the interface impact
wave crests forces. Figure 2 depicts the four primary types
of entrainment processes (Ishii & Grolmes, 1975). The
turbulent gas flow shears the tops of big amplitude roll
waves, away through wave crests in first kind (Hewitt and
Hall-Taylor, 1970). The drag coefficient operating on the
wave tops changes shape of the interface against the
sustaining strain of liquid surface tension. The 2nd sort of
entrainment occurs when a gas flow undercuts the liquid
film (Hewitt & Hall-Taylor, 1970).
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Figure 2: Different droplets entrainment mechanisms
(Ishii & Grolmes, 1975)
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The third type is associated with gas bubbles exploding
(Newitt et al., 1954). Liquid impingement droplets or bulk
onto the film contact causes the fourth form of
entrainment. This technique may create tiny droplets when
roll-wave fronts advance. All of these scenarios should be
covered by a universal droplet entrainment model.

B. Solubility of Boric Acid in Steam

In steam or supercritical water, all salts and oxides are
relatively soluble. The degree of solubility is a complicated
function of the substance's composition as well as the
density and temperature of the water phase. At a constant
temperature, solubility usually rises with density. The
challenges caused by this solubility in the steam cycle are
determined by cycle parameters and solute properties.
However, deposits in the turbine typically extracted with
steam from the steam generator chemicals, the most
common of which are silica, Na-OH, Na2S04 and copper
oxides caused problems in conventional energy
technology. Figure 3 demonstrates the concentration of
steam solid in comparison to steam pressure.

The problem was solved principally by lowering the
incoming amounts of chemicals in the unit and in case of
silica by lowering its volatility by regulating the boiler's
water alkalinity at its ideal level. The removal of water
vapour from the transfer of substances might cause
problems; therefore, it must be done mechanically using a
device that monitors steam separation and draining.
Chemistry of feed-water and boiler water has a direct
impact on steam purity. Even at its finest, steam created
during the boiling process is never totally clean. Solids
deposition and corrosion in super-heaters and turbines are
prevalent issues. Good steam chemistry management is
critical in industrial units that do not have turbines. The
term "carryover" refers to the process of solids being
converted to steam. The following factors impact
carryover:

e Almost all solids are soluble in steam. Solids
become more soluble as boiler pressure
increases.

e Even with the best steam separating devices,
moisture droplets still enter the steam.

e Sulphate and chloride will enter steam as
ammoniated salts.

e Carryover is increased by inadequate drum level
management, poor drum structure or high
particles accumulation in drum water. Dissolved
solids still have a direct access to the steam
system even if the drum is working effectively
and limiting carryover.

In the event of an emergency, boric acid mass transfer
must be investigated so that the risk pertaining to boric
acid accumulation in the VVER core can be assessed.
Whenever the main circulation pipeline ruptures in large
loss of coolant accident, the water tanks hydroaccumulator-
1 & hydroaccumulator-2 are activated to provide boric acid
to the core (Morozov & Remizov, 2012a). In addition to
boric acid, this accesses the reactor through water storage
tanks and the activities of the passive heat removal system
causing condensate to be dispersed into the core of the SGs
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of three secondary exposed circuits about 1.5 hours shortly
after the accident (Morozov & Remizov, 2012). In
addition, there are two methods to address mass transfer of
boric acid (Kalyakin et al., 2014). Because the flow of
boric acid into the downstream portion by operation of
second stage hydro accumulator in a quantity suitable for
natural convection, the condensation is mixed with the
boric acid accreted in the first scenario at the bottom part
of the reactor. A little amount of boric acid is added to the
flow (Morozov & Remizov, 2012a).
Drum pressure (psia)
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Figure 3: Concentration of Steam Solids vs. Steam Pressure

In the second scenario, condensate and HA-2-supplied
boric acid do not combine. Then boric acid sinks towards
the bottom region of the core as a result of increased
density. Above this layer, condensate with a low acid
content is collected. As a result, circumstances are
produced for the concentration of boric acid to rise close to
the lower part of the core for the acid to precipitate. Boric
acid's density is determined by its concentration, as well as
the density of water. Temperature affects the high
concentrations in agreement with the commencement of
the formation of crystals: an increase in temperature raises
it dramatically, while a drop in temperature reduces it.
Taking into account the creation of steam as a result of the
coolant boiling in reactor, boric acid’s concentration at the
edge of the core should rise. Furthermore, the solubility in
the reactor's volume might approach its maximum value.

The density of a boric acid solution is determined by the
concentration of the acid and the density of the water
(Schmal & Ivanov, 2015). The temperature affects the
maximum concentration of boric acid solution that
corresponds to the start of crystallization (Cohen, 1973):
Temperature increase cause a rapid rise in the maximum
concentration of boric acid solution, whereas temperature
decrease lead to a reduction (Figure 4).
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3. METHODOLOGY

A test facility was established at IPPE JSC (IPPE JSC is
a research and development institute in the field of nuclear
technology, located in Obninsk, Russia) to look into the
mechanisms of boric acid mass transport. It is difficult to
investigate these actual scenarios in nuclear power plant,
so, this facility was used to obtain data.

A. Experimental Procedure
i. Test Facilities

The IPPE JSC test facility consists of a 14-liter solution
preparation tank, an internal 27 mm stainless steel test
section and a 2800 mm height, a steam condenser as well
as a steam separator. The lower evaporative portion of the
testing centre is heated by an adjustable heater. Insulated &
heated technologies lines having shut-off valves link the
facility's major equipment to one another (Hassan et al.,
2015). In the test section, the distance between the boiling
water level and the steam extraction line in the VVER
reactor and the low-level generator of the cold loop of the
major circulatory pipeline corresponds to the height from
the evaporative layer (Schmal & Ivanov, 2015).

The METRAN-150 gauge is used for measurement,
display and transfer to pressure parameter control systems.
A glass level gauge is used to measure the quantity of boric
acid mixture in the test section. The temperature is
monitored using K type cable temperature sensors with a
diameter of around mm (measurement inaccuracy of 1 °C).
The data collecting system's measurement channels have a
1 Hz sampling rate. The percentage of H3BO3 in the
condensate specimens produced through condensing the
steam created throughout the test specimen using boiling
boric acid solution, is an essential measurable parameter in
the tests.

ii. Experiment Steps
At the commencement of the test, the solution processing
tank is full with the proper quantities of distilled water as
well as dry powder H3BO3 to create a boric acid solution
with a predetermined concentration. The solution was then
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stirred using a mechanical device until the dry H3BO3 was
completely dissolved which was observed through
portholes in the tank. Nitrogen was subsequently
transferred from gas cylinder to the solution preparation
tank's top volume through the gas reducer. Temperature of
the solution processing tank, the test section as well as the
H3BO3 solution supply line was also elevated to the
proper levels. Throughout the experiment, the required
temperature should be maintained with a 1° C accuracy
using a relay controller. After the preheating is completed,
the valves in the H3BO3 solution supply line are released
in order and the bottom half of the test section is loaded to
the desired level using a boric acid solution with a
concentration equivalent to that in the preparation tank.
Simultaneously, a blow-off valve is opened to blast the
steam-air combination out of the primary components into
the environment, preventing the existence of a steam and
air combination in test area. Power of the steam condenser
is then controlled. The air fans are turned on to increase the
power of the system.

The consistency of the quantity in the test section's
pressure as well as the temperature of condensate at the
output of the condenser is a condition for achieving the
necessary value of the condensation power. After that, a
50ml sample of condensate is transported to the
measurement containers at regular intervals throughout the
experiment. The duration of condensate collected at the
moment of sampling was used to establish the facility's
actual evaporation power (Hassan et al., 2015).

The calibration technique was accustomed to measure the
boric acid’s concentration in the samples after experiment
was completed. Figure 5 depicts an organization of the test
facility’'s primary equipment and Figure 6 depicts the
facility's process flow chart.

N

Figure 5: Arrangement of the test facility's major equipment
(Hassan et al, 2015): 1) solution preparation tank;

2) test section (TS); 3) condenser; 4) sampling; 5) line of
H3BO03 solution supply; 6) a cylinder of the gas supply
system; 7) steam extraction lines; 8, 9) pressure sensors; 10)
mixing device

iii. Initial Data and Assumption
It is not feasible to compute droplet entrainment processes
using dependencies in the early stages of an accident. As a
result, the whole emergency procedure was separated into
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two sections throughout the computation analysis. Figure 7
(a) shows that the steam-water combination is splashed out
in reactor volumes and contained in the pipeline in the
early phase of an accident via the nuclear reactor core. The
sprayed liquid water then rises over the hole of the reactor
barrel, and thenthe steam-water mixture gets sprinkled
from the core and goesinto the reactor chamber. It
finally goes tothe containment since the pipeline is
ruptured. This stage lasts about 7 hours. The residual
energy release intensity decreases, the volume of the liquid
steam is reduced and the boric acid solution level is set at
MCP pipe height (second stage of the occurrence can be
seen in Figure 7(b)).

A number of assumptions were assumed throughout the
calculation, which is necessary owing to the difficulty of
the processes happening in the circuit or the lack of data on
the characteristics of boric acid solutions:

e During the computations, the reactor core volume
and the reactor pressure chamber (RPC) volume
had been allocated in the framework.

e Inacceptable conditions, the boric acid solution’s
thermal and physical properties — for example,
density and viscosity should be assumed to be
equal to the parameters of water.

e At the temperature of saturation, the core and RPC
are both filled with all water.

e  System pressure stays constant and is equivalent to
0.3 MPa

e All of the boric acid in the primary circuit, as well
as the boric acid that enters the secondary circuit, is
at saturation temperature.

Vel
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Figure 6: The test facility's process flow sheet.

1) apparatus for combining; 2) tank for preparing solutions;
3) port for observation; 4) H3BO3 solution supply line; 5)
separator of steam; 6) test section; 7) condenser of steam; 8)
steam extraction line; 9) reducer of gas; 10) cylinder of gas;
H1-H4: electrical heaters in groups

At the time of mass transfer measuring, the rated capacity
of the reactor was assumed to be 3.2 x 109 W (Kopytov et

10
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al., 2009). The parameters of the accumulators of the
passive flood of HA-2 were used as the starting point for
the calculations (Morozov & Remizov, 2012b).

Figure 7: In the case of LOCA, a mass transfer of boric acid
takes place in the VVER reactor vessel (Kopytov et al, 2009a);
a) First stage of accident; b) Second stage of accident:

1) reactor core; 2) emergency core cooling equipment nozzle;
3) separating collar; 4) reactor barrel perforations; 5) liquid
content; coolant flow, steam and condensate boric acid
solution intake from the HA systems; QR: denotes the amount
of heat energy emitted in the reactor; QSC: the amount of
energy released by steam when it passes through a leak and
into the containment; The water from hydro accumulators
removes energy from the core which is referred to as QHA.
QPHRS: heat energy taken from the core as a result of PHRS
operation.

Table 1 shows the evolution of latent heat (NRC) in the
reactor core since it has been shut down (Kopytov et al.,
2009b). The flow rate parameters used for calculations
from HA-2 passive hydraulic accumulator tanks are given
in table 2 as input data.
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Table 1
Residual heat in the VVER core (Schmal & Ivanov,2015)

Time (second) Residual heat (MW)

100 0.0331
1000 0.0206
10000 0.0105
28.8:10° 0.0077
37.8-103 0.0072
50-10° 0.0067
100-103 0.0055
130-103 0.0053
500-103 0.003
147 - 104 0.0022
216 - 104 0.0018

Table 2
Parameters of systems of passive VVER core reservoir of
hydraulic accumulation tanks (Schmal & Ivanov, 2015)

Parameter Value Value Value Value
(HA-2) (HA-2) (HA-2) (HA-2)
The stage's 130 54_31 10?61 86i01
duration, s 5430 10860 29000 259200
Flow rate of
boric acid 10.0 5.0 3.3 1.6

solution, kg/s

B. Simulation by MATHCAD

Real scenarios of emergency condition like pressure,
temperature was simulated in the experimental test facility
and then boric acid concentration data was obtained. The
data collected from the test facility was used in several
equations (for example- steam flow rate, boric acid
solution flow rate etc.) in MATHCAD software. The
results obtained from subsequent MATHCAD calculations
were used to analyze the results of boric acid concentration
graphs, flow rates, mass of boric acid etc. at emergency
situation.

There is a variety of dependencies that make determining
the importance of steam moisture possible. For example,
for determining the water content of steam, the formula is:
N2.3

—— @)

n
Gal-l[ P ]
pl_pll

w = 2.75 X 108

Where N = wj?/(pgH)

However, this dependency is only valid for measuring
steam water content when the increase in steam is equal to
or less than 1 m, which is considerably less than what is
observed in case of VVER reactor. Furthermore, there are
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dependencies that enables the calculation of steam content
of a steam water mixture flow x:

" 0.36 "

Wo P 0.12 2
g\/c/g(p’-p”)> (p’-p”) @
The findings of experimental tests performed on a large-
scale test facility at the SSC RF-IPPE were used to
determine the condensation efficiency of steam generators.

Npprs = 144.8 — 5.885 - 101 + 1.499 - 10~°1% —

13125 + 7.619 - & 3
. : 7 3)

NPHRS is the steam generator's condensation capacity,
kW; t is the time, s

X = 0.26(

The mass of evaporated water over time will be as follows:

Amg(H,0) = — R Ag @)

h”~hgpc

Mass of the condensate formed in the steam generator due
to the operation of PHRS and the mass of boric acid
solution introduced into the reactor via the hydro-
accumulators are:

Am, (solution) = (Gya + Gpyrs)AT (5)

The following is the mass of boric acid that entered the
reactor via HAs:

Amp, (H3BO3) = GyaCa(H3BO3)AT (6)
The following is the quantity of boric acid solution which
enters the containment:

Amg, (solution) = Am, (solution) — Am¢(H,0) @)

As a result, during the first phase of the emergency
procedure, the following formula is employed to compute
the boric acid concentration in the reactor core:

(mrc+mgpc)Ci—1+Am;n (H3BO3) (8)
mgc+mgpc+Am;jy (solution)—Amg (H20)

Ci(H3BO3) =

With time, the quantity of residual heat releases reduces
along with the quantity of foamed water in the reactor.

The distance between the bottom generator of the "cold"
loop of the main circuit and the top row of perforations
hole in the reactor barrel is 1.845 meters and the distance
between both the top of the core as well as the upper
perforation holes in the core barrel is 2.77 meters. The
essential steam content when the foamed water volume
increases over the top row of perforations in the barrel, in
the emergency situations, with a "cold" leg break is:

1.845
(pCR = ﬁ = 0.666
The following is the formula for estimating steam content:
W 036 1 i
- 0.26( 4 ) 1 9
X gvo/ek’-p" (p’—p”) ©)

Where, steam velocity:
(10)

Residual heat energy will heat up the boric acid solution
and that will infiltrate the core from the RPC and evaporate
later, in the second stage of the accident:

w” = Ngc/1°p" " Fes
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Ngc = Gnr + Gpo(r +h' — hgpc) (11)

Because of droplet entrainment mechanisms, the boric acid
flow rate exiting both RPC and the core has increased Gge
as Gre = 0Gp,-

The steam-water combination departing the reactor which
comprises of boric acid droplets and steam is substituted
with boric acid solution via the RPC:

Gy; = Gy + GRre (12)

The following expression shows how mass of boric acid
varies in the core over time:

Amgc(H3BO3) = (G12Crpc — GreCre)AT (13)

As previously said, the boric acid solution through reactor
pressure chamber would flow through the core at a flow
rate of G12, with the excess solution being drained into the
containment via the ruptured main circulation pump. The
mass of the spilled solution in the containment over
duration as well as the variation in mass of boric acid in
the quantity of reactor pressure chamber (RPC) over the
same time span may be calculated using this method:

Gsc = Gua + Gpurs + Gre — Gy (14)
Amgpc(H3BO3) = (GyaCha + GreCre — G12Crpc —
GscCrpc)At (15)

To calculate the remaining heat, we use the following
formula to compute the evaporation rate:

Ngrc = Gn[(h"” = hgpc) + @(h’ — hgpe) (16)
As a result, the steam flow rate is as follows:
Gy = Ngc/(h" — hgpe) + @(h’ — hgpc) 7)

The following expression shows the change in boric acid
content in reactor core throughout time:

) (18)
4. RESULTS AND DISCUSSION

Changes in concentration of boric acid in the reactor core
and reactor pressure chamberare calculated using the
equations and assumptions listed above. The concentration
of boric acid in the tanks of the passive core re-flooding
systems is currently 16 g/kg H20 according to NPP
operating legislation (Kalyakin et al., 2003). Variants of
decreasing H;B0O5 concentration in HA — 2 method to
16g/kg H,O0 are included in this measurement. From the
experiment, we got the data of boric acid concentration at
specific parameters — for example, at a specific pressure
and temperature. Then this data obtained from the
experiment has been used in calculations to analyse how
the boric acid concentration changes over time and helps
us to investigate whether the boric acid reaches the point of
crystallization within 24 hours of a large loss of coolant
accident. So, the experiment gives us the starting/input
data that is used for numerical analysis in MATHCAD. So,
the primary data is given by the experiment and the final
result comes from the numerical analysis.

(H3BO3)

mgc

ACrc((H3BO3) = Amgc(

Figure 8(a) and 8(b) shows the results of the numerical
analysis. Figure 8(a) shows the concentration curve of
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boric acid in the event of boric acid (H;B03) solubility
with steam and 8(b) indicates the concentration curve of
boric acid in the event of boric acid (H;B03) solubility
without steam. The amount of boric acid that accumulates
in the reactor core after an emergency process can be seen.
It is important to note that the boric acid concentration in
the reactor core is 0.311 kg/kg after 24 hours of
emergency phase and does not exceed the solubility
maximum. The solubility limit (C Limit) is about
0.415 kg/kg at water saturation temperature. The value of
boric acid drop entrainment from the core was assumed to
be 0.2 percent during this measurement. Figure 8(a) was
calculated using the normal value for steam moisture at the
steam generator's output. t, ., the green line divides the
emergency period during accident. In Figure 8(a), the blue
line indicates the boric acid concentration in the accidental
period. We found that at the primary stage of emergency
process, the boric acid concentration is more or less
constant.

After the first stage of hydro accumulators operate, second
stage hydro accumulators start to operate and we see that
during the time period of second stage hydro accumulator
operation, the concentration of boric acid gradually
increase. From numerical analysis in MathCAD, it is found
that the final concentration of boric acid with the steam
solubility is about 0.153 kg/kg. But it is much below the
limiting boric acid concentration (C Limit). And the yellow
line indicates the limiting concentration (0.415 kg/kg) of
boric acid.

So, in Figure 8(b) we see that boric acid concentration
curve is almost similar with the previous result. This graph
indicates the boric acid concentration (brown line) without
steam solubility in accordance with time range of whole
emergency process. As we can see in Figure 8(b), the boric
acid’s concentration of core is more or less constant during
the initial stage of emergency process. Then with the
operation of hydro accumulator second stage the boric
acid’s concentration curve goes slightly higher. By
calculation, we found that after 24 hours of operation of
hydro accumulator second stage, the concentration amount
(without solubility of steam) is found 0.158 kg/kg. But
most importantly, it is also significantly below the limiting
concentration of boric acid (blue line).

The concentration of boric acid in reactor pressure
chamber (RPC) was fluctuating a little bit during initial
emergency process and after the second stage hydro
accumulator operation, the concentration graph of boric
acid decreases sharply and become constant. Because there
is a flow rate of condensate from steam generator with zero
boric acid solution and it is mixing with boric acid solution
from the HA-2 system, so, the final concentration is low.
And another reason is that, there is no boiling condition in
RPC, the concentration of boric acid has not increased like
in the core. But importantly, it is also substantially lower
than the boric acid limiting concentration. (blue line). So,
for VVER-1200, the hydro-accumulator 2nd stage
operation during an emergency process prevents the
accumulation of boric acid in the core as well as in the
reactor pressure chamber (RPC). These states are proved
by this calculation.
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Boric acid concentration changes during an accident
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Figure 8: (a) The concentration of boric acid in the reactor
core changes (with solubility of steam), (b) The concentration
of boric acid in the reactor core changes
(without solubility of steam)

As previously said, deposits of boric acid in the core have
a direct effect on heat recovery during the emergency
procedure. So, the mass of the boric acid deposit was
calculated as well. The following formula was used to
quantify the deposit mass, mge, (H3BO3):

(19)

During the measurement analysis, it was discovered that
the available dependencies for estimating steam moisture
and steam quality of the medium at the VVVER core's outlet
in the event of an emergency are currently unknown. These
variables are critical for understanding boric acid mass
transport processes. Experiments on the mass transfer
processes of H3BO3 should be carried out at parameters
that are equivalent to the emergency mode parameters of
VVER reactors to remove current uncertainties. By
calculation analysis it is seemed that flow rates of hydro-
accumulators and PHRS (passive heat removal systems)
decreases with the period of time. The HA-2 flow rates are
given in Table 2 previously. The flow rate of HA-2
decrease at a constant rate and it is very effective to cool
down the reactor core and reactor pressure chamber as

Mgep(H3BO3) = mpc(Crc(H3BO3) — Ciim

13



MIJST

Hridoy et al.: Analysis of the Influence of Boric Acid Solubility in Steam
on the Process of Mass Transfer During Emergency Cooling of VVER-1200

well. And the passive cooling through steam generator
(PHRS) flow rate is also decrease with the period of time
as shown in Figure 9.

We see that the GPHRS is decreasing in the graph
continuously because of low steam production in the
reactor core with the time. The flow rate of PHRS becomes
8.2 kg/s after whole emergency process and it prevents
the crystallization of boric acid in the reactor core and
containment volume (CV). So, these following graphs
describe enough to study the flow rates of hydro-
accumulators 2nd stage and passive heat removal systems
through steam generators. Figure 6 shows the change of
flow rates of PHRS and hydro-accumulator 2nd stage in
the core throughout the entire emergency situation. During
calculations it is seemed that there is no precipitation of
boric acid occurs. So, mprecipitation = 0 during 24
hours after an accident so there is no precipitation line in
the following Figure. So, the deposit mass of boric acid in
the reactor core is almost zero after initial emergency
process. The blue line indicates the flow rate of HA — 2
which gradually decreases stage by stage. In the final stage
the flow rate is become constant which is 1.6 kg/s.

Flow rates of PHRS & HA-2 during an accident
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Figure 9: Change of flow rates of PHRS and hydro-
accumulator 2nd during the whole emergency process

In Figure 10, the flow rate of boric acid due to droplet
entrainment is observed (green line), after being critical the
flow rate is decreasing according to the time. In the initial
stage of emergency process, the values of droplet
entrainment are impossible to be measured because the
water level is too low inside the core.

And boric acid flow rate from RPC to core is constant (red
line) during the emergency process. During calculation, it
is found that a significant amount of boric acid escapes
from reactor core as well as containment volume with
steam and droplet entrainment process. Because, we know
that during emergency, reactor core is in boiling state, so,
when boric acid solution enters into the core, maximum
solution turns into vapor which contains boric acid. Then
the steam with boric acid comes out from reactor core to
containment volume. As we know that droplet entrainment
is an entrapment of substances, so with liquid, boric acid is
entrapped and comes out through the rupture of main
circulation pipelines. It is very helpful to prevent the boric
acid accumulation or deposit mass of boric acid inside the
core and containment volume during the whole emergency
process. After 24 hours of initial emergency conditions it is
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found that no precipitation of boric acid is found inside
area or active area of the reactor.

Flow rates of boric acid due to droplet entrainment
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1 droplet

entrainment, Gr.
o \\
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o 10000 20000 | 30000 40000 50000 70000 80000 S0000

Time, s
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Figure 10: Change of boric acid flow rate in the core because
of droplet entrainment during the whole emergency process

5. CONCLUSION

The determination of boric acid mass transfer processes
plays a significantly role in the analysis of emergency
mode operations in modern VVER reactors. In the VVER-
1200 reactor core, the computed estimation revealed a
considerable amount of concentration of boric acid 24
hours after the incident began. This process may not result
in crystallization on the surface of the fuel rods and do not
hamper in heat removal through the core. It should be
noted that the estimation was based on a set of
conservative values that did not take into consideration the
removal of solution of boric acid from the core due to the
capacity of steam to dissolve it. During the calculation
study, it was discovered that the available dependencies for
estimating steam moisture as well as steam content of the
mediums at the VVER core's exit in the event of an
emergency are currently questionable. Because, at such
emergency situation, the steam moisture and steam content
parameters vary which leads to an uncertainty in variable
dependencies. These variables are critical for
understanding the boric acid mass transfer mechanisms.
Experiments on the mass transfer processes of H3BO3
should be carried out at parameters that are equivalent to
the emergency mode parameters of VVER reactors to
remove current uncertainties.

NOMENCLATURES
G Factor of gravity
o Liquid tension
h" Steam enthalpy at saturation temperature
(k] /kg)
hgpc Boric acid solution enthalpy in RPC (kJ/kg)
Gya Boric acid solution flow rate from HA (kg/s)
Gphrs The flow rate of condensate in SG (kg/s)
Mpc Mass of boric acid solution in core (kg)
Mppc The amount of boric acid solution in RPC (kg)
Gy Steam output rate (kg/s)
Gy Rate of flow of a boric acid solution to the
core via RPC (kg/s)
r Evaporation specific heat (kJ/kg)
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h' The enthalpy of water is at saturation
temperature (kJ/kg)
hrpc Boric acid solution enthalpy in RPC (kJ/kg)

Crpc Boric acid solution concentration in RPC
(kg/kg)

Cre In the core of the reactor, the concentration of
boric acid solution (kg/kg)

G Flow rate of steam-water combination (kg/s)

RECOMMENDATIONS

Unfortunately, this work was limited to the calculation in
the time range of 24 hours of emergency condition. It
would be great to do the application of this calculation
methodology as well as the results obtained for the case
with  operation of VVER third-stage hydraulic
accumulators (up to 72 hours).
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NOMENCLATURE
C,  eddy-viscosity coefficient 4 compensated stress length
DNS  Direct Numerical Simulation p pressure
k turbulent kinetic energy R,  stress-intensity factor
I, stress length Re Reynolds number
R, eddy-to-laminar viscosity ratio € turbulent dissipation rate
S mean strain-rate 0 momentum thickness

) . K von-Karman constant
SED  Structural ensemble dynamics . . .
SST  shear stress transport M, (4 laminar & turbulent eddy viscosities
U, Cartesian velocity components v laminar kinematic viscosity

o ) P density
Ur f”Ct'Oh velocity 0] specific dissipation rate Subscript
Y wall distance i, ]  variable quantities
+ .

y u, Y/V T turbulent condition
ZEM  zero-equation model
1. INTRODUCTION turbulence model typically becomes complicated when

introducing correlation artefacts to predict a new flow with
original features; correlation terms having dimensional
argument retain several functions or coefficients without
physical interpretations. In principle, the concept of wall
turbulence with its universal structure can avoid a large

Due to the lack of a relevant existing theory which
concentrates on the physical understanding of wall
turbulence, the framework of the RANS (Reynolds-
averaged Navier-Stokes) turbulence model takes a pivotal
role (Durbin, 2018) on this deficiency. The formulation of
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amount of empiricism involved in wall-bounded flows.
Unfortunately, the Prandtl mixing length theory (Prandtl,
1925), von Karman log-law argument (Segalini et al.,
2013) and Townsend similarity hypothesis (Townsend,
1976) are not fully capable of providing a consistent route
to the development of a zero-equation model (ZEM). The
current research convokes such an alternative to
developing a plausible algebraic model, resorting to a well-
established wall-turbulence phenomenon.

Using a symmetry-based approach, the SED (structural
ensemble dynamics) theory (She et al., 2009, 2010, 2017)
has been recently proposed. The concept applies an
invariant wall restriction on turbulence eddies in the
framework of a generalized Lie-group dilation invariance

(LDI) to the stress length |, estimating scales of eddies.
The SED theory speculates a multi-layer formulation for
|12 with a fully-developed channel flow. The analytic

solution preserves the information of the entire flow
domain with a four-layer structure; four layers consist of a
viscous sublayer, buffer layer, bulk flow region (containing
log-layer) and core layer. The four-layer structure precisely
characterizes the total flow field and captures the genuine
similarity image of wall turbulence with an increase in
Reynolds number. The SED theory is capable of predicting
its universal analytic etiquette sticking to an LDI principle,
which is apparently universal in the presence of a wall.
Remarkably, the variations in multi-layer parameters
represent disparities among various layers of a physical
flow domain.

A zero-equation (an algebraic) turbulence model is
developed in the current study, adhering to the impressive
multi-layer physics of wall turbulence. The turbulent

Kinematic eddy viscosity is calculated as vy =|1228 :

where S is the strain-rate invariant. Bradshaw’s stress-
intensity factor [8] is formulated using the SED theory
which is parameterized with an eddy-to-laminar viscosity
ratio; the resulting structure-function can reasonably
predict the Kkinetic energy of turbulence k and turbulent
dissipation rate &. Predictions from the widely-used SST
(shear-stress-transport) k- turbulence model [9] are
compared with those of the ZEM. Results demonstrate that
the ZEM performs better than the SST model. A
remarkable achievement can be ascribed to the current
work in a way that the wall turbulence with a refined
physical multi-layer description has prevailed over the
drawbacks of previously developed algebraic turbulence
models (Prandtl, 1925; Segalini et al., 2013; Townsend,
1976; Wilcox, 2006).

2. GOVERNING EQUATIONS

The stress length of SED theory has specified the turbulent
eddy-viscosity in the new algebraic model. The current
model begins from RANS equations which deal with the
mean conservation of mass and momentum. RANS
equations can be represented as follows:

9%, 9 (pu)=0 1)
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P_Ui+i(puiuj):_5_9+% @

ot OX, o%;  OX;
where U; is the jth component of velocity, X; represents

Cartesian coordinates, p implies the fluid density and p
denotes the pressure. The Boussinesq approximation can

be applied to relate total stresses O with the mean strain-

rate tensor S;; as:

1 1( ou, ou,
S =2(pt )| S —=S40y |1 S == —+—| ©
o, =2(u M)[ i 73k uj i 2(axj 6X-J

where the Kronecker’s delta functionis indicated by & ;
Oy =1fori=jand §; =0 fori= ] . Laminar and
turbulent viscosities are designated by 4 and g

respectively. According to the SED theory, £, can be

defined using the stress length function |, as:

2
Hr = plipS
where the mean strain-rate invariant S is given by S =

JZS”S“ . A sub-concept of the SED theory, regarded as

the order-function formula of She et al. (2010) describes
complex systems with multi-layer structures; the wall
turbulence belongs to this group. According to the SED
theory, a well-defined set of functions in the framework of
multi-products (i.e., order functions) is used to format the
multi-layer structures. The order function is deduced from
a quantitative analysis of the generalized LDI, established
with the presence of wall. The order-function generic form
can be given as:

y %o 4 y b %

=c,| = 1+ = ®)
=sfa) T3]

where a, b and ¢ can be adjustable constants; ¢ is an order
function having complex multi-layer  structures,
parameterized with a variable y and n is the number of
products. In fact, the spatial variation of ¢ involves
multiple transitions, from one layer to another. Some soft-
wares like MATLAB or Mathematica can assist the curve-
fitting process. The SED hypothesis speculates that in the
fully-developed turbulent boundary layer, a multi-layer
form is associated with the stress length |, . It provides
(She, 2017):

y+ % y+ 4 % y+ 4 _%
=1 == [1+]| — +| =—
1 "(9.7] [9.7] [41]
(6)
1-r* (0.27j2 g
1+
4(1—r) r
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where y* =yu_/v is the dimensionless wall-distance

with the friction wall-velocity u_= (VS )W which is

well-defined for attached and mild separated flows with
S, >0 ; the kinematic laminar viscosity is given by

V=pu/p . In addition, r=1-y/5=1-y"/Re, ,

where 8 is the channel half-width and Re_ =5UT/V

signifies friction Reynolds number. Equation (6) retains a
canonical four-layer structure of wall turbulence,
consisting of a viscous sublayer, buffer layer, bulk zone
and core layer for a fully-developed channel flow. They
remain apart from each other by empirically evaluated

layer thicknesses, respectively Y., =9.7,Y,, =41 and

I'ore = 0.27 . In other words, the viscous sublayer ending

at Yo, =9.7 s the first layer adjacent to the wall;

afterward, the buffer layer ends at Y, , = 41.

Re,= 395
Bet= 640 [
2| Y b= 9.7 e ‘ |
10 Y ouf = 41 i
[ core o -
core rA =
10’ 2 ]
0
10 I I TR SR A | Ll I L L
10° 10" 102 10°

+

y
Figure 1: Compensated plot of ¥ = |1+2 (l— r' ) . The bulk

layer (between yguf and ) retains almost constant

rcore
values. Dashed lines show thicknesses of viscous sublayer

(y;b = 9-7) , buffer layer (yguf = 41) and core layer
(I’ = 0.27)

core

The core layer expands from the centre-line to a core layer
thickness of r__=0.27 and the bulk-flow region

core
consists of the remaining flow domain. In principle, the
need for defining overlap region is avoided by the structure
of geometry-dependent bulk-flow, i.e., (1 — 1. It is not
difficult to verify that for y* > 41, the celebrated linear law

I, =Ky" is obtained as a matching function between
inner and outer regions with |, =~ 9.721(/41 ~1.0, where
the Karman constant & = 0.45 has been chosen from the
original SED theory.
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Near the centre I < I (withr =1 —y/3 is the distance

from the channel centre-line), a core layer has been defined
wherein dissipation and pressure-strain are balanced by
turbulent transport that takes over production (She, 2017).
In principle, such shifts in the balancing mechanism induce
the four-layer structure as mentioned earlier. The multi-
layer structure can also be observed in the compensated
plot (divided by 1-1%), as displayed in Figure 1; core layers

are at Y, . = (300; 500) for Re, = (395; 640). Direct

Numerical Simulation (DNS) data are available from
(Mansour et al., 1988; Kawamura et al., 1999).

The current study deals with the zero-equation model
(ZEM). However, turbulence quantities can be evaluated
from turbulence fluctuations using unsteady RANS
computations.

0.4 T T T T T
Reg = 4060
Ry,
0.3 | DNS
r.il?%
&0
¥ 02- |
0.1t .
0 éi QISQ .-JI.Q I1 Il] ‘1 I2 3
10% 102 102 10" 10° 10" 102 10
Ry

Figure 2: Stress-intensity parameter for flat-plate boundary
layer flow at Reg =4060

An extension of the Bradshaw hypothesis (Bradshaw et al.,
1967) from free shear flows to wall-bounded flows
convokes a plausible parameter, resolving near-wall
anisotropy of turbulence. The Bradshaw parameter
R, =|—uv| k = C, . where |—UV| is the principal
shear stress, k implies the kinetic energy of turbulence and
C# = 0.09. It is also believed that the SED theory is
precisely accurate to formulate a variable Bradshaw
structure-function R, in the vicinity of the boundary layer.
In Reference [12], R, is fabricated as a function of
R, =vKY/V . Nevertheless, the present formulation
necessitates R, as a function of R, =V; /v (eddy-to-
laminar viscosity ratio, where V; =4 /p is the
kinematic eddy-viscosity) to empirically evaluate k and
dissipation-rate & Applying the curve-fitting
approximation (Equation (5)), the structure parameter R,
is obtained after the calibration with DNS data for a fully-

developed turbulent flat-plate  boundary-layer flow
(Schlatter & Orlu, 2010):
C,R**
Rb — 1° T (7)
0.16 242 0.12
(LO+R; )" (LO+CIR?)
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where C,=C,°, C,=C,/50. As R >,

R, ~C,/C;* ~/C, . The present work has three

products with n = 2. As can be observed from Figure 2, Eq.
(7) has a good correspondence with DNS data (Schlatter &
Orlu, 2010) of a fully-developed turbulent flat-plate

boundary layer at a slice of Re, = 4060 (with wake-layer

DNS data mostly excluded), where Re, signifies the

momentum-thickness Reynolds number. The
dimensionless turbulent viscosity is calculated as

VT*=|—uv+ /(du*/dy*) using the DNS data. The

.
structure parameter R, =V; S / K can be employed to
calculate kand ¢ as:

0
0
vy S , e=RkS (8)
R, +C

where C = 0.01 is used to avoid the near-wall singularity
and & vanishes at the solid wall. It is worth mentioning
that on a channel-flow centre-line or outside a boundary
layer, the strain-rate invariant S may approach zero.
Therefore, the free-stream strain-rate correction S_ with a

non-vanishing identity can be convoked as a remedy; it can
be approximated from a nearly homogeneous shear flow of
Champagne et al. (1970) as presented in Equation (9)

where the added Sa has a tiny numerical effect.

0
S=.s’+87, Sa=Cisl ©)

7

3. COMPUTATIONS OF FULLY-DEVELOPED
TURBULENT CHANNEL FLOW

Fully-developed turbulent channel flows at Re_ = (395;

640) are simulated to assess the model competency in
reproducing near-wall turbulence. Computations are
carried out in the half-width of a channel, employing a 1-D
(one-dimensional) RANS solver. A non-uniform 1 x 64

grid resolution for Re_ = 395 and 1x128 grid resolution

for Re_ = 640 are presumably adequate to accurately

predict characteristics of the flow (e.g., producing almost
grid-independent solutions). To assure the viscous sublayer

resolution, the first near-wall cell height is located at y* =~

0.3 to assure the viscous sublayer resolution. A cell-
centred finite-volume approach is utilized along with
SIMPLE algorithm. Predictions of the present zero-
equation model (ZEM) are compared with the well-known
Menter SST (shear-stress-transport) model (Menter, 1994).

For a 1-D incompressible flow, the streamwise (x-
direction) mean momentum equation can be given as:

op O

ou
&+E{(V+VT)E}—O (10)
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where the positions of lower and upper walls of the
channel are indicated by y = (=4, h). Since the mean flow
field has a 1-D identity, the axial gradient of pressure

Op/Ox remains constant, and the continuity constraint

ou,/ox, = 0 is naturally satisfied. However, op/ox

must be computed as a part of the solution method since
the pressure gradient is not known a priori. The pressure-
velocity correction method (Rahman et al., 1996, 1997) is
an appropriate choice to solve the problem. The scheme
continually updates the velocity and axial pressure gradient
as long as the mass imbalance is minimized.

25 1
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Figure 3: Developed channel flow at ReT =395: (a) mean
velocity; (b) Reynolds shear stress; (c) kinetic energy of
turbulence and (d) turbulent dissipation-rate

Simulations from the ZEM and Menter’s SST model in
wall units are presented in Figures 3 and 4. Comparisons

are prepared by plotting results in terms of U* =u/uT ,
uw* =uv/u? k" =k/u? and &* =ve/u? versus y*
The Boussinesq approximation has been used to calculate
the Reynolds shear stress. Figures 3(a) and 4(a) show
velocity profiles from independent turbulence models.
Simulations of the ZEM and SST model make good
correspondence with DNS data. Noteworthily, acceptable
congruence of the ZEM with DNS data can be observed
without having transport and diffusion effects of the
kinetic energy of turbulence and turbulent dissipation rate.
Nonetheless, the SST model under-predicts the mean
velocity profile in the wake-deficit region of boundary

layer at Re_ = 640. Perceptively, the SST k-o model

inherits this complication. Profiles of Reynolds shear
stresses are plotted in Figures 3(b) and 4(b). As can be
noticed, predictions of the ZEM and SST model agree well
with DNS data; the difference between them is almost
indistinguishable.
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Figure 4: Developed channel flow at ReT = 640: (a) mean

velocity; (b) Reynolds shear stress; (c) kinetic energy of
turbulence and (d) turbulent dissipation-rate

Model performances are assessed further with the k*
profiles, shown in Figures 3(c) and 4(c). As can be
observed, the ZEM matches with the DNS data in the near-
wall region, whereas the k* profiles near the wall are badly
under-predicted by the SST model. Figures 3(d) and 4(d)

exhibit the &* -profile from the ZEM and SST
computations. It is well-known that experimental and DNS

data exhibit a maximum &7 close to the wall. None of the
turbulence models is capable of capturing a maximum &*

in the wall-vicinity; however, &* profiles are predicted
qualitatively well by both models after the wall regime. In
fact, the numerical stability can be strengthened with such

a behaviour of the £" -profile in near-wall regions. The
SST model experiences an enhancement in the
convergence of numerical solvers due to this phenomenon.

4. CONCLUSIONS

Predicted results demonstrate that the ZEM has
consistently outperformed the well-known SST model. The
success of computation is facilitated by the essence of wall
turbulence, comprising a universal  multi-layer

quantification of the stress length |, which interprets the

invariant (wall-normal distribution) of turbulent eddy-
viscosity. The formulation of ZEM offers a positive
perspective for the RANS model wherein an accurate
prediction of wall-bounded flows is enhanced in
collaboration with the fundamental understanding of wall
turbulence. The ZEM presumably deserves the following
specific merits: (a) may produce an accurate constraint on
unsteady computations such as detached-eddy or large-
eddy simulations; (b) may provide a calibration tool for
experimental flow conditions and (c) flows over new
geometries with available experimental data, the ZEM may
be used to determine corresponding multi-layer parameters

MIJST, Vol. 09, December 2021

(like Ig and yguf ) which specify the relevant flow physics
of turbulent boundary-layer.
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priority values. Since Mongla is an integral part of southern Bangladesh, the
government has taken initiatives to integrate the port uses for neighboring
countries. An agreement was signed (Intra Bangladesh, Butan, India, and Nepal

(BBIN) Trade) for offering multi-modal transit access to India and Port access to

Keywords:

Nepal, Bhutan and Eastern India. The objective of this study is to establish a
computational way to analyze the existing fabric and restore a potential

optimized fabric. The methodology of this study includes developing a

Mongla urban design
Computational urban design
Grasshopper-Physarealm modelling
Urban fabric

computational approach, collecting data from secondary sources, analyzing the
data set and adjusting it to the identified existing urban fabric. In this paper, a
new tool is introduced named ‘Physarealm’, based on the algorithm of

Grasshopper and Rhinoceros.

1. INTRODUCTION

Since the existing condition of communication
infrastructure of Mongla port from the capital Dhaka as
well as the borders is not up to the mark; the government
of Bangladesh has set a new embellishment for the
transportation system in southern parts of the country.
According to the pre-feasibility report Mongla Economics
Zone Bangladesh, the city economy was developed based
on the port-oriented trade which was the main Central
Business District (CBD) not only of this particular zone
but the whole southern part of the country. Mongla could
be referred to as a ‘secondary city’ in a developing country
like Bangladesh which plays an explicitly influential
position in regional economies. Besides, this city not only
moulds the livelihood character of its urban residents but
the working people of the industrial units within and
around the district.

This research will demonstrate a new way towards a 2-
dimensional systematic proposition instead of an
analogous thinking approach and analyse the existing as
well as a potential urban fabric of the Mongla port area. In
recent times, the parametric design process is such a
structured approach that evaluates a design via algorithm
and ensures minimal assessment time while providing data
accessible throughout the development phase (Motta,
1999). Designing has been a crucial aspect of our life; for
years, perception of design sometimes has failed and some
approaches have devastated both financial and physical

© 2021 MIJST. All rights reserved.

resources. In addition, intuition sometimes could be
misleading and strenuous whereas computer-aided
programs could lend support in complex and

comprehensive experimental analysis (Mawla et al., 2018).
Computer-aided designs can also perform in multitudinous
directions at a time like- density, population, environment,
energy, integration, material, distance, speed, time, demand
etc.

On the account of Bangladesh endeavouring to establish a
Digital Bangladesh programme, ‘Smart city Campaign’ has
been launched recently. This project aims to emphasize
improved urban environment and decentralization of
facilities. These include the improvement of urban
infrastructure such as vehicular and pedestrian
connectivity, sewerage system, waste management,
drinking water, energy-efficient techniques, community-
level infrastructure. According to the authority, urban areas
are the engines of economic growth and so the authority
aims to develop economic corridors to integrate industry,
infrastructure, urban services, institutional and regulatory
framework (Acharjee, 2020).

Computational designs can lead to a future that minimizes
rational errors. This study helps to relocate the existing bus
and water terminal under the concept of Transit Oriented
Development (TOD), considering the land use and other
Infrastructure facilities in terms of land use pattern,
existing urban fabric, transportation, environmental
consideration, and last but not least, the physical and visual
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accessibility to and from the stations.
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Figure 1: Land use pattern of Mongla Port Paurashva

2. COMPUTATIONAL DESIGN APPROACH

By 2050, there is a probability that 70% of the world's
population will start living in megacities which indicates a
mass of 10 million citizens. This data depicts that, there
should be a whole new target-oriented, interdisciplinary
programmed and well-structured approach in urban
planning and design in cities (Renner, 2018).
Subsequently, planners from across the world are tending
to adopt computational methods. Accordingly, the
presented framework depicts that, the use of digital tools
and programming methods can be used for extensive
research experiments while the outcomes can be computed
in no time. A methodical algorithmic approach
undoubtedly increases planning efficiency and variety at
the same time.

3. EXISTING URBAN FABRIC

Figure 2: a, b, ¢, d from left to right; existing bus and water
terminal

MIJST, Vol. 09, December 2021

In the existing condition, an expiring bus stand and
moribund water terminal works as the multi-modal
transportation hub for years featured in Figure 2(a, b, c, d)
as well as public transport is almost non-existent in
Burirdanga UP & Mongla Port Paurashva. The EPZ alone
offers 611 employment opportunities per hectare (total
EPZ area is around 205 acres/83 hectares approx.). The
existing fabric is pretty much fragmented and the spatial
segments are isolated in terms of connectivity and
infrastructures. The existing urban fabric can be divided
into three grids; they are:

A. The connectivity grid
Connections and accessibilities of the area, which include
vehicular roads, pedestrian networks, cycling tracks, etc.

B. The activity grid
Consists of public zones, residential zones, facility zones,
service areas.

C. The green infrastructure grid

Comprises open public spaces, green networks, retaining
water bodies, urban sprawl, permeable pavements, green
roofs, trees and tree boxes, and rainwater harvesting
systems.

FPROPOSED)
COMMENCIAL ZONE

WASTELAND)

WATER TERMINAL
ZONE

Figure 3: existing urban fabric

4. LITERATURE REVIEW

As discussed earlier, research has been conducted worldwide
on computational urban planning and its spatial attributes.
However, a research gap remains on Mongla, the city is
one of the flourishing cities of Bangladesh which is not
only the gateway to the Sundarbans but—constituents
second largest seaport, export processing zone, power
plant, fishing, and many other private industrial zones.
According to Feisal and Kuhl (2021) Mongla has the
potential for positive transformation of secondary cities.
Parametric modelling authorizes engendering extensive
urban design permutations that resemble sustainable design
development targets.

So far, there are several computational methods and tools
available for indirect urban fabric analysis, such as space
syntax (Conroy-Dalton & Bafna, 2003), Isovists analysis
(Batty, 2001), density-based quantitative analysis
(Hausleitner, 2010), and Rhinoceros based plugin
Grasshopper (Schneider, Koltsova, & Schmitt, 2011).
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Rapid urbanization sometimes endangers many historical
precincts with indigenous characters disappearing, present
scenario of China indicates an urban fabric crisis (Ruan &
Gu 2004). Modern cities undergo both energy problems
(Polsky, 2014) and fragmentation caused by isolated
building pattern, communication networks, and negative
spaces (Trancik, 1986), converting the buildings into
random pieces. Therefore, urban fabric assessment is
considered as the cardinal aspect for developing a smart
city (Li. 2016). It is also argued that the visual exposure of
urban space which includes -buildings, public space, road
network, differentiates cities from others (Proshansky,
Fabian and Kaminoff, 1983). In short, proper urban fabric
planning and design is the paramount objective for a smart
city.

The emergent trait of swarms and self-organizing attributes
have turned them into popular appliances among architects
of the computational field, as well as their strategic
approach against complexity and the diversified possibility
they comprise (Pantic & Hahm, 2015). A team of Japanese
and Hungarian researchers has shown that Physarealm can
find the shortest route between two food sources when set
in a maze with two oatmeal flakes (Nakagaki et al. 2000).
In a survey from 2010, Physarealm created a network
similar to the existing routes of the train system of the
Tokyo area (Tero et al. 2010). Since then, researchers have
been using Physarealm modelling for the spatial formation
study and to apply architecture-planning sectors.

5. OBJECTIVES

The goal of the study is to develop an intelligent
transportation infrastructure of the area through
computational progress for the betterment of local people,
to provide the commuters a convenient as well as
congenial walking courses, to create a buffer yet easy
access among all terminals, reducing walking distances in
between the terminals and eliminating passenger - vehicle
conflict points, designating particular areas for services and
finally, increasing the number of existing facilities.

6. COMPUTATIONAL METHODOLOGY

A. Addressing the algorithm

Software - Rhinoceros 3D is popular commercial
Computer-Aided-Design software developed by Robert
McNeel & Associates for designers, architects, planners
which is based on fundamental programmed geometric
parameters. A Rhinoceros-based plugin ‘Grasshopper’ is
used to create a prototype of a circulation pattern.
‘Physarealm’ is an agent-based stigmergy algorithm
modelling, programmed on Physarum Polycephalum and
similar to the ant colony algorithm. P.Polycephalum is a
slime mold that inhabits shady, cool, moist areas such as
decaying leaves and logs.

The presented model reproduces the biological behaviour
of Physarum; which are formation, growth and minimized
transport networks. We can delineate the basic pattern
from these simulation outcomes by simplifying them.
Hereby, we can find different shapes of routes chosen by
slime by connecting several nodes. Several trails were
extracted from the generated slime movement patterns time
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to time.

B. Computation process

The site is located near the Mongla port. If the TOD radius
is taken as 1 km according to the standard of the Dhaka
Mass Rapid Transit Development Project (TOD) Report,
the possible outcome is shown in Fig.3a. However, the
existing bus and water terminal lies right next to the
upcoming railway station.

The simulation was run several times based on different
parameters like - population, density, speed, and flexibility.
The result was fascinating which could be portrayed as a
basic physical pattern.

Stepl. Assessing the survey data and integrating with
Grasshopper and Physarealm.

Step2. Place Physarealm and connect the primary data set
with it- like environment (surfaces, geometry, and
boundary), emitter points, foods, population etc.

Step3. Set up the additional settings like- Chemo field,
death-birth rate, angles, etc. and run the simulation for 3-4
hours until it achieves stability.

— i / 7
i
oy

Figure 4: Land use pattern of TOD area and surroundings

C. Tools

Rhinoceros is primarily an organic surface modeling
system that utilizes the NURBS mathematical model.
Rhinoceros incorporates specific fields such as rendering
and animation, architecture and planning, engineering,
prototyping, and others. The integrated plugin tool-
‘grasshopper’ allows parametric measures for design
proposal which runs different kinds of simulations and
experiments. Recently, in the contemporary architecture
field, Grasshopper is one of the most premier programming
engines for planners, exceeding in networking, urban
planning, digital fabrication, generative art, simulation
depending on numeric, geometric, visual variables. It has
become user-friendly not only due to its high flexibility but
efficiency and swift exploratory experiences as well.
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input of survey data
(like- weather files,
location files, etc.)

visualization of simulated result
(trail of the agents)

OUTPUT <——— PHYSAREALM <——— GRASSHOPPER

set up of environmenal

77777 N factors like- Breps,

geometric obstacles, food,
emitter etc.

preliminary data that could be used to
run simulations again

Figure 5: workflow with Physarealm.

The apparatuses are:

Environment: Contains the eps file of the particular
environment and location, comprises 3D modeling
atmosphere. The agents can move at any orientation in the
3D lattice-based model. The eps file is integrated within
the modeling with a Brep container which operates in 3D
orientation.

Obstacle: Users can assign physical obstacles as Breps
within the grid as well as a barrier aligned with the site
line. A customized high escape possibility may manipulate
the regulations and allow the agents to enter obstacles. In
this study, an old mosque plaza (local landmark), a chunk
of old trees and a canal were maintained as obstacles in the
last four scenarios. Apart from that, for the first two
simulations, the surface was maintained as barren land.

Surface: A defined 2D or 3D surface area to start with,
performs perfectly for either file- Brep or geometric
shapes.

Figure 6: Environmental parameters from Physarealm
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Figure 7: parameters from Physarealm

Emitter: A set of point containers, generate agents near the
specified locations and provide them random orientations.
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The bus terminal, railway station, water terminal etc. could
serve as the emitters since people are dispersed from these
hubs.

Food: Serves as the destination of the agents. These sets of
points constantly emit chemo-attractive trails to attract the
agents. The foods could represent the destination points
e.g. public plazas, accommodation facilities, commercial
zones, market spaces, residential areas etc. ‘Food’
provokes the agents to find a way among them in terms of
minimized walking distance and time.

The additional settings are: Speed max. 7~10, sensor angle
0, 30, 60, 90, detect radius 5~8, division max 3, death
radius 1~3, death min0.1~0.3, death max 6~9, sotate angle
90.

The output variables are:

Chemo attractor field: Attracts the agents depending on
the value given. Every agent has multiple sensors to detect
the level of chemo-attractive trail concentrations in front of
it. This could represent the techniques like signboards,

26



MIJST

Azad: Computational Design Approach to
Re-Establish the Urban Fabric of Mongla: A Perspective from Grasshopper

digital direction boards, etc.

Population: Number of agents to experiment with, in this
case between 100- 300.

In addition, added values of birth-death rates (5-10), sensor
angles (multiple of 30) in the settings, happen to
manipulate the outcome. The live formulation and growth
of the programmed mold can be supervised in grasshopper
which leaves some trails according to the movement of the
agents. The ‘trail point’ is the rudimentary pattern
developed by the agents which depict the minimal
distances among the destinations of the algorithm.

Possibility range 0.1~0.3, detect radius 0~2, history step
5~9, Boolean Toggle and reset button attached to reset
option to operate independently.

D. Analysis and interpretation

In the figure shown in 5a, we can observe the raw trails
constructed at several time-lapse which were manipulated
by the measures described before.

Figure 8 : sample simulation patterns from Physarealm

To the best knowledge, after gathering a good number of
samples (at 4-5 hours per run), a simplified pattern was
generated. Some sample patterns shown in Fig 5a,
represent common specimens which are shown in Fig. 5b.
At first, the simulation trails were simplified and the food
nodes were identified. The trail curves were traced with
digital media and at last, the simplified lines were inferred.

The simplified reference wireframe paves the way to
propose some major changes in connectivity. The
simplified traced trail sets were again stacked on each
other and a sketch was delineated. In Fig.6, we can see the
simplified connection grid according to the computational
design process. The proposed grid results in several
fragmented zoning which could serve as urban buffer
spaces. The foods are represented by dots and the dotted
lines symbolize the minimal distance trail patterns from the
simulation.
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Figure 9: simplified patterns from simulations

7. OVERVIEW AND VISUALIZATION

We can delineate a basic trail from the generated
simplified patterns which are shown in Fig. 6. The
fundamental sketch depicts that, the grid should be
something like this.

railway station
bus terminal
water terminal
port area
riverfront areas

The final output of the calculation modifies the three major
grids:

e The connectivity grid — vehicular and pedestrian
connections and accessibility.

e The activity grid — public spaces and facilities,
accommodations.

e The green infrastructure grid — green network
which serves as natural urban buffer spaces.

a. Port facility zone — proposed in KMDP development
management plan 2011-2031, situated in between the river
and railway station.

b. Railway station plaza - connected with the N7
highway via proposed connecting road (ii & iii/Figure 6).

¢ & f. Economic district — Proposed EPZ and special
economic zone.

d. Urban buffer zone — consists of existing forest office,
accommodation facility and coast guard station at present.
The proposed urban zone should be enriched with natural
resources, green landscape and waterscape.

e. Bus terminal zone - situated in the existing bus stand
area, the capacity and efficiency should be maximized.

g. Public recreation zone and accommodation zone —
located in the area of existing urban open space at present.
Riverfront development is suggested like — boat club,
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cycling and pedestrian tracks, sitting arrangements etc.

h. Water terminal zone — the terminal should be upgraded
with modern amenities and facilities since this is one of the
main access points of the world’s largest mangrove forest,
the Sundarbans. To promote tourism, there is no other
option but to improve the connectivity grid.

i. Coast guard station and forest office — is suggested to
be relocated to this zone since zone 3 and 5 are potential
sites for urban breathing with huge natural resources.

A. Connectivity grid
The access points to the site are:
e N7 highway extension
e Proposed approach road to EZ
e Proposed connecting road to the bypass road.
e Proposed one-way connection towards the bypass
(through the hub to maintain a loop)
e  Proposed one-way road to complete a loop.

|| a ii b iii =
|
4|.- —————— s - iv
| I 11
| | :
i od ! e 1 | f
I '} .2
5.\ 61 :
I -
N e e e e r=——-- v
k h \ m
\\ 9 31
5'— ————————— e i

Figure 10: Proposed non-vehicular access.

B. Activity grid

Public plazas can be placed tactfully to define different
zones and to avoid any chaos which may serve as urban
buffer spaces place to place. In this case, the public
recreation zone is consistent with the existing condition
which works perfectly, optimized by the public itself.

The riverbank development area offers visitors to enjoy the
sublime beauty of the confluence, which is situated at the
dead-end of the N7 highway, right beside the port
premises. The complementary composition of the
riverbank, the sunset on the horizon along with incoming
ships towards the port, offers a majestic atmosphere. This
zone may be developed as public recreation zone with
modern facilities and amenities. The portside plaza offers a
vast natural landscape for public amusement and facilities
like- exhibition, public gathering, amphitheatre, cycling
track, outdoor sports ground, early development, youth
entertainment, family and friends, pet corner, gym area etc.
It is situated not so far from the terminals so; the visitors or
tourists can always make a little escape from the hectic
long run. The plaza is well distinguished from the water
terminal and the bus terminal by the accommodation
facility zone, shown in Figure 7.
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Figure 11: visualization of proposed urban fabric

The existing accommodation facility may be enriched by
developing the neighbourhood recreation zone. This
facility area separates the central urban zone and the
riverbank plaza.

C. Green infrastructure grid

Zone d - The buffer area should be used as an urban green
space to check the chaos and sound between the hub and
the rest of the zones. The quality may be enhanced by a
natural preservation program along with basic
infrastructural systems which include sitting arrangement,
rainwater reservoir, stormwater swale, retention drains,
pedestrian and cycling tracks etc. This new chunk may be
stretched out through the medians and pedestrian networks
and connect with other green chunks.

8. CONCLUSIONS

Once the prototype analytical file is set up, the evaluation
and simulation could be easily manipulated for further
innovation. From this study, we can negotiate that there are
further possibilities in terms of zoning and connectivity in
Mongla port area. A new way can be portrayed the
extended connectivity grid and the activity grid as well
from this computer-aided design study. Physarealm-
Grasshopper has been used in urban connectivity and
morphology, parametric landscape and digital fabrication
at large. A park pathway is established based on
Physarealm, among several sports facility premises
congregated by an Olympic stadium (Yidong, 2017).

In short, the presented framework depicts that the use of
digital tools and programming methods can be used for
extensive research while the outcomes can be computed in
no time. The computational approach undoubtedly
increases the planning efficiency and variety at the same
time. The work with the parametric plug-in Grasshopper
offers comprehensive and user-friendly approaches in the
generation of various designs.

Once the computational linguistics is achieved data
interpretation and schematic plan can be ended in a very
short period of time along with the digital fabrication of
the whole design process. This suggested wireframe
reveals a highly potential experimental program that could
take months to reach up to this point. In this age of
modernism and advanced technology, computational
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design process is the most methodical and productive
perspective.

Future study will concentrate on the absolute 3-
Dimensional formation of morphological features
hopefully due to the intricate survey study and extensive
methodology.
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A small hydropower plant is an environment-friendly renewable energy
technology. The run-of-river type gravitational water vortex turbine can be
designed to produce electricity at sites with low water heads. In this study, an
experimental investigation was undertaken on this type of turbine with a water
tank and a runner which is connected to a shaft. At the end of the shaft, a rope
brake was attached to measure the output power, torque and overall efficiency of
the vortex turbine by varying flow rates. The designed vortex turbine can achieve
an overall efficiency of 52.67%. The experimental results were validated with
available data in the literature and theories associated with the turbine. The
results also showed that the flow rate plays a vital role in generating power,
torque as well as overall efficiency. The project was completed using local
resources and technologies. Moreover, as water is used as the input power, this

project is eco-friendly which has no adverse effect on the environment.

1. INTRODUCTION

A micro-hydropower plant like a low head gravitational
water vortex power generation system can be installed in
prospective sites to generate pollution-free electricity. The
water vortex turbine, as shown in Figure 1, is a simply
constructed turbine that can produce electricity using water
flows. The turbine is placed into a conical basin where the
vortex is generated. When water is introduced into a
conical basin tangentially, it creates a vortex and energy is
harnessed. The blades of the turbine can be straight or
curved. A dynamo can be coupled with the shaft of the
turbine to produce electricity.

A two-dimensional representation of the experimental
setup of the vortex turbine has been shown in Figure 2. In
Figure 2 (a), various parts have been incorporated and in
Figure 2 (b), the dimensions of various parts of the vortex
turbine have been presented. Figure 3 shows the three-
dimensional CAD drawing and Figure 4 shows the actual
experimental setup of the vortex turbine with various parts.

Austrian engineer Frank Zotloterer invented different
types® of Gravitational Water Vortex Power Plant
(GWVPP) which has the potential to generate power using
low head (ZOTLOTERER, 2011). According to (Ersoy,
2014), Hakim investigated the effect of distances between
oscillating parts in a vortex-induced power generation.
Permana (Permana, 2011) studied the effect of the free
surface on the oscillating part involving the performance of

© 2021 MIJST. All rights reserved.

a vortex turbine. He found that the lower the location of
the oscillating part, the greater the amplitude of the water
level and vice versa. This finding is due to many reasons
and one of which is the holder stability.

Bernitsas and Raghavan (Bernitsas et al., 2006) designed a
vortex-induced vibration aquatic clean energy (VIVACE)
converter which used ocean/river current hydrokinetic
energy for the first time. Punit Singh and Franz Nestmann
(Singh & Nestmann, 2009) designed an optimized water-
free vortex propeller runner for micro-hydro application
and conducted experimental investigations.

Piyawat Sritram and Ratchaphon Suntivarakorn (Sritram &
Suntivarakorn, 2017) showed a comparison between the
water-free vortex turbine and the small undershot water
turbine. They (Sritram & Suntivarakorn, 2017) found that
the highest efficiency of a waterfree vortex turbine was
35.92% at the rotational speed of 50 rpm and the torque
was 2.77 N-m. The output power of their turbine was 14.5
W.

Recently an experimental investigation has been carried
out by Saleem et al. (A.S. Saleem et al., 2020) to
investigate the various performance parameters of
gravitational water vortex turbine (GWVT) by varying
design and flow conditions. They have shown that to get
better performance from (GWVT), the vortex height and
vortex shape have been played an important role. They
have also suggested that the better performance of the
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GWVT can be found at the middle range of rotational
speed. They have found that the multistage GWVT has
produced more power than single-stage GWVT. Rahman
et al. (Rahman et al, 2018) have performed an
experimental investigation Ullah et al. (Ullah et al. 2020)
have performed an experimental investigation on
multistage GWVT using savonius type blades and
telescopic shafts to investigate the effects of various
parameters on the performance of GWVTto study the
effects of inlet flow rates on the performance of GWVT.
They have shown that the efficiency of the GWVT has
been increased when the inlet flow rate has become higher.
Moreover, they have found greater efficiency as well as
power with large deflector length and small penstock’s
feeding width. Bajracharya et al. (2020) have performed
numerical and experimental investigations to reveal the
effects of geometrical parameters on the performance of
GWVT. From their experimental and numerical analysis,
they have suggested that when designing a turbine runner,
the height of the runner should be considered as the most
significant parameter.

In the present research, the main focus was to fabricate a
small-scale vortex turbine and to test the performance at
different operating conditions.

Figure 1: [llustration of a Gravitational Water Vortex Turbine
inside a Conical Chamber

2. MATERIALS AND METHODS

A. Main Components

An experimental setup was prepared for laboratory
investigation using a vortex turbine, as shown in Figure 5.
The main components of the experimental setup were:

e A water tank to supply water to the turbine

e A canal with a notch to increase the water
velocity

e A conical basin to generate vortex

e A straight bladed vortex turbine with six blades
with a diameter of 0.11 m to generate torque

MIJST, Vol. 09, December 2021

e A centrifugal pump to return the water from the
water tank to the canal

e A rope-brake dynamometer mechanism (GUPTA,
2012) to measure torque generated by the turbine

e A digital tachometer to measure the turbine
rotational speed

The salient parameters of the experimental setup are
illustrated in Figure 2 and a 3D representation of the setup
is shown in Figure 3. The basin height of the setup is 0.375
m with an inlet diameter of 0.400 m and an outlet diameter
of 0.0816 m. The canal height of the setup is 0.2 m and the
total length is 1.47 m. The Notch Angle, shown in Figure
2, of the turbine, is 15 degrees and the cone angle, also
shown in Figure 2, is 67 degrees. There were different types
and angles of blade arrangements attached with the turbine.
In this experiment straight bladed water vortex turbine was
used that had six blades with a diameter of 0.11 m.

Inlet
Basin Diameter Width

S S
Channel Width
I

Channel Height
1
| =LA S
. .
Height of Basin [~ Cone Angle
‘I Outlet Tube Diameter
l k_____'_____--Z
|
(@)
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1L r |
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A400 mm J *
175.00°
4
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‘—I |—7 §1.64 mm
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Figure 2: Experimental Setup in 2D with (a) various parts
and (b) dimensions
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B. Procedures

The experimental procedure is shown in Figure 5. Initially,
water was fed from the water tank (shown in Figures 2 and
5) to the canal. The water flow was controlled by a ball
valve, attached to the pressure gauge, manually. Then, the
water was flowing through the flow meter and was
delivered to the conical basin.

Figure 3: The Experimental Setup in 3D

In the conical basin, a vortex was generated due to its
shape. This vortex impinged on the vortex turbine blades
to generate the desired torque. One of the ends of the shaft
was attached to the turbine and the other end was attached
to a rope brake dynamometer. In the research, the flow
rates of incoming water were varied between 0.000859
m®/s to 0.00172 m3/s. The variations of pressures were
between 8618.45 and 89631.8 Pa.

Notch Angle

Vortax
Turbine

Water Flow
Channel

Outlat

Figure 4: Picture of the Experimental Setup

The torque generated by the vortex turbine was measured
by using a rope-brake system shown in Figure 6. The load
was increased in the rope brake dynamometer to reduce the
turbine rotation by adjusting the tension of the spring
balances. The measured value of the highest rpm was 264
at 89631.8 Pa and the lowest rpm was 98 at 8618.45 Pa.

As this is a small scale project, the water pressure was
confined to 89631.8 Pa, but on a larger scale project, it can
be increased along with the flow rate. It was observed that
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the rpm increased with the increase of the water flow rates.
The whole experiment was repeated by varying the flow
rates and the data were measured several times to decrease
uncertainties.

»|  Point1

Pressure Gauge

Oy

Vortex turbine with water flowing canal

Flow Meter

Power Output

Valve

X

Pomnt 2

Pump

Water Tank

Figure 5: Methodology of the Experimental Investigation
3. MATHMETICAL EXPRESSION

A. Turbine Head

Applying Mechanical Energy Equation between points 1
and 2, as shown in Figure 5, we get (Cengel, Y., &
Cimbala, J, 2014)

PLy Py g hp =224 22, )
g v T T pgl o2g 2L

It should be noted that Pressure at points 1 (indicates the
inlet) & 2 (indicates the outlet) are basically atmospheric
pressures. As v, < v, ,v, can be neglected to simplify the
equation. Also, the head loss term in the above equation
(denoted by h;) has also been neglected. Applying these
assumptions, the above equation become.

7%
hr(m) = 20 +AZ 2
B. Flow Rate
Q=Av 3
—Q_ 4
v= A~ md? (4)

C. Hydro Power

The hydropower available in the inlet of the vortex turbine
(indicated by P;) can be determined from (Cengel, Y., &
Cimbala, J, 2014)

Pi=yQhr W] ()
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Figure 6: Schematic Representation of the Rope Brake
Dynamometer

D. Output Power

The power generated from the vortex turbine (indicated by
Po) can be determined from the following expression
obtained from (GUPTA, 2012)

Po = (T, —T,)gwR |W] (6)
Overall Efficiency () can be expressed by

n=73rx100 7)
5. RESULTS AND DISCUSSION

A. Variation of Rotational Speed with Flow Rate
Based on the experimental investigation mentioned earlier,
variation of flow rate with the turbine rotational speed is
plotted and shown in Figure 7. From this figure, it was
observed that with the increase of the flow rate, the
rotational speed increased. It occurs because of gradual
increase in the volume of water creates more pressure on
the turbine blade. Hence the turbine rotates at a greater
speed. The highest rotational speed in rpm was 264 at a
flow rate of 0.00172 m3/s . It should be noted that Sritram
and Suntivarakorn (2017) obtained a similar trend and they
showed that the rotational speed of a water vortex turbine
increased with the increase of flow rates.
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Figure 7: Variation of Flow Rates with Rotational Speed
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B. Variation of Efficiency with Rotational Speed
Figure 8 shows the variation of efficiency with rotational
speed. As the flow rate increases, the rotational speed and
the corresponding efficiency of the water vortex turbine
also increases. At the flow rate of 0.00172 m3/s
corresponding pressure was 89631.8 Pa. In that time the
highest magnitude of efficiency has been found. The
magnitude of the highest efficiency was 52.67% (at 264
rpm) and the lowest efficiency was 2.22% (at 98 rpm).
Dhakal et al. (2017) showed the rpm versus efficiency
curve in their experimental work, which is quite similar to
the curve obtained in the present work.
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Figure 8: Variation of Efficiency with Rotational Speed

C. Variation of Rotational Speed with Flow Rate
Figure 9 shows the variation of output power with
rotational speed. From this figure, it was observed that
with the increase of the rotational speed, the output power
also increased. This is due to the fact that as the rotational
speed of the flow rate of 0.00172m3/s and pressure of
89631.8 Pa, the highest amount of output power (which
was 12.3 W) was obtained at the rotational speed of 264
rpm. The lowest output power was 0.177 W at a rotational
speed of 98 rpm.
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Figure 9: Variation of Power Output with Rotational Speed

D. Variation of Torque with Flow Rate
The variations of torque with flow rates are shown in
Figure
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10. It is seen that the torque increased with the increase of
flow rate. As the flow rate increased, the corresponding
volume of water is also increased. Different amounts of
masses were applied to reduce the rpm and the
corresponding magnitude of torque was recorded along
with the rotational speed in rpm and flow rate. The
maximum torque was 0.44538 N-m at a flow rate of
0.00172m?3/s . The lowest torque was 0.0172 N-m at a
flow rate of 0.000859 m?3/s.
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Figure 10: Variation of Torque with Flow Rates
6. CONCLUSIONS

A small-scale water vortex turbine with straight blades has
been fabricated with the locally available materials and
manufacturing facility in Dhaka for conducting
experimental investigations. Experimental works were
conducted with several important parameters related to the
performance of a vortex turbine. It was found that as the
flow rate increase, the rpm, output power and efficiency
also increase. The generated output power was 12.3 W at a
rotational speed of 264 rpm and the resulting efficiency
was 52.67%. In future, a vortex turbine with curved blades
may be investigated for higher efficiency.

7. NOMENCLATURE

D Diameter of the nozzle

E: Turbine head

N Rotational speed of the turbine in rpm

P1 Pressure at point 1

D2 Pressure at point 2

Q Flow Rate

R The radius of the brake drum

2 Velocity at point 1

2 Velocity at point 2

T, Adjustable mass # 1

T, Adjustable mass # 2

Z: Datum Head at point 1

Zy Datum Head at point 2

GWVPP  Gravitational Water Vortex Power Plant

VIVACE Vortex-Induced Vibration Aquatic Clean
Energy

VIV Vortex-Induced Vibration

0} Rotational speed in rad/s = %
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