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Preface

The present era of technological advancements is moving at a very fast pace. It is
therefore essential to keep oneself abreast with all the recent developments in
various engineering domains. The book discusses various state—of—the-art devel-
opments in the diverse area of communications, data processing and signal pro-
cessing, and the endeavor has been to bring together some of these developments in
a concise platform that would benefit students, researchers, academicians and
industry people. The chapters presented in the book have been selected on the basis
of relevance and mathematical deliberations on the topics. Apart from the
above-listed domains, this book has additionally included topics on social issues
providing advanced technological solutions.

Chapter “Deep Semantic Segmentation for Self-driving Cars” introduces the
technique of semantic segmentation of urban scene for a self-driving car that
comprises three sub-systems in navigation, viz. lane finding, urban scene under-
standing and geo-positioning. In Chapter “Shot Boundary Detection Using
Artificial Neural Network,” hybrid video shot boundary detection process using
feature extraction by mean log difference is discussed in combination with artificial
neural network techniques. A system for leaf parameter analysis is proposed in
Chapter “Custard Apple Leaf Parameter Analysis, Leaf Diseases, and Nutritional
Deficiencies Detection Using Machine Learning,” where detection of N, P and K
deficiencies and leaf diseases is accomplished using K-nearest neighbors (k-NN)
and support vector machine (SVM) algorithms. A typical problem of recognizing
and removing the rain streaks on photographs by an improved convolutional neural
network (CNN) architecture is discussed in Chapter “Single Image Rain Removal
Using Convolutional Neural Network.” A study of voice samples for two disorders—
hypo and hyper—along with normal voice samples is considered in Chapter
“A Robust Approach of Estimating Voice Disorder Due to Thyroid Disease” to create
a databank for three classes—normal, hypo and hyper. A combined classifier,
i.e., SVM and HMM (hidden Markov model), was utilized.

In Chapter “Face Recognition Using Golden Ratio for Door Access Control
System,” a combination of Viola—Jones face detection method with characteristics
of extracting golden ratio is discussed to improve the security of sensitive places
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through facial recognition. This book has included chapters on topics such as
underwater detection of objects, adaptive background subtraction models for shot
detection, acoustic classification and evaluation of bird species using support vector
machine and artificial neural networks. In Chapter “Feature-Based Model for
Landslide Prediction Using Remote Sensing and Digital Elevation Data,” a study to
generate landslide susceptible maps and landslide hazard zonation maps is pre-
sented using the digital elevation model for the prediction of future landslides.
Chapter “Emotion Recognition using Gamma Correction Technique Applied to
HOG and LBP Features” discusses techniques on emotion recognition using
gamma correction when applied to histogram of oriented gradient (HOG) and LBP
features. The book also includes diverse areas on images and speech signal pro-
cessing, besides the above-mentioned topics such as analysis of vocal tract
parameters of speech, 3D reconstruction of plant features with non-destructive plant
growth monitoring systems, digital image watermarking by fusion of wavelet and
curvelet transform, and content-based image retrieval (CBIR) techniques.

This book also features many recent advancements on machine learning algo-
rithms. Chapter “Automatic Gear Sorting Using Wireless PLC Based on Computer
Vision” discusses conversion of wired PLC into wireless PLC by interfacing the
PLC with the Wi-Fi module to enable real-time surveillance and control of the
system of equipment sorting via Wi-Fi module interfacing with PLC. Chapter
“Machine Learning Feature Selection in Archery Performance” discusses machine
learning feature selection in Archery performance using Boruta algorithm, Chapter
“Skin Lesion Classification Using Deep Learning” deliberates on skin lesion
classification using deep learning, Chapter “Deep Learning-Based Paperless
Attendance Monitoring System” deals with deep learning-based paperless atten-
dance monitoring system, and Chapter “Image Analytics to Detect Cigarette in an
Image Using Deep Learning” deals with image analytics to detect cigarette in an
image using deep learning.

In the domain of antenna design and communication, Chapter “Frequency and
Pattern Reconfigurable Antenna for WLAN and WiMAX Application” proposes an
innovative bow tie frequency and pattern reconfigurable antenna for WLAN and
WiMAX applications. Chapter “Design of a Power Efficient Multiband Patch
Antenna” gives a design consideration of multiband patch antenna. Chapter “A
Frequency Reconfigurable Antenna for Sub-GHz and TV White Space Applications”
discusses a frequency reconfigurable antenna for sub-GHz and TV white space.
Chapter “Comparative Analysis of Least Squares Method and Extended Kalman
Filter for Position Estimation in GPS Receiver” provides a comparative analysis of
position estimation techniques in a GPS receiver by using the least squares
(LS) method and extended Kalman filter method (EKF). Fair scheduling
non-orthogonal random access for 5G networks is presented in Chapter “Fair
Scheduling Non-orthogonal Random Access for 5G Networks.” Chapter “An
Improved Carrier Frequency Offset Estimation Under Narrowband Interference in
OFDM Cognitive Radio” surveys various techniques to estimate carrier frequency
offset (CFO) for OFDM cognitive radio.
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This book has also included few interesting power-related chapters. Chapter
“Trends in Energy Management System for Smart Microgrid—An Overview”
reviews several energy management systems developed based on different strategic
approaches available for microgrid on demand-side management. Chapter
“Discontinuous PWM Techniques to Eliminate Over-Charging Effects in Four-
Level Five-Phase Induction Machine Drives” presents equivalent circuit modeling
of a Li-ion battery cell and its state of charge estimation using the Kalman filter
algorithm in MATLAB Simulink. A Transition Based Odd/Full Invert (TBO/FI)
coding scheme, which focuses on crosstalk avoidance and low dynamic power
consumption in NoC links, is also discussed. Chapter “Efficient Design of Drone
Flight Control Using Delay Tolerant Algorithm” presents a study to reduce the
human error parameter in the probable causes for drone crashes.

Various social issues are also presented by authors with their technical solutions.
In Chapter “IRIS: An Application for the Visually Impaired Using Google Cloud
APL,” the authors present the design considerations of a cost-effective and efficient
visual aid which proposes a smart stick (IRIS) to help the user in obstacle detection
and navigation. Chapter “Implementation of Hand Gesture Recognition System to
Aid Deaf-Dumb People” considers a time system for hand gesture recognition that
acknowledges hand gestures and then converts them into text and voice. Statistical
validity of pre-smoking and post-smoking impact on heart rate variability among
middle-age men is presented in Chapter “Statistical Validity of Presmoking and
Postsmoking Impact on Heart Rate Variability Among Middle Age Men.” Chapter
“Analysis of Chronic Joint Pain Using Soft Computing Techniques” analyzes the
chronic joint pain remedies using soft computing techniques.

A critical evaluation of each submitted chapter by at least two expert reviewers
was carried out. The authors re-submitted with all suggested alterations given by the
expert panel. The book would definitely be of immense help to passionate
researchers, students and industry persons.

Mumbai, India S. N. Merchant
Pune, India Debashis Adhikari
Pune, India Krishna Warhade
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An Algorithm for Skew Angle Estimation | M)
and It’s Application Domain oo

Unnati Raju Kulkarni, Hemant Goraksh Ghuge, Revati Anand Kulkarni,
and Kirti Vasant Thakur

Abstract Angle detection and estimation is important in various fields like line
following mobile robots, document analysis, construction sites etc. There are several
methods and algorithms proposed earlier to do that. This paper represents a new
algorithm to estimate skew angle and its possible applications in different fields. In
this algorithm, angle in the preprocessed black-white image is estimated using matrix
traversal and slope equation from Euclidean geometry. This algorithm can measure
the angle between —90° and +90° efficiently.

Keywords Algorithm - Image processing + Skew angle estimation + Multi-domain
application

1 Introduction

Nowadays, digital image processing [1] is flourishing in numerous domains like med-
ical, forensics, defense, robotics, construction works, document processing, space
imaging, etc. The basic methods of digital image processing in the medical field are
image restoration and image enhancement [2]. Forensic imaging processing uses a
variety of computer techniques which involve digital filters that can suppress noise
and sharpens the image. However, in satellite interpretations, statistical methods are
applied to the digital images and after processing the various discrete surfaces are
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identified by analyzing the pixel values [3]. In robotics, image processing is used
for navigation, marker detection, angle estimation. Along with this, it can also be
used at construction sites for the accurate designing of bridges or for observing the
cracks on walls [4]. The essential steps in document analysis are skew detection and
correction. Recognition of character begins with data acquisition and ends up with a
skew correction method. Currently, there are many skew angle estimation algorithms
using image processing which requires connected component analysis and restricted
for document analysis. The purpose of this paper is to introduce a new algorithm for
skew angle estimation and it’s probable application area.

2 Literature Survey

In recent years, many research works were performed for angle estimation using
image processing techniques that can be used for line navigation [5], document
analysis [6-8], construction sites. However, there are some uncertain issues despite
that fact the technology in this field is mature. Hough transform is utilized to identify
straight lines in an image. The peak in the Hough space represents the dominant
line and its skew. The real downside of this method is that it is computationally
expensive and is very challenging to get a peak in the Hough transform when text
becomes sparse. The skew angle is the angle made with the normal or perpendicular.
Various techniques have recently been proposed for recognizing document image
skew angles. Chaudhuri and Chaudhuri [9] propose a precise technique based on
the cross-correlation of vertical image slices They exhibit their strategy on both
English and Bengali languages, however for huge regions of graphics or pictures the
method will fail. The method most frequently utilized is the projection profile method
proposed by Baird [10], however, this is only reliable for skew angles within £15°.
Postl’s method [11] is accurate but requires computationally complex integration
involving trigonometric functions. It is not clear whether this method is insensitive to
graphics in the image. Smith [12] proposed a method of fitting connected components
into row bins, updating the vertical shift across the image. This is again precise
but has only been tested for angles up to 26.8°. Yu and Jain [13] have developed
a very accurate method using the Hough transform of the centroids of connected
components.

However, for the applications other than document analysis, skew angle measure-
ment techniques are not yet tested. Wei et al. [14] proposed an algorithm for Lane
detection and tracking based on hough transform. In this they controlled the slope
of lane lines in two different frames and searched for corner pixel. They claimed for
fast operation speed, high accuracy and good robustness but it cannot completely
avoid the interference of other lines in the identification.
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Thus, applications such as document analysis, navigation, bridges and home con-
struction, posture detection have an emerging area of research and recognizing which
is one of the focus of the present work. Generally, real-world situations that involve
different angle measurements is in construction work. The roof of a house has to be
at least 39° and at max 48° to anticipate downpour water, otherwise the water leaks
inside the house. Using skew angle algorithm, angle of the roof can be calculated,
also during navigation of a vision based wheeled robot the angle of a line can be
detected. Using the proposed algorithm of skew angle estimation the posture of the
human body can also be detected. This helps in medical awareness. Thus skew angle
estimation and its applications are the area of focus of this paper.

3 Algorithm

The proposed algorithm is related to the skew angle estimation. The algorithm accepts
only preprocessed black and white image with extracted region of interest.

Step 1: Original image acquisition.

Step 2: Preprocessing of image(extracting region of interest, converting to BW
image). The image preprocessing includes minimizing of noise in the image and
extracting the region of interest. User should perform preprocessing according to
his/her requirement.

Step 3: There are two methods for vertical and horizontal traversing of matrix of
BW image. For convenience they are labelled as method X and method Y. Here, the
transition of pixel values from O to 1 is observed. In method X, traversing of matrix
is row wise from left to right, whereas in method Y, traversing is from top to bottom
column wise. The Pixel location of transition is stored in matrix fiys.

Ilrans = [](row*Z) ... methodX (1)
lirans = [lcols2) - - - methodY 2)

Each row of I, contains x and y coordinates of transition for that row or column
according to the respective method.

Step 4: If no transition is found for a row or column, by default —1 is given for x
and y coordinates.
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Step 5: Now minimum and maximum positive values of column 1 of [, are found
out and difference is calculated.

delta, = max(lians(:, 1)) — min(Zians(, 1)) . . . methodX 3)

deltay, = max (Jirans (¢, 2)) — min(Jians (, 2)) . . . methodY 4)

Step 6: Comparing delta, and deltay, Ymin, Ymax OF Xmin aNd Xmay are deducted from
Lians matrix of respective method. Points Xpin, Xmax, Ymin and Ymax represent end
points of a line.

Step 7: The slope of this line can be calculated as

_ Ymax — Ymin

m = o __Tmn (5)

Xmax — Xmin

Step 8: By using trigonometric formula for tangent of difference between two angles,

_ _tan(6)) — tan(6,)
tan(6, — 6;) = 1 — tan(0;) * tan(6,) ©

slope between two lines is calculated.

Step 9: A virtual straight line is considered as a reference and the angle is calculated
w.r.t. to that line. Thus,
tan(6;) = tan(0) = 0 @)

Required angle,
6, = —tan” ' (m). (8)

4 Flowchart

See Fig. 1
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Fig. 1 Flowchart for proposed skew angle estimation algorithm

5 Experimental Analysis

Proposed algorithm is tested for various applications such as line following systems,
construction area, document analysis, posture analysis, etc. Figure 2 shows the images
for proposed applications on which the skew angle estimation algorithm is tested.

Figure 2a shows the scanned document image as one of the skew angle estimation
domain. Nowadays, text recognition using OCR is being more popular. The proposed
algorithm can be used for detection and correction of skew angle which ultimately
leads to improve the accuracy of OCR. Figure 2b [15] depicts a person who tends to
slouch which results in improper posture. It can be harmful to the human body if it
happens repeatedly. The proposed algorithm can be used for the detection of bending
positions and it is easy to integrate with various software that can notify the person
to correct his posture.
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Fig. 2 Images for proposed applications

Figure 2c portrays minidrone environment mainly consists of the line following
including various angles for navigation of the drone from one point to another. The
line can be followed by various environments and hardware and their time complex-
ity and accuracy is based on the same. According to the survey, MATLAB has its
algorithm for detection of the angle between two intersecting lines but it lacks in
single line skew estimation. This algorithm is also can be used for vision-based path
navigation for mobile robotics.

Figure 2d shows the house having roof at a particular angle. The proposed algo-
rithm can be used in the construction domain for the roof angle measurement. This
is accurate and more time saving than current methods.

Figures 3, 4, 5 and 6 represent how the algorithm deducts respective angle. From
three images of each application, the first one is an image containing region of
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(a) Resize Image (b) BW + Angle (c) Corrected Image

Fig. 3 Document analysis of Fig. 2a

-23.9803

(a) Cropped Image (b) BW Image (c) Angle

Fig. 4 Person’s posture of Fig. 2b

(a) Camera’s Image (b) BW Image (c) Angle

Fig. 5 MiniDrone camera’s image of Fig. 2c

(a) Cropped Image (b) BW (c) Angle

Fig. 6 House image of Fig. 2d
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interest, the second one is the image after preprocessing and binarization whereas
third image is the output image with required angle. Thus, this algorithm can be
successfully used for angle estimation in video processing, posture angle estimation
and skew angle estimation.

6 Conclusion

Proposed skew angle measurement algorithm is verified with suggested fields and
it satisfied the basic requirement of angle estimation. Earlier, skew angle estimation
[6-13] has been restricted to the document analysis. This paper suggest diverse
applications areas of skew angle estimation.

Acknowledgements We would like to express our special thanks of gratitude to our Principal Dr
A. S. Pant and Head of the Electronics and Telecommunication department, Dr. M. S. Nagmode for
their encouraging support. This paper is an outcome of participation in the MathWorks Minidrone
Competition, being held at NUMA, Bangalore. We would like to extend our thanks to Maitreyee
Mordekar, Student Competition Technical Evangelist, MathWorks India for her guidance.

References

1. Gonzalez RC, Woods RE (2017) Digital image processing, 4th edn. Pearson
2. Simonyan K, Modat M, Ourselin S, Cash D, Criminisi A, Zisserman A (2012) Immediate ROI
search for 3-D medical images. Springer, Berlin
3. Sohrabiniaa M, Sadeghianb S, Manavic D (2008) Application of image processing and image
analysis methods for large scale map revision. Int Arch Photogramm Remote Sens Spat Inf Sci
XXXVII. Part B4. Beijing
4. Park Y-S, Agbayani JA, Lee J-H, Lee J-J (2016) Research article rotational angle measurement
of bridge support using image processing techniques. Hindawi Publishing Corporation (J Sens)
5. Elhady WE, Elnemr HA, Selim G (2014) Implementation and evaluation of image processing
techniques on a vision navigation line follower robo. J Comput Sci
6. Pal U, Chaudhuri BB (1996) An improved document skew angle estimation technique. Pattern
Recognit Lett
7. Peake GS, Tan TN (1997) A general algorithm for document skew angle estimation. In: IEEE
international conference on image processing
8. Chaudhuri BB, Pal U (1997) Skew angle detection of digitized Indian script documents. IEEE
PAMI 19(2):182-186
9. Chaudhuri A, Chaudhuri S (1997) Robust detection of skew in document images. IEEE Trans
Image Process 6(2):344-349
10. Baird HS (1995) The skew angle of printed documents. In: 0#AzGorman L, Kasturi R (eds)
Document image analysis. IEEE Computer Society Press, pp. 204-208
11. Postl W (1986) Detection of linear oblique structures and skew scan in digitized documents.
In: International conference on pattern recognition, pp 687-689
12. Smith R (1995) A simple and efficient skew detection algorithm via text row accumulation. In:
IEEE 3rd international conference on document analysis and recognition, pp 1145-1148
13. Yu B, Jain AK (1996) A robust and fast skew detection algorithm for generic documents.
Pattern Recognit 29(10):1599-1629



An Algorithm for Skew Angle Estimation ... 517

14. Wei X, Zhang Z, Chai Z, Feng W (2018) Research on lane detection and tracking algorithm
based on improved hough transform. In: 2018 IEEE international conference of intelligent
robotic and control engineering

15. Belchonock, Sitt A, Sitt S, 123RF, man sitting on chair. https://www.123rf.com/photo_
97521727 _posture-concept-man-sitting-on-chair-against-white-background.html


https://www.123rf.com/photo_97521727_posture-concept-man-sitting-on-chair-against-white-background.html
https://www.123rf.com/photo_97521727_posture-concept-man-sitting-on-chair-against-white-background.html

5

v

gar

alsa Kolatha

nt Matsa

cey

i




Springer Tracts in Civil Engineering

Series FEditors

Sheng Hong Chen. School of Water Resources and Hydropower Engincenny,
Wuhan University, Wuhan, Chera

Marco & Prisco. Poltecnsco & Milano, Mulano. Iui)

loannis Vayas, Institute of Steel Stnactares Natsonal Techmcal Univenity of
Athens. Athens, Groece



Springer Tracts in Civil Engineering (STCE) publishes the latest developnients
in Civil Engineering - quickly, informally and in top quality. The series scope
includes monographs, professional books, graduate textbooks and edited volumes,
as well as outstanding PhD theses. Its goal is to cover all the main branches of civil
engineering, both theoretical and applied, including:

Construction and Structural Mechanics

Building Materials

Concrete, Steel and Timber Structures

Geotechnical Engineering

Earthquake Engineering

Coastal Engineering; Ocean and Offshore Engineering
Hydraulics, Hydrology and Water Resources Engineering
Environmental Engineering and Sustainability
Structural Health and Monitoring

Surveying and Geographical Information Systems
Heating, Ventilation and Air Conditioning (HVAC)
Transportation and Traffic

Risk Analysis

Safety and Security

Indexed by Scopus

To submit a proposal or request further information, please contact:
Pierpaolo Riva at Pierpaolo.Riva@springer.com (Europe and Americas) Wayne Hu
at wayne.hu@springer.com (China)



T. G. Sitharam - Sreevalsa Kolathayar -
Ravi S. Jakka - Vasant Matsagar
Editors

Theory and Practice
in Earthquake Engineering
and Technology

@_ Springer




T—

Editors

T. G. Sitharam Steovaba Kolithay i

Department of Civil Engineering Departinent ol Ciyi) Fnpinecring

Indian Institute of Technology (11 National Tstitute of Technology (NI
Guwahati Karnataka

Guwahati, Assam, India Mangalore, Kienntuka, Tndin

Ravi S. Jakka Vasant Matvagi

Department of Earthquake Fngineering Depattment of Civil Hingineering

Indian Institute of Technology (11T Indian Tnstitate of Technology (1 Dethi
Roorkee Flauz Khas, Delll, Tndin

Roorkee, Uttarakhand, India

ISSN 2366-259X ISSN 2366-2603 (clectronic)
Springer Tracts in Civil Engineering
ISBN 978-981-19-2323-4 ISBN 978-981-19-2324-1  (¢Book)

https://doi.org/10.1007/978-981-19-2324-1

© Indian Society of Earthquake Technology 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisiher, whether
the whole or part of the material is concerned, specifically the vights of translation. reprinting, reune
of illustrations, recitation, broadcasting, reproduction on microfilms or in-any other physical wiry, ind
transmission or information storage and retrieval, electronic acuptation, computer soltwine, or by similur
or dissimilar methodology now known or hereafter developed

The usc of general descriptive names, registered names, trademarks, service murks, ete i this publicntion
does not imply, even in the absence of a specific statement, that such names are exempt from the relevan
protective laws and regulations and therefore free for genernl use.

The publisher, the authors and the editors are safe to assume that the advice and information in thir hook
are believed to be true and accurate at the date of publication. Neither the publisher nor the anthom or
the cditors give a warranty, expressed or implied, with respect 1o the material contamed herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard 1o jurivdiciional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore e Lid
The registered company address is: 152 Beach Road, #21-01/04 Gateway Last, Singapore 189721,
Singapore




[ T - -y W WSS WA WRRTRNTTTERRERRRRRSy
v w VvV W mwm

Preface

The editors are pleased (o present (his text (o the readers on theory and practice in
carthquake engineering and technology. Extensive research work is conducted on
carthquake engineering and allied areas across the world, quite naturally because
of its relevance (o the life safety of people. In (he present texl, the authors have
provided a broad spectrum of research works carried out under several disci-
plines and sub-disciplines of earthquake engineering and technology, from theory 1o
practice, starting from the rudiments thereol. Matsagar (2022) has initiated the
discussion on carthquake engineering and technology by selting the tone ol the
deliberations within this text. Under the overarching umbrella of carthquake
engineering and technology, systematic categorization ol various disciplines and
sub-disciplines has been made, while introducing them, some ongoing rescarch
works have also been presented in this opening chapter. The subsequent chapters
cover several aspects of geology, seismo-tectonics, regional seismology, geotech-
nical earthquake engineering, soil-structure interaction, structural engineering and
dynamic response control of structures.

Application of site response studies in seismic hazard microzonation and ground
characterization has been presented by Shukla (2022) in the next chapter. In engi-
neering seismology, site response study helps in modeling the effects of the near
surface layers of soil on earthquake ground motions, which is an important require-
ment in seismic hazard microzonation, Ground response studies carried out world
over have been reviewed herein, and the discussion is then made in the Indian context.

Ravi-Kiran and Jakka (2022) have presented seismic design of shallow founda-
tions giving the conceptual principles and design methodologies. They have as well
deliberated on the current Indian practices, in the framework of codes. Foundation
design for structures that are resilient under seismic activities poses several chal-
lenges to a geotechnical earthquake engineer owing to the complexities involved
in the dynamic soil-structure interaction (SSI) problems. A geotechnical engincer is
required to design foundation addressing all such complexities and yet provide design
adequately safe under the anticipated forces. Such design procedure for shallow
foundations, in particular, has been dealt with in this chapter.
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Db wn cnrthguike event, mdpeent stictoen mny collide with el ciher,
whieh b cntled wetimbe pornding generating biph fimpict forcen b e ot
members, Such selimie indveed pounding oF stracturen and i mitgantion doagh
noine connecting Hnke hinve been proposed by Dey Clionhy nnd Avirad K (2022)
e author have recommended 10 elook e ciprent provisions of miintming
adequinte gip between adjreent butldings and bldge glider i order o prechide
possdbEty of sedxmie ponnding et connecting ik i the form ol erery nhiorbing
dampen have been recommended,

Soll Strvctare Internetion (SSH playsacroctnl vole in evilunting se e renponne
ol strneturen, which cannot be overlooked, enpecinlly when the undenying woil i
Hexdble, The influence of the nontinenr SSTon ylelding of pile embedded in tied
soll s been diseusned i detnil by Bhattiehirjec and Borthikor (2022) Entimating
yield moment of w pile cmbedded st tied soll by conducting stitic prshover
analysis haw been shown in this chapter by modeling the pile-soll systen in Il apen
souree simulntion tool, OpenSeen,

When soil Toxes it shenr strenpth under the earthauakeinduced dynaic Al
ttion due (o inerensed pore water pressure soil liguefuction is connldered 10 have
oceurred, Sutynm and Priyadarsing (2022) have fittingly dincummed development of

liqueluction susceptibility maps for Vishakhapatnm City in- India that would he
uselul in the infrastructure development projects i future, I'he hazard map devel
oped based on the liquelaction weverity and potentinl indexes are projected 1o help
solving engineering problems in the considered wtudy area,

Severnl earthquake response modification and control (echnigues and devicen iave
been invented of Tate, One among such dynamic response control methods 15 seimic
base isolation of structures, Base solation systems are also proven effective for
seismic response control ol masonry dome (Kakade et al,, 2022), 'The authors have
adequately shown the effectivencss of the base isolation system employed in dyn mic
response control ol masonry dome when subjectid to carthquake base cxc itation,
Especially, development of tensile stresses in the masonry dome has shovan 1o he
reduced advantageously.

With new developments in knowledge and knowhow, rapid changes are being
made in the codes and standards, Such changes mandate reassessinenl of uliruc
(ures on new scale, parameters, or norms, and subsequently adopting meanurs 10
make them code compliant, Sarmah et al, (2022) have presented a method for rapid
retrofitting of reinforced concrete (RC) columns using iron-bascd shape meimory
alloy, Fe-SMA 1o achieve enhanced seismic performance, This new technique helps
in seismic retrofitting of RC columns by winding of thermally prestressed and actively
controlled, Fe-SMA strips around the columns.

Considerable rescarch contributions have been made at the Indian Instituie of
Technology (1) Roorkee in developing earthquake early warning systcin, Relevance
of carthquake carly warning system in India has been deliberated by Ashok Kinmar
el al. (2022), especially emphasizing the need for addressing the blind zone repion
within 100 km radius from the epicenter. Nonetheless, research efforts arc further
required (o be taken in making the carthquake early warning system more reliable
and advancing/increasing the time for making the prediction, even in the near sonrce



Preface i
regions. Artificial Intelligence (/‘\l). Muchine Lenmming (ME), Deep L eaning (000
and Neural Network (NN) techniques are finding their enormon applic o o1
sarthquake early warning system O (i eftect wtter wch w pilof project b e
completed at 1T Roorkee,

Local authorities require guidance on city plinming, eanthuke sk it on
and response actions taken after oceurrence of an enrtheke, After an occnme nee
of unfortunate carthquake estimating (he loss incurred i alwo required i 157
daunting task. How to carry out such estimution of lowses by heen presente | by
Meslem et al. (2022), who have taken an-example on earthagunke loss mlortion
system developed for the North-Eastern € ity of Guwahati, Capital of Avsanm | dia
The procedure laid down in this chapter can suitably be applied for acity hetored ifter
occurrences of carthquake.

Occurrence of earthquakes is unpredictable in-terms of tme and intensi/ 10
different regions. However, for important mega-projects, such as river yalley propts,
estimation of probable intensity of carthquakes at the proposed site o1 ety m 1%
quite essential. To this effect, a Probabilistic Seismic Hazard Analysie (P5H A for
hydropower project sites in the Himalayan Region has been carried out and prea itexl

by Srivastav and Satyam (2022) in their chapter, With an aim to quantify the ri1e o
exceeding certain specified earthquake ground motion level at a specific project Wite,
the PSHA technique has been employed for threc chosen hydropower project Mes
located in Uttarakhand, Himachal Pradesh, and Jammu and Kashmir in India, jich
will be helpful in generating a site-specific seismic hazard map.

In heavy industries and structures, the structure-equipment-piping interac jons
are important considerations under the earthquake excitation (Reddy, 2022). Fail
ures are likely to occur not only in the parent (host) structure but also cith 1 in
equipment or in the piping systems, which sometimes are categorized as lif “line
structures. The forces induced in the structure, equipment, and piping depend ipon
how they are interacting with each other. It is notable that such dynamic interaciions
vary largely based on whether the secondary structures are acceleration-cn’ tive
or displacement-sensitive. Thereby, seismic designs of the primary and secor dary
structures are greatly influenced by the structure-equipment-piping interactior ., a%
discussed in this chapter.

Advanced seismic design approaches are being adopted in modern design
codes and standards. In this context, the Performance-Based Seismic Design
(PBSD) of Reinforced Concrete (RC) structures discussed by Gwalani and & ngh
(2022) becomes highly relevant. In the near future, the Bureau of Indian Standards
(BIS) is anticipated to publish standard guidelines on the PBSD of code-compliant
reinforced concrete buildings. Hence, this chapter, describing the concept o the
PBSD and how to apply it in earthquake-resistant design of buildings. appropri-
ately illustrating the Nonlinear Static Analysis (NSA) and Nonlinear Time Hi tory
Analysis (NLTHA) methods, is very timely and useful to the structural designers

Borah et al. (2022) have carried out a comparative analysis of the Stardard
Spectral Ratio (SSR) and Horizontal to Vertical Spectral Ratio (HVSR) methods
for site response analysis. They have concluded that the SSR method provices a
more accurate and conservative estimate of site amplification response as comy ired
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vili
0 the HVSR, which therefore can suitably be adopted fi ismi “ti
o Eastern Regions in India. P or the seismically actuve
It is indeed pleasing to see that a wide variety of topics have been dealt with in
these ch?pters _Of tllle book. We feel that these contributed chapters in this book have
elaboratively hi ghlighted tenets of theory and practice in earthquake en gineering and
tecl?nology aptly. Tjherefore, we believe that the latest developments in eartthlake
engineering and allied disciplines presented through these 14 chapters will prove to
be highly informative to the readers and pave ways for further research.

Guwahati, India T. G. Sitharam
Mangalore, India Sreevalsa Kolathayar
Ravi S. Jakka

Vasant Matsagar

Roorkee, India
Hauz Khas, India
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Experimental Study of Closed-Loop M)
Thermosyphon System Using Different Gk
Working Fluids

Mahasidha R. Birajdar and C. M. Sewatkar

Abstract Thermosyphon is a heat transferring device which transfers heat over long
distance and where the liquid is returned to the evaporator by gravitational force. The
closed-loop thermosyphon (CLT) transfers heat with phase change phenomenon. A
large amount of heat is transferred from evaporator section to condenser section
with a relatively small temperature difference. The thermal performance of closed-
loop thermosyphon (CLT) is influenced by the governing parameters like filling
ratio, heat input, adiabatic length, working fluids, etc. This paper investigates the
effects of these parameters on thermal performance of closed-loop thermosyphon
system for different working fluids. In this work the filling ratio (FR) is varied
in the range of 30-80% in the step of 10% at various heat inputs of 0.5-2 kW
with a step of 0.5 kW for each evaporator and adiabatic length (vapor line length)
is taken as 200 mm. The working fluid used as methanol, ethanol, acetone, and
distilled water. The performance plots of the performance parameters like thermal
resistance, evaporative heat transfer coefficient (HTC), and condenser heat transfer
coefficient for these different working fluids, heat inputs, and filling ratios are plotted
and results are analyzed. From the result, it is found that acetone has comparatively
lowest thermal resistance. Water has comparatively highest evaporative heat transfer
coefficient as well as condenser heat transfer coefficient.

Keywords Closed-loop thermosyphon * Thermal performance - Working fluid

1 Introduction

Closed-loop thermosyphon (CLT) transfers huge amounts of heat from evapora-
tor region to condenser region with a relatively small temperature difference. Heat
applied at evaporative section converts liquid into vapor and the vapor then con-
denses after passing through the condenser section. During this process, heat is trans-
ferred from evaporator to condenser through latent heat of evaporation, therefore this
method is very efficient than conventional heat exchange method. In this process of
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heat transfer, there is no requirement of power or pump for transferring heat from
one location to another. Therefore, this method of heat exchange is known as passive
heat exchange method [ 1-3]. Analysis of closed-loop thermosyphon (CLT) is carried
out by different researchers using different working fluids. Pal et al. analyzed two-
phase compact thermosyphon which is applied to the cooling process of computers.
The thermosyphon experimented using the working fluids like PF5060 (dielectric
liquid) and deionized water at different heat inputs such as 20-90 W. They noticed
that performance of thermosyphon is affected by the working fluids and found that
water is better working fluid than PF5060 [4]. Ersoz and Y1ldiz reported the effect of
working fluids such as distilled water, methanol, and petroleum ether on thermoeco-
nomic analysis of two-phase closed thermosyphon (TPCT). For all input conditions,
the maximum energy efficiency and exergy efficiency are obtained for methanol
whereas the minimum energy and exergy efficiency is obtained for petroleum ether.
Also, they conclude that distilled water is more effective working fluid than methanol
and petroleum ether in terms of cost [5]. Jouhara and Robinson carried out an experi-
mental study of two-phase closed thermosyphon (TPCT) with working fluids such as
distilled water and dielectric heat transfer fluids such as FC-77, FC-3283, and FC-84.
They noticed that the distilled water filled thermosyphon shows better thermal per-
formance than other working fluids [6]. Karthikeyan et al. carried out experiments
on the two-phase closed thermosyphon (TPCT) charged with distilled water and
n-butanol solution. The thermal performance of an aqueous solution of n-butanol
charged TPCT was better than the distilled water [7]. Tong et al. reported the thermal
performance of two-phase closed-loop thermosyphon charged with R744 and R22.
They noticed that R744 filled two-phase closed-loop thermosyphon may work with
a very small temperature difference of 5 °C. Also, they conclude that the thermal
performance of working fluid R744 is better than the fluid R22 [8].

From the literature review, it is noticed that at the lower operating temperatures,
working fluid water shows less satisfactory thermal performance compared to the
low saturation temperature fluids. Also, at lower heat input water has its limited
application. Therefore, in the present study, comparative performance of closed loop
thermosyphon (CLT) using different working fluids such as ethanol, methanol, ace-
tone, and water is reported as a function of different governing parameters such as
heat input, filling ratio, and adiabatic length (vapor line length) [9].

2 Experimental Setup and Procedure

The thermosyphon test rig consists of a closed-loop with two evaporators with two
heaters, a plate-type condenser, a cooling (fan) section, a liquid reservoir for charging,
a vacuum pump, data acquisition (logger) system, and measuring instruments like
ultrasonic flow meter, anemometer, pressure transmitter, and thermocouples. The
lower portion of closed loop thermosyphon (CLT) is having a vacuum seal valve
for the connection of thermosyphon to vacuum pump and a charging valve for the
connection of the working fluid to the thermosyphon tube. The mechanical vacuum
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pump is used for evacuation of closed-loop and also for removal of non-condensable
gases from the thermosyphon. The closed loop thermosyphon (CLT) is a long carbon
steel pipe with an inner diameter of 32 mm and outer diameter of 42 mm. The
insulation is wrapped around the evaporator for preventing thermal losses. Heat
flux is given to evaporator through plate type heater using a power supply. Amount
of input heat flux is controlled with the help of a controller on the control panel.
The heat removal section (condenser) of the thermosyphon consists of an enclosure
surrounding a plate type heat exchanger. The fan is used for the heat removal from
the condenser section through forced air convection. There is a pressure transmitter
to measure the loop pressure and 20 thermocouples to measure temperatures at 20
different locations. All these thermocouples are connected to the data acquisition
system which is then connected to a personal computer for displaying the data. All
experimental data are recorded and stored in computer system till the steady-state
condition is achieved. Figure la shows a schematic diagram of the experimental
setup and Fig. 1b shows the actual set up picture. The abbreviations mentioned in the
Fig. 1 are: PRV: Pressure relief valve, VL: Vapor line length, LL: Liquid line length,
E-1: Evaporator 1 and E-2: Evaporator 2, PC: Personal computer.

Before charging the thermosyphon, gases and air present in a loop are removed by
the vacuum pump to ensure the perfect operation of the thermosyphon. Vacuuming is
down to 0.09 bar (abs). After vacuuming no leakages in the system are ensured. After
evacuation, the loop is charged with working fluid as per the required filling ratio.
After charging, all the valves are closed tightly. The power supply is given to heat
the evaporator section. The heat input is raised gradually to particular heating load.
Fans are started. The evaporator surface temperatures are measured at ten different
locations by thermocouples. The system pressure is measured by using pressure
transmitters at the top portion of the loop. The input and output temperatures of the
air flowing over the condenser plates are measured. The flow rate of the working

LI harsing valve

(a) Schematic diagram (b) Actual set up

Fig. 1 Experimental setup
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fluid is measured by the ultrasonic flow meter. The air velocity is measured after it
passes over the condenser plates. Temperatures of incoming and outgoing fluid are
measured in the evaporator section as well as in the condenser section for per second,
time interval until the system reaches thermal steady-state condition. The stored data
from PC is used for further analysis. In the calculation of performance parameters,
the steady-state values of temperatures are considered. The data reduction and result
discussions are carried out in the next sections [10, 11].

3 Data Reduction

The data reduction of the experimental data is carried out by calculating perfor-
mance parameters like thermal resistance, evaporative heat transfer coefficient, and
condenser heat transfer coefficient.

The system thermal resistance (k/W) of the thermosyphon is calculated using the
equation:

T. — T
Rsys = % (1)
Here, evaporator temperature 7. is taken as the average of all surface temperatures
of evaporator (T’ to T'1), and condenser temperature 7. is taken as average of surface
temperatures at condenser inlet and outlet (7'} and T';7).
The heat transfer capacity of an evaporator section for closed-loop thermosyphon
is determined by the heat transfer coefficient (k) [7].

Qavg

he= — e
A x (T, -T,)

@)

Here, T, is average adiabatic temperature (7|5 and T'¢), i.e., vapor temperature
between evaporator and condenser. A, is the surface area the evaporator.

The heat transfer capacity of the condenser section for closed-loop thermosyphon
is determined by the heat transfer coefficient (%) which is obtained as [7]:

Qavg

he = ———8
Ac X (TV_TC)

3)

The surface area of the condenser (A.) is calculated by from the surface area of
the ten condenser plates.
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4 Results and Discussions

Analysis of the closed-loop thermosyphon (CLT) system is carried out to under-
stand the thermal behavior of the thermosyphon system and to calculate performance
parameters such as thermal resistance, evaporative heat transfer coefficient (HTC),
and condenser HTC for different working fluids. In the present work, the closed-loop
thermosyphon (CLT) system is designed and developed to explore its possible appli-
cation in the cooling of huge computational clusters. Assuming that the amount of
heat to be removed is in the range of 0.5-4.00 kW, the system is designed with basic
components such as evaporator, condenser as shown in Fig. 1. The experimentation is
carried out by filling ratio (FR) in the range of 30-80% in the step of 10% at various
heat inputs of 0.5-2 kW with a step of 0.5 kW for each evaporator and adiabatic
length (vapor line length) of 200 mm. The working fluids used for the experimen-
tations are distilled water, acetone, methanol, and ethanol. The comparative study
of these different working fluids is reported in this section. The plots drawn in this
section are representative of the result. Filling ratio 30% and heat input ranging from
0.5 to 2 kW is taken as representative of the results, similar trends may obtained from
the other configuration.

4.1 Thermal Resistance

Thermal resistance is a function of temperature difference between evaporator and
condenser section and heat input. Variation of thermal resistance with heat input
is plotted for different working fluids at the filling ratio (FR) = 0.3 (30%) and
at the adiabatic length of 200 mm as shown in Fig. 2. It is noticed that for all
the working fluids thermal resistance decreases with an increase in heat input. At
smaller heat input thermal resistance is higher as large number liquid molecules in
the evaporator section become obstruction for transfer of heat. It is further noticed
that thermal resistance is higher for the methanol at all the heat inputs and it is
lower for acetone for all heat input except at 2 kW. Thus, acetone is better fluid
comparatively as its thermal resistance is lower within this range of heat input.
The thermo-physical characteristics of methanol are more heat resistive than others
whereas thermo-physical characteristics of acetones are more heat conductive than
other working fluids.

4.2 Evaporative Heat Transfer Coefficient (H,)

Evaporative heat transfer coefficient’s (HTC) variation with heat input at FR = 0.3
and at the adiabatic length of 200 mm is shown in Fig. 3. Water shows several orders
of magnitude greater evaporative heat transfer coefficient than other working fluids
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Fig. 3 Evaporative HTC (W/m2K) variation with heat input (kW) at FR = 0.3
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and its trend is different than remaining other three fluids. For distilled water, with
the increase in heat input, evaporative heat transfer coefficient decreases slightly,
whereas with the increase in heat input evaporative heat transfer coefficient (HTC)
of acetone, methanol, and ethanol increases. The heat-carrying capacity of water
is higher than other fluids, therefore, water having higher evaporative heat transfer
coefficient than another and also its heat carrying capacity decreases slightly with an
increase in heat input. The saturation point of water is higher; therefore it is having a
higher heat transfer coefficient and also its specific heat decreases with the increase
in heat input. Therefore, its evaporative heat transfer coefficient decreases with the
increase in heat input. The specific heat of low saturation point fluid is lower than
water therefore there heat transfer coefficient is significantly lower than other fluids.

4.3 Condenser Heat Transfer Coefficient (H.)

Condenser heat transfer coefficient as a function of heat input at FR = 0.3 is shown
in Fig. 4. Water shows a much higher condenser heat transfer coefficient (HTC)
than other working fluids. With the increase in heat input the condenser heat transfer
coefficient increases for all the fluids used in this analysis. Comparatively higher
condenser heat transfer coefficient of the water should allow maximum heat transfer
rate from the condenser than other fluids. Also, it is noticed that condenser heat

g \Water === Methanol -Acetone === Ethano
70
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20

10

Condensation heat transfer coefficient {W/m?2K)

0.00 0.50 1.00 1.50 2.00 2.50
Heat input (kW)

Fig. 4 Condenser HTC (W/m2K) variation with heat input (kW) at FR = 0.3
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transfer coefficient is lower than evaporative heat transfer coefficient because film-
wise condensation start from the adiabatic section which leads to decrease in the rate
of heat transfer which further reduces condenser heat transfer coefficient.

5 Conclusions

The effect of different working fluids on the performance of the closed-loop ther-
mosyphon (CLT) system is investigated experimentally. It is noticed that the thermal
resistance decreases with an increase in heat input for all the working fluids used
in this experiment. Its value is minimum for acetone and maximum for methanol.
Evaporative heat transfer coefficient (HTC) decreases with the increase in heat input
for distilled water as a working fluid, but for methanol and ethanol evaporative heat
transfer coefficient (HTC) increases with the increase in heat input. The distilled
water shows much higher evaporative heat transfer coefficient than other working
fluids because it has a higher heat carrying capacity. Condenser HTC increases with
the increase in heat input for all the working fluids. Its value for distilled water is
much higher than other working fluids, whereas ethanol shows comparatively lower
condenser HTC. Also, the condenser heat transfer coefficients are lower than evap-
orative heat transfer coefficients; this is because of film-wise condensation start in
the adiabatic section which leads to decrease in the heat transfer rate.
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