aa 1) Cran 11 A A

(e oJ o <Jo ]

J& 3 gana (5 sl /%\x“@j‘olﬁéJé

A 038 st Up 515565 5 CASuB) S S g SV (301

Al oda (5 gt e Al giisa

d> g Y iolasde




Cairo University

INVESTIGATION OF DESIGN PARAMETERS
AFFECTING WIND-DRIVEN CIRCULATION IN
ARTIFICIAL LAKES

By

Mohamed Ahmed Saad Abuseree

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2022



INVESTIGATION OF DESIGN PARAMETERS
AFFECTING WIND-DRIVEN CIRCULATION IN
ARTIFICIAL LAKES

By
Mohamed Ahmed Saad Abuseree

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

Under the Supervision of

Assoc. Prof. Dr. Mohamed Hamdy Abd EI Aziz Nour

Associate Professor
Irrigation and Hydraulics Department
Faculty of Engineering, Cairo University

Dr. Yehya Emad Hamdy Hassan Prof. Dr. Bernard Laval
Lecturer Professor

Irrigation and Hydraulics Department Civil Engineering Department

Faculty of Engineering, Cairo University Faculty of Applied Sciences,

University of British Columbia

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2022



INVESTIGATION OF DESIGN PARAMETERS
AFFECTING WIND-DRIVEN CIRCULATION IN
ARTIFICIAL LAKES

By
Mohamed Ahmed Saad Abuseree

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

Approved by the
Examining Committee

Assoc. Prof. Mohamed Hamdy Abd EI Aziz Nour, Thesis Main Advisor
Associate Professor
Faculty of Engineering, Cairo University

Prof. Ashraf Hassan Mahib Ghanem, Internal Examiner
Professor of Water Resources
Faculty of Engineering, Cairo University

Prof. Aly Nabih EI Bahrawy, External Examiner
Professor of Hydraulics
Faculty of Engineering, Ain Shams University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2022



Engineer’s Name: Mohamed Ahmed Saad Abuseree

Date of Birth: 20/01/1994

Nationality: Egyptian

E-mail: mohamedsaadengcvli@gmail.com
Phone: 01116526590/01023278902

Address: 14 El Maahad El Azhary St. Giza, Egypt
Registration Date: 01/03/2019

Awarding Date: /12022

Degree: Master of Science

Department: Irrigation and Hydraulics Engineering

Supervisors:
Assoc. Prof. Dr. Mohamed Hamdy Abd El Aziz Nour
Dr. Yehya Emad Hamdy Hassan
Prof. Dr. Bernard Laval (University of British Columbia)

Examiners:
Assoc. Prof. Mohamed Hamdy Abd EI Aziz Nour
(Thesis main advisor)
Prof. Ashraf Hassan Mahib Ghanem (Internal Examiner)
Prof. Aly Nabih EI Bahrawy (External Examiner)
Faculty of Engineering, Ain Shams University

Title of Thesis:

Investigation of Design Parameters Affecting Wind-Driven Circulation in
Artificial Lakes

Key Words:
Artificial lakes; Lake hydrodynamics; Field measurements; Wind-driven circulation;
Delft3D

Summary:

Artificial lakes’ parameters are typically determined by urban planners without
consideration for circulation. This research was developed to examine design
parameters of artificial lakes in order to give design guidelines for artificial lake
designers. Field measurements of bathymetry, flow velocities, and drifter tracks were
collected from a case study in a residential compound (Lake Dream) and the data were
analyzed and processed using MATLAB. A three-dimensional hydrodynamic
numerical model was developed using Delft3D. The field data were used to calibrate
the model and to demonstrate the considerable effect of sheltering. An idealized basin
was developed to simplify the geometry and study the effect of different design
parameters with and without wind sheltering effect. By studying different scenarios, it
was concluded that, to enhance the horizontal circulation in artificial lakes, the
maximum bed slope should be oriented perpendicular to the dominant wind direction
with and without considering wind sheltering effect, the aspect ratio effect depends on
bed slope, lake orientation and wind sheltering.



Disclaimer

| hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.

| further declare that | have appropriately acknowledged all sources used and have
cited them in the references section.

Name: Mohamed Ahmed Saad Abuseree Date: / /

Signature:



Acknowledgments

| would like to thank my supervision committee: Assoc. Prof. Dr. Mohamed Hamdly,
Dr. Yehya Imam and Prof. Bernard Laval for their all-time support and for their
beneficial advices which helped me to accomplish the thesis.

I would like to specially thank Dr. Yehya Imam for being by my side all the time
and for his assistance in the field work measurements.

| also thank my department professors and colleagues for their continuous support.
| also like to thank Eng. Ahmed Abd EIl Fattah and Eng. Mohamed Adel - the
engineers who are responsible for Lake Dream - for facilitating the procedures of the

field measurements and for their help whenever it was needed.

Finally, I have to thank all my family: my father, my mother, my siblings and my
wife. They were always by my side supporting and encouraging me to finish the thesis.



Table of Contents

[T IS O I AN 11V 1t T I
ACKNOWLED GMENTS ..ottt e e e e e e e |
TABLE OF CON T EN T S ettt ettt et e e e e e e e e e e e e e eeeeeens 11
LIST OF TABLES ... oottt et e et e e e e e e e e eas VI
LIST OF FIGURES ... oot e e e e n s VI
NOMENCLATURE ...t et et e e e ettt e bt e e e e e s eeerrb s X1l
A B S T R A T i ettt et e e et ettt et et e e et e ee s s rrteeeteeera b rrreearererrrns X1l
CHAPTER 1 : INTRODUCTION ...ttt ettt e e e s e s eaa s s e e e s esennnes 1
1.1. IVLOTIVATION et teetttt e ettt et e e e e e ettt e e e e s s e e e se e e e st e s s reeee et eea bbb s eeeeeseensnrnnn s 1
1.2. PROBLEM STATEMENT .. eeeeetee et e ettt et e e e e e e e eeeeee e e e e e e e e eeeeeaeeseeeeaeeeennnneeeeeeeees 2
1.3. OBUECTIVES .ottt e et eeeeee ettt e e e e e e e e e e ee e e e e e e e eeeee e eaeeeeeeeeeenn e aneeeeeerennnns 2
1.4. ORGANIZATION OF THE THESIS . eeetttueeeeeeeeeeeeeasaeeeeeeeeeieaasseeeessesssnaasseeeeeeennnns 3
CHAPTER 2 : LITERATURE REVIEW ...ttt 4
2.1. INTRODUCTION 1.ittietttteeeteeeeeeeeeteasseeeeeseestsesseeeesseessssnnssseestesssssnnssseeesesesnnes 4
2.2. STUDIES OF WIND-DRIVEN CIRCULATION IN LAKES OF
SIMPLE GEOMETRY/BATHYMETRY .eeeeeteeeeee ettt e e e e e et e e e e e e e e eeeen e 4
2.3. STUDIES OF WIND-DRIVEN CIRCULATION IN LAKES OF
COMPLEX GEOMETRY/BATHYMETRY ..ot eeee oo 5
2.4. STUDIES OF INFLOW/OUTFLOW CIRCULATION IN LAKES OF
SIMPLE GEOMETRY/BATHYMETRY ..o 7
2.5. STUDIES OF INFLOW/OUTFLOW CIRCULATION IN LAKES OF
COMPLEX GEOMETRY/BATHYMETRY ...eeeeee e 10
2.6. OTHER RELEVANT WORK ....iiiiieeeeeee ettt e e e e et e e s e e e e s s eeeasnnneeeeeees 12
2.7. SUMMARY ettt ettt e e e ettt e et e e e e eetee e e e e seeeeeeeee st reeeeeeeeesntnnrreeeeees 14
CHAPTER 3 : LAKE CATEGORIZATION ... 15
3.1 GROUP (L) 1ttt ettt ettt ettt ettt ettt s e e sae e e e be e e nteenreeenes 17
3.2 GROUP (2) 1.ttt sttt bbbttt bbbttt 19
3.3. GROUP (B) ..ttt sttt bttt b bbbttt bbbt 21
3.4. GROUP (4) 1.ttt bbbttt bbbttt 22
CHAPTER 4 METHODOLOGY oottt ttteee e e n e ieennnnae e 24
4.1. NUMERICAL IMODEL ... eeiieeeeee ettt e ettt e e e e e e e e et e e e e eeeeeennnnn s 24
4.1.1. Numerical Model DeSCrPLION ........ccccveiiiieriieie s 24
4.1.2. Numerical Model EQUALIONS ...........ccccviiiiieieiecc e 24
4.1.2.1. CONLINUITY EQUALION. .....eviitiieiciiee sttt sttt eenseteetesrestenrens 24

4.1.2.2. MOMENTUM EQUALION .....viiiiiieicieect ettt e et st be st 26

4.1.2.3. Hydrostatic Pressure ASSUMPLION ........ooiiiiieiieere et 27



4.1.3. Numerical Model ASSUMPLIONS .........cociiiieiiiiie e 28

4.1.4. Model DEVEIOPMENT .......ueiiiiiieieeeeee e 29
4.2. IDEALIZED BASIN ...ttt 30
42.1. BaSin PArameLters .......c.oiviieieeieie sttt sttt neeens 30
4.2.2. Wind sheltering EFfect..........ccooiiiii i 31
4.2.3. Measure of Planimetric Circulation.............ccoceevviiviieniniie e 33
4.3. CASE STUDY ittt ettt sttt sttt sttt et et nbb e e b e e b e e e e nnnes 35
4.3.1. DESCIIPIION .ttt 35
4.3.2. Field MEaSUIEIMENTS. .......cuviiiiirieiiesie e 37
4.3.3. Examination of the Effect of Selected Parameters on Velocity Vectors......... 40
4.3.4. Model CaliDratioN.........coiiiiiiiieee e 40
4.3.5. Model APPHCALION ..o 41
CHAPTER 5 RESULTS AND DISCUSSION .....cccoiiiieicie e 42
5.1 IDEALIZED BASIN ..ottt e e 42
5.1.1. Without Wind Sheltering EffeCt...........coooeiiiiiiieee e 42
5.1.1.1. NOFH WING (N = 0%)...oouieiiiiiiecissssss s 44
5.1.1.2. North North East WIind (NNE — 22.5%)........cciriiniiiiiieeee e 46
5.1.2. With Wind Sheltering EFfeCt ... 49
5.1.2.1. NOFH WING (N = 0%)...ooucieiiiiiiceesssss s 49
5.1.2.2. North North East WInd (NNE — 22.5%)........ceiiiiiieeriieiseesieese e 51
5.1.2.3. NOIth EaSt WING (NE — 45%) .........couumviriioeisesessssssiessssss s 53
5.1.2.4. East North East Wind (ENE — 87.5%).........ovuuierreieiiessssisssisnssssssssessssssssessssesssssssoos 56
5.1.2.5. EASt WING (B — 909 ....uvvvuiirsaisseesseissssssssssse sttt 59

5.2. CASE STUDY ittt e siiee sttt sttt st et e et e e st e e s b e e e b e e s seeeenneeeanneas 62
5.2.1. Data ANAIYSIS.....ccviiieiiitecie et ns 62
5.2.2. The Effect of Selected Parameters on Velocity VECtors ..........ccccoovverennennne 65
5.2.3. Model Calibration.........cveciiiiiiii e e e 71
5.24. Model APPHCALION........ccoiiiiiiiece e e 75
CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS ......cccocoiiveiiieeen. 78
6.1. SUMMARY ...ttt et e et e e st e e et e e st e e st e e e anb e e e snteeessteeeaneeesneeeanneeeannes 78
6.2. CONGCLUSIONS ...ttt ettt tee sttt sttt s st et e st e e st e snbeenbeeenteenneeaneas 78
6.3. RECOMMENDATIONS FOR FUTURE WORK ....cccuviiiiiieiiiie et 81
REFERENGCES ... .ottt ae e e e 82
APPENDIX A: RAW DATA AND PROCESSED VELOCITY DATA........cc....... 84
ALL RAW DATA Lottt 84
AL TEANSECE (1) ettt bbbttt bbb 84

E AN O I 10 T=T ot (22 TSRS 85
N T I -1 0T o ) OO S USRS PP PP 86

E AN I 10 =T ot USSR 87
A2, PROCESSED DATA ..ottt ettt e e et e e anneas 88
AN I I 1= ot (1 U ST 88
AL2.2. TIANSECE (2) reveeveeieiieeieste ettt sttt s et st e s te e b e sbeese e besreeaesreansesteeneentenreas 89

E AN B I 10 T=To! () USSR 90

y N I 11Tt ) OSSPSR 91



APPENDIX B: FIELD TRIP PHOTOS



List of Tables

Table 3.1: Group (1) SpeCifications . ... 18
Table 3.2: Group (2) SPeCITICAIONS .......ccveiiiiiiiieieeie e 20
Table 3.3: Group (3) SPeCITICAIONS .......cccveiviiieiieie e 22
Table 3.4 Group (4) SPeCITICAtIONS .........coveiiiieieiieriee e 23
Table 5.1: Nash Sutcliffe Model Efficiency Coefficient for All Transects.................... 73

Vi



List of Figures

Figure 1.1: The Distribution of Artificial Lakes in 6™ of October and El Sheikh Zayed

(011 [ 1O T o FO SO PO UR USRS 1
Figure 2.1: The 13 cases studied by Persson (2000) .........cccceeiverieerieiieeseeresieseese e 7
Figure 2.2: The 9 cases studied by Jansons (2007) .......cccceverienieninnien e 9
Figure 2.3: Typical thermal stratified layers of a lake into epilimnion, metalimnion, and
hypolimnion by Huttula T. (2012)........cooiiiiiieicieseee e e 13
Figure 3.1: Shoreline Development INAeX.........ccooviiiiiiiiiinieee e, 15
Figure 3.2: Distribution of Surveyed Artificial Lakes across EQypt........ccccovvvevvenenne. 16
Figure 3.3: Layout Samples for Artificial Lakes in EQYPt......ccccooveiiieiiiiiiniceee, 16
Figure 3.4: Samples for Group (L) .voooveoeeeieeiese e 17
Figure 3.5: SampIes fOr Group (2) ...o.ooeeieeieieie e 19
Figure 3.6: Sample fOr GroUP (3) ..ovcoveiieieiieie e 21
Figure 3.7: Sample fOr Group (4) ....ooeeeieeeerese e 22
Figure 4.1: Idealized Rectangular Basin ...........ccccoviiiiiiininiiee e, 30
Figure 4.2: Parmaters for Idealized Basin SIMUlations..............cccccveveiieieeveccie e 31
Figure 4.3: Wind Sheltering Stress Distribution by Hansen (2005)...........ccccoovevenennee. 31
Figure 4.4: Wind Sheltering Pattern Related to Wind Direction. Black shading indicates
Z0NES Wt NO WING SEIESS ....eviiiieiesiie sttt ee e ste e ereenreeneeeneennes 32
Figure 4.5: Vorticity Definition..........c.cocooiiiiiiiic e 33
Figure 4.6: Circulation Cells in Idealized Rectangular Basin ............ccccccoveveevniiicinnnn, 34
Figure 4.7: Buildings and Weeds around the Shoreline of Lake Dream........................ 36
Figure 4.8: Non-uniform Spatial Wind Distribution in Lake Dream ............cc.cccoveneneee. 36
Figure 4.9: Acoustic Doppler Profiler Fixed to a Moving Boat by Mueller (2013) ...... 38
Figure 4.10: Weather Station Fixed at SIte .........ccooeiiiiiiiiiieee e, 38
Figure 4.11: Drifter Made from Waterproof Plastic Container and Handheld GPS ......39
Figure 4.12: Inflatable BOAL...........cccoiiiiiiiiieee e 39
Figure 4.13: Transects Traversed by the Acoustic Doppler Profiler............cccccccovennie. 41
Figure 4.14: Tracks Measured by Surface Drifters Deployed at different Locations in

L B =T T o APPSR ORPRR 41
Figure 5.1: Total Absolute Vorticity (s*) for Different Wind Directions, aspect ratios,

ANA DEA SIOPES. ... e 43
Figure 5.2: Applied North Wind without Sheltering............ccccceeiviiiiie i, 44
Figure 5. 3: Total Absolute Vorticity (s*) for North (0°) Wind without Sheltering ......44

Figure 5.4: Comparison between Circulation Cells for Aspect Ratio = 1 and North
Wind Direction without Wind Sheltering. Left panel is for a bed slope of 0%. Right
panel is for a bed slope of 1.5%. Color shading represents horizontal vorticity
distribution in the surface layer. Arrows indicate simulated velocity vectors at basin
SUITACE. ..ttt bbbttt s b e bt b et ne e be e beeneenre s 45
Figure 5.5: Comparison between Circulation Cells for Bed Slope = 0% and North Wind
Direction without Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel is
for Aspect Ratio of 3. Color shading represents horizontal vorticity distribution in the
surface layer. Arrows indicate simulated VEIOCItY ...........cccoveiiiiiiiii e 45

Vii


file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447484
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447484
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447490
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447493
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447494
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447495
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447496
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447497
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447498
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447499
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447500
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447501
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447502
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447503
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447503
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447504
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447505
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447506
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447507
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447508
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447509
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447510
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447511
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447512
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447513
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447513
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447514
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447514
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447515
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447516
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447517
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447517
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447517
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447517
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447517
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447518
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447518
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447518
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447518

Figure 5.6: Applied NNE Wind without Sheltering..........ccooeveieieiiiiicccee, 46
Figure 5.7: Total Absolute Vorticity (s*) for NNE (22.5°) Wind without Sheltering ...46
Figure 5.8: Comparison between Circulation Cells for Aspect Ratio = 1 and NNE Wind
Direction without Wind Sheltering. Left panel is for a bed slope of 0%. Right panel is
for a bed slope of 1.5%. Color shading represents horizontal vorticity distribution in the
surface layer. Arrows indicate simulated VEIOCItY ...........ccccvevieii i, 47
Figure 5. 9: Comparison between Circulation Cells for Bed Slope = 0% and NNE Wind
Direction without Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel is
for Aspect Ratio of 3. Color shading represents horizontal vorticity distribution in the
surface layer. Arrows indicate simulated VEIOCItY ...........ccccoevieii i 47
Figure 5.10: Comparison between Circulation Cells for Bed Slope = 1.5% and NNE
Wind Direction without Wind Sheltering. Left panel is for Aspect Ratio of 1. Right
panel is for Aspect Ratio of 2. Color shading represents horizontal vorticity distribution
in the surface layer. Arrows indicate simulated VEIOCItY ...........ccccovevvivieiecceic e 48
Figure 5.11: Applied North Wind Direction with Sheltering............ccoccocviniiiiieiennn, 49
Figure 5.12: Total Absolute Vorticity (s) for North Wind Direction with Sheltering .49
Figure 5.13: Comparison between Circulation Cells for Aspect Ratio = 1 and North
Wind Direction with Wind Sheltering. Left panel is for a bed slope of 0%. Right panel
is for a bed slope of 1.5%. Color shading represents horizontal vorticity distribution in
the surface layer. Arrows indicate simulated VelOCItY...........ccccoevviveiicie e, 50
Figure 5.14: Comparison between Circulation Cells for Bed Slope = 0% and North
Wind Direction with Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel
is for Aspect Ratio of 3. Color shading represents horizontal vorticity distribution in the

surface layer. Arrows indicate simulated VElOCItY ............ccccoevieiiiiic i, 50
Figure 5.15: Applied NNE Wind Direction with Sheltering..........cccccooveniiiiiienenen, 51
Figure 5.16: Total Absolute Vorticity (s) for NNE (22.5°) Wind Direction with

SNBITEIING . . 51

Figure 5.17: Comparison between Circulation Cells for Aspect Ratio = 1 and NNE
Wind Direction with Wind Sheltering. Left panel is for a bed slope of 0%. Right panel
is for a bed slope of 1.5%. Color shading represents horizontal vorticity distribution in
the surface layer. Arrows indicate simulated VEIOCItY..........cccevereiiniiiiiiccec 52
Figure 5.18: Comparison between Circulation Cells for Bed Slope = 0% and NNE
Wind Direction with Wind Sheltering. Left panel is for Aspect Ratio of 1. Middle panel
is for Aspect Ratio of 2. Right panel is for Aspect Ratio of 3. Color shading represents
horizontal vorticity distribution in the surface layer. Arrows indicate simulated velocity

........................................................................................................................................ 52
Figure 5.19: Applied NE Wind Direction with Sheltering...........ccccocvoiiiniiicnnnn, 53
Figure 5.20: Total Absolute Vorticity (s) for NE (45°) Wind Direction with Sheltering
........................................................................................................................................ 53

Figure 5.21: Comparison between Circulation Cells for Aspect Ratio = 2 and NE Wind
Direction with Wind Sheltering. Left panel is for a bed slope of 0%. Right panel is for a
bed slope of 1.5%. Color shading represents horizontal vorticity distribution in the
surface layer. Arrows indicate simulated VEIOCItY ...........coovvieiiieiiiiiiee 54
Figure 5.22: Comparison between Circulation Cells for Bed Slope = 0% and NE Wind
Direction with Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel is for
Aspect Ratio of 3. Color shading represents horizontal vorticity distribution in the

surface layer. Arrows indicate simulated VEIOCItY ...........cccoevvveiiiie i 55
Figure 5.23: Applied ENE Wind Direction with Sheltering ..........ccccccoovviiiininnenn. 56
Figure 5.24: Total Absolute Vorticity (s*) for ENE (67.5°) Wind Direction with

SNBIEEIING. ..o re s 56


file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447519
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447520
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447521
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447521
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447521
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447521
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447522
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447522
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447522
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447522
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447523
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447523
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447523
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447523
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447524
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447525
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447526
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447526
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447526
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447526
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447527
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447527
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447527
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447527
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447528
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447529
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447529
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447530
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447530
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447530
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447530
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447531
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447531
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447531
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447531
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447531
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447532
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447533
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447533
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447534
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447534
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447534
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447534
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447535
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447535
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447535
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447535
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447536
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447537
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447537

Figure 5.25: Comparison between Circulation Cells for Aspect Ratio = 1 and ENE
Wind Direction with Wind Sheltering. Left panel is for a bed slope of 0%. Right panel
is for a bed slope of 1.5%. Color shading represents horizontal vorticity distribution in
the surface layer. Arrows indicate simulated VelOCity...........ccccoevviieiiece e, 57
Figure 5.26: Comparison between Circulation Cells for Bed Slope = 0% and ENE Wind
Direction with Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel is for
Aspect Ratio of 3. Color shading represents horizontal vorticity distribution in the

surface layer. Arrows indicate simulated VEIOCItY ...........ccccoeviieii i 58
Figure 5.27: Applied East Wind Direction with Sheltering ...........cccccooiniiiiiicien, 59
Figure 5.28: Total Absolute Vorticity (s*) for East (90°) Wind Direction with

SNBITEIING . 59

Figure 5.29: Comparison between Circulation Cells for Aspect Ratio = 1 and East Wind
Direction with Wind Sheltering. Left panel is for a bed slope of 0%. Right panel is for a
bed slope of 1.5%. Color shading represents horizontal vorticity distribution in the
surface layer. Arrows indicate simulated VEIOCILY .........c.coovvieieiineniii e 60
Figure 5.30: Comparison between Circulation Cells for Bed Slope = 1.5% and East
Wind Direction with Wind Sheltering. Left panel is for Aspect Ratio of 1. Right panel
is for Aspect Ratio of 2. Color shading represents horizontal vorticity distribution in the

surface layer. Arrows indicate simulated VEIOCILY .........c.coovvieieiininiici e 61
Figure 5.31: Raw Data from Weather Station .............cccceeveevi i i 62
Figure 5.32: Dominant Wind Direction for Case Study (Lake Dream) ...........ccccevneee. 63
Figure 5.33: Noisy Data for East-West Velocity Component for Transect (2).............. 64

Figure 5.34: Smoothed Data for East-West Velocity Component of Transect (2) ........ 64
Figure 5.35: Velocity Vectors and Magnitudes for Basic Conditions of Wind Speed =
10 m/sec, Bed Roughness = 0.02, Horizontal Viscosity = 0.05, Vertical Viscosity = 10
4 Grid Size =5 m, Time Step = 3 sec. Color shading represents horizontal vorticity
distribution in the surface layer. Arrows indicate simulated veloCity .............cccceovennee. 65
Figure 5.36: Velocity Vectors and Magnitudes for Wind Speed = 5 m/sec. Color
shading represents horizontal vorticity distribution in the surface layer. Arrows indicate
SIMUIAEA VEIOCITY ..ot are s 66
Figure 5.37: Velocity Vectors and Magnitudes for Bed Roughness = 0.025. Color
shading represents horizontal vorticity distribution in the surface layer. Arrows indicate
SIMUIALEA VEIOCITY ... s 67
Figure 5.38: Velocity Vectors and Magnitudes for Horizontal Viscosity = 0.5 m?/sec.
Color shading represents horizontal vorticity distribution in the surface layer. Arrows
indicate SIMUIAEA VEIOCILY ......ccvviiiiiii et 67
Figure 5.39: Velocity Vectors and Magnitudes for Vertical Viscosity = 10 m?/sec.
Color shading represents horizontal vorticity distribution in the surface layer. Arrows
indicate sSimulated VEIOCITY ..o 68
Figure 5.40: Velocity Vectors and Magnitudes for Grid Size 2.5 m. Color shading
represents horizontal vorticity distribution in the surface layer. Arrows indicate
SIMUIALEA VEIOCILY ... e be e 69
Figure 5.41: Velocity Vectors and Magnitudes for Time Step 1.5 sec. Color shading
represents horizontal vorticity distribution in the surface layer. Arrows indicate

SIMUIALEA VEIOCITY ... e 69
Figure 5.42: Example for Non-uniform Wind Distribution Representing Wind
Sheltering Effect. Black shading indicates zones with no wind stress............ccccvevenen. 70

Figure 5.43: Velocity Vectors and Magnitudes for Applying Wind Sheltering Example.
Color shading represents horizontal vorticity distribution in the surface layer. Arrows
indicate SIMUIALEd VEIOCILY .......couiiiiiieiece e e 70


file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447538
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447538
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447538
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447538
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447539
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447539
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447539
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447539
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447540
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447541
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447541
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447542
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447542
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447542
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447542
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447543
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447543
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447543
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447543
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447544
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447545
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447546
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447547
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447548
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447548
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447548
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447548
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447549
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447549
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447549
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447550
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447550
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447550
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447551
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447551
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447551
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447552
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447552
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447552
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447553
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447553
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447553
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447554
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447554
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447554
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447555
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447555
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447556
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447556
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447556

Figure 5.44: RMSE for X and Y Coordinates of Simulated Drifters Compared to
ODSEIVEU DIITIEIS ...ttt bbbt 71
Figure 5. 45: Simulated Drifters versus Observed Drifters..........cccoovininiinieienennn, 72
Figure 5.46: A Comparison between Field Data and Simulated Data for Surface
Velocity Components at Transect (2). Upper panel represents East-West velocity, lower

panel represents NOrth-South VEIOCItY ..........cccoviiiiieiiie e 73
Figure 5.47: A Comparison between Matched Observed Data and Simulated Data for
Horizontal Velocity Components in Vertical Profiles at Point on Transect (1)............. 74

Figure 5.48: A Comparison between Mismatched Observed Data and Simulated Data
for Horizontal Velocity Components in Vertical Profiles at Point on Transect (3) ....... 74
Figure 5.49: Comparison between Circulation Cells and Vorticity for Case Study

Model without Sheltering and Wind from North. Left panel is for a bed slope of 0%.
Right panel is for a bed slope of 1.5%. Color shading represents horizontal vorticity
distribution in the surface layer. Arrows indicate simulated velocity .............cccccocvenen. 75
Figure 5.50: Comparison between Circulation Cells and Vorticity for Case Study
Model of Bed Slope = 1.5% and Wind from North. Left panel is without Wind
Sheltering Effect. Right panel is for Wind Sheltering Effect. Color shading represents
horizontal vorticity distribution in the surface layer. Arrows indicate simulated velocity

........................................................................................................................................ 76
Figure 5.51: Comparison between Total Absolute Vorticity (s) for Different Scenarios
OF CASE STUAY ...ttt b e 76
Figure 5.52: Estimated Sheltering Pattern Applied to Case Study. Black shading

indicates Zones With NO WING SEIESS.......cecuiiierieiieieerie et enes 77

Figure 5.53: A Comparison between Field Data and Simulated Data for Surface
Velocity Components at Transect (2) after Applying Sheltering. Upper panel represents
East-West velocity, lower panel represents North-South velocity ............ccccceeveivennnne. 77

Figure 6.1: Bed Slope Applied Perpendicular to Dominant Wind Direction to Induce

Planimetric Circulation in Shallow Lakes...........ccoviveiiiienieiiee e 78
Figure 6.2: Bed Slope Applied Parallel to Dominant Wind Direction to Induce Vertical
Circulation in Stratified LaKeS..........coiieiiiiiiieeee e 79

Figure 6.3: Comparison between different Wind Directions to Demonstrate the Effect
of Aspect Ratio on Horizontal Circulation in both Cases. Left panel is for Wind from

EEN. Right panel is for Wind from ENE. ...........ccccooviiiiiiiie e 80
Figure A.1: Raw Data for East-West Velocity Component for Transect (1) ................ 84
Figure A.2: Raw Data for North-South Velocity Component for Transect (1).............. 84
Figure A.3: Raw Data for East-West Velocity Component for Transect (2) ................ 85
Figure A.4: Raw Data for North-South Velocity Component for Transect (2).............. 85
Figure A.5: Raw Data for East-West Velocity Component for Transect (3) ................. 86
Figure A.6: Raw Data for North-South Velocity Component for Transect (3).............. 86
Figure A.7: Raw Data for East-West Velocity Component for Transect (4) ................ 87
Figure A.8: Raw Data for North-South Velocity Component for Transect (4).............. 87

Figure A.9: Processed Data for East-West Velocity Component for Transect (1) ........ 88
Figure A.10: Processed Data for North-South Velocity Component for Transect (1)...88
Figure A.11: Processed Data for East-West Velocity Component for Transect (2) ...... 89
Figure A.12: Processed Data for North-South Velocity Component for Transect (2)...89
Figure A.13: Processed Data for East-West Velocity Component for Transect (3) ...... 90
Figure A.14: Processed Data for North-South Velocity Component for Transect (3)...90
Figure A.15: Processed Data for East-West Velocity Component for Transect (4) ...... 91


file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447557
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447557
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447558
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447559
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447559
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447559
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447560
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447560
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447561
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447561
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447562
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447562
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447562
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447562
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447563
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447563
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447563
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447563
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447563
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447564
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447564
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447565
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447565
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447566
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447566
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447566
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447567
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447567
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447568
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447568
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447570
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447571
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447572
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447573
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447574
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447575
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447576
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447577
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447578
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447579
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447580
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447581
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447582
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447583
file:///F:/Masters/Thesis/Writing%20Thesis/Required%20Documents/CD-1_Mohamed/MSc.%20Mohamed%20Ahmed%20Saad.docx%23_Toc103447584

