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ABSTRACT

HYDRAULIC CHARACTERISTICS OF MODIFIED TYROLEAN TYPE
INTAKES

Y é | niatay
Doctor of PhilosophyCivil Engineering
SupervisorProf. DrMu st af a G°J ¢ K
Co-SupervisorProf. Dr.Mete Koken

December 201,957 pages

Today, besides the dams, construction of rusroféer type hydroelectric power plants

are also important for producing the required electricity. Among the ruveff
hydroelectric power plants, Tyrolean tyipeakes ar&ery popular atheydo notneed
reservars. These intakes are mostly constructed on rivers which carry sediment and
have large slopesThe i ncl i nation angle of the rac!|
spacing, e, are the most important parameters that determine the amount of sediment
that will enter into the collectionhannel. Althoughthere are empirical equations in

the literature to determine these parameters, they are not sufficient to make an
economical design. There are no methods to decrease the amount of sediment that
enters into the alection channel and the amount of material that depasithe

settling basinThe aim of this studyis to make an arrangement inside the collection
channelof the Tyrolean intake having optimum rack slgoethat sediment enteg

here will be given back to the downstream part of the river without being sent to the
settling basin.By doing this, the requirement of a largettling basinwill be
eliminated and it will be possible to supply water containing very fine sediment or no
sediment to the turbineBor thisreasona large series of experiments were conducted

in a modified Tyrolean type intake mode



|l aboratory with and without sedi ment .
C h a n nlecatesl gust underneath the rack for collecting water and sediment were
changed and investigated. Eventually, the relevant dimensionless parameters of the
collection channels resulting in minimum amount of sediment passage to the intake

channel were deteiimed.

An attempt was also made to verify the results of the experimental study by modeling
the modified Tyrolean intake numerically. The software of FBiwwas used in the
analysis and it was shown that the results of the numerical analysis are campatibl
with those of experimental studies when the tests were conducted with only water.
Due to the constraints of the softwaral physical conditions of the experiments with

sediment can not be represented in the numerical simulations.

Keywords: Open Chanrle Flow, Tyrolean Weir, Bottom Intake Structure

Computational Fluid Dynamic§ediment Transport, Settling Basin.
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Oz

MODKFKYE EDKLMKkK TKROL TKPK SAVAKLARI
KARAKTERKSTKKLERK

Y é | niatay
DoktoraKnkaat M¢hendi sl i]Ji
Tez DanRd braviués:t af a G°J ¢ K
Or t ak Te z ProfaDr.Bletenkékere :

Ar al é K572a9fa 9

Gunumiuzde buyuk gereksinim duyulan elektrik enegjisi e t i mi I -in bara
séra nehir tipi santrallarén yapémé da ©°r
en -ok i1l gi g°renler, su biriktirme yapeée

ve katé madde takéeyanmTnebilrhtempi &z smnui mé mia

ol anlardér . AaTir ol tipi sSsu al ma yapéséo n
demir ézgaral ardeéer. B ud , & zégzagraar | ad raér né ny abtoayyul
aral ekl ar é, e, nehirden al énacak ol an su

parametrelerdirL i t er at ¢r de bu parametrelerin hes
ampirik bajéenteéel ar vV e d i younigr akoromaik bul
boyutl andér mal arén yapBl hbakmasezgarange
alan toplama kanal é&na gel ecek ol an kate
havuzuna ge-ecek olan kateé madde .Bu kt ar e
-al é kamaaneéan i de al ejime sahip Tirol tipi S
kanal eéo i -inde yeni bir d¢zenl eme yapar ak
havuzuna g°ndermeden tekrar savaktan neh
dur umda, sisteme b¢gyek °I1 -ekli bir - % kel

ol mayacak ve enerj.i hatteéena i-inde kate
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boyutl arda aské halinde az miktarda katé ma

ol acakter.

Busebeplé zgaranén yatayla yaptéjeée a-é, d= 23A,
savak kull anél arak | aboratuvarda ©bir di zi (
€zgaraneén hemeeasuiesetdi@ntind @ py @am malsa@me ps ajmaay an
Kanaltermeldmnyudepretirilerek incelemixktir. Den
kanal @éna mini menv eni mka kagidmu ns ediikmt ar da su al én

sajlayan boyutsuz parametreler belirlenmi«kt:

Ayréca yapeéelan deneyler n¢gmerieldi d6olmaxkaRkKi siomg lt
savajéen n¢gmeri k sonkalrxmeé ake g e enielkseeal é k amn d

Flow-3 D paket programé kull anéel méexkteér . Sadece
ne mer i k mo d e | i | e ueptkwra latryaadpscakeeeklarik a t sedi m
ger - ek fizi ksgtramdakuméacaet plhamn!| syamér | ama

sim¢gl asyonl arda yanseétéel amaméexkter .

Anahtar Kelimeler: A- é k K a rg@irbl Tipgi I5&vak,Dip Su Al ms& Yapé
HesaplAkmalkanl| aBedivetk arenemé, ¢°keltim Havuzu.
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CHAPTER 1

INTRODUCTION

1.1. General Remarks

Energy ighekey for social, economic and industrial development. After the industrial
revolution, energy demand all over the world has increased day by day. Increasing
population and industrialization resedt in increasing energy demand. Energy
producton can be divided into two main categories in terms of resources used for

production; renewable and noanewable.

Renewable energy source potential depends on geographic location. For example,
energy production efficiency from solar power is lower tHanefficiency from the
hydropower in British Columbia, Canada. On the other hand, Energy production
efficiency from solar power is higher than the hydropower in Algeria. According to

the report byworld Energy Counci(2016), hydropower is the only renewalthat
generates a significant portion of worlc

energy resources.

Energy demand of British Columbia is 2141 TWH an&@6f this demand is fulfilled

by hydropower Kelston & Farris 2017. According toT E K Aefport (2017) total
installed energy capacity is 841 TWH in 2017 and 31.1 % of it is fulfilled by
hydropower. In addition, Norway fulfiled nearly whole energy demand by

hydropower [nternational Hydropower Associatio?019).

After theconstruction of the first hydropower project in Northumberland, England in
1878, hydropower has gained important@efnational Hydropower Associatipon
2018. Due to the importance of clean energy production and potential, governments

aim to increase inalled capacity of hydropower. Hydropower capacity have been



extended all over the world by constructing large hydropower plants and small
hydropower plants throughout the decades. Due to the long period of construction,
high capital costs, difficult opetiagy conditions and nerignificant environmental
effects of large hydropower plants, small hydropower plants have been propelled into
the energy scene.

Operating principle of run off river hydropower plants is diverting sufficient amount

of water from rver and conveying discharge to a channel or penstock, which leads to
apowerhousavhere energy of the flowing water spins the turbines that drive energy
generator. Due to the running water in the nature, sediment can be present in the

diverted water and cadamage the turbines.

Bottom rack intakes are commonly used structures in hydraulic engineering to divert
sufficient amount of water from mountains, streams and torrents for electricity and
supply purposes. Due to the nature of mountains and riversadiygchontains solid
maerialsthat can be prevented from diverted water. In order to prevent solidatsater
from diverted water and provide enough water for electricity purposes bottom racks
are used (Brunella & Hage2p03)

In this study, ivasaimed b increasehediverted amount of water while minimizing
sediment in the diverted discharge by configuring collection channel placed below the
bottom of rack@indto determingheparameters that affettte hydraulic performance

of the bottom racks. Moreey, a numerical model was constructed aame of the
experimentsveresimulated. By validatinghenumerical model with the experimental
results,the design parameters that have not been tested could be determined and

optimized.
1.2.Objective of the Study

O ective of this study is to design a Tyrole
Tyrol ean We i rainore efficientenesgmprodicsoh chamber. In order
to accomplish a new design, a new bottom rack with its compowastesigned and



the paraneters within the desigwere optimized so that a general formula for

designing a Tyrolean Weiwasdetermined.

Due to common use of the bottom intakes, lots of studies have been conducted to
investigate and comprehend hydraulic behavior of botimiakes throughout the
history. However, there are few studies considering the effect of sediment in the design
of bottom intakes and rack behavior. In this studgprgeseries of experimentsere
conducted under sediment load to determine the hydrhehavior ofthe specific
Tyrolean weir modelled at the laboratavith several parameters.

1.3.Outline of the Thesis

The outline of the thesis is given as follows. Chapter 2 covers thatuiterreview

with the reviews of the studie®nducted experimentally and numerically related to
bottom intake design. Experimental setup and procedure are explained in Chapter 3.
Dimensionless parameters related to newly designed bottom intakgivarein
Chapter 4. Results of the experiments are presented and discussed in Chapter 5.
Numerical modelling procedure aitdresults are presented in Chapter 6 and Chapter

7, respectivelyFinally, results of the study are discussed in Chapter 8.






CHAPTER 2

LITERATURE REVIEW

2.1.General Remarks

The aim of this study is to determine design considerations to improve performance
of bottom intakes by increasing diverted amount of discharge and removing sediment
from diverted discharge as far as possible. A series of experiments have been
conducted tanvestigate and to comprehend hydraulic behavior of bottom intakes

throughout the history. Therefore, previous studies both experimental and numerical

ones are examined and brief summary of those are given in this chapter.
2.2.Investigation of Previous Studes of Bottom Intake Design

One of the earliest studies was conducted by Orth (1954) who first defined the bottom
racks. The study has focused on investigating the effect of rack angle and rack shape
on diverted discharge. Moreover, racks with filferent geometry such as basic T
profile, T-profile with a triangular top, circular profile, sewircular profile and ovoid

profile on a channel with a 2@ of bottom slope have been tested within the scope of
the study and it was concluded thapibfile bars requires longer bar length to divert

the same amount of discharge compared to ovoid profile bars. In addition, effect of
rack angle on clogging was negligibRrgnella & Hager, 2003

Kuntzmann and Bouvard (1954) conducted a study to determiee suaface profile

over bottom racks. An approach was developed by assuming a constant energy head
over bottom racks and by considering orifice equation. Therefore, the stlidgdzal

up with sixth order differential equation for determining water surfaoéile over

bottom racks.



Various projects were conducted around the Savoy region of French Alps by Ract
Madoux (1955)and generalized design considerations for bottom sagkere
presentedAccording to the study some important items of the design aenagions

are as follows;

Discharges of water and sediment are important,

1 To divert maximum amount of discharge, bars should be in rounded profiles
along the streamwise direction.

1 To reduce the risk of clogging due to sediment, bottom slope of the radk sho
be greater than 2 (Brunella & Hager, 2003)

A study conducted by Frand956) shows that calculation of wetted rack length is
essential for predicting diverted discharge correctly. They proposed equtions
wetted rack length and coefficient of sdharge depending on the following

assumptions;

1 There is no head loss along the rack,
1 Flow is critical at the upstream of the racks,

91 Diverted discharge equals to the total discharge on the main channel.

Frank (L956 proposed the following equation for raekgth;

0 c&cp% (2.2)
Where; )

o' CQwEé il —
d=e/ a, is the coefficient of discharge,

e is the net distance between rack bars,
a is the distance measured from the center of a bar to the central of the neighbor bar,

‘ @y c® @.q ° contraction coefficient,



g is the gravitational acceleration,
"Q is the water depth at the upstream of the racks.

..Is the reduction coefficient and it can be calculated as follows;

CATO.. o.. p ™ (2.2)
Where;
—is theslope of the screen or rack,

"Q is the critical depth and it can be expressed as follow;

o (2.3)

N isthe unit discharge of the main channel.

Noseda (1956) conducted a series of experiments to determine the wetted rack length

andsuggestethefollowing equation by assuming constant head over the bottom rack.

O PP YPo— (2.4)
Where;
‘ p& ¢ and

‘ is the viscosity of water.

These equations are valid only for horizontal racks due the assumption made by

Noseda.

Drobir et al.(1999) conducted a series of experiments on a laboratory model with a
scale of 1:10 in University of Technology of Vienna. Main channel width is 5 m and

bottom racks are made of circular bars that are 10 cm in diameter. The parameters that



were tested under different discharge conditions are; clear bar spacing of 10 cm and
15 cm, slope of the rack varying between%0 30 %. Wetted rack lengths,iland

L2 which are shown in Figure 2.1, were obtained as a result of the experiments and
these lengths were compared to those of F(a8%6) and Noseda (1956). According

to the study, there is a significant difference between the measured rack lengths and
the ra& length predicted by Noseda and Frank under low discharge conditions. On

the other hand, the difference decreases with increasing discharge.

L2

Figure 2.1. Scheme of Wetted Rack Lengthsdnd L, and Shapef Nappe (Drobitet al, 1999)

Brunella and Hager (2003) conducted a series of experiments on a 7 m long and 0.5
m wide laboratory model to determine effect of clear bar spacing, rack angle and
geometry of racks on a diverted discharge. Wide variety of values for the parameters
were teged throughout the study such as two different clear bar spacings (3 mm, 6
mm), two different rack lengths (0.45 m and 0.6 m) and eight different rack angles
(0°, 7°, 19° ,28°, 35°, 39°,44° and 51°). A new equation was provided for diverting

whole discharg from the main channel in a dimensionless form.

;
01 i THO (2.5)

Where;

Cud is the oefficient of discharge,



hc is thecritical water depth,

1 is the rack porosity defined as ratio of net effective area between bars to channel
width.

1 0]j0
Cud is the coefficient of discharge and it varies between 0.87 and 1.10 and depends on
1

An experimental study was conducted by Ghosn and Ahmad (2006) to investigate
discharge characteristics of bottom intakes with flat bars. In order to calculate
discharge coefficient, following equation was proposed by assuming constant head

over theracks:

. 0 s
0 T@C(;.)fg M ¢ Yawe —T1TP X Q1 (2.6)

Where; t is thickness of the bars.

The equation is valid for screens with flat bars and it predicts coefficient of discharge
by 10% error. In addition, it was noted that equation was derived by limited number
of experiments and a lot of experiments were needed for determining coefficient of

discharge more correctly (Ahmad and Mit2006)

Righetti and Lanzoni (2008) conducted a study to investigate variation of diverted
discharge with rackength, coefficient of discharge and modified Froude number. In
this context, a laboratory flume of 12 m in length, 0.25 m in width and varying slope
was constructed. Slope of the Tyroleeir was the same as the channel slope, rack
length was 0.45 m andoid ratio was 0.2. Furthermore, total discharge within the
system and velocity profile over the racks were measured by using laser doppler

aneometer. As a result, Righetti and Lanzoni proposed the following equation;



- 9] - =
n 62 DD D 570 p WG VI O (2.7)

N

Where;

0 is thecoefficient of discharge for longitudal racks varies between 0.95 to 1.
w is the channel width,

'O is the approaching flow depth,

"O is modified Froude number,

Where;

Y is the velocity of approaching flow within the main channel,
Other empirical constants are;

[ =0.1056( = 1.5 andb = 0.6093

The above equation provided by Righetti and Lanzoni gives similarséstiiose of
Nosedads (1956) . ivddtedfdisecharges is aboub ¥biwhich esn d

caused by the horizontal rack assumption that was made by Noseda.

Kamandebast and Bejestan (2008) conducted a series of experiments to investigate the
effect of rack inclination and net effective void ratio on @edied discharge. The
experiments were conducted on a laboratory flume which is 8 m in length, 60 cm in
width and 60 cm in height. VVoid ratio has been varied betweé&he8tl 40% whereas

the bar diameters were selected as 6 mm and 8 mm. In additiomliffeuent rack
inclinations (10%, 20 %, 30 % and 40%) have been tested under the different
discharge conditions. It was concluded that the diverted discharge is only affected by

rack inclination and void ratio. Moreover, increment in rack angle causegeti



discharge to increase to a certain point which was the maximum discharge that could
be diverted. After having reached to the maximum, there was a sharp decrease in a
diverted discharge. Moreover, best hydraulic performance in terms of diverting
discharge can be obtained if the rack slope is abodb 8fhich is consistent with the
results of the study of Radladoux (1955). In addition, there exist experiments with
sediment but results were not explained except for reduction of diverted discharge by

10 % due to clogging of screens by sediment.

Aghmandji& Heydari(2014) conducted experimental and numerical study to develop
relationship between coefficient of discharge and other physical parameters for
optimum design of bottom racks. In this contexalaoratory flume of 60 cm width

and 8 m length was constructed and experiments were conducted under different rack
sizes, area openings and discharge conditions. It was concluded that, best hydraulic
performance in terms of diverting discharge can be aetiby selecting rack slope

as 30% and rack opening as 40.

Castillo et al. (2013) carried out a numerical study and compared the results with the
those of No s e d a 06 s198() &xpesiriental eesulls urdier ahb clegad s (
water conditions by using~LOW-3D. According to Castillo more and more
experimental study was needed to improve the knowledge about bottom intake

structures but numerical results are close to experimental one with an errévoof 15

Castillo et al. (2016) conducted experimerdald numerical study to investigate
optimal rack slope and effective void ratio as well. The experiments were conducted
on a5 mlong, 0.5 m wide and 0.3 m height channel with bar spacings of 5.7 mm, 8.5
mm and 11.7 mm. Bars are irshape and 0.9 m in Igth. Experimental results were
compared with the numerical ones obtained by ANSYS CFX. Therefore, optimal
longitudinal rack slope was determined as%@&nd numerical results were found
compatible with the experimental one even if the flow conditions ks were

changed.



Yél maz (2010), kahiner (2012) and Mel ek
without sediment in the Hydraulic Laboratory of Civil Engineering Department of
Middle East Technical University in order to determine hydraulic characteristi
Tyrolean weirs. The experiments were conducted on a flume which has a length of 7

m and width of 1.98 m for a wide range of discharges. The screen made of aluminum
bars of circular crossection which is 1 cm in diameter and clear distances between
two adjacent bars are 3 mm, 6mm and 10 mm. The same experimental setup was used
within the scope of the all/l three studi
tested rack inclinations of 4.8A, 9.6A
32° and 37° In the latest study, Melek (2017) tested rack inclinations of 19° and 23°

to cover the gap between these rack inclinations stated above. Moreover, variation of
discharge coefficient, wetted rack length and diverted discharge with respect to main
channel discharge were investigated for diverting maximum amount of discharge with
minimum sediment. The most important design parameter was the rack angle. Melek

(2017) determined a range for rack angle to divert maximum amount of water with

(20

es e
and

minimum sedimenby comparing his results with those

(2012). Accor di(20g7)al tbeseNreee studiéssuggest thdt the rack
angle should be between 22° and 25° to obtain maximum performance from Tyrolean
weir setup in terms dafiverting maximum amount of water. In addition, Melek (2017)
conducted numerical simulations by usiigOW-3D to validate the numerical results

with the experimental ones and it was stated that results of the both studies were

consistent.
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CHAPTER 3

EXPERIMENTAL SETUP AND PROCEDURE

3.1.Introduction

The experiments were conducted at a laboratory flume in the Hydromechanics
Laboratory of the Civil Engineering Department at Middle East Technical University.
Information about the experimental procedure, laboratory flume, sediment

characteristics, and measurement techniques were presented in the following sections.
3.2.0verview

Yél maz (2010), k a hi n eandudte? Setie? pf experidentdlia | e k

a labaatory flume to determine the optimum angle of thek of Tyrolean intake to

provide maximum amount of water to the transmission line. The optimum angle range
oftherackf or capturing maxi mum amount of wate
For a given rage of rack angle, water capture efficiency increased considerably.
However, sediment amount conveyed by the discharge could not be minimized. In

order to increase water capture efficiency further and to decrease the sediment amount
captured by theacks, nodificationswereimplemented in the existing experimental

setup. As a result, the experimental setup shown in Figure 3.1 comes up.

11



Reservoir

Reservoir Collection Channel 2

Figure 3.1. Schematic representation of the experimental setup

The experimental setup consists oflofiMain Cha
ACol | ect i-2on, ChSendhiehent Col |l ection Channel 0 a
main Channel is 1.30 m in width and apgdmately 7.0 m in length. At the upstream

of the main channel, there is a reservoir that supplies water to the main channel. At

the downstream of the main channel, there exists a rack which is made of aluminum

bars of circular crossection. Aluminum barare 1.0 cm in diameter and 70.0 cm in

length. Throughout the experiments, the rack length was kept constant as 70.0 cm and

12



the angle between thrackand horizontal direction was selected as 23° as a result of

the previous studies.

The channel belowtheack i s divided into two parts

just at the middle of the channel-10 The f

and it mainly diverts sedi ment to the 1
ACol | ect iF200n dd hwaemnntegl wat er t o the Al ntake
ACol | ect i-loon iGh acnonnepll et el y c¢cl osed and a ve

the downstream part -lodf. tbBy odpCeonil negc tti lhben s
height,the sediment and sometb€ discharge are allowed to pass through the opening

and move along the fASedi ment Col l ection
Channel2 6 i s completely closed while downstr
the flow to the dttiomGhankek 0 ChandnBCol I2&OECDI bn
are 45.0 cm in width and 1.30 m in length. Both of the channels have a slope of 4° in
reverse directions. I n addition, there i
placed just downstream of the screlta length and angle with horizontal direction

can be adjusted. Therefore, it diverts the flow and sediment particles coming from the

mai n channel and passing thitough the racl

The working principle of the system described aboae be summarized as follows:

a part of the water and sediment particles coming from the main channel will be
conveyed to the collection channel placed under the rack according to the type of rack
being used and the remaining part will continue to mov¥kammain channel from the

downstream of the rack.

Considerable portion of the sediment particles moving together with the water in the

main channel will be poured into the "Collection CharitieVia the rack. A major

part of this sediment willmove throng A Col | ec tlicorm |l @magn we It h wa
reaches the fAiSedi ment Collection Channel

ASlIiding Gateo.

13



As the flow rate in the "Collection ChanrElincreases, the water level in this channel

increases and the eess water will pass over the "Dividing Plate" to the "Collection

Channel2® and from there it wild.l continue to fI
the height of the ADividing Plateo is higher
sediment particlesioving at the bottom of the "Collection Chandélare prevented

from passing into the AColl ection Channel 2 C

particles in thld iy | pagdsd otho Cthilex n'eCol | ect i o

The water and sediment pahtis passing from the rack are also directed into the

"Collection Channell " by means of the AGuide Pl ateo.
portion of the sediment particles passing from the rack throughout rack length is taken

into the "Collection Channd",from whi ch it i s directed to the
Channel 06 and then to the downstream of the |

smal | amount of sol i ds moves towards the dl

turbines leaving the solids containedie sediment trap reservoir.

As it can be understood from the above explanations, the purpose of the current study
is to separate considerable amount of sediment particles that passes under the rack and
direct it to the downstream of the main channel, armbhvey the smallest amount of
suspended sediment particles to the sediment trap reservoir. As a result, it can be stated
that sedimentation reservoirs of Tyrolean Intakes can be constructed at a small scale
and they can be cleaned in a short time dubd@resence of small and figeained

solid materials.
3.3. Experimental Setup

Figures 3.23.11 show the sketches and some photos of the experimental setup taken

from different angles.
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Figure 3.2. Plan view and longitudinal profile of the experimental setup (Dimensions are in centimeters)



The width of the main channel is 1.30 m (Figure 3.2). A "Dividing Plate" was placed
in the center of the collection channel at the bottom ofdhk to obtain "Gllection
Channell" and "Collection Chann&l", each 45 cm wide. These two channels have

a bottom slope of 4° in the opposite directions (Figure 3.3). The upstream part of the

ACol |l ecti-bdn iIChaocompl etely cl othedbtailleds it can
drawingshowni n Fi gure 3.3 and the downstream part
Coll ection Chanel 6 with a vertical ASliding
which will come to the ASedi ment Coll ection

thel iidd ng Gated. The wupstreaznm partcompl ehel yic
closed and the downstream part is connected to the "Intake Channel" which carries

flow to the turbines. The water and sediment coming to the "Collection ChZhnel

are first direadd to the sediment trap reservoir. A barrier with a height of 0.2 m at the

downstream of the sediment trap reservoir keeps sediment particles in the reservoir

and prevent the particles to reach intake channel which is 0.7 m in width and 6.5 min

length. Déailed photos taken from different aspects of the experimental saetup

shown inFigures 3.4- 3.7.

Rack

Guide
Plate L

Sliding
Gate

Gate
Opening (T)

Collection
Channel 1

Dividing
Collection
Channel 2

Figure 3.3. A detailedsketchof the intake structure
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Figure 3.4. Downstream view of the main channel

Figure35.Si d e
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Figure36.Downstream view of the Al ntake Channel
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Figure3.7.Top view of the AMain Channel 06 and fASed]

The water coming from the main channel and containing solid mattenieyed to
the "Collection Channel” via the adjustable "Guide Plate" with the length p&#d
the angle of U (Figure 3.3). Large port.|
channel to the collection channel is conveyed to the "Collection Chahreed
moves towards the fASlIliding Gateo.-1ds the
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ri ses and exceeds the height of the ADividir
ADi viding Plateo i nt2ad taHe ni@ Conilt enc tsiooime O hiannen

partides in suspension.

Within the scope of the studybhcecm3l0dm fferent i
and 15 cm), 2 different "Guide Plate" lengthe=20 cm and 25 cm), 4 different

"Guide Platedo angles (U=10A, 2@AflonB0A and 4/
rates for 4 different (e= 3 mm, 6mm, 10mm and 15mm) clear bar spacings of the racks

(Figures 3.83.11). A series of experiments with and without sediment were

conducted first. All of the experiments in this group are calsd'A-Group

Experiments".

Figure 3.8. View of therackwith clear bar spacing of#3 mm
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Figure 3.10. View of therackwith clear bar spacing ot=10 mm
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T2

Figure 3.11. View of therackwith clear bar spacing of®15 mm

The results of "Agroup experiments" were analyzed and it was concluded that it
would be appropriate to make some changes at the bottom slope of the "Collection
Channell” to obtain more positive results for the system. Bottom slope of the
"Collection Channell" was changed thretmes. After having the bottom slope
changed, a series of experiments were conducted for each case and named as "B

Group", "G-Group" and "DGroup" experiments, respectively.

The "B-Group Experiments” were carried out by increasing bottom slope of the
icol |l ectiloon fQhoammndeA to 6 A in the flow direc

22



Rack

Guide
Plate \ -

Sliding
Gate

Gate
Opening

Collection
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“&‘ Dividing

B8 Plate

Collection
Channel 2

Figure 3.12. A detailed sketch of the intake structfioe B-Group experiments

The "GGroup Experiments" were carried out lsgorganizing "Collection Channel

1"to carry the obtained results to a better point.

I n this new arrangement, tlcee aloangnm hhd um
|l ength was raised by about 5 c¢cm and then

Pada eo to form a constant | ateral sl ope of

Therefore, the "Collection Chanr#l had a 6 ° of slope in the direction of the flow
and a 6° of slope in the lateral direction towards the "Dividing Plate". The aim of this
arrangement is to mowediment towards the "Dividing Plate" and have it reached to

the "Sediment Collection Channel" through the gate opening.
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a Sliding
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/
o Gate
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Collection
Channel 1

Collection

\Channel 2

Figure 3.13. A detailedsketchof theintake structuréor C-Groupexperiments

Dividing
Plate

After having the changes in the base of the "Collection Chdtineiplemented, the

similar experiments were repeated for some selected cases and their results were

compared with the experimental results obtained in the previous cases. Hygihtua

was oObserved that sedi ment accumul ated | oca
Channell 6 depending on discharge, l ength and p

system. Therefore, it was decided to make a final modification on the bottom slope of

the "CollectionChannel " . Wi t hin this scope, tllbe base of

was excavated along the channel by 5 c¢cm at t
10 cm at the opposite edge. As a result, a lateral slope of 6° along the channel width

was provided in the reverse direction compared to the case described above (Figure.

3.14). For this new situation, the related experiments were repeated under the name of

"D-group experiments” and it was observed that the best results within the study were

obtained.
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Dividing
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Figure 3.14. A detailedsketchof theintake structuréor D-Group experiments

The values of the parameters used in the experiments performed under the four groups;

the distance between the bafsthe racks, e the ADI vi dZiynle Pl at e
fiGui de P, Ataend It ehrequmbivgnlineTable 3.1 for each test group.

I n this table, the reason why the experi
made in some experimental groups is that, based on some preliminary experiments,
the untested U val sregrdidgithe depasition and motiongfo o d r
sedi ment through e fAColl ection Channel
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Table3.1. Values of the parameters used in A,B,C Br@roup experiments

e=3mm e=6mm e=10mm e=15mm
roups of the = = = =
(Experiments Z1 Z2 u Z1 Z2 U Z; Z> U Z; Z> U
(cm) (cm) ()| (cm) (cm) ()| (cm) (cm) ()| (cm) (cm) )
20 | 10 20 20 | 10 20 20 | 10 20 20 | 10 20
A-1 Group 5 5 5 5
. . 25 40 25 40 25 40 25 40
(Without Sediment 20 | 10 20 20 | 10 20 20 | 10 20 20 | 10 20
10 25 20 10 25 20 10 25 20 10 25 20
20 | 10 20 20 | 10 20 20 | 10 20 20 | 10 20
15 o 15 o 15 o 15 o
20 | 10 20 20 |10 40 20 20 20 20
(Wﬁhzs(ér;ﬁwpe o 5 25 | 1020] ° 25 | 3040| ° 25 40 5 25 40
10 20 [ 1020 g 20 [ 1020 o 20 [ 2030] 20 | 20 30
25 | 10 20 25 | 10 20 25 40 25 40
20 | 10 20 20 | 10 20 20 | 20 30 20 | 20 30
15 25 | 1020 25 | 1020 25 40 15 25 40
B- Group 5 gg 5 gg 5 %g 5 gg
(With Sediment 10 20 3040 20 3040 20 3040 20 | 10 20
25 25 25 25 40
15 gg 3040 . gg 040 . gg 040 . gg 2(‘)1 030
20 20 20 20
C- Group 5 25 > 25 5 25 5 25
(With Sediment) 20 20 20 20 20
10 o 10 o 10 o 10 o
20 30 20 20 20
15 o 15 o 15 o 15 o
20 20 20 20
s, o 1R - | 2 = [ 2 = [ 2
10 20 [3040] 20 [3040| 20 [ 3040 20 | 30 40
25 25 25 25
15 gg 3040 ¢ ;g 3040 . gg 3040 . gg 30 40




3.4.Experimental Procedure
3.4.1.Discharge Measurement

To obtain the calibration curves of the main channel, sediment and intake channels,
first, the flow depths ithese channels were recorded by using the manometer readings
located at appropriate locat®an these channels; upstream of the main channel and
downstream of the sediment and intake channetpectivelyafter having the flow

reached the steadyate case for a given discharge.

The discharge passing through the main channel was measured with the help of an
ultrasonic flowmeter installed on the intake pipe with an accuracy 2#. The

di scharge of the main charChaarel2 waandi ¥eom
there to the Al ntake Channel 0 -creBedwairecor di
| ocated at the end of the Al ntake Chann
Channel 6 was obtained for a widdrewas ange
applied to the-l1oCwhlyl eotmpdret@Hanmdlosi ng t
the fAColl eRDiomnnChamselcase, the i ncoming
was diverted to {lhe amdolfIre@eaent it & €oll&liod on & h e
Channel o and finally its calibration cur:

3.4.2.Experiments Conducted with only Water

The experiments in this section were carried out with 4 different clear bar spacings,
two different guide plate lengths and three different dividing plaghteand named

as A1 Group experiments.

The minimum discharge to the main channel was supplied in such a way that the water
level of the manometer at the upstream of the main channel was about 5 cm. After
havingthe system reached to the steady state, egater depth values were read from

the manometerat the upstream of the main channel and downstream of the "Water
Intake and Sediment Collection Channels" and corresponding discharges in these

channels were determined using their calibration curves.prbcess was repeated by
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increasing the water level in the main channel 1 cm for each test and completed after
havingthe water level in the main channel reached to 17 cm which was the maximum

flow depth to be provided.

Each experiment without sediment was completed within about one and a half hours.
The water capture efficiency of the system for each case was calculated by using the
experimental results. The measured and calculated parameters are presented in
Appendix Ain TablesA.1 - A.4.

3.5. Experiments Conducted with Sediment
3.5.1.Characteristics of Sediment used in the Experiments

Four sediment mixture groups were prepared by combining five different sediment
groups of which sediment diameters varying betweehyim, 36 mm,6-9 mm, 9

15 mm and 1825 mm (Figure 3.15)as shown in Table 3.2. The amounts of each
sediment group stated in Table 3.2 were weighted and mixed with each other to get
the total weights of the sediment mixtures listed in the last column. For the selected
clear bar spacings to be tested the total amounts of the sediment mixtures were used

in the experiment groups of A, B, C and D as listed in Table 3.2.
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Table3.2. Composition of the sediment mixtures anddgacings of the racks used in the tests

; ; ; Total Weight of

Sediment| gyperiment TestsngIea S|ze,vlls(?grgeessa(;f(;r_lrehZ?c\l/lvrr;?gnk:tgczg|ng ! th?\/lisxigirr:em
S| | T e 4t o

1-3 3-6 6-9 9-15 | 1525

1 A-B-C-D 3 50 25 25 - - 100
2 A-B-D 6 30 30 30 30 - 120
3 A-B-D 10 20 20 20 30 30 120
4 A-B-D 15 20 20 20 20 40 120

Figure 3.15. Sediment mixture groups used in the experiments

3.5.2.Procedure of the Experiments with Sediment

After selecting the experiment group and clear bar spacing to be tested, the
correspondingediment mixture group at the amount given in Table 3.2 was spreaded
to main channel uniformlyFigure 3.16) A flow rate of 10 It /s was supplied to the
system for 4 minutes and the water depths were measured from the manometers on
the main channel, watand sedimentollectionchannels for every 1 minute within 4
minutes interval. At the end of 4 minutéise flow rate was slowly increased to 30 | /

s and flow rate was maintained in the main channel for 4 minutes as done before. In
this process, the mameter readings from the main channel, water and sediment

discharge channels were providedLahinuteintervals and the motion of sediment
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along the main channel was observed. This procedaserepeated to create an
artificial flood condition until the mximum discharge of the system was reached.

k|
Wi
17

Figure 3.16. A view of the spreaded sedimeat the upstream dhe main channddefore experiments
started

Experiments were terminated when all of the sediment particles in the main canal were
washed away. After the tests were stopped, the amount of sediment remaining in the
downstream of the collection channels, water intake and sedomiégtdtionchannels

arnd downstream of the main canal was dried out and weighed and the ratio of the
sediment distribution in the specified channels to the total sediment amount was

calculated. Each experiment in these groups took an average of four hours to complete.

All experiments were repeated for 4 different clear bar spacings gmm, e = 6
mm, & =10 mm, e= 15 mm).Figures 3.173.24 show some of the photographs taken

during the experiments.
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Figure 3.18. Accumulation of sediment (& Group Experimentsyithint h e

31

icCol
(e=3mm, 2=10cm, 2= 25 cm, U=20A)




channel (g3 mm, 4=10 cm, &=

Figure 3.19. Accumulation of sediment (& Group Experiments) at the downstream of the main
25

cm, U=20A)

A 115,

o

Figure 3.20. Accumulation of sediment (® Group Experimentsyithint h e edi
Channg3dnim, 4=€l0cm, 2= 25 0A)

HﬁS
cm, u=2

ment Col l ect
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Figure 3.21. Accumulation of sedimen®(Group Experimentsyithin the rack(e;=15 mm, 4= 10
cm, Z= 20 cm,U=30°)

Figure322Accumul ati on of sedi ment (D Group Experi me
Ch a n tegl5mm, 4= 10 cm, Z= 20 cm,U=30°)

33



Figure 3.23. Accumulation of sediment (D Group Experiments) witthiei Se di ment Col |l ecti on
Ch a n (egl15m, 4= 10 cm, 4= 20 cm,U=30°)

Figure 3.24. Accumulation of sediment (D Group Experiments) witthien Co | | ect i-kloon Channel
(e,=15 mm, 2= 10 cm, 4= 20 cm,U=30°)
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The values obtained from the measurements and the calculated parameters are
presented iAppendcesB, C, D and HTablesB.1-E.4).
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CHAPTER 4

THEORETICAL ANALYSIS

4 .1.Introduction

In order to obtaithegeneral equations teeusal in the design of modified Tyrolean
weirs, important dimensionless parameters related to the topic should be determined
and therelations between them shouldfbend outbased on the experimental results.
Therefore, dimensional analysis is to be applied to the parameters of the system under

consideration.
4.2.Dimensional Analysis

By considering Figure 4.1 given below, the followindat®ns related to thenit
discharge§ thatreaches o t he Al n frankthe méarhchanmadtér o

0

passing through theack[ n where(Quw)ic is the total discharge of

5
t he nAl nt ak e mdshhe nidtle ¢f the rmam a¢harheahd the amount of

sedimentper unit width of the main channelb  , that reaches to th &diment
Collection Channeb [ 0 © g Where(Ws)sc is the total weight of the
sedi ment coming i nto t hecarb8 stated asdolioivs; C o |
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Rack

Guide
Plate L

Sliding
Gate

Gate
Opening (T)

Collection
Channel 1

Dividing
Collection
Channel 2

n QR AR oh BhY RFARQ B A 4.1)
0 Q0 H A hD MHRERMDHY o AEE A 4.2
Where;

n is theunit discharge passing through the racks,
1 is theunit discharge of theain channel discharge,
L is theracklength (constant throughout the study and measured as L=70 cm,

d is the angle betweerack and horizontal axis (constant throughout the study and
measured as = 2),3 A

e is the clear bar spacing measured between two neighbor bars,
a is the distance between the center of the two neighbor bars,

t is the diameter of thewckbar (constant and t= I a=e+t),
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Dividing Pl ateo,

3t

Zii's the height of the
Zzis the I ength of the AGuide Pl ateo,

U is the angle between fAGuide plateodo and
B is the width of-ld6handCdbCbkekeOcODhoRCh&Ghael
Y isthe bottomslopeoféh i Col | ect#d, on Channel

T is the opening height of the-1lig®upi di ng
experiments as 4 mm and kept constant throughgDitaBd D group experiments as

2. cm)

g is the gravitational acceleration,

" is the density of wir,

A is the dynamic viscosity of water,

0 is theweight of thesediment coming into thé@ S e d i mlkeatidn Ch@nned

from unit width of the main channel,

0 is the weight of the sediment presenttle main channeper unit width
[0 w g 1before experiments start
Y is the bottom sl opelof the AColl ectior

" is the density of the sediment and,
dso is the median diameter dfd¢ sediment.

Due the nature of the experiments, turbulence intensity is \Wwitffin the whole
systemso that viscosity of water has a negligible effect on the depended parameters
given inEquations 4.1 and 4.®Vidth of the main channel:g, width of the ollection
channels B, diameter of the barsacklength L,racka n g J opening of the sliding

gate Tand” are constant throughout the experiments.
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Sediment mixtures were prepared according tadlk&types so that for every clear

bar s p adifferengsedimeni mixture groups were tested within the experiments.
Since the same sediment mixture groups were used for the specified clear bar spacing,
A &0 a'h avaldes are the same, therefore, these parameters can be dropped out

from the aboe equations.

Experiments were classified under four different groups. While the bottom slope of

t h @olletionChannel2 0°Y, , i s 4A and constCalacton bottom s
Channell 0 Y, , is varied depending on the experiment groupkiept constant

throughout the specified group of experiment. Therefore, those slope values can be

treated as constant within the analysis.

Consequentlyizquations 4.1 and 4.2 can be expressed as;
n QR KN Hh RQ (4.3)

0 M0 hR RKH AQ (4.4)

By applying Buckinghams Theorem to Equation 4.3, Equation 4.5 can be written as;

N b Q O hiihvcih\ 4.5
n 0 QQ (4.5)
O ——  Froude Numberbasedeonl ear bar spacing fieo.
The discharge 0 , coming from thdofCml Itehcet ifioShe dG hreernr

Col | ect i owmn dCehrannenaetlho o f Hedomes naglgible dtilarggr Gat e 0
values of O , compared to the dischargé , within the intake channel.
Therefore, a dimensionless parameter related to  was not derived. Variation of

0 with respect to flow conditions and ASIic

in tabular formsn Appendices A, B, C,DandfF— p —].
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Similarly, by applying Buckinghams Theorem to Equation 4, Equation 4.6 is

obtained;
0 ® M O h‘ihﬁﬁ 4.6
5 o a2 (4.6)

To investigate what percent of the sediment passing throwghattk, (W)rack ,is
divertedt owar ds the ASedi ment Collection Chan

of —— given in Equation 4.6; is to be used to be in safe side in the

determination of efficiency of the intake structure. Because there is no direct effect of
modified intake structure on the amount of sediment passing over the rack which is
equal to (W)o = (Ws)T1 (Ws)rack
& © 9 0 Ry 4.7)
w Q Q
The results of the experiments were evaluated according to Equ&temiMEquation

4.7 in the following sections.
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CHAPTER 5

EXPERIMENTAL ANALYSIS

5.1.Introduction

After having the experiments conducted under four different experimental groups,
results of each group have been investigated within each other by considering the
equation derived in Chapter 4. In this chapter, optimized values of the dimessio
parameters for the predefined Tyroleveir were determined to maximize the
discharge in the intake channel and minimize the sediment whiintake channel.

5.2.Results andAnalysis of A-1 Group Experiments (Without Sediment)

In order to determine hydraulic characteristics and working principles of the
predefined bottom intake, a series of experiments without sediment were conducted

and measured data were evaluated to assess the effect of parameters suttand Z

U ¢he diverted disharge. Throughout the experimeritse gate opening at the
downstream part of-l1bhevaBSCasleltedtoi atn m@nh & ron
pass through this gate opening in the cases of experiments to be conducted with
sediment. In this part of the stuthe aim is to observe the behaviortioé diverted

water from the bottom rack within the co

Pl atedo on the fl ow and amount of water m

Figures 5.15.12 show the variation ofater capture efficiency withfgand U f or t |
clear bar spacings of€3 mm, =6 mm, =10 mm and £15 mm and the parameters

of Z1 and 2. These figures clearly show that the water capture efficiency increases
rapidly for the constant values of/ Zo/ e and U with increasin
Number, (Fe, up to the value of about; 40 for=8 mm, 15 for &= 6 mm, 10 for

es=10mm, and 415 mm, respectively. At the larger values of the Froude numbers
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than those stated above, the water capture efligicontinues to increase at a

decreasing rate.

Almost the whole amount of discharge coming from the main channel through the

bottom rack is divertedild rdsetpemdiong hoen fitCod 1|
of the AGuide Pl atdeso tahned wtehretni cnaol v efisS |tiodwanrg (
small amount of this disloohdr gevsi n ntttoe th@o IilSe
Coll ection Channel o through the bottom openi
di scharge passes t-BotbeefnCbhéeeddiDiohdiChgnREHBt
the main channel discharge results in an increment in the discharge present in the

ACol |l ecti-ban £mé@&nA€bl |-2a.t i ® herChfammes,l t he wat
within the ACOROechicoe aafdresulta @ lpn inctegsed

discharge through the turbines. That is the reason why the water capture efficiency

increases with increasingj&

From figures 5.35.12 it is clearly seen that for a model of known e,1.ZZand (F)e,
variation of U does not significantly affect
increment on the value of e, while the other parameters are being kept constant, results

in an increase in the water capture efficiency.

As the value of Zgetslarge , t he vertical di stance bet ween
AGui de Pl ateo decreases. This situation pr ey
ACol | ect i-loon tGoh afinCoelll-2@.,t i wmi Ch amened!|l t s i n a de

value of water capture effiency. Therefore, the models of=45 cm yield slightly

low water capture efficiencies than those models;ebZ£m and Z=10 cm.

44



Z,/e,=66.67, Z,/e,=16.67

100
95
ESIET
i
3 —e—1=10°
g 85
< —o—2=20°
= _apo
J a0 —8—0a3=30
—o—4=140°
75
70
0 20 40 60 80 100 120

(Fr)e

Figure 5.1. Variation of Water Capture Efficiency withJfa n d ;=3 mr,&=70 cm, & 5 cm,
Z,=20 cm)

Z,/e,=66.67, Z,/e,=33.33
100

95

90

%

85

——a1=10°
80
—8—2=20°

75

(O-w)ic /(QW)T

—8—3=30°

70 —e—4=40°
65

60
0 20 40 60 80 100 120

(Fe

Figure 5.2. Variation of Water Capture Efficiency withJFa n d ;=3 mif,&=70 cm, = 10 cm,
Z,=20 cm)
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Z,/e,=66.67, Z,/e,=50.00

100
95
°
90
=
d —e—q1=10°
ey
- 85 —e—a2=20°
g —8—03=30°
80
75
0 20 40 60 80 100 120

(Fo)e

Figure 5.3. Variation of Water Capture Efficiency withJfa n d ;=3 mrf,&=70 cm, & 15 cm,
Z,=20 cm)

Z,/e,=33.33, Z,/e,=8.33

100
95
ENET
=
E] —o—q1=10°
g 85
= —e—02=20°
3 —ag0
I 80 ——a3=30
—o—q4=140°
75
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Figure 5.4. Variation of Water Capture Efficiency with JFa n d =8 mifr,e=70 cm, Z=5 cm,
Z,=20 cm)
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Z,/e,=33.33, Z,/e,=16.67
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Figure 5.5. Variation of Water Capture Efficiency withJfa n d =8 mr,&=70 cm, Z 10 cm,
Z,=20 cm)

Z,/e,=33.33, Z,/e,=25.00
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Figure 5.6. Variation of Water Capture Efficiency with JFa n d =8 mifr,&=70 cm, = 15 cm,
Z,=20 cm)
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Z,/e5=20.00, Z,/e,=5.00
100

95
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—8—q1=10°
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——2=20°

75 —e—a3=30°

(Qw)ic/(QW)T

70 —8— 4~ 40°
65

60

(F)e

Figure 5.7. Variation of Water Capture Efficiency with {ga n d ;=10mmeL=70 cm, Z=5 cm,
Z,=20 cm)

Z,/e5=20.00, Z,/e5=10.00
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Figure 5.8. Variation of Water Capture Efficiency with JFa n d =10 nfme L=70 cm, Z 10 cm,
Z,=20 cm)
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Z,/e5=20.00, Z,/e5=15.00
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Figure 5.9. Variation of Water Capture Efficiency with JFa n d ;=10 nfme L=70 cm, Z 15 cm,
Z,=20 cm)
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Figure 5.10. Variation of Water Capture Efficiency withJfFa n d ,=15 nfneL=70 cm, 2= 5 cm,
Z,=20 cm)
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Z,/e,=13.33, Z,/e,=6.67
100

90

80

%

70

—8—al1=10
60

——a2=20

50 —e—a3=30

(Qw)ic/(qw)'r

20 —e—4-40

30

20
0 2 4 6 8 10 12

(Fe

Figure 5.11. Variation of Water Capture Efficiency withJFa n d ,=15 nfme L=70 cm, Z 10 cm,
Z,=20 cm)
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Figure 5.12. Variation of Water Capture Efficiency withJfa n d ;=5 nfmg L=70 cm, Z 15 cm,
Z,=20 cm)
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5.3.Results and Analysis of A2 Group Experiments (With Sediment)

The experiments defined under2AGroup were conducted ftire variables of Zes,

Z2Jera n dandithe related measured and the calculated parameters were presented in
AppendixB (TablesB.1-B. 4) . The opening of the ASlid
as 2 cm based on the knowledge of-gxperiments (Preliminary & Group
experimentsconductedwith d i f f er en't ASIiding Gateo ope
observed that gate opening less than 2 cm results in clogging in front of the gate and
larger than 2 cmincreases lossvaft er from t he -i€ol | ecti on

Througlout the experiments the discharges withinflhéake Channélt he fi Sedi men
Collection Channel 0 and t hie, (Qaand(Q¥,hannel
respectively. The ratio ahedischarge within a specified channetite main channel

discharge s calculated and presented in AppenBiXTablesB.1-B.4). The most

i mportant par ameter i s t he nWater Capt
(Qw)id/(Qw)T. Figures 5.1%6.26 show the vaation of water capture efficiency with

(Fleand U for each of t#A%®mmgd=@nanm e=h0anmarsdp aci n ¢

es=15 mm) and various values of Znd 2.

These figures clearly show that the general trends of the cgiwen for the water

cafure efficiency as a function offfand U are very similar a
the water capture efficiency is almost negligible. At sma)k (Falues water capture

efficiency is small but increasing{kcauses water capture efficiency to incremase

attain values of over about 80 % at maximurde(Eested. Small main channel

di scharges come directl-Yyo iand mbee AtCoWarT
ASedi ment Coll ection Channel 0 without ha\
Channell and pass over the ADiIividing)siPl at eo.

higher in these specific casiasn those of at largér)e.
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Figure 5.13. Variation of Water Capture Efficiency with JFandU 1£3enm, L=70 cm, &= 5 cm,
Z,=20 cm)
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Figure 5.14. Variation of Water Capture Efficiency with JFandU 1£3emm, L=70 cm, Z&5 cm,
Z,=25cm)
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Figure 5.15. Variation of Water Capture Efficiency JEandU £3enm, L=70 cm, 10 cm, 2=20
cm)
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Figure 5.16. Variation of Water Capture Efficiency with JFandU(e;=3 mm, L=70 cm, Z10 cm,
Z,=25 cm)
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Figure 5.17. Variation of Water Capture Efficiency with JFandU £3enm, L=70 cm, 15 cm,
Z,=20 cm)
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Figure 5.18. Variation of Water Capture Efficiency with respect tgdBndU(e;=3 mm, L=70 cm,
Z,=15 cm, 2=25 cm)
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Figure 5.19. Variation of Water Capture Efficiency with JFandU ,£6enm, L=70 cm, 10 cm,
Z,=20 cm)
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Figure 5.20. Variation of Water Capture Efficiency with JFandU ,£6enm, L=70 cm, 10 cm,
Z,=25 cm)
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Figure 5.21. Variation of Water Capture Efficiency with jJFandU ,£6enm, L=70 cm, 15 cm,
Z,=20 cm)
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Figure 5.22. Variation of Water Capture Efficiency with JFandU £6emm, L=70 cm, =15 cm,
Z,=25 cm)
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Figure 5.23. Variation of Water Capture Efficiency with JFandU 3£16 mm, L=70 cm, Z10 cm,
Z,=20 cm)
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Figure 5.24. Variation of Water Capture Efficiency with JFandU €16 mm, L=70 cm, Z15 cm,
Z,=20 cm)
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Z,/e,=13.3, Z,/e,=6.67
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Figure 5.25. Variation of Water Capture Efficiency with JFandU 4416 mm, L=70 cm, Z10 cm,
Z,=20 cm)
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Figure 5.26. Variation of Water Capture Efficiency with JFandU ,£€16 mm, L=70 cm, Z15 cm,
Z,=20cm)
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INnA-2 Group experiments, weight of -fichhe sedi
Al ntake Channel o and ASedi ment Coll ecti
efficiency were measured the related dimensionless parameters were determined and
presented in AppendiB (TablesB.1-B.4). The aim of this part of the study is to
determine the configuration of the experimental setup which maximize the parameter

of [(Ws)sdr Figures5.27-5.30 show the variation of(Ws)sqr with U f or const a

values of 4/e, Z/e and clear bar spacing e.
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—e—71/e1=16.67, Z2/e1=83.33
30
Z1fe1=33.33, £2/e1=66.67

[(Wo)sclr %

—e—71/e1-33.33,72/e1-83.33

—8=—71/e1=50.00, Z2/e1 =66.67
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—8—71/e1=50.00, 72/e1-83.33
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Figure 5.27. Variation of[(Ws)sc]rW i t hi/e @nd z/&for the rack of & 3 mm
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Figure 5.28. Variationof [(Ws)sc]rWi t hi/e Bnd z/&for the rack o,=6 mm
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Figure 5.29. Variationof [(We)sc]rWi t hi/e&@hdZ,/&for the rack ofs=10 mm
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Figure 5.30. Variationof [(Ws)sc]rWi t hi/e&@hdZ,/&for the rack oks=15 mm

Figure 5.27 shows the variation[@Vs)sqrwi t h U f or c| &amm. bar s
The highest value of(Ws)sdr is determined as 52%f or t he par amet er s
Z1= 10 cm and Z=20 cm. Experiment for the parameteisZZ 5 c¢cm and U=40A
not conducted because of the lack of space bettheénDi vi di ng Pl at eodo a
P at edo whstchhe praeswemgte of f | owl d rtoan MCCooll Il eecc
Channel2 o .

From Figures 28, 5.29 and 5.30 it is seen that thegest values of the parameter
[(Ws)sdr measured are 41%, 57.7% and 22.1% for the clear bar spacings of=6,
es=10mmande& 15 mm, and f or t hel5caand Z#20tcre,r s of
U=20iA15ci@andZ 20 ¢ m a n 15 chd andl B=20,cm, Zespectively.

Largest values determined for the parametef(dfs)sdr stated above are listed

Table 5.1along with the other related parameters.
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Table5.1. Values of the Parameters that Convey Maxi mum A

Col l ecti on -ZGreupbBxpelimentsf or A

e (mm) 3 6 10 15
U(°) 40 20 20 30
Z1(cm) 10 15 15 15
Z2 (cm) 20 20 20 20
[(Ws)ic]r (%) 37.0 31.4 20.4 24.4
[(Ws)sdr (%) 52.9 41.6 57.7 22.1
[(Ws)cdr (%0) 10.2 27.0 21.9 53.5

By examining the table above and the results obperiments, it can be stated that

the val ues of 1andZforpspaciiechaeardar spacthg areifferent

and in most of the cases given in the table sediment is accumulated at the bottom of

the fAiCol |l edDi ol h€h adonclkided thathe resuite of the A2

Group Experiments cannot fulfill the expectations so that the base slope of the

iCol | ecti-bmwaCh ainmerleased to 6A frgm 4A and

named as B5roup Experimentsavere conducted under the peditied conditions.
5.4.Results and Analysis of BGroup Experiments

All of the experiments under-& Group were repeated within the scope of3Boup
Experiments. Measured and calculated data were provided in Apg2(ichblesC.1-
C.4).

fASliding Gated openingwas set to T=2 cm for the clear bar spacings=8 enm, e=6

mm and e=10 mm whilet h eliding Sated opening was set to T=3 cm for clear bar
spacing of &15 mm to prevent the gate opening area from sediment accumulation.
The accumulation of sediment around the gate opening was caused by the coarser

sediment particles that pass through the bottom rack.

The guide plate angl es ighdstsédimandrAtiosamtiin 4 0 A pr o\

the ASedi ment Coll ection Chaswemlusedfero t hat t h
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the clear bar spacings of e=3, 6, 10 and 15 mm throughout@rep experiments.

Within the scope of B5roup experiments the related figsin@ere not given here but

the analyses of the experimental results were made to determine the optimum values

of the part ZnBedt systen canfiguraions for obtaining the maximum
wit hin t hevided B dable me n t

5.2 as a function of the clear bar spacings tested.

amount of sedi

Tableb.2. Val ues of

me nt

the Parameters

Coll ecti on -GroupExperilmemtsf or B

e (mm) 3 6 10 15
U(°) 40 30 30 40
Z1(cm) 15 15 10 15
Z> (cm) 20 20 20 20
[(Ws)ic]r (%) 34.0 30.5 31.8 18.7
[(Ws)sdr (%) 63.8 58.7 52.8 69.0
[(Ws)ec]r (%) 2.1 10.8 15.5 12.3

Thelargest value of the parame{€Ws)sdr is 63.8 % for the clear bar spacingept3

mm while the value of(Ws)cc]r = 2.1 %. These are the best results for the clear bar

spacingofee 3 mm and

obt ai m=el8cmbapd Zs2@.t t i ng

Thelargestvalue of the paramet§fWs)sdr is 58.7 % for the clear bar spacingepf

6 mm while the value d{Ws)c|r = 10.8 %. These are the best results for the clear bar

spacingofee 6 mm and

obt ai m=el8cmbapd Zs2@.t t i ng

For the clear bar spacing afe10 mm, thdargestvalue of the parametgf\Ws)sdr is

52.8% Whild:(Ws)cc]R = 15.
cm and 2=20.

5 %.

These

resul ts 1@r e

For the clear bar spacing ofel5 mm, thdargestvalue of the parametgf\Ws)sdr is

69 % while[(Ws)cc]r = 12.3 %.
cm and 2=20.

These
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Throughout the B5roup and A2 Group Experiments, tHargestvalues obtained for

the parameter g{Ws)c]r are 155 % for the modelofe&e 10 mm, =108 0 A, Z
and 2= 20 cmand53.5 % for the model of & 1 5 mm, 1*15cnGdd,2=2a
cmrespectively.

From the comparison of these two cases it is clearly seen that increasing the bottom
slope of the fAolflreami ©Ah tChatheprevent accum
andclogging at the channel bottom.

In order to improve the diverted sediment ratio and the captured discharge, further
modifications were implemented to the experimental setup by keeping the initial

bottom sl ope of tlhte afinCd | edecat siofs ohGiCahtaenin e |
channel bottom from upstreaio wabWwarods tthlee f
ADi viding Plateo . A ser i e6roupExpeziments,r i ment s,

were conducted after implementing the modifications stated above.
5.5.ResUts and Analysis of GGroup Experiments

Experiments with clear bar spacing ef& mm and guide plate angleshef30° and
40A were conducted to observe the effect of

Channell 6 on s edi mwithin therGGroupBxpeniments.

By considering 2 and BGr oup Experi ment s, It was observ
angles oft= 30° andh = 40° have a tendency to cause higher amount of sediment

within the ASedi ment Col | &vcalugstestedGhichnnel 0 t he
was the ultimate aim of the study. Due to the lack of number of experiments, the results

were analyzed by comparing the raw data, which are presented in Appefidikle

D.1), instead of constructing graphs of related parameters.

By choosing the same; mgle plate angle, length and dividing plate height, clear bar
spacing and the total sediment amount of){¥100 kd in the main channel, the

experimental results of -Group Experiments and -8roup Experiments were
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compared in terms of sediment amount diverd i nt o the @ASedi me

Channel 0. |t was concluded that;

T Fore=3 mm and -GiouBBExgeriniems, 3.9 % of the main channel
sediment amount passes through the bottom racks and 64.4 % of that is
diverted to theCligedémensof Cohil elctdod 9
within the AGbdl ection Channel

f Fora=3 mm a n d -GoouBEXplrirmients, 40826 of the main channel
sediment amount passes through the bottom racks and 50.33 % of that is
diverted to theClii&edeémenof Cohil elct®@on ¢
within the AGbdl ection Channel

The results of the experiments conducted with guide plate angle4fi° were
presented in Appendi® (TableD.1). Based on the comparison of the results of B
Group and G&Group expeaments it was determined that the setup efGEBup
Experiments provides better results than those -@r@p setup. Eventually, by
considering the experimental results and observations obtained fiBmamd G
Group experiments, it was decided to implementfinal modification to the

experimental setup to i mprove the systemi
5.6.Results and Analysis of BGroup Experiments

In this part of the study, by considering the results of the previous experiments a final
modification wasimplemented to the experimental setup. Bottom slope of the
fiCol | ect i-loon wCahsa nkneeplt as 6A in the flow di
the ACol |l etdi wasChaneebked, again 6A | ate
from the boitvtiodn nogf Rlhaet efioD t owar ds t he bot
the AColl eddi ofh€Ehé&dmanel al bottom-Edope o
was kept constant along the channel in order to prevent sediment, which is directed
towards the nCod IlkextmeanLhaimhnehe AGui de
towards the ADividing Plateo due to the

fColl ectiloon. Channel
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The lateral slope of 6° prevents sediment from accumulating throughout the length of

t he ADividdngherl eaft ®rde,ant he avail able sedi me
Channell 6 i s forced to move along the channel t
there to the ASedi ment Collection Channel 0o t

ASI i ding Gat éepredefned neodificaiiany impleghented on the slope

of the ACol {l&ct iaons eCh aermsn eolf experiments wer e
scope of DGroup Experiments. Measured and calculated results of #&&oDp
Experiments were [E(TabesEd€Edd i n AAppendi X

By considering the results and impressions obtained from the previous experiments,

the experiments with the parametershefl0° and Z=5 cm were not repeated

throughout BGr oup Experi ments bec auhslfemandithe fAGui de P
ADvi di ng Pl abamowerk fariawaly from provididheexpected results

in the previous experiments.

Figures 5.335.34 show the variation of water capture efficiency with)e(for

specified clear bar spacings of the bottom racka@d 2 paraneters.From the

assessment of these figures the following conclusions can be Jthtedffect ofU ,

Zi1 and 2 on the values of water capture efficiency is almost negligible for small

values of(Fr)e tested in each setup of different e values. As theevall(F)e increases,

small variations on the value of water capture efficiency are observed with varying

v al ue siaod 2 Although the data points of each setup tested follow very

similar trends, the curves of each setup intersect each otvemiais values of (ff.

However, it can be stated that the experi men

capture efficiency values almost in each case tested.
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Figure 5.31. Variation of Water Cpture Efficiency with (Fe, , ZJe;and Z/e; (e:=3 mm, L=70 cm,
Z,=10-15 cm, 2=20-25 cm)
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Figure 5.32. Variation of Water Capture Efficiency withJ& , ZJe; and 2/e; (e,=6 mm, L=70 cm,
Z1=10-15 cm, 42=20-25 cm)
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Figure 5.33. Variation of Water Capture Efficiency withJE , ZJe; and z/e; (e=10 mm, L=70
cm, = 10-15 cm, 2=20-25 cm)
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Figure 5.34. Variation of Water Capture Efficiency withJE , ZWe, and Z/e; (=15 mm, L=70
cm, 4= 15 cm, 2=20-25 cm)
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By inspecting the resudtof D-Group Experimentpresentedn TablesE.1-E.4 of

AppendixE values of the parameters such as

t he ADi viding Plateo and theh6uadgl Pl bhet we
conveythe maximum amount of sediment toh eedimeatCollection Channeb for

a specified cleabar spacingveretabulated in Table 5.3.

Table53.Val ues of the Parameters that Convey the Max
Coll ecti on -G&dupExpeanhents i n D

e (mm) 3 6 10 15
U(°) 40 40 40 40
Z1(cm) 15 15 15 15
Z> (cm) 20 20 20 20
[(Ws)ic]r (%) 24.1 210 27.0 15.8
(Ws)sc (%) 75.0 68.0 63.0 63.0
(Ws)ce (%) 1.2 11.0 9.7 22.8

The assessment of Table St®ws that =40°, Z;1=15 cm and Z=20 cm are the ideal

values of the parameters which will conweg maximum amount of sediment tioe

ASedi ment Col | ensiimumamothohsedineento e b | | ect i o
Channell 6 f or speci fi edi=%nneeré mmnaerlO mmaact i ngs
e=15 mm.

Total sediment passes from the clear bar spacirggsi st ri but ed bet weer
Collection Channel 0 and Al ntake CiBannel 0
accumulated withinhei Col | ecti on Channelogimunmsdimbl e 5

parameters resulting in maximum amount of sediment to be diverted from the main

channel to the fASedi ment Col l ection Chani
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Table5.4. Optimum Setup Parameters Result in Maximum Amount of Sedimemitekted from

the Main Channel to the Sediment Collection Channel

e (mm) 3 6 10 15

" (%) 40 40 40 40

Z1(cm) 15 15 15 15

Z> (cm) 20 20 20 20
[(Ws)ic]r (%) 24.0 21.0 27.0 15.8
[(Ws)sdr + [(Ws)cc]r (%) 76.0 79.0 73.0 86.0

As it can be seen from Table 54540°, 42=15 cm and Z=20 cm are the optimum
values of the parameters which cause system to be operated under the maximum
efficiency in terms of water capture efficiency and removal of sediment from the
intakechannel. For the given values of the parameters, at 184étof the sediment

that passes from the clear bar spacinga=8 exm, =6 mm, = 10 mm and & 15

mm are conveyed to the downstream of the main channel and orify &7the
remaining sedimentan pass towards the settling basin at wisizhsiderablgortion

of that amount are settled and prevented from moving tovilaedsrbines.

If Tyrolean weir without these modificationgereused throughout the experiments,
thewholeamount ofsediment thapasses from the clear bar spacings would réach

the settling basin and cause settling basin to be fliddsedimentin a short time.
5.7.Evaluation of the Results

The ideal values of the parametersz: andZ2 for a given systenof providing the
maximumwater capture efficiency and maximum sediment diversion from the main
channelshould be generalizeid use them in the design of such systems. For this

reasondimensionless forms of these parameters should be formed

The aim ofusingt h &uidéPl at ¢ icsover t he GQGaollegton part of
Channel2 6 as well as conveying-l9edilmemtddt ¢ i D@0 |
i's the height of the ADividing-1Blormt eo0 whi ch
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ACol |l ecti-d:. Chdaheekfore, ; ZilaedsZzaretmade par a
dimensionless by dividing tie by thewidth of the collection channels, B. As a result,

therecanmended dimensionless paramstee;

f pu cn
w — niarowsf?é — T8 T
TU

0 TU

Modified Tyrolean Weirs to bedesigned by usinghe dimensionless parameser

obtainedrom the resultefthisstudywhi ch are 3/ 700JB=033 015/ 7
Z2/B=0.44and | ongi tudi nal sl ope and | altoer al S
towards the ADiI vi di ng Wduldbeenoch méreeffitiest be |

in terms of water capture efficiency and sediment remioai the intake structure
compared to traditional Tyroleaweirs.
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CHAPTER 6

NUMERICAL ANALYSIS

6.1. Introduction

Computational fluid dynamiq€CFD)is a computational method for solving fluid flow
problems. Mathematical equations that represent fluid flow such as Nawlers and
continuity equations are solved for each computational cell within a given
computational interval to represent fluid flaw the specified engineering problem.
Before the development of the available computational power, fluid flow problems
such as aircraft design are conducted by constructing laboratory model and application
of wind-tunnel testing which is a time consumangd expensive process. But advances

in the computational power lead engineers for computer aided design. However,
computational aided design or solving problem numerically doealwalysend up

with correct solutions. Therefore, numerical results shoeldvdlidated with the
experimental ones. Lots of software such as ANSYS Fluent, ANSYS EIEX\V-

3D are developed for solving fluid flow problems. All package softwarghessame
approach; discretization ofie governing equations and solving those eaquntifor
specified problem. In this studiyL OW-3D is preferred for solving fluid flowhrough

awater intake structure design.

FLOW-3D is a tool for computational fluid dynamics solutions. It is commonly used
for simulating free surface flows. It includekfferent physical modules such as
sedimenscourmodel| heat transfemodel air entrainmentodel| shear s&ss model
cavitation modelcompressible and incompressible flomodelto simulate various

physicalphenomenon
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FLOW-3Duses state of the art ATruVOFO met hod.
is invented by Nichols and Hirt (1975) and

and Nichols (1981) for solving free surface flows.
6.2.General Procedure
General procedure for constructingmerical model can be summarized as follows;

1 Formation of geometry to be modelled on AutoCAD and converting the
drawing to Astl o for mat,

{1 Formation of structured grids to cover entire computational domain.

1 Defining related initial and boundary conditions tepresent physical

phenomenon.

It should be noted thabfming strictly fine grid cause long simulation times and does
not necessarily end up wittorrectsolution while forming coarse grid can end up with
the solution that is not related to real physpteenomenon. Therefore, ggéneration

is an important part of the CFD.
6.3.Implementation of the Numerical Model
Implementation of numerical modequiresseveral steps;

1 Grid Generations,
1 Definition of initial and boundary conditions

1 Physics, turbulence odlel and other solver options.
Each of these steps are investigated and explained in the following sub chapters.
6.3.1.Grid Generation

As mentioned before, most important part of constructing numerical model is the grid
generation. Accurate results can be oladianly by creating appropriate grid size that
is suitable for specified geometiyLOW-3D allows construction of structured grid

instead of unstructured grid. In addition, structured grid can be uniéornon
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uniform which depends on engineering deciseond geometry of computational

domain.

Firstly, geometry file with FeEOQW-3andensi or
coordinate system was selected as cartesian coordinates. Moreover, there is an option
for cylindrical coordinate system but for the system to be modelled, cartesian

coordinates are more suitable than the cylindrical ones.

Secondly, mesh blocks wererined.FLOW-3D provides an option for constructing
one or several mesh blocks. Again, constructing one mesh block or several mesh
blocks that represents computational domain depends on geometry and engineering

decisions.

FLOW-3D lecture notes provide guililees for grid generation. According to lecture
notes, it was suggested that cell aspect ratio should not exceed 2 for tivearelés

to getproper solutions. In addition, it was suggested that sizmectell should not
exceed 2 times the size of tbier neighbang cells. These suggestions are depicted
in Figure 6.1 and grid generation was performed by considering the guidelines
provided byFLOW-3D lectures.

1251 1

Figure6.1. Cell Aspect Ratio an8ize Ratio FLOW-3D Lectures)
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Threedifferent grid systems were appliedttee computational domain. Theggids

are explained in below stdectionsn detail.
6.3.1.1.Casel (Uniform Mesh)

At first, uniform structured grids were generated throughout the conmmahti
domain. Inorder torepresent rack geometry, at least 2 or more grids should be placed
between a clear bar spacings of 3 mm, 6 mm, 10 mm and 15 mm. Therefore, whole
domain was covered with grids with a size of half of specified clear bar spacing.
Moreover, after the simulatn was startedestimated computational time was given

as about 900 days which is unacceptable for a simulation of thisT$ieeefore,
constructing of new mesh block became necessary.

6.3.1.2.Case?2

According to experiences gained by the first atteropimbinaion of nonuniform
structured gridsand uniform structured gridsvere generated throughouhe

computational domain given in Figure6.

Mesh Block-1 Mesh Block-3

Figure 6.2. Mesh blocks and geometry to be modefi@dCase2
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Channel length is about 13 m atglwidth is about 1.3 m. However, clear bar spacings

of the system given in thEigure 6.2is 3 mm, 6 mm, 10 mm and 15nm By
considering the channel dimensions it can be statedldet bar spacings are quite
small compared to channel dimensions. Therefavastcucting uniform structured

grid can cause enormous computational tikeea resultnonuniform structured grid

that represents computational domain wgemerated In order to obtain proper
solutions, relatively fine grids are implemented to the awasre high velocity
gradiens or small areas that lead water flow exists and relatively coarse grids were
implemented to the areas where geometry of the problem did not lead sudden changes.
Mesh Blockl covers the reservoir area where sudden changesotlidike place.
Therefore, Mesh Blockk were generated by coarse unifestructured gridsMesh

Block-2 were constructed by generating fun@iform-structured grids because grids

size of the one block should not exceed two times of the size of the otlrernie$ o c k 0 s
grids. Mesh Block3 covers the area where sudden changes did take place and small
openings that lead discharge to pass. Therefore, Mesh-Blaeke constructed by

generating fine noaniform structured grids.

At first, only mesh blockl part ofthe computational domain was run until the
simulation has reached to steady state. Then, by applying grid overlay boundary
condition steady state hydraulic data was used as an input for the second part of the
simulation which covers the mesh blocks 2 8ndotal simulation time takes nearly

8 days.

Two different grids (coarse and fine) were constructed and computational domain was
solved. Results are presented and discussed in Chapter 7.

6.3.1.3.Case3

In order to shortethe simulation timedifferentgridswere generated by considering
the experiencegained byCase2. In this part only one mesh block was constructed
by applying noruniform structured grid€Computational time is about 1.5 d&yesh

blocks of Gise3 can be seen in Figure36.
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Mesh Block-1

Figure 6.3. Mesh block and geometry to be modelfedCase3

6.3.1.4. Case4

After having the results obtainém the numerical simulation of Ca8assessed, it

was determined that simulation results were not compatible with the experimental
ones. Therefore, finamodifications were implemented to numerical model by
improving mesh quality of Cas® In order to improve mesh quality, mesh planes
were defined throughout the computational domain. Due to the improved mesh
quality, simulation time was lengtheneid this case compared to Cake
Computational domain and mesh block of Gasmn be seen in Figured6.
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Mesh Block-1

Mesh Block-2 Mesh Block-3

Figure 6.4. Mesh block and geometry to be modelfedCase4

6.3.1.5. Caseb (Sediment Application)

After having the numerical models with only wateere completed, numerical
simulations with sediment came into the scene. Due the limitations caused by the
FLOW-3D, it is impossible to obtain reasonable results for the specific case. Because
FLOW-3D suggests thatediment size should be one in tenth of nwsé. But in the

case within the current study, maximum clear bar spacing is 15 mm and corresponding
mesh size should be abou?53nm but maximum sediment diameter within the study

is about 32 mm. Thereforevitasimpossible to solvéhis scenariaorrecty.

6.3.2.Initial and Boundary Conditions

Determination of boundary conditions as well as initial conditions are another
important part othe computationahodel implementation. In order to represent fluid
flow correctly, appropriate boundary conditions skioble selected. In addition,

definingcorrectinitial conditions can cause smaller computation time.

At first, initial condition was defined within the reservoir part of the computational
domain by defining water body and coordinates of the water body were limited by the

coordinates of the reservoir.
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For theCase2 where 3 mesh block&ere exist properboundary conditionsvere
defined for each blockBoundary conditions for each mesh block was presented in

Figure 65.

Figure 6.5. Boundary conditions for Casz

For the Case3 where only one mesh bloakas exist, boundary conditionsvere

presented in Figure &.

Figure6.6. Boundary conditions for Cas®
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Three mesh blocks were generated for €aaadboundary conditionsf eachblock

werepresented in Figure B.

Figure 6.7. Boundary conditions for Caske

6.3.3.Physics

In the physics part, there are options for defining gravity, turbulence model, heat

transfer, mass source and sediment and etc.

For the model constructed for this study, mass source, turbulence model and gravity

moduleswereactivated.

In addition, massairce was defined ithelower part of the reservoir. Because, in the
experiments, water is supplied by a pipe located at lower part of the reservoir.
Therefore, in the numerical analyses part, same physical conditions with the

experiments should be proed.
Gravity was defined in thie Z direction as a 9.81 m/sec

There areseventurbulence models available FLOW-3D. These are the Prandtl
mixing length model, the orequation, the k J RNG modelsthe k¥ two equation
model, Arge eddy simulation E&S) modeland 2D depthaveraged shallow water

model In the study Renormalization group turbulen@NG) model is selected.
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RNG model solves the same equations with thd)k mo d e | . However, cons:
turbulence equations that are found empiricalhsstandardkU model are der i ve
explicitly in the RNG model. Generally, the RNG model has wider applicability than

the standard k U model . I n particul ar, the RNG mode
intensity turbulence flows and flows having strong shregions more accurately

(FLOW-3D User Manuel). Turbulence models can be selected and activated in

Physics tab, Viscosity and Turbulence option.

Fluid was selected asaterat 20 ° C as it was defined in the material properties.
Viscosity, temperature and other physical properties of water were defined as default
values provided bFLOW-3D.
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CHAPTER 7

VALIDATION OF NUMERICAL MODEL
7.1.Introduction

Validation of numerical models were made by comparing results of the simulations

with experimental ones. Due hoimerous experimental cases, numerical models were
constructed for selected cases only. The
cm as well Pdsat@bi viedigrhg of 10 ¢cm and 1
simulations. Because these values of the parameters provide best results in the
experimentsComparison of numerical and experimental results for different grids

were presented in the below sciapter.Moreover, numerical simulations were
conducted on a Dell Precision T7810 Work Station with 40 processor and 32 GB

RAM.

7.2.Validation of Case1 with Experiments

In this case, uniform structured grids were formed throughout the computational
domain. Due to théraving too narrow clear bars spacings compared to channel
geometry, enormous computational time required by the software. Therefore,

simulations have not been completed with useful results.
7.3.Validation of Case2 with Experiments

In this casenonuniform stuctured grids were formed throughout the computational
domainin order to reduce high computation tin&olution of a model took about 8
days of computational time. In addition, results were presented in Table 7.1 given

below.
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Table7.1. Comparison of numericaksults of Cas® and experimental results

Numeric Model Experimental Model  Error (%)

(Qwic  (Qwse  (Qwic (Qu)se  (Qu)ic  (Quw)sc
Case (iUs) (ts)  (its) (Us) (%) (%)

e 10 GPL 20
DPH 1080 26.72 258 2591 2.89 31 10.7
e 15 GPL 20
DPH 15080 26.18 2.62 2591 2.89 1.0 9.3

e represestclear bar spacing
GPL represents Guide Plate Length
DPH represents ibiding Plate Height

Urepresents Angle between Guide Plate and Horizontal

Both simulations resulted in a similar error ratio which was caused by the grid
generated. Using finer mesh can end up with less error but higher simulation time.
Therefore, results are acceptahlle.addition, it should be noted that experimental

resultsare reliable but contains insignificant errors due to the experimental procedure.
7.4.Validation of Case 3 with Experiments

In this case, nomniform structured grids were formed throughout the computational
domain. In order to reduce computational time furtheompared to Cas2
modifications were implemented to mesh blocks generated inZdsedo so, only

one mesh block was generated and uniformity of the cells were arranged by
considering the geometry. Results of the numerical model and comparisonewvith th
experimental ones are presented in Table 7.2
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Table7.2. Comparison of numerical results of Ca@®ith experimental redts

Numeric Model Experimental Model  Error (%)

(Qwic  (Qwse  (Qu)ic (Qwse  (Qw)ic  (Qu)sc
Case (It/s)  (It/s) (It/s) (It/s) (%) (%)

I§P]f| (fg’aL32OO 1810 9.60 25.91 2.89 301 2322
glifl f(;z’aLSZOO 41.89 11.16 49.56 3.74 155 1984
SP]fI f(;:’aL3200 59.14 11.77 70.18 412 15.7 1857
SF}EI (13:aL3200 22.83 2.62 25.901 12 119 78.2
SF;LI?l fSF’aLSZOO 41.25 10.55 49.56 3.74 16.8 1821
IgFifl (f;al_szoo 63.73 12.50 70.18 4.12 9.2 2034

e represemtclear bar spacing
GPL represents Guide Plate Length
DPH represents viding Plate Height

Urepresents Angle between Guide Plate and Horizontal

Both simulations resulteid higherror ratio which was caused by the grid generated.
Using finer mesh can end up with less error but higher simulation time. Therefore
results arenotacceptable. In addition, it should be noted that experimental results are

reliable but containgsignificanterrors due to the experimental procedure.
7.5.Validation of Case4 with Experiments

In this case, nominiform structured grids were formed throughout the computational
domain. In order to reduce computational time further compared to-Zase
modifications were implemented to mesh blocks generated irZds®edo so, only

one mesh block v generated and uniformity of the cells were arranged by
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considering the geometry. Results of the numerical model and comparison with the
experimental ones are presenteéigure 7.1 and Figure 7.2

As it can be seen from the figures, experimental andencal data for a specified
case are compdlie. Non uniformity of computational grids and additional mesh

planes increase accuracy of the simulation.

Table7.3. Comparison of numerical results of Cagevith experimental results

Numeric Model Experimental Model Error (%)

(Quic  (Qusc  (Quic (Quse  (Qulic  (Qw)sc

Case (ivs) (Us)  (Is) (Us) (%) (%)
e 10 GPL 20
opH 10050 2489 391 2591 289 39 353
e 10 GPL 20
P 15tsp 0947 483 7018 412 10 172

e represestclear bar spacing
GPL represents Guide Plate Length
DPH represents ibiding Plate Height

Urepresents Angle between Guide Plate and Horizontal
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7.5.1.Mesh Independency

In order to check the mesh independency, same mesh blocks ef @ase conserved

but the mesh size wereduced to half of the Caglegrids for each othe blocks and
simulation was run agailgsimulation timeis about 10 days, nearly 2.5 times of the
initial Case4. Results were tabulated for a specific case in TableAs.4t can be
determined from the Table 7.3, defining finer mesh was not affect simulation results

significantly.

Table7.4. Comparison of umerical results of Casé with experimental results

Case4 Case4 Modified  Difference (%)
(Qulic  (Qu)sc  (Qu)ic (Qu)sc  (Quic  (Qu)sc
Case (It/s)  (It/s) (It/s) (It/s) (%) (%)
e 10 GPL 20
DPH 15080 24.89 391 25.2 3.6 1.2 7.9
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CHAPTER 8

CONCLUSION

8.1.Conclusion

In this study, the bottom intake structure;catled Tyrolean weir, which is widely

used especially in heavy sediment carrying rivers, was redesigned to increase water
capture efficiency as well as to decrease sediment amount diverted to the transmission

line. In the experimental processlaboratory flumevasconstructed by assessing the

results of the previous studiesy Yél maz (2010) , kahiner (2
Thereforerackangleof dwasselecteds23 , bar lengthwas seletedas 70 cmAfter
selectingtheinitial design parameters, large series afxperimentsvere conducted

and predefine@nportant dimensionlegzarametersvere determinedBy considering

the results of the AB-C and DGroup experimentsthe following evaluations and

recommadations can be made;

T ADi viding Pli=a5cemwas moefoundhotbe sufficie@ A Di vi di ng
Pl ateo is a plate thatldmmpifodt ect NCoO
Channel2 o . Because of the formation of tt
the cdlection channelsthei Di vi di ng Pl ateo height sh
possible. Therefore, discharge that conveys high amount of sedaritleimt
the ACol | e-& trandestakilizenl antie dmount of theediment
t hat pass from-NdCotld ed €Cobh2Cthamme Ch aane
ADi vi di wilydettdasetFerahis reasdine experimental results show
thatthe dimensionles§ Di vi di ng P l/Bt083provideshgbkst of Z
performance inerms of water capture efficiency and sediment removal.

T 1 f the fGui df&isBreaet tkad 25Icra and thenangfiék=40°,

the space betwed¢nh euidéRated andi viding Platedis narrowed and this
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situationreduces the amount dischargewhich will pass fromi Col | ect i on
Channell 6 t o A Col |-2 @Atthougmii Guh adren eAl at e 6 angel
30 pdrbetteri rasudts with different2A al ues compatheed t o U=
ideal resultsvereobtained with 2B=04 4 and U= 40

1 Themtiosoftheaccumul at ed s e @GdllectmmChannvelil ®hito t he i
the sediment that passes from the clear bar spacarg between 1.26 to
22.8% according to the Bsroup experiments. In order to redubese ratio
values the bottom slope of 6° and the latesall o p e 1 li eobetiono f
Channell &should be increased. For examplee bottom slope and lateral
sl ope of 10 Il ncreaseswithkei sedhenenCobhbetHt
Channell 6 t owar ds t h eo thHatSsedintnt pagticle€ aae & 0 |,
conveyed tot h eediedt Collection Channed much faster so that less
amount of sedi ment accumul ation can be ¢
Channell o .

71 Instead of increasintpei Di vi di ng Pl ated height, decrea
of thefi @llectionChannelloas well as widening th& GllectionChanneilo
compared to thei Gllection Channel20 would decrease the turbulence
intensity o f the flow within-1ddthatofiCfiod | ect i on (
sedimentparticlescan pass tdhe fi Gllection Channel20 over thefi @Gide
Plated while coarse sedimemarticleswill move towards the bottom of the
i Gllection Channello. Therefore, sediment amount that can reach to the

intake channel cabe minimized.

Optimum design parameters are presented in Table 8.1

Table8.1. Optimum values of parameters

Parameter Z1/B Z2/B e/l U

Minimum Value 3/70 30°
Value 0.33 0.44

Maximum Value 15/70 40°
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In addition to the experimental studyewly designed bottom intake structure was
solved numerically. The aim is to provide guidelines for implementing numerical
model so that bottom intake design or the designed system in the study can be
developed further by analyzing the system numerically instead of experimental study.
Because, exgrimental study requires physical model constructidnch is time
consuming and hard to do experiments that requires physical works. However, in this
study, numerical results were validated by experimental ones so that further studies

can be conducted gnby implementing numerical models.
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APPENDICES

A. Results of the A1 Group Experiments

Measured and cal cul at ed ZipZavalaesiare tabulatedwi t h
below. (These experiments were conducted without sediment.)

97






Table Al. Measured and calculated parameters related teGkdup Experiments {& 3 mm)

e;=3 mm, T=4 mm, &5 cm, Z=20 cmh =10

Yo (Qu)r Yi Ysc E—”J"L EE :JII: (aw)r (R)e 'H " H -
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.25 76.52 23.48 6.31 12.26 16.67 66.67
6.00 11.10 3.10 1.30 81.78 18.22 8.54 16.59 16.67 66.67
7.00 14.70 4.25 1.35 86.86 13.14 11.31 21.97 16.67 66.67
8.00 19.20 5.15 1.40 89.12 10.88 14.77 28.70 16.67 66.67
9.00 23.10 6.25 1.45 91.09 8.91 17.77 34.53 16.67 66.67
10.00 28.20 7.15 1.55 91.72 8.28 21.69 42.15 | 16.67 | 66.67
11.00 33.60 7.95 1.60 92.45 7.55 25.85 50.22 16.67 66.67
12.00 39.90 8.75 1.65 93.05 6.95 30.69 59.64 16.67 66.67
13.00 46.30 9.80 1.75 93.47 6.53 35.62 69.20 | 16.67 | 66.67
14.00 53.00 10.90 1.85 93.85 6.15 40.77 79.22 16.67 66.67
15.00 58.90 11.80 1.90 94.26 5.74 45.31 88.04 16.67 66.67
16.00 65.80 12.65 1.93 94.68 5.32 50.62 98.35 | 16.67 | 66.67
17.00 73.80 13.25 1.93 95.02 4.98 56.77 110.31 | 16.67 | 66.67

e;=3 mm, T=4 mm, &5, 2=20,"= 20°

Yo (Qu)r i Yse %% %* ()T I Y
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.my))

5.00 8.20 2.35 1.25 76.52 23.48 6.31 12.26 16.67 66.67
6.00 11.10 3.20 1.30 82.45 17.55 8.54 16.59 | 16.67 | 66.67
7.00 14.70 4.60 1.35 88.12 11.88 11.31 21.97 | 16.67 | 66.67
8.00 19.20 5.50 1.40 90.02 9.98 14.77 28.70 16.67 66.67
9.00 23.10 6.45 1.50 90.97 9.03 17.77 34.53 | 16.67 | 66.67
10.00 28.20 7.20 1.55 91.79 8.21 21.69 42.15 | 16.67 | 66.67
11.00 33.60 8.05 1.60 92.58 7.42 25.85 50.22 16.67 66.67
12.00 39.90 8.75 1.65 93.05 6.95 30.69 59.64 | 16.67 | 66.67
13.00 46.30 9.75 1.75 93.42 6.58 35.62 69.20 | 16.67 | 66.67
14.00 53.00 10.85 1.85 93.81 6.19 40.77 79.22 | 16.67 | 66.67
15.00 58.90 11.85 1.90 94.29 5.71 45.31 88.04 | 16.67 | 66.67
16.00 65.80 12.83 1.90 94.89 5.11 50.62 98.35 | 16.67 | 66.67
17.00 73.80 13.80 1.95 95.20 4.80 56.77 110.31 | 16.67 | 66.67

e:=3 mm, T=4 mm, &5 cm, 2=20 cm) = 30°

o | @k | oy | ve | e A N T
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))

5.00 8.20 2.35 1.30 75.17 24.83 6.31 12.26 16.67 66.67
6.00 11.10 3.50 1.30 84.24 15.76 8.54 16.59 16.67 66.67
7.00 14.70 4.50 1.35 87.78 12.22 11.31 21.97 16.67 66.67
8.00 19.20 5.45 1.40 89.90 10.10 14.77 28.70 16.67 66.67
9.00 23.10 6.35 1.50 90.78 9.22 17.77 34.53 16.67 66.67
10.00 28.20 7.30 1.55 91.95 8.05 21.69 42.15 16.67 66.67
11.00 33.60 8.10 1.60 92.65 7.35 25.85 50.22 16.67 66.67
12.00 39.90 8.75 1.70 92.71 7.29 30.69 59.64 | 16.67 | 66.67
13.00 46.30 9.75 1.80 93.12 6.88 35.62 69.20 | 16.67 | 66.67
14.00 53.00 10.85 1.90 93.54 6.46 40.77 79.22 | 16.67 | 66.67
15.00 58.90 11.85 1.90 94.29 5.71 45.31 88.04 16.67 66.67
16.00 65.80 12.85 1.95 94.69 5.31 50.62 98.35 | 16.67 | 66.67
17.00 73.80 13.95 2.00 95.08 4.92 56.77 110.31 | 16.67 | 66.67
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Table A lCont 6d

e:=3 mm, T=4 mm, &5 cm, 2=20 cm) = 40°

Yo (Qur yi Yee E ’ y %* @) | gy, | H L | H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.40 72.53 27.47 6.31 12.26 16.67 66.67
6.00 11.10 3.40 1.45 80.75 19.25 8.54 16.59 | 16.67 | 66.67
7.00 14.70 4.25 1.50 84.52 15.48 11.31 21.97 16.67 66.67
8.00 19.20 5.40 1.55 87.97 12.03 14.77 28.70 16.67 66.67
9.00 23.10 6.30 1.60 89.67 10.33 17.77 3453 | 16.67 | 66.67
10.00 28.20 7.25 1.70 90.58 9.42 21.69 42.15 | 16.67 | 66.67
11.00 33.60 8.05 1.75 91.44 8.56 25.85 50.22 16.67 66.67
12.00 39.90 8.65 1.85 91.53 8.47 30.69 59.64 16.67 66.67
13.00 46.30 9.80 1.90 92.56 7.44 35.62 69.20 | 16.67 | 66.67
14.00 53.00 10.83 1.95 93.25 6.75 40.77 79.22 16.67 66.67
15.00 58.90 11.80 2.00 93.77 6.23 45.31 88.04 16.67 66.67
16.00 65.80 12.80 | 2.10 94.00 6.00 50.62 98.35 | 16.67 | 66.67
17.00 73.80 13.83 | 2.10 94.62 5.38 56.77 110.31 | 16.67 | 66.67

e;=3 mm, T=4 mm,Z10 cm, Z20 cmh = 10°

Yo Qi i Yse %% %* ()T @ | Hoay | H
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))
5.00 8.20 2.35 1.50 69.98 30.02 6.31 12.26 33.33 66.67
6.00 11.10 3.10 1.55 76.53 23.47 8.54 16.59 | 33.33 | 66.67
7.00 14.70 4.30 1.60 83.20 16.80 11.31 21.97 | 33.33 | 66.67
8.00 19.20 5.35 1.70 85.99 14.01 14.77 28.70 33.33 66.67
9.00 23.10 6.20 1.75 87.89 12.11 17.77 34.53 33.33 66.67
10.00 28.20 7.10 1.85 88.97 11.03 21.69 42.15 | 33.33 | 66.67
11.00 33.60 7.90 1.85 90.43 9.57 25.85 50.22 33.33 66.67
12.00 39.90 8.70 1.90 91.25 8.75 30.69 59.64 | 33.33 | 66.67
13.00 46.30 9.75 1.95 92.20 7.80 35.62 69.20 | 33.33 | 66.67
14.00 53.00 10.80 | 2.00 92.95 7.05 40.77 79.22 | 33.33 | 66.67
15.00 58.90 11.80 | 2.10 93.28 6.72 45.31 88.04 | 33.33 | 66.67
16.00 65.80 12.75 | 2.0 93.97 6.03 50.62 98.35 | 33.33 | 66.67
17.00 73.80 13.80 | 2.15 94.40 5.60 56.77 110.31 | 33.33 | 66.67

e;=3 mm, T=4 mm,Z10 cm, Z=20 cm}h = 20°

o | @k | v | e | = A = @ | [ H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.50 69.98 30.02 6.31 12.26 | 33.33 | 66.67
6.00 11.10 3.40 1.50 79.79 20.21 8.54 16.59 | 33.33 | 66.67
7.00 14.70 4.40 1.60 83.67 16.33 11.31 21.97 | 33.33 | 66.67
8.00 19.20 5.45 1.60 87.52 12.48 14.77 28.70 33.33 66.67
9.00 23.10 6.40 1.70 88.88 11.12 17.77 3453 | 33.33 | 66.67
10.00 28.20 7.25 1.80 89.71 10.29 21.69 42.15 33.33 66.67
11.00 33.60 7.90 1.80 90.83 9.17 25.85 50.22 33.33 66.67
12.00 39.90 8.70 1.90 91.25 8.75 30.69 59.64 | 33.33 | 66.67
13.00 46.30 9.85 2.05 91.69 8.31 35.62 69.20 | 33.33 | 66.67
14.00 53.00 10.90 | 2.10 92.50 7.50 40.77 79.22 | 33.33 | 66.67
15.00 58.90 11.85 2.10 93.32 6.68 45.31 88.04 33.33 66.67
16.00 65.80 12.90 | 2.15 93.84 6.16 50.62 98.35 | 33.33 | 66.67
17.00 73.80 13.95 | 2.20 94.28 5.72 56.77 110.31 | 33.33 | 66.67




Table A lCont 6d

e:=3 mm, T=4 mm,Z10 cm, Z20 cm} = 30°

Yo (Qu)r i Ysc E—”J"L Elé—:il': (Qu)T (R)e H - H "
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.20 1.50 68.01 31.99 6.31 12.26 33.33 66.67
6.00 11.10 3.00 1.50 76.73 23.27 8.54 16.59 33.33 | 66.67
7.00 14.70 4.50 1.50 85.58 14.42 11.31 21.97 33.33 66.67
8.00 19.20 5.45 1.55 88.12 11.88 14.77 28.70 33.33 66.67
9.00 23.10 6.25 1.60 89.56 10.44 17.77 34.53 33.33 | 66.67
10.00 28.20 7.15 1.75 89.96 10.04 21.69 42.15 33.33 | 66.67
11.00 33.60 7.83 1.75 91.11 8.89 25.85 50.22 33.33 66.67
12.00 39.90 8.70 1.85 91.60 8.40 30.69 59.64 33.33 66.67
13.00 46.30 9.70 1.95 92.14 7.86 35.62 69.20 33.33 | 66.67
14.00 53.00 10.83 2.00 92.98 7.02 40.77 79.22 33.33 66.67
15.00 58.90 11.80 2.05 93.52 6.48 45.31 88.04 33.33 66.67
16.00 65.80 12.80 2.15 93.78 6.22 50.62 98.35 33.33 | 66.67
17.00 73.80 13.90 2.15 94.46 5.54 56.77 110.31 | 33.33 | 66.67

e;=3 mm, T=4 mm,Z10 cm, Z=20 cm} = 40°

Yo (Qu)r i Ysc %%IF %{z (Qu)T (F)e 'H " H N
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.my))
5.00 8.20 2.20 1.55 66.72 33.28 6.31 12.26 33.33 66.67
6.00 11.10 3.35 1.55 78.47 21.53 8.54 16.59 33.33 | 66.67
7.00 14.70 4.40 1.55 84.42 15.58 11.31 21.97 33.33 66.67
8.00 19.20 5.40 1.55 87.97 12.03 14.77 28.70 33.33 66.67
9.00 23.10 6.25 1.70 88.53 11.47 17.77 34.53 33.33 | 66.67
10.00 28.20 7.10 1.70 90.31 9.69 21.69 42.15 33.33 | 66.67
11.00 33.60 7.80 1.80 90.67 9.33 25.85 50.22 33.33 66.67
12.00 39.90 8.70 1.85 91.60 8.40 30.69 59.64 33.33 | 66.67
13.00 46.30 9.70 1.95 92.14 7.86 35.62 69.20 33.33 | 66.67
14.00 53.00 10.75 2.00 92.91 7.09 40.77 79.22 33.33 | 66.67
15.00 58.90 11.75 2.00 93.73 6.27 45.31 88.04 33.33 | 66.67
16.00 65.80 12.75 2.05 94.19 5.81 50.62 98.35 33.33 | 66.67
17.00 73.80 13.85 2.15 94.43 5.57 56.77 110.31 | 33.33 | 66.67

e;=3 mm, T=4 mm,Z15 cm, 220 cmh = 10°
‘E zal "E g

Yo (Qu)r Yi Ysc “E 4 " u ~E ] - (Qu)T (Fe H “H H “H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 6.31 12.26 50.00 | 66.67
6.00 11.10 8.54 16.59 50.00 66.67
7.00 14.70 4.20 1.80 79.61 20.39 11.31 21.97 50.00 | 66.67
8.00 19.20 5.25 1.80 84.41 15.59 14.77 28.70 50.00 66.67
9.00 23.10 6.10 1.90 86.03 13.97 17.77 34.53 50.00 | 66.67
10.00 28.20 7.10 1.95 88.07 11.93 21.69 42.15 50.00 66.67
11.00 33.60 7.90 2.00 89.23 10.77 25.85 50.22 50.00 66.67
12.00 39.90 8.60 2.05 90.02 9.98 30.69 59.64 50.00 | 66.67
13.00 46.30 9.65 2.05 91.46 8.54 35.62 69.20 50.00 | 66.67
14.00 53.00 10.70 | 2.10 92.30 7.70 40.77 79.22 50.00 | 66.67
15.00 58.90 11.75 2.10 93.24 6.76 45.31 88.04 50.00 66.67
16.00 65.80 12.65 2.13 93.79 6.21 50.62 98.35 50.00 | 66.67
17.00 73.80 13.25 2.15 94.07 5.93 56.77 110.31 | 50.00 | 66.67
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Table A lCont 6d

e:=3 mm, T=4 mm,Z15 cm, Z=20 cmh = 20°

Yo (Qw)r Yi Ysc E—J'J'I': Elé—:il': (Qu)T (R)e H - H "
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 6.31 12.26 50.00 | 66.67
6.00 11.10 8.54 16.59 50.00 | 66.67
7.00 14.70 4.25 1.80 79.89 20.11 11.31 21.97 50.00 | 66.67
8.00 19.20 5.25 1.85 83.78 16.22 14.77 28.70 50.00 | 66.67
9.00 23.10 6.20 1.90 86.32 13.68 17.77 34.53 50.00 | 66.67
10.00 28.20 7.10 1.95 88.07 11.93 21.69 42.15 50.00 | 66.67
11.00 33.60 7.85 2.00 89.14 10.86 25.85 50.22 50.00 | 66.67
12.00 39.90 8.55 2.05 89.94 10.06 30.69 59.64 50.00 | 66.67
13.00 46.30 9.65 2.10 91.14 8.86 35.62 69.20 50.00 | 66.67
14.00 53.00 10.70 2.15 92.02 7.98 40.77 79.22 50.00 | 66.67
15.00 58.90 11.75 2.15 92.99 7.01 45.31 88.04 50.00 | 66.67
16.00 65.80 12.80 2.20 93.55 6.45 50.62 98.35 50.00 | 66.67
17.00 73.80 13.70 2.20 94.14 5.86 56.77 110.31 | 50.00 | 66.67

e:=3 mm,T=4 mm, =15 cm, Z=20 cmh = 30°

Yo (Qw)r Yi Ysc %J"L %{z (Qu)T (F)e 'H " H N
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 6.31 12.26 50.00 | 66.67
6.00 11.10 8.54 16.59 50.00 | 66.67
7.00 14.70 4.25 1.80 79.89 20.11 11.31 21.97 50.00 | 66.67
8.00 19.20 5.25 1.90 83.16 16.84 14.77 28.70 50.00 | 66.67
9.00 23.10 6.20 1.95 85.79 14.21 17.77 34.53 50.00 | 66.67
10.00 28.20 7.10 2.00 87.61 12.39 21.69 42.15 50.00 | 66.67
11.00 33.60 7.80 2.05 88.64 11.36 25.85 50.22 50.00 | 66.67
12.00 39.90 8.75 2.10 89.89 10.11 30.69 59.64 50.00 | 66.67
13.00 46.30 9.65 2.15 90.82 9.18 35.62 69.20 50.00 | 66.67
14.00 53.00 10.75 2.18 91.93 8.07 40.77 79.22 50.00 | 66.67
15.00 58.90 11.75 2.20 92.74 7.26 45.31 88.04 50.00 | 66.67
16.00 65.80 12.80 2.25 93.32 6.68 50.62 98.35 50.00 | 66.67
17.00 73.80 13.80 2.25 93.99 6.01 56.77 110.31 | 50.00 | 66.67

e:=3 mm, T=4 mm,&5 cm, 2=25 cm) = 40°

Yo (Qu)r Vi Ysc %% %FF (Ou)T (F)e H " H o
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.40 72.53 27.47 6.31 12.26 16.67 | 83.33
6.00 11.10 3.40 1.45 80.75 19.25 8.54 16.59 16.67 | 83.33
7.00 14.70 4.40 1.50 85.17 14.83 11.31 21.97 16.67 | 83.33
8.00 19.20 5.40 1.55 87.97 12.03 14.77 28.70 16.67 | 83.33
9.00 23.10 6.30 1.60 89.67 10.33 17.77 34.53 16.67 | 83.33
10.00 28.20 7.20 1.70 90.49 9.51 21.69 42.15 16.67 | 83.33
11.00 33.60 7.90 1.80 90.83 9.17 25.85 50.22 16.67 | 83.33
12.00 39.90 8.65 1.90 91.18 8.82 30.69 59.64 16.67 | 83.33
13.00 46.30 9.75 1.95 92.20 7.80 35.62 69.20 16.67 | 83.33
14.00 53.00 10.80 2.00 92.95 7.05 40.77 79.22 16.67 | 83.33
15.00 58.90 11.80 2.10 93.28 6.72 45.31 88.04 16.67 | 83.33
16.00 65.80 12.80 2.10 94.00 6.00 50.62 98.35 16.67 | 83.33
17.00 73.80 13.80 2.15 94.40 5.60 56.77 110.31 | 16.67 | 83.33
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Table A lCont 6d

e:=3 mm, T=4 mm,Z10 cm, Z=25 cmh = 20°

E E
Yo (Qw)r Yi Ysc E—J"L E—VJ'I': (aw)r F) H ., H

(cm) (It/s) (cm) | (cm) (%)%I (%)%l (It/(s.m)) e H H

5.00 8.20 235 | 1.40 | 7253 | 27.47 6.31 12.26 | 33.33 | 83.33

6.00 11.10 3.40 1.45 80.75 19.25 8.54 16.59 33.33 | 83.33

7.00 14.70 4.40 1.50 85.17 14.83 11.31 21.97 33.33 | 83.33

8.00 19.20 5.40 1.55 87.97 12.03 14.77 28.70 33.33 83.33

9.00 23.10 6.30 1.60 89.67 10.33 17.77 34.53 33.33 | 83.33

10.00 28.20 7.20 1.70 90.49 9.51 21.69 42.15 33.33 | 83.33
11.00 33.60 7.90 1.80 90.83 9.17 25.85 50.22 33.33 | 83.33
12.00 39.90 8.65 1.90 91.18 8.82 30.69 59.64 33.33 | 83.33

13.00 46.30 9.75 1.95 92.20 7.80 35.62 69.20 33.33 | 83.33

14.00 53.00 10.80 2.00 92.95 7.05 40.77 79.22 33.33 83.33

15.00 58.90 11.80 2.10 93.28 6.72 45.31 88.04 33.33 83.33

16.00 65.80 12.80 2.10 94.00 6.00 50.62 98.35 | 33.33 | 83.33

17.00 73.80 13.80 2.15 94.40 5.60 56.77 110.31 | 33.33 | 83.33
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Table A2. Measured and calculated parameters related teGkdup Experiments g& 6 mm)

€=6 mm, T=4 mm,&5 cm, 2=20 cm) = 10°

Yo (Qu)r i Ysc E—Jﬁlﬁ EE JTII': (Qu)T (F)e 'H " H -
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.40 72.53 27.47 6.31 4.23 8.33 33.33
6.00 11.10 3.45 145 81.08 18.92 8.54 5.81 8.33 33.33
7.00 14.70 4.50 1.50 85.58 14.42 11.31 7.87 8.33 33.33
8.00 19.20 5.45 1.55 88.12 11.88 14.77 9.88 8.33 33.33
9.00 23.10 6.30 1.60 89.67 10.33 17.77 12.37 8.33 33.33
10.00 28.20 7.20 1.70 90.49 9.51 21.69 15.17 8.33 33.33
11.00 33.60 7.90 1.80 90.83 9.17 25.85 18.07 8.33 33.33
12.00 39.90 8.65 1.85 91.53 8.47 30.69 20.77 8.33 33.33
13.00 46.30 9.75 1.90 92.51 7.49 35.62 24.10 8.33 33.33
14.00 53.00 10.85 1.95 93.27 6.73 40.77 27.90 8.33 33.33
15.00 58.90 11.80 1.95 94.01 5.99 45.31 31.07 8.33 33.33
16.00 65.80 12.80 2.00 94.44 5.56 50.62 34.98 8.33 33.33
17.00 73.80 13.65 2.00 94.92 5.08 56.77 38.84 8.33 33.33

€,=6 mm, T=4 mm,&5 cm, 2=20 cm) = 20°
‘E su|l B g

Yoo | @i vl Ve | et GO g |
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.30 1.40 71.92 28.08 6.31 4.23 8.33 33.33
6.00 11.10 3.10 145 78.60 21.40 8.54 5.81 8.33 33.33
7.00 14.70 4.30 1.55 83.97 16.03 11.31 7.87 8.33 33.33
8.00 19.20 5.40 1.60 87.37 12.63 14.77 9.88 8.33 33.33
9.00 23.10 6.25 1.65 89.05 10.95 17.77 12.37 8.33 33.33
10.00 28.20 7.20 1.70 90.49 9.51 21.69 15.17 8.33 33.33
11.00 33.60 7.95 1.75 91.30 8.70 25.85 18.07 8.33 33.33
12.00 39.90 8.70 1.85 91.60 8.40 30.69 20.77 8.33 33.33
13.00 46.30 9.85 1.90 92.61 7.39 35.62 24.10 8.33 33.33
14.00 53.00 10.85 1.95 93.27 6.73 40.77 27.90 8.33 33.33
15.00 58.90 11.80 1.95 94.01 5.99 45.31 31.07 8.33 33.33
16.00 65.80 12.83 2.00 94.46 5.54 50.62 34.98 8.33 33.33
17.00 73.80 13.85 2.00 95.03 4.97 56.77 38.84 8.33 33.33

€=6 mm, T=4 mm, &5 cm, 2=20 cm) = 30°

Yo | Q| oy | e | A =R IO I IR
(cm) (It/s) (cm) (cm) (%)1 (%)n (It/(s.m))

5.00 8.20 2.40 1.40 73.12 26.88 6.31 4.23 8.33 33.33
6.00 11.10 3.15 145 78.98 21.02 8.54 5.81 8.33 33.33
7.00 14.70 4.55 1.50 85.78 14.22 11.31 7.87 8.33 33.33
8.00 19.20 5.45 1.60 87.52 12.48 14.77 9.88 8.33 33.33
9.00 23.10 6.30 1.70 88.65 11.35 17.77 12.37 8.33 33.33
10.00 28.20 7.25 1.75 90.15 9.85 21.69 15.17 8.33 33.33
11.00 33.60 7.85 1.85 90.35 9.65 25.85 18.07 8.33 33.33
12.00 39.90 8.70 1.90 91.25 8.75 30.69 20.77 8.33 33.33
13.00 46.30 9.75 1.95 92.20 7.80 35.62 24.10 8.33 33.33
14.00 53.00 10.85 2.00 93.00 7.00 40.77 27.90 8.33 33.33
15.00 58.90 11.80 2.00 93.77 6.23 45.31 31.07 8.33 33.33
16.00 65.80 12.80 2.05 94.22 5.78 50.62 34.98 8.33 33.33
17.00 73.80 13.80 2.05 94.80 5.20 56.77 38.84 8.33 33.33
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Table A2Cont 6d

€=6 mm, T=4 mm, &5 cm, 2=20 cm) = 40°

Yo (Qu)r i Ysc E—Jﬁlﬁ %JII: (Qu)T (F)e 'H " H -
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.35 1.40 72.53 27.47 6.31 4.23 8.33 33.33
6.00 11.10 3.20 145 79.36 20.64 8.54 5.81 8.33 33.33
7.00 14.70 4.40 1.55 84.42 15.58 11.31 7.87 8.33 33.33
8.00 19.20 5.45 1.60 87.52 12.48 14.77 9.88 8.33 33.33
9.00 23.10 6.30 1.70 88.65 11.35 17.77 12.37 8.33 33.33
10.00 28.20 7.30 1.75 90.24 9.76 21.69 15.17 8.33 33.33
11.00 33.60 7.90 1.85 90.43 9.57 25.85 18.07 8.33 33.33
12.00 39.90 8.65 1.85 91.53 8.47 30.69 20.77 8.33 33.33
13.00 46.30 9.80 1.90 92.56 7.44 35.62 24.10 8.33 33.33
14.00 53.00 10.85 1.95 93.27 6.73 40.77 27.90 8.33 33.33
15.00 58.90 11.85 1.98 93.93 6.07 45.31 31.07 8.33 33.33
16.00 65.80 12.90 2.05 94.28 5.72 50.62 34.98 8.33 33.33
17.00 73.80 13.85 2.10 94.63 5.37 56.77 38.84 8.33 33.33

€=6 mm, T=4 mm,Z10 cm, 220 cmh = 10°

Yo (Qu)r Yi Ysc %* %* () I
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.my))
5.00 8.20 2.20 1.55 66.72 33.28 6.31 4.23 16.67 33.33
6.00 11.10 3.00 1.60 74.63 25.37 8.54 5.81 16.67 | 33.33
7.00 14.70 4.35 1.60 83.44 16.56 11.31 7.87 16.67 | 33.33
8.00 19.20 5.35 1.70 85.99 14.01 14.77 9.88 16.67 33.33
9.00 23.10 6.20 1.75 87.89 12.11 17.77 12.37 16.67 33.33
10.00 28.20 7.15 1.85 89.07 10.93 21.69 15.17 | 16.67 | 33.33
11.00 33.60 7.90 1.90 90.03 9.97 25.85 18.07 16.67 33.33
12.00 39.90 8.70 1.95 90.89 9.11 30.69 20.77 | 16.67 | 33.33
13.00 46.30 9.70 1.95 92.14 7.86 35.62 24.10 | 16.67 | 33.33
14.00 53.00 10.90 2.00 93.04 6.96 40.77 27.90 | 16.67 | 33.33
15.00 58.90 11.95 2.00 93.88 6.12 45.31 31.07 | 16.67 | 33.33
16.00 65.80 12.90 2.05 94.28 5.72 50.62 3498 | 16.67 | 33.33
17.00 73.80 13.70 2.05 94.75 5.25 56.77 38.84 | 16.67 | 33.33

€=6 mm, T=4 mm,Z10 cm, Z=20 cm}h = 20°

Yo | Q| oy | e | A = @ | WL
(cm) (It/s) (cm) (cm) (%)1 (%)n (It/(s.m))
5.00 8.20 2.15 1.55 66.01 33.99 6.31 4.23 16.67 | 33.33
6.00 11.10 2.95 1.60 74.17 25.83 8.54 5.81 16.67 33.33
7.00 14.70 4.35 1.60 83.44 16.56 11.31 7.87 16.67 | 33.33
8.00 19.20 5.35 1.65 86.61 13.39 14.77 9.88 16.67 33.33
9.00 23.10 6.28 1.75 88.08 11.92 17.77 12.37 16.67 33.33
10.00 28.20 7.15 1.80 89.52 10.48 21.69 15.17 16.67 33.33
11.00 33.60 7.90 1.90 90.03 9.97 25.85 18.07 16.67 33.33
12.00 39.90 8.65 1.95 90.82 9.18 30.69 20.77 | 16.67 | 33.33
13.00 46.30 9.70 1.95 92.14 7.86 35.62 24.10 | 16.67 | 33.33
14.00 53.00 10.80 1.95 93.23 6.77 40.77 27.90 | 16.67 | 33.33
15.00 58.90 11.80 2.00 93.77 6.23 45.31 31.07 16.67 33.33
16.00 65.80 12.75 2.05 94.19 5.81 50.62 3498 | 16.67 | 33.33
17.00 73.80 13.83 2.08 94.72 5.28 56.77 38.84 | 16.67 | 33.33
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Table A2Cont 6d

€=6 mm, T=4 mm,Z10 cm, Z=20 cmh = 30°

Yo (Qw)r Yi Ysc E—J'J'I': Eé—:il': (Qw)r (R)e H - H -
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.20 1.60 65.47 34.53 6.31 4.23 16.67 33.33
6.00 11.10 3.00 1.60 74.63 25.37 8.54 5.81 16.67 | 33.33
7.00 14.70 4.20 1.65 81.93 18.07 11.31 7.87 16.67 | 33.33
8.00 19.20 5.35 1.70 85.99 14.01 14.77 9.88 16.67 33.33
9.00 23.10 6.18 1.75 87.83 12.17 17.77 12.37 16.67 33.33
10.00 28.20 7.20 1.85 89.17 10.83 21.69 15.17 | 16.67 | 33.33
11.00 33.60 7.95 1.90 90.12 9.88 25.85 18.07 16.67 33.33
12.00 39.90 8.60 1.95 90.75 9.25 30.69 20.77 16.67 33.33
13.00 46.30 9.70 1.95 92.14 7.86 35.62 24.10 16.67 33.33
14.00 53.00 10.80 1.95 93.23 6.77 40.77 27.90 16.67 33.33
15.00 58.90 11.80 2.00 93.77 6.23 45.31 31.07 16.67 33.33
16.00 65.80 12.83 2.05 94.24 5.76 50.62 3498 | 16.67 | 33.33
17.00 73.80 13.85 2.10 94.63 5.37 56.77 38.84 | 16.67 | 33.33

€=6 mm, T=4 mm,Z10 cm, Z=20 cm} = 40°
‘E sa| B oya

Yoo | @ v e e e @ | H | H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.15 1.60 64.74 35.26 6.31 4.23 16.67 33.33
6.00 11.10 2.95 1.60 74.17 25.83 8.54 5.81 16.67 33.33
7.00 14.70 4.20 1.65 81.93 18.07 11.31 7.87 16.67 | 33.33
8.00 19.20 5.35 1.70 85.99 14.01 14.77 9.88 16.67 33.33
9.00 23.10 6.25 1.75 88.02 11.98 17.77 12.37 16.67 33.33
10.00 28.20 7.15 1.85 89.07 10.93 21.69 15.17 | 16.67 | 33.33
11.00 33.60 7.85 1.90 89.95 10.05 25.85 18.07 16.67 33.33
12.00 39.90 8.65 1.95 90.82 9.18 30.69 20.77 | 16.67 | 33.33
13.00 46.30 9.70 2.00 91.83 8.17 35.62 2410 | 16.67 | 33.33
14.00 53.00 10.85 2.00 93.00 7.00 40.77 27.90 | 16.67 | 33.33
15.00 58.90 11.85 2.05 93.56 6.44 45.31 31.07 | 16.67 | 33.33
16.00 65.80 12.85 2.10 94.03 5.97 50.62 3498 | 16.67 | 33.33
17.00 73.80 13.85 2.10 94.63 5.37 56.77 38.84 | 16.67 | 33.33

€=6 mm, T=4 mm,Z15 cm, 220 cmh = 10°

v | @k | v | v | A =R 0L T I
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.15 1.85 58.84 41.16 6.31 4.23 25.00 | 33.33
6.00 11.10 3.25 1.90 71.06 28.94 8.54 5.81 25.00 33.33
7.00 14.70 4.25 1.90 78.37 21.63 11.31 7.87 25.00 | 33.33
8.00 19.20 5.35 1.95 82.93 17.07 14.77 9.88 25.00 33.33
9.00 23.10 6.30 1.95 86.08 13.92 17.77 12.37 25.00 | 33.33
10.00 28.20 7.25 2.00 87.94 12.06 21.69 15.17 25.00 33.33
11.00 33.60 7.85 2.05 88.73 11.27 25.85 18.07 25.00 33.33
12.00 39.90 8.60 2.05 90.02 9.98 30.69 20.77 25.00 | 33.33
13.00 46.30 9.70 2.10 91.20 8.80 35.62 24.10 25.00 | 33.33
14.00 53.00 10.80 | 2.15 92.12 7.88 40.77 27.90 25.00 | 33.33
15.00 58.90 11.80 2.15 93.03 6.97 45.31 31.07 25.00 33.33
16.00 65.80 12.85 | 2.15 93.81 6.19 50.62 34.98 25.00 | 33.33
17.00 73.80 13.75 | 2.15 94.37 5.63 56.77 38.84 | 25.00 | 33.33
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Table A2Cont 6d

€=6 mm, T=4 mm,Z15 cm, Z=20 cmh = 20°

Yo (Qu)r i Ysc E—Jﬁlﬁ %JII: (Qu)T (F)e 'H " H -
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.00 1.85 56.39 43.61 6.31 4.23 25.00 33.33
6.00 11.10 2.90 1.85 68.57 31.43 8.54 5.81 25.00 | 33.33
7.00 14.70 4.30 1.90 78.66 21.34 11.31 7.87 25.00 | 33.33
8.00 19.20 5.25 1.93 82.85 17.15 14.77 9.88 25.00 33.33
9.00 23.10 6.20 1.93 86.06 13.94 17.77 12.37 | 25.00 | 33.33
10.00 28.20 7.10 2.00 87.61 12.39 21.69 15.17 | 25.00 | 33.33
11.00 33.60 7.80 2.05 88.64 11.36 25.85 18.07 25.00 33.33
12.00 39.90 8.53 2.10 89.53 10.47 30.69 20.77 25.00 33.33
13.00 46.30 9.60 2.10 91.07 8.93 35.62 24.10 | 25.00 | 33.33
14.00 53.00 10.70 2.13 92.16 7.84 40.77 27.90 25.00 33.33
15.00 58.90 11.75 2.15 92.99 7.01 45.31 31.07 25.00 33.33
16.00 65.80 12.80 2.18 93.66 6.34 50.62 3498 | 25.00 | 33.33
17.00 73.80 13.80 2.20 94.20 5.80 56.77 38.84 | 25.00 | 33.33

€=6 mm, T=4 mm,Z15 cm, Z=20 cmh = 30°

Yo (Qu)r Yi Ysc %* %* () I
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.my))
5.00 8.20 2.05 1.80 58.37 41.63 6.31 4.23 25.00 33.33
6.00 11.10 2.90 1.85 68.57 31.43 8.54 5.81 25.00 | 33.33
7.00 14.70 4.00 1.85 77.63 22.37 11.31 7.87 25.00 | 33.33
8.00 19.20 5.30 1.90 83.35 16.65 14.77 9.88 25.00 33.33
9.00 23.10 6.20 1.93 86.06 13.94 17.77 12.37 | 25.00 | 33.33
10.00 28.20 7.13 1.98 87.89 12.11 21.69 15.17 | 25.00 | 33.33
11.00 33.60 7.80 2.00 89.05 10.95 25.85 18.07 25.00 33.33
12.00 39.90 8.60 2.05 90.02 9.98 30.69 20.77 | 25.00 | 33.33
13.00 46.30 9.60 2.10 91.07 8.93 35.62 24.10 | 25.00 | 33.33
14.00 53.00 10.80 2.15 92.12 7.88 40.77 27.90 | 25.00 | 33.33
15.00 58.90 11.83 2.15 93.05 6.95 45.31 31.07 | 25.00 | 33.33
16.00 65.80 12.83 2.20 93.57 6.43 50.62 34.98 | 25.00 | 33.33
17.00 73.80 13.88 2.20 94.24 5.76 56.77 38.84 | 25.00 | 33.33

€,=6 mm, T=4 mm,&5 cm, 2=25 cm) = 40°

Yo | Q| oy | e | A = @ | WL
(cm) (It/s) (cm) (cm) (%)1 (%)n (It/(s.m))

5.00 8.20 2.35 1.40 72.53 27.47 6.31 4.23 8.33 41.67
6.00 11.10 3.20 1.45 79.36 20.64 8.54 5.81 8.33 41.67
7.00 14.70 4.55 1.55 85.05 14.95 11.31 7.87 8.33 41.67
8.00 19.20 5.45 1.60 87.52 12.48 14.77 9.88 8.33 41.67
9.00 23.10 6.30 1.65 89.16 10.84 17.77 12.37 8.33 41.67
10.00 28.20 7.15 1.75 89.96 10.04 21.69 15.17 8.33 41.67
11.00 33.60 7.90 1.85 90.43 9.57 25.85 18.07 8.33 41.67
12.00 39.90 8.65 1.95 90.82 9.18 30.69 20.77 8.33 41.67
13.00 46.30 9.75 2.00 91.89 8.11 35.62 24.10 8.33 41.67
14.00 53.00 10.80 2.05 92.68 7.32 40.77 27.90 8.33 41.67
15.00 58.90 11.75 2.10 93.24 6.76 45.31 31.07 8.33 41.67
16.00 65.80 12.85 2.15 93.81 6.19 50.62 34.98 8.33 41.67
17.00 73.80 13.85 2.20 94.23 5.77 56.77 38.84 8.33 41.67
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Table A2Cont 6d

€=6 mm, T=4 mm,Z10 cm, Z=25 cmh = 20°
E 4 B v

Yo (Qu)r Yi Ysc E—J|-| E 4 (Qw)r (R)e H “H H H
It > N It/(s.

(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))

5.00 8.20 2.25 1.60 66.18 33.82 6.31 4.23 8.33 41.67

6.00 11.10 3.00 1.60 74.63 25.37 8.54 5.81 8.33 41.67

7.00 14.70 4.40 1.70 82.17 17.83 11.31 7.87 8.33 41.67

8.00 19.20 5.40 1.75 85.55 14.45 14.77 9.88 8.33 41.67

9.00 23.10 6.25 1.80 87.50 12.50 17.77 12.37 8.33 41.67

10.00 28.20 7.15 1.85 89.07 10.93 21.69 15.17 8.33 41.67

11.00 33.60 7.85 1.90 89.95 10.05 25.85 18.07 8.33 41.67

12.00 39.90 8.58 1.95 90.71 9.29 30.69 20.77 8.33 41.67

13.00 46.30 9.65 2.00 91.77 8.23 35.62 24.10 8.33 41.67

14.00 53.00 10.70 2.00 92.86 7.14 40.77 27.90 8.33 41.67

15.00 58.90 11.80 2.05 93.52 6.48 45.31 31.07 8.33 41.67

16.00 65.80 12.80 2.10 94.00 6.00 50.62 34.98 8.33 41.67

17.00 73.80 13.58 2.10 94.48 5.52 56.77 38.84 8.33 41.67
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Table A3. Measured and calculated parameters related teGkdup Experiments (& 10 mm)

e3=10 mm, T=4 mm,:&5 cm, 2=20 cmh = 10°

I R B R IO U I LT I
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))
5.00 8.20 2.10 1.60 63.99 36.01 6.31 1.99 5.00 20.00
6.00 11.10 3.30 1.65 76.17 23.83 8.54 2.70 5.00 20.00
7.00 14.70 4.30 1.75 80.91 19.09 11.31 3.66 5.00 20.00
8.00 19.20 5.30 1.85 83.97 16.03 14.77 4.67 5.00 20.00
9.00 23.10 6.15 1.95 85.65 14.35 17.77 5.65 5.00 20.00
10.00 28.20 7.10 2.00 87.61 12.39 21.69 7.07 5.00 20.00
11.00 33.60 7.90 2.10 88.42 11.58 25.85 8.37 5.00 20.00
12.00 39.90 8.60 2.10 89.65 10.35 30.69 9.75 5.00 20.00
13.00 46.30 9.65 2.15 90.82 9.18 35.62 11.22 5.00 20.00
14.00 53.00 10.70 2.15 92.02 7.98 40.77 12.80 5.00 20.00
15.00 58.90 11.75 2.20 92.74 7.26 45.31 14.42 5.00 20.00
16.00 65.80 12.80 2.20 93.55 6.45 50.62 16.16 5.00 20.00
17.00 73.80 13.60 2.25 93.87 6.13 56.77 18.05 5.00 20.00

e3=10 mm, T=4 mm,:&5 cm, 2=20 cmh = 20°

Yo Qar Y Yee : 4 Elé—:ﬁ:: (@) (e H “H H H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.10 1.60 63.99 36.01 6.31 1.99 5.00 20.00
6.00 11.10 3.30 1.70 75.22 24.78 8.54 2.70 5.00 20.00
7.00 14.70 4.20 1.75 80.38 19.62 11.31 3.66 5.00 20.00
8.00 19.20 5.30 1.80 84.59 15.41 14.77 4.67 5.00 20.00
9.00 23.10 6.15 1.90 86.18 13.82 17.77 5.65 5.00 20.00
10.00 28.20 7.10 1.98 87.84 12.16 21.69 7.07 5.00 20.00
11.00 33.60 7.80 2.05 88.64 11.36 25.85 8.37 5.00 20.00
12.00 39.90 8.63 2.10 89.69 10.31 30.69 9.75 5.00 20.00
13.00 46.30 9.70 2.15 90.88 9.12 35.62 11.22 5.00 20.00
14.00 53.00 10.75 2.15 92.07 7.93 40.77 12.80 5.00 20.00
15.00 58.90 11.75 2.20 92.74 7.26 45.31 14.42 5.00 20.00
16.00 65.80 12.80 2.25 93.32 6.68 50.62 16.16 5.00 20.00
17.00 73.80 13.73 2.28 93.84 6.16 56.77 18.05 5.00 20.00

e3=10 mm, T=4 mm,:&5 cm, Z=20 cm}h = 30°

Yo Qar Y Ve : 4 Elé—:ﬁ (@) (e H “H H H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.10 1.60 63.99 36.01 6.31 1.99 5.00 20.00
6.00 11.10 2.95 1.68 72.61 27.39 8.54 2.70 5.00 20.00
7.00 14.70 4.30 1.75 80.91 19.09 11.31 3.66 5.00 20.00
8.00 19.20 5.33 1.85 84.06 15.94 14.77 4.67 5.00 20.00
9.00 23.10 6.25 1.93 86.20 13.80 17.77 5.65 5.00 20.00
10.00 28.20 7.10 2.00 87.61 12.39 21.69 7.07 5.00 20.00
11.00 33.60 7.80 2.08 88.43 11.57 25.85 8.37 5.00 20.00
12.00 39.90 8.55 2.15 89.20 10.80 30.69 9.75 5.00 20.00
13.00 46.30 9.63 2.18 90.62 9.38 35.62 11.22 5.00 20.00
14.00 53.00 10.83 2.20 91.87 8.13 40.77 12.80 5.00 20.00
15.00 58.90 11.78 2.23 92.63 7.37 45.31 14.42 5.00 20.00
16.00 65.80 12.85 2.28 93.25 6.75 50.62 16.16 5.00 20.00
17.00 73.80 13.85 2.30 93.81 6.19 56.77 18.05 5.00 20.00
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Table A3Cont 6d

e3=10 mm, T=4 mm,:&5 cm, 2=20 cm} = 40°

Yo Qur i Ysc %* %* (o)t e | H oy | H
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))
5.00 8.20 2.30 1.60 66.86 33.14 6.31 1.99 5.00 20.00
6.00 11.10 3.40 1.65 76.94 23.06 8.54 2.70 5.00 20.00
7.00 14.70 4.43 1.75 81.55 18.45 11.31 3.66 5.00 20.00
8.00 19.20 5.35 1.85 84.16 15.84 14.77 4.67 5.00 20.00
9.00 23.10 6.25 1.93 86.20 13.80 17.77 5.65 5.00 20.00
10.00 28.20 7.25 2.00 87.94 12.06 21.69 7.07 5.00 20.00
11.00 33.60 7.85 2.10 88.33 11.67 25.85 8.37 5.00 20.00
12.00 39.90 8.50 2.15 89.12 10.88 30.69 9.75 5.00 20.00
13.00 46.30 9.80 2.15 91.01 8.99 35.62 11.22 5.00 20.00
14.00 53.00 10.90 2.15 92.22 7.78 40.77 12.80 5.00 20.00
15.00 58.90 11.85 2.20 92.82 7.18 45.31 14.42 5.00 20.00
16.00 65.80 12.90 2.23 93.51 6.49 50.62 16.16 5.00 20.00
17.00 73.80 13.90 2.28 93.95 6.05 56.77 18.05 5.00 20.00

e3=10 mm, T=4 mm,:Z210 cm, Z=20 cm) = 10°
E za| B g

Yo | @i W e | e e g H L H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.90 1.85 54.64 45.36 6.31 1.99 10.00 20.00
6.00 11.10 2.85 1.90 67.04 32.96 8.54 2.70 10.00 | 20.00
7.00 14.70 4.20 1.90 78.08 21.92 11.31 3.66 10.00 | 20.00
8.00 19.20 5.15 1.95 82.13 17.87 14.77 4.67 10.00 20.00
9.00 23.10 6.10 2.00 84.96 15.04 17.77 5.65 10.00 | 20.00
10.00 28.20 7.05 2.10 86.58 13.42 21.69 7.07 10.00 | 20.00
11.00 33.60 7.75 2.20 87.30 12.70 25.85 8.37 10.00 20.00
12.00 39.90 8.45 2.20 88.66 11.34 30.69 9.75 10.00 | 20.00
13.00 46.30 9.60 2.25 90.10 9.90 35.62 11.22 | 10.00 | 20.00
14.00 53.00 10.75 2.25 91.51 8.49 40.77 12.80 | 10.00 | 20.00
15.00 58.90 11.65 2.28 92.27 7.73 45.31 14.42 10.00 20.00
16.00 65.80 12.75 2.33 92.94 7.06 50.62 16.16 | 10.00 | 20.00
17.00 73.80 13.53 2.35 93.39 6.61 56.77 18.05 | 10.00 | 20.00

e3=10 mm, T=4 mm,:Z10 cm, Z20 cm) = 20°

o | @k | v | ve | -+ = IO L S I
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.25 1.85 60.37 39.63 6.31 1.99 10.00 | 20.00
6.00 11.10 3.20 1.90 70.60 29.40 8.54 2.70 10.00 | 20.00
7.00 14.70 4.25 1.95 77.62 22.38 11.31 3.66 10.00 | 20.00
8.00 19.20 5.23 2.00 81.81 18.19 14.77 4.67 10.00 20.00
9.00 23.10 6.10 2.05 84.43 15.57 17.77 5.65 10.00 | 20.00
10.00 28.20 7.05 2.10 86.58 13.42 21.69 7.07 10.00 20.00
11.00 33.60 7.75 2.18 87.51 12.49 25.85 8.37 10.00 20.00
12.00 39.90 8.48 2.23 88.51 11.49 30.69 9.75 10.00 | 20.00
13.00 46.30 9.58 2.25 90.07 9.93 35.62 11.22 | 10.00 | 20.00
14.00 53.00 10.70 2.25 91.45 8.55 40.77 12.80 | 10.00 | 20.00
15.00 58.90 11.65 2.30 92.14 7.86 45.31 14.42 10.00 20.00
16.00 65.80 12.70 2.33 92.90 7.10 50.62 16.16 | 10.00 | 20.00
17.00 73.80 13.65 2.40 93.26 6.74 56.77 18.05 | 10.00 | 20.00
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Table A3Cont 6d

e3=10 mm, T=4 mm,:Z10 cm, Z20 cm) = 30°

Yo (Qu)r i Yse %* %* (Gt @ | o | Ho
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))
5.00 8.20 2.10 1.85 58.04 41.96 6.31 1.99 10.00 20.00
6.00 11.10 3.15 1.90 70.12 29.88 8.54 2.70 10.00 | 20.00
7.00 14.70 4.20 1.90 78.08 21.92 11.31 3.66 10.00 | 20.00
8.00 19.20 5.30 1.95 82.74 17.26 14.77 4.67 10.00 20.00
9.00 23.10 6.15 2.00 85.12 14.88 17.77 5.65 10.00 | 20.00
10.00 28.20 7.10 2.10 86.70 13.30 21.69 7.07 10.00 | 20.00
11.00 33.60 7.75 2.20 87.30 12.70 25.85 8.37 10.00 20.00
12.00 39.90 8.48 2.25 88.32 11.68 30.69 9.75 10.00 20.00
13.00 46.30 9.60 2.25 90.10 9.90 35.62 11.22 | 10.00 | 20.00
14.00 53.00 10.70 2.25 91.45 8.55 40.77 12.80 10.00 20.00
15.00 58.90 11.70 2.30 92.18 7.82 45.31 14.42 10.00 20.00
16.00 65.80 12.75 2.35 92.83 7.17 50.62 16.16 | 10.00 | 20.00
17.00 73.80 13.83 2.40 93.38 6.62 56.77 18.05 | 10.00 | 20.00

e3=10 mm, T=4 mm,:Z10 cm, Z=20 cm) = 40°
E =4 E oy

Yo | Qo) v Ve e e G H
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.95 1.80 56.68 43.32 6.31 1.99 10.00 20.00
6.00 11.10 2.75 1.85 66.91 33.09 8.54 2.70 10.00 | 20.00
7.00 14.70 4.10 1.90 77.47 22.53 11.31 3.66 10.00 | 20.00
8.00 19.20 5.23 1.95 82.44 17.56 14.77 4.67 10.00 20.00
9.00 23.10 6.10 2.00 84.96 15.04 17.77 5.65 10.00 | 20.00
10.00 28.20 7.03 2.10 86.52 13.48 21.69 7.07 10.00 | 20.00
11.00 33.60 7.83 2.20 87.46 12.54 25.85 8.37 10.00 20.00
12.00 39.90 8.60 2.23 88.73 11.27 30.69 9.75 10.00 | 20.00
13.00 46.30 9.65 2.25 90.17 9.83 35.62 11.22 | 10.00 | 20.00
14.00 53.00 10.70 2.25 91.45 8.55 40.77 12.80 | 10.00 | 20.00
15.00 58.90 11.75 2.25 92.48 7.52 45.31 14.42 10.00 20.00
16.00 65.80 12.80 2.30 93.10 6.90 50.62 16.16 | 10.00 | 20.00
17.00 73.80 13.90 2.35 93.64 6.36 56.77 18.05 | 10.00 | 20.00

e3=10 mm, T=4 mm,:Z15 cm, Z20 cm) = 10°

R D N T = A = IO I (D I
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.85 2.13 47.94 52.06 6.31 1.99 15.00 | 20.00
6.00 11.10 3.05 2.15 64.57 35.43 8.54 2.70 15.00 20.00
7.00 14.70 4.10 2.15 73.66 26.34 11.31 3.66 15.00 | 20.00
8.00 19.20 5.00 2.20 78.26 21.74 14.77 4.67 15.00 20.00
9.00 23.10 6.05 2.20 82.65 17.35 17.77 5.65 15.00 | 20.00
10.00 28.20 6.88 2.25 84.73 15.27 21.69 7.07 15.00 20.00
11.00 33.60 7.65 2.30 86.24 13.76 25.85 8.37 15.00 20.00
12.00 39.90 8.35 2.35 87.33 12.67 30.69 9.75 15.00 | 20.00
13.00 46.30 9.48 2.40 88.93 11.07 35.62 11.22 15.00 20.00
14.00 53.00 10.63 2.43 90.36 9.64 40.77 12.80 | 15.00 | 20.00
15.00 58.90 11.65 2.45 91.36 8.64 45.31 14.42 15.00 20.00
16.00 65.80 12.70 2.48 92.20 7.80 50.62 16.16 | 15.00 | 20.00
17.00 73.80 13.45 2.50 92.69 7.31 56.77 18.05 | 15.00 | 20.00




Table A3Cont 6d

e3=10 mm, T=4 mm,:Z15 cm, Z20 cm) = 20°

E E
Yo (Qw)r Yi Ysc E—J|J"L E—:'J'I': (Qu)T ) H ‘H H “H
| N It/(s. e
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.95 2.13 49.74 50.26 6.31 1.99 15.00 20.00
6.00 11.10 2.70 2.15 60.50 39.50 8.54 2.70 15.00 20.00

7.00 14.70 3.95 2.18 72.21 27.79 11.31 3.66 15.00 | 20.00

8.00 19.20 5.05 2.20 78.50 21.50 14.77 4.67 15.00 20.00

9.00 23.10 6.05 2.20 82.65 17.35 17.77 5.65 15.00 | 20.00

10.00 28.20 7.00 2.25 85.07 14.93 21.69 7.07 15.00 | 20.00

11.00 33.60 7.65 2.30 86.24 13.76 25.85 8.37 15.00 20.00

12.00 39.90 8.50 2.33 87.81 12.19 30.69 9.75 15.00 20.00

13.00 46.30 9.50 2.35 89.30 10.70 35.62 11.22 | 15.00 | 20.00

14.00 53.00 10.55 2.38 90.56 9.44 40.77 12.80 15.00 20.00

15.00 58.90 11.60 2.40 91.57 8.43 45.31 14.42 15.00 20.00

16.00 65.80 12.75 2.45 92.36 7.64 50.62 16.16 | 15.00 | 20.00

17.00 73.80 13.63 2.50 92.82 7.18 56.77 18.05 | 15.00 | 20.00

e3=10 mm, T=4 mm,:Z15 cm, Z=20 cm) = 30°

E oa E yu

Yo (Qw)r Yi Ysc E 4 E JV|T ()T (F)e H " H “H
| o It/(s.

(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))

5.00 8.20 1.85 2.15 47.45 52.55 6.31 1.99 15.00 20.00

6.00 11.10 2.70 2.15 60.50 39.50 8.54 2.70 15.00 20.00

7.00 14.70 4.05 2.15 73.31 26.69 11.31 3.66 15.00 | 20.00

8.00 19.20 5.15 2.18 79.30 20.70 14.77 4.67 15.00 20.00

9.00 23.10 6.10 2.20 82.83 17.17 17.77 5.65 15.00 20.00

10.00 28.20 7.00 2.25 85.07 14.93 21.69 7.07 15.00 | 20.00

11.00 33.60 7.70 2.33 86.15 13.85 25.85 8.37 15.00 20.00

12.00 39.90 8.45 2.35 87.52 12.48 30.69 9.75 15.00 | 20.00

13.00 46.30 9.45 2.40 88.89 11.11 35.62 11.22 15.00 20.00

14.00 53.00 10.55 2.45 90.12 9.88 40.77 12.80 | 15.00 | 20.00

15.00 58.90 11.60 2.45 91.31 8.69 45.31 14.42 | 15.00 20.00

16.00 65.80 12.65 2.50 92.04 7.96 50.62 16.16 | 15.00 | 20.00

17.00 73.80 13.58 2.60 92.34 7.66 56.77 18.05 | 15.00 | 20.00

e3=10 mm, T=4 mm,:&5 cm, Z=25 cm} = 40°

E E
Yo (Qu)r Yi Ysc E—J|%F E—FF (Qu)T R) H " H -
l > It/(s. ve
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 2.10 1.60 63.99 36.01 6.31 1.99 5.00 25.00
6.00 11.10 3.30 1.65 76.17 23.83 8.54 2.70 5.00 25.00

7.00 14.70 4.35 1.75 81.17 18.83 11.31 3.66 5.00 25.00

8.00 19.20 5.30 1.80 84.59 15.41 14.77 4.67 5.00 25.00

9.00 23.10 6.15 1.90 86.18 13.82 17.77 5.65 5.00 25.00

10.00 28.20 7.15 2.00 87.72 12.28 21.69 7.07 5.00 25.00

11.00 33.60 7.80 2.10 88.23 11.77 25.85 8.37 5.00 25.00

12.00 39.90 8.60 2.15 89.29 10.71 30.69 9.75 5.00 25.00

13.00 46.30 9.68 2.15 90.85 9.15 35.62 11.22 5.00 25.00

14.00 53.00 10.65 2.20 91.69 8.31 40.77 12.80 5.00 25.00

15.00 58.90 11.68 2.30 92.16 7.84 45.31 14.42 5.00 25.00

16.00 65.80 12.70 2.35 92.79 7.21 50.62 16.16 5.00 25.00

17.00 73.80 13.70 2.45 93.08 6.92 56.77 18.05 5.00 25.00
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Table A3Cont 6d

e3=10 mm, T=4 mm,:Z10 cm, Z25 cm) = 20°

E E
Yo (Qu)r Yi Ysc E—J|J“L E—:'J'I': (Qu)T ) H ‘H H “H
| It/(s. e
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.95 1.85 55.53 44.47 6.31 1.99 10.00 25.00
6.00 11.10 3.05 1.90 69.15 30.85 8.54 2.70 10.00 25.00

7.00 14.70 4.18 1.93 77.54 22.46 11.31 3.66 10.00 | 25.00

8.00 19.20 5.20 1.95 82.33 17.67 14.77 4.67 10.00 25.00

9.00 23.10 6.10 2.00 84.96 15.04 17.77 5.65 10.00 | 25.00

10.00 28.20 7.05 2.10 86.58 13.42 21.69 7.07 10.00 | 25.00

11.00 33.60 7.80 2.20 87.41 12.59 25.85 8.37 10.00 25.00

12.00 39.90 8.48 2.25 88.32 11.68 30.69 9.75 10.00 25.00

13.00 46.30 9.60 2.25 90.10 9.90 35.62 11.22 | 10.00 | 25.00

14.00 53.00 10.60 2.30 91.05 8.95 40.77 12.80 10.00 25.00

15.00 58.90 11.75 2.33 92.10 7.90 45.31 14.42 10.00 25.00

16.00 65.80 12.45 2.35 92.59 7.41 50.62 16.16 | 10.00 | 25.00

17.00 73.80 12.95 2.35 92.98 7.02 56.77 18.05 | 10.00 | 25.00
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Table A4. Measured and calculated parameters related-tb @roup Experiments {& 15 mm)

e4=15 mm, T=4 mm,:&5 cm, 2=20 cmh = 10°

Yo (Qu)r i Ysc E—”J"L Elé_rlf (Qu)r (R)e H - H "
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.55 2.35 38.06 61.94 6.31 1.04 3.33 13.33
6.00 11.10 2.40 2.40 51.98 48.02 8.54 1.43 3.33 13.33
7.00 14.70 3.70 2.53 64.93 35.07 11.31 1.95 3.33 13.33
8.00 19.20 4.80 2.65 71.46 28.54 14.77 2.51 3.33 13.33
9.00 23.10 5.70 2.80 74.69 25.31 17.77 3.06 3.33 13.33
10.00 28.20 6.73 2.70 79.97 20.03 21.69 3.76 3.33 13.33
11.00 33.60 7.63 2.85 81.52 18.48 25.85 4.51 3.33 13.33
12.00 39.90 8.30 2.95 82.56 17.44 30.69 5.21 3.33 13.33
13.00 46.30 9.33 2.89 85.33 14.67 35.62 6.14 3.33 13.33
14.00 53.00 10.35 2.95 86.80 13.20 40.77 6.92 3.33 13.33
15.00 58.90 11.53 3.00 88.25 11.75 45.31 7.87 3.33 13.33
16.00 65.80 12.60 3.05 89.32 10.68 50.62 8.81 3.33 13.33
17.00 73.80 13.40 3.10 89.93 10.07 56.77 9.69 3.33 13.33

e4=15 mm, T=4 mm,:&5 cm, 2=20 cmh = 20°

Yo (Qu)r i Ysc E I * %J"L (Qu)r (R)e 'H “H H N
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))

5.00 8.20 1.60 2.20 41.67 58.33 6.31 1.04 3.33 13.33
6.00 11.10 2.85 2.25 60.55 39.45 8.54 1.43 3.33 13.33
7.00 14.70 3.80 2.35 68.39 31.61 11.31 1.95 3.33 13.33
8.00 19.20 4.90 2.45 74.55 25.45 14.77 2.51 3.33 13.33
9.00 23.10 5.83 2.60 77.44 22.56 17.77 3.06 3.33 13.33
10.00 28.20 6.70 2.70 79.88 20.12 21.69 3.76 3.33 13.33
11.00 33.60 7.60 2.85 81.44 18.56 25.85 4.51 3.33 13.33
12.00 39.90 8.35 2.95 82.69 17.31 30.69 5.21 3.33 13.33
13.00 46.30 9.35 2.95 84.97 15.03 35.62 6.14 3.33 13.33
14.00 53.00 10.45 3.00 86.65 13.35 40.77 6.92 3.33 13.33
15.00 58.90 11.45 3.03 88.01 11.99 45.31 7.87 3.33 13.33
16.00 65.80 12.55 3.10 89.01 10.99 50.62 8.81 3.33 13.33
17.00 73.80 13.50 3.20 89.57 10.43 56.77 9.69 3.33 13.33

e,=15 mm, T=4nm, =5 cm, 2=20 cm}h = 30°

o o | @k | oy | e | A =R SO R R
(cm) (It/s) (cm) (cm) (%)n (%)n (It/(s.m))

5.00 8.20 1.60 2.20 41.67 58.33 6.31 1.04 3.33 13.33
6.00 11.10 2.70 2.25 58.69 41.31 8.54 1.43 3.33 13.33
7.00 14.70 3.73 2.35 67.76 32.24 11.31 1.95 3.33 13.33
8.00 19.20 4.75 2.50 73.04 26.96 14.77 2.51 3.33 13.33
9.00 23.10 5.70 2.63 76.60 23.40 17.77 3.06 3.33 13.33
10.00 28.20 6.70 2.70 79.88 20.12 21.69 3.76 3.33 13.33
11.00 33.60 7.50 2.88 80.93 19.07 25.85 4.51 3.33 13.33
12.00 39.90 8.05 3.05 81.10 18.90 30.69 5.21 3.33 13.33
13.00 46.30 9.10 3.05 83.73 16.27 35.62 6.14 3.33 13.33
14.00 53.00 10.28 3.05 86.05 13.95 40.77 6.92 3.33 13.33
15.00 58.90 11.30 3.10 87.38 12.62 45.31 7.87 3.33 13.33
16.00 65.80 12.25 3.13 88.52 11.48 50.62 8.81 3.33 13.33
17.00 73.80 13.20 3.25 89.01 10.99 56.77 9.69 3.33 13.33
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Table A4Cont 6d

e,=15 mm, T=4 mm,:&5 cm, =20 cm} = 40°

Yo (Qw)r i Ysc E—”J"L Elé_rlf (Qu)r (F)e H - H "
(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.60 2.20 41.67 58.33 6.31 1.04 3.33 13.33
6.00 11.10 2.85 2.25 60.55 39.45 8.54 1.43 3.33 13.33
7.00 14.70 3.85 2.35 68.80 31.20 11.31 1.95 3.33 13.33
8.00 19.20 4.90 2.45 74.55 25.45 14.77 2.51 3.33 13.33
9.00 23.10 5.80 2.63 77.05 22.95 17.77 3.06 3.33 13.33
10.00 28.20 6.70 2.70 79.88 20.12 21.69 3.76 3.33 13.33
11.00 33.60 7.58 2.88 81.16 18.84 25.85 4.51 3.33 13.33
12.00 39.90 8.35 3.00 82.30 17.70 30.69 5.21 3.33 13.33
13.00 46.30 9.28 3.00 84.46 15.54 35.62 6.14 3.33 13.33
14.00 53.00 10.35 3.00 86.49 13.51 40.77 6.92 3.33 13.33
15.00 58.90 11.40 3.00 88.08 11.92 45.31 7.87 3.33 13.33
16.00 65.80 12.50 3.10 88.95 11.05 50.62 8.81 3.33 13.33
17.00 73.80 13.65 3.18 89.84 10.16 56.77 9.69 3.33 13.33

e4=15 mm, T=4 mm,:Z210 cm, Z=20 cm) = 10°

Yo (Qw)r i Ysc %%IF %J"L (Qu)r (F)e 'H “H H N
(cm) (It/s) (cm) (cm) (%)1| (%)1| (It/(s.m))
5.00 8.20 1.30 2.50 30.61 69.39 6.31 1.04 6.67 13.33
6.00 11.10 2.25 2.55 47.25 52.75 8.54 1.43 6.67 13.33
7.00 14.70 13.20 2.60 92.04 7.96 11.31 1.95 6.67 13.33
8.00 19.20 4.43 2.65 68.97 31.03 14.77 2.51 6.67 13.33
9.00 23.10 5.70 2.75 75.23 24.77 17.77 3.06 6.67 13.33
10.00 28.20 6.60 2.83 78.32 21.68 21.69 3.76 6.67 13.33
11.00 33.60 7.50 3.05 79.44 20.56 25.85 4.51 6.67 13.33
12.00 39.90 8.25 3.10 81.26 18.74 30.69 5.21 6.67 13.33
13.00 46.30 9.15 3.10 83.49 16.51 35.62 6.14 6.67 13.33
14.00 53.00 10.33 3.15 85.51 14.49 40.77 6.92 6.67 13.33
15.00 58.90 11.48 3.15 87.36 12.64 45.31 7.87 6.67 13.33
16.00 65.80 12.48 3.18 88.54 11.46 50.62 8.81 6.67 13.33
17.00 73.80 13.35 3.23 89.30 10.70 56.77 9.69 6.67 13.33

e4=15 mm, T=4 mm,:Z10 cm, Z20 cm) = 20°

o | @k | v | e | e A =R SO R R
(cm) (It/s) (cm) (cm) (%)n (%)n (It/(s.m))

5.00 8.20 1.33 2.55 30.45 69.55 6.31 1.04 6.67 13.33
6.00 11.10 2.30 2.58 47.63 52.37 8.54 1.43 6.67 13.33
7.00 14.70 3.25 2.60 59.42 40.58 11.31 1.95 6.67 13.33
8.00 19.20 4.30 2.65 68.07 31.93 14.77 2.51 6.67 13.33
9.00 23.10 5.73 2.75 75.35 24.65 17.77 3.06 6.67 13.33
10.00 28.20 6.60 2.85 78.08 21.92 21.69 3.76 6.67 13.33
11.00 33.60 7.45 3.05 79.28 20.72 25.85 4.51 6.67 13.33
12.00 39.90 8.20 3.10 81.12 18.88 30.69 5.21 6.67 13.33
13.00 46.30 9.08 3.13 83.15 16.85 35.62 6.14 6.67 13.33
14.00 53.00 10.33 3.15 85.51 14.49 40.77 6.92 6.67 13.33
15.00 58.90 11.43 3.18 87.14 12.86 45.31 7.87 6.67 13.33
16.00 65.80 12.40 3.23 88.20 11.80 50.62 8.81 6.67 13.33
17.00 73.80 13.38 3.30 88.97 11.03 56.77 9.69 6.67 13.33
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Table A4Cont 6d

e;=15 mm, T=4 mm,:Z10 cm, Z20 cm) = 30°

E E
Yo (Qu)r Yi Ysc E—J“L E—VJ'I': (Qu)r ) H H .,

(cm) (It/s) (cm) | (cm) (%)%l (%)%l (It/(s.m)) e H H

5.00 8.20 123 | 255 | 2836 | 71.64 6.31 1.04 | 6.67 | 13.33

6.00 11.10 2.30 2.60 47.24 52.76 8.54 1.43 6.67 13.33

7.00 14.70 3.25 2.65 58.68 41.32 11.31 1.95 6.67 13.33

8.00 19.20 4.78 2.70 70.68 29.32 14.77 2.51 6.67 13.33

9.00 23.10 5.65 2.75 74.99 25.01 17.77 3.06 6.67 13.33

10.00 28.20 6.70 2.90 77.98 22.02 21.69 3.76 6.67 13.33

11.00 33.60 7.48 3.08 79.14 20.86 25.85 4.51 6.67 13.33

12.00 39.90 8.30 3.15 81.01 18.99 30.69 5.21 6.67 13.33

13.00 46.30 9.15 3.15 83.14 16.86 35.62 6.14 6.67 13.33

14.00 53.00 10.30 3.20 85.16 14.84 40.77 6.92 6.67 13.33

15.00 58.90 11.45 3.20 87.04 12.96 45.31 7.87 6.67 13.33

16.00 65.80 12.53 3.25 88.22 11.78 50.62 8.81 6.67 13.33

17.00 73.80 13.55 3.35 88.93 11.07 56.77 9.69 6.67 13.33

e4=15 mm, T=4 mm,:Z210 cm, Z=20 cm) = 40°

E w1 E yu

Yo (Qw)r Yi Ysc E r E JV|T (qw)T (Fe 'H Y 'H "
(cm) (It/'s) (cm) (cm) (%)1 (%)1 (It/(s.m))
5.00 8.20 1.25 2.50 29.55 70.45 6.31 1.04 6.67 13.33

6.00 11.10 2.25 2.55 47.25 52.75 8.54 1.43 6.67 13.33

7.00 14.70 3.35 2.60 60.47 39.53 11.31 1.95 6.67 13.33

8.00 19.20 4.70 2.65 70.83 29.17 14.77 2.51 6.67 13.33

9.00 23.10 5.80 2.75 75.71 24.29 17.77 3.06 6.67 13.33

10.00 28.20 6.65 2.85 78.27 21.73 21.69 3.76 6.67 13.33

11.00 33.60 7.40 3.05 79.11 20.89 25.85 4.51 6.67 13.33

12.00 39.90 8.30 3.10 81.40 18.60 30.69 5.21 6.67 13.33

13.00 46.30 9.20 3.15 83.25 16.75 35.62 6.14 6.67 13.33

14.00 53.00 10.40 3.15 85.65 14.35 40.77 6.92 6.67 13.33

15.00 58.90 11.45 3.15 87.32 12.68 45.31 7.87 6.67 13.33

16.00 65.80 12.53 3.18 88.60 11.40 50.62 8.81 6.67 13.33

17.00 73.80 13.58 3.25 89.42 10.58 56.77 9.69 6.67 13.33

e4=15 mm, T=4 mm,:Z15 cm, Z20 cm) = 10°

mdL -
E a0 E v

Yo (Qw)r Yi Ysc E ; E " T (aw)r (R)e H H 'H “H
|t © © | .

(cm) (It/s) (cm) (cm) (%)n (%)n (It/(s.m))

5.00 8.20 1.10 2.80 22.93 77.07 6.31 1.04 10.00 13.33

6.00 11.10 2.05 2.90 39.03 60.97 8.54 1.43 10.00 13.33

7.00 14.70 3.05 2.95 52.19 47.81 11.31 1.95 10.00 13.33

8.00 19.20 4.35 2.98 64.31 35.69 14.77 2.51 10.00 13.33

9.00 23.10 5.63 3.00 72.16 27.84 17.77 3.06 10.00 13.33

10.00 28.20 6.60 3.05 76.17 23.83 21.69 3.76 10.00 13.33

11.00 33.60 7.35 3.25 77.22 22.78 25.85 4.51 10.00 13.33

12.00 39.90 8.20 3.30 79.56 20.44 30.69 5.21 10.00 | 13.33

13.00 46.30 9.10 3.33 81.79 18.21 35.62 6.14 10.00 13.33

14.00 53.00 10.25 3.35 84.12 15.88 40.77 6.92 10.00 13.33

15.00 58.90 11.30 3.40 85.68 14.32 45.31 7.87 10.00 13.33

16.00 65.80 12.40 3.40 87.30 12.70 50.62 8.81 10.00 | 13.33

17.00 73.80 13.30 3.43 88.30 11.70 56.77 9.69 10.00 13.33




Table A4Cont 6d

e4=15 mm, T=4 mm,:Z15 cm, Z20 cm) = 20°

E E
Yo (Qw)r i Ysc E—J"L E_vJ,} (Aw)r (F) H . H

(cm) (It/s) (cm) | (cm) (%)%I (%)%I (It/(s.m)) e H H

5.00 8.20 1.05 | 275 | 2244 | 7756 6.31 1.04 | 10.00 | 13.33

6.00 11.10 2.05 2.85 39.69 60.31 8.54 1.43 10.00 | 13.33

7.00 14.70 3.00 2.90 52.28 47.72 11.31 1.95 10.00 13.33

8.00 19.20 4.50 2.93 66.04 33.96 14.77 2.51 10.00 13.33

9.00 23.10 5.60 2.95 72.57 27.43 17.77 3.06 10.00 13.33

10.00 28.20 6.58 3.00 76.55 23.45 21.69 3.76 10.00 13.33

11.00 33.60 7.35 3.20 77.65 22.35 25.85 4.51 10.00 13.33

12.00 39.90 8.20 3.25 79.95 20.05 30.69 5.21 10.00 13.33

13.00 46.30 9.10 3.30 81.96 18.04 35.62 6.14 10.00 | 13.33

14.00 53.00 10.25 3.35 84.12 15.88 40.77 6.92 10.00 13.33

15.00 58.90 11.30 3.35 85.97 14.03 45.31 7.87 10.00 13.33

16.00 65.80 12.40 3.40 87.30 12.70 50.62 8.81 10.00 | 13.33

17.00 73.80 13.35 3.45 88.24 11.76 56.77 9.69 10.00 13.33

e4=15 mm, T=4 mm,:Z15 cm, Z=20 cm) = 30°

E L E i

Yo (Qw)r i Ysc E 4 E ?r (Aw)r (F)e H “H H "
| ; ; It/(s.

(cm) (It/s) (cm) (cm) (%)1 (%)1 (It/(s.m))

5.00 8.20 1.05 2.75 22.44 77.56 6.31 1.04 10.00 13.33

6.00 11.10 2.05 2.85 39.69 60.31 8.54 1.43 10.00 13.33

7.00 14.70 13.08 2.88 90.66 9.34 11.31 1.95 10.00 13.33

8.00 19.20 4.38 2.90 65.42 34.58 14.77 2.51 10.00 13.33

9.00 23.10 5.58 2.95 72.43 27.57 17.77 3.06 10.00 13.33

10.00 28.20 6.55 3.00 76.45 23.55 21.69 3.76 10.00 13.33

11.00 33.60 7.40 3.20 77.83 22.17 25.85 4.51 10.00 13.33

12.00 39.90 8.23 3.30 79.64 20.36 30.69 5.21 10.00 | 13.33

13.00 46.30 9.05 3.30 81.84 18.16 35.62 6.14 10.00 13.33

14.00 53.00 10.28 3.35 84.17 15.83 40.77 6.92 10.00 13.33

15.00 58.90 11.35 3.38 85.91 14.09 45.31 7.87 10.00 | 13.33

16.00 65.80 12.40 3.40 87.30 12.70 50.62 8.81 10.00 13.33

17.00 73.80 13.40 3.45 88.29 11.71 56.77 9.69 10.00 13.33

e;=15 mm, T=4 mm,Z5cm, =25 cmh = 40°

E, L E yu

Yo (Qu)r yi Ysc E—”“ ﬁ‘r Q)T ®e | Moy | H oy
| <5 <5 | X

(cm) (It/s) (cm) (cm) (%)n (%)n (It/(s.m))

5.00 8.20 1.60 2.20 41.67 58.33 6.31 1.04 3.33 16.67

6.00 11.10 2.60 2.25 57.39 42.61 8.54 1.43 3.33 16.67

7.00 14.70 3.80 2.35 68.39 31.61 11.31 1.95 3.33 16.67

8.00 19.20 4.80 2.45 73.98 26.02 14.77 2.51 3.33 16.67

9.00 23.10 5.78 2.60 77.21 22.79 17.77 3.06 3.33 16.67

10.00 28.20 6.70 2.70 79.88 20.12 21.69 3.76 3.33 16.67

11.00 33.60 7.60 2.85 81.44 18.56 25.85 4.51 3.33 16.67

12.00 39.90 8.35 3.00 82.30 17.70 30.69 5.21 3.33 16.67

13.00 46.30 9.35 3.03 84.45 15.55 35.62 6.14 3.33 16.67

14.00 53.00 10.40 3.10 85.95 14.05 40.77 6.92 3.33 16.67

15.00 58.90 11.40 3.25 86.69 13.31 45.31 7.87 3.33 16.67

16.00 65.80 12.45 3.35 87.62 12.38 50.62 8.81 3.33 16.67

17.00 73.80 13.45 3.40 88.59 11.41 56.77 9.69 3.33 16.67
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Table A4Cont 6d

e;=15 mm, T=4 mm,:Z10 cm, Z25 cm) = 20°

E E

Yo (Qw)r Yi Ysc E—J“L E—VJ'I': (Qu)T ) H H .,
(cm) (It/s) (cm) | (cm) (%)%l (%)%l (It/(s.m)) e H H
5.00 8.20 1.40 | 255 | 31.99 | 68.01 6.31 1.04 | 6.67 | 16.67

6.00 11.10 2.35 2.60 47.99 52.01 8.54 1.43 6.67 16.67

7.00 14.70 3.70 2.65 63.14 36.86 11.31 1.95 6.67 16.67

8.00 19.20 4.80 2.70 70.84 29.16 14.77 2.51 6.67 16.67

9.00 23.10 5.73 2.80 74.81 25.19 17.77 3.06 6.67 16.67

10.00 28.20 6.65 2.90 77.79 22.21 21.69 3.76 6.67 16.67

11.00 33.60 7.43 3.10 78.76 21.24 25.85 4.51 6.67 16.67

12.00 39.90 8.20 3.15 80.73 19.27 30.69 5.21 6.67 16.67

13.00 46.30 9.15 3.20 82.79 17.21 35.62 6.14 6.67 16.67

14.00 53.00 10.20 3.30 84.34 15.66 40.77 6.92 6.67 16.67

15.00 58.90 11.30 3.25 86.53 13.47 45.31 7.87 6.67 16.67

16.00 65.80 11.95 3.25 87.48 12.52 50.62 8.81 6.67 16.67

17.00 73.80 12.20 3.25 87.81 12.19 56.77 9.69 6.67 16.67
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B. Results of the A2 Group Experiments

Measured and cal cul at ed 1,pg.@aluasrame taleulated wi t h

the following tablegThese experiments were conducted with sedim&hg meaning
of the symbols used in relation to the weights of solids in these tables are summarized
below:

7 = Total weight of the sediment mixture plaaggbteam of themain channel at
the beginning of the experiments {kg

7  =Weight of the sedimemqtassed over the rack aremairedat the downstream

of the main channel (kyj

7 = Weight of the sedimerthat passethrough the rack insidéhe 'Intake
Structure' 7 7
7 = Weight of the sedimemetainedn the 'IntakeChannel"(kgf)
7 = Weight of the sediment t@&nedin the"Sediment Dischargé h a n (kgf)l o
7 = Weight of the sedimengetainedn the "Collection Channdl dgkgf)
_ W
[ @
_ W
! - &
_ W
! = &
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T

Table B.1 Measured and calculated parameters related taG%@up Experiments (& 3 mm)

e;=3mm, T=2cmaZ5cm, Z 20 cm

hY°wmn
Z1:5¢cm, £ 20 cm

hY°Hun
Zi:5cm, £ 20 cm

hY°on
Zi:5cm, £ 20 cm

hYe°nn
Z::5¢cm, £ 20 cm

(We)r= 100 ki (We)o= 47 kg

(We)r= 100 ki (We)o= 49 kg

(We)r= 100 ki (We)o= 48 kg

(We)r= 100kgf, (Ws)o= 49 kg

[(We)]r=7333%
[(Ws)gc] R = 2458 %
[(Wg)cc] R = 208 %

[(We)]r= % 624 %
[(Wg)st: % 3(1)2%
[(Wg)cc]R = % 074 %

[(We)]r= % 758 %
[(Ws)sc]R: % 2&)8%
[(Ws)cc]R: % 133%

[(We)ilr= % 6@3 %
[(We)sdr= % 3D7 %
[(We)ecdr= % 480 %

(Qu)r and Ave and Ave. | (Qu)r and Ave. and Ave. | (Qu)r ve Ort. and Ave. | (Qu)r ve Ort. and Ave.
(Fr) (It/s) (%) (%) (It/s) (%) (%) (It/s) (%) (%) (It/s) (%) (%)
10.00 | 28.23 71.77 10.00 | 30.37 69.63 10.00| 44.73 55.27 10.00| 27.28 72.72
19.43 10.00 | 37.21 | 37.21| 62.79 | g2.79| 10.00| 35.94 | 35.07| 64.06 | g4.93| 10.00| 46.48 | 45.91| 53.52 | 54.09| 10.00| 34.63 35.12[ 6537 64.79
10.00 | 37.21 62.79 10.00 | 34.63 65.37 10.00| 45.63 54.37 10.00| 35.50 64.50
10.00 | 37.21 62.79 10.00 | 34.63 65.37 10.00| 45.63 54.37 10.00| 35.50 64.50
30.00 | 76.12 23.88 30.00| 75.65 24.35 30.00| 74.72 25.28 30.00| 76.31 23.69
58.29 | 30.00 | 76.31 | 75.75| 23.69 | 24.25| 30.00| 75.85 | 74-24| 24.15 | 2477 30.00| 74.72 | 74.04| 25.28 | 2596| 30.00| 76.31 | 75.98| 23.69 | 24.02
30.00 | 75.29 24.71 30.00 | 74.72 25.28 30.00| 73.36 26.64 30.00| 75.65 24.35
30.00 | 75.29 24.71 30.00 | 74.72 25.28 30.00| 73.36 26.64 30.00| 75.65 24.35
50.00 | 80.96 19.04 50.00 | 81.64 18.36 50.00| 79.34 20.66 50.00 | 80.96 19.04
97.15 | 50.00 | 80.37 | 80.39| 19.63 | 19.61| 50.00| 81.16 | 81-12| 1884 | 18.8g| 50.00| 79.34 | 79-34| 20.66 | 20.66| 50.00| 80.71 | go.52| 19.29 | 19.48
50.00 | 80.11 19.89 50.00 | 80.91 19.09 50.00| 79.34 20.66 50.00| 80.33 19.67
50.00 | 80.11 19.89 50.00| 80.78 19.22 50.00| 79.34 20.66 50.00| 80.07 19.93
70.00 | 82.85 17.15 70.00| 83.14 16.86 70.00| 81.58 18.42 70.00| 83.04 16.96 | 16.96
136.01 70 00 82.85 17.15[ =500 83.14 16.86 70 00 81.58 18.42[26'00 83.04
70.00 70.00 70.00 70.00
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Table B.1Continued

e;=3mm, T=2cmaZ5cm, Z25cm

hY°mn h'Y°Hn hY°on hye°nn
Z1:5¢cm, £ 25cm Zi:5¢cm, £ 25cm Zi:5¢cm, £ 25cm Z::5¢cm, £ 25cm
(We)r=100 kg, (We)o= 47 k¢ (We)r= 100 k§ (We)o= 49 k¢ (We)r= 100 kf) (We)o= 48 kg (We)= 100 kf) (We)o= 49 kd
[(We)]r=72.15% [(We)]lr=71.04% [(We)ilr=75.40% [(We)i]r=66.60%
[(We)sdr=26.99% [(Ws)sdr=2845% [(We)sdr=24.51% [(Ws)sdr=30.80%
[(We)edr=0.87% [(We)edr=0.51% [(We)edr=0.09% [(We)edr=2.60%
(Qu)r | ——andAve | ——and Ave.| (Qy)r | ——and Ave.| ——and Ave.| (Qu)r | ——and Ave.| ——and Ave.| (Q))r | ——and Ave.| ——and Ave.
Fr | w9 (%) ) | W) (%) ) | W) (%) ) | (W9 ) %)
10.00 38.71 61.29 10.00 | 28.23 71.77 10.00| 35.47 64.53 10.00 | 26.88 73.12
19.43 10.00 | 34.98 | 34.51| 65.02 | g5.49| 10.00| 31.95 | 3255| 68.05 | 67.45| 10.00| 33.58 | 31.71| 66.42 | 8.29| 10.00| 34.79 65.21 | 66.08
10.00 | 34.98 65.02 10.00| 32.85 67.15 10.00| 30.77 69.23 10.00 | 33.48 33.92 66.52
10.00 33.58 66.42 10.00| 32.85 67.15 10.00| 30.77 69.23 10.00| 33.48 ’ 66.52
30.00 77.51 22.49 30.00 | 74.72 25.28 30.00| 76.44 23.56 30.00 | 82.77 17.23
58.29 30.00 7751 | 77.28| 22.49 | 22.73| 30.00| 74.93 74.83 o5 07 30.00| 75.54 | 75.32| 24.46 | 24.69| 30.00| 72.91 | 75.27| 27.09 | 24.74
30.00 | 77.04 22.96 30.00 | 74.93 25.07 2518 30.00| 74.64 25.36 30.00| 72.69 27.31
30.00 77.04 22.96 30.00| 74.72 25.28 ) 30.00| 74.64 25.36 30.00| 72.69 27.31
50.00 | 83.14 16.86 50.00| 81.40 18.60 50.00| 80.71 19.29 50.00| 79.26 20.74
97.15 | 50.00 | 82.44 | gog2| 17.56 | 17.39| 50.00| 80.46 19.54 | 19.34| 50.00| 80.03 | 8020/ 19,97 | 19.80| 50.00| 79.00 | 78.85| 21.00 | 21.16
50.00 82.44 17.56 50.00 | 80.46 80.66 19.54 50.00| 80.03 19.97 50.00| 78.73 21.27
50.00 | 82.44 17.56 50.00| 80.33 ) 19.67 50.00| 80.03 19.97 50.00| 78.39 21.61
70.00 | 83.79 16.21 70.00 | 82.46 17.54 70.00| 82.75 17.25 70.00| 81.18 18.82 | 18.82
136.011770.00 83.79 16.211770.00| 82.26 | 8236 17.74 | 1784 70,00 82.75 | 8275 17.25 | 1725 70.00 81.18
70.00 70.00 70.00 70.00
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Table B.1Continued

e;=3mm, T=2cm,Z 10 cm, Z 20 cm

hY°wmn h'Y°Hun hY°on hYe°nn
Z;:10cm, £ 20 cm Z;:10cm, £ 20 cm Z1:10cm, £ 20 cm Z1:10cm, £ 20 cm
(Weyr= 100 ké (We)o= 48 kg (Weyr= 100 ké (We)o= 47 Kk (Way=100 kd, (Wy)o= 51 kg (W= 100 ké (Wo)o= 49 kg
[(We)]r= 47.05% [(We)]r=49.82% [(We)]r=4532% [(We)]r=36.94%
[(We)sdr=52.34% [(We)sdr=49.36 % [(We)sdr=47.02% [(We)sdr=52.89%
[(We)edr=0.61% [(We)edr=0.83% [(We)edr=7.67% [(We)edr=10.17 %
(Qu)r andAve and Ave. | (Quw)r and Ave. and Ave. | (Qu)r and Ave. and Ave.| (Quw)r and Ave. and Ave.
(Fk | qws) (%) (%) (i's) (%) %) (it's) (%) (%) (i's) (%) (%)
10.00 | 19.88 80.12 10.00 | 14.48 85.52 10.00 | 19.79 80.21 10.00 | 12.79 87.21
19.43 10.00 21.62 | 21.62| 78.38 | 78.38| 10.00| 17.12 | 16.89| 82.88 | 83.11| 10.00| 22.47 | 22.47| 7753 | 77.53| 10.00| 12.79 | 13.05| 87.21 | 86.95
10.00 | 21.62 78.38 10.00 | 16.77 83.23 10.00 | 22.47 77.53 10.00 | 12.79 87.21
10.00 | 21.62 78.38 10.00 | 16.77 83.23 10.00 | 22.47 77.53 10.00 | 13.58 86.42
30.00 | 69.22 30.78 30.00 | 69.64 30.36 30.00 | 71.10 28.90 30.00 | 71.78 28.22
58.29 | 30.00 | 69.22 | gg.22| 30.78 | 30.78 | 30.00 | 69.18 | 69-23 [ 30.82 | 30-77[30.00 | 70.86 | 70.86| 29.14 | 29.14| 30.00| 68.17 | 69.07| 31.83 | 30.93
30.00 | 69.22 30.78 30.00 | 69.18 30.82 30.00 | 70.86 29.14 30.00 | 68.17 31.83
30.00 | 69.22 30.78 30.00 | 68.92 31.08 30.00 | 70.62 29.38 30.00 | 68.17 31.83
50.00 | 77.39 22.61 50.00 | 76.54 23.46 50.00 | 78.67 21.33 50.00 | 75.75 24.25
97.15 | 50.00 | 77.39 | 77.04| 22.61 | 22.96| 50.00 | 76.84 | 76-76 [ 2316 | 2304 | 50.00 | 78.39 | 7843[ 2161 | 21.58| 50.00 | 75.06 | 7523 24.94 | 24.77
50.00 | 76.69 23.31 50.00 | 76.98 23.02 50.00 | 78.39 21.61 50.00 | 75.06 24.94
50.00 | 76.69 23.31 50.00 | 76.69 23.31 50.00 | 78.25 21.75 50.00 | 75.06 24.94
70.00 | 79.86 20.14 70.00 | 80.68 19.32 70.00 | 81.49 18.51 70.00 | 79.79 20.21 | 2014
136.01 =000 T 7924 1 7945 2076 1 2955 [70.00 80.68 19.32 2000 81.49 18517500 T 79.90 | 7986 20,10
70.00 | 79.24 20.76 70.00 70.00 70.00 | 70.90 20.10
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Table B.1Continued

e;=3mm, T=2cm,Z 10 cm, Z 25 cm

hY°wmn
Z;:10cm, £ 25 cm

hY°Hun
Z;:10cm, £ 25 cm

hY°on
Z1:10cm, £ 25 cm

hYe°nn
Z1:10cm, £ 25 cm

(We)r= 100 ki (We)o= 51 k¢

(We)r= 100 ki (We)o= 46 k¢

(Weyr=100 kd, (Wo= 47 kd

(We)y= 100 kf (Ws)o= 48 kd

[(Ws)]r=60.21%
[(We)sdr=39.79%
[(Ws)cdr=0.00%

[(Ws)]r=58.30%
[(Wo)sdr=40.88%
[(Ws)cdr=0.82%

[(We)i]r=66.03%
[(We)sdr=33.33%
[(We)edr=0.64%

[(We)i]r=40.85%
[(We)sdr=51.80%
[(We)edr=7.35%

(Qu)T and Ave and Ave. | (Qw)r and Ave. and Ave. | (Qu)r and Ave. and Ave.| (Qu)r and Ave. and Ave.
(Fre (It/s) (%) (%) (It/s) (%) (%) (It/s) (%) (%) (It/s) (%) (%)
10.00 | 16.94 83.06 10.00 | 14.95 85.05 10.00 | 17.76 82.24 10.00 | 17.45 82.55
19.43 10.00 18.90 | 19.20| 81.10 | go.80| 10.00| 16.61 | 16.61 | 83.39 | 83.39| 10.00| 19.36 | 19.36| 80.64 | 80.64| 10.00| 19.13 | 19.70| 80.87 | 80.30
10.00 | 18.90 81.10 10.00 | 16.61 83.39 10.00 | 19.36 80.64 10.00 | 19.98 80.02
10.00 | 19.79 80.21 10.00 | 16.61 83.39 10.00 | 19.36 80.64 10.00 | 19.98 80.02
30.00 | 72.46 27.54 30.00 | 68.31 31.69 30.00 | 69.30 30.70 30.00 | 67.41 32.59
58.29 | 30.00 | 72.46 | 72.46| 27.54 | 27.54| 30.00 | 68.31 | 6831 [ 31,69 | 31.69 | 30.00| 68.86 | g9 13| 31.14 | 30.87| 30.00 | 67.41 | 67.41| 32.59 | 3259
30.00 | 72.46 27.54 30.00 | 68.31 31.69 30.00 | 69.30 30.70 30.00 | 67.41 32.59
30.00 | 72.46 27.54 30.00 | 68.31 31.69 30.00 | 69.06 30.94 30.00 | 67.41 32.59
50.00 | 79.50 20.50 50.00 | 77.56 22.44 50.00 | 77.42 22.58 50.00 | 75.29 24.71
97.15 | 50.00 | 79.10 | 78.88| 20.90 | 21.12| 50.00| 77.56 | 7756 [ 22.44 | 22 44| 50.00| 77.13 | 76-93| 22.87 | 23.07| 50.00| 75.13 | 75.13| 24.87 | 24.87
50.00 | 78.60 21.40 50.00 | 77.56 22.44 50.00 | 76.44 23.56 50.00 | 75.13 24.87
50.00 | 78.32 21.68 50.00 | 77.56 22.44 50.00 | 76.73 23.27 50.00 | 74.97 25.03
70.00 | 79.98 20.02 70.00 | 81.35 18.65 70.00 | 80.30 19.70 70.00 | 79.10 20.90 | 20.90
136.01[ 4 00 79.98 20.00 81.35 18.65 70,00 80.30 19.70[ 70,00 79.10
70.00 70.00 70.00 70.00
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Table B.1Continued

e;=3mm, T=2cmuZ 15cm, Z 20 cm

hYe°mn
Z1:15¢cm, Z 20 cm

hY°Hun
Z1:15¢cm, £ 20 cm

hY°on
Zi:15¢cm, £ 20 cm

(We)r= 100 ki (We)o= 50 k¢

(We)r= 100 ki (We)o= 48 kg

(We)r= 100 ki (We)o= 49 kg

[(Ws)]r=43.86%
[(Ws)sdr=32.92%
[(Ws)cdr=23.22%

[(Ws)]r=36.00%
[(Ws)sdr=40.73%
[(We)edr=23.27%

[(We)]r=30.28%
[(Ws)sdr=35.00%
[(Ws)edr=34.72%

(Qu)r and Ave and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave.
P | aws) (%) (%) (145) %) %) (1v5) (%) (%)
10.00 | 13.88 86.12 10.00 | 14.95 85.05 10.00 | 16.94 83.06
19.43 10.00 17.29 | 17.86| 82.71 | 82.14| 10.00 | 1745 | 17.17 | 8255 | g2.83 | 10.00 | 22.48 | 23.21| 77.52 | 76.79
10.00 | 18.15 81.85 10.00 | 17.45 82.55 10.00 | 22.91 77.09
10.00 | 18.15 81.85 10.00 | 16.61 83.39 10.00 | 24.24 75.76
30.00 | 71.56 28.44 30.00 | 70.25 29.75 30.00 | 72.68 27.32
58.29 30.00 72.01 | 71.73| 27.99 | 28.27 | 30.00 | 70.25 | 70.19 | 29.75 | 29.81 | 30.00 | 72.01 | 71.79| 27.99 | 28.21
30.00 | 71.79 28.21 30.00 | 70.25 29.75 30.00 | 71.35 28.65
30.00 | 71.56 28.44 30.00 | 70.02 29.98 30.00 | 71.12 28.88
50.00 | 78.94 21.06 50.00 | 78.04 21.96 50.00 | 79.08 20.92
97.15 50.00 78.53 | 78.60| 21.47 | 21.40| 50.00 | 77.76 | 77.80 | 22.24 | 22.21 | 50.00 | 79.08 | 78.69| 20.92 | 21.31
50.00 | 78.39 21.61 50.00 | 77.62 22.38 50.00 | 77.67 22.33
50.00 | 78.53 21.47 50.00 | 77.76 22.24 50.00 | 78.94 21.06
70.00 | 81.95 18.05 70.00 | 82.07 17.93 70.00 | 82.65 17.35
136.017 7900 | 8195 | 81951805 | 1805 7000 82.07 17.93 55700 82.65 17.35
70.00 70.00 70.00
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Table B.1Continued

e;=3mm, T=2cmuZ 15cm, Z 25 cm

hYe°mn
Z1:15¢cm, £ 25 cm

hY°Hun
Z;:15cm, £ 25 cm

hY°on
Zi:15¢cm, £ 25 cm

(We)r= 100 ki (We)o= 50 k¢

(We)r= 100 ki (We)o= 48 kg

(We)r= 100 ki (We)o= 48 kg

[(We)]r=39.41%
[(Ws)sdr=51.29%
[(W9)edr=9.29%

[(Ws)]r=40.93%
[(Ws)sdr=46.26 %
[(We)edr=12.80%

[(We)]r=43.54%
[(Ws)sdr=40.38%
[(Ws)cc]R =16.08%

(Qur and Ave and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave.
Fre | () (%) (%) () (%) (%) () (%) (%)
9.02 90.98 10.00 | 10.95 89.05 10.00 | 9.06 90.94
19.43 10.00 11.84 | 12.33| 88.16 | g7.67 | 10.00 | 11.73 | 11.73 | 88.27 | 8g8.27 | 10.00 | 11.26 | 11.77| 88.74 | 88.23
10.00 | 12.57 87.43 10.00 | 11.73 88.27 10.00 | 12.02 87.98
10.00 | 12.57 87.43 10.00 | 11.73 88.27 10.00 | 12.02 87.98
30.00 | 67.92 32.08 30.00 | 70.19 29.81 30.00 | 69.38 30.62
58.29 30.00 68.47 | 68.12| 31.53 | 31.88 | 30.00 | 70.19 | 69.97 | 29.81 | 30.03 | 30.00 | 68.95 | 8.94| 31.05 | 31.06
30.00 | 68.04 31.96 30.00 | 70.19 29.81 30.00 | 68.95 31.05
30.00 | 68.04 31.96 30.00 | 69.30 30.70 30.00 | 68.47 31.53
50.00 | 76.24 23.76 50.00 | 78.39 21.61 50.00 | 76.64 23.36
97.15 50.00 76.24 | 75.86| 23.76 | 24.14 | 50.00 | 78.39 | 78.39 21.61 | 2161 | 50.00 | 75.79 | 75.79| 24.21 | 24.21
50.00 | 75.48 24.52 50.00 | 78.39 21.61 50.00 | 75.29 24.71
50.00 | 75.48 24.52 50.00 | 78.39 21.61 50.00 | 75.44 24.56
70.00 | 78.76 21.24 70.00 | 80.38 19.62 70.00 | 79.50 20.50
136.0170.00 70.00 70.00
70.00 70.00 70.00
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Table B.2 Measured and calculated parameters related taG%@up Experiments g 6 mm)

e=6mm, T=2cm,1Z5cm, Z 20,25 cm

h'Ye°ZtBcm, Z 20 cm

h Y °Zn Hicm, Z 20 cm

h Y °Zo Bicm, Z 25 cm

h'Ye°A:Bcm, Z25cm

(We)r= 120kgf, (Ws)o= 53 kg

(We)r= 120 k§ (We)o= 54 k¢

(We)r= 120 k§ (We)o= kg

(W)= 120 k§ (We)o= kg

[(We)]r=64.40%
[(We)sdr=29.62%
[(We)edr=5.98 %

[(We)i]r=63.24%
[(Ws)sdre=30.44 %
[(We)cdr=6.32%

[(Wol==317 %
[(We)sdr=39.6 %
[(Woedr= %

[(We)]r=26.2%
[(We)sdr=40.3%
[(Weedr= %

(Re | (Qur andAve and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave.
(1vs) (%) (%) (16s) (%) (%) (10s) (%) (%) (16s) (%) (%)
5.00 36.82 63.18 10.00 | 26.61 73.39 10.00 | 33.20 66.80 10.00 | 30.66 69.34

6.87 10.00 37.70 | 37.82| 62.30 | 62.18| 10.00 | 36.82 | 36.82 | 63.18 | 63.18 | 10.00 | 36.36 | 36.36| 63.64 | 63.64| 10.00 | 38.22 | 37.29| 61.78 | 62.71
10.00 37.88 62.12 10.00 | 36.82 63.18 10.00 | 36.36 63.64 10.00| 36.82 63.18
10.00 | 37.88 62.12 10.00 | 36.82 63.18 10.00 | 36.36 63.64 10.00 | 36.82 63.18
30.00 75.48 24.52 30.00 | 74.23 7423 25.77 30.00 | 74.64 25.36 30.00 | 74.30 25.70

20.61| 30.00 75.48 | 75.26| 24.52 | 24.74 | 30.00 | 74.23 ’ 25.77 | 25.77 | 30.00 | 74.64 | 74.33| 25.36 | 25.67| 30.00 | 74.93 | 73.83| 25.07 | 26.17
30.00 75.04 24.96 30.00 | 74.23 25.77 30.00 | 74.23 25.77 30.00 | 73.16 26.84
30.00 75.04 24.96 30.00 | 74.23 25.77 30.00 | 73.81 26.19 30.00 | 72.93 27.07
50.00 | 80.86 19.14 50.00 | 80.35 19.65 50.00 | 81.08 18.92 50.00 | 79.47 20.53

34.35| 50.00 80.53 | 80.61| 19.47 | 19.39| 50.00 | 80.35 | 80.02 | 19.65 | 19.98 | 50.00 | 80.40 | 80.57| 19.60 | 19.43| 50.00 | 78.79 | 79.03| 21.21 | 20.98
50.00 80.53 19.47 50.00 | 79.69 20.31 50.00 | 80.40 19.60 50.00 | 78.92 21.08
50.00 | 80.53 19.47 50.00 | 79.69 20.31 50.00 | 80.40 19.60 50.00 | 78.92 21.08
70.00 84.64 84.03 15.36 70.00 | 84.46 15.54 70.00 | 84.43 15.57 70.00 | 83.98 16.02

48.09| 70.00 84.14 ’ 15.86 | 15.97| 70.00 | 83.94 | 84.09 | 16.06 | 15.91| 70.00 | 84.06 | 84.15| 15.94 | 15.85| 70.00 | 84.14 | 84.12| 15.86 | 15.88
70.00 83.71 16.29 70.00 | 83.94 16.06 70.00 | 84.06 15.94 70.00 | 84.14 15.86
70.00 | 83.63 16.37 70.00 | 84.02 15.98 70.00 | 84.06 15.94 70.00 | 84.22 15.78
80.00 | 84.20 15.80 80.00 | 85.20 14.80 80.00 | 85.30 14.70 80.00

54,96 80.00 84.20 15.80 | 80.00 85.20 14.80 | 80.00 | 85.44 | 85.46| 14.56 | 14.54| 80.00
80.00 80.00 80.00 | 85.44 14.56 80.00
80.00 80.00 80.00 | 85.65 14.35 80.00

61.83| 90.00 90.00 90.00 | 86.04 | 86.04| 13.96 | 13.96| 90.00
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Table B.2Continued

=6 mm, T=2 cmZ

10 cm, Z 20 cm

hyYemn hY°Hun hY°on hYe°nn
Z:10cm, Z 20 cm Z;:10cm, £ 20 cm Z:1:10cm, £ 20 cm Z::10cm, Z 20 cm
(Wsjr= 120 ki (We)o= 53 kg (Wshr= 120 ki (We)o= 54 k¢ (Ws)r=120 kd, (W)= 52 kg (Ws)r= 120 k) (We)o= 53 kg
[(We)]r=56.64% [(We)i]r=52.76 % [(We)i]r=54.27 % [(We)]r= 5149
[(We)sdr=36.19% [(We)sdre=38.15% [(Wesdr=31.68% [(Wesdr=32.70
[(Weedr=7.18% [(We)cedr=9.09% [(We)cdr=14.05% [(We)cdr=15.82
(R)e (Q)r | ——and Ave | ——and Ave. | (Q)r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.] ——and Ave | (Q))r | ——andAve. | ——and Ave.
(It's) (%) (%) (Us) (%) %) (Us) (%) (%) (It's) %) (%)
10.00 | 15.13 84.87 10.00 | 36.82 63.18 10.00 | 21.42 78.58 10.00 | 22.48 77.52
6.87 |_10.00 | 22.45 | 22.45| 77.55 | 77.55| 10.00 | 37.70 | 37.82 | 62.30 | 62.18 | 10.00 | 22.44 | 22.12| 77.56 | 77.88| 10.00 | 23.77 | 23.77| 76.23 | 76.23
10.00 | 22.45 77.55 10.00 | 37.88 62.12 10.00 | 21.96 78.04 10.00 | 23.77 76.23
10.00 | 22.45 77.55 10.00 | 37.88 62.12 10.00 | 21.96 78.04 10.00 | 23.77 76.23
30.00 | 74.17 25.83 30.00 | 75.48 24.52 30.00 | 73.14 26.86 30.00 | 71.12 28.88
20.61| 30.00 | 74.17 | 73.63| 25.83 | 26.37 | 30.00 | 75.48 | 75.26 | 24.52 | 24.74| 30.00 | 73.14 | 73.14| 26.86 | 26.86| 30.00 | 70.68 | 70.79| 29.32 | 29.21
30.00 | 73.09 26.91 30.00 | 75.04 24.96 30.00| 73.14 26.86 30.00 | 70.68 29.32
30.00 | 73.09 26.91 30.00 | 75.04 24.96 30.00 | 73.14 26.86 30.00 | 70.68 29.32
50.00 | 79.47 20.53 50.00 | 80.86 19.14 50.00 | 80.07 19.93 50.00 | 77.92 22.08
34.35| 50.00 | 79.47 | 79.33| 20.53 | 20.67 | 50.00 | 80.53 | 80.61| 19.47 | 19.39| 50.00 | 80.19 | 80.16| 19.81 | 19.84| 50.00 | 78.19 | 77.95| 21.81 | 22.05
50.00 | 79.26 20.74 50.00 | 80.53 19.47 50.00 | 80.19 19.81 50.00 | 77.85 22.15
50.00 | 79.13 20.87 50.00 | 80.53 19.47 50.00 | 80.19 19.81 50.00 | 77.85 22.15
70.00 | 83.29 16.71 70.00 | 84.64 15.36 70.00 | 84.46 15.54 70.00 | 83.18 16.82
48.09| 70.00 | 83.29 | 83.25| 16.71 | 16.76| 70.00 | 84.14 | 84.03 | 15.86 | 15.97 | 70.00 | 84.20 | 84.27| 15.80 | 15.74| 70.00 | 83.00 | 83.05| 17.00 | 16.96
70.00 | 83.20 16.80 70.00 | 83.71 16.29 70.00 | 84.20 15.80 70.00 | 83.00 17.00
70.00 | 83.20 16.80 70.00 | 83.63 16.37 70.00 | 84.20 15.80 70.00 | 83.00 17.00
80.00 | 84.30 15.70 80.00 80.00 80.00
54.96| 80.00 | 84.46 15.54 80.00 80.00 80.00
80.00 | 84.46 15.54 80.00 80.00 80.00
80.00 80.00 80.00 80.00




6T

Table B.2Continued

=6 mm, T=2 cmZ

10 cm, £ 25 cm

hyYemn hY°Hun hY°on hYe°nn
Z:10cm, Z 25 cm Z;:10cm, £ 25 cm Z1:10cm, £ 25 cm Z::10cm, Z 25 cm
(Wer= 120 kf} (We)o= 54 kg (Wer= 120 kf} (We)o= 54kgdf (Wer= 120 kf} (We)o= 52 kg (Wer= 120 kd, (We)o= 48 kg
[(We)ilr=61.92% [(We)i]r=66.91% [(Ws)i]r=55.60% [(We)i]r=47.50
[(Wg)st = 3198 % [(Ws)gc]R = 3083 % [(Wg)sc]R = 3695 % [(Wg)sc]R = 3879
[(We)edr=6.10% [(We)edr=2.26% [(We)edr=7.45% [(Weedr=13.71
(R)e (Q)r | ——and Ave | ——and Ave. | (Q))r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.] ——and Ave.| (Q))r | ——and Ave.| ——and Ave.
(1ts) (%) (%) (IUs) (%) (%) (IUs) (%) (%) (IUs) (%) (%)
10.00 | 22.45 77.55 10.00 | 23.36 76.64 10.00 | 22.45 77.55 10.00 | 20.20 79.80
6.87 10.00 | 22.45 | 23.06| 77.55 | 76.94| 10.00 | 25.12 | 25.39| 74.88 | 74.61 | 10.00 | 23.37 | 23.98| 76.63 | 76.02| 10.00 | 22.01 | 22.01| 77.99 | 77.99
10.00 | 23.37 76.63 10.00 | 26.00 74.00 10.00 | 24.28 75.72 10.00 | 22.01 77.99
10.00 | 23.37 76.63 10.00 | 25.06 74.94 10.00 | 24.28 75.72 10.00| 22.01 77.99
30.00 | 72.71 27.29 30.00 | 70.62 29.38 30.00| 72.01 27.99 30.00 | 73.28 26.72
20.61| 30.00 | 72.47 | 72.53| 27.53 | 27.47 | 30.00 | 70.62 | 70.39 | 29.38 | 29.61 | 30.00 | 72.91 | 72.24| 27.09 | 27.77| 30.00 | 73.28 | 73.07| 26.72 | 26.94
30.00 | 72.47 27.53 30.00 | 70.62 29.38 30.00| 72.01 27.99 30.00 | 72.85 27.15
30.00 | 72.47 27.53 30.00 | 69.71 30.29 30.00| 72.01 27.99 30.00 | 72.85 27.15
50.00 | 80.53 19.47 50.00 | 78.92 21.08 50.00 | 79.34 20.66 50.00 | 79.04 20.96
34.35| 50.00 | 80.44 | 80.46| 19.56 | 19.54| 50.00 | 78.92 | 78.92| 21.08 | 21.08 | 50.00 | 79.60 | 79.54| 20.40 | 20.47| 50.00 | 79.04 | 78.88| 20.96 | 21.13
50.00 | 80.44 19.56 50.00 | 78.92 21.08 50.00 [ 79.60 20.40 50.00 | 78.71 21.29
50.00 | 80.44 19.56 50.00 | 78.92 21.08 50.00 | 79.60 20.40 50.00 | 78.71 21.29
70.00 | 82.56 17.44 70.00 | 82.92 17.08 70.00 | 84.38 15.62 70.00 | 83.88 16.12
48.09| 70.00 | 82.36 | 82.41| 17.64 | 17.59| 70.00 | 83.10 | 83.06| 16.90 | 16.95| 70.00 | 84.46 | 84.76| 15.54 | 15.24| 70.00 | 83.78 | 83.82| 16.22 | 16.18
70.00 | 82.36 17.64 70.00 | 83.10 16.90 70.00 | 84.77 15.23 70.00 | 83.94 16.06
70.00 | 82.36 17.64 70.00 | 83.10 16.90 70.00 | 85.43 14.57 70.00 | 83.69 16.31
80.00 | 82.93 17.07 80.00 | 85.25 14.75 80.00 80.00 | 84.68 15.32
54.96 80.00 82.93 17.07 80.00 | 85.25 85.25 14.75 14.75 80.00 80.00 84.68 15.32
80.00 80.00 80.00 80.00
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Table B.2Continued

=6 mm, T=2 cmZ

15cm, Z 20 cm

hyYemn hY°Hun hY°on hYe°nn
Z: 15 cm, Z 20 cm Z1:15¢cm, £ 20 cm Z1:15¢cm, £ 20 cm Z::15¢cm, Z 20 cm
(Wer= 120 kf} (We)o= 51 kg (Wer= 120 k) (We)o= 55kgf (Wer= 120 kd} (We)o= 50 kg (Wer= 120 kd, (We)o= 56 kg
[(We)ilr=39.45% [(Weilr=31.39% [(We)i]r=30.59% [(We)]r=30.01%
[(Wg)st: 3855% [(Ws)gc]R:4161% [(Wg)sc]R:4035% [(Ws)sc]R:3518%
[(We)cdr=22.00% [(We)cdr=27.00% [(We)edr=29.07 % [(Ws)edr=34.81%
(R)e (Qy)r | ——and Ave.] ——and Ave. | (Q))r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.| ——and Ave.
(1ts) (%) (%) (IUs) (%) (%) (IUs) (%) (%) (IUs) (%) (%)
10.00 9.12 90.88 10.00 | 12.79 87.21 10.00| 9.77 90.23 10.00| 8.85 91.15
6.87 10.00 12.23 | 12.23| 87.77 | 87.77 [ 10.00 | 15.98 | 1598 | 84.02 | 84.02| 10.00 | 11.26 | 11.26| 88.74 | 88.74| 10.00 | 10.21 | 10.21| 89.79 | 89.79
10.00 12.23 87.77 10.00 | 15.98 84.02 10.00 | 11.26 88.74 10.00 | 10.21 89.79
10.00 12.23 87.77 10.00 | 15.98 84.02 10.00| 11.26 88.74 10.00| 10.21 89.79
30.00 | 71.53 28.47 30.00 | 69.22 30.78 30.00 | 68.76 31.24 30.00 | 65.66 34.34
20.61| 30.00 | 71.07 | 70.26| 28.93 | 29.74| 30.00 | 68.31 | 68.54| 31.69 | 31.46| 30.00 | 68.56 | 68.55| 31.44 | 31.45| 30.00 | 64.80 | 65.02| 35.20 | 34.99
30.00 | 69.22 30.78 30.00 | 68.31 31.69 30.00 | 68.56 31.44 30.00 | 64.80 35.20
30.00 | 69.22 30.78 30.00 | 68.31 31.69 30.00 | 68.31 31.69 30.00 | 64.80 35.20
50.00 | 79.31 20.69 50.00 | 78.12 21.88 50.00 | 78.12 21.88 50.00 | 75.88 24.12
34.35| 50.00 | 79.31 | 79.31| 20.69 | 20.69| 50.00 | 77.44 | 77.68 | 22.56 | 22.32| 50.00 | 77.84 | 77.57| 22.16 | 22.43| 50.00 | 75.88 | 75.88| 24.12 | 24.12
50.00 | 79.31 20.69 50.00 | 77.58 22.42 50.00 | 77.16 22.84 50.00 | 75.88 24.12
50.00 | 79.31 20.69 50.00 | 77.58 22.42 50.00 | 77.16 22.84 50.00 | 75.88 24.12
70.00 | 83.67 16.33 70.00 | 81.48 18.52 70.00 | 82.02 17.98 70.00 | 80.01 19.99
48.09| 70.00 | 83.67 | 83.39| 16.33 | 16.61| 70.00 | 81.67 | 81.62| 18.33 | 18.38| 70.00 | 82.38 | 82.29| 17.62 | 17.71| 70.00 | 80.61 | 80.33| 19.39 | 19.68
70.00 | 83.11 16.89 70.00 | 81.67 18.33 70.00 | 82.38 17.62 70.00 | 80.34 19.66
70.00 | 83.11 16.89 70.00 | 81.67 18.33 70.00 | 82.38 17.62 70.00 | 80.34 19.66
80.00 | 83.11 16.89 80.00 80.00 80.00 | 81.73 18.27
54.96 80.00 83.11 16.89 80.00 80.00 80.00 81.73 18.27
80.00 80.00 80.00 80.00
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Table B.2Continued

=6 mm, T=2 cmZ

15cm, £ 25 cm

hyYemn hY°Hn hY°on hYe°nn
Z:15cm, Z 25 cm Z1:15¢cm, £ 25 cm Z1:15¢cm, £ 25 cm Z::15¢cm, Z 25 cm
(Ws)y= 120 kfj (Ws)o= 53 k¢ (Ws)yr= 120 ké} (We)o= 56 k¢ (Ws)y= 120 k) (Ws)o= 54 kg (We)r= 120 k) (We)o= kg
[(W9]r=5175% [(We)]r=54.09% [(W]r=3174% [(We)]r=26.22%
[(Wg)st = 3443 % [(Ws)gc]R = 3285 % [(Ws)sc]R = 3964 % [(Ws)sc]R = 4028 %
[(We)edr=1383% [(Weedr=13.07% [(We)cdr=28.62% [(Ws)cdr=3351%
(R)e Q)T and Ave. and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave and Ave.| (Qu)r and Ave. and Ave.
(ws) (%) (%) (ts) (%) (%) (tws) (%) (%) (ws) (%) (%)
10.00 | 10.95 89.05 10.00 | 9.12 90.88 10.00 | 11.26 88.74 10.00 | 10.09 89.91
6.87 10.00 13.32 | 13.32| 86.68 | 86.68 | 10.00 | 12.23 | 11.90 | 87.77 | 88.10| 10.00| 14.37 | 14.37| 85.63 | 85.63| 10.00| 12.30 | 12.30| 87.70 | 87.70
10.00 13.32 86.68 10.00 | 11.73 88.27 10.00 | 14.37 85.63 10.00 | 12.30 87.70
10.00 | 13.32 86.68 10.00 | 11.73 88.27 10.00 | 14.37 85.63 10.00 | 12.30 87.70
30.00 | 68.71 31.29 30.00 | 70.14 29.86 30.00 | 68.06 31.94 30.00 | 68.31 31.69
20.61| 30.00 | 68.97 | 68.84| 31.03 | 31.16 | 30.00 | 69.71 | 69.57 | 30.29 | 30.43 | 30.00 | 69.06 | 68.50| 30.94 | 31.50| 30.00 | 67.92 | 67.80| 32.08 | 32.20
30.00 | 68.97 31.03 30.00 | 69.22 30.78 30.00 | 68.56 31.44 30.00 | 67.92 32.08
30.00 | 68.71 31.29 30.00 | 69.22 30.78 30.00 | 68.31 31.69 30.00 | 67.05 32.95
50.00 | 78.25 21.75 50.00 | 79.73 20.27 50.00 | 77.78 77 42 22.22 50.00 | 75.67 24.33
34.35| 50.00 | 78.11 | 78.11| 21.89 | 21.89| 50.00 | 79.34 | 79.16 | 20.66 | 20.84 | 50.00 | 77.30 ) 22.70 | 22.58| 50.00 | 75.67 | 75.67| 24.33 | 24.33
50.00 | 78.11 21.89 50.00 | 78.79 21.21 50.00 | 77.30 22.70 50.00 | 75.67 24.33
50.00 | 77.97 22.03 50.00 | 78.79 21.21 50.00 | 77.30 22.70 50.00 | 75.67 24.33
70.00 | 81.35 18.65 70.00 | 83.98 16.02 70.00 | 82.83 17.17 70.00 | 80.70 19.30 19.30
48.09| 70.00 | 81.56 | 81.43| 18.44 | 18.57| 70.00 | 83.45 | 83.41| 16.55 | 16.60 | 70.00 | 82.83 | 82.74| 17.17 | 17.26| 70.00 | 80.70 | 80.70| 19.30 )
70.00 | 81.46 18.54 70.00 | 83.36 16.64 70.00 | 82.65 17.35 70.00 | 80.70 19.30
70.00 | 81.35 18.65 70.00 | 82.83 17.17 70.00 | 82.65 17.35 70.00 | 80.70 19.30
80.00 | 81.80 18.20 80.00 | 83.83 16.17 80.00 | 83.00 17.00 80.00 | 82.22 17.78
54.96| 80.00 | 81.52 18.48 | 18.41| 80.00 83.83 16.17 | 80.00 83.00 17.00| 80.00 | 81.69 | 81.56| 18.31 | 18.44
80.00 | 81.52 | 81.59| 18.48 80.00 80.00 80.00 | 81.17 18.83
80.00 | 81.52 18.48 80.00 80.00 80.00 | 81.17 18.83
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Table B.3 Measured and calculated parameters related teGk@up Experiments gg 10 mm)

e;=10 mm, T=2 cmyZ 5 cm, = 20,25 cm

hYenn

Z1:5¢cm, £ 20cm

hYenn
Z1:5¢cm, £ 25¢cm

(We)r= 120 kf) (We)o= 52 k§

(We)r= 120 kf) (We)o= 51 k§

[(We)ilr=56.44%
[(We)sdr=31.23%
[(Ws)cc] r=1232%

[(We)i]r=6156%
[(We)sdr=23.26 %
[(WS)CC]R =1518%

(e (Qu)r andAve and Ave (Qu)r and Ave (%) andAve
(It/s) (% %) (It/s) (%)
10.00 35.71 64.29 10.00 29.41 70.59

3.19 10.00 37.51 37.05 | 62.49 62.95 10.00 33.20 33.20 66.80 66.80
10.00 36.82 63.18 10.00 33.20 66.80
10.00 36.82 63.18 10.00 33.20 66.80
30.00 74.72 25.28 30.00 74.72 25.28

9.58 30.00 74.27 74.15 | 25.73 25.85 30.00 73.81 74.04 26.19 25.96
30.00 73.81 26.19 30.00 73.81 26.19
30.00 73.81 26.19 30.00 73.81 26.19
50.00 80.86 19.14 50.00 80.77 19.23

15.96 50.00 81.57 80.99 | 18.43 19.01 50.00 81.01 80.95 18.99 19.05
50.00 80.77 19.23 50.00 81.01 18.99
50.00 80.77 19.23 50.00 81.01 18.99
70.00 84.08 15.92 70.00 85.19 14.81

22.35 70.00 83.54 83.68 | 16.46 16.33 70.00 85.64 85.53 14.36 14.47
70.00 83.54 16.46 70.00 85.64 14.36
70.00 83.54 16.46 70.00 85.64 14.36
80.00 85.16 14.84 80.00 87.12 12.88

25.54 80.00 85.16 85.18 | 14.84 14.82 80.00 86.91 86.98 13.09 13.02
80.00 85.20 14.80 80.00 86.91 13.09
80.00 85.20 14.80 80.00

28.73 90.00 85.06 85.06 | 14.94 14.94 90.00
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Table B.3Continued

e3=10 mm, T=2 cmyZ 10 cm, Z 20,25 cm

hY°Hun hY°on hYe°nn hYe°nn
Z::10cm, £ 20 cm Z;:10cm, £ 20 cm Z:1:10cm, £ 20 cm Z1:10cm, £ 25 cm
(We)r= 120 kd} (We)o= 51 kg (Wer= 120 ki) (We)o= 52 kg (We)r= 120 kf} (We)o= 51kd (We)r= 120 k@ (We)o= 52 kg
[(Weilr=40.79% [(We)]r=33.55% [(We)]r=36.34 [(Wei]r=58.78
[(Ws)sdr=36.76 % [(We)sdr=45.04% [(We)sdr=29.06 [(We)sdr=16.92
[(Ws)cc]R = 2245 % [(Ws)cc]R = 2141 % [(Wg)cc]R = 3460 [(Ws)cc]R = 2430
(R)e (Qu)r ——and Ave | ——and Ave.| (Qy)r | ——and Ave.] ——and Ave.| (Q.)r | ——and Ave.] ——and Ave.| (Q))r | ——and Ave.| ——and Ave.
(1ts) (%) (%) (Its) (%) (%) (1ts) (%) (%) (Its) (%) (%)
10.00 21.58 78.42 10.00 [ 19.79 80.21 10.00(17.29 82.71 10.0022.45 77.55
3.19 10.00 24.24 | 24.24|75.76 | 75.76| 10.00|21.58 |21.88|78.42 |78.12| 10.00|19.02 |20.17[80.98 | 79.83| 10.00|24.28 | 25.49|75.72 74.51
10.00 24.24 75.76 10.00 | 21.58 78.42 10.00 | 20.75 79.25 10.00|26.10 73.90
10.00 24.24 75.76 10.00 | 22.47 77.53 10.00 [ 20.75 79.25 10.00|26.10 73.90
30.00 71.78 28.22 30.0070.62 29.38 30.00(70.62 29.38 30.00(73.81 26.19
9.58 30.00 72.24 | 72.07|27.76 | 27.93| 30.00|69.71 | 69.94|30.29 | 30.06| 30.00|70.64 | 70.53[29.36 | 29.47| 30.00|73.81 | 73.36|26.19 26.64
30.00 72.24 27.76 30.00 | 69.71 30.29 30.00(70.19 29.81 30.00(72.91 27.09
30.00 72.01 27.99 30.00(69.71 30.29 30.00 [ 70.66 29.34 30.00(72.91 27.09
50.00 79.73 20.27 50.00(79.19 20.81 50.00(80.77 19.23 50.00 | 80.65 19.35
15.96 50.00 79.73 | 79.67|20.27 | 20.34| 50.00|79.19 |78.92{20.81 |21.08| 50.00|81.01 |80.95[18.99 | 19.05| 50.00|80.65 | 80.25|19.35 19.75
50.00 79.60 20.40 50.00 | 78.92 21.08 50.00(81.01 18.99 50.00 | 79.85 20.15
50.00 79.60 20.40 50.00 | 78.39 21.61 50.00(81.01 18.99 50.00 | 79.85 20.15
70.00 82.92 17.08 70.00|82.74 17.26 70.00(85.19 14.81 70.00 [ 85.04 14.96
22.35 70.00 83.19 | 83.25[16.81 16.75( 70.00|183.45 | 83.05[16.55 | 16.95| 70.00|86.23 | 86.64|13.77 13.36| 70.00 [ 85.04 | 85.02[14.96 14.98
70.00 83.45 16.55 70.00 | 83.27 16.73 70.00 | 87.44 12.56 70.0085.19 14.81
70.00 83.45 16.55 70.00|82.74 17.26 70.00 [ 87.69 12.31 70.00(84.82 15.18
80.00 85.02 14.98 80.00 | 84.68 15.32 80.00 80.00 [ 86.27 13.73
25.54 80.00 85.16 | 85.14[14.84 | 14.86| 80.00(84.89 | 84.86[15.11 | 15.14| 80.00 80.00[85.79 | 85.91[14.21 14.09
80.00 85.16 14.84 80.00 | 84.89 15.11 80.00 80.00 [ 85.79 14.21
80.00 85.23 14.77 80.00 | 84.97 15.03 80.00 80.0085.79 14.21
28.73 90.00 86.43 | 86.43|13.57 13.57( 90.00185.91 [85.91114.09 [14.09| 90.00 90.00
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Table B.3Continued

e3=10 mm, T= 2 cmyZ 15 cm, Z 20,25 cm

hY°Hun hY°on hYe°nn hYe°nn
Z1:15¢cm, £ 20 cm Z1:15¢cm, £ 20 cm Zi:15¢cm, £ 20 cm Z1:15¢cm, £ 25 cm
(Ws)= 120 ké (We)o= 52 kg (Ws)r= 120 k& (We)o= 52 kg (W)= 120 ké (We)o= 51 kg (Ws)r= 120 kf}, (We)o= 48 kd
[(We)]r=20.39% [(We)i]r=29.25% [(We)]r=27.32% [(We)i]r=27.29%
[(Ws)sdr=57.73% [(Ws)sdr=34.21% [(Ws)sdr=37.60% [(We)sdr=34.52%
[(Ws)cc]R = 2189 % [(Ws)cc]R = 3654 % [(Ws)cc]R = 3508 % [(Wg)cc]R = 3820 %
(F)e (Qu)r and Ave and Ave.| (Qu)r and Ave. and Ave.| (Qu)r and Ave. and Ave.| (Qu)r and Ave. and Ave.
(its) (%) (%) (Is) (%) (%) (Ivs) (%) (%) (1us) (%) (%)
10.00 9.98 90.02 10.00{9.02 90.98 10.00]13.05 86.95 10.0019.02 90.98
3.19 10.00 13.05 | 13.05|86.95 86.95| 10.00 [10.40 | 10.40[89.60 89.60| 10.00|15.17 | 15.17(84.83 84.83| 10.00|12.57 | 12.82|87.43 87.18
10.00 13.05 86.95 10.00 [ 10.40 89.60 10.00[15.17 84.83 10.00|12.57 87.43
10.00 13.05 86.95 10.00 [ 10.40 89.60 10.00[15.17 84.83 10.0013.32 86.68
30.00 68.25 31.75 30.00 | 64.91 35.09 30.00 [65.81 34.19 30.00 | 66.89 33.11
9.58 30.00 67.80 | 67.68|32.20 32.32| 30.00 | 65.73 | 65.66 | 34.27 34.34| 30.00|66.89 | 66.18|33.11 33.83| 30.00 | 65.66 | 65.83|34.34 34.17
30.00 67.34 32.66 30.00 | 66.00 34.00 30.00 | 66.00 34.00 30.00 | 65.66 34.34
30.00 67.34 32.66 30.00 | 66.00 34.00 30.00 | 66.00 34.00 30.00|65.12 34.88
50.00 77.70 22.30 50.00 | 75.63 24.37 2501 50.00 | 76.54 23.46 50.00| 74.33 25.67
15.96 50.00 77.02 | 76.64|22.98 23.36| 50.00 | 75.00 | 74.99|25.00 : 50.00 | 75.67 | 75.58|24.33 24.42| 50.00|73.38 | 73.11|26.62 26.89
50.00 76.68 23.32 50.00 | 74.66 25.34 50.00 | 75.37 24.63 50.00|72.70 27.30
50.00 75.16 24.84 50.00 | 74.66 25.34 50.00 [ 74.75 25.25 50.00[72.03 27.97
70.00 81.26 18.74 70.00 | 79.38 20.62 70.00 ] 80.85 81.21 19.15 70.00|79.47 20.53
22.35 70.00 81.10 | 81.04[18.90 18.96| 70.00|79.49 | 79.55|20.51 20.45| 70.00{81.33 ) 18.67 18.79( 70.00 | 80.07 | 79.63[19.93 20.37
70.00 81.10 18.90 70.00 | 79.80 20.20 70.00[81.33 18.67 70.00 | 80.07 19.93
70.00 80.70 19.30 70.00 | 79.53 20.47 70.00181.33 18.67 70.00|78.92 21.08
80.00 83.39 16.61 80.00 | 80.73 19.27 80.00 80.00|79.94 20.06
25.54 80.00 83.55 | 83.43[16.45 16.56| 80.00|81.82 | 81.51|18.18 18.49| 80.00 80.00[79.94 | 79.94[20.06 20.06
80.00 83.39 16.61 80.00 | 81.99 18.01 80.00 80.00
80.00 83.39 80.00 80.00 80.00
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Table B.4 Measured and calculated parameters related taGk@up Experiments g 15 mm)

e=15mm, T=2cmyZ5 cm, & 20,25 cm

hYe°nn
Z1:5¢cm, £ 20 cm

hYe°nn
Z1:5¢cm, £ 25cm

(Wor= 120 k§, (W)o= 21 k§

(Wor= 120 k§, (W)o= 22 k§

[(Wo)ilr=61.17 %
[(Wesdr= 16.35 %
[(Ws)edr=22.30 %

[(Weilr=73.44 %
[(Wesdr=8.70 %
[(Ws)edr=17.85 %

(R)e (Qu)r and Ave. andAve (Quyr andAve andAve
(It/s) (%) %) (It/s) (%) (%)
10.00 22.45 77.55 10.00 20.54 79.46

1.74 10.00 26.10 26.40 73.90 73.90 10.00 29.87 30.47 70.13 69.53
10.00 26.10 73.90 10.00 30.77 69.23
10.00 27.00 73.00 10.00 30.77 69.23
30.00 69.39 30.61 30.00 71.07 28.93

5.21 30.00 71.10 70.67 |_28.90 29.33 30.00 72.01 71.66 27.99 28.34
30.00 71.10 28.90 30.00 71.78 28.22
30.00 71.10 28.90 30.00 71.78 28.22
50.00 80.89 19.11 50.00 87.17 12.83

8.69 50.00 80.40 80.49 19.60 19.51 50.00 91.12 90.42 8.88 9.58
50.00 80.28 19.72 50.00 91.70 8.30
50.00 80.40 19.60 50.00 91.70 8.30
70.00 83.81 16.19 70.00 94.32 5.68

12.17 70.00 84.30 85.86 | 15.70 14.14 70.00 94.38 94.42 5.62 5.58
70.00 85.64 14.36 70.00 94.53 5.47
70.00 89.70 10.30 70.00 94.44 5.56
80.00 95.01 4.99 80.00 94.31 5.69

13.90 80.00 95.11 95.61 4.89 4.39 80.00 94.31 94.31 5.69 5.69
80.00 95.25 4.75 80.00 94.31 5.69
80.00 97.06 2.94 80.00 94.31 5.69

15.64 90.00 90.00 94.85 94.85 5.15 5.15
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Table B.4Continued

=15 mm, T=2 cmyZ 10 cm, Z 20,25 cm

hY°un
Z1:10cm, £ 20 cm

hY°on
Z1:10cm, £ 20 cm

hYe°nn
Z1:10cm, £ 20 cm

hYe°nn
Z1: 10 cm, £ 25 cm

(We)r= 120 ké, (We)o= 19 k§

(We)r= 120 ké, (We)o= 21Kdf

(Wor= 120 k§, (W)= 17 k§

(We)r= 120 ké, (We)o= 20 k§

[(Ws)]r=44.45%
[(We)sdr=17.85%
[(Ws)edr= 3770%

[(We)i]r=40.52%
[(Ws)sdr=17.08 %,
[(We)cdr=42.40%

[(We)]r=47.82%
[(We)sdr=12.57 %
[(Ws)cc] r=39.61%

[(Ws)i] r=48.82%
[(We)sdr=10.05%
[(We)edr=41.11%

(Re | Qur andAve and Ave. | (Qu)t and Ave and Ave. | (Qu)t and Ave and Ave. | (Qu)r and Ave. and Ave.
(1) (%) (%) (1) (%) (%) (1) (%) (%) (1) (%) (%)
10.00 |13.62 86.38 10.00 |10.64 89.36 10.00 |18.00 82.00 10.00{11.73 88.27

1.74 | 10.00 |18.00 |18.00(82.00 82.00 | 10.00 |15.57 |15.57|84.43 84.43 | 10.00 | 19.79 19.79 [ 80.21 | 80.21 | 10.00| 13.32 14.41 | 86.68 | 85.59
10.00 | 18.00 82.00 10.00 | 15.57 84.43 10.00 |19.79 80.21 10.00| 14.95 85.05
10.00 | 18.00 82.00 10.00 |15.57 84.43 10.00 |19.79 80.21 10.00| 14.95 85.05
30.00 [71.31 28.69 30.00 | 72.91 27.09 30.00 | 67.24 32.76 32.78 30.00] 69.64 30.36

5.21 | 30.00 | 7201 |71.72{27.99 28.28 | 30.00 | 73.55 |73.78[26.45 26.22 | 30.00 | 67.12 67.22 | 32.88 ) 30.00| 68.71 68.49 | 31.29 | 31.51
30.00 | 7178 28.22 30.00 | 74.44 25.56 30.00 | 67.39 32.61 30.00| 67.80 32.20
30.00 | 7178 28.22 30.00 | 74.23 25.77 30.00 | 67.12 32.88 30.00| 67.80 32.20
50.00 [80.25 19.75 50.00 |85.37 14.63 50.00 |78.92 21.08 50.00] 80.10 19.90

8.69 | 50.00 |{80.81 |80.62{19.19 19.39 | 50.00 | 86.11 |88.73|13.89 11.27 | 50.00 [ 79.19 79.55 | 20.81 | 20.45 [ 50.00| 84.27 84.19 |15.73 | 15.81
50.00 {80.70 19.30 50.00 | 90.52 9.48 50.00 |79.85 20.15 50.00| 85.56 14.44
50.00 | 80.70 19.30 50.00 | 92.91 7.09 50.00 |80.23 19.77 50.00| 86.84 13.16
70.00 [90.45 9.55 70.00 |94.69 5.31 70.00 |89.37 10.63 70.00|92.32 7.68

12.17| 70.00 |93.64 |94.06|6.36 594 | 70.00 |[94.72 |94.63|5.28 5.37 70.00 |89.48 89.81 | 10.52 | 10.19 | 70.00| 92.40 92.52 | 7.60 7.48
70.00 | 95.68 4.32 70.00 |94.78 5.22 70.00 |89.92 10.08 70.00| 92.64 7.36
70.00 |96.46 3.54 70.00 |94.32 5.68 70.00 |90.46 9.54 70.00|92.72 7.28
80.00 |96.90 3.10 80.00 [94.23 5.77 80.00 [93.26 6.74 6.63 80.00| 93.61 6.39

13.90| 80.00 |96.90 |96.90(3.10 3.10 | 80.00 |94.23 |94.26|5.77 5.74 | 80.00 |93.39 93.37 | 6.61 ' 80.00| 93.61 93.61 | 6.39 6.39
80.00 80.00 |94.23 5.77 80.00 | 93.42 6.58 80.00/ 93.61 6.39
80.00 80.00 |94.34 5.66 80.00 [93.42 6.58 80.00

15.64| 90.00 90.00 [95.86 |95.86|4.14 4.14 | 90.00 | 94.02 94.02 | 5.98 5.98 [90.00
90.00 95.88
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Table B4 Continued

e=15mm, T=2 cmyaZ 15 cm, Z 20,25 cm

hY°Hun

hYe°on

hYe°nn

hYe°nn

(We)r= 120 kf (We)o= 21 k¢

(We)r= 120 k§ (We)o= 21 k¢

(We)r= 120kgf, (We)o= 20 k§

(We)r= 120 kf (We)o= 21 k¢

[(Ws)i]r=30.62%
[(We)sdr=14.62%,
[(Ws)edr=54.77 %

[(We)]r=24.36%,
[(We)sdr=22.12 %,
[(Ws)cdr=53.53%

[(We)i]r=30.26 %,
[(We)sdr=13.79%,
[(Ws)edr=55.95%

[(Ws)i]r=31.44,
[(Ws)sdr=14.17 %
[(We)cdr=54.39%

(Re (Qu)r and Ave and Ave.| (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave.
(Us) (%) (%) (s) (%) (%) (Us) (%) (%) (s) (%) (%)
10.00 9.02 90.98 10.00| 8.36 91.64 10.00| 7.06 92.94 10.00| 7.42 92.58

1.74 10.00 11.11 |11.11| 88.89 | 88.89| 10.00| 11.11 | 11.11| 88.89 | 88.89| 10.00| 8.37 | 8.37 | 91.63 | 91.63 | 10.00| 8.68 | 8.68 | 91.32 | 91.32
10.00 11.11 88.89 10.00| 11.11 88.89 10.00| 8.37 91.63 10.00| 8.68 91.32
10.00 11.11 88.89 10.00] 11.11 88.89 10.00| 8.37 91.63 10.00| 8.68 91.32
30.00 63.17 36.83 30.00| 67.86 32.14 30.00| 67.27 32.73 30.00| 65.46 34.54

5.21 30.00 64.91 | 62.64| 35.09 | 37.36| 30.00| 69.10 | 68.62| 30.90 | 31.38| 30.00| 66.89 | 67.37| 33.11 | 32.63 | 30.00| 66.00 | 65.70| 34.00 | 34.31
30.00 64.63 35.37 30.00| 69.10 30.90 30.00| 67.41 32.59 30.00| 65.66 34.34
30.00 57.86 42.14 30.00| 68.42 31.58 30.00| 67.92 32.08 30.00| 65.66 34.34
50.00 76.63 23.37 50.00| 79.69 20.31 50.00| 79.44 20.56 50.00| 77.58 22.42

8.69 50.00 77.44 | 79.73| 22.56 | 20.27| 50.00| 79.57 | 80.43| 20.43 | 19.57| 50.00| 79.44 | 79.57| 20.56 | 20.44 | 50.00| 79.44 | 79.56| 20.56 | 20.44
50.00 81.08 18.92 50.00| 80.35 19.65 50.00| 79.69 20.31 50.00| 79.31 20.69
50.00 83.76 16.24 50.00| 82.12 17.88 50.00| 79.69 20.31 50.00| 81.90 18.10
70.00 90.41 9.59 70.00| 89.03 10.97 70.00| 87.94 12.06 70.00| 86.02 13.98

12.17 70.00 91.64 | 93.30| 8.36 | 6.70 | 70.00| 89.09 | 89.10| 10.91 | 10.90| 70.00| 89.11 | 88.95| 10.89 | 11.05| 70.00| 86.24 | 86.19| 13.76 | 13.82
70.00 95.00 5.00 70.00| 89.09 10.91 70.00| 89.11 10.89 70.00| 86.24 13.76
70.00 96.15 3.85 70.00| 89.20 10.80 70.00| 89.65 10.35 70.00| 86.24 13.76
80.00 96.58 3.42 80.00| 90.36 9.64 80.00| 93.83 6.17 80.00| 86.67 13.33

13.90 | 80.00 96.58 | 96.58| 3.42 | 3.42 | 80.00| 90.40 | 90.45| 9.60 | 9.55 [ 80.00| 93.83 | 93.94| 6.17 | 6.06 | 80.00| 86.80 | 86.72| 13.20 | 13.28
80.00 96.58 3.42 80.00| 90.50 9.50 80.00| 93.83 6.17 80.00| 86.74 13.26
80.00 96.58 3.42 80.00| 90.54 9.46 80.00| 94.28 5.72 80.00| 86.67 13.33

15.64 | 90.00 97.36 | 97.36| 2.64 | 2.64 | 90.00 90.00| 94.66 90.00| 85.79 | 85.79| 14.21 | 14.21







C. Results of theB-Group Experiments

Measured and calculated parameters with f f e r a,Z+Avalues, are thbulatgd in

the following tables (These experiments were conducted with sediment). The meaning
of the symbols used in relation to the weights of solids in these tables are summarized
below:

7 = Total weight of the sediment mixture plaagzbtream of thenain channel at
the beginning of the experiments {kg

7  =Weight of the sedimemqtassed over the rack aremairedat the downstream

of the main channel (kyj

7 = Weight of the sedimerthat passes through the rack insile 'Intake
Structuré 7 7
7 = Weight of the sedimemetainedn the 'IntakeChannel"(kgf)
7 = Weight of the sediment t@&nedin the"Sediment Dischargé h a n (kgf)l o
7 = Weight of the sedimenetanedin the "Collection Channdl dgkgf)
_ W
[ @
_ W
! - &
_ W
! = )
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Table C.1 Measured and calculatgghrameters related to-Broup Experiments (& 3 mm)

e;=3mm, T=2 cm,;Z 10,15 cm, Z 20 cm

hYe°on
Z:10cm, Z 20 cm

hYe°nn
Z1:10cm, £ 20 cm

hY°on
Z1:15¢cm, £ 20 cm

hYe°nn
Z1:15¢cm, £ 20 cm

(We)r= 100 k§ (We)o= 57,5 k§

(We)r= 100 ki (We)o= 54 k¢

(We)r= 100 ki (We)o= 47 k¢

(We)r= 100 ki (We)o= 49 k¢

[(We)]r=57.35%
[(Ws)sc] R = 423 %
[(Ws)cdr=0.4 %

[(We)]r=415%
[(Ws)gc]R = 518 %
[(We)edr=0.7 %

[(We)]r=34.9 %
[(Ws)sc] R = 644 %
[(Ws)cdr=0.8%

[(We)]r=341%
[(Ws)sc]R: 63 8 %
[(We)edr=2.1%

Fe | @Qr and Ave. and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave. | (Qu)r and Ave. and Ave.
(1vs) (%) (%) (1s) (%) (%) (Ivs) (%) (%) (Ivs) (%) (%)
10.00 | 21.50 78.50 10.00| 28.97 71.03 10.00| 12.52 87.48 10.00| 15.13 84.87
19.43 | 10.00 | 26.10 | 25.45| 73.90 | 7455 | 10.00| 28.97 | 28.84| 71.03 | 71.16| 10.00| 14.95 | 14.95| 85.05 | 85.05| 10.00| 19.69 | 1969 | 80.31 | 80.31
10.00 | 25.12 74.88 10.00| 28.97 71.03 10.00| 14.95 85.05 10.00| 19.69 80.31
10.00 | 25.12 74.88 10.00| 28.59 71.41 10.00| 14.95 85.05 10.00| 19.69 80.31
30.00 | 73.34 26.66 30.00| 72.45 27.55 30.00| 68.56 31.44 30.00| 67.80 32.20
58.29 | 30.00 | 72.45 | 72.23| 27.55 | 27.77130.00| 71.12 | 71.24| 28.88 | 28.77| 30.00| 68.81 | g8.05| 31.19 | 31.95| 30.00| 67.67 | 66.92 | 32.33 | 33.09
30.00 | 71.57 28.43 30.00| 71.12 28.88 30.00| 67.41 32.59 30.00| 66.53 33.47
30.00 | 71.57 28.43 30.00| 70.25 29.75 30.00| 67.41 32.59 30.00| 65.66 34.34
50.00 | 78.53 21.47 50.00| 78.04 21.96 50.00| 76.68 23.32 50.00| 75.44 24.56
97.15 | 50.00 | 77.54 | 77.13| 22.46 | 22.87| 50.00| 76.78 | 76.45| 23.22 | 2356 | 50.00| 75.44 | 75.60| 24.56 | 24.40| 50.00| 74.59 | 74.43| 25.41 | 2557
50.00 | 76.23 23.77 50.00| 75.48 24.52 50.00| 75.06 24.94 50.00| 74.27 25.73
50.00 | 76.23 23.77 50.00| 75.48 24.52 50.00| 75.22 24.78 50.00| 73.41 26.59
70.00 | 81.59 18.41 70.00| 80.60 19.40 70.00| 79.79 20.21 70.00| 78.02 21.98
136.01 | 70.00 81.59 18.41 | 70.00 80.60 19.40 | 70.00 79.79 20.21 [ 70.00| 78.14 | 78.14 | 21.86 | 21.86
70.00 70.00 70.00 70.00| 78.26 21.74
70.00 70.00 70.00 70.00
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TableC.2 Measured and calculated parameters related {GMup Experiments fe 6 mm)

=6 mm, T=2 cm,;Z 10,15 cm, Z 20 cm

hY°on
Z1: 10 cm, £ 20 cm

hYe°nn
Z::10cm, £ 20 cm

hY°on
Z1:15¢cm, £ 20 cm,

hYe°nn
Z:1:15¢cm, £ 20 cm,

(We)r= 120 ki (We)o= 53 k¢

(We)r= 120 k§ (Ws)o= 54 kg

(We)r= 120 ké (We)o= 52 kg

(We)r= 120 ké (We)o= 53 k¢

[(We)]r=50.34%
[(Wg)sd R = 47 %
[(We)edr=2.66 %

[(We)]r=47.8 %
[(Ws)sc] R = 496 %
[(Ws)edr=2.8%

[(We)]r=30.54%
[(Ws)st = 587 %
[(Ws)edr=10.8 %

[(We)]r=30.9 %
[(Ws)st = 586 %
[(We)edr=10.6 %

(R)e (Q)r | ——andAve | ——and Ave.| (Qu)r | ——and Ave.| ——and Ave.| (Q.)r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.| ——and Ave.

(16s) (%) (%) (16s) (%) (%) (16s) (%) | (%) (16s) (%) (%)
10.00 16.23 83.77 10.00 | 22.44 77.56 10.00 | 13.05 86.95 10.00 | 13.32 86.68

6.87 10.00 21.58 | 21.58| 78.42 | 78.42| 10.00 | 25.27 | 25.27 | 74.73 | 74.73 | 10.00 | 16.79 | 16.79| 83.21 | 83.21| 10.00 | 14.37 | 14.90| 85.63 | 85.10
10.00 21.58 78.42 10.00 | 25.27 74.73 10.00| 16.79 83.21 10.00| 15.17 84.83
10.00 | 21.58 78.42 10.00 | 25.27 74.73 10.00 | 16.79 83.21 10.00 | 15.17 84.83
30.00 73.38 26.62 30.00 | 74.38 25.62 30.00 | 68.56 31.44 30.00 | 67.27 32.73

20.61 | _30.00 72.46 | 72.41| 27.54 | 27.59| 30.00 | 73.20 | 73.08 | _26.80 | 26.92 | 30.00 | 68.91 | 68.37| 31.09 | 31.63| 30.00 | 66.89 | 66.99| 33.11 | 33.02
30.00 | 72.46 27.54 30.00 | 72.48 27.52 30.00 | 68.47 31.53 30.00 | 66.89 33.11
30.00 | 71.33 28.67 30.00 | 72.25 27.75 30.00 | 67.55 32.45 30.00 | 66.89 33.11
50.00 79.98 20.02 50.00 | 80.71 19.29 50.00 | 77.02 22.98 50.00 | 77.30 22.70

34.35 | 50.00 78.79 | 78.92| 21.21 | 21.08| 50.00 | 80.03 | 79.86 | 19.97 | 20.15| 50.00 | 76.00 | 76.26| 24.00 | 23.75| 50.00 | 75.71 | 75.86| 24.29 | 24.14
50.00 | 78.92 21.08 50.00 | 79.34 20.66 50.00 | 76.00 24.00 50.00 | 75.37 24.63
50.00 | 77.98 22.02 50.00 | 79.34 20.66 50.00 | 76.00 24.00 50.00 | 75.06 24.94
70.00 83.98 16.02 70.00 | 84.67 15.33 70.00 | 82.47 17.53 70.00| 81.84 18.16 18.12

48.09| 70.00 | 83.98 | 83.94| 16.02 | 16.07 | 70.00 | 84.67 | 84.47 | 15.33 | 15.53 | 70.00 | 82.47 | 82.38| 17.53 | 17.62| 70.00 | 81.84 | 81.89| 18.16 .
70.00 | 83.89 16.11 70.00 | 84.40 15.60 70.00 | 82.20 17.80 70.00 | 81.56 18.44
70.00 | 83.89 16.11 70.00 | 84.14 15.86 70.00 70.00 | 82.30 17.70
80.00 70.00 | 84.14 15.86 80.00 80.00 | 83.30 16.70

54.96 | 80.00 80.00 84.14 15.86 | 80.00 80.00
80.00 80.00 80.00 80.00
80.00 80.00 80.00 80.00
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Table C.3 Measured and calculated parameters related4@rBup Experiments §& 10 mm)

e3=10 mm, T=2 cmyZ 10,15 cm, Z 20 cm

hY°on
Z1: 10 cm, £ 20 cm

hYe°nn
Z::10cm, £ 20 cm

hY°on
Zi:15¢cm, £ 20 cm

hYe°nn
Z::15¢cm, Z 20 cm

(We)r= 120 k§h (We)o= 54 k¢

(We)r= 120 k§ (Ws)o= 54 kg

(We)r= 120 ké (We)o= 52 kg

(We)r= 120 ké (We)o= 48 k¢

[(We)]r=318%
[(Ws)gc]R = 528 %
[(Ws)edr=15.5%

[(We)]r=38.9%
[(Ws)sc] R = 423 %
[(Ws)edr=18.9 %

[(We)]r=35.3%
[(Ws)st = 494 %
[(We)edr=15.3 %

[(We)]r=32.1%
[(Ws)st = 516 %
[(We)edr=16.2 %

(R)e (Qu)r | ——andAve | ——and Ave.| (Qu)r | ——and Ave.| ——and Ave.| (Qu)r | ——and Ave.| —— and Ave| (Qu)r ve Ort. | ——and Ave.
(16s) (%) (%) (16s) (%) (%) (16s) (%) | (%) (16s) (%) (%)
10.00 16.61 83.39 10.00 | 17.29 82.71 10.00| 10.01 89.99 10.00 | 14.95 85.05

3.19 10.00 16.61 | 16.61| 83.39 | 83.39| 10.00 | 19.02 | 19.85| 80.98 | 80.15| 10.00| 12.84 | 12.84| 87.16 | 87.16| 10.00| 16.61 | 16.61| 83.39 | 83.39
10.00 | 16.61 83.39 10.00 | 19.02 80.98 10.00 | 12.84 87.16 10.00 | 16.61 83.39
10.00 | 16.61 83.39 10.00 | 21.50 78.50 10.00 | 12.84 87.16 10.00 | 16.61 83.39
30.00 69.18 30.82 30.00 | 71.53 28.47 30.00 | 68.37 31.63 30.00 | 68.34 31.66

9.58 | _30.00 69.22 | 68.61| 30.78 | 31.39| 30.00 | 71.08 | 70.01 | 28.92 | 29.99 | 30.00 | 66.89 | 66.77| 33.11 | 33.23| 30.00 | 68.66 | 68.35| 31.34 | 31.65
30.00 | 68.25 31.75 30.00 | 68.71 31.29 30.00 | 65.91 34.09 30.00 | 68.20 31.80
30.00 | 67.80 32.20 30.00 | 68.71 31.29 30.00 | 65.91 34.09 30.00 | 68.20 31.80
50.00 77.76 22.24 50.00 | 78.39 21.61 50.00 | 75.40 24.60 50.00 | 78.11 21.89

15.96| 50.00 77.42 | 77.42| 22.58 | 22.58 | 50.00 | 79.44 | 79.24 | 20.56 | 20.76 | 50.00 | 82.08 | 76.65| 17.92 | 23.35| 50.00 | 77.13 | 76.94 | 22.87 | 23.06
50.00 | 77.42 22.58 50.00 | 79.44 20.56 50.00 | 74.41 25.59 50.00 | 76.44 23.56
50.00 | 77.08 22.92 50.00 | 79.69 20.31 50.00 | 74.72 25.28 50.00 | 76.09 23.91
70.00 81.92 18.08 70.00 | 85.19 14.81 70.00 | 81.02 18.98 70.00| 81.45 18.55

22.35| 70.00 | 81.94 | 81.79| 18.06 | 18.21| 70.00 | 85.35 | 85.49| 14.65 | 14.51| 70.00 | 81.02 | 81.02| 18.98 | 18.98| 70.00 | 81.75 | 81.30| 18.25 | 18.70
70.00 | 81.56 18.44 70.00 | 85.50 14.50 70.00 | 81.02 18.98 70.00 | 80.90 19.10
70.00 | 81.75 18.25 70.00 | 85.93 14.07 70.00 | 81.02 18.98 70.00 | 81.10 18.90
80.00 83.79 16.21 80.00 | 86.21 13.79 80.00 | 83.14 16.86 80.00| 81.10 18.90

25.54| 80.00 83.79 16.21 | 80.00 86.21 13.79 | 80.00 83.14 16.86 | 80.00 81.10 18.90
80.00 80.00 80.00 80.00
80.00 80.00 80.00 80.00
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Table C.4 Measured and calculated parameters related4@rBup Experiments & 15 mm)

e4=15 mm, T= 3 cmyZ 10cm, 4= 20 cm

h'Y°mn
Z1: 10 cm, £ 20 cm

hY°Hun
Z::10cm, £ 20 cm

hY°on
Z::10cm, £ 20 cm

hYe°nn
Z::10cm, Z 20 cm

(We)r= 120 k§h (We)o= 51 k¢

(We)r= 120 k) (Ws)o= 55 kg

(We)r= 120 ké (We)o= 50 kg

(We)r= 120 k (We)o= 56 k¢

[(We)]r=382%
[(Ws)gc]R = 328 %
[(Ws)edr=29.1%

[(We)]r=32.0 %
[(Ws)sc] R = 450 %
[(Ws)edr=23.0 %

[(We)]r=50.0 %
[(Ws)st = 208 %
[(We)edr=29.6 %

[(We)]r=33.8%
[(Ws)st = 376 %
[(We)edr =286 %

(R)e (Q)r | ——andAve | ——and Ave.| (Qu)r | ——and Ave.| ——and Ave.| (Q.)r | ——and Ave.| ——and Ave. | (Q))r | ——and Ave.| ——and Ave.
(16s) (%) (%) (16s) (%) (%) (16s) (%) | (%) (16s) (%) (%)
10.00 13.83 86.17 10.00 | 32.95 67.05 10.00| 11.26 88.74 10.00 | 13.57 86.43

1.74 10.00 16.36 | 16.36| 83.64 | 83.64 | 10.00 | 18.51 | 17.47| 81.49 | 82.53| 10.00| 15.17 | 15.17| 84.83 | 84.83| 10.00| 15.11 | 15.11| 84.89 | 84.89
10.00 16.36 83.64 10.00 | 17.29 82.71 10.00| 15.17 84.83 10.00| 15.11 84.89
10.00 | 16.36 83.64 10.00 | 16.61 83.39 10.00 | 15.17 84.83 10.00| 15.11 84.89
30.00 64.91 35.09 30.00 | 66.73 33.27 30.00 | 68.97 31.03 30.00 | 65.12 34.88

5.21 | 30.00 63.70 | 63.51| 36.30 | 36.50| 30.00 | 65.36 | 64.97 | 34.64 | 35.03 | 30.00 | 68.56 | 68.00| 31.44 | 32.00| 30.00 | 64.26 | 63.98| 35.74 | 36.02
30.00 | 63.14 36.86 30.00 | 63.89 36.11 30.00 | 67.67 32.33 30.00 | 63.83 36.17
30.00 | 62.27 37.73 30.00 | 63.89 36.11 30.00 | 66.79 33.21 30.00 | 62.70 37.30
50.00 75.59 24.41 50.00 | 76.34 23.66 50.00 | 77.16 22.84 50.00 | 76.25 23.75

8.69 | 50.00 76.17 | 76.77 | _23.83 | 23.23| 50.00 | 74.38 | 75.40 | 25.62 | 24.60 | 50.00 | 77.02 | 77.06 | 22.98 | 22.95| 50.00 | 76.25 | 76.57 | 23.75 | 23.43
50.00 | 76.54 23.46 50.00 | 75.00 25.00 50.00 | 77.02 22.98 50.00 | 76.58 23.42
50.00 | 78.78 21.22 50.00 | 75.88 24.12 50.00 | 77.02 22.98 50.00 | 77.19 22.81
70.00 87.29 12.71 70.00 | 84.46 15.54 70.00 | 87.82 12.18 70.00| 86.16 13.84

12.17| 70.00 | 88.56 | 89.09| 11.44 | 10.91| 70.00| 85.39 | 85.81 | 14.61 | 14.19| 70.00| 88.30 | 88.55| 11.70 | 11.46| 70.00 | 87.44 | 87.65| 12.56 | 12.35
70.00 | 90.02 9.98 70.00 | 86.44 13.56 70.00 | 88.79 11.21 70.00 | 87.94 12.06
70.00 | 90.51 9.49 70.00 | 86.96 13.04 70.00 | 89.27 10.73 70.00 | 89.05 10.95
80.00 92.26 7.74 80.00 | 89.60 10.40 80.00 | 90.41 9.59 80.00| 92.18 7.82

13.90| 80.00 | 92.14 | 92.29| 7.86 | 7.80 | 80.00| 90.47 | 90.04 | 9.53 | 9.97 | 80.00| 90.47 | 90.44| 9.53 | 9.56 | 80.00 92.18 7.82
80.00 80.00 80.00 80.00
80.00 80.00 80.00 80.00








































