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Abstract In this study, three dimensional quadrant
analysis of bursting process was used to recognize the
susceptible regions for sediment entrainment and depo-
sition at the bed of a vortex chamber. From the analysis,
it was found that two dimensional quadrant analysis in
unable to find the turbulent coherent structure of flow
near the bed of the vortex chamber. Therefore, a new
method based on three dimensional bursting process is
introduced in this study to define the turbulent flow
structure. Based on the new methodology in this study,
the bursting event is divided into eight different cube
zones according to three dimensional velocity fluctua-
tions. It was realized that, four cube zones interactions
are toward the central orifice of the vortex chamber and
four cube zones interactions are toward the wall of the
chamber and they are categorized as classes A and B,
respectively. The results from the experiments showed
that in class A, the internal sweep events (class 1V-A)
moves the settled sediment particles toward the central
orifice of the chamber, whereas in class B the external
sweep events (class IV-B) moves the settled sediment
particles toward the external region of the chamber.
Also the transition probabilities of the bursting events in
64 particular movements were determined. The result
showed that stable organizations of each class of the
events had highest transition probabilities whereas cross
organizations had lowest transition probabilities. Addi-
tionally, an effort was made to find the average incli-
nation angle of the three dimensional bursting events in
each cube zone. The results showed that near the bed of
the vortex chamber by increasing the tangential velocity
toward the center of the chamber, the average inclina-
tion angle of the events in the cube zones decreased.
Also, at the region where the sediment particles were
deposited, the inclination angles had higher values.
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1 Introduction

The structure of flow in vortex settling chamber is
complicated and fully three dimensional. The vortex
chamber is a self-flushing settling basin during the
operation and comparing to the usual settling basin, it is
very efficient and economical. In vortex chamber, the
flow circulates in a cylindrical chamber and generates
secondary currents inside the flow. Little studies have
previously been conducted to understand the flow
structure inside the vortex chamber. However, due to
complexity and stochastic nature of turbulence, the
structure of turbulent flow is not completely understood.

The concept of bursting process and its contribution
in turbulent shear stress was firstly introduced by Kline
et al. (1967) as a quasi-periodic process by which the
momentum is transferred into the boundary layer. The
bursting process consists of four different types of
events, according to quadrant analysis of two dimen-
sional velocity fluctuations and they are classified as:
outward interaction (u">0, v">0), ejection (v’ <0,
v">0), inward interaction ('<0, v"<0) and sweep
(u' >0, v"<0), in quadrant zones 1, 2, 3 and 4, respec-
tively. In order to define sediment entrainment function
with the effect of bursting events, Nychas et al. (1973);
Drake et al. (1988); Thorne et al. (1989); Nelson et al.
(1995); Keshavarzi (1997) and Keshavarzi and Ball
(1997, 1999) pointed out that the sweep event is mostly
responsible for sediment entrainment from the bed. Also
in the studies by Nezu and Nakagawa (1993); Nakagawa
and Nezu (1978) and Hinze (1975), it was concluded that
in turbulent flow, the bursting event is the major process
for transfer of momentum and they are very effective for
sediment entrainment and transport. Grass (1971) and
Nakagawa and Nezu (1978) pointed out the contribu-
tions of sweep and ejection events for sediment
entrainment and deposition are more than outward and
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inward interactions. Keshavarzi and Ball (1997, 1999);
Thorne et al. (1989); Nakagawa and Nezu (1993);
Townsend (1956) and Yalin (1992) found that the
occurrence of sweep and ejection events is more than
outward and inward interactions. Keshavarzi (1997)
pointed out that in sweep event the average magnitude
of the shear stress is much higher than the time averaged
shear stress. Offen and Kline (1975); Keshavarzi and
Ball (1999) and Papanicolaou et al. (2002) introduced
different models to define particles entrainment with the
inclusion of the bursting process. Also, to define the
stochastic nature of bursting process, Keshavarzi and
Shirvani (2002) used Markov process to find the orga-
nization of the occurrence of the bursting process and
they found that the first order Markov process is an
appropriate model to define the occurrence of the
bursting process. Additionally they classified the move-
ment of the events as; stable, marginal and cross orga-
nizations and they found that the stable organization is
the most probable event. Additionally, Yen (2002)
pointed out that to model sediment transport accurately,
it is necessary to incorporate the bursting events in the
modeling of turbulent flow and sediment entrainment
function. Most previous studies were performed in open
channel with two dimensional quadrant analyses of
velocity fluctuations. However, in spite of the impor-
tance of three dimensional coherent structures and in
particular the bursting events in the vortex chamber
their characteristics have not been investigated suffi-
ciently in detail. In this paper, the characteristics of three
dimensional bursting processes inside the vortex cham-
ber along with transition probabilities of the events in
each class were computed at any particular movement
from the experimental data. Also the inclination angle of
each event is reported in this paper.

2 Experimental setup

The experiments in this study were carried out in a
physical model in the laboratory. The model was built
with the diameter of D=1.00m, and height of
H=0.70 m. In this study the experiments were con-
ducted in counter clock flow condition. Under this
condition, the angular distance from the inlet channel to
the outlet overflow weir was about 270°. A diaphragm
was also installed at #;=0.17 m from the inlet channel
bed at the periphery of the basin. The width of the inlet
canal was 0.20 m with the slope of 0.01. A flushing pipe
was installed at the center of the chamber with a diam-
eter of 0.05 m. The basin bed was sloped at S.=0.10
into the central flushing orifice and the chamber depth at
its periphery was /,=0.06 m with the weir length of
L;=0.50 m. A schematic diagram of the chamber is
shown in Fig. 1.

A three-dimensional downward facing Acoustic
Doppler Velocity meter (Micro-ADV, SonTek) was used
to measure the velocity of flow in tangential, vertical and
radial directions. The Micro-ADV has the advantages of
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Fig. 1 Schematic diagram of physical model used in the experi-
ments

measuring three components of velocity fluctuations
simultaneously and being suitably strong to be used in
the intensive vortex chamber flow. Additionally only
minimal disturbance is made to the flow as the sampling
volume is remote from the instrument and no calibration
is required (Sontek 1997). The ADV uses the Doppler
technique to measure the velocity of small particles in
the water. When operating close to the bottom of vortex
chamber, the ADV can reliably operate well near the
boundary. The acoustic transmitters of the ADV were
oriented inside the vortex chamber and it simultaneously
measured the velocity components in tangential, vertical
and radial directions as shown in Fig. 2. Data acquisi-
tion was started after reaching to the steady flow con-
dition within the vortex chamber. The ADV measures
velocities to an accuracy of +0.1mmy/s in full scale, if the
water salinity and temperature are correctly determined
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Fig. 2 Plan view of the vortex chamber and coordinate system of
velocity measurement



(Sontek 1997). To reduce the inaccuracies, the water
salinity and temperature were measured during the
experimental test. The velocity was measured with a
sampling rate of 50 Hz. The duration of sampling was
120 s and totally 6000 samples at each point were cap-
tured. The velocity of flow was measured at 48 different
nodal points, at eight angles and six circular lines at a
distance of 2 cm from the bed of vortex chamber. The
sediment particle was fed into the inlet canal just at the
inlet of the chamber at water surface. The particle size
distribution of the sediment used in this study is shown
in Fig. 3.

3 Result and discussions

In the vortex chamber, the secondary current and cen-
trifugal force of the flow are used to exclude sediment
particles from the diverted water. The secondary cur-
rents develop inside the chamber as a result of the flow
deceleration at the bottom of the chamber. These sec-
ondary currents move the fluid layer toward the bed of
the chamber and finally deflect it into the central flushing
orifice. During the operation of vortex chamber, some
specific pattern of sediment deposition will be formed on
the bed of chamber. An example of sediment deposition
pattern is shown in Fig. 4a. The sediment deposition
pattern at the bed of vortex chamber indicates the action
of secondary currents at the bed. The sediment pattern
consists of a region near the periphery wall of the
chamber, which starts from the inlet orifice and extends
toward the overflow weir. In this region a great amount
of sediment is piled up (see Fig. 4b). It shows that this
region is susceptible for sediment accumulation. In re-
cent studies for example Keshavarzi and Ball (1999) it is
shown that the coherent structure of turbulent flow and
in particular bursting events are responsible for sediment
entrainment and it was found the sweep event occurred
more frequently than other events. It exerts forces to the
sediment particles and causes them to move by rolling,
sliding and occasionally saltating in stream wise flow
direction. Similarly, the ejection event has been recog-
nized to be responsible for suspended sediment transport
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Fig. 3 Grain size distribution of the sediment particles used in this
experimental study
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because it maintains the sediment particles in suspension.
Therefore, in this study it is attempted to use two and
three dimensional quadrant analysis of bursting events
for identifying the susceptible regions of sediment
entrainment and deposition at the bed of vortex chamber.

3.1 Analysis of two dimensional bursting events
Initially the velocity fluctuations in vertical and tan-

gential directions were computed based on the following
relationships as;

Fig. 4 Pattern of sediment deposition on the bed of vortex
chamber
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vV =v—vandv' =u—u (1)

Where v and u are the instantaneous velocities in the
vertical and tangential directions and 7 and # are the
temporal mean velocities in the vertical and tangential
directions, respectively. The temporal mean velocities
are also given by

P2 nandn =3
vV=— U; andu = — U; (2)
Ni:I N i=1

Where N is the number of instantaneous velocity sam-
ples. According to two dimensional bursting process the
velocity fluctuations (events) are categorized in quadrant
zones 1, 2, 3 and 4 respectively. Here, the contribution
probability of the events in each bursting quadrant is
determined by
N

P = N (3)
Where P, is the contribution probability of each event,
niis the number of occurrences of each event, N is the
total number of events and the subscript represents the
individual quadrants (k=1-4). The probabilities of the
events in each quadrant are computed from the experi-
mental data and are shown in Fig. 5. A comparison was
made between the distribution of contribution proba-
bility of events in each quadrant near the bed and the
pattern of sediment deposition at the bed of the cham-
ber. It was found that there is no agreement between the
regions of entrained sediment and sweep and ejection
events in the bed of vortex chamber.

Therefore, in this study an attempt was made to
compute the contribution probability of events in each
quadrant on the basis of velocity fluctuations in vertical
and radial directions. As a result, the velocity fluctua-
tions in radial direction were computed by following
relationships as

‘l N
w’:w—a)andd):NZw,- (4)
i1

Where, o is the instantaneous velocity fluctuation, and
@ is the temporal mean velocities in the radial direction,
respectively, and their relevant contribution probabili-
ties are shown in Fig. 6. Similarly no agreement was
found between the regions of entrained sediment with
sweep and ejection events in the bed of vortex chamber.

Additionally, from the velocity fluctuations in verti-
cal, tangential and radial directions, the Reynolds tur-
bulent shear stress in tangential and radial directions on
a horizontal plane near the bed were determined using

1
v =5 o (5)
i=1
T, = —pvu (6)
Vo' = iZN:v'w’ 7)
N i

T = _PW (8)

T)total = ?t + ?r (9)

The value of Reynolds shear stress in tangential direc-
tion (Eq. 6), radial direction (Eq. 8) and total Reynolds
shear stress vector (Eq. 9) on the horizontal plane near
the bed of the chamber were determined for each point
and they are shown in Fig. 7. As a result, it was found
that based on velocity fluctuations in radial direction,
the total Reynolds shear stress vector is highly deflected
from the tangential direction and the turbulent structure
near the bed is completely three dimensional. Therefore,
the result showed that the two dimensional bursting
events is unable to define the turbulent coherent struc-
ture of the flow near the bed of the chamber. To find the
rate of deviation of velocity fluctuations from the tan-
gential direction, the inclination angle of the trend line
from the tangential direction is determined and it is
shown in Fig. 8. The inclination angle for the bed of the
vortex chamber is also shown in Fig. 9. It was found
that this deviation occurs in the range of +35° from the
tangential direction. Therefore, in this study a new
method was defined for the definition of bursting events
in three dimensions near the bed of the chamber with
consideration of the velocity fluctuations in three
dimensions according to defined coordinate system in
Fig. 2.

3.2 Analysis of three dimensional bursting events

In this study, the velocity fluctuations are classified into
two sets of bursting events including internal and
external clusters, according to quadrant analysis of the
data. Hence, the bursting events are categorized into two
clusters, according to the sign of the velocity fluctuations
in three dimensions. Class A represents the clusters
events which deflect toward the internal direction of the
chamber and class B represents the cluster events which
deflect toward the external direction of the chamber.
Therefore, the bursting process consists of four groups
in class A and four groups in class B. The three
dimensional velocity fluctuations («’, v, @ ’) are defined
as the variation from the temporal mean velocities in the
tangential, vertical and radial directions, respectively.
Algebraically, they are defined as:

W=u—uv=v—vando =w—o

(10)

Where u, v and w are the instantaneous velocities in the
tangential, vertical and radial directions and #,vand @
are the temporal mean velocities in tangential, vertical
and radial directions, respectively.

As a result, the classes A and B of bursting events are
identified are defined as

e Cubic Zone 1: Internal outward interaction or class
I-A, W' >0,v">0, ® ">0)

e Cubic Zone 2: Internal ejection or class II-A, (' <0,
>0, w " <0)



Fig. 5 Contribution probability
of the events in quadrant I-IV
based on two dimensional
bursting processes in tangential
and vertical direction at the bed
of vortex chamber

Fig. 6 Contribution probability
of the events in quadrant I-IV
based on two dimensional
bursting processes in radial and
vertical direction at the bed of
vortex chamber

Contribution probakility %
| .
192213235256 27.8629.932.034.236.3383
quadrant |

c)

174183 207 22.5 243 26,0 275 29.6 31.4 332
quadrant I11

a)

Gontribution gbabilitv %

109130151 17.3 194 215 236 257 279 300
quadrant |

©)

Contribution probability %

[ -

158 17519.2 208 225 24.2 258 27.5 291 303
quadrant 111

79

Contribution probakility %
=
143172201 230259287 316345374403
quadrant II

; Contribution Embabii‘li % Cortribution Embabilili %

19.0 202 215 22.7 239 25.2 26.427 6 28.9 301
quadrant IV

b)

GContribution probability %
205228 25027.229531.733936.2338.4408
quadrant 11

d)

Corntribution probability 9%

|

189206 2242441 259 276 293311 32.8 346
quadrant IV



80

=270

Fig. 7 Direction of the Reynolds shear stress vectors near the bed
of the chamber
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Fig. 8 Angular deviations of the velocity fluctuations trend line
from the tangential direction
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Fig. 9 Computed angular deviations of the trend lines from the
tangential direction at the bed of vortex chamber

Cubic Zone 3: Internal inward interaction or class

II-A, (' <0, v"<0, v "<0)

e Cubic Zone 4: Internal sweep or class IV-A, (' >0,
<0, w ">0)

e Cubic Zone 5: External outward interaction or class I-
B, (@>0,v>0, v <0)

e Cubic Zone 6: External ejection or class 1I-B, (&' <0,
>0, w">0)

e Cubic Zone 7: External inward interaction or class I1I-
B, (<0, <0, v >0)

e Cubic Zone 8: External sweep or class IV-B, (' >0,

<0, w "<0)

An example of velocity fluctuations in three dimensions
is shown in Fig. 10. The above classes are responsible for
momentum transfer between horizontal adjacent layers
of water flow and produce the instantaneous turbulent
shear stress along the tangential and radial directions.

3.3 Contribution probability of the events in 3-D
bursting events

Based on the three dimensional bursting process the
instantaneous shear stress is divided into eight different
classes. In this approach the contribution probability
(frequency) of events in each bursting class is determined

P=% (11)
8
N=> n (12)

k=1

Where P is the frequency of each event class, n;is the
number of occurrences of each event class, /N is the total
number of events and the subscript represents the indi-
vidual class (k=1-8). Based on the above relationships
the contribution probability of three dimensional
bursting events in each class was determined for each
point separately and they are shown in Fig. 11a—h. It
was found that at the region where a great amount of
sediment is piled up, the contribution probability of the
events in bursting classes of I-B, II-B, III-B and IV-B is
more than other regions and in particular the external
sweep event (class IV-B), that causes the settled sediment
particles to move toward the external space of the
chamber. However, exactly at this location the contri-
bution probability of the events in bursting classes of
I-A, II-A, ITI-A and IV-A which acts toward the internal
space of the chamber, is less than other regions. The
internal sweep events (class IV-A) that make the settled
sediment particles move toward the internal space of the
chamber. It was found that the excluded sediment par-
ticles by the vortex settling chamber performance will be
led to the central orifice by means of internal sweep
events (class IV-A). The external sweep events (class
IV-B) will lead the sediment particles toward the
periphery wall of the chamber and cause them to be



Fig. 10 An example of the
velocity time series from the
experiment
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piled up near the chamber’s wall. It was also attempted
to find a relationship between the values of contribution
probability of eight bursting classes. By using statistical
analysis it was found that the best correlation will be
obtained within the elements of bursting classes type A
and B separately. The proposed relationships are shown
in Table 1. It confirms the new proposed method for
event classification of class A and B in three dimensional
bursting process. Also the average contribution proba-
bility of the bursting event classes at the bed of the
chamber is shown in Fig. 12.

3.4 Transition probability of bursting processes

Three dimensional bursting processes consist of a
sequential occurrence of discrete events which is classi-

Po1 P=y Pz P4 Pios Poe Piog
P Py Po3 Py Pos P Py
Py Psoy Py Piog Pios Pios Pisy
P(I) = Piy Piso Pz Pamy Puss Pie Piog
Pso1 Psoy Psos Psog Psos Psos Psoy
Pso1 Po=2 Poss Pomd Poms Poms Posr
Pi—1 Pio2 Pio3 Pog Pios Pioe Py
Po1 Poo Ps=os Bod Pos Poe BR=g
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Time(s)

fied in eight zones. In this study, the change of events
from current situation to the next situation in a time
series is defined as movement. Here, the transition
probabilities of the movement of the events from one
zone to the next zone at each point are computed by the
following formula:

iﬂj: 17 27 37 47 57 67 77 8 (13)

Pz‘:sj = .
1

Where; n; —, ; is the number of event transition from
zone i at time (¢) to zone j at time (z+ 1) and »; is the
number of events in zone i in the time series followed by
another event, hence n; = nj— | + nj=r + nis3z + Ny +
Ni=s + Nime + Nim7 + Niss.

Therefore based the above definition 64 cases of tran-
sition probabilities can be recognized. The elements of
transition probabilities are shown in the following matrix:
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Fig. 11 Contribution
probability of the events in zone
1-8 based on three dimensional
bursting process at the bed of
vortex chamber
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The above definition was applied to the situation of events determined. Therefore, 64 transition probabilities for
at each point where velocity fluctuations were measured each point near the chamber bed were identified. It was
and the transition probabilities of bursting events were found that the stable organizations of the events have



Table 1 Proposed relationship between the contribution probabil-
ity of the events in eight bursting classes

Proposed relationships of class type A R?
P_y=-113-017P;_4 +098Py_4 + 028 Py_4 0.73
Py_4=221-071P_4+0.67Py_4+0.96 Py_y 0.51
Py4=423+073P_4+011P;_4—022Py_4 0.72
Py_4=6.04+0.68P_4+0.52Py_4 —0.72 Pyy_4 0.55

Proposed relationships of class type B R?
Pr_p=1715-04P;_p+0.6Py_p+04Py_p 0.5
Py_p=327-028P_p+017Py_p+095Py_3 0.65
Py_p=331+0.78P_5+0.32P;;_5 —0.38Py_p 0.47
Py p=222+40.19P, 3+ 0.66P; g —0.14 Py 3 0.63

Contribution probability %
)

0 ‘ ‘
A KA Ik-A  IV-A |B -B 1B IV-B

Fig. 12 Average contribution probability of the events in zone 1-
8 at the bed of vortex chamber based on three dimensional bursting
process

higher transition probabilities. For example movement of
I-A=T1-A],[[I-A=11- A|,[IIl - A =TI - A],
[V—-A =IV-A,[-B=1-B|, [I-B=11-B],
(I —B=1III—-BJand [IV—-B =1V —B] have the
highest transition probability. Also the following move-
ments of events have the least transition probabili-
ties I-AsIl-A]L[I-A<IV-A]LI-B&
IIT — BJ, [II — B < IV — B] and they are the least possible
movements. Therefore, the distribution of transition
probability of the highest probable movements at the bed
of the chamber is plotted on the bed of vortex chamber
and they are shown in Fig. 13a—h. Also the transition
probabilities were averaged for 48 points near the bed and
are shown in Table 2. It was found that at the location
where the sediment particles were accumulated the stable
organization of class type B such as [I-B=
I-B],[l-B=1-B],[IlIl-B=1III-B],[IV-B=
IV — BJ is more probable than others.

3.5 Angle of the events

The force exerted to sediment particles on the chamber
bed during events of internal and external sweep zones
(classes IV-A & IV-B) depends upon the inclination
angle of the velocity fluctuations which is called angle of
attack. Therefore, in this study the average inclination of
the velocity fluctuations from horizontal plane in
external and internal sweep zones and also the other
zones is computed by the following method:

Table 2 Average transition probability for 64 particular movements near the bed of vortex chamber

Internal

Internal inward

Internal

Internal outward
interaction (z+ 1)

External sweep

External inward
(t+1)

External
ejection
(t+1)

External outward
interaction (z+ 1)

sweep (1+1)

interaction (z+ 1)

ejection (1+1)

interaction (z+ 1)

3.70 2.50

12.26

8.55

13.22

0.87

56.27 2.63

External outward
interaction (7)

3.48
10.92

3.61
7.47

12.65
2.90

3.57

12.11

12.62 1.52
13.25 58.11 2.58

49.38

4.63
1.19

External ejection (7)
External inward

interaction (7)
External sweep (¢)

Internal outward

12.55
14.59

12.56
1.24

3.73
3.45

3.68
45.10

46.86
4.47

4.78
3.58

1.65
11.56

14.17
16.01

interaction (¢)
Internal ejection (7)

Internal inward

0.83
2.70

12.28
47.62

51.40
13.26

2.49
1.19

3.76
11.77

2.76
14.09

9.72
4.30

16.76
4.70

interaction (¢)
Internal sweep (¢)

52.68

2.43

0.88

12.00

9.23

16.14

3.47

17

3.

&3
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Fig. 13 Transition probability
of the highest probable
movements at the bed of the
chamber
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Fig. 14 Inclination angle of
three dimensional bursting
events in each zone at the bed of
vortex chamber
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0; = (14)

v/
arctan | ——
(u/2 + w/Z)

Where 0 ;s the angle of inclination from the horizontal
plane in zone i for each three dimensional bursting
events. To transform the data into a normally distrib-
uted, the Box-Cox power transformation (see Box-Cox
1964) was applied to the computed inclination angles in
each zone. Then the transformed values were averaged
and the inverse Box-Cox transformation was applied to
the mean value to determine the mean inclination angle
of each zone separately.

Therefore, based on the above method the average
inclination angle of the bursting events in each zones (1—
8) were determined for each point near the bed of the
chamber. The inclination angle of each zone was plotted
and are shown in Fig. 14a-h. It was found that at the
region where a great amount of sediment is deposited,
the bursting events have the highest inclination from the
horizontal plane. This fact was more noticeable about
the zones of class type A, which acts toward the internal
space of the chamber. It was also tried to find a rela-
tionship between the inclination angles of eight bursting
zones. Using statistical analysis, it was concluded that
the best correlation will be obtained within the inclina-
tion angles of bursting zones type A and B, separately.
The proposed relationships are shown in Table 3. It also
confirms the new proposed method of event classifica-
tion in three dimensional bursting processes. The above
Table shows that the inclination angle of one zone de-
pends on the inclination angle of the other zone which
acts in the same direction toward the internal space of
the chamber or external space of the chamber. The
average inclination angle of the bursting events from
horizontal plane in each zone near the chamber bed is
shown in Fig. 15. In addition, the average inclination
angles of each zone at corresponding radius from the
center of the chamber were computed separately. These
values were plotted against the radial distance from
center of the chamber and they are shown in Fig. 16. As
the distance increase from the center of the chamber, the
value of the inclination angle will increase until the ra-
dius becomes 35 cm. After this distance the value will

Table 3 Proposed relationship between the inclination angle of the
events in eight bursting zones

Proposed relationships of class type A R?

0r-4 =—-219—-0.50_4+0.550_4 +1.0207_4 0.89
011,,4 =-275-0.52 01—A + 0.66 0/1[7,4 + 0.98 0/1/,,4 0.9

Om—4 =441+0.740,_4+0.850;_4 —0.8101y_4 0.83
Ory—a =2.8740.6607_4 +0.61 054 — 0.39 0574 0.92
Proposed relationships of class type B R?
0r-p =—144—-0.030;_5+0.38 0775 +0.820;y_3 0.8
Op—p =—-3.39—-0.040;,_5+0.70_5 +0.43 01y _p 0.69
Ou—p =6.59+0.340,_54+0.46 05 — 0.17 01y _p 0.66
O =319+0.680; 5 +0.270;_5—0.160,_3 0.79
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Fig. 15 Average inclination angle of three dimensional bursting
events at the bed of vortex chamber for each zone
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Fig. 16 Variation of inclination angle of each zone toward the
periphery wall of the chamber near the bed of vortex chamber

decrease until reaching the periphery wall of chamber.
It shows that by increasing tangential velocity toward
the center of the chamber, the angle of attack will
decrease and the internal sweep events will perform
better in moving sediment particles toward the flushing
(Fig. 17). Therefore, near the flushing orifice there
would be no sediment deposition. Also some rela-
tionships were found between the average inclination
angle of the zones for each point and their location at
the bed of the vortex chamber and they are presented
in Table 4.
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Fig. 17 Variation of tangential velocity toward the periphery wall
of the chamber near the bed of vortex chamber



Table 4 Proposed relationships between the inclination angle of
the zones and their location at the bed of the vortex chamber

Proposed relationships R?
04 = 13.71 4+ 6.34 (r/R) 4+ 3.91 sin ¢ — 2.61 cos ¢ 0.56
Op—q4 = 1129+ 11.67 (r/R) 4+ 3.37 sin¢p — 3.33 cos ¢ 0.68
Opr—a = 12.514+9.3 (r/R) + 3.11 singp — 2.48 cos ¢ 0.59
O -4 =14.37+6.82(r/R) +3.14 sin o — 3.02 cos ¢ 0.54
0r_p = 15.07 +5.79 (r/R) +2.02 sinp — 3.12 cos ¢ 0.57
Oy—p = 1142+ 6.05(r/R) + 1.34 sinp — 1.12 cos ¢ 0.27
O—p = 14.89 + 3.11 (r/R) + 1.09 sin ¢ — 0.64 cos ¢ 0.17
O—p =139+ 5.35(r/R) + 1.28 sin ¢ — 2.55 cos ¢ 0.47

4 Conclusions

In this study, three dimensional quadrant analysis of the
velocity fluctuations was used to find the entrainment
and deposition of sediment particles at the bed of a
vortex chamber. It was found that three dimensional
quadrant analysis of bursting process is capable of rec-
ognizing the susceptible regions for sediment accumu-
lation at the bed of vortex chamber. It was also
concluded that the zones of class A, and in particular the
internal sweep events are responsible for sediment
transport toward the center of the chamber and the
flushing orifice. The events that occur inside the zones of
class B cause the sediment particles to move toward the
wall of the chamber. Also the average inclination angle
of the bursting events in each zone shows that at the
region where a great amount of sediment was piled up,
the bursting events have the higher inclination value. It
was also found that by moving toward the center of the
chamber, as the tangential velocity increases, the rate of
inclination of the events decrease.
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