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* Primitive Equation

33 Gaussian elimination for sparse linear systems
* Fast solver

% Classical iterative methods

% Multigrid
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** Modelling disinfection kinetics
* Disinfection By-Products

*® trihalomethanes

*® dichloroacetic

*" trichloroacetic
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? Log- low velocity profile
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volume create width 0.9361 depth 1.9943 height 0.5525 offset 0.46805 0.99715 +.YY1Ye \brick

coordinate create cartesian oldsystem "¢ _sys.1" offset 0 0.1628 0 axisl "x \ "anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset 0.3663 0.02035 +.YY1Ye \ brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.2" offset 0.9361 0.2035 0 axis1" \ x" anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset -0.3663 0.02035\0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.3" offset -0.9361 0.2035 0 axis1" \x" anglel 0 axis2 "y" angle2 0 axis3
"z" angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset 0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.4" offset 0.9361 0.2035 0 axis1" \x" anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset -0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.5" offset -0.9361 0.2035 0 axis1\ " x" anglel 0 axis2 "y" angle2 0 axis3
"z" angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset 0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.6" offset 0.9361 0.2035 0 axis1" \x" anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset -0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"
coordinate create cartesian oldsystem "c_sys.7" offset -0.9361 0.2035 0 axis1"\x" anglel 0 axis2 "y" angle2 0 axis3 "z"

angle3 0 rotation
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volume create width 0.7326 depth 0.0407 height 0.5525 offset 0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.8" offset 0.9361 0.2035 0 axis1"\ x" anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset -0.3663 0.02035
volume subtract "volume.1" volumes "volume.2"

coordinate create cartesian oldsystem "c_sys.9" offset -0.9361 0.2035 0 axis1"\ x" anglel 0 axis2 "y" angle2 0 axis3 "z"
angle3 0 rotation

volume create width 0.7326 depth 0.0407 height 0.5525 offset 0.3663 0.02035\ 0.27625 brick
volume subtract "volume.1" volumes "volume.2"

coordinate activate "c_sys.1"

vertex create coordinates 0 0 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 0.1628 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 1.9943 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 1.8315 0.5118

coordinate activate "c_sys.10"

face split "face.3" virtual vertices "vertex.155" "vertex.156" tolerance\ ' e-05
coordinate activate "c_sys.1"

vertex create coordinates 0 0.0407 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"
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vertex create coordinates 0 0.0407 0.5525

coordinate activate "¢_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 0.0814 0.5525

coordinate activate "c_sys.10"

vertex create coordinates 0 0.0814 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 0.1221 0.5118

coordinate activate "c_sys.10"

coordinate activate "c_sys.1"

vertex create coordinates 0 0.1221 0.5525

coordinate activate "¢_sys.10"

face split "v_face.83" virtual vertices "vertex.161" "vertex.162" tolerance\ ) e-05
face split "v_face.90" virtual vertices "vertex.160" "vertex.159" tolerance\ ) e-05
face split "v_face.92" virtual vertices "vertex.157" "vertex.158" tolerance\ ' e-05
edge picklink "edge.25" "edge.27" "edge.34" "edge.32" "edge.48" "edge.50\ "

" edge.53" "edge.55" "edge.69" "edge.71" "edge.78" "edge.76" "edge.92\ "

" edge.94" "edge.99" "edge.97" "edge.115" "edge.113" "edge.122" "edge.120\ "

" edge.136" "edge.138" "edge.143" "edge.141" "edge.157" "edge. 159\ "

" edge.180" "edge.182" "edge.164" "edge.166" "edge.185" "edge. 187\ "

" edge.201" "edge.203" "edge.208" "edge.210" "edge.4" "edge.12" "edge. O\ "

" edge.1"

edge mesh "edge.1" "edge.12" "edge.4" "edge.210" "edge.208\ "

" edge.203" "edge.201" "edge.187" "edge.185" "edge.166" "edge.164\ "

" edge.182" "edge.180" "edge.159" "edge.157" "edge.141" "edge.143\ "
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" edge.138"edge.120" "edge.122" "edge.113" "edge.115" "edge.97\ "

" edge.99" "edge.94" "edge.92" "edge.76" "edge.78" "edge.71" "edge.69\ "
" edge.55" "edge.53" "edge.50" "edge.48" "edge.32" "edge.34" "edge.27\ "
" edge.25" successive ratiol 1 size 0.0407

edge picklink "edge.207" "edge.163" "edge.119" "edge.75" "edge.11" "edge.56\ "
" edge.100" "edge.144" "edge.188"

edge mesh "edge.188" "edge.144" "edge.100" "edge.56" "edge.11" "edge.75\ "

" edge.119" "edge.163" "edge.207" successive ratiol 1 size 0.0407

edge picklink "edge.3" "edge.179" "edge.135" "edge.91" "edge.47" "edge. 160\ "
" edge.116" "edge.72" "edge.28"

edge mesh "edge.28" "edge.72" "edge.116" "edge.160" "edge.47" "edge. 91\ "

" edge.135" "edge.179" "edge.3" successive ratiol 1 size 0.0407

edge picklink "edge.10" "v_edge.216" "edge.204"

edge mesh "edge.204" "v_edge.216" "edge.10" successive ratiol 1 size 0.0407
edge mesh "edge.2" successive ratiol 1 size 0.0407

edge picklink "edge.8" "v_edge.217" "edge.205" "edge.196" "edge.194\ "

" edge.184" "edge.183" "edge.173" "edge.171" "edge.162" "edge. 161\ "

" edge.152" "edge.150" "edge.140" "edge.139" "edge.129" "edge. 127\ "

" edge.118" "edge.117" "edge.108" "edge.106" "edge.96" "edge.95" "edge.85\ "
" edge.83" "edge.74" "edge.73" "edge.64" "edge.62" "edge.41" "edge.39\ "

" edge.30" "edge.20" "edge.18" "edge.52" "edge.51" "edge.6"

edge mesh "edge.6" "edge.51" "edge.52" "edge.18" "edge.20" "edge.30\ "

" edge.39" "edge.41" "edge.62" "edge.64" "edge.73" "edge.74" "edge.83\ "

" edge.85" "edge.95" "edge.96" "edge.106" "edge.108" "edge.117" "edge.118\ "
" edge.127" "edge.129" "edge.139" "edge.140" "edge.150" "edge.152\ "

" edge.161" "edge.162" "edge.171" "edge.173" "edge.183" "edge.184\ "
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" edge.194" "edge.196" "edge.205" "v_edge.217" "edge.8" successive ratiol 1\
size 0.0407

edge picklink "v_edge.215" "v_edge.213"

edge mesh "v_edge.213" "v_edge.215" successive ratiol 1 size 0.0407

edge picklink "v_edge.212" "v_edge.226" "v_edge.221\"

" v_edge.214" "v_edge.222" "v_edge.224" "v_edge.227" "v_edge.229\ "

" v _edge.234" "v_edge.232" "v_edge.233" "v_edge.235"

edge mesh "v_edge.235" "v_edge.233" "v_edge.232" "v_edge.234" "v_edge.229\"

" v _edge.227" "v_edge.224" "v_edge.222" "v_edge.214" "v_edge.221\"

" v_edge.226" "v_edge.231" "v_edge.212" successive ratiol 1 size 0.0407

volume mesh "v_volume.2" submap size 1

physics create "lid" btype "WALL" face "v_face.89"

physics create "outlet" btype "PRESSURE OUTLET" face "v_face.87"

physics create "inlet" btype "VELOCITY INLET" face "v_face.91" "v_face.94"

physics create "concentration" btype "VELOCITY INLET" face "v_face.93"

physics create "concentration" btype "VELOCITY INLET" face "v_face.95"

physics modify "concentration" btype label "concentration3" face "v_face.93"

physics modify "new_concentration" btype label "concentration2" face\ " v_face.95"

export fluent5 "default id5260.msh"
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file read " compart.msh"
grid check
define materials change-create air water yes constant 1000 no no yes constant .001 no yes no no no no no
define materials change-create water rodamin no no no no no no yes no no no no
define models species no mixture-template inlet-diffusion yes no

define materials change-create mixture-template mixture-template no 2 rodamin water 0 0 no no no no yes constant-
dilute-appx 1 .0015 no no

define operating-conditions gravity yes 0 0 -9.81

define boundary-conditions velocity-inlet concentration2 no yes yes yes no .1765 no 0 no 0 no 300 no 0
define boundary-conditions velocity-inlet concentration3 no yes yes yes no .1765 no 0 no 0 yes 300 no 0
define boundary-conditions velocity-inlet inlet yes yes yes yes no .1765 no 0 no 0 no 300 no 0

define boundary-conditions wall lid 0 no 0 no no no 0 no yes motion-bc-moving no yesno 1 1 1 0 no yes
define boundary-conditions wall wall 0 no 0 no no no 0 no no no yes

define boundary-conditions fluid fluid no no yes 0 0 0 0 0 0 no no

define boundary-conditions pressure-outlet outlet no 0 no 300 no yes no 0 no yes

surface point-surface p-1 0.46805 0.0814 0.48875

surface point-surface p-2 0.46805 0.2849 0.48875

surface point-surface p-3 0.46805 0.4884 0.48875

surface point-surface p-4 0.46805 0.6919 0.48875

surface point-surface p-5 0.46805 0.8954 0.48875

surface point-surface p-6 0.46805 1.0989 0.48875

surface point-surface p-7 0.46805 1.3024 0.48875

surface point-surface p-8 0.46805 1.5059 0.48875

surface point-surface p-9 0.46805 1.7094 0.48875

surface point-surface p-10 0.46805 1.9129 0.48875

surface point-surface p-11 0.02035 1.9129 0.53215

define models viscous ke-standard no
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solve set equations yes ke no temperature no

solve monitors residual plot yes

solve initialize compute-defaults velocity-inlet outlet
solve iterate 200

surface iso-surface y-coordinate compart-1 () () 0.0814()
surface iso-surface y-coordinate compart-2 () () 0.2849()
surface iso-surface y-coordinate compart-3 () () 0.4884()
surface iso-surface y-coordinate compart-4 () () 0.6919()
surface iso-surface y-coordinate compart-5 () () 0.8954()
surface iso-surface y-coordinate compart-6 () () 1.0989()
surface iso-surface y-coordinate compart-7 () () 1.3024()
surface iso-surface y-coordinate compart-8 () () 1.5059()
surface iso-surface y-coordinate compart-9 () () 1.7094()
surface iso-surface y-coordinate compart-10 () () 1.9129()
define user-defined interpreted "initial.c" "cpp" 10000 no

define boundary-conditions velocity-inlet concentration2 no no no yes no .1765 no 0 no 0 no 300 yesno 1 no 1 yes
"udf" "transport"

define models unsteady-1st-order yes
solve set equations flow no ke no species-0 yes temperature no

solve monitors surface set-monitor monitor-1 "Vertex Average" rodamin p-1 () yes 1 no yes "compart-1" 1 yes time-
step

solve monitors surface set-monitor monitor-2 "Vertex Average" rodamin p-2 () yes 2 no yes "compart-2" 1 yes time-
step

solve monitors surface set-monitor monitor-3 "Vertex Average" rodamin p-3 () yes 3 no yes "compart-3" 1 yes time-
step

solve monitors surface set-monitor monitor-4 "Vertex Average" rodamin p-4 () yes 4 no yes "compart-4" 1 yes time-
step

solve monitors surface set-monitor monitor-5 "Vertex Average" rodamin p-5 () yes 5 no yes "compart-5" 1 yes time-
step

solve monitors surface set-monitor monitor-6 "Vertex Average" rodamin p-6 () yes 6 no yes "compart-6" 1 yes time-
step
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solve monitors surface set-monitor monitor-7 "Vertex Average" rodamin p-7 () yes 7 no yes "compart-7" 1 yes time-
step

solve monitors surface set-monitor monitor-8 "Vertex Average" rodamin p-8 () yes 8 no yes "compart-8" 1 yes time-
step

solve monitors surface set-monitor monitor-9 "Vertex Average" rodamin p-9 () yes 9 no yes "compart-9" 1 yes time-
step

solve monitors surface set-monitor monitor-10 "Vertex Average" rodamin p-10 () yes 10 no yes "compart-10" 1 yes
time-step

solve monitors surface set-monitor monitor-11 "Vertex Average" rodamin p-11 () yes 11 no yes "outlet" 1 yes time-step
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Abstract

A three-dimensional numerical model has been developed to simulate flow and tracer
transport processes in disinfection contact tanks. The model has two options, i.e. for
laminar and turbulent flow, which for turbulent flow is based on the time dependent
Reynolds-Averaged Navier-Stokes equations, with a hydrodynamic pressure distribution
being incorporated in the model. The used numerical method for solving equations is
similar to that of MAC structures. For modeling of the water surface, the rigid lid
approximation was considered. Two methods were used for simulation of turbulence. The
first method involves prandtl’s mixing length with zero equation and second method was
the widely used k — € model. The model was applied to laboratory model of Embsay
contact tank, which is operated by Yorkshire Water. The results showed good agreement
between numerical and experimental data. For model efficiency the computer code were
developed for conservative tracer transport in which advection and diffusion terms were
considered. Different configuration of baffling and also the inlet arrangement were
analyzed and their efficiency indexes were computed. Results showed that the tank
efficiency was highly dependent upon the baffle structure. Finally the new configuration
was proposed which outperforms other previous numerical model considering better
efficiency index.

Keywords: disinfection, three dimensional turbulence modeling, finite difference,
Hydrodynamic pressure, efficiency indexes, chlorine contact tanks
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