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Numerical Simulation for Near Field-Behavior of Wastewater
Discharged into Stagnant Ambient in Coastal Region
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Abstract : This study developed the jet integral model to analyze the behavior of the wastewater discharge in the
near field using the fourth order Runge-Kutta method in order to numerically solve the problems of six ordinary
differential equations and six unknowns. This jet integral model used the entrainment hypothesis and the
manipulation of some shape constant. This study also conducted the hydraulic experiments for single hotizontal
buoyant jet using LIF through the calibration procedure. The results calculated by the previous models,
CORMIX 1 and VISJET, and the proposed jet integral model were compared to the hydraulic experimental
results. The centerline trajectories predicted by the proposed model were in good agreements with the experi-
mental results in the transition region whereas the trajectories calculated by the VISJIET mode! agreed well with
the measured data in the momentum and buoyancy-dominated regions. The centerline dilution calculated by the
proposed model agreed generally with the measured dilution in the intial and transition regions while the
centerline dilution predicted by the CORMIX | was in good agreements with the experimental results in the
momentum and buoyancy-dominated regions.

Keywords: wastewater, jet integral model, LIF, single horizontal buoyant jet, centerline trajectory, centerline
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Ansan sea outfall
« Capacity : 179,000 m3/day
« In operation since 1997

Masan/Changwon
« Capacity : 280,000 m?3/day
- In operation since 1993

Sokcho sea outfall
« Capacity : 46,000 m3/day
« In operation since 1999

Ulsan sea outfall(Yongyeon)
- Capacity : 250,000 m3/day
« In operation since 1995

Ulsan sea outfali{Onsan)
« Capacity : 150,000 m3/day
« In operation since 1997

Pusan sea outfall (Noksan)
« Capacity : 160,000 m3/day
« Under construction

Fig. 1. Status of main ocean outfalls in Korea.
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Table 1. Dimensions of main rosette-type diffuser outfalls
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Outfall Masan & Changwon Yongyeon Noksan Sokcho
Discharge depth (m) 13.0 25.0 -27.0 6.5 10 - 11.5
Design flow rate (m3/s) 823 4.05 8.24 1.22
i Diameter (m) 2.00 1.80 2.20 0.60
Diffuser
Length (m) 210 470 45 50
. Diameter (m) 1.35 1.35 1.20 0.60
Riser .
Spacing (m) 10.0 10.0 9.0 10.0
Port Diameter (m) 0.200 0.110, 0.120,0.125 0.500 0.225, 0.250
Number of ports in a riser 4 4 4 4
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TR 93 AP o] Yrheg. Anwar, 1969; Davidson,
1989). 71&¢] AR T HFHAES] ATS 3y
shed] 71 go) A ElE 82 CORMIX(Comell Mixing
Zone Expert System) E&¥} VISJIET(Visualization and
Lagrangian Modelling of buoyant plumes in an ambient
current) 2.3o)tk. CORMIX E&2 Ho|&HF 3o =X
CORMIX! E#o] 3 938 53 U Al 29529
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29 A9rst v} UrHMorton et al., 1956; Holley and Jirka,
1986).

ke Wi E o -d4 AA Y 90% AEE
zg, 2o E2]F Ao] A 2 9
Aol o GEA Aol tigk EAL w4 &
zHE 5= ot gdEpr] & A7olre =

she AAEGolN FYolRS ol &3t ZHalXe] &
AEg AT & e FAAEHRRY A F3
< FoH 2% 7&%?11 TE A7|HEE AAAS AL
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gk ghale] wlsl) FAIE & & A=E At =4, A
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Fig. 2. Schematic diagram of single horizontal buoyant jet.
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Table 2. Governing equations for an axi-symmetric buoyant jet

Governing Equations

Conservation of horizontal

—‘!-(Imvszcosé')
momentum flux ds

Conservation of vertical

41, 02sin6)=1,6°8;
momentum flux ds

Conservation of density

d,; 7772
4 TAp)=0
deficiency ds( a4 )

Volume flux conservation ;,d;([,,ﬁcbz) =27alU.hb

d. .
Geometric relationship d—;c = cosé), chi =siné
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& FAH ol & FARE FEE Z5A Hes
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A EE87 g Qe Lols 742 F3IHTH Wood et al,
1993).

& AEAERYA F 7] FP 2ol 67l w)A5=
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Flowyll tigk AlAFO 2 55339 de] Eollae ghe =
7132 3l AES] HAL wE o] AHolMe]
3 HH, 79, AEe & a8lu #4440 IHES F
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4.1 AEAM
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Fig. 3. Experimental setup (unit: cm).
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o)|2F HAATIE dEE gt FAISFAAAE o83}
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Aol =2FRE A FEHo g dids] A3 FHS
Zr31 It} & ZrollA] Rhodamine B9 XE 4 23
agle] 2Ade] o] F& FFAMEE 255 T1go] 2A
Qo) wl g gre 7ol o277k el el B} AY
BAE 7HAE o] dthHongwei, 2000). §EEE+=
LIF oA WAlehs 253 o] W kg3, 3
o|# Wl ofsix Ll T E ARESA ) o)
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oAl whgalA =Hu, Ae| FAlel oA W WAL
gt Ak e d3 e 3998 v YAy
Frstel AAaTA Aot weby EEFF g e 98
TEE YUgRe oz dojd 4= ok B g
M et ARl A qFa BGEE FAsie] 3
FEE 3937 5HA)7|=E M) Rhodamine B
o] FopEHER o] 590 nmo)7] wlEo] AlF I &
X 7 fAFE 580 nm X957 F3HHEIE ceD 7
Hzlel] F-2H3ltt. Bedel= A4 o s 3l
= 532 nm&} RS W7 W& oJH3A Ft

4.3 LIF A|Age] Y

LIF Al=RlellA] Z-739-L glolA kg 2ot &
A58 EXE 7HAe A 59 v o 1l
Za7} dlshks BAE aias)y| Slske et 2 4
ToAAM AATHE A e HAHYAE 600 mm
(L)x200 mm(W)x800 mm(H) 7159 FHol=2d g3
A, 719 A5 E2] Rhodamine BE EY3H &AL =)
31 o]5 Fhlgke] S el A3} B A7
Me ARG Tt 22N, olnlA)9] A7)9} $A,
FlllE} 9=, 9] Fol, Blo)A ME To) 248 B
AYoH| A g A& vl T T3 st A
A& A7) Aol T 79 oju A7t 83|, A
Solle YA AR BES A Y ovAE &
Qstar, 7 HAl= 71X YAE=2] Rhodamine BE
TI Z EREHEE 3 2 ojnAE Y3t

ARG A B3 W] v2e g £ A9 o
v Ad) kel Ao g AA3H. AR E& A9
He AAFZE oA Firlgiell ] "Holdl HAee] ¢
e XY AT Qo] . 2vRE 2 A
oM A4S TS oS3 22 2o o3 Alskd
= 1t (Hongwei, 2000).
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Table 3. Experimental conditions for single horizontal buoyant jets in still ambient water

Case U, (m/s)

g, (is)) p, (kg/m®) p, (kg/m®) <108 (m¥s”)  Myx10% (m*s?)

Ly, (m) F; Re

0.0400
0.0400

998.87
998.87

994.80
994.80

SHO1J 0.0914
SH02J 0.1091

00272 963 3%
00325 1150 472

2.99 7.87
3.56 11.21
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Fig. 5. Instantaneous images captured by LIF.
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Fig. 6. Centerline trajectories of single horizontal buoyant jets.
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Fig. 7. Centerline dilutions of single horizontal buoyant jets.
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