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A Comparative Study of Two-Dimensional Numerical Models for Surface

Discharge of Heated Water into Crossflow Field
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Abstract (1 For an accurate prediction of the temperature field induced by heated water discharged
into a shallow crossflow, a two-dimensional near-field numerical model is developed. It is based
on a 4-equation turbulence model in which the transport equations for mean of the temperature
fluctuation squared and its dissipation rate are added to those of a 2-equation turbulence model
which cannot give the information of the thermal time scale ratio. Vertical diffusion is also considered
by including buoyancy production and turbulence heat flux terms. The developed model is applied
to a steady flow in an open channel with simple geometry and the results are compared with existing
experimental data and those of the already established 2-equation turbulence model. Numerical results
of the model agree with the experimental data better than those of the 2-equation model. The present
model also simulates quite adequately the physical characteristics of thermal discharge in the jet
entrainment and stable regions.

24} ol

1. #%

=0

BRAR o2 ALEz Q) ueAE 3

Jae) 97 D SRR ael A WEHE Lo
e 2 o] B AW L FA%l o s
W ek Lule] el S4EAe Wrkgde
A% 2 &5 P27 A Qe A9 s o

F4 s3] 9E BABY P AYA B2 Swely
e Fesh g, Luld SFeae dg A

4% 2o Y 5 wedo] Ba st T34 AL
Agste 92 dell s 19800 EE 2w}
D70 FlAE Japel o FAle) L2 A5t
e} $A 2y QA7) tge] Selng Y o e

©1(1990), Ro et al(1992), #A(1993), #H S(1993))
o pARY A¢rt FEI N&HI 9rk
Sl AR YL ST RE it 7R
of wie} Zale, Hojsd, Al myow FE
o, 3 2y Ayl we} AP
(Empirical model), %% 3 (Integral model), %
2 3(Numerical model) 2 & &% 4 9cKDemu-
ren, 1987). Table 12 239 $x 2 5t 7| & 9]

AT-E Ael3F Aol :LSH*’—”] T l He 2uie)
5F % 2= EA4& vEE 95944, Reynolds
WA A, Aef/d FEubd A 1’]'11‘“;1;“ g g

*2S KB +KIT2E (Department of Civil Engineering, Seoul National University, Seoul, Korea)
**FAKEBB HARTEF (Department of Civil Engineering, Sang Ji University, Wonju, Korea)



7F2EE KO R MiHEE 2T RERSK BEEE LR 41

Table 1. Summary of previous investigations for near field models

Numerical scheme

. Turbulence
Authors Dim.
terms Spatial derivative ~ Convection term Solution technique

Barry and Hoffman (1972) 2 Prandti Forward Upstream Explicit
Chen and Rodi (1975) 2 3-eq. SIMPLE
Waldrop and Farmer (1975) 3 0-eq. Explicit
McGuirk and Redi (1978) 2 k-g SIMPLE
Rastogi and Rodi (1978) 23 ke Centered Upstream Implicit
McGuirk and Rodi (1979) 3 k¢ Centered Upstream Implicit
Raithby and Schneider (1980) 3 k¢ Centered Upstream Implicit
A3 A (1981) 2 ke STAN-5
213 A (1982) 2 k-e CHAMPION
Bt A (1983) 2 4-eq. CHAMPION
Demuren (1983) 3 k€ HCU QUW QUICK
Demuren and Rodi (1983) 3 k-€ Upstream Upstream

Sini and Dekeyser (1985) 3 2MTC M-SIMPLE
Chen and Singh (1986) 2 k¢ Centered Upstream GENMIX
Haoging er al. (1987) 2 k-¢

Yoon et al (1987) 2 0-eq. Centered Doner-cell GS using SOR
Raithby er al (1988) 3 k¢ Upstream Upstream SIMPLE
e} o] (1990) 3 4-eq. SIMPLE
Yu and Zhang (1989) 2 k-w SIMPLE (FVM)
H E (1993) 2 ke SIMPLE
*HCU=hybrid central/upwind scheme

QUW =quadratic upstream weighted method

2MTC=2nd moment turbulence closure

M-SIMPLE =modified SIMPLE

FVM =finite volume method
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Table 2. Empirical constants in turbulence models

Turbulence constants C C, Oy [ Cir Cor C or Ger
Numerical value adopted 143 192 10 13 32 0.5 0.85 10 10
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Fig. 1. Channel layout and associated boundary condi-
tions.
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Fig. 2. Staggered finite-difference grid system.
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Fig. 3. Centerline trajectory.

Run # u{m/s) vAm/s) Rtvalu,) T4C) TAC) F; b(m) Remark
1 0.100 0.201 2.01 300 200 5.64 0.064~0.0064 Yu and Zhang
2 0.100 0493 493 300 200 13.84 0.064~0.0064  Yu and Zhang
3 0.100 0.980 9.80 300 200 27.51 0.064~0.0064  Yu and Zhang
4 0.050 0.490 9.80 29.6 200 1418 0.0064 Carter’s experiment
5 0.050 0.2465 493 29.6 200 7.10 0.0064 Carter's experiment
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Hi= Recirculation eddy height
L = Reattachment length
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Fig. 4. Flow configuration and streamline pattern.
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Fig. 5. Reattachment length.
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Fig. 6. Recirculation eddy height
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c) Temperature ficld

Fig. 7. Result of 2-equation turbulence model.
(Run #5)
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Fig. 8. Result of 4-equation turbulence model.
(Run #5)
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Fig. 9. Result of 2-equation turbulence model.
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Fig. 10. Result of 4-equation turbulence model.
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