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In this study, Direct Numerical Simulations (DNS) were employed to investigate heat transfer in turbulent
open-channel flows with constant temperature at the free-surface and the bottom wall. Numerical calculations were
conducted for Prandlt number 5.0 with the neutral (passive scalar) or stable stratification (Ri=27.6) cases, while
turbulent Reynolds number of 200, based on the friction velocity and flow depth. As the results, thermal mixing and
the influence of buoyancy for turbulent structures and heat transfer mechanism were revealed. And, the evaluation of
the reproduction of Large Eddy Simulation (LES) used the Buoyancy Smagorinsky model was carried out, via DNS
database.
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Fig.4 Shear stress profiles (a) Neutral case

Tablel Numerical condition of DNS 12
R, Grid Resolution Pr Ri 1 U |
Number | (Ax"A)"A 2 ﬁ 0.8 — Total shear stress
(x, 7, 2) = — -1/Re *y++l i
DNS | 200 | 256,131,256 | 5.0,0.26-2,2.5 | 5.0 - I 0.6 ! _
DNS | 200 | 256,131,256 | 5.0,0.26-2,2.5 5.0 27.6 g Re; =196.5
R, =u; hiv : Turbulent Reynolds number, u, : friction velocity of 0 0.4~ 7]
neutral stratification case, /; flow depth, Pr=a /v : Prandtl number, 0.2 ,
Ri=B gA Thlu, *: Richardson number Ot oD
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+

y
Fig.4 Shear stress profiles (b) Stable case
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Fig.7 Wall-normal turbulent heat flux profiles Y
Fig.8 Kolmaogorov length scale profiles
Table2 Numerical results of DNS
R, uU,’ A Re,, Ccf Nu
Neutral 200 16.05 18.7 3211 7.607x 10° 15.96
Stable 196.5 17.6 223 3523 6.223x 10° 7.43
R, =u; hiv : Turbulent Reynolds number, U,: Bulk mean velocity, U,: Mean velocity at the free-surface
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Fig.9-1 1D energy spectra
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Fig.9-2 1D energy spectra
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Fig.9-3 1D energy spectra
(Near surace, Streamwise,Neutral)
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Fig.9-4 1D energy spectra
(Near surace, Streamwise, Stable)

: Bulk Reynolds number, Cf: Friction drag coefficient, Nu: Nusselt number
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Fig.9-5 1D energy spectra
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Table3 Numerica conditions of LES

R, Grid Resolution pr Ri
Number (A XAy Az
(., 2)
LES | 200 | 3240,32 40,1.0-13.820 | 50 -
LES | 200 | 32,4032 40,1.0-13.820 | 50 | 27.6
LES | 200 | 324032 40,1.0-13.820 | 50 | 454
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Fig.10-1 Mean velocity profile Fig.10-2 Mean velocity profile
(Neutral case) (Stable case)
a T T T
| T T T R
3L oo tyms—— (DNS). O (LES) _|
5 ums — (DNS). O (LES) | + % vims—— (DNS) & (LES)

© Vims —— (DNS) & (LES)
© o wms —(DNS) O (LES) -
o

Fig.11-1 Turbulent intensity profiles
(Neutral case)
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Fig.12-1 Mean scalar
and wall-normal turbulent heat flux profiles
(Neutral case)
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(1) Near free-surface, y*=192.03, DNS data (4) Near wall, y"=14.37, DNS data
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(2) Near free-surface, y'=192.03, Filtered DNS data
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Fig.13 Instantaneous temperature field (Neutral case, top view)
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