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Friction loss of multi-purpose stormwater tunnel simulated by Flow 3D
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Abstract The extreme floods recently are have been attributed global warming, The development of a canal tunnel
to prevent floods by making a bypass or undercurrent to flood discharge in a major flooding area is required because
urban flooding in heavy rainfall occurs frequently, increasing the impermeability according to lack of capacity in
sewage to urbanization by the existing urban basin. In this study, a numerical simulation was performed to support
design standards for a multi-purpose waterway tunnel combined road tunnel of canal tunnel. The numerical simulation
showed that the size of the friction loss occurring in the tunnel section of the same channel occurred more than the
theoretically calculated frictional loss derived from the numerical simulations. This is probably due to the additional
frictional loss caused by the change in the flow structure due to the geometry of the pipe when the shape of the
channel is non-circular. The increase in friction loss was more pronounced in the laminar flow than in the turbulent
flow. Depending on the shape of the conduit, the friction loss should be adjusted for accurate flow calculations. This
result can provide the basin information about the design of flood by a pass conduit.

Keywords : Flow 3D, Friction loss, Hydraulic experiment, Multi-functional stormwater tunnel, Numerical simulation
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Fig. 1. Double-deck TBM tunnel example

N
pr

2 bS]

B Ao M= Kim et al. (2016)3} 7[R 2 B2
o] b4 el F71sh uly|E AR ARGEE R
& $REUR o3k 4%, TRFR f3l g v
£AA5E Aeah F 67b49) F3E Table 13}
2t Cased 3l A= (104 44T FFE 5
sk A3l



S| Eersl=EA) Asd A3E, 2017

Table 1. Discharge cases

Cases Discharge (mg/ S)
1 56.57
2 78.67
3 100.0
4 120.0
5 135.0
6 150.0
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Table 2. Boundary applied model

Mesh boundary Direction Boundary Type Input Type
X min Volume flow rate Discharge & Fluid elevation
X max Symmetry -
Y min Wall -
Inlet detention pond — wal -
Z min Wall -
Z max Symmetry -
X min Symmetry -
X max Symmetry -
Y min Wall -
Tunnel — Wall -
Z min Wall -
Z max Wall -
X min Symmetry -
X max Volume flow rate Discharge & Fluid elevation
Outlet detention pond Y min Wall .
Y max Wall -
Z min Wall -
Z max Wall -
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Fig. 4. Pressure value according to the 6 different discharges
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Fig. 5. Hydraulic grade line along the stormwater tunnel using FLOW-3D
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Fig. 6. Head loss compared hydraulic experiment with Flow 3D and assumed circular pipe
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Table 3. Measured and calculated frictional loss coefficient in the discharge cases
g
Discharge Frictional loss coefficient Frictional loss Frictional loss
Cases of model Reynolds number (Kim et al. 2016)) coefficient using coefficient assumed
(m?/s) ' Flow 3D circular pipe
1 0.00318 25,724(Laminar flow) 0.0383 0.0338 0.0228
2 0.00445 40,201 (Transition flow) 0.0256 0.0235 0.0217
3 0.00566 51,132(Turbulent flow) 0.0238 0.0230 0.0209
4 0.00679 61,340(Turbulent flow) 0.0235 0.0223 0.0204
5 0.00764 68,991(Turbulent flow) 0.0229 0.0225 0.0200
6 0.00849 76,697(Turbulent flow) 0.0221 0.0216 0.0197
0.040 I I
\ |
0.035 | |
—o—Frictional loss coeflicient using hydraulic experiment
| ——Frictional loss coefMicient using Flow 3D
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flow | flow | flow
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Fig. 7. Comparison of frictional loss coefficient according to the Reynolds number
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