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Table 1 Flow Condition

Main pipe Branch Pipe
Diameter [m] 0.108 0.021
Maximum Velocity [m/s] 1.2 0.6
(Converted mean velocity) (0.99) (0.48)
Re (Max. velocity) 1.05 x 105 2.08 x 104
Temperature [°C] 20 60
Bulk Momentum 3.26 0.123

Table 2 Main Specification of DINUS-3
Basic Formulation
Instantaneous Navier-Stokes Equation

Numerical Method

Discretization Finite Differential Method

Matrix Solver ICCG
Discretization Scheme

Convection Term | 3rd-order Upwind

Diffusion Term 2nd-order Central Differential

Time Integration | 2nd-order Euler
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Ar laser sheet

¢ Impinging jet

® Deflecting jet

@ Wall jet

< Impinging /Deflecting jet

O Deflecting /Re-attachment jet =
A Re-attachment jet
A Re-attachment /Wall jet

Mixing area

Water jacket

Flow

Mm = pmx(Dm ><l)b)x‘/nf
M, = p, X(Db/z)zva2

Buffer tank

100.00
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(C) Re-attachment Jet

(B) Deflecting Jet

|
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1.0 10,0 W Impinging Jet
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Fig.1 Flow Pattern Map of Branch Pipe Jet without Elbow

(A) Impinging jet.
(B) Deflecting jet:
(C) Re-attachment jet.

(D) Wall jet:

Branch pipe jet impinges on the opposite wall over the center
axis of the main pipe.

Branch pipe jet mainly flows through the central part in the
main pipe.

Branch jet comes to the center part of main pipe and
attaches the lower surface at the downstream.

Branch pipe jet flows along the lower surface of the main

pipe.



200

189

D, =108
Main
flow

Branch Case-A: Parallel Flow
flow
l Branch

D,=15,21,31 gow A~ ‘M.
ain
R.=152.4 w flow

Case-B: Opposite Flow

Main
‘flow S
(Side view) (Top view)
Fig.2 T-junction Pipe Configuration
for Numerical Simulation
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Fig.3 Mesh Arrangement of T-junction Pipe
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Outlet

Inlet

(Side View) (Cross-sectional View)
Fig.4 Mesh Arrangement of Elbow

Outside Inside Outside Inside
(a) Calculation (b) Experiment
Fig.5 Elbow Flow Pattern in Calculation
Calculation: Re=105,000, Dm=108[mm], R /Dm=1.41, Water
Experiment: Re=60,000, Dm=104[mm], R o/Dm=1.5, Air

Main pipe' flow

? A

Branch pipe jet

Time=2.82[s] Time=2.82(s]

Elbow flow direction

(Case-A: Parallel flow) (Case-B: Opposite flow)
Fig.6 Instantaneous Temperature Distribution
in Vertical Cross-section along the Center of Main Pipe.
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Elbow flow direction

(Case-A: Parallel flow) (Case-B: Opposite flow)
Fig.7 Fluid Temperature Fluctuation and Time Averaged Velocity Field
on the Vertical Cross-section along the Center of Main Pipe.

Time=0.78(s)

Time=0.78(s]
(Case-A: Parallel flow)

Time=0.22(s]

&\Z/A’ Time=0.84[s]

(Case-B: Opposite flow)
Fig.8 Horseshoe Eddy Structure in T-junction pipe at Instantaneous Result.
(Left side view shows a half side of the eddy structures
with temperature distribution)



(Case-A) (Case-B) (Case-A) (Case-B)
Fig.9 Time averaged Fluid Temperature  Fig.10 Fluid Temperature Fluctuation
on the Horizontal Cross -section on the Horizontal Cross -section
in Various Heights. in Various Heights.

1.0Dn,

Mixing
point.

(Case-A) (Case-B) (Case-A) (Case-B)
(Projective view from outside of main pipe (Projective view from outside of main pipe
and “O" shows the branch pipe location) and “O” shows the branch pipe location)

Fig.11 Time averaged fluid temperature  Fig.12 Fluid Temperature Fluctuation
At the near surface to the wall (2.5[mm)] inside from the wall surface)
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Twin eddies of secondary flow

Branch pipe jet direction

(Case-A: Parallel flow) (Case-B: Opposite flow)
Fig.13 Temperature Fluctuation and Time averaged Velocity Field of Secondary Flow.




