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A Study on Intermal Flow Characteristics of T Branch
using CFD Analysis
CHUL HEE JO, MYEONG JOO KIM, SEOK JIN CHO, SU JIN HWANG

Department of Naval Architecture and Ocean Engineering, Inha University, 100 Inha-ro, Nam-gu, Incheon, 22212, Korea

Abstract >> This study describes the effect of T branch shape on internal flow characteristics inside itself. Continuity
and three-dimensional Reynolds-averaged Navier-Stokes equation have been used as governing equations for the
numerical analysis. The T branch was modeled assuming that it is used for Alaska pipeline project which was
planned to provide reliable transportation of natural gas from ANS to Alaska-Yukon border. Therefore the characteristics
of T branch and operating condition of pipeline were from report of Alaska pipeline project. The nine T branch
shapes were analyzed and the mass flow rate ratio between mainline and branch was assumed to be 0.95 : 0.05,
0.9 : 0.1, 0.85 : 0.15. The results shows that there are typical flow patterns in T branch and the shape of T branch
makes some differences to the internal flow of branch rather than mainline.
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Table 1 T-branch specification =
@ 1148
Description Specification é L1 /
Diameter (D) 1,219mm (48inch) =
Thickness (t) 23.8mm (0.932inch) T tomon 200000 5000000 4000000 5,000,000
Radius of branch (Rb) 3R, 5R, 7R Number of nodes
Distance (A) 1D, 3D, 5D Fig. 2 Grid dependency test (1D-3R T branch)
' Qutlet2
1D_¢(’_$_§R
L 1
Inet 25D : 35D Outlet1

Fig. 1 1D-3R T branch configuration
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Species transport model-

Table 2 Boundary condition and Model

Description Analysis condition
Inlet Total pressure : 17.2MPa
Total temperature : -1°C
Outletl Velocity Magnitude : 7.39, 7.00, 6.61 m/s
Outlet2 Velocity Magnitude : 0.39, 0.78, 1.17 m/s
Wall Shear Condition : No-slip
Roughness Height : 0.04572mm
Turbulence Model| k- & Realizable (Standard wall function)

Table 3 T-branch specification

Gas Component Lean Gas (MOLE %)
Na 0.7
CO, 1.5
C 89.9
G 5.8
G 1.7
Cy 0.3
Cs 0.1
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(a) 1D-3R T branch (0.95 : 0.05)

(b) 1D-3R T branch (0.9 : 0.1)

(c) 1D-3R T branch (0.85 : 0.15)

(d) 1D-5R T branch (0.95 : 0.05)

(e) 1D-5R T branch (0.9 : 0.1)

(f) 1D-5R T branch (0.85 : 0.15)

(g) 1D-7R T branch (0.95 : 0.05)

Fig. 3 Velocity contours (1D-XR T branch)
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(h) 1D-7R T branch (0.9 : 0.1)

(i) 1D-7R T branch (0.85 : 0.15)
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(a) 1D-3R T branch (0.95 : 0.05) (b) 1D-3R T branch (0.9 : 0.1) (c) 1D-3R T branch (0.85 : 0.15)

(e) 1D-5R T branch (0.9 : 0.1) (f) 1D-5R T branch (0.85 : 0.15)

(g) 1D-7R T branch (0.95 : 0.05) (h) 1D-7R T branch (0.9 : 0.1) (i) 1D-7R T branch (0.85 : 0.15)

Fig. 4 Turbulence kinetic energy contours (1D-XR T branch)

(a) 3D-3R T branch (b) 3D-5R T branch (c) 3D-7R T branch

(d) 5D-3R T branch (e) 5D-5R T branch (f) 5D-7R T branch

Fig. 5 Velocity contours (0.85 : 0.15)
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(a) 3D-3R T branch
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(a) 5D-3R T branch

Fig. 6 Turbulence kinetic energy contours (0.85 : 0.15)
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(b) 3D-5R T branch

(a) 5D-5R T branch
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(c) 3D-7R T branch
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(a) 5D-7R T branch
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