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A Study on Velocity Distribution Characteristics for Each Location and
Effectiveness of Straight Duct Length in a Square-sectional 180°
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Abstract This study numerically analyzes the characteristics of the velocity distribution for each location of a
square-sectional 180° bent duct using a Reynolds Stress Turbulent model. The flow parameters were varied, including
the working fluids, inlet velocity, surface roughness, radius of curvature, and hydraulic diameter. The boundary
conditions for computational fluid dynamics analysis were inlet temperatures of air and water of 288 K and 293 K,
inlet air velocity of 3-15 m/s, inner surface roughness of 0-0.001 mm, radius of curvature of 2.5-4.5 D, and hydraulic
diameter of 70-100 mm. The working fluid characteristics were highly affected by changes in the viscous force. The
maximum velocity profiles in the bent duct were indicated when the 90° section was in the region of X/D=0.8 and
the 180° section was in the region of Y/D=0.8. Lower surface roughness and higher radius of curvature resulted in
a higher rate of velocity change. Also, an efficient measuring location downstream of the bent duct is suggested since
the flow deviations were the most stable when the straight duct length was in the region of L/D=30. The minimum
deviations at the same velocity conditions according to the hydraulic diameter were mostly indicated in the range of
L/D=15-30 based on the standard deviation characteristics.
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Table 1. Basic specifications
bended duct

of square-sectional 180°

Square section (D x D) 88.9x88.9 mm?
Radius of curvature 3.357D
Front straight length 5D
Rear straight length 10D*
Inlet velocity of air 9.2 m/s
2.2 X|H{EEA
B ATl A 1800 He] W F-f-5-& 3k A/,
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Fo) WFLA W3 4% 7, 44 FE 2 4ol
Rk e B39 35l 43¢t RSM(Reynolds
Stress Model) W2 @S ARESIAT A a4 Ao
AHEE ASLAA, FEFLEA B Hels=gHs &
7 A% 5NN S e 2k
- A%
0
—(/mz-) =0 1)
0; )
N i ir
1o} D 7] au'i G
—(puu,;) =——+—\u——pu; u; |+.S,
8:17j(p ! 7) ox;  dx; ”azj Ui 4 t
@
- EuA
(g w)) = D+, + Gy — 3
oz, pugu; uy ) = Dyt + Gy — ey ©)
71 D= N(Diffusion)d, ¢, FHEF

L

L

32474 (Stress Production)

2 H(Dissipation) 38 YERH, ]S

(Pressure strain)¥, G

L

1 A=l A €

3} 2
D =— O |\ i, "o S ou S — o (u.u.”)
= a—xk pu;ug U+ pus oyt pu, oy, ugk u; U
Q)
Buz' n ou; 5
ii— P dx; oz, )

620

; ou,;
G,;= p(ui"uk'—J-ﬁ-u,j'u,k' - 6)
k T,
ou; 6u/
€ij 2“( ox) oz, )
2.3 X5
B AT RS fls mde] AAAE Fig 29
Zom SHAARE A, FEdel AR Azt
AL e, FEE 9 FEFE RS felE e
98*100*1007l, I#FE= 98*100%4007, FEF=
98*100*2007F = Bdste] & A& 686 = 743
sFATH

(b) Symmetry plane
mesh

(a) Inlet section mesh

Fig. 2. Comprehensive mesh for 180° bended duct
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Table 2. Properties of working fluids

Working
Fluids Item Value
Inlet temperature, T (K) 288
Density, p (kg/m?) 1225
Air .
Viscosity, 1 (kg/m.s) 1.7894 <10 °
Reynolds number 56,000
Inlet temperature, T (K) 293
Density, p (kg/m?®) 998.2
Water
Viscosity, 1t (kg/m.s) 1.003 <103
Reynolds number 813,966

A8kl flal 71E
o] FFREUQ  Standard k—eEZ, RNG (Re-
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