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Study on Velocity Measurement and Numerical Computation in
a Rectangular Duct with 90° Bend Elbow
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ABSTRACT: Fluid flow in a rectangular duct for 90° bend elbow with the ratio of 1.5 be-
tween its curvature radius and width is measured by 5W laser doppler velocity meter. The
fluid flow is also computed by commercial software of STAR-CD for comparison between
measured and computed velocity profiles in the duct. Reynolds numbers for the comparison
are 11,643, 19,746 and 24,260. From the comparison, computation of principal velocity compon-
ents in the duct predicts the experimental data somewhat satisfactorily, even though those of
minor velocity components and turbulent kinetic energy do not match with the experimental
data quite well. K-factor for the bend elbow is computed to be average 0.086 while the equi-
valent ASHRAE data is 0.07.

Key words: 90° Rectangular bend elbow(Z Az} =+ g1 9-) Laser doppler velocity meter(&l
o]z &2 §<£7), Three dimensional numerical computation(4t2+9 S A4,
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Fig. 1 Schematic diagram of experimental ap-
paratus for rectangular duct.
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Fig. 2 Dimension of experimental apparatus.
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Fig. 3 Schematic diagram of LDV system.
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Fig. 4 Velocity measurement points at inlet,

middle and exit cross-sections.
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Fig. 5 Representation of cells in three dimen-
sional computation.
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Uin = Uexp ’ Vin =O, Win = WexD (5)
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Fig. 6 Computation result of velocity vectors in 3 dimension and axis representations for distribu-

tions of fluid flow at each cross—section.
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Fig. 7 Comparison of x-direction velocity ( U) between experimental data and 3-D computation data.
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Fig. 8 Comparison of z-direction velocity ( W) between experimental data and 3-D computation data.



916

Y axis (cm}
= Scm)

far Z

Y axis (cm)
fat Z = 10cm)

Y axis (cm)
{at Z = 15cm)

of o7t

A gkt Y Reynolds 71 $7184E
FE7F Z/HRTEA ET7URAAN GEES H
#3 & 1 AVt ade @S 4@
Adgel 2L ¢S Reoln Yo =z AR
2o Wyez a9 HWHE 012~81.78%°]
—+~ STAR-CD computation
—s— ASHRAE data
—a— Wirt, L. experimental data
0.16
0.12 A—————h——A
x 0.08 o o
0.04
0 . ) ) ) )
0 10000 20000 30000
Reyolds no.

o2
co
=
o
-

o

Re = 11,643 : —*— Experimental data , Numerical computation
Re = 19,716 : — #— - Ezperimental data , — - — Numerical computation
Re = 24,260 : ---¢--- Experimental data , ------ Numerical computation
iy 6 [
' ,' 5 5 H
; 4 4
X 3 3t
X 2 2
LN 1 1
e
s " 0 — 0 .
04 08 12 18 1216 08 12 18
K (m?7s?)
6 6 6
5 5 5 f
4 4 4
3 3 3
2 2 2t
1 1 i
o . ' 0 — 0 :
0 04 08 12 186 16 0 12 16
K (m?/5%)
8 e, 6 6
5 } » 5 5
4 (] 4 4
3 3 3
2 2 2
1 1 1
o . 0 = 0
0 04 08 12 18 16 12 16
K (m?/s)
(a) Inlet (b) Middle section past elbow (c) Exit

Fig. 9 Distribution of turbulent kinetic energy K.
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