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Experimental and Computational Studies for Flow Distribution
in a Rectangular Duct System with Two Branches
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ABSTRACT: Flow distributions in a rectangular duct with two branch ducts are measured
by 5 W laser doppler velocity meter. The fluid flows are also computed by commercial soft-
ware of STAR-CD for comparison between them. The Reynolds numbers in the main duct
are from 4,226 to 17,491. The ratios distributed into two branches from the main duct are in-
variant to Reynolds numbers according to both of numerical and experimental results. How-
ever, computed velocity profiles at exit of each branch are somewhat different from measured
profiles at the same location.

Key words: Rectangular duct(*}Z}® E), Two branches(5 719 7}A1#), Laser doppler velocity
meter(e o] A EZ2] §<%4), 3-D numerical computation(# 2+ 4= X] A 4H)
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Fig. 1 Schematic diagram of experimental ap-
paratus.
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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 cross
sections.

w7
2%, 482 4T vHe #HFE H +3
AAE 71Fe2 3% Reynolds 4,226, 8,920,

12532 9 17491 % 4712 & +3%s %t

2 A4e Ad4 z23398¢ STAR-CDE A}
|3le Asidony AR Azt Haghe) oSt
A&y An esuy4de e 2o
ou;,

—31-,‘ =0 )

(u,u ) (2)

~uu =% a,,k+ﬂ(a—”f+—‘?ﬂ%) 3)

HEE pe GHRANAFEN k- dREL)
N trgt ol AHwth
My = Cﬂp?

A Aol kst e e 2z GREFAUAG YR

AUA A g 2o

_ 1=
k 3 Uil (5)
8u,~au,~
€T #( 9%, 0%, ) ©

oldel kot e AN A% k-c BEUREY
& WS AR

324 X

717} Fig. 5914 (abcd)@dHo.8 Sol7tA 2
hel BA#ez UFolA (nopg)@d 2 (rstu)



4
®
A

n
Fig. 5 Representation of cells for two branch

ducts system in three-dimensional com-

putation,

gwlior ew 1 olee ¥
Eolt}, &7 dHEY AFe EF 6
BA 14X20709 AE AMESIER 2% F2
(Bem) 14719) A2 e 4%
e 4] A4 A 8 AL shed 671 A
2ol 122 AA g =3 FA7 2ABE
QT AF, F ek g-h R i TRE BE B
9] 122 FA stgen 1 3o el
Y oj4 WA &g WA HAAULAE FIHO
a8z AAH HA$E a-k’t 5l emeld, a-fE
19cmol i, g-j= 20cmeolil I-n& 50 cmZ2A %
HE Alxdd A8gd F AF= 106729709
A& 42094870 o]},

=
2
o
N ol AR

%
N
N

33 A=A

2 wEe 3090 $EAVORM MIIE 1,
y 2 z50 did HE FEHAZE U,V 2 W
dREdAA ALLEE k% e T EF 579 R
o g AAzxol Yad ¥ =Fo EF
L AFABAZAE LDV 2 AP 1§ %
& AMEE Fojth A Fig. 594 BE x(ae)
FEFHFE U7 FEERELE /MF 2z o o
o] z(bc) WFFE WE Roli, y(ab) W%
Fé V7E b3 Ae Aolh. B =EdAMs 23

Apg 7 AAAY GE ol fRuB BE AY L FAAN A7 769

Uin = Uexp ’ Vin = 0 , Win = Wexp (7)

FEEEAYA ke TE 422 ®A

9 A@®9M «' & LDV #

B BF $4 U EERAA Upys@ e 3
ot 233 v A daANE PR BR
o 2447%g BYd Us We 2 277t 2
A Aot AT FHFAHED Upps® Wenss
Z23A% AL BROER VE Westd A9
zon AR ofd A3 Zo 47 AAZD
& HsAoh

r
e

k= 5[ (Unus)*+2- (We)']
:Lalﬂ FaadUR e {9 kgt ¢
&3 ol( mlxing length) /& o] &3t thg 4
3 Zo] A ATt
1.5
e~ Clx A (10)

{

3 AdA gRAF C,& 00901, dFERA
o] [& APAA FEFEF9 10% 0006 mZE 3}
At

w3 JHAA ZF 42 non-slip condition
o g7 dHFAAZAL STAR-CD T2
A two-layer model® wall function model %o
A Adg £ gled 2 OAMdAE wall func-



770 a9e

Table 1 Thermodynamic properties of air

Reynolds no.{Density (kg/m”) | Viscosity (kg/ms)
4,296 1.1915 0.1832x107*
8,920 1.19306 0.183%x 1071
12,532 1.205 0.181x107"
17,491 1.19306 0.183%107°
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Fig. 6 Computational result in duct with two

branches.
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Table 2 Experimented and computed mean velocities at each branch (Unit: m/s)

Reynolds no. Experimental data Computation(1) Computation(2)
at inlet Branch 1 Branch 2 Branch 1 Branch 2 Branch 1 Branch 2
4,226 0.264915 0.461369 0.267227 0.459405 0.286416 0.438633
8,920 0.595308 0.940548 0.547062 0.99135 0.578648 0.961916
12,532 0.811643 1.32216 0.717827 1.4162 0.78474 1.35171
17,491 1.18861 1.84105 1.04523 1.98753 1.09348 1.93597

% Computation(1) : computed with measured inlet velocity profile

Computation(2) :

computed with uniform inlet velocity profile
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Table 3 Rates of flow rate at each branch (Unit: %)

Reynolds no. Experimental data Computation(1) Computation(2)
at inlet Branch 1 Branch 2 Branch 1 Branch 2 Branch 1 Branch 2
4,226 36.47 63.52 36.77 63.22 39.50 60.49
8,920 38.76 61.23 35.56 64.43 37.56 62.43
12,532 38.03 61.96 33.63 66.36 36.73 63.26
17,491 39.23 60.76 34.46 65.53 36.09 63.90

¥ Computation(1) : computed with measured inlet velocity profile
Computation(2) : computed with uniform inlet velocity profile
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Computation(1) : computed with measured inlet velocity profile
Computation(2) : computed with uniform inlet velocity profile
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