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A Study on Characteristics of Unsteady Laminar Flows in Square-
Sectional 180° Curved Duct

G.M. Park, Y.W. Mo, and B.K. Cho

The flow characteristics of developing unsteady laminar flow in a square-sectional 180°curved duct
are experimentally investigated by using laser doppler velocimerty (LDV) system with data acquisition
and processing system of rotating machinery resolver(RMR) and PHASE software.

The major flow characteristics of developing laminar pulsating flows are presented by mean velocity
profiles, velocity distribution of secondary flow, wall shear stress distributions, entrance lengths accord-
ing to dimensionless angular frequency(w'), velocity amplitude ratio(A:), and time-averaged Dean num-
ber(De..). .

The velocity profiles and wall shear stress distribution of laminar pulsating flow with dimensionless
angular frequency show the flow characteristics of the quasi-steady laminar flow in a curved duct. The
developing region of laminar pulsatile flows in a square-sectional 180°curved duct is extended to the
curved duct angle of approximately 120° under the present experimental condition.

Key words : Unsteady laminar flow, Curved duct, Entrance length, Velocity profile, Shear stress distribution
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Nomenclature
A, : Velocity amplitude ratio <:M>
m, ta

De : Dean number

(= Reda7R=Re,| 57 = [ D/ZR - (Drn )
D»: Hydraulic dlameter (=4ab/(a+b))

f: Frequency of oscillation
Le : Entrance length

R : Radius of curvature

. . _a_ Dn
Re : Curvature ratio <—7§_2—R)

Re : Reynolds number (= Ds- un/v
Tw: Dimensionless wall shear stress
=1, (DW/2)"/ov"}
u, v, w: Velocity components in xr, ¥y and z-axis,
respectively
u,, - Velocity in center of duct

Upin Time-averaged cross-sectional mean veloci-

ty of pulsating flow
X ¥ 2 - Rectangular coordinates of test section

7

X i (=vx/abum)

,

¥ i (=y/a)
Z :(=2z/b)

z, : Peak value on z-direction in velocity ampli-

tude

Greeks and others

r, - Wall shear stress

¢ : Deflection angle of duct

@ : Angular frequency (=2xf)

w' Dﬁnenswnless angular frequency

=7 “Jolv)

—  Time-averaged value
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Table 1. Detailed contents of measuring volume

‘ ftem Green BeamJ Blue Beam -
Fringe Spacing [d;] 1.8 um ' 1.7 m
Measuring Volume 23.3 /um 22.11 um
Dstance [d, ]

Length of measuring 0.16 mm 0.15 mm
Volume [/.]

Number of Fringe 12.9 ; 13
[NFR]
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Fig. 1. Schematic diagram of experimental apparatus

Fig. 2. Coordinate system and components in a curved duct
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Table 2. Experimental conditions of laminar pulsating flow

: ; R (2)* An ] : ]

0.17 5.15 20 150 450 | 0.33

0° 400
0.33 7.18 20 290 450 0.65
0.17 5.15 20 150 450 | 0.33

30° 400
0.33 7.18 20 290 450 | 0.65
0.17 5.15 20 150 450 | 0.33

60° 400
0.33 7.18 20 290 450 | 0.65
017 - 5.15 20 150 450 | 0.33

90° 400
0.33 7.18 20 290 450 | 0.65
0.17 5.15 20 150 450 | 0.33

120° 400
0.33 7.18 20 290 450 | 0.65
0.17 5.15 20 150 450 | 0,33

150° 400
0.33 7.18 20 290 450 | 0.65
0.17 515 . 20 150 450 0.33

180° 400 i

0.33 7.18 20 290 450 | 0.65
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