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Abstract

In the present study, the flow characteristics of developing laminar oscillatory flows in a square
—sectional 180. curved duct are investigated experimentally. The experimental study using air in
a square-sectional 180° curved duct is carried out to measure velocity distributions with a data
acquisition and LDV (Laser Doppler Velocimetry) processing system. In this system, Rotating
Machinery Resolver (RMR) and PHASE program are used to obtain the results of unsteady flows.
The major flow characteristics of developing oscillatory flows are found by analyzing velocity
curves, mean velocity profiles, time-averaged velocity distribution of secondary flow, wall shear
stress distributions, and entrance lengths. In a lower dimensionless angular frequency, the axial
velocity distribution of laminar oscillatory flow in a curved duct shows a convex shape in a
central part and axial symmetry. The maximum value of wall shear stress in a lower dimension-
less angular frequency is located in an outside wall, but according to increasing the dimensionless
angular frequency, the maximum of wall shear stress is moved to inner wall. The entrance lengths
of ‘aminar oscillatory flows in a square-sectional 180° curved duct is obtained to 90° of bended

angle of duct in this experimental conditions.
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Fig. 1 Schematic diagram of experimental apparatus.

Table 1 Detailed contents of measuring volume.

Table 2 Experimental conditions of laminar os-

Item Green Beam | Blue Beam cillatory flow.
; ; R A
Fringe Spacing 1 + » os
1.8 um 1.7 ym Angle | f(Hz) | | @ (mm) | D¢
[dr]
Measuring Volume 93 3 umn 92 11 um 0° 0.17 400 5.15 20 150
Dstance [dy] o LA 0.33 7.18 | 20 | 200
Length of measur- 0.17 5.15 20 150
. 0.16 mm 0.15 mm 30° 400
ing Volume [/,] 0.33 718 | 20 | 290
Number of Fringe | 13 o 515 | 20 | 150
[ Ner] 60 400
0.33 7.18 20 290
Z,(w) 0.17 5.15 20 150
90° 400
0.33 7.18 20 290
0.17 5.15 20 150
120° 400
0.33 7.18 20 290
0.17 5.15 20 150
150° 400
0.33 7.18 20 290
Fig. 2 Coordinate system and components in a 0.17 5.15 20 150
curved duct. 180° 400
0.33 7.18 20 290
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L70-2E . Coherent Argon-lon Laser
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9178-1A . Rotating Mount

9112 . Dichroic Color Separator

— 9183-3A . Optical Module

9143 : Field Stop System

9144-22 . Beam Expander

9179 . Rotating Mount

9183 . Beam Expander
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9166-A . Frequency Shifter

9180, 1990C : Counter

M1990 . Multi Channel Interface
Square 6260 . DMA Interface Card
Duct Find : Multicomponent Flow Infor-

mation Display S/W
1989A : Rotating Machinery Resolver

Fig. 3 Schematic diagram of LDV system and associated data acquisition and processing equipments.
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Fig. 7 Dimensionless axial velocityk distribution along y’ variation for laminar oscillatory flow at @*=7.18.

4 (Rewer) 7t $349 ARES0] BAFE & + & 4T olE3Hch

Ao, B AFzAdqyE FIA7s 180° BT

APIERAN A s s 2| Tnonn | con (r0t+ £ Tmes) (3

Deosor=1000701 245, Fig. 65} Fig. 79t 3745752 9=9 92

W Aste] ME FuY SEFLE DA TEE

32 HERE EEAZL(| fmosa |) &2 o] FHES FIAE
AE5Ee DUATEEE Tl F5 Akl o WAstel web e

dofdl A AESEZ ol FAUSE Fne/ 714, BFA yE yFE FALRL AU

| Gmoss | & QTS F71dez adsoAe  FEPAe] HeBe v HES WEY (In)

£5o] sto] dolAle WAREEE, Fmerk T o2 Uehii, FEU7e] 2He Hewg 9%



146 AR . 2w 7] . R
- ot -
; o o U | Sl b
" / -o_o-o-* o |0 1= /./ oo ~e o [0
= ] 3 = & . 3
T s | & 1 a |6
A 9 [ ] A 9
o—0
~p 7 O &-a ~ ~A—A-O
ot el Jrezsdssay
O \A\A_.A’D o\o/
' 3
—h—a
& ~, A &
\‘/‘/ ‘\‘/ \ /A’ ‘\‘ A
-8 \‘/
P ST S VTN SO W S SR PV S | SR W
-1 0 1 1 0 1
z’ z’
(@) ¢=0 (b) ¢=30
e it
] st Wi
/6
T Radhal BTN s 1%
)
= |/ o |3
15 |e \ s |6
ol4 9
a0
/O,AQ-O 05
0 -
Nas]
r' LY
N
‘/‘ ~4A
N L A, l 1 1 'l
-1 0 1
2
(c) ¢=60°

Fig. 8 Dimensionless axial velocityk distribution along 2’ variation for laminar oscillatory flow at w*=5.15.
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Fig. 9 Dimensionless axial velocityk distribution along 2’ variation for laminar oscillatory flow at u*=7.18.
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Fig. 14 Oscillatory velocity curve.
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