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An Experimental Study on Swirling Flow
in a Cylindrical Annuli by Using PIV Technique
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Abstract

An experimental investigation was performed to study the characteristics of turbulent
swirling flow in an axisymmetric annuli. The swirl angle measurements were performed
by flow visualization technique using smoke and dye liquid along the test tube.

Using the Particle Image Velocimetry method, this study found the time-mean
velocity distribution and turbulent intensity with swirl for Re = 20,000, 30,000, 50,000,
and 70,000 along longitudinal sections and the results appear to be physically
reasonable.

Nomenclature the swirl chamber and the inlet of
test section tube.

A Cross Section area of the test P * Fluid Pressure(Pa)

tube(m?) Po : Atmosperic Pressure(Pa)
Cp © Specific Heat at Constant Pressure. Pr : Prandtl number.
(kd/kg K) Ps : Static Pressure(Pa)
D : (do-di) [mm). Pv : Total Pressure(Pa)
d,: The annulus concave diameter(mmJ. Re : Reynolds number, %
d ;- The annulus convex diameter(mm). R, Radius of the convex tube (mm)
f : Friction factor for fully-developed flow. R, Radius of the concave tube [mm).

fs @ Friction factor for swirl flow.
L  Axial distance between the exit of X

: Local air temperature{C)
: Axial coordinates(mm])
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y : Radial position{mm)
 Averaged axial velocity (m/s].

Greek Symbols

o : Density(kg/m?)
v © Kinetic viscosity(m?/s)
: Wall shear stress(N/m?)

Tw-
6 : Swirl angle(® )
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Fig. 6 Swirl Angle Distributions along the Test
Tube by using Smoke for Re = 60,000 at L/D =
0, (3 XD =1~3, (b) X/D =5~6, (c) XD =
7~9 and (d) X/D = 12~13.
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Fig. 7 Swirl Angle Distributions along the Test
Tube by using Smoke for Re = 60,000 at L/D =
0, (¢) X'D = 14~16, (D (a) X/D = 18~20,
(g) X/D = 24~26 and (h) X/D = 28~30.
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Fig. 10 Swirl Angle Distributions along the Test
Tube by using Dye Liquid for Re = 80,000 at
L/D = 4 and X/D = 26~30.

32 5 Y

=

s

=
-

Fig. 11 Re=20.000014 A7 £ 9 g
E veld et HAE FBYT 329 U
(convex tube) ZAHNME &9 £E9HE g
Wi HAEREE ugeybas HA3E Az 4d5
o] 7he BAE YEhlz 9tk Y (concave
tube) A, y/(R-1) = 0.8dE S4E9EHE
Uerdth TR 9 ZAHME A3 £EHEE
Holx glvh, I¥x #& weridd Ha 42
HE 2345 Jehlidn, o) d4L A3 FFolA
AL 8o HAHREEE Badrbds &
HE= d32 Azt

Fig. 132 Fig. 119

SEUHRYY 7N

2,

S 48950 B 484 AT 129

& PFEEE Re = 20,00004 X/(D-d) =
3

, 8,13, 15.5, 18, 23 Z=3 25904

5.5
Bl Holw W, Fig. 145 Re = 40,000914
FUPEEE Ve Aol

AF7HA Exd dF 2Fd%es 27 iy

{convex tube) TAAA &9 &% FEE Hol
o]

I odnh ol e X/(D-d) = 3~23 7X] A%

HR. A7 GAFEAY LDVE A
e WEIANA FEs]) 59 £E2E FA¢
717k A=A w282 y/(Rr) = 0.75 ZA
M ENE SiEEe e FH54E olF

9

A HI ke yeplit 3

ol
7

A g H= il
AN FE7} 2R 298E 2oz 448Y
E

1 W
AR AR N
AL AN
AALRRAREA MRS, \\
\\\\\\\\\\\\\‘\\\\\\\
N

N N

Fig. 11 Time Mean Velocity Vector with Swirl
along the Test Tube for Re = 20,000

\

== SNSRI

0.8

"
ARAE IR L D A
FAEZAAAEAAR DI EEEE R R DOy
st s A L L R T RN
Attt A R L L T L L LR L L SN SRR
A T A T N E AR RNt ey
g T T S I YA NN N NERRRRRR ety
LA LR A

T T
130 135

X/(D-d)

Fig. 12 Time Mean Velocity Vector with Swirl
along the Test Tube for Re = 40,000

(671)



130 ]

Fig. 16& Re=40,000914 &wWa dig=E

0s] |-ats epd T
j&}__g-f’ Re=40,00001M% W& IRZAEE Re=
0.8+
o1 2000091 4k ol Al WAS vepRZo
S Ay ¥ (concave wall)®} y/(R-1r)=0.5~
o
g4 |+ 0.75914 Re=20,000014 BT} 73 GFAEE
. s e o2 L Re & Z7bol 7lelE AoE
1 o/A/Aoéoo o/o/
ooy B
1 & S - Fig. 172 Re = 20,0001 w348 G577t
o4 02 00 02 _ou 06 08 | 10 EE Yetd Aotk & wgRTE W2
o 13 Tie o Ainl pop o T AHE GBIt S ede
ig. ime Mean Axial Velocity Profiles wit oy — _ 9 A opo
Swirl along the Test Tube for Re=20,000 y/(R1)=04~0.604 Az ghs venhag
o & o] M FuE dRAT HAgs
ekl ot
104 .. ({' o.|.
AN
Q%4 : bl O.i. 1
s ¥ 4

y/(R
g 8
.\\\-3\:
a2
...1\4\\.\l
.. ‘:\\h
- -
BEES
&5’4
JA

K3
0
"w < 180
Q4 u’“/‘v"/f‘ ! 20
g <
Sy 5 o
H €
L o S L B S o s e 2 24 % 28 30 00 U 3%
Q4 03 02 Q1 00 Q1 02 O3 04 05 06 Q7 Q8 09 10 X/(D-d)
u/U
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