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A Study of Swirling Flow in a Cylindrical Tube
Port 1, Velocity Profiles
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ABSTRACT

An experimental study of decaying swirl air flow has been obtained by tangential inlet
in a straight tube with Reynolds number range 20,000~40,000.

The friction factor, swirl angle, velocity profiles and turbulent intensity are measured by
using micro-manometer and hot-wire anemometer. It is found that the swirl flow behaviors
depend on the swirl intensity along the test tube.

Key Words; Tangential inlet(C8 41 %8k 1) f Friction factor for fully-developed
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Swirl generator (A w4l 7))

Axial momentum (328 2l g) £, Friction factor for swirl flow
Angular momentum(Ze} maig)  H Yaw factor
Swirl chamber (}5-41) K Pitch factor or constant for multi-
Fluctuating velocity (154 pitot Tube
Curved stream line (& 541 L Axial distance between the exit
of swirl chamber and the inlet of
Nomenclature test section tube
n The exponent of each probe
A, B Constants NUM  Numerical
D The test tube diameter R The Test Tube Radius
E Instantaneous Voltage T Radial component of cylindrical co-
Exp.  Experimental ordinate
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U V.W Velocity components
UV.W Average velocity components
Uy Velocity component perpendicular to
the prongs-sensor plan
U, Velocity component perpendicular to
hot-wire along the probe axis
U, Velocity component parallel to the

sensor
S The slop of each probe or swirl num-
ber (Eq.3)
uy,w  Fluctuating components
X The axial distance from swirl gener-
ator
GREEK SYMBOL

a The yaw angle or Sensor angle
8  Angle of rotation
6  Swirl angle

SUBSCRIPTS

eff effective
binal
normal
parallel
swirl
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Tablel Summary of Previous Experimental Studies of Swirl Flow
No. Author Type of Flow  Working Pipe Size Range of Re. Measured Experimental
Year Fluid Parameters Apparatus
1 Nuttall swirl water pipe 10t~ U Rangue-Hilsch
1953 guide vanes 277/8 3x 10 vortex tube
2 Talbot swir} water pipe 2Tx10° U motion picture
1954 rotation section o 1257xLT50- dye filament
3 Binne, swirl pipe 12.0 UV pressure
Teare, 1955 conical nozzle water inch Re 2x10* P probes
4 Binnie swirl water pipe 60-260 flow visual -~ by dye
1957 rotating section 50* % 1.676% iazation injection
5 Rose, swirl air pipe L5x10° U hot wire
1962 rotating pipe 13.5% x 1.350% anemometer
6 Kreith, swirl pipe swirl vortex-—
Sohsy, 1965  twisted tape water 25,4 ° 10¢~10° U meter

7 Robert, swirl air pipe hot wire
Chanaud, tangential water 2x109~6x10° U anemometer
1965 25.4*

8 Chigier, swirl alr pipe 60,000~ U P 5 hole hemisphe~
1967 tangential slbot 600mm®* % 25.4% 75,000 rical impact tube

9 Wolf, swirl pipe 08X10°~ U W pressure
Lavan, 1969 vane alr 76.2 % x 5,486 3.6x10° P, T probes

10 Yesutoshi  swirl pipe L5x10°~ P, pressure
Tetusou, circular cascape 150mm?* X 1.95x10° probes
1972 9,000~

Il Yajmik, swirl pipe 0.6x10%~  friction pressure
Subbaian entry vanes air 1205 ¢ 2.6X10% factor probes
1973 m X 6.000"

12 Weske, swirl pipe U. V. W. hot-wire
Sturov rotating pipe air 100¢ x 3x10* eddy stress  anemometer
1974 450"

13 Murakami swirl water pipe 1.0x10% U.V.W. pitot tube
et al., impeller 102.2¢ %

1976 5.400%

14 Agrawal swirl pipe 0.7x10¢~ pressure
Varma, twisted tape R-12 104x2,100% L.5x10* P transducer
1982

15 Sparrow, swirl pipe 9,000~ swirl angle pressure probes
Chaboki, tangential air 23.62¢ 43,500 Nusselt no. Thermo-couples
1984 inlet x1797.% friction factor

16 Present swirl pipe 104~ UV.W BT hot-wire
1989 tangential air 50.8% x 6x10* friction pressure probes

inlet 4,000% factor Thermocouples
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Fig.2 A cross section of the Swirl Genorator
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