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A Study on Turbulent Characteristics of Turbulent
Pulsating Flows in a Square Duct

ABSTRACT

Turbulent characteristics of turbulent pulsating flows were studied experimentally in a square
duct. Velocity waveforms, velocity profiles, and turbulent intensity of turbulent pulsating flow
were investigated by using a hot-wire anemometer with data acquisition and a processing system
in a square duct with a ratio of 1 (40mm x 40mm) to 4,000mm long. Turbulent components
were shown to be larger in decelerating than in accelerating regions and also larger for a large phase
of velocity and U'rms distribution of turbulent flow. The effect of velocity amplitude ratio does
not exist for specified time [6(z')], amplitude ratio ({U'rms.os.1 [/ lUm.os.1 1), and phase difference
(LUrmsos1 — LUmos1) in either turbulent oscillating or cross-sectional mean velocity com-
ponents. The effect of dimensionless angular frequency for specified time [8(z')] can be dis-
regarded because the dimensionless angular frequency does not affect the specified time. The
velocity distributions of turbulent pulsating flows for various time-averaged Reynolds numbers
are in approximate agreement with the velocity distributions for equivalent Reynolds numbers
and 1/7th power law of steady flow.

w* : Friction Velocity
2 & &4 H w, v, w : Velocity Components of x, y and z
Axis , Respectively
A : Ratio of Velocity Amplitude %,y,2 ! Cartesian Coordinates of Test
(= #m,os,1 /I Um,tal) Section
a : Duct Half Width 2 :z/b
: Duct Half Height 6(z’) : Specified Time
Dy : Hydraulic Diameter {=4424/(a+5)} o : Density
f : Frequency v : Kinematic Viscosity
K(z2") : Coefficient of Equation(1) ] : Angular Frequency of Pulsating Flow
Re : Reynolds Number (= um - Da/v) o : Dimensionless Angular Frequency
¢ : Time (=(Dw/2) -0 /v )
* 3y, 24
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m : Sectional Area Averaged Value
o0s : Oscillating Components
rms . Root Mean Square Value
ta : Instantaneous Time- averaged Value
of a Period
! Fluctuation Components
1 : Fundamental Value in Finite Fou-
rier Series
: Mean Value of Phase Angle
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Table 1. Experimental Conditions

Run|f(Hz) { V& Re. ta A
1 36, 100 0.257
2 36,000 0.522
31208 18.61 35.900 0.802
4 58, 700 0. 533
5 70,300 0.334
6 84,500 0. 266
7 76, 000 0. 264
81102 13.03 70, 600 0. 284
9 35,100 0. 248
10 18,900 0.326
111 0.299 7.05 36,500 0. 262
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