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Generation and Characterization of Homogeneous Isotropic Turbulence

HoonSang Lee’, KyuHo Han', Han June Park’, HyunKyun Jung* and Wontae Hwang "

Abstract Homogeneous and isotropic turbulence (HIT) with no mean flow is a very useful type of
flow for basic turbulence research. However, it is difficult to generate HIT in the lab. In this study,
we implemented HIT in a confined box through synthetic jet actuators using sub-woofer speakers.
Characteristics of HIT are varied depending on the strength of the jets. We used 2D PIV to measure
the velocity field. Turbulence statistics such as homogeneity, isotropy ratio, turbulence kinetic energy,
dissipation rate, Taylor microscale, Kolmogorov scale, and velocity correlation coefficient were
calculated. Most of the turbulence statistics increased exponentially according to the strength of the
jets, and the Taylor Reynolds number reached up to 185.
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C; Smagormsky constant
F;;(r) Longitudinal velocity correlation coefficient
G;;(r) Lateral velocity correlation coefficient

H(x,y) Homogeneity

Li{x,y) Isotropy ratio

Rey Taylor microscale Reynolds number
Son Resolved scale strain rate tensor
k(x,v) Turbulence kinetic energy
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-4:A0), Turbulence statistics (Y & Z1%]) ,

k(x,y) Turbulence kinetic energy
Siy Fluctuating rate of strain tensor
u] Velocity fluctuation
Ujrms rms velocity at i direction
A Filter size (Interrogation window size at PIV)
(x,y) Dissipation rate
Eses Sub-grid scale dissipation rate
! Kolmogorov length scale
A Taylor microscale
v Kinematic viscosity
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Fig. 1. (a) HIT test chamber and PIV system
(b) Synthetic jet actuator and how-wire
anemometry
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Fig. 2. Experimental setup
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Table 1. Experimental conditions and PIV setting

Case Amp. Power Time interval lmage' pairs
(dB) (1) (pairs)
1 12 30 1,159
2 16 30 1,140
3 20 20 1,080
4 24 20 980
5 28 20 936
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