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Table 1 DNS parameters and statistical quantities of 128% run

Kinematic viscosity Mean energy dissipation rate Intergral length scale Taylor-scale Reynolds number Skewness

v € Ly Ry S3
0.0035 0.12 1.667 128 —-0.5
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(a) RAEANEBEHAXRY, 7 = (vkmin) ™!

(a) Time correlation c(k, T) vs time lag 7/75

75 denoted as 7, = (Vkmin) !
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Fig.2 Time correlation c(k, 7) at different wavenumbers
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(b) Normalized time correlation c(k, )

vs normalized time lag (vk)T
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Fig.2 Time correlation ¢(k, ) at different wavenumbers
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(a) Energy spectra E(k, f) vs frequency f
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(b) Normalized energy specira vs normalized frequency
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Fig.3 Energy spectra E(k, f) at different wavenumbers

(a) FRp B AR (THRE)

(a) Frequency-wavenumber energy spectra

E(k, f) normalized by E(k) (front view)

(b) R HEERE (FUE)

(b) Frequency-wavenumber energy spectra

E(k, f) normalized by E(k) (back view)

B4 SEBHEEEE
Fig.4 Frequency-wavenumber energy spectra E(k, f)
normalized by E(k)
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FREQUENCY-WAVENUMBER ENERGY SPECTRA IN ISOTROPIC
TURBULENCE

Zhang Shuguang Lei Lei He Guowei*
(The Flight Dynaraics and Control Faculty, Betjing University of Aeronautics and Astronautics, Beijing 100083, China)
*(State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, CAS, Beijing 100080, China)

Abstract The energy spectra with respect to wavenumbers in isotropic homogeneous turbulence have
been studied thoroughly. However, less attention has been paid to the frequency-wavenumber energy spectra,
which are important to the temporal statistics in turbulence and aeroacoustics. In this paper, the frequency-
wavenumber energy spectra are at first formulated based on the Kolmogorov’s classic theory and the sweeping
hypothesis. A direct numerical simulation on isotropic turbulence is carried out to verify our theoretical pre-
dictions. It is indicated from our theoretical arguments and numerical simulations that the sweeping velocity
dominates the frequency-wavenumber energy spectra. The frequency energy spectra at different wavenumbers

are shown to be collapsed under the normalization of the sweeping velocity.

Key words isotropic turbulence, time correlation, frequency-wavenumber energy spectra, sweeping hypothesis,

direct numerical simulation
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