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Synthetic turbulence is an important component in several applications. In advanced
hybrid LES-RANS approaches it can be used as an interface forcing condition between the
RANS and the LES and in LES it can be used to set up time dependent inflow boundary
conditions. In these methods the anisotropy of the synthesized turbulence is important
in order to get the proper excitation of the unsteady computations. Within the context
of the present work realizations of synthesized turbulence are used as source fields for a
hybrid approach for jet noise predictions. In this application the anisotropy is an important
factor for the noise generation. A method is presented in which anisotropic synthesized
turbulence can be generated from isotropic synthesized turbulence. The method is based
on scaling and transformation of isotropic turbulence so that the anisotropy is the same as
that of an arbitrary specified Reynolds stress tensor. In the present approach the resulting
velocity fields will be anisotropic in velocities as well as in length scales. The resulting
velocity field is divergence free for homogeneous flows. In this work the method is used to
generate anisotropic turbulence in a box and the near-field statistics are evaluated. The
method is found to be able to simulate the anisotropy of a specified Reynolds stress tensor.
The length scale anisotropy in the synthesized turbulence is found to be aligned with the
directions of the normal Reynolds stress tensor components. The noise emission from the
generated turbulence is computed through the inhomogeneous linearized Euler equations
(ILEE) together with a Kirchhoff surface to extend the solution to the far-field. Also, a
statistical model based on Lighthill’s acoustic analogy is used to compute the noise emitted
by the anisotropic turbulence and the predicted sound from the synthesized turbulence is
compared with the statistical model.

Nomenclature

Roman letters

a normalized Reynolds stress tensor
c speed of sound

f frequency

fa amplitude factor

r spatial separation vector, x — x’
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longitudinal correlation function

unitary tensor

wave number length

wave number vector

turbulence kinetic energy

length scale

turbulence length scale

pressure

length of r

rotation matrix

R;;(y,r) second order correlation tensor (zero time separation)
Rijri(y,r,7) fourth order correlation tensor
R;;(y,r,7) second order correlation tensor
Reynolds stress tensor

velocity fluctuation

mode amplitude

velocity fluctuation

spatial coordinate

observer location

xyz  coordinate system

y spatial coordinate

Greek letters
At time step

ISES R E R Bt

S
.S,

S
<

Mdoe SRS

8

Wh angular frequency scale
] phase angle

p density

o direction vector

T time separation

T Reynolds stress tensor
T turbulence time scale

0 angle from z-axis in zy-plane
Subscripts

0 ambient

amb  ambient conditions

n mode number

rms  root-mean-square

Superscripts

a anisotropic

* expressed in principal axes of T
) isotropic

m time step number

T transpose

—~
~—

average

I. Introduction

Synthesized turbulence is in the present work used to generate source fields for the inhomogeneous
linearized Euler equations with the purpose of performing noise predictions of turbulent velocity fields.
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Until now only isotropic synthesized turbulence has been considered for this purpose.!™

A method to model anisotropic synthetic turbulence has been developed in the present work and this
paper is focused on evaluating the properties of the newly developed method. The same method to introduce
anisotropy in synthesized turbulence was previously presented by Smirnov et al.> The procedure to generate
anisotropic turbulence in [5] is called RFG (Random Flow Generation) and has several elements in common
with the method presented in this paper. A modified version of the one presented in [5] has recently been
presented by Batten et al.5 A full presentation of the method to introduce anisotropy in the framework of
the present work will be given.

In [5] the randomly generated anisotropic turbulence was used for initial and inlet boundary conditions
for LES (Large Eddy Simulation) and for particle tracking in LES/RANS (Reynolds Averaged Navier-
Stokes) computations. Of special interest in the present work is the spatial structure as well as the sound
generation properties of the synthesized anisotropic turbulence. Both near-field turbulence statistics and
far-field acoustic statistics of the synthesized turbulence are evaluated.

The structure of the paper is as follows. The theory of transforming an isotropic Reynolds stress tensor
into an anisotropic one is first presented. This is followed by a description of how to generate anisotropic
synthesized velocity fields. Different aspects of anisotropy in terms of velocities, length and time scales
are then discussed. This is followed by a numerical experiment from which near and far-field results are
evaluated. The far-field results are also compared to a Lighthill’s analogy” based statistical model. The
numerical results are computed through the inhomogeneous linearized Euler equations® together with a
Kirchhoff surface’ and the statistical results are based on a modified version of Ribner’s model for isotropic
turbulence.'® This is followed by conclusions from the results.

II. Synthesis of Anisotropic Turbulence

In this section it will be shown how it is possible to synthesize a turbulent velocity field which has any
specified anisotropy in terms of Reynolds stresses using stochastically generated isotropic turbulence. First
the analysis will be made on stress tensors, i.e. the time averaged Reynolds stress tensor. Then the method
of producing velocity fields with the appropriate properties will be shown.

A. Stress Tensor Analysis

For any turbulent velocity field u which is anisotropic and given a coordinate system xyz there is a Reynolds
stress tensor

7 = —puuT (1)

where overline denotes average and the off-diagonal elements are not necessarily equal to zero. Since the
Reynolds stress tensor is symmetric, there is a coordinate system xyz* in which the off-diagonal elements in
the tensor are equal to zero. This is called the principal coordinate system related to the stress tensor and
is denoted by the superscript (-)*. This tensor can be constructed as

* =RTTR (2)

where R is a matrix containing the three eigenvectors of 7 in the columns and R7 is the transpose of R.
The tensor T* contains the eigenvalues of T in the diagonal. The R matrix is a rotation matrix which rotates

the velocity field from xyz to xyz*. Since the trace of 7 is equal to —2p_E where p_E is the average turbulence
kinetic energy we can define an normalized stress tensor

az 3T 3)
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which in the principal coordinate system is given by
a* = RTaR 4)

The degree of anisotropy in 7 (and a) is the same in any coordinate system and is unambiguously defined
by the diagonal components in a*.
The stress tensor T* associated with an isotropic velocity field u® is given by

. — 2—

T! = —uiui’ = —gka (5)
where I is the unitary matrix, and superscript (-)* denotes isotropic. Rotating the tensor T* to the principal
axes of T gives

, . 2— .
T = RTTR = —RTg pkIR = T* (6)

The stress tensor T? is clearly unchanged by rotation since it is a scaled unitary matrix but the rotated
tensor T? is formally oriented in the principal axes of T.

The goal is to make the isotropic tensor T¢ anisotropic, i.e. to create an anisotropic tensor T® which is
expressed in the original coordinate system, where the superscript (-)® denotes anisotropic. This is done in
two steps. First by scaling T% with the normalized stress tensor a* as

Ta* — a* Tz* (7)

The stress tensor T** will thus inherit the anisotropy of 7*. This can be seen by

Taex — a*Ti* — a* (_gp_EI)

8
3r* ( 2— ) . ®)
=== ——pkl) =71
2 ok 3
Secondly by transforming T** back to the original coordinate system xyz using
T* =RT*R" =Rr*R" =1 9)

the stress tensor T? will be an anisotropic tensor with the same anisotropy as the Reynolds stress tensor
7. In Egs. (1) to (9) it is shown that an isotropic stress tensor T? associated with the velocity field u’ can
be transformed to an anisotropic stress tensor T® with the same anisotropy as the known model anisotropic
stress tensor T.

B. How-to and Considerations

In this subsection it will be shown how velocity fields with a specified anisotropic Reynolds stress tensor are
generated based on stochastically generated isotropic velocity fields. A statistically isotropic velocity field
can be generated using!> 1112

N
u'(x) =2 Z G cos(ky - X + ¢p)on (10)
n=1

where Uy, k,,, ¥, 0, are the amplitude, wave number, phase and direction in physical space of mode number
n. The amplitude 4, of each mode is computed from a model of the isotropic energy spectrum function, e.g.
a von Karmdn-Pao spectrum.!>'3 The wave number, phase and direction in physical space involve random
functions to ensure isotropy. The velocity field generated by Eq. (10) will have an isotropic stress tensor
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as in Eq. (5) and it will be free of divergence if k,, and o, are orthogonal, i.e. k,, - o, = 0. For more
details on the generation of isotropic synthetic turbulence, see Billson et al.!»'2 The same velocity field can
be expressed in the principal coordinate system xyz* of the model stress tensor T as

N
u*(x*) = RTu'(x) =2 z Uy cos(k) - xX* + )0 (11)
n=1

where
o =R's, ; k:=R"k, (12)

The stress tensor of u®*(x*) will be as in Eq. (6), i.e. the same as in 5 but now in the coordinate system

Xyz*.

A velocity field u®* (x*) which is anisotropic is constructed by scaling the velocity field u™*(x*) by a*!/?

as
) N
u™ (x*) = 2" Pu (x") =2, cos(kE - X7 + )t (13)
n=1
where
o = a2 (14)

is the scaled direction of the n:th mode, and a* is the normalized stress tensor in the principal coordinate
system associated with the model Reynolds stress tensor 7. The square root denotes the square root of each
element. The wave number k?* in Eq. (13) is defined by

ko = a*"1/2k* (15)

This modified wave number is introduced to make sure that the resulting velocity field will have zero diver-
gence, i.e. k#* - o%* = 0. The stress tensor associated with u®*(x*) is given by

Te* — _ua*ua*T — _a*1/2uz’*ui*Ta*1/2T — a*l/sz’*a*l/?T (16)

and since T? is a unitary tensor one can write
Ta* — a*Tz* (17)

which is the same relation as in Eq. (7) and relation 8 follows. Thus the stress tensor associated with
the velocity field u®*(x*) has the same anisotropy as the model tensor 7*. The final expression for the
anisotropic velocity field expressed in the original coordinate system xyz is simply computed by

u’(x) = Ru®*(x*) (18)

ITI. Time Evolution

To evolve the turbulence in time a filter operator is used.l’'? This filter operator uses statistically
independent velocity fields u™(x) generated by Eq. (13) (and Eq. (18)) as input and ensures a specified
autocorrelation of the output signal v"™(x). The filter is given by

v (x) = av™ 1(x) 4+ b(u™(x) + u™ (x)) (19)

where a = exp (—At/r), b = fa/(1 —a)/2 and At and 7 are the time step size and the time scale
respectively. Superscript ()™ denotes time step number and f4 is an amplitude factor to enable control of
the kinetic energy of the synthesized turbulence.
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IV. Classification of Anisotropy

The anisotropy of the Reynolds stress tensor can be expressed using the Lumley triangle' based on the
invariants of 7. This notation of the anisotropy is however not chosen here. Instead, the anisotropy is chosen
to be expressed in terms of the normalized tensor a* in the principal axes. The reason for this is that the
sound generation directivity from homogeneous turbulence without convection is aligned with the principal
axes of the stress tensor as will be shown by the results below.

For homogeneous turbulence, three forms of anisotropy can be identified. These are velocity fluctuation,
length and time scale anisotropy. The velocity anisotropy can easily be identified in the Reynolds stress tensor
which is a one-point statistical property of the flow. The length and time scale anisotropy respectively are
however correlation properties which require two-point statistics in space and/or time. The proposed method
to generate synthesized turbulence includes anisotropy in velocity and length scale but not time scale. The
properties of this synthesized anisotropic turbulence will be presented below through a numerical test case.

V. Numerical Experiment

The numerical experiment consists of a box with a width of one meter with 128 equally sized cells in
each direction. The center 64 cube cells define the source region, see Fig. 1. In this region, synthesized
turbulence is generated and used to evaluate source terms for the inhomogeneous linearized Euler equations
on conservative form® which are solved for in the entire box. The reference solution in the box is that of
stagnant air with ambient density of po = 1.2 kg/m? and pressure py = 100000 Pa, i.e. there is no shear
in the mean solution. Only the specified Reynolds stress tensors used in the synthesis of the source fields
include effects of anisotropy in the experiment. Two different anisotropic turbulence fields will be presented.
One (case 1) with the anisotropy in the xy-plane and the principal axes aligned with the xyz coordinate
system. The other (case 2) has the same degree of anisotropy but the principal axes are rotated by 45 degrees
in the xy-plane.

The input turbulence kinetic energy and dissipation rate for the synthesized turbulence are k = 763
m?/s? and € = 763 x 10> m?/s? respectively. The length scale, time scale and amplitude factors are set
to f = 1, f = 3 and f4 = 1. This gives a turbulence with time and length scales! of the synthesized
turbulence equal to (7, L) = (0.003,0.028) [s,m].

The acoustic solution which propagates out from the source region is integrated close to the outer bound-
ary using the Kirchhoff® method to extend the solution to observer positions at a distance of 100 meters
from the box. These observers are positioned on circles with 36 locations oriented in the coordinate system
axis planes. The numerical schemes in the numerical experiment are described in Billson et al.l13

For two-point statistics special grids were used which consisted of tubes with 128 x 1 x 1 cells oriented in
different directions in which large numbers of samples could be generated. The mesh spacing in these tubes
were the same as in the box test case.

VI. Near-Field Evaluation

A. Velocity anisotropy

The anisotropy of the velocity components for case 1 is in terms of normalized Reynolds stresses shown in
table 1. To the left is the normalized Reynolds stress tensor which is the model stress tensor in case 1, and
to the right is the stress tensor which is sampled from 100000 samples from the SNGR method. In table
2 the model tensor in case 2 is shown, and the resulting stress tensor from the SNGR is to the right. The
proposed method to generate anisotropic turbulence can clearly model an anisotropic Reynolds stress tensor,
both when specified in the principal axes (case 1) and when rotated (case 2). Observe that the degree of
anisotropy is the same in the two cases.

An illustrative plot of anisotropy is shown in Fig. 2 displaying scatter plots from DNS and synthesized
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Figure 1. xy-plane of computational domain with 36 observer points. Small box: SNGR source region; Large
box: LEE domain

Table 1. Normalized Reynolds stress tensor elements. Case 1 Left: model tensor; Right: sampled from SNGR
method.

1.5 0 0 1.499 0.002 —0.003
0 05 0 0.002 0.495 0.002
0 0 1 —0.003 0.002 1.005

Table 2. Normalized Reynolds stress tensor elements. Case 2 Left: model tensor; Right: sampled from SNGR
method.

1 05 0 0.998 0.494 —0.005
0.5 1 0 0.494 0.996 0.003
0 0 1 —0.005 0.003 1.006

turbulence with the same degree of anisotropy. The DNS data in Fig. 2(a) are taken from fully developed
channel flow at y© = 60 and has a normalized Reynolds stress tensor as in table 3. As expected, there
is a preferred occurrence of scatter dots in quadrants 2 and 4 (with opposite signs of u and v) reflecting
the negative cross correlation a;» = —0.37 in table 3. This is also the case for the synthesized anisotropic

turbulence in Fig. 2(b).

Table 3. Normalized Reynolds stress tensor for channel flow DNS at y+ = 60

1.91 -0.37 0
—0.37 0.39 0
0 0 0.70
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Figure 2. Scatter plot of v and v fluctuations.

A realization of the synthetic anisotropic velocity field for case 2 is shown in Fig. 3(a). The vectors are
the velocity components and the gray-scale is the w-component out of the paper. The preferred direction
with large vector components are oriented in the 45 degree angle relative to the positive z-axis. This reflects
the normalized stress tensor component a;» = 0.5. The opposite is true with small vector components in
the —45 degree angle. Figure 3(b) shows the contours of the pressure disturbances which are propagating
out from the source region toward the boundary of the box. The directivity of the generated sound can be
seen as the longer wave lengths in the 45 degree direction compared to the —45 degree direction.

B. Length scale anisotropy

The longitudinal two-point correlation function (u velocity) with separation i z-direction for case 1 is shown
in Fig. 4(a). The transversal two-point correlation function (v velocity) for the same case is also plotted
in Fig. 4(a). Also shown as reference are the corresponding correlations for the isotropic case. As can be
seen, the length scale in the z-direction increases for both the longitudinal and transversal correlations as
the diagonal Reynolds stress tensor component puu increases. The u and v velocity two-point correlation
in the y-direction for the case 1 are shown in Fig. 4(b) as well as the corresponding correlations for the
isotropic case. The correlations in the y-direction are clearly lowered by the anisotropy corresponding to a
decrease in the Reynolds stress tensor component pvv.

The longitudinal and transversal two-point correlations for the same case (case 1) as above but in the
axes where the normal components of the Reynolds stress tensor are equal (45 degrees) are shown in Fig.
5 as well as the correlations for the isotropic case. The longitudinal and transversal correlations are in this
direction close to those of the isotropic case. The change in the length scales in the anisotropic synthesized
turbulence is a result of the modified wave number in Eq. (15). The important thing to notice is that the
model increases all correlations in the direction of the increased normal component of the normalized stress
tensor and vice versa. Also, in a direction with equal normal components of the stress tensor (Fig. 5) the
length scales are less changed by the anisotropy of the turbulence. A conclusion which can be drawn from
the model is that the orientation of the anisotropy of the length scales can be deduced from the relative
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(a) Synthetic anisotropic turbulence. Case 2. Vec- (b) Pressure from ILEE solution. Solid lines: pos-
tors: velocities; gray-scale: w velocity out from itive values; dashed lines: negative values.

paper.

Figure 3. Slice in zy-plane through computational domain

Correlation
Correlation

-0.2 L . L -0.2 . . R
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
separation [m] separation [m]
(a) Two-point correlations in x*-direction (b) Two-point correlations in y*-direction

Figure 4. Two-point correlations along principal axes. Dashed line: longitudinal anisotropic ; solid line:

longitudinal isotropic; dash-dotted line: transversal anisotropic; dotted line: transversal isotropic
magnitudes of the normal components of the Reynolds stress tensor. The maximum and minimum length

scales are thus found in the directions of the principal axes of the Reynolds stress tensor.
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Figure 5. Two-point correlations in 45 degree direction from z*. Dashed line: longitudinal anisotropic ; solid
line: longitudinal isotropic; dash-dotted line: transversal anisotropic; dotted line: transversal isotropic

C. Time scale anisotropy

The present method does not have a time scale anisotropy. This is a possible deficiency for the present
method. It is though unclear if there is any strong time scale anisotropy in shear flows. Results from
processing of data from LES computations of a high Mach number jet (Andersson et al.!®) indicate that
there is a time scale anisotropy in the shear layer of a developing jet but that it is weak compared to the
anisotropy in length scale and velocity, see Billson et al.'?

VII. Statistical model — Lighthill’s Analogy

Evaluation of the far-field generated noise from the anisotropic synthesized turbulence is done using a
statistical Lighthill’s analogy based method.”'% The model of the sound field intensity generated by localized
homogeneous turbulence with zero mean flow can be written as (Ribner!?)

I(x) = / I(x,y)dy (20)

where

TiTiTh T ot
I(X7Y) = A";T / ﬁRi]‘kl(Y7r7T)d3r
oo

R 21

Riju(y,r,7) = vivjupv; (21)

vi =vi(y,t) v =ve(y +1,t+7)

where A = po/(16m2ciz?). Assuming that velocities at different locations have a joint normal probability

distribution, the spatial fourth order correlation R;x; (y,r,7) can be expressed in terms of two-point second
order correlations'® as

Rijr(y,r,7) = 1305 p0; + RirRji + RyRji (22)

where Rjy = R (y,r, 7). The first term 7;0; U57; in Eq. (22) is independent of the time separation 7 and
can be omitted in the analysis. A factorization of R;;(y,r,7) into a space factor and a time factor was
postulated by Ribner as

Rij(y,r,7) = Ry;(y,r)g(7) (23)
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where R;;(y,r) = Ryj(y,r,7 = 0) is the two-point velocity correlation tensor with zero time separation
between the points () and (-)' and g(7) is the time factor.
An expression for the isotropic velocity correlation tensor derived by Batchelor'® reads

Ry () = Ry () = o2 [ (50 + ;L0 ) 5, - L0 70 (24)

where 42 is the magnitude of the isotropic normal Reynolds stress and r is the length of the separation vector
r. There is no summation over indices in Eq. (24). As a way to introduce anisotropy in the model for the
correlation tensor, a modified version of the isotropic velocity correlation tensor is written as

)Y 5, L] 25)

Rij(r):Rij(y’r):WKf(THz ar )% T3 7ar &

Equation (25) is not formally a proper tensor and does not allow rotation of the coordinate system, but it is
still used as an approximate estimation of the sound directivity from anisotropic turbulence when expressed
in the principal axes. The longitudinal correlation function f(r) is given the form

fr)y = (26)
following Lilley.!” The length scale anisotropy in Eq. (26) is modeled as (Jordan and Gervais'®)

L2L3L2(r? + 13 + 12)
L(L ,L ,L , — 1—-2~3\"1 2 3
(Lr, Ly, Lo, x/r) ¢@@ﬁ+ﬁ@@+ﬁ@@
where the length scales L; = 0.064 m, Ly = 0.040 m and L3 = 0.050 m are the integral length scales

associated with the longitudinal two-point correlations in the z, y and z directions respectively.
The fourth derivative of the temporal correlation is simply modeled as [10]

(27)

o = Ot 28

59(7) = Cu (28)
where wp is a typical angular frequency scale, here computed as 2w /7, where 7; is the time scale of the
synthesized turbulence. The constant C is used to adjust the level of the sound emission.

By introducing spherical coordinates for the observer locations z; and evaluating Eq. (21) over a corre-
lation volume, the sound directivity from a unit volume can be computed. Equation (20) is then computed
as the result from Eq. (21) scaled by the volume of the source region in the numerical experiment. Only
the self-noise components'® of the generated sound from the theory are retained in the following numerical
examples. The reason for this is discussed at the end of the results.

VIII. Far-field Evaluation

The OASPL (Over-All Sound Pressure Level) of the emitted sound from the anisotropic turbulence in
case 1 is shown in Fig. 6(a) at 36 observer locations on a circle in the xy-plane at a radius of 100 m.
The sound directivity shows that there is a direction of maximum sound emission in the z-direction and a
minimum in the y-direction. This reflects the difference in the diagonal components of the specified Reynolds
stress tensor used as anisotropy model for case 1. Also shown is the sound directivity as predicted by the
statistical model (solid line). The level from the statistical model has been adjusted to match the peak level
of the numerical results. One can see that the direction of the sound directivity is the same for the numerical
results and the statistical model. The degree of directivity in terms of OASPL is however twice as large for
the statistical model compared to the numerical results.
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Figure 6. OASPL in zy-plane at radius R = 100 for angles § = 0: 10 : 360 degrees. Circles: SNGR method; solid
line: statistical model.

The OASPL at the same locations for case 2 are shown in Fig. 6(b). The direction of maximum sound
emission is rotated by 45 degrees as specified by the Reynolds stress tensor used as anisotropy model for this
case. The directivity is otherwise almost the same as in Fig. 6(a) indicating that the rotation operation only
change the direction of the emitted sound and not the character of the sound field. The results in Figs. 6(a)
and 6(b) indicate that the direction of maximum sound emission can be deduced from the Reynolds stress
tensor when rotated into the principal axes. The sound emission is strongest in the direction of the largest
normal component and weakest in the direction of the smallest one. These results hold for homogeneous
turbulence which is not convected by a mean flow where a convective amplification would increase the noise
generation in the downstream direction and reduce the emission in the upstream direction.

The reason for the difference in the sound emission directivity levels between the numerical results and the
statistical model is unclear. It has been pointed out by Witkowska et al. [19] that unphysical end-effects may
dominate the sound generation when source terms with spatial derivatives are used over a truncated source
region. The directivity pattern from the stochastic anisotropic turbulence is probably partially masked by
this effect which would explain the difference compared to the statistical model. The sound directivity would
probably be in better agreement with the statistical model if this effect were removed in the computations.
The statistical model for the velocity correlation tensor is however a simple modification of the isotropic
expression and might be a too crude model to compare with. The true degree of sound directivity from
anisotropic homogeneous turbulence can not be deduced from the present results.

The 1/3 octave power spectral density of the far-field pressure for case 1 is shown in Fig. 7. Spectra
are shown for observer locations 1 and 10 (0 and 90 degrees). The effect of the anisotropy is clearly visible
in the spectral content of the emitted sound. There is an increase of the sound at low frequencies for the
direction of the largest normal component of the Reynolds stress tensor (0 degrees). The opposite is true for
the direction of the smallest component (90 degrees). The frequency dependence is also changed to a more
flat spectra at 90 degrees than at 0 degrees.

Since the reference solution in the linearized Euler equation solution is stagnant and only the Reynolds
stress tensor model include anisotropy, only the self-noise is demonstrated. Therefore these results apply
to the self-noise component of the emitted sound and not for the shear-noise component, see Ribner.!?
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Figure 7. 1/3 octave power spectral density of the far-field pressure. Case 1. Solid line: observer point 1 (z*
direction); dashed line: observer point 10 (y* direction)

Including shear in the solution to the linearized Euler equations is however numerically very difficult. This
is due to natural instabilities of the linearized Euler equations and limitations of the validity of the Kirchhoff
integration method in inhomogeneous flows.

IX. Conclusion

A method to generate anisotropic stochastic turbulence which is divergence free for the homogeneous
case has been presented. The method includes anisotropy in velocities and length scales, but not in time
scales of individual velocity components.

The length scale anisotropy of the proposed method is shown to be related to the relative magnitude of
the diagonal Reynolds stress tensor components. As a result, the maximum and minimum length scales for
homogeneous synthesized turbulence are found in the directions of the principal axes of the Reynolds stress
tensor.

The directivity of the sound which is generated from the anisotropic synthesized has a clear directivity.
The sound emission directivity is (as for the length scale) related to the relative magnitude of the diagonal
Reynolds stresses with maximum and minimum directivity in the directions of the principal axes. The results
from a statistical model for the sound generated from anisotropic homogeneous turbulence are in qualitative
agreement with the numerical results. The sound pressure level directivity is though twice as large for the
statistical model compared to the numerical results. Numerical errors related to a finite source region in the
numerical simulations are believed to be the reason for the difference in directivity level. Further work is
though needed for conclusive comparisons.
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