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Testcase 39 - Leuchter:

Rotating homogeneous turbulence

in axisymmetric contraction.

The basic flow

Homogeneous turbulent flow in solid-body rotation is subjected to axisymmetric con-
traction with a nearly constant strain rate. The basic reference flow is defined by the
following strain rate matrix:

(λij) ≡ (
∂Ui

∂xj
) =







D 0 0
0 −D/2 −Ω
0 Ω −D/2





 (1)

where D is the (constant) strain rate, and Ω the (time-dependent) rotation rate which
varies with time according to

Ω

Ω0

= eDt =
U

U0

(2)

Ω0 is the initial rotation rate before the strain is applied (at time t=0), and U0 the cor-
responding axial velocity.

Experiment

The experiment is done in a facility in which solid-body rotation is created by means
of a rotating duct equiped with a fine-mesh honeycomb and a grid turbulence generator,
the meshsize of which can be adjusted. The rotating homogeneous flow is then accelerated
in a contracting duct, the shape of which is defined by

R(x)

R0

= (1 +
Dx

U0

)
−

1

2

(3)

R(x) is the radius of the duct at position x and R0 its initial value (R0 = 0.15m); x is the
axial distance from the initial section. The shape of the duct as defined by eq.(3) corre-
sponds to a constant strain-rate D for non-rotating flow (and negligible boundary-layer
effects). For rotating flow, the strain-rate on the axis is slightly increased (see ref.[2]), but
it can still be considered to be constant over the major part of the duct.

Two contracting ducts of different length L, but with the same total contraction C
have been used in the experiments:

• duct 1 of length L=1 m,

• duct 2 of length L=0.5 m,
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The contraction C is defined by:

C = (
R0

R(L)
)2 = 1 +

DL

U0

(4)

yielding for the strain rate: D = (C − 1)U0/L.

With C = 4 and the nominal axial velocity of U0 = 8m/s, the corresponding strain
rates are D = 24s−1 for duct 1 and D = 48s−1 for duct 2. The maximum initial rotation
rate is fixed at Ω0 = 48s−1, yielding a maximum rotation number ω0 = Ω0/D = 2 for
duct 1 and ω0 = 1 for duct 2, see Table 1:

Table 1: Experimental conditions

L D Ω0max ω0max

duct 1 1 m 24 s−1 48 s−1 2
duct 2 0.5 m 48 s−1 48 s−1 1

For each duct two different experiments were made, one for ω0 = 0 (reference case of
pure contraction), the second for ω0 = ω0max (maximum rotation effects).

Measurements

The measurements are made with conventional hot-wire methods using DISA (DAN-
TEC) anemometers 55M01 and crossed-wire probes of type P61. The statistical quantities
are determined through digital data processing from 100× 2048 simultaneous samples of
both velocity components. Integral lengthscales are evaluated from frequency spectra via
the Taylor hypothesis.

The flow is explored on the axis of the duct between the longitudinal positions x/L = 0
and x/L = 1 for duct 1 (L = 1m) and between x/L = −0.25 and x/L = 1.25 for duct 2
(L = 0.5m). The axial distance between successive measurement points is ∆x = L/16,
yielding a total number of 17 measurement points for duct 1 and 25 for duct 2, see Table
2.

Table 2: Explored flow domain

L (x/L)min (x/L)max Nmeas.

duct 1 1 m 0 1 17
duct 2 0.5 m -0.25 1.25 25

The measured quantities are:

- the axial mean velocity component U ,

- the transverse mean velocity component V (negligeable compared to U),

- the variance of the fluctuating axial velocity component u2,
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- the variance of the fluctuating transverse velocity component v2,

- the spectra of both velocity components,

- the lengthscales Lu(= L11,1) and Lv(= L22,1) deduced from the corresponding spec-
tra.

The accuracy of the measurements is estimated to be of the order of one percent for
the mean velocities and of the order of a few percent for the variances. Some larger
dispersion of the measurements were observed for the integral lengthscales (not included
in the data).

Initial conditions

The “nominal” initial conditions (at x = 0 and for U0 = 8m/s , ω0 = 0 ) can be taken
as follows:

* turbulent kinetic energy: q2/2 = 0.16m2/s2,

* anisotropy: (u2 − v2)/q2 = 0.12,

* dissipation rate: ǫ = 8.2m2/s3,

* longitudinal integral lengthscale: Lu = 5.8× 10−3m,

* transverse integral lengthscale: Lv = 2.5× 10−3m,

* Taylor microscale: λ =
√

5νq2/ǫ = 1.7× 10−3m,

* Kolmogorov lengthscale: η = (ν3/ǫ)
1/4

= 0.14× 10−3m,

* microscale Reynolds number: Reλ =
√

q2/3λ/ν = 37.

The experiments are strongly dominated by nonlinear effects, which are characterized
by the linear-to-nonlinear time ratio

τ ≡
tL
tNL

=
2ǫ

Dq2
(5)

τ is of the order two for duct 1 and of order one for duct 2. (Rapid distortion theory
would require τ≪1)

Presentation of the results

The results are disposed in four data sets corresponding to the nominal conditions
indicated in Table 3. All the quantities are given in physical dimensions. Each data set
contains 8 columns corresponding to the following quantities:

- column 1: longitudinal position x(m),

- column 2: local strain rate D (s−1), evaluated from D = ∂U/∂x,

- column 3: local rotation rate Ω (s−1), evaluated from Ω = Ω0U/U0,
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- column 4: axial mean velocity component U(m/s),

- column 5: variance of the fluctuating axial velocity component u2(m2/s2),

- column 6: variance of the fluctuating transverse velocity component v2(m2/s2),

- column 7: trace of the Reynolds stress tensor q2(m2/s2), evaluated from
q2 = u2 + 2v2,

- column 8: dissipation rate ǫ(m2/s3), evaluated from ǫ = −D(u2−v2)− 1

2
U [dq2/dx].

Table 3: Nominal conditions of the data sets

data set duct U0nom Dnom Ω0/D = ω0

1 1 8m/s 24 s−1 0
2 1 8m/s 24 s−1 2
3 2 8m/s 48 s−1 0
4 2 8m/s 48 s−1 1
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