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This report contains the results of a joint numerical and experimental study of the separated
flow behind a backward-facing step in a flat channel with flow acceleration and deceleration.
The gradient is created by the position of the upper channel wall behind the step. Data available
in the literature on similar themes concern the flow dynamics 1-3, and data on heat transfer are
absent. The calculations are performed within the model of incompressible fluid based on the
system of stationary equations of Navier-Stokes and energy equations, averaged on Reynolds
(RANS). The calculations are performed using the turbulence model k-ω SST [4], the most
adequately describing turbulent separated flows. The problem statement is two-dimensional, and
the flow is steady-state. The results of calculations and experiments have good qualitative
agreement.

Fig. 1. Scheme of the test section in the expanding (left) and converging (right) channels.

Fig. 1 shows schemes of experimental measurements in expanding and converging channels.
With the channel expansion the angle of rotation of the upper cover is 1.43; 2.86 and 4o, and with
the channel convergence the rotation angle is 3; 5.67 and 7.5 o.
Fig. 2 shows the flow patterns in the region of sudden expansion and the field of the
longitudinal velocity component. It is seen that the length of the recirculation zone increases with
increasing adverse pressure gradient and greatly reduces at imposed favorable pressure gradient.
In addition, this figure clearly shows the deceleration and acceleration of the flow at a turn of the
upper cover of the channel. In this section of the channel convergence there is a significant, twofold acceleration of the flow.

Fig. 2. Fields of velocity (left) and temperature (right) in the channel with a back ledge with superimposed
pressure gradient, Re=8000.

Experiments were carried out at Reynolds numbers, calculated on the height of the step and
inlet velocity, Re = 4 000; 8 000; 12 000.
An important parameter in the separation flow is the length of the reverse flow area, which
correlates with the length of the maximum heat transfer xmax. In accordance with Fig. 3, xR/H
increases with the growth of the positive pressure gradient and decreases with the increase of the
negative one.

Fig. 3. The relative length of the recirculation region.
Comparison with experimental data of works [2, 3].

Fig. 4. The distribution of the maximum heat transfer
coefficient in the expanding (K<0) and converging
(K>0) channels.

Fig. 4 presents the maximum values of Nu, selected from the local distributions of heat transfer
v dU 0
coefficients. The data are presented in Kays variables K  2
[5]. The zero parameter of
U 0 dx
Kays corresponds to a gradientless flow. For a converging channel, the maximum value of
Nusselt number increases with the increase of pressure gradient and decreases for the expanding
channel. The dependence of the Nusselt number on the Reynolds number is clearly seen. At a

higher Reynolds number in the converging channel, the growth rate is higher, and in the
expanding channel, the rate of decline is steeper.
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