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Extended Abstract
The effects of grid-generated turbulence on the local heat transfer coefficient around the circumference of a cylinder
in crossflow are investigated experimentally in a wind tunnel. A thin Inconel foil (25 μm thick) is wrapped around the
central portion of the cylinder and is resistively heated with a direct electrical current, a technique approximating a uniform
heat flux boundary condition on the cylinder’s wall [1]. The wall temperature Tw is measured around the cylinder with
thermocouples installed underneath the heater foil. Three grids with different geometry and different blockage ratios σg are
placed at the inlet of the wind tunnel: a regular square-mesh grid (RG60) with σg = 32%, a fractal square grid (FSG17) with
σg = 25%, and a single square grid (SSG) with σg = 20%. The grid-generated turbulent flows are documented first without
cylinder in terms of turbulence intensity Tu and integral length scale Lu using hot-wire anemometry along the centreline.
The cylinder is subsequently placed at several streamwise distances x from each grid and the heat transfer measurements
are performed around the centreline circumference. The Reynolds number Re, based on the cylinder’s diameter D, varies
approximately between 10 800 and 48800.
For the same turbulence parameter TuRe0.5 [2], the Frossling number Nu0/Re0.5 (Nu0 is the Nusselt number at the
cylinder’s front stagnation point) is highest for RG60, as a result of the lowest ratios Lu/D produced by this grid, in
agreement with [3]. The maximum enhancement of the circumferentially averaged Nusselt number Nuavg, with respect to
its value under laminar free-stream conditions Nulam, occurs in the proximity of xpeak, where Tu is maximum, and it
increases with Re. The maximum value of Nuavg/Nulam is higher for SSG than for FSG17, despite SSG having a lower σg.
This is explained by the larger values of Tu in the production region of SSG, which are achieved by increasing the ratio
t0/L0 [4] with respect to FSG17, where t0 and L0 are the thickness and the length of the largest bars of the grid respectively.
However the rate of decrease of Nuavg/Nulam with x is lower for FSG17, thus reflecting the slower decay of Tu along x for
this grid. At large distances from the grids, the values of Nuavg are appreciably higher for SSG and for FSG17 than for
RG60, despite the latter having a higher σg.
The SSG, and to a greater extent the FSG17, exhibit a prolonged turbulence production region, where the turbulence
intensity Tu increases with x before decaying. This allows the unprecedented opportunity of comparing the angular heat
transfer profiles in the production and in the decay regions for same values of Tu. It is found that on the forward part of the
cylinder, where a laminar boundary layer exists, the ratio Nu/Re0.5 is lower in the production region of the grids, especially
for SSG. This can be related to (i) a higher energy of the vortex shedding from the bars of the grids, especially for SSG for
which the shedding is stronger, and to (ii) a higher intermittency of the flow in the production region which mitigates the
effects of Tu on the heat transfer enhancement [5]. On the downstream side of the cylinder, where the flow is separated, the
heat transfer recovery parameter Nu/Nu0 is significantly higher in the production region. This could suggest a decrease of
the vortex formation length downstream of the cylinder, due to interaction between the cylinder’s wake and the wakes
originating from the largest bars of the grid, which in the production region have not merged yet [6].
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