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Abstract: To accurately predict the complex flow and heat transfer characteristics of impinging jet, which
is widely used in the cooling for aero—engine hot components, in the present study, a new high—fidelity numerical
method, named as very—large eddy simulation (VLES) , is developed based on the BSL k—w turbulence model. It
is applied to the high—fidelity numerical simulations of the three—dimensional unsteady turbulent flow and heat
transfer of a classical configuration, including a single impinging jet at high Reynolds number Re=4x10* with two
different jet distances of 2 and 6, and the case with three impinging jets. At the same time, the numerical simula-
tion results by delayed detached eddy simulation (DDES) and RANS method including k-~ SST, RNG and tran-
sition SST models are compared to those by the newly developed VLES method. The results show that the devel-

oped VLES method can accurately capture the complex unsteady flow and heat transfer characteristics of imping-
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ing jet, including the evolution and breakup of the small-scale vortex and large—scale turbulent structures at free
jet and wall jet zones. It is found that the calculated heat transfer coefficient of the impinging wall via VLES is in
good agreement with the experimental data. However, the performance of DDES and RANS method is unsatisfac-
tory because DDES method fails to accurately capture the complex unsteady turbulent small-scale structure in the
flow field, and their predictions of the heat transfer coefficients are quite different from the experimental data.
The difference of wall heat transfer between the predictions from RANS method and the experiments is largest
among all the models, meaning that the wall surface heat transfer is not well predicted. Under the same computa-
tional grids and numerical conditions, the results of VLES method are significantly better than DDES method,
and DDES method is generally better than the RANS method. It confirms that the present VLES method can accu-
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rately predict the flow and heat transfer characteristics associated with impinging jet.
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Fig. 1 Schematic diagram of the turbulence energy
spectrum showing the basic idea of the resolution control
function F, in VLES modeling
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Table 1 Model constants for the VLES k- turbulence
model
Parameter 8 n c, B
Model constant 0.002 2 0.61 0.09
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