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Abstract

During an Emergency Core Cooling (ECC) in a Pressurized MReactor (PWR), cold water is injected in the cold leg of tleaé&or
Pressure Vessel (RPV) which may lead to large stresses dbertoal loads. The overall objective of the present worloievaluate
the accuracy of numerical predictions of the heat flux intd?&/Rvall. As the wall heat transfer is highly sensitive to tii2 tarbulent
structures in the boundary layers, modelling it by walldtions in Reynolds Averaged Navier-Stokes (RANS) or in leaEgldy Sim-
ulation (LES) is disputable. These approaches are basedroglations derived from steady-state mean-flow equatigrish do not
take into account meandering cascades and coherent sasichu order to study the fine 2D coherent structures, a fiegptest-case
is manufactured, yet keeping the mean flow-features of ttesimial configuration. Direct Numerical Simulations (DN\&d Large
Eddy Simulations (LES) of a channel flow under external fuyalepending on the span-wise direction will be performed.

TEST-CASE

A twin wall-jet immersed in a channel flow is generated by a olatéd forcing term, in addition to the conventional
pressure gradient used in periodic inflow-outflow DNS. Thefie driven by an external forcin? which appears in
Navier-Stokes equations (1). One assumes this forcing to iee = direction and to depends only on the span-wise
coordinatez. When the forcing is independent of(fi = 0 for k& # 0), the Reynolds number based on wall friction
velocity is Re, = 180.

D = Y2 L ynw & with f(z) = 3 2mhz 1
= VAT () w f(Z)kaCOS<L > (1)

k=0 ?
NUMERICAL SIMULATIONS

LES is performed with EDF in-house open source CFD @adle SaturneArchambeau et al. [4]. No-slip boundary con-
ditions on the walls and periodicity in the stream-wise dreldpan-wise directions are applied. A standard Smaggrinsk
model withCs = 0.065 combined to a Van-Driest damping function is used. Thedhitondition is a standard fully
developed velocity profile combined with the synthetic eduthod of Jarrin et al. [3]. The computational domain size
is (12.8 x 2 x 12.8) and the grid is cartesian, stretched in the y-direction dadretized with(128 x 64 x 128) cells.
The averaged non-dimensional cell sizes in the stream-{wjsend span-wisez{ directions are equal to8 wall units,
respectively, whereas it goes froh 3 to 8.48 in the wall normal direction. The maximum value of the inssareous
non-dimensional distance to the wall reached during thelsition is2.2, which is reasonable. The high-resolution DNS
will be performed usinghcompact3datode, Laizet et al. [1] in which the pressure equation isexbin the spectral space
while the momentum equations are solved in the physicalkspsitig finite differences (sixth order compact scheme).

PRELIMINARY RESULTS

Figue 1 shows the forcing imposed to the stream-wise conmmoh®cationsF,,in, Frnax andF /o, which correspond

to z = 3.2, 6.4 and4.8 are located at the minimum, the maximum and the unit amm#udespectively. All the mean
guantities< . > are averaged in time and in the stream-wise directio@nly preliminary LES results are shown herein.
Figure 2 shows the velocity vectors ig,£) plane based or: V, > and< V, > mean velocity components. Although
the statistics are either not fully converged or the stredse length of the channel is not long enough (tests are still
performed concerning this parameter), one can observesgppolls (2 per period) with a maximum velocity magnitude
of the order of 0.5 % of the bulk velocity. The fluid in a low-fimg area tends to move from the center of the channel
to the wall. In the near wall region, it goes back to the higteing area, staying relatively close to the wall then goes
to the middle of the channel where the fluid drifts back to the-forcing area. In-depth investigations of the statégtic
properties of the flow, including an analysis of the balarmeagions, are planned in order to explain this mean behavior
Figure 3 shows the mean streamwise velocity at 3 differdotations. The results are compared to DNS ones from Kim
et al. [2] corresponding to uniform forcing (without the hramic part). Component V, > is slightly depending on :

the higher the forcing, the higher the velocity. The diffese between the maximum axial mean velocities correspgndin
to Fuin and F, . is of the order of harmonic amplitude (around 15 %). The flowedalency orx leads to a variable



Reynolds number based on the wall-friction velociige(), oscillating between72 and188.

Figures 4 to 6 show the diagonal components of the Reynaléssstensor. The results are qualitatively similar to DNS
ones. The dependendy anof these components is similar to thataf , > component. In addition, the peak of
< w'w' > is aroundy™ = 30 for the present simulation while it is rather arouttdin the reference DNS. Similarly, the
peak of< v'v’ > is slightly shifted, but in this case, to the right (farthearh the wall).

In addition to what has been introduced in the present atisthe final paper will include DNS results usilmggompact3d

An in-depth analysis will be carried out concerning the flamasture and in particular the structures of the eddiesén th
near-wall region. Indeed, these latters are a key point detstanding the heat flux penetration in the wall as they rule
the temperature patterns which one may observe.
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Figure 2 : Mean tangential vetipgiector
in a cross-section colored by Vz >
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Figure 3 : Mean axial velocity at Figure & /v’ > at differentz locations
differentz locations.
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Figure 5 :< v'v’ > at differentz locations  Figure 6 ¥ w'w’ > at differentz locations
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