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Summary Direct numerical simulation of a turbulent G&420-N. mixture flow in a two-dimensional channel is performed. It is
coupled with a reciprocity Monte Carlo method to computewiy and temperature profiles when radiation is taken intmant. The
two walls of the channel are isothermal at 950K and 1150Keaetely. The bulk Reynolds number is 6,000. The radiatiffects
significantly the mean temperature profile and wall heat flmaur case, the classical wall law is no longer valid whenrtithation is
considered.

Introduction

Radiation plays an important role in many industry appiara involving, in particular, gases at high pressure, high
temperature. Boundary layers determine the level of cdiweeheat flux, it is then meaningful to study how radiation
modifies the temperature field in the near wall region. Ctadsivall laws are derived for zero pressure gradient in-
compressible flows. In practical systems, other physidatef have to be considered such as Prandtl number effect[1]
compressibility[2], streamwise pressure gradient[3grafcal reaction[4] and radiation [5, 6, 7]. The impact ofisdidn

on the boundary layer fields depends on the conditions: itfaasd to be small by Amayat al. [5] and significant in
other studies [6, 7]. This paper focuses on radiation effentthe temperature field and on the wall conductive flux in a
turbulent channel flow.

Problem description

A turbulent non-reacting COH>O-N, gas mixture flows through a two-dimensional channel at apinesc pressure.
The gas molar composition Ecp, = 0.116, Xy, = 0.729 and Xg,0 = 0.155. The two walls are isothermal at
T.,1 = 950K and 7,2 = 1150K. In the homogeneous streamwise(x) and spanwise(z) direstperiodic boundary
conditions are appliedRe; based on the bulk properties and half-height of the chahpalong vy, is equal to 6,000.
Friction Reynolds numberBe,; and Re. s, based on friction velocity, are 374 and 297 respectivehe @omain size is
(27h, 2h, wh), andh is 0.1m. The grid is composed ®10 x 137 x 110 cells. The mesh size in wall units varies from
Ay™ = 0.8 at the wall to 8 at the centerline, whilkxz* belongs to the rangd 6.9, 21.3andAz" to [8.4, 10.6. Cases
with and without radiation are both considered. With radmatthe emissivity of the walls is set to 0.1.

The flow simulation is a direct numerical simulation perfedvwith the low-Mach number code YALES?2 [9]. It solves
the variable-density Navier-Stokes equations under tweMiach number assumption (here, Ma = 0.012). The radiation
computation is carried out by an Optimized Emission-basecigrocity Method of Monte Carlo (OERM) [10] and gas
radiative properties are modeled in a correlated manner®i anodel. The grid used by the radiation model is three
times coarser in x direction and two times in y and z diredittvan the grid used by the low-Mach solver.

Results

Fig 1(a) shows that the mean velocity profile is not affecteddaliation in this case where density variations are small.
However, when radiation is considered, the mean temperaiafile becomes more uniform in the core region of the
channel and consequently, a stronger gradient appearsheealls. Indeed, radiation transfers energy at long range
from the high temperature region to the cold one.

Fig 1(b) shows the profile df'*, the normalized temperature based on friction velocity emaductive wall heat flux.
Without radiation, the mean temperature profiles of the tilesscollapse and agree with the wall l&i/T = 2.78 Iny ™ +
2.09[8]. However, with radiation, the mean temperature profigmiicantly changes. The wall law is then not suitable
anymore for the temperature profile when radiation effeaticeable.

The enthalpy conservation equation writes

dpo'h’) _ d(gy)  d@) (1)

dy dy dy
where, in a Low Mach number assumption, the pressure andugsierms have been neglected. The three remaining
contributions are: the turbulent heat flgp 1"/, the Fourier fluxg,, and the radiative fluxg;..
Fig. 1(c) compares the profiles of these three contributidtisand without radiation. Without radiation, the Fourfikerx

is important near the wall and its absolute value decreagadly towards the channel center. The total heat flux, sum of
Fourier flux and turbulent convective flux, is constant algng
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Table 1. wall heat flux(the unit ig¥/m?)
Fourier flux | Fourier flux | Radiative flux| Radiative flux| Total flux | Total flux
(cold side) | (hot side) (cold side) (hotside) | (cold side)| (hot side)
without radiation -866.4 -868.6 — — -866.4 -868.6
with radiation -1266.3 -1203.7 -724.1 -800.9 -1990.4 -2004.6

With radiation, the wall-wall radiation flux has been remd\eom the radiative flux since only gas-gas and gas-wall
radiation plays a role in the coupling. The radiative fluxatees its peak value in the channel center while the absolute
turbulent convective flux value decreases. However, the giuthe three contributions is constant along y (not shown
here). Indeed, the radiation decreases the turbulent #itiotuin the center part due to the temperature homogeaizati

Tab. 1 compares the different fluxes contributions (only-g@s and gas-wall contributions for radiation). It showatth
radiation strongly increases Fourier fluxes at both watldekd, radiation is a transfer which homogenize the temyera
profile in the core of the channel and steepens the gradietite avalls. These effects appear here because the gas-gas
and gas-wall radiative fluxes and the Fourier fluxes are o§#imee order of magnitude in the vicinity of the wall.
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Figure 1. (a) Mean profile of streamwise velocity and temperature-(: without radiation—— : with radiation.); (b) Mean profile

of temperature in wall units-——: cold side without radiation; ——: hot side without radiationr;—: cold side with radiatior;-——
hot side with radiation—: wall law [8]); (c) Mean heat fluxes (— : turbulent convective flux (without radiation);——: Fourier

flux (without radiation)—- —: total heat flux (without radiation),—A‘;—fmv/”\h/”; —: turbulent convective flux (with radiationy:—
— : Fourier flux (with radiation)=- — : —A‘%ﬁﬁ; —: radiative flux (gas-gas and gas-wat}),
Conclusions

This paper presents the mean flow field results of a turbutermel flow with or without radiation using direct numerical
simulation of turbulence and a Monte-Carlo radiative tfansodel . With radiation, the mean temperature profile is
strongly modified and the classical wall law is no longerdaRadiation homogenizes the mean temperature profile in
the channel center region and steepens the wall Fourier lihgbeed in our conditions, Fourier flux and the gas-gas and
gas-wall radiation fluxes are of the same order of magnitwtiésh improves the coupling.
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