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Abstract The concept of local isotropy [1,2] of passive and activdasdeelds is addressed for a turbulent wall-jet. A plane vjetlis
formed when a jet flow is injected parallel and next to a salidace. At the inlet of the computational domain, both a ft@hponent
(active) and a passive scalar are injected through thergztrat within the height [3]. The mean profiles of the two scalars are shown
in Fig. 1. The remainder of the inlet consists of a coflow withetocity of the order of 10% of the jet flow and contains 50%huf t
oxidizer. The reaction forms in such a way that a considerabiount of fuel is consumed throughout the domain. The nigettive

of this study is to use the DNS-database to address thetisttisharacteristics of both active and passive scalargatticular, we
discuss the properties of skewness and flatness at largeratidssales. The scalar statistics are interesting bothgptied problems,
when the large scale properties such as the scalar variadah@ scalar flux are examined, and for fundamental onesgecoimg the
universal properties of the advected fields.

SKEWNESS AND FLATNESS FACTORS OF SCALARS

In order to investigate the statistical properties of battiva and passive fields at different wall-normal levelg, shkew-
ness and flatness of the scalar fluctuations are shown inEiggom studying the skewness factor of the scalar and of
its gradient, one can quantify the large-scale and the ssnalk degree of anisotropy of the fields [4,5]. Note tha, th
skewness of the scalar fluctuations is connected to the-krajle anisotropy and the skewness of the scalar gradents t
the small scale anisotropy. At the wall, both scalars showgative skewness factor, but the reacting scalar gradually
deviates from the passive scalar getting to larger andiafgmvness values when the combustion becomes more and more
active far from the wall. As one can see from Fig. 1a, most efréiaction happens for5 < y/y,,» < 1.5, as indicated

by the fact that the passive and the active scalars develpévy different profiles in this range. As seen in Fig. 2a the
passive scalar is always close to a Gaussian at large sediles, skewness close to zero and a flatness clo8edrcept

for the region very close to the wall. On the other hand, thed §tarts to deviate from a Gaussian distribution when it
becomes active, as shown by the increasing of the flatnesss/éiFig. 2b) and the developing of a non-zero skewness
(Fig. 2a), in the region /y, > > 0.5 — 0.8 where the reaction becomes intense.

SKEWNESS AND FLATNESS FACTORS OF GRADIENTS

The skewness and flatness factor of the scalar gradientg iwal-normal direction are shown in Fig. 3. Let us stress
that in a purely isotropic case, all odd moments of the graidiare exactly vanishing, so a measure of the skewness of
df/dy gives a direct quantitative information on the degree ofatnopy. The skewness of the passive scalar gradient,
Skagay Crosses zero close gy, » = 0.75, where also the flatness profiles of passive and reactingrsoadoss each
other. The skewness of the gradients for both fields showtivegealues at the wall and for a wide region above the
wall 0.2 < y/y1/2 < 1.0, there is a plateau with a negative value abewt2, indicating a strong small-scale universal
anisotropy. Here for universality we mean independent eflinge-scale properties of the flows. Going to a larger
distance from the walj /y, ;2 > 0.75, the two fields start to have a different statistics also alkscales. The high values
for the flatness of the fuel gradient is a further indicatidrastronger non-Gaussian characteristics of the stetistic
small-scales, induced by the reaction.

In a future investigation, we will also consider the exothierreacting case, where we will address the heat-relefesd ef

on the PDF-shapes as well as higher order moments of diffecaitars.
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Figure 1. (a) Cross-stream profiles of the mean scalars and (b) the#ftich intensities of scalars af h = 25; solid and dashed lines
show passive and reacting scalars respectively. The redraed lines show the position 8f.s,maz andéy,rms,maz, respectively.
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Figure 2. Distributions of third and forth-order moments, (a) skessiand (b) flatness of the scalar fluctuations dt = 25. Solid

line: passive scalar and dashed line: fuel species. ielis yu, /v andy; - is the half-height of the jet.

20 5‘0 ‘ 190 1?0 ‘ 2?0 2?0 ‘ 3?0 3‘?0
+
Skagray | Y 1 (a)
ol |
Skao,ay
2
-3 L L L L L |
0 0.25 0.5 0.75 1 1.25 15
300 5‘0 ‘ 190 1.‘?0 2?0 25‘0 3?0 3‘?0
Faoray 1 (0)
Fao, ay - i
5 L L L T —f— +—1
0 0.25 0.5 0.75 1 1.25 1.5
y/ Yi/2

Figure 3. Distributions of (a) skewness and (b) flatness of the wathad gradients of the scalar fields, Line style as in Fig. 2.



