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Abstract We study the diffusion of a puff of passive scalar in a homegsrand isotropic turbulent flow. We integrate the equation f
the spreading of a Gaussian puff using numerical simulatéwne at Taylor-Reynolds numbRe, = 400. This equation is valid for
small puffs, such that the turbulent velocity accross thé ¢an still be considered linear. The numerical simulagiane compared to
an experiment in which small Gaussian puffs of NO molecutes turbulent flow of air are created using molecular taggig.find
striking agreement between simulations and experimedtdatuss the effect of intermittency.

When a Gaussian blob of passive scalar is released in tundmylé will spread due to the combined action of turbulence
and molecular diffusion. When the blob is so small (siz&0 n) that the local velocity field may be linearized, it is well
known that its shape evolves in a Lagrangian frame accotding

% =4D,, I + AT + T AT, (1)
where the matrix defines the shape of the Gaussian puff with concentration fi¢h) = exp(—z” T 'z), where
the elements of the matrid are the velocity gradients4; ; = Ou;/0z;, and whereD,, is the molecular diffusion
coefficient [1]. We consider the special situation where alease a gaseous puff in turbulent air, so that the kinematic
viscosityr ~ Dy,. A still unanswered question is whether the effect of tuebtilispersion on the spreading of the puff
is enhanced or suppressed by the action of molecular diffiysi.

We study equation 1 with the aid of Lagrangian data cominmfhaghly resolved direct numerical simulationBe, =
400 with 20482 points) [4, 5]. The key results of the simulations can be samzed as follows: (1) the dispersion is
dominated by the transverse velocity gradieAls = du;/dz;,i # j; (2) for short times, the joint action of turbulent
dispersion and molecular diffusion can be expressed adextieé diffusion coefficienD, with the largest eigenvalue of
I evolving asl'(t) = I'(0)+4Dt, with D = Dy, +T(0)(30~'/27,"1, where the facto30~'/? is related to the dimensional
isotropic estimate of the mean transverse velocity graslien
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Figure 1. Experimental Setup. The pulsed ArF excimer laser (1) cseatme of NO particles and the flow displaces and wrinkles the
lines. The pulsed dye laser (4) visualizes the NO particlgisost while later using fluorescence, while the ICCD caméjagllects
fluorescence signals within the readout area (2). Gaussitis are realized as lines with Gaussian cross section, dotsin the
intersection point of the two laser beams.



EXPERIMENT

The experimental realization of this problem uses moledalgging, where small Gaussian pufs were prepared as thin
lines (width~ 10 n) using a laser beam with Gaussian cross section, or as sotalirdthe intersection of two laser
beams. These patterns were written in a strongly turbuégrilgw by fusing N and G, molecules to NO, which is then
used as a tracer. This photosynthesis is done in the focusomigsUV laser beams (ArF excimér Physik, LPX 150).

A while (tens ofus) later, the patterns are made visible through inducingdsmence with a second (UV) laser. The
deformed and dispersed pattern of NO molecules is photbgdhim the UV using a fast intensified camera [2].

In our experiments, the Taylor-based Reynolds numbBejs = 500, and the Kolmogorov length and time scales are
n=14x10"°mandr, = 1.4 x 1075 s, respectively. The initial width of the written line is = 50 um. We trace
the backbongy(s) of deformed lines in images by fitting Gaussidns exp(—(y — yo(s, t))?/0?(s,t)), to their cross
sections and thus find the line wid#{s, t), with s the coordinate along the line. From collected statisticg on10?
images at each time delayve measure how the average line widtincreases with the delay tintdetween writing and
reading.

Figure 2. Dots connected by line is the depence of the average Widthon the time delay between writing and reading lines. The
error bars indicate the variation of along the written line. Dashed line shofs®(¢)) = 4Dt, with D = Dy, +T'(0)(307 /27,7t =
6.8 m?s~!. The dash—dotted line indicated(t) = 4 D, t + 0%(0) exp(2v/7,), with v = (2/15)/2.

The measured Gaussian widtltan be compared to the largest eigenvalue of the mRBtrikhe results for delay times
up tot/r, = 3.6 are summarized in Fig. 2.

CONCLUSION

We find striking agreement between experiment and numesioallation at short times. These results are for pencil—
shaped puffs (1D puffs), but we shall also present result8@mpuffs. A question is whether the strongly anomalous
statistics of the gradientd will endow the fluctuations of with special properties. A preliminary conclusion is tHast

is not the case, with the fluctuations®f (o) being close to log—normal.
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