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Anisotropy of a thermal field at dissipative scales
in the case of small-scale injection

L. Rosset, P. Paranthoén, J.-C. Lecordier, and M. Gonzalez®
CNRS UMR 6614/CORIA, Universitee Rouen, 76821 Mont-Saint-Aignan, Cedex, France

(Received 19 December 2000; accepted 22 August)2001

The anisotropy of a thermal field at the level of dissipation has been studied experimentally and by
means of modeling, downstream of a heated line source placed, successively, in a turbulent
boundary layer and a turbulent plane jet. This situation represents anisotropic small-scale injection
of a passive scalar in a turbulent medium. All three instantaneous temperature gradients have been
measured. In the central region of the thermal sheet, experimental data reveal a high degree of
anisotropy of temperature dissipation near the line source and return to isotropy further downstream.
Comparison of measurements with modeling allows interpreting the data and estimating the
return-to-isotropy time scale. @001 American Institute of Physic§DOI: 10.1063/1.1410982

I. INTRODUCTION leads one to wonder what are the mechanisms underlying the
return to isotropy. The latter indeed existherwise, experi-
The need to understand and predict micromixing in inerfments  would reveal ever increasing anisotiopigut,
and reacting flows has promoted a number of studies devoteghparently, is not yet understood. For instance, the exact
to the small-scale structure of scalar fieldss a matter of equations for the components of tensof® &
fact, a better knowledge of mixing at the smallest scales— 2D(90'19x) (90’ 1dx;) (where 6 is the scalar and its
requires thorough investigations of the statistics of scalamolecular diffusivity lack of a pressure term to which redis-
gradients. In this regard, however, theoretical problems argipytion is usually ascribef. This implies that, at the level
still open. For instance, the fact that large-scale featuregs gcqiar dissipation, only stretching and/or molecular dissi-
might be felt down to the smallest scales has motivated &iion are likely to promote the return to isotropy. The exact
closer examination of the validity of classical concepts. ESynechanism, however, remains unclear. The present study dif-
pecially, the Kolmogorov—Obukhov—Corrsin theory is S€-fers from previous ones in this regard since it is focused on

ously questioned with respect to the local isotropy of scalag, ; ; :
e analysis of anisotropy of a temperature figlte scal
fields! Possible violation of this basic concept has early been y by P ¢ ar

ned-5and anisot tthe level of - and third injected at small scales, in an anisotropic manner. This is
examined ~and anisotropy at the level of second- and third- o 5,0 by heating a small-diameter line source successively

orr1der r;?omsg_nfos ROf sce:lar derllvatl\;eshls nofw tzonflrmed "in a turbulent boundary layer and a turbulent plane jet. Con-
iez%r d ;)r\:viﬁtri uiice?esiﬁpﬁgrr:gln Sthaetvii i:Ltrirrir(l:otrSrt:E_trary to the case of constant large-scale forcihtf;*®anisot-
guing Y P y is imposed as an initial condition, at the line source.

. : o
lence, the small-scale anisotropy of a passive scalar ﬂelcf P . L )
. . . . ; his anisotropy apparently remains in the off-center region
undergoing large-scale anisotropic forcing remains even

though the turbulence Reynolds number is increasétBe- O]: :Ee Flume ats proO\I/e(j, etfspeclgally, by the tnhonzer? s:<ewrt]e?s
sides, it is to be noted that, as shown by Van Atamisot- otthe temperature derivative. However, in the central part o

ropy of second-order moments of scalar derivatives may bgwe plume(where the skewness is found to be negligible

caused by a departure from isotropy at the Iow—wavenumbe?nisorrom,/ of the second—qrder momgnts of the derivatives
end of gradient spectra and may not, thereby, invalidate iso{_elaxes with downstream distance which enables us to study

ropy at the smallest scales. Investigation of a possible anisot® "€turn to isotropy at the level of temperature dissipation.
ropy of second-order moments is however valuable with re- 1€ témperature signal is measured by means of cold-
gard to the question of the validity of isotropy argumentsWire thermometry. The instantaneous temperature gradient in

which are set forth in some scalar dissipation measurement§€ flow direction is derived by means of the Taylor's hy-
or models. pothesis whereas gradients in the other two directions are

The question of the way in which small scales are pospbtained using a double cold-wire probe. The three contribu-
sibly contaminated by large-scale properties has been esséifns to the dissipation of the temperature fluctuations energy
tial to previous studies. In this respect, investigations on théhatis, e, =£11/2, €5 =&,/2, ande, =E59/2, are thus deter-
role of cliff structures induced by a mean scalar gradient irmined and the degree of small-scale anisotropy is estimated.
isotropic turbulencE'®*~**have yielded valuable indications. The experimental conditions are detailed in Sec. Il. A model
The persistent anisotropy of scalar derivatives, howeverlescribing the longitudinal evolution of the components€of
at the source height is also propos@&kc. Ill). Analysis of
“Telephone: 33 2 3514 6566; fax: 33 2 3570 8384. Electronic mai:Measurements and of model predictions is performed in Sec.
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FIG. 1. Heated line source in the turbulent boundary layer.

Il. EXPERIMENT

A. Experimental arrangements and conditions

lent boundary layer and a plane turbulent jet as shown in th80zzle Axs/b=6.7).
diagrams presented, respectively, in Figs. 1 and 2. In the
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FIG. 2. Heated line source in the turbulent plane jet.

consider heat as a passive contaminant. In the previous ex-
pressiong is the acceleration due to gravity agdthe tem-
perature coefficient for volume expansion. In the case of the
boundary layer experiment, the source was located at height
hs=19mm (s/5=0.3). For the plane jet experiment, the

The experiments have been conducted in both a turbusource was located on the jet axis,fts=10cm from the

The parameters of both flows at the source location are

boundary layer, the measurements have been performed indéven in Table 1. Note that in the present experimental con-
ditions, the isotropic relation provides a reliable evaluation
The boundary layer thickness, at the source location was Of the mean dissipation rate For the boundary layer, plot-
63 mm. The plane jet has been generated by a variable spefig €6/u; vs y/ & (Ref. 18 proves that the estimated value

blower supplying air in a two-dimensional rectangular 10:10f € agrees with the classical relatian=u®/xy (u, is the
friction velocity andx the von Kaman constantas well as

cmx35 cm from a slit of widthb=15 mm and span 15 cm, With the direct numerical simulations data of Spdfain the
centrally located in the plate. The jet velocity at the nozzlerange 0.28y/§<0.65. At the source heighy(5=0.3), the
agreement is quite satisfactory. In the plane'§ehe down-
In both experiments, the thermal line source was a Kanstream evolution o computed with the isotropic relation is
thal wire (diameterd,=0.09 mm), heated by Joule effect, in agreement with previous model predicti6hsnd tends
tensioned laterally across the flow. The electric power wagoward the far-field relation proposed by Antoeiaal * This
tuned to minimize the dynamical perturbation behind the lineacceptable approximation efgives some confidence in the

source. The effective Reynolds number of the source wir¢/alue derived for the Kolmogorov's length scale.
Temperature fluctuations were measured with a single

Pt—Rh 10%, 0.7um diameter cold wire, operated at 0.1 mA.
the mean longitudinal velocity of the flow at the source lo-Regarding measurements of the dissipation rate of tempera-
cation and the kinematic viscosity, is taken at the tempera- ture fluctuationse,, a two-wire probe consisting of two par-
allel cold wires was used. These wires were 0.5 mm long and

ference between the temperature of the line source and tieir diameter was 0.m. The minimal separation between
the wires was 0.2 mm. The compones)f was measured

using the Taylor’s hypothesis, from time correlation func-
=gBA 0d§/v, was about X 10 * and hence low enough to tions. The other two componentsgy and €4, Were mea-

closed circuit wind tunnel issuing a free stream at 6.4 th

contraction. The jet exited normally to an end pldfer

exit has been maintained at 6.7-sn".

namely, Re=Uds/v(Te) was just smaller than the critical
vortex shedding Reynolds number. In this definitiah, is
ture To¢ defined asT+=T,+0.24A 0; A6 represents the dif-

temperatureT, of the upstream flow. The ratiGr/Ré,
where Gr is the Grashof number defined a&r

TABLE I. Parameters of the flow at the source location.

Plane jet Boundary layer
Mean longitudinal velocitylJ 6.1ms? 50ms?t
Longitudinal turbulence intensity' 2" /U 0.15 0.08
Transverse turbulence intensity,2 /U, 0.17 0.05
Turbulence kinetic energk=0.75u’2+v'32) 1.46 nf-s2 0.17 nt-s 2
Dissipation rate ok, e=150U_ 2(du’/at)? 22 nts? 1.55 nf-s?
Kolmogorov's length scaley= (v%/€)** 0.11 mm 0.22 mm
Kolmogorov’s frequencyl /(27 7) 8.8 kHz 3.7 kHz
Taylor’'s microscaleh = (15vu'2/ )12 3mm 4.8 mm
Microscale Reynolds number, Reu’2" A/ v 190 130
Integral time scale ofi 1ms 4.5 ms
Integral time scale ob 0.9 ms 1.3 ms
Global integral time scal&/e 66 ms 110 ms
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FIG. 3. One-sided temperature dissipation specttarbitrary unity in the ~ FIG. 4. Budget of temperature variance in the boundary layer, at 50 mm
boundary layer, at 20 mm from the source, at the source heighi§ the from the source; C: convection; P: production; T: turbulent transport; D:
wave number corresponding to streamwise direction. dissipation.

sured from spatial temperature correlation functions forvariance and the half-width of the mean temperature profile
small separations in thg and z directions. Because of the at the section of measurements. Note that terms correspond-
low values of the temperature microscale in the spanwiség to convection by the mean cross-stream velocity, turbu-
direction, close to the source, and in the transverse directiolent transport in streamwise direction as well as production
on the whole investigated temperature field, an extension ofesulting from the longitudinal temperature gradient have
the standard parabolic metHddvas used for measuring, been found negligible in the budget and have not been plot-
and e, . This new methotf for the temperature field is de- ted. An ir)tergsting feature is the pr.edominance of convection
ducedzfrom the one used by Aronson anddanP* for ve- and dissipation in thg central region of the_th(.ar.mal plume;
locity measurements. The velocity field was measured usinf2"SPO't and production mechanisms are significant beyond

Pt—Rh 10%, 2.5um diameter X-hot wires at an overheat /Ly=1. This kind of budget agrees with previous experi-

ratio 1.5 with DISA 55M constant temperature bridges mental studie$®~?8The important result is that, in both cases
' ' (Figs. 4 and B the sum of the plotted terms is small which

means that the budget is reasonably well verified. This indi-
rectly confirms the validity of the dissipation measurements.
The accuracy of the, measurements has been checkedt is also worth noting that, in the present case, estimating
by plotting the corresponding one-sided temperature dissipa-
tion spectrum. The latter is shown in Fig. 3, in the case of the
boundary layer, at 20 mm downstream of the source. As can 2
be noticed, the spectrum displays the expected staplee
peak wave number is approximately 1200 nthat is, 0.26
times the Kolmogorov’s wave numbén ™ 1=4500 m !, see
Table |). Moreover, since the cut-off frequency of the probe
is 3500 Hz which corresponds to 4400 hin wave number,

Fig. 3 confirms that the scales contributing to the variance of
the streamwise derivativég6'/9x)?, are resolved. 0
The other two contributions to the dissipatiosh/ and
€0, derived by the correlation method, cannot be verified in

the same way. An indirect proof of the reliability of their |
measurement is given by the budget of the temperature vari--
ance. Figures 4 and 5 display this budget in the boundary
layer and the plane jet, downstream of the line source, at 50
and 5 mm, respectively. The different terms include convec- , : : : : :
tion, turbulent transport, production and dissipation of vari- -3 2 -1 0 1 2 3
ance (with dissipation evaluated as,= e, + €t €p) In y/Lg

B. Validity of dissipation measurements

th_e flgures, they are normallzed Wlthvse_ maX/L0 where FIG. 5. Budget of temperature variance in the plane jet, at 5 mm from the
G’Zmax and L, are, respectively, the maximum temperaturesource; C: convection; P: production; T: turbulent transport; D: dissipation.
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dissipation ase,=3e, would noticeably underestimate the Provided the turbulence intensity is not too large, the case of
true dissipation and would not ensure the temperature var continuous line source can be viewed as a problem equiva-
ance budget. lent to the instantaneous area sodfaghich corresponds to
{=1 and hencey,= 10/3.
Now, the modeled transport equation for the components
IIl. MODELING of £ is written assuming a convection/dissipation/return to

. . . o isotropy budget
The present modeling essentially aims at assisting the

interpretation of experimental data and at trying to get some  _d& 2 €y 2
further knowledge of the basic mechanisms. We restrict the oX - 3 Vo — AR
analysis to the longitudinal evolution of the thermal field at

the source height, in the region where the budget of temperaContraction of Eq(3) yields thee, equation. The first term
ture variance is governed by convection and dissipation. Thisn the right-hand side represents the isotropic dissipation of
allows us writing transport equations in their homogeneous; . The second one expresses the return to isotropy under
form. As a matter of fact, in this regime, the decay of tem-the form of a relaxation mechanism acting with a character-

perature variance is described by istic frequency 7= agre,/0'?=ax7, 2 as proposed in
7072 Ref. 16. It is to be emphasized that, at present, there is ap-
U——=—2¢,. (1)  parently neither experimental nor theoretical information
X about this return to isotropy. Besides, the exggtequation

Note that there is no experimental evidence that the bugdoes not include a pressure term to which return to isotropy
get of ¢, is, likewise, limited to convection and dissipation. i usually ascribed which leads to conjecture that only mo-
Moreover, similarity between thé’2 and e, equations can- lecular dissipation and/or stretching could ensure the Ihter.
homogeneous scalar field in sheared turbulence, for instancécale 7, does not dismiss a possible role of the small-scale
the 9’2 equation does not include any production termVelocity field sincee, itself, experiences the effect of small-
whereas shear gives rise to a production term in ¢pe scale velocity gradlgntg thrqugh stretching.
equatior?® The power-law decay oB'2 with downstream Another key point is raised by . Acceptance of the

distance displayed by the experimental dé&ac. 1), how- postulate of local isotropy would requite; to increase with
ever, suggests that, here, thgequation is the turbulence Reynolds number. Recent experimktits

performed in the case of a forced scalar field in isotropic

_J€y € turbulence have, however, proved that, whereas the Reynolds
U——=—¢y—, 2 number is significantly increased, anisotropy at dissipative
aX 0/2 . .
scales does not seem to relax. It is, therefore, inferred that

with ¢,=constant. The negative term on the right-hand side¥= Might be slightly Reynolds number dependent and,
is to be considered as modeling the net dissipation that is, th&ereby, is considered to be a constant in the present study. In
difference between stretching and the molecular destructiof€ following, the value of this constant and hence, an esti-

of €. mation of the return-to-isotropy time scale is derived from
The above equation describes the decayepfin the ~ comparing modeling predictions with experimental data.
inertial regime, in stationary turbulené®Indeed, defining The cases of a heated line source in the turbulent bound-

by |, the internal scale of the thermal plunehich, in the — ary layer and in the turbulent plane jet defined in Sec. Il are
case of the line source, is the transversal thickness of theonsidered in turn. In each case, E(B.and(3) are solved
instantaneous plumee, scales as,~ 6'2q,/1,; q2 is the (with €, computed ag,=¢£,,/2) using, as initial conditions,
kinetic energy of structures the size of whichljs In the  the measured values &%, £1(=2¢,), &(=2¢,) and
inertial regime?* q,~13° and dl,/dt~q, which implies  Es(=2¢,) at the first experimental section.
de,/dt~—€2/6'2,

The V;i|ue ofs, can be derived from a recent analysis by IV. RESULTS
Thomspﬁ based on the_ relative motion of particle PAIIS: ' Heated line source in the turbulent boundary layer
According to the latter, in the regime we are considering
here,e, can be parametrized as The results presented below relate to longitudinal evolu-
tions at the source height. Note that the downstream distance
€p=— —, used in Figs. 6—15 is rescaledds= o,x/U¢ which is pro-

4 t portional to the mean width of the thermal sheey; is the

where ¢ indicates the dimensionality of the source that is,/00t-mean-squardérms) of the transverse velocity at the

=1, 2, or 3 for, respectively, an instantaneous area, line opPUrce location. In the case of the turbulent boundary layer,

point source. From the previous equatiovith t=x/u) and the velocityu in Egs.(1) and(3) is constant and equal td

3007

; -1
Egs.(1) and(2), it is straightforward to show that that is, 5 ms . _ -
In order to gather the results obtained with different val-
:6§+4 ues of the heating power applied to the line source, tempera-
o 3¢ ture is normalized with a reference temperaturg,
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FIG. 6. Decay of the temperature rms downstream of the heated line sourGe g g Evolution of the scalar time scale downstream of the heated line
placed in the turbulent boundary layer;; andU; are, respectively, the rms  sqyrce placed in the turbulent boundary layer.

of the transverse velocity and the mean longitudinal velocity at the source

location; T, is a temperature of reference based on the heating power ap-

lied to the li . - . . I
plied o the line source noticing that.sgy is the dominant contributiofes expectable

from the geometry of injectionand thateez is larger than

:(Plls)/(pcpusds)-33 The electric powerP, is increased when €6, at the first measurement location, for mstané:@y,/egX
temperature measurements are performed at the farthest30 ande,, /e, =1.6.
points. In the present experiments, the power per length unit, The predominance of, close to the line source can be
P/l, ranged between 40 and 70-W .. In the definition of  understood as the consequence of both the initial large in-
T,, |5 is the length of the heated line sour@g=15cm in  stantaneous temperature gradient in directi@nd the flap-
the plane jet and 60 cm in the boundary Iayamndp andC,  ping experienced by the thermal sheet. This is confirmed by
are, respectively, the density and the specific heat of air. Fast model inspired from those already developed to estimate
P/ls=40 and 70 Wm™%, T,=70 and 120 K, respectively.  the temperature variance in the vicinity of the soutt&.In

The temperature rmsy,, is found to decay approxi- this model'® it is assumed that, in the near field of the line
mately asx~ %7 (Fig. 6) and €, asx~2° (Fig. 7). This be-  source, the instantaneous thermal plume is Gausgiih a
havior is rather well described by the model. It is worth characteristic thicknedg) and undergoes a flapping imposed

by the turbulent flow along direction The value ofe, can

y
be evaluated by the convolution betweerd{Jy)? and the

ggds /T 20, probability density function of the position of the plume
1E-04
] exp. model
1E+02 - Coy/Eox & e
1E-05 A ] T €g,/€ox O cmmmmem-
lE—O6-E
] 1E+01 T
] @
J ...... I
....... I
1E-07 ] P :
] ] T T A
| : o1 [
1E-08 +——r———— y ‘ —— LE+00 4 Jl """"" —L -----------------------------
1 10 ]
o, x/ U  (mm) 1

FIG. 7. Decay of the temperature variance dissipation and of the three
contributions.e, , €, , ande, downstream of the heated line source placed
in the turbulent boundary layed is the source diameter. Crosses representFIG. 9. Evolution of the ratiose, /e, and e, /e, downstream of the
the predictions of the flapping model. heated line source placed in the turbulent boundary layer.

o, x/U; (mm)
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FIG. 10. Evolution of the three scalar microscales downstream of the heate'éIGt' %)zt Decay of thedtemr()jeraturte vana?ctﬁ d;]ssTa(;l?n and of thle th:jee
line source placed in the turbulent boundary layer. contributions,e,,, €, ande, downstream of the heated line source place

in the turbulent plane jety,=3.3, az=4.

center. Assuming that the latter is Gaussian with standard
deviationo, it can be derived that, at the source height andance than in the boundary layer. This model cannot retrieve

for o217 the evolution ofe, far downstream or the values ef, and
Dg? €y It, however, gives an indirect proof of the reliability of
€g= ———F——, the two-point measurements of the instantaneous tempera-
Y 2\2AT a0l ture gradient.

where 6, is the maximum temperature in the instantaneous ~ The evolution of the scalar time scale,= 6"%/2¢,, is

and AT, can be derived from the experiment, can be Slight tendency of the experimental data to level-off from the
y i . L "

computed using the above model. The results are reported ltwe"_lr law a'f"“’}d‘ N 1(.) mm could |n(_j|cate atransition to a

Fig. 7 and show that the “flapping scenario” explaining the ar-field regimé! but this would require measurements fur-

high value ofe, near the source is valid. This is true, also, ther dow.ns.tream to be assessed. ,

. y o . Predictions ofe, , €, , ande,_(Fig. 7) and of the return

in the case of the plane j¢Fig. 15 although in the latter , X yd b ﬁ q q ‘

case the model departs from the experiment at a shorter gifo Isotropy, represented by the downstream decrease o

G,/ T, T ()
3E-02
B, experiment =}
o 1 model e
B,
(=R
=
a 2E-02
.
0,01
o
[u]
1E-02
..... -
| = I
a P
experiment o B
model D|:| ..................
0,001 T ; . . - . OE+00 i . . | . . . . :
1 10 0 5 10

c,,x/ U (mm) 6, x/U; (mm)

FIG. 11. Decay of the temperature rms downstream of the heated line sourd@G. 13. Evolution of the scalar time scale downstream of the heated line
placed in the turbulent plane jefi,=3.3, ar=4. source placed in the turbulent plane jgt;=3.3, azp=4.
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Oy/ T, be large and positive which counteracts their decay due to
dissipation and implies a minimum in the corresponding mi-
croscales sincaj = 0'?/e, and\j = 60'%/e, . It can also be

Y put forward that, in a first stage, the thermal sheet experi-

o g ences corrugations in both the longitudinal and spanwise di-

D rections under influence of small-scale vorticity. This process
results in a decrease of the corresponding microscalgxs,

and\ 0, The latter increase afterwards, which corresponds to

the diffusion of the thermal sheet in all directions.

The skewness,,, of the temperature derivative taken
along directiory (normal to both the line source and the flow
direction has also been derived from the temperature mea-
experiment o surementgbut is not shown hepje The skewness displays
model o opposite signs on both sides of the plume, reaching absolute
0001 = , , ——— values as large d§,,y| =4. This behavior results from the
10 intermittency imposed by the flapping of the instantaneous

plume. These off-center values of the skewness do not ap-
FIG. 14. Decay of the temperature rms downstream of the heated Iimparently display a tendency to decay with downstream dis-
source placed in the turbulent plane jgt;=2.8, ar=3. tance. In the same region, the skewness of the streamwise
derivative, S,y ., IS slightly negative. In the center of the
. ) plume, S,y is close to zero right from the first measuring
€9,/ €9, and eq [, (Fig. 9), are acceptable provided that gection ands,,,, tends to zero. Similar results have been
ar=4 which implies that the return-to-isotropy time scale isfound in the plane jet. The present experiment therefore of-
74l2. fers a situation in which anisotropy of the thermal field

The longitudinal evolution of the microscales is dis- seems to remain in a given regigime off-center part of the
played in Fig. 10. These quantities are defined N#i plume whereas isotropyat least in terms of the second and
=260"2/(96'19x)? and with similar expressions forgy and third-order moments of the derivatiyesstablishes in an-

)\gz_ They display a downstream increase m&tx and No, other part of the flow(the center of the plume

first pass through a minimum. The latter is retrieved
though slightly amplified fol , ) by the model which sug- .
gests that this behavior results from the predominance of the In the case of the turbulent plane jet, the mean velacity
return to isotropy in the early evolution ef, ande, ; inthe  USed in Eqs(l) and(3) is not constant and decreases from 6
model, the initial small values of, ande, indeed cause to 4.8 ms = over the investigated region that is, faf

. . . : =1-10mm. Besides, it is considered that the assumption of
their relaxation ternjsecond on right-hand side of B@)] to stationary turbulence still holds since, over this region, the

turbulence kinetic-energy decay is wedk.
ggdy /T 20, The decrease of temperature rms is reported in Fig. 11.
The experimental data show that the latter isirf-"> up to
x*=2.5mm and, afterwards, rather followsxa?! law. In
contrast, the model does not retrieve the faster decay of the
temperature rms beyorxt'=2.5mm and overestimates the
measurements in the last stage. Discrepancies between model
predictions and experimental data are also clear when con-
sideringe, and the three contributions; , €0, ande, (Fig.
12). Especially, the predicted decay &f is too slow and the
return to isotropy ofe(,X is too strong in the beginning. In

passing, the hierarchy of the three contributions is found to
be qualitatively the same than in the boundary layer with,
however, a larger anisotropy; at the first experimental point,
egy/eax:YS ande, /e, =6.6. The initial increase of, is
B0 underestimated by the mod@Fig. 13 most probably, as a
. o result of the overestimation af, .
O, X/ U, (mm) A reason for the disagreement between model predic-
) L tions and measurements could lie in the hypothesis that the
FIG. 15. Decay of the temperature variance dissipation and of the thre% daet ot t . iust ts t
contributions.e, , €, ande, downstream of the heated line source placed udge . 0 .em.per.a ure y.arl'ancle. Just ~amounts 1o - a
in the turbulent plane jety,= 2.8, o, = 3. Crosses represent the predictions F:OﬂVGCtIOh—dISSIpatlon eqU|||br!Um7 in the case of the plang
of the flapping model. jet, turbulence transport of variance at the source height is

0,01 1

G, x/U; (mm)

B. Heated line source in the turbulent plane jet

1E-04
1E-05

1E-06 5
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indeed not quite negligib® It is furthermore found to as- a convection—dissipation regime, can be described by a
sume a negative sign and, if taken into account, may therebmodel based on a convection—isotropic dissipation—return to
imply a faster decay of the variance. The assumedsotropy equilibrium suggesting that the latter mechanisms
convection—dissipation budget ef,, may not, in addition, are indeed the prevailing ones in the evolution of all three
be verified. Besides, the equivalence between a continuowissipative contributions. More significantly, this model has
line source and an instantaneous area sétiused for de- enabled us to derive an estimate of the return-to-isotropy
termining the dissipation constarit, (Sec. ll)) is question- time scale,7;. As a matter of fact, comparisons between
able in the case of the plane jet since, in the latter, the turpredictions and experimental data are acceptable provided
bulence intensity is not small; the intensity of longitudinal that the latter is proportional to the scalar time scalg,
velocity fluctuations at the source location is 0.15, two timeswith 7,=0.5r, in the turbulent boundary layer and
larger than in the boundary layéfable ). The theoretical =0.67r, in the turbulent plane jet, at least over the investi-
value ,= 10/3 may not, thereby, be adapted to the case ofated region of the thermal field. The value of in the

the line source in the turbulent plane jet. As the predictechlane jet is, however, to be considered with some caution
evolutions of#’'? and €, are governed by, independently  since a satisfactory overall comparison between the model
of the value of the return-to-isotropy constant, we have and the measurements is more delicate to obtain in this case.
first modified the value o/, in order to better fit the experi- It is furthermore to be noticed that the return-to-isotropy time
mentald’? ande,. The value ofa; determining the return- scale has been assumed to be independent of the Reynolds
to-isotropy time scale has then been chosen by fitting theumber. Assessing this important hypothesis is difficult here
evolutions ofe, , €4, ande, . This leads to),=2.8 and  since the turbulence Reynolds number has comparable val-
ar=3 (whereasy,=3.3 and az=4 in the case of the ues in both the boundary layer and the plangTetle ).
boundary layer The corresponding comparisons between  The ratioay /4, gives an estimate of the efficiency of
model predictions and experimental data are given in Fig. 14he return to isotropy with respect to isotropic dissipation.
for the temperature rms and in Fig. 15 for the dissipation an@Vith az=4 and,=10/3, it is equal to 1.2. Interestingly,

its three contributions. Note thatz=3 implies a return-to-  the model of Speziale and Gatskshows that this ratio, in
isotropy time scale equal to 0.67 instead of 0.3, in the  the case of the dissipation tensor of the Reynolds stresses is

case of the boundary layer. C65/062:3 which suggests that the return to isotropy might
be faster for the velocity derivatives than for the scalar de-
V. DISCUSSION AND CONCLUDING REMARKS rivatives.

A striking result of this study is the high degree of an- Now, a key point concerns the mechanisms underlying

isotropy at dissipative scales of the thermal field downstrearﬁhe.ritum :O |sotrop¥ at the Ievgl of sctalartdls.tsr:ptitlog. Th|s|(|js

of the heated line source. Ratieg /e, as large as 30 in the an Interesting guestion since, In contrast wi € Reynolds

boundarv | d78in th lv X th b étresses dissipation tensor, the contributions to the scalar dis-
oundary fayer an Inthe plane jet have been measure i‘pation(namely,egx, €4, andegz) are not, at least directly,

This predominance of, is explained by both the large tem- . ) ) )

L Y . influenced by pressure to which return to isotropy is gener-
perature gradient imposed by the source and by the flapplng”y ascribed® One can, however, surmize that the mecha-
of the thermal sheet along directignit has also been found ’ ' '

that e is laraer thane. - at the first experimental location nisms causing the return to isotropy lie in both the stretching
aley IS 1a _ge aneg,s P ) .’ and the molecular dissipation. The latter does not ensure,
egzlegle.G in the boundary layer and 6.6 in the plane jet.

properly so-called, a redistributiqgalthough the correspond-
This latter result remains to be explained butitis Ilkely that,ing term can be rewritten so as to include redistribution fol-
in both flows, the preferential orientation of small-scale vor-jowing, for instance, Lumleif) but lessens the largest instan-
ticity induced by shear implies a redistribution of the instan-taneous gradients that is, in the present case, the
taneous temperature gradi€ntvhich promotese, at the instantaneous transverse temperature gradient. Besides,
expense ok, . The same kind of measurements performedstretching implies an action 0By, €, and €, through
in grid turbulence would most probably shos/yxz €, strain and rotation. Rotation causes reorientation of scalar
The other outstanding feature is the return to isotropy ogradients and is also, thereby, a possible mechanism for the
temperature dissipation with downstream distance, at theeturn to isotropy. In the case of the heated line source, it can
source height. We stress that this result does not conflict withe imagined that longitudinal and spanwise vorticity gener-
previous studies showing persistent anisotrdpds a matter ~ ates local curvature of the heat sheet implying, on the whole,
of fact, the present experiment is different from those inpromotion of, respectively, spanwise and longitudinal tem-
which anisotropy is maintained through large-scale forcingperature gradients and reduction of the transverse one. The
Anisotropy of the second-order moments of the temperaturevolutions of the microscales; , )\gy, and\, reported here
derivatives is indeed just imposed at the injection locationjend support to this kind of scenario. A possible additional
by the geometry of the source and, in the central part of theole of strain via, for instance, transverse dilatation and lon-
plume, is free to relax downstream. The return to isotropy isyitudinal and spanwise compression could be considered as
a crucial point since there is, at present, a serious lack afell. Strain, however, also implies anisotropy, especially,
information as regard to this phenomenon. It has been showere, by compression normal to the scalar sheet. Finally, it
that the decay oé,, €, , ande,, at the source height, in the may be that, overall, mechanisms of the same order of mag-
region where the budget of temperature variance amounts tatude (molecular dissipation, rotation, and strapromoting
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