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PHYSICAL REVIEW E, VOLUME 64, 026302
Effect of large-scale intermittency and mean shear on scaling-range exponents in a turbulent jet
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The present study investigates the combined impact of the intermittency associated with the turbulent-
nonturbulent interface and the mean shear rate in an axisymmetric jet on the structure of turbulence in the
scaling range, where the spectrum exhibits a power-law behavior. Second-order structure functions, autocor-
relations of the dissipation rate, and spectra of both the longitudinal velocity fluctuation and the passive
temperature fluctuation are measured at a distance of 40 diameter downstream from the nozzle exit. All the
scaling range exponents are influenced by the large-scale intermittency and the mean shear. The scalar fluc-
tuation is much more sensitive to the variation in large-scale intermittency than the velocity fluctuation.

DOI: 10.1103/PhysReVvE.64.026302 PACS nunerd7.27 —i

[. INTRODUCTION linear dimensionr). The autocorrelation of the dissipation
rate e exhibits a power-law behavidb]
The Kolmogorov 1941[1] (or K41) similarity theory,
which assumes local isotroffgr isotropy of the small-scale (e(X)e(x+r))~r"*, )
turbulence and large Reynolds numbers, led to the result
wherer is in the IR. The exponent is a measure of the

((Au)M=C e>n/3r n/3 (1) intermittency ofe(x), and is usually referred to as the inter-
mittency exponent.
when the separationis within the inertial rangésometimes For the passive scalar case, relations analogous to Egs.

“inertial subrange’) n<r<L. Here,u(x) is the longitudinal  (1)—(3) have been obtained in the literatUfg. For simplic-
velocity fluctuation,x is the longitudinal(axial) coordinate, ity, we shall write
Au,=u(x+r)—u(x) is the velocity increment, 7

=(v%/(€))¥* (angular brackets denote time averagiisgthe (MG~ 4
Kolmogorov length scaleg is the turbulent energy dissipa-
tion rate,L is the integral length scale of the turbuleneds (A By ~rén, (5)

the kinematic viscosity of the fluid, an@, are constants

which are likely to depend on the nature of the flow. There isand

now significant evidence to indicate that “constant” expo-

nents, as implied by Eqd), are unlikely to apply at Rey- (€g(X)€g(XFT))~1 "0, (6)
nolds numbers normally encountered in the laborai@ly

since a “true” inertial range in the sense of K41 is not ob- Here, § is the scalar fluctuations, is the scalar dissipation
served. Exponent values quoted in the literature and, indee#te, andu is the scalar intermittency exponent.

in the present paper, should be considered strictly as aver- Much effort has been devoted to verifying the spectral
ages over what is generally referred to as the inertial rangeelations which are equivalent to Ed4) and (4) for n=2,
(IR) (the existence of such a range seems more justifiabléiz.

when spectra are consideje@We shall continue to refer to

the IR in this paper, although this only loosely refers to the bulk) =K (€)¥k; %, @)
range where the spectrum exhibits a power-law behavior
There is also enough evidence to indicate that, even in an do(k)=Ky(€) Y3 e Vky >3, (8)

asymptotic sense, the magnitudes of the exponents will differ

from those given by Eq(l), the departure being primarily where K, and K, are the “spectral” Kolmogorov and
attributed to the so-called “internal” small-scale intermit- Obukhov—Corrsin constants. Confirmation of these relations,
tency arising from temporal and spatial fluctuationsein  especially Eq(7), has been claimed by many studies of tur-
With the revised hypotheses of Kolmogoro\8] and  bulent flows at relatively high Reynolds numbd&-11].

Obukhov([4], relation(1) is replaced by More recent studiegl2—-164 have indicated that the magni-
tudes of the exponents in Eq¥) and(8) increase gradually
(AUlY=C(e)"3rn, (2 with the microscale Reynolds numbBy, [=u’\/v, where

the longitudinal Taylor microscal@=u'/(du/dx)’; herein
where the “internal” intermittency effect is reflected in the the prime denotes the root-mean square, a/g(u?)¥3. It
exponenty, (here, the subscriptdenotes integration over a thus seems more reasonable to replace Efjsand (8) by
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du(ky)~ky ™ 9 VAR

—an

and 1.00p 4200

boky)~k, ™ (10

L 0.75- v, present (splined) <1150
whenk; is in the IR. [
Strictly, Egs.(1)—(10) apply to fully developed turbu- ¥ ° . R,
lence. However, it can be shown that the existence of large- 050} % Wygnanski & Fieldler 24] =100

scale intermittency, as measured by the fagtdthe fraction

of time for which the flow is turbulent at a particular loca- [
tion), does not directly influence the exponemts, &,, m, 0251
m,, u, andu,. A proof in the case of the scalar spectrum is
as follows. When a turbulent/nonturbulent interface is
present, we have T T,

(6%)= (6 + (1= 1){( ),

y/X

FIG. 1. Radial distributions of the intermittency factgr(—)
* * and microscale Reynolds numi®y (@). The y data (0) of Wyg-

2\ _ 2\ _ t
(6= fo do(k)dky, (6°)= jo (k1) dky, nanski and Fiedlef24] are included for comparison.

where the subscriptst" and “ nt” refer to fluctuations in the ~ asy increases. This is obviously contrary to the observations
turbulent and nonturbulent regions, respectively. Since thereéf Dowling and Dimotakig 18] and Mi[19]. It would thus
should be no significant scalée.g., concentration, tempera- appear that the radial variation gfis the main cause for the
ture) variation in the nonturbulent ambient flow, i.e., the tem-radial increase im,. However, the variation of should not
poral variation off,=0,—(0) (where®, is the instanta- be the only possible factor because, likethe mean velocity
neous ambient scalar quaniitys negligible, ¢,(k;) is  (sheayand temperature gradients vary within the present
closely approximated byyaY(k;). Given that ¢!(k;) study, we have measured structure functions, autocorrela-
e B tions of dissipation rates, and frequency spectra and 6 at
=gik, 7 in the IR and gi=f((e)i.(ep)r,L), We have \aiious radial locations in the far field of an axisymmetric
bo(k) =gk, ™ with g=yf(¥(e€)r, ¥(€p)r,L) andmy=ml,.  jet. The specific objective is to investigate how the IR expo-
It follows that, while the “prefactor’y is a function ofy, the  nentsa,, &, u, ny, m, andm, depend ony and the mean
exponentm, does not depend orn. Likewise, y is also  shear rate. We surmise that both factors implicitly influence
found to have no explicit influence on other scaling expo-all the exponentsd,, &,, m, my, wu, andu,) but that the
nents(see Kuznetsov, Praskovsky, and Sabelnikb¥] for ~ degree of influence may vary among exponents.

the effect ofy on w).

To our knowledge, only one previous stufly7] has in-
vestigated the effect of on the exponeni (and the Kol-
mogorov constanC,). By measuringu andC, at different The jet facility consists of a vertical, cylindrical plenum
locations(and different values ofy) in five different shear chamber of 80 mm in diameter and 900 mm in length fol-
flows, these authors found that bgthand C, vary with y.  lowing an in-line diffuser and an electrical heatéiore
However, it can be inferred from their data thRyt has little  details of the present experimental setup were provided in
influence onu andC,; their range ofR, is 75-14000see  Mi, Nobes, and Nathaf20].) Filtered and compressed air
their Table ). They also reported that there was no effect onwas supplied through the heater and the plenum to a smooth
the spectral exponem (=~5/3) from eithery or R, (thiscan  contraction nozzlgexit diameterd=14 mm. Heated and
be inferred from their Fig. 2 In contrast, Dowling and unheated air jets were used separately for temperature and
Dimotakis[18] and Mi[19] found that, in the far field of an velocity measurements. For the heated case, the facility and
axisymmetric jet at moderate Reynolds numbers Ryf  nozzle were insulated to achieve a uniform and symmetrical
=5000-40000 Ry is defined in Sec. )| the scaling expo- (about the nozzle axignean temperature profile at the exit,
nent of the scalar spectrum, increases significantly with with the nominal value 0®,=50°C above ambient. The
the radial distancg. Since bothy andR, vary withy, one  nominal exit Reynolds numbeRy=U,d/v (whereU, de-
would not expect the magnitude of, to be independent of notes the exit bulk velocity and is the kinematic viscosity
these two parameters. However, it can be argued that ths about 16 000 for both cases. The present measurements
radial increase ofn, cannot be attributed to the radial varia- were conducted at a distance x#40d downstream from
tion of R, . Sreenivasaf12,13 and Mydlarski and Warhaft the nozzle exit. At this location, the center line mean velocity
[14] (also Antonia and Smalleyi6]) observed that, in a fully U, was 2.7 m/s and the mean temperat@rg was 6.3°C
turbulent (y=1) flow, the magnitude ofm, increases with above ambient. On the axis, the rms valuésand 6, were
R, . The decrease in the magnitudeRf with increasingy  approximately 0.68 m/s and 1.47 °C. Lateral distributions of
(Fig. 1 should result in a reduction in the magnitudenof  u’(y) and ' (y) confirmed that the flow was approximately

Il. EXPERIMENTAL SETUP AND CONDITIONS
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TABLE 1. Characteristic properties of the present jetxad
=40.

U ®c u(/: 0(’: Ac 7c Y1 y?/Z
(my (°C) (m/9 (°C) (mm) (mm) (mm) (mm)
2.7 63 068 147 40 015 55 64

self preserving ak/d=40. The mean velocity half radius
Y12 at which the local mean velocity is half the center line

PHYSICAL REVIEW B4 026302

a0(x)]?

ot

dO(X+r)
ot

R

u—4<
€0
instead of Egs.3) and (6). In Egs. (1) and (12), r=
—(ilfU [i=1, 2, 3,...] and do/ox~U Y o(t+At)
—o(t)]/At (where o=u or # and the time intervalAt
=f_1. In the study of Champagnil0] on the fine-scale
structure of jet turbulence, corrections due to the effect of a
fluctuating convection velocity on Taylor’s hypothesisix
=—U"1a/4t were applied. However, as shown analytically

2
>~r‘“9, (12

mean value is 55 mm. The mean temperature half radius isy Kuznetsov, Prakovsky, and Sabelnikid7], the use of
= yg)/zz 64 mm. Table | summarizes the characteristic Prop-this does not aﬁ’ecﬂ (and' presumamy, a|5p9)_ Accord-

erties of the jet ak/d=40.
The longitudinal velocity fluctuationm was obtained with
a single hot-wirg5 um tungsten; 1 mm longprobe with an

ingly, no correction has been applied here.
The spectrap, and ¢, were calculated directly from the
signalsu(t) and 6(t) using the fast Fourier transform algo-

overheat ratio of 1.8. The hot wire was operated with anyjthm. Using Taylor’s hypothesisk; =27fU " and Eqs(9)
in-house constant temperature anemometer. The hot wire wagd (10) can be replaced by
calibrated at the nozzle exit plane. The passive temperature

fluctuation & was measured with a cold wi®Vollaston Pt-
10%RhH of 0.63 um in diameter, with an etched length of 0.8
mm. This cold wire was operated with a constant cur(erit
mA) circuit. The sensitivity of the wire to velocity fluctua-

tions was negligible, and the wire length-to-diameter ratioWith Jo #u(f)df={(u

(>1000) was sufficiently large to minimize any low-
frequency attenuation of. The frequency response of the

wire (the —3 dB frequency was estimated to be 4.5 kHz at 5

m/s) was also sufficient to avoid any high-frequency attenu
ation of . Theu and ¢ signal outputs from the anemometer

circuits were offset, amplified and then digitized on a PC

using a 12-bit analog to digital converter. They were low-
pass filtered at a cutoff frequendy. chosen to eliminate
high-frequency noise. The sampling frequerigywas set to
about X, . Record durations were in the range 40-50 s.

IIl. DATA PROCESSING AND METHOLODOGY

pu(f)~f7™, (13
Bo(f)~1"Me,

%) and [ ¢,(f)df=(6?).

(14)

IV. RESULTS AND DISCUSSION

The intermittency factory was estimated from the prob-
ability density function(pdf) of 6, using the method outlined

in Bilger, Antonia, and Sreenivas43]. In this method, the
pdf near the low temperature limit is assumed to represent
the nearly Gaussian contribution from the ambient tempera-
ture fluctuations. The area under this nearly Gaussian distri-
bution is equal to the probability of occurrence of ambient
unheated fluid, i.e., (£ y). The resulting distribution ofy
across the jet is shown in Fig. 1. For comparison, data ob-
tained by Wygnanski and FiedI€24], using different meth-

Velocity and temperature spatial increments were forme®ds, also for a self-preserving axisymmetric {ebte that

from the temporal incrementd\u,=u(t)—u(t+7) and
A6O.=0(t)— 0(t+ 7), with the time delayr=i/fg (i is an
integer= 1,2,3 .. .). This time delay was identified with the
spatial incrementdu, andA 6, by using Taylor’s hypothesis
in the formr=—Ur, whereU is the local mean velocity.

their data were reported againgtx) are included in Fig. 1.
There is reasonable agreement between the two data sets.
The magnitude ofy is almost unchanged over the central
region, but decreases rapidly whety,,,>0.8. Figure 1 also
shows the radial variation of the microscale Reynolds num-

This hypothesis was found to be reasonable on the axis of #erR) , which decreases from about 184 on the center line to

axisymmetric jet by Mi and Antonig21] who used two cold
wires separated in thedirection and compared 6, /r with
—A6./(7U). Away from the axis, corrections to the hypoth-

15 atyly,p=2.
To investigate the effect of the mean shear, we measured
the mean velocity) and mean dissipation rafe) across the

esis are needed for more accurate estimates of the mean diét. Both local isotropy and Taylor's hypothesis were as-

sipation rate$22].
In order to calculate the inertial-range exponentand

sumed in obtaininge). Support for local isotropy in the far
field of the jet, especially on the axis, was provided by An-

Wy, the instantaneous energy and temperature dissipatid@nia and Mi[25] and Namazian, Schefer, and Ke[l6].

rates, i.e. ande,, were approximated by~ (du/dx)? and
€,~(96019x)?. These approximations, not exclusive for the

Radial profiles of the non-dimensional mean shear &ite
=|aU/ay|(vl{€))*? along with U/U, and (e)U3y,,, are

present study, were used by most, if not all, of previousshown in Fig. 2. ClearlyS* increases ay increases but

studies foru and u,. Also, Taylor’'s hypothesis, in the form
dlax=—U"1a/at, was used for these approximations. Esti-
mates ofu and u, were based on the following relations:

%

au(x)1?

ot

Ju(x+r)

R:
ot

€

2
>~r“, (11

varies slightly fory<y,,. Based on Figs. 1 and 2, it is
evident thaty~1 for y<y,,,, while for y=y;,, S* is
nearly unchanged. This important feature allows us to distin-
guish between the effects of and S* unambiguously.

To check Egs(2) and (5) for n=2, (Au?) and (A 6?)
were calculated at various locations across the jet. Figure

026302-3
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1.0 T T 1010 This result is consistent with that reported previously jor
u, =1. For example, Antoniat al. [27] measureds, on the
oshk Joos axis of an axisymmetric jetx{d=35) for n=2-12 and
R, =850. They compared, with «,, as obtained by Ansel-
___________________________________ ’—> met et al. [28] in the same flow, and found that,> &, for
s N\ S'=[pU/ay|(v/<e>) "2 H0.08 all n.
The autocorrelation®, and R, as defined by Eqg11)
0al Jo.oa and (12), are plotted against/y,, in Fig. 4. A power-law
behavior appears in bofR, and R, at eachy location. The
power-law exponents, indicated by straight lines, were ob-
7002 tained by plotting the compensated dataRyfand ng. On
1 the axis (=1 andS* =0), the magnitudes oft and u,
o (=~0.15 and 0.Bare smaller than thog®.25 and 0.38rec-
25 ommended by Sreenivasan and Antof#8] for fully devel-

Wi oped turbulence. This difference may be in part due to the

FIG. 2. Radial profiles of the nondimensional mean shear ratresent smalR, (=184). However, the use of different tech-
S*=|aUlay|(vI(€))Y? UIU, and(e)U_ 3y. niques for calculating the exponents is believed to be the
main cause for the difference. Kuznetsov, Praskovsky, and

3(a) shows these structure functions, plotted agamdor ~ Sabelnikov{17] used the same technique as for the present
different values ofy. When log—log coordinates are used, Investigation and obtained a nearly identical valueuoft
these structure functions appear to exhibit a narrow power?=1 in three of their five shear flows witR, =140-1700.
law range at eacly location, suggesting that both Eq®) F}thher, r_ellat|ve to the structure functions, the power—law re-
and(5) are approximately valid across the jet, regardlesg of 9ion exhibited .by the dissipation a}utocorrelatlons is more
andS*. As noted earlier, there is strictly no power law; we €xtended, starting from a smallerThis tends to support the
ignore this here since the main interest is in the relative ef2ssumption of Monin and Yagloifb] that Eq.(3) is valid
fects of y andS*. To estimate the scaling exponents and dov[\;p :Qbsiales o;(;))rzjfe)r Ofdﬂ(‘; (I?;)Imog(:]rov m.|cr|(:).scal(g.)

. . o * istributions o an are shown in Figs.
&2, the i)ptlmum plateaus in the distributions rOT%(AurZ) and Ga) where the SLE)ectra areanormalized by the cgrrespond-
andr ~2(A67) were identified by trying different values of ing rms values so thaff ¢* (f*)df* =J ¢ (f*)df* =1,
a; and &5 . Figure 3b) presents the compensated data forwhere f* =fy,,,/U.. To highlight the power-law region
the optimal values otr, (~2/3) andé, (~0.54-0.64) for  with less ambiguity than in Figs(8& and a), compensated
vy=0.6-1.0 and5* =0—0.065. Whereaa, does not appear distributions f* Mp¥ (f*) and f*Megp* (f*) are plotted
to change across the flow, increases ag increases. This againstf* in Figs. 5b) and &b); the curves have been dis-
indicates that the dependence ofA 67) is more sensitive to  placed for clarity. The power-law behaviors ¢f and ¢y are
the variations ofy andS* than that of(Auf). Further,«, is  best identified by the plateaus in Figgbpband Gb) (such
greater thar¢, for both y=1 (S*=0) andy<1 (S*>0). plateaus cannot be found in plots of compensated structure

@) ' - Foy -
r slope = 2/3] r =0p=2/3
+
— no
.:g *g p=u FIG. 3. Second-order structure
S ; s functions of the longitudinal ve-
E . 8 Y locity fluctuationu and the scalar
\: pu o A * 4=£2=0.54~0.64 (temperaturgfluctuation § across
G k% ¥ the jet. Velocity (Au?)/(u?)):
2 R L o (O), ¥ly1,=0.00; (@), 0.39;
i ox z * (V), 0.77; (A), 1.15; and ),
v . o pos ° 1.54. Temperature(Q 62)/(6%)):
° o (¢), 0.00;(0), 0.71; (X), 1.07;
x (*), 1.43.
p=0 x
*
A sl | 1 . 4 Ll i
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Y112 i
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(a) velocity (b) temperature
T o' Ty T Ty T ] E T ""';I T TrorTTT T Trorrrg
j slope = -0.3
slope = -0.15
2 z
= = .
; : FIG. 4. Autocorrelations of the
5 3 energy and temperature dissipa-
f 5 tion rates across the jefa) u; (b)
o o 9.
[n2)
m
o Y12 =0 @q’h o Y12 =0
[ ] 0.39 o o 0.35
. 0.77 o [] 0.71 A
v 1.15 [ ] 1.07
a 1.54 a 1.43
Ll L1l L L1l Lol
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Y12 Y12

functiong. Also, bothm~1.5 andm,~1.4 deviate signifi- four exponents increase significantly. The mean shear rate

cantly from “5/3” on the jet axis =1 andS*=0). Con- thus has a strong influence on the scaling range exponents.

sistently with the investigation of Dowling and Dimotakis We can also focus on only the “turbulent” region when

[18] for ¢,(f), also in an axisymmetric jet flown andm,  <0.95, by eliminating the nonturbulent parts of the velocity

increase withy (and even exceed 5/3 near the edge of theand temperature signals. A comparison between the spectrum

jet). The increase of andm, with y, as discussed below, is ©of u and that of the conditional signak, the “turbulent”

very likely due to the decrease in and the concomitant portion ofu, is shown in Fig. 8 foly/y,,,=1.92. Note thati

increase inS*. was identified by selecting a threshalgy so thaty is given
Figures Ta) and 7b) presentu andu, as well asmand by the ratio of the sum of the period# the record for

m, in terms of the normalized mean shear r&te for y which u,=u=uq to the total record duration. Similar to the

<y,,. Over this region,y=0.95~1 so that the effect ofy ~ calculation of¢,, the conditional spectrurp, was calcu-

should be negligible. AS* increases from 0 to 0.065, all lated directly from the signal,. A similar method was used

N T AL | T T T ™] AELELELELEY | T TrTrTTT T AL |
(@ ] | (0)
: m=15,ylyz =0
0L .
10 : ] 1.52,0.38
1.54,0.77
:"*és 102k i FIG. 5. Spectra of the longitu-
] dinal velocity fluctuationu across
the jet: (@) ¢ (f); (b) fM] (f).
Y2
i { 0.00 |
107r 0.38 7
) 0.77
1.15
154 |
L v vt v vt 0 v 45,1921 N Lol ot
0.01 0.1 1 10 100 0.1 1 ] 10
f=tY1Ue f=tYiUe
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F T TTm T 7T T VI T T T =4l T T T TTIT T T T TTI T T
L (a) ] [ ()
My = 1.4, ylyyo=0
10°F E - AT
i i r 1.5, 0.71
| i , ’ f_\//-v"‘\/\/‘“m
E ] 4 /
- - o /
L 4 L // 1.6, 1.07
7 S PITLIUAN TR
102 E = -y F 7o
= r . S -/
= - 8 ] e 1.7, 143 FIG. 6. Spectra of the scalar
cl £ B A PR :
L 4 o L 18 179 -, (temperaturgfluctuation @ across
C ] e LW the jet: (@) ¢ (f); (b) f™oep}(f).
. 7 19, 215 “higy
10*F YY1 e M,
- 0.00 F v .
- - I ""ﬂ'u‘
1.07 i
E 0.713 E
F 1.437 .
Sl voowl v vl v vl sl il Lol Ll L1
0.01 0.1 1 10 100 0.1 1 10
> -1 * -1
f=ty;2U¢ f=ty;2Uc

for determining the conditional temperature spectra. As exebserved in six different shear flows, should be quite general
pected, the exponent' is significantly smaller tham; for ~ notwithstanding the dependence f as observed by Kuz-
yly1,=1.92, mis about 1.7, whereas'~1.53. This sug- netsov, Praskovsky, and Sabelnikpl7], on the particular
gests that the large-scale intermittency has a strong influeneaethod used for its determination. Based on the data shown
on the IR exponents. We have also noticed that the exponenits Fig. 15 of their papefand the present Fig.(8], these
m' and m}, are greater tham and m, on the jet axislas investigators suggested that tiedependence of. on y is
shown in Fig. @b)]. This discrepancy appears to be causeduniversal. This, however, may not be the case, simply be-
by the difference inS* (0 on the axis and-0.07 aty/y,, cause the present value @fis greater than their jet value by
>1). about 50% whery<<1. The main cause for the difference is

It seems appropriate to now turn our attention to the effechot clear. Based on Fig.(@), it is surmised that the mean
of the large-scale intermittency. In Fig(a#, « and u, are  shear rate is an important contributor sireis quite large
plotted againsty. The u data of Kuznetsov, Praskovsky, and (=0.065-0.07) in the present jet wher<0.9. It is unfor-
Sabelnikov[17] for five different shear flows are included. tunate, however, that Kuznetsov, Praskovsky, and Sabelnikov
Clearly, both exponents decreasejasicreases. This trend, did not consider the effect of the mean shear and did not

(a) (b)
05 — 1,65 —
v=0.95~1
1.60 1
0.4f .
Mo . 15 1
£ S FIG. 7. Variation of the expo-
- 03 1 - nentsu, w,, m, andm, with the
= S mean shear rat&* for y<y,,.
1.50 (@ w andu,; (b)) mandm,.
0.2t .
H 1.45 1
0.1 — 1.40 — .
0 0.02 0.04 0.06 0 0.02 0.04 0.06
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Vg the Reynolds numbeR, (Fig. 1) should also have an influ-
E ] ence on the radial variations of m,, u andu,. Although
we cannot separate the effectR{ from that due toy and
S*, the radial decrease &, (Fig. 1) should, as previously
noted in Sec. I, result in a reduction in the magnitude of the
exponents. Sreenivasfb?2] reported that, in fully turbulent
flows, my, andm, (the exponent correspondent to the trans-
verse velocity spectrujrincrease with increasing, and ap-
proach 5/3 aR, = 2000. Sreenivasan and Dhrupg found,
on the basis of (du)®), that u increases slightly witlR, ,
approaching a value of about 0.32 R{~ 104; a similar
I trend was observed by Peard@1]. These trends are clearly
0.001 L opposite to those observed here in Figs. 4—6, i.e., the expo-
R 10 100 1000 10000 nents increase with, whereasR, decreases witly (Fig. 1).
f(Hz) It is therefore concluded that the observed radial increase of
FIG. 8. Comparison between conventional and conditional spec'Ehe exponents arises fror_n the large-scale mtermntgncy and
tra of u at y/y,=1.92. mean shear effects, and is not dueRp. Further,' thg mflg-
ence of these parameters on the exponents is significantly
stronger than that dRr, .

conventional, m = 1.7

conditional, m* = 1.53

0.1

fho,(f)

0.01¢
Yiyi2 =1.92

provide information to allowS* to be estimated. Moreover,
it is evident from Fig. @a) that u, is greater tharu at any
value of y. This implies that the scalar dissipation rate is
more intermittent than the energy dissipation rate, as noted
by Sreenivasan and Antonj29] in the context ofy=1. In this paper, we have examined the effects of the large-
Figure 9b) shows that bothm andm, decrease ay in- scale intermittency and the mean shear rate on various scal-
creases; the trend is similar to that notedfoand.,. Also,  ing range exponents in the far field of an axisymmetric jet
my has a greater dependenceyotanm. Surprisingly, how-  (x/d=40). Specifically, we have considered exponents asso-
ever, whilea, remains close to 2/3 across the jetyvaries ciated with second-order structure functions, autocorrelations
with y and S*. Equations(1) and (7) or (2) and (9) are  of dissipation rates and power spectra of both the longitudi-
simply related via a Fourier transform. When the power-lawnal velocity fluctuation and the passive temperature fluctua-
range has an infinite extent) should be equal to (@,).  tion. All exponents are to varying degrees influenced by the
Similarly, m,=1+&,. The previous equalities do not hold intermittency and the mean shear rate. However, the scalar
when the Reynolds number is finite. Hat al. [30] have fluctuation exponents are much more sensitive to these pa-
emphasized that the finite power-law range makes the transameters than the longitudinal velocity fluctuation exponents.
lation between Eq(2) and Eq.(9) inexact, the error depend- It is also noted that the influence of these two parameters is
ing on the scaling exponent. significantly greater than that of the Reynolds numBgr
Apart from the effects o§* and vy, the radial variation of The scope of the present study was somewhat limited by the

V. CONCLUSION

0.8 '. T T T T T T T T 2.0 T T T T T T T T T
(@ L (b) |
0.7F . . *
Ug Mo
1.8} « .
0.6 -
L]
L u e M - . .
ok | / FIG. 9. Effect of the intermit-
5 E‘" I | tency factor y on the scaling-
. .16 © ° e - range exponents of dissipation
= 04k - u ] 1S L a o o' J rate autocorrelationsy{, u,) and
present o L ; . frequency spectranf, my) of u
o m Mg p and 6: (@ u and u,; and(b) m
0.3 u 4 q andm,.
v u 14} 4
i% & oV .
v | |
0.2 ° g owm ,
Kuznetsov et al. [17] o VDAA
01 1 1 1 1 1 1 1 1 1 12 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Y Y

026302-7



J. MIAND R. A. ANTONIA PHYSICAL REVIEW E 64 026302

fact that onlyu was measured. It would be useful, in the one where only the characteristics wfare compared with
future, to measure all three velocity fluctuations as welhas those ofé.

This would allow the exponents of the spectrum associated

with the turbulent energyq?) (=(u?)+(v?)+(w?)) to be ACKNOWLEDGMENT

compared with the temperature spectrum exponent. This J.M. and R.A.A. gratefully acknowledge the support of
comparison is likely to be more meaningfi82—34 than the Australian Research Council.
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