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Abstract

In this numerical study, several traditional scalar dissipation rate models are used for scalar transport modelling in mixing turbulent round
jets with co-flowing air. These models are implemented into a second order turbulence closure model and are compared to the publishec
experimental data. It is shown that the assumption of equal time scales for dynamic and scalar turbulence is no longer needed when the
algebraic non-equal scales model or the transport equation model are used. The influence of these models on scalar mixture fraction, un
mixedness, half-width of the jet and time scale ratio are examined. It is shown that the trends, which are observed in the experiments, are
reproduced qualitatively by the non-equal scales model.
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1. Introduction mechanical to scalar time scale in the helium-air jet of Pan-
chapakesan and Lumley [7] was not constant. Dibble et al.

erable attention (Borean et al. [1], Antoine et al. [2], Schefer flame using a second-order closure model and found out that
and Dibble [3], Gazzah et al. [4]), in the aim of increasing the rat_|o is not constant. Lucas [9] and Pietri gt gl. [1Q] found
the efficiency of mixing processes in industrial applications, & Varying mechanical to scalar time scale ratio in their exper-
such as turbulent diffusion flames in combustion chambers Ment on axisymmetric jet. S

and aeronautics. However, a major difficulty in the model- A transport equation for the scalar dissipation rate must

ing of turbulent flames is the adequate modeling of scalar P& constructed to overcome the assumption of equal time
turbulence. scales for the scalar and the velocity turbulence. In this pur-

pose, Shih et al. [11], Mantel and Borghi [12], Ruffin [6]
; I;geveloped some equations for the scalar dissipation rate in
for the scalar dissipation ratg. Several models have been tgg ZamT of jeconld %rder clozulres. Hg:N he_vetr, Yosh:zawa
used in the literature and some examples have been Citeogirgctei\:taecr)gc?tioin; g?oiﬁllca?:n ?T?E\IIX) er?icvr\lloézzz iot
by Schiestel [5] and Ruffin [6]. Thé— or second order PP C
. . rely on the assumption of equal length and time scales for
models based on the assumption of equal velocity and scalar . X .
) ; : dsynamlc and scalar turbulence. This model is called the non-
scales have been tested. However, this assumption dlsagreee ual scales model for scalar transport
with the experimental data obtained in turbulent jets and tur- q port.

bulent diffusion flames. Indeed, the measured ratio of the .'T‘ the pregent study, we |nvest!gate a'turbulenF binary-
mixing round jet of propane emerging at high velocity from

a nozzle into a co-flowing air. The algebraic equal scales
* Corresponding author. Tel.: +216 73 500 274; fax: +216 73500 278.  model, the non-equal scales model of Yoshizawa [13] and
E-mail address: hichem.gazzah@fsm.ru.tn (M.H. Gazzah). the transport equation model of Mantel and Borghi [12] are
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Nomenclature
D nozzlediameter............. ..., m S turbulent Schmidt number
D, effective diameter ............... ... . ..., m S}/ 2 spreading rate
Dr diffusion coefficient ................. frs L Greek symbols
F mean mixture fraction
Ly scalar halfwidth Be expansion coefficient
k turbulent kinetic energy .. ............ 2n52 W dynamic viscosity ............... kgpt.s?
K;  scalar decay constant v kinematic Viscosity . ................. st
R; time scale ratio g dissipationrate...................... 2g—3
r radial distance ...t m ey scalar dissipationrate .................. s
U mean axial velocity . .................. a1t o density . . ... kg3
% mean radial velocity . ................. g1t @ generalized turbulent parameter
u axial velocity ........................ {sri Subscripts
v radial velocity........................ 8T
w tangential velocity .. .................. a1t ex external
X axial distance .............oooiiiiiiii... m a ambient fluid
g, f"? scalar variance c centerline
Re Reynolds number co coflow
Re, turbulent Reynolds number max maximum
Sp density ratio= p; / pco J jet fluid

applied within a second order turbulence closure model. The IpUU + lorpVU

influence of the co-flow on the various physical quantites ~ dx  r  dr _

of the propane/air jet are analyzed using these last models 9P 19 oU 1o(rpv’u”y 3
and compared to the experimental data of Schefer and Dib- = 3% T 7 ar\H%or ) "7 o + ©)
ble [3].

whend P /dx ~ p,g a buoyancy term is often introduced and
written as—(p, — p)g. However, buoyancy effects are omit-
ted in the present study, and the mean pressure gradient is
assumed zero.

To describe the mixing of gases, a mixture fractionis
introduced. It is governed by a convection-diffusion conser-

vation equation of the form
The turbulent flow is modeled using Favre averaged quan-

tities. The second order turbulence closure model is used to 95U F }3r,5‘71?

2. Velocity and scalar turbulence modeling

2.1. Velocity turbulence modeling

describe the turbulent velocity field. The parabolized equa- 9x roor
tions and the constants of this model are reported, for exam- 19 oF 1a(rpv” £
pIeAin Sanders Et a:jl. [14. e = +—a—< PDFa—r> B va— (4)
mass weighted quantity is defined as . .
o g g y The mean density can be obtained from the mean mix-
G 0P 1 ture fraction using the equation of state, which with constant
i @ pressure, leads to
This Favre-averaged variable is denoted by a tifele E _F + 1-F (5)
while a conventional averaged variable is denoted by an 0 9;j Pa
overbar®. Favre fluctuations are denoted I&y’, while wherep, is the ambient air density ang is the nozzle fluid
conventional fluctuations are indicated &y. The resulting density.
governing equations in cylindrical coordinates are developed  The equation of state can also be written as
using the standard parabolic flow assumption. The contlnu—
= paF +b (6)

ity equation is given by
_~ _~ wherea and b are two constants based only on the mass
IpU i 13@pV) _ ) density of specie in their pure states= (p; — p,)/p; and
ox ror b=pa).
wherex is the axial distance in the jet direction ands the The turbulent flow is modeled using Favre averaged quan-
radial distance. The equation for axial momentum is tities. A second order turbulence model is used to describe
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Table 1
Source terms in the general equation (7) for the second order modelGHere pf.gu” f” is the buoyancy pro-

duction term and® = pu”v” 3U is the production term of turbulent energy

® So
W —21—a)puv" 2 — 256~ C 5%(»?7’/—%) +2aP — (2— 4Ca)ppegau” "
o ~4pe — C1pf (Vv — 3k) + 3 —%%ﬁm(v”v”—m) §Cappogsu’
W —2,58 Clﬁ (w”w”——k) 301P+&]£/3w”w”(v”v” w”w”) C3ﬁﬂegxu/”\]-‘/”
W ~@ oo 8 — C1p & — G K pu T — (- Ca)pfegin [
€ K(Cen(P+G) = Ce 209))
W f 7517.)_‘7’%” pu”v”"—“cw u”f” C’lfﬁk( LT+ (1~ L))
+0850" 7730 — (1 Cy f)pﬂegxf”
of 5 775Y — pv”v”” — Coy P T Cy T
—Cp (Mo 7+ (2 ,v”—%) ")~ 0.25u" 50
fi=g ~250" " 3E — e

the velocity turbulent field. The equations and constants of Table 2
this model are reported in Sanders et al. [14]. The parabo-Turbulence constants in the second order model, where the valae of
lized conservation equations in cylindrical coordinates may is adapted for the axisymmetric jet case [14]. The diffusion coefficient is

. . 7 . ko —C. ;
be presented in the fOIIOWIhg general form: defined byDg = Co v”v”. For all F_%eynolds stress€%p = Cy, while for
the scalar fluxes and the scalar variagge = Cy ¢

dpU P N 130pVe) }i@md)@) S @ e G G Ca G Gy Ci, Cay Cus
ax r ar r or ar 23 06 05 022 145 190 57 -61 033 022
where® is the dependent variabl®y is the diffusion co-
efficient of the propertyp, andS¢ is the source term ob. is often done by changing this empirical coefficielis;
The relevant variables and the associated transport coeffi-andC,  in thes-equation. In our case, theequation model
cients and source terms are shown in Table 1. constants were adjusted by the correct prediction of the jet
In the literature a number of modifications to the expansion. The used constants are summarised in Table 2.

equation model have been proposed to correct the spreading The second order closure model consists of non-isotropic
rate for the round jet, but many attempts have failed be- expressions for the Reynolds stresses and turbulent scalar
cause it proved to deteriorate predictions for other types of fluxes. The transport equations for the Reynolds stresses,
flow. In fact, the standard version efequation model is  the variance of the mixture fraction, the scalar fluxes, the
due to Launder and Spalding [15]. Their model constants turbulent kinetic energy and the scalar dissipation rates are
are calibrated for the incompressible case by comparison todeveloped using the parabolic flow assumption. The model
experimental results of a wall jet and a mixing layer. When constants used in the present study are given in Table 2.
the flow is complicated, modified versions of h@quation
model were proposed to take into account these effects. The2.2. Algebraic equal-scales model of the scalar dissipation
same approach was adopted when density variations wererate model
caused by mixing. The modifications introduced to the
transport equations, in these cases, are often by addition of The classical algebraic equal-scales of the scalar dissi-
supplementary terms. Pope [16] suggested to add a term tcpation rates; is based on the assumption that the time
the e-equation based on the idea of vortex stretching, which and length scales of velocity and scalar turbulent fields are
would only be active in the round jet. However with this term equal. The time and length scales for velocity turbulence are
the spreading rate of a radial jet is underpredicted by 60% t, ~ k/¢ andl, ~ k%?/¢, respectively, wheré is the tur-
(Rubel [17]). Furthermore the resulting model does not com- bulent kinetic energy and is its dissipation rate. On the
ply with realizability which is one of the constraints which basis of dimensional analysis, the time and length scales for
can be imposed on turbulence models (Speziale [18]). Otherscalar turbulence arg ~ g/e s andl; ~ g%2¢ 1/2/‘,;3/2 re-
researchers modified the dissipation rate equation by changspectively, where is the scalar variance. Setting = z; or
ing to the model constants (Borghi and Escudie [19], Sanders], = I gives the equal-scales model:
et al. [14]).

To improve the predictions of the round jet spreading rate, “/ — Reeg/k ®)
the turbulent exchange of momentum must be diminished Where the coefficienR, is empirical and it is usually taken
and consequently the eddy-viscosity must be decreased. Thido be equal to 2 (Schiestel [5]).
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The assumption of equal length scales leads to a fixed
turbulent Schmidt number. The turbulent Schmidt number,
S, is defined as the ratio of the eddy viscosity~ k?/¢
and the eddy diffusivity, ~ gzs/sfc. This expression leads
to a relationship betweest, and R; which is obtained from
St = v /vs ~ (k?/e) /(g% /€%), so thatSc, ~ RZ.

2.3. Yoshizawa non-equal-scale of the scalar dissipation
rate model

To overcome the shortcoming of the previous model,
Yoshizawa [13] has developed a model based on the two-
scale direct interaction approximation (TSDIA). This scalar

dissipation rate model does not assume equal length scales.
Using an asymptotic expansion of a scale parameter dis-

tinguishing the slow variation of mean flows from the fast
variation of turbulent fluctuations, Yoshizawa [13] proposed
the following scalar dissipation equation:

De 1 De
- = ©)
t

As indicated by Sanders [20], this Eq. (9) leads to the
analytical solution:

oy = ggite’? (10)

The value¢ defined in Eq. (10), unfortunately is not
dimensionless. The dimension of the coefficienis com-
pletely determined by the values f and ;. By consid-
ering similarity behavior of the dependent variables in a
round jet, the axial velocity decays with axial distance as
U ~ x~1. This value is based on momentum conservation
fo U?r dr = constant. Since the jets spread linearlyy x
so U2x2 = constant, and this gives the above scaling rela-
tions. The turbulent kinetic energy decayskas U2 ~ x~2
and the dissipation rate decays as- k¥?/1, ~ x~* be-
cause the integral length scdleincreases linearly with.
When the velocity decay is known, the scalar decay can
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Table 3
Coefficients in the scalar dissipation rate equation of Mantel
and Borghi [12]

Cp2
0.625

Cp1
0.9

Cp2
1

Cp1
1

[11], Mantel and Borghi [12]) or by changing the value of
the model constants (Ruffin et al. [21], Sanders et al. [14]).
In this study, we use the model developed by Mantel and
Borghi [12] by applying an order of magnitude analysis. This
model is Reynolds number dependent and is aimed for mod-
elling turbulent combustion with in the flamelet concept.

The parabolized conservation equationegf in cylin-
drical coordinates may be written in the following general
form:

30pUss 13(rpVey)
+_
ax r or
L0 (oD, 20 fepiipy - cpLlp
Trar\ P Ty ) TR TR

2
_& _¢€
+Cp1Re’?p e — CooRe’ zp?f (11)
whereRe, = k?/(gv) the turbulent Reynolds numbeb,; =
Cry Ky (with € ; = 0.18) is the diffusion coefficient?, =
—pu’ v”(aU/ar) is the producnon term of the turbulent
kinetic energy,Py = —2,ou”f”(8F/8r) is the production

term of the scalar fluctuatlorCDlRe, pks/ is the pro-
duction term by eddy stretching of scalar field by the small

2
scales of turbulence andDZRe,l/zﬁg—f is the destruction

term by the curvature of the level surfaces having a constant
value of the scalar. The coefficients of this model are listed
in Table 3.

be derived based on the conservation of nozzle mass flux3. Numerical approach

through each axial cross section of the j§f° U Fr dr =
constant. Since ~ x, the scalar decays a8 ~ x~1, the
scalar variance decays g@¥2 ~ F2 ~ x~2 and the scalar
dissipation rate as; ~ x~4. Equating exponents of in
er ~ g"e*2 andes ~ x~4, and using the scaling laws for
"2 ~ x~2 ande ~ x % this leads to\1 + 215 = 2.

Usingi1 = 1 andi; = 0.5, the coefficientp should have
the dimension ob~1/2, and its unity is thus m!.sl/2, The
value of the coefficienp used in this study i = 7 m—1.s1/2
and has been determined by the calibration of model pre-
dictions with experimental data. A very important feature
of Eq. (10) is the absence of the turbulent kinetic endrgy
compared with the equal-scale version (Eq. (8)).

2.4. Scalar dissipation rate equation

Various transport equation models fof are given in
the literature (Schiestel [5]). These models differ from each
other by the addition of supplementary terms (Shih et al.

The equations for the mean velocity, the mean mass
fraction, and the velocity and scalar turbulence models are
solved using a parabolic finite volume code. No transforma-
tion of the radial direction is employed. This means that the
grid expands in the radial direction following the jet expan-
sion. The computations are performed up to an axial distance
of approximately 100 with an axial forward step size of
0.01 times the local jet half width and 80 grid points in
the radial direction are used. This was sufficient to obtain
a grid independent numerical solution. No boundary condi-
tions are prescribed due to the parabolic nature of the flow.
The computation progresses from section to section, and its
implementation requires only the profiles at the jet nozzle.

The boundary conditions at the nozzle exit are those of a
fully developed pipe flow (Laufer [22]). The mixture fraction
at the inlet is equal to 1. The radial velocity, the scalar vari-
ance and their dissipation are zero at the nozzle and in the
ambient. All variables at the radial jet boundary are equal
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to those in the ambient. For the turbulence quantities this o
implies a value of zero or a negligibly small value and the —— Allmodels _
energy dissipation is estimated by= C,,k¥2/0.03D (with 8 e Exp.Scheferand Dibble [3]
C, = 0.09). i °

The influence of the emission conditions on the evolu- 1 6
tion of the dynamic and scalar fields has been investigated F,
by the authors in previous studies (Gazzah [23] and Gazzah 4
and Sassi [24]). It proves that the emission conditions have
a notable influence only in the near exit region.

. . 0 L 1 " 1 " 1 L 1 2 1 1
4. Resultsand discussions 0 10 20 30 40 50 60
The experimental configuration of Schefer and Dibble (e-xo1)/De
[3] is retained for this study to permit validation. The
propane/air jet issued from a round nozzle with an exter-

nal diameterDex of 0.90 cm and an internal diametér
of 0.526 cm. The outlet velocity of the propane jet is set

Fig. 1. Centerline values of the mixture fraction.

6 T T T T T T T

to U; =53 ms~! and that of the co-flowing air stream sk All models .
is Uso = 9.2 ms~1, which gives a ratio of co-flow air to : e  Exp. Schefer and Dibble [3]
jet velocity of 0.174 with a corresponding density ratio of 4F . .

Sy = pj/pco = 1.52. The jet Reynolds number is defined as
Re=U;D/v, and is of the order of 68 000. In the follow- L3
ing, predictions of the far field behavior of quantities such as
the scalar decay constant, the half-width of the jet, the scalar
fluctuation intensity (called unmixedness) and the time scale
ratio are presented and discussed.

The axial profile of the mean mixture fraction on the jet 0 . . L L . L .

7k

centerlineﬁc versus the normalized distance from the virtual 0 10 20 30 40 50 60 70 80
origin (x — xo1)/D. is shown on Fig. 1. The effective di- (x-x02)/D
~1/2

ameter is defined aB, = S, 7" D. It appears that the three

models have no influence on the mean mixture fraction

and lead to the same prediction. The computed results agree
well with the experimental data of Schefer and Dibble [3]. ~ The computedL s has the same behavior as the mea-
The discrepancy between the computed and measured resured quantity. The difference observed is probably due to
sults is less than 10%. This discrepancy is probably due to anthe precession centerline motion as well as the intermit-
under-estimation of the experimental values which is causedtence in the two mixing layers. This mechanism leads to
by a precession centerline jet motion. This instability en- an over-estimation of the measured half-width. It should be
hances the mixture and leads to reduce the mean value ohoted that when there is no co-flow, the computed half-width

Fig. 2. Centerline values of the mixture fraction half-width.

the scalar on the centerline. agrees much better with the experimental data (Gazzah et al.
The mixture fraction decay constam; defined by [4D.

1/F. = K (x — x01)/ D, is one of the most important char- The scalar half-width can be written as

acteristic of mixing jet studies. Its value is independent of | _
) f 1/2 (x — x02)

x if buoyancy effects are absent, Gazzah et al. [25]. In 5 =57 — D (12)

Table 4, the predicted and the experimental values of the

mixture fraction decay constaii; are shown. A value of where s¥/? is the scalar spreading rate. In presence of co-
Ky =0.156 is found. This value is very close to those ob- flow, the half-width is no longer a linear function of and
tained by Gazzah et al. [4K(; = 0.154) with a first order  §%/2 cannot be easily determined. Therefm}é2 depends on
model. The experimental study of Schefer and Dibble [3] the axial distance and is not a useful concept in a co-flowing
showsK ; = 0.185. jet. The estimated spreading rasé;/2 = 0.043 is smaller

The jet spreading rate can be determined from the mean i . 2
mixture fraction profiles and defined as the radial location tan that obtained by Schefer and Dibble ngf = 0.06,

at which the mixture fraction is equal to half its value at the with the same value of co-flow and the valtﬂgi/(2 =0.086)
centerline. Fig. 2 compares the computed and experimentalobtained by Dyer [26] in a propane-air jet using a different
jet spreading rate of the scalar field. It proves that the differ- value of the co-flow. The values of half-width and spreading
ent models give the same prediction of the half-width rate are affected by the co-flowing air.
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Table 4

Model predictions for asymptotic values of mixture fraction decay, the spreading rate, the unmixedness and the time scale ratio at various models
Models Uco/ U; Kf 57/ Jamax/ /2o rmax/L 7 2o/ Fe Re
RSM equal oL74 Q0156 Q043 113 070 026 200
RSM non-equal a74 Q0156 Q043 114 076 027 208
Mantel and Borghi [12] az4a Q156 Q043 107 Q70 034 151
Mantel and Borghi modified Q74 Q156 Q043 110 Q70 029 192
k—¢ (Gazzah et al. [4]) a74 Q154 Q045 116 Q75 026 200
Exp. Schefer and Dibble [3] 074 Q185 Q06 124 096 0265 -
Dyer [26] 0026 Q18 0086 129 08 0.15 -
Djeridane [27]S, = 0.94 010 0151 Q0052 122 085 019 -
Panchapakesan and Lumley [¥] = 0.14 000 027 013 127 061 022 15

04 T T T T T T T T

----------------------------- | 10°

________________ - - -9~ " 10 E
- - .
V8 o2 W ® oo . S,DZ 10° F -
F, - °°°°° — Equal ] U,F;
o - - - Non-equal ] 1076 —— Equal .
------ Mantel and Borghi [12] | i - - . Non-equal
o ¥ . Mamgl ﬁnq Bor%hl b{)lg;:hﬁ;d i t Mantel and Borghi [12]
«  Exp. Schefer and Dibble [3] W07 F2"272°7 272 ... Mantel and Borghi modified 3

o Exp. Djeridane [27] U./U=0.1 ]
1 1 1 1 1 L

0 10 20 30 40 50 60 70 . 10 100
x/De x/D

® Exp. Djeridane [27] U.,/U=0.1 ]
0.0 1

Fig. 3. Centerline values of the scalar fluctuation intensity. Fig. 4. Centerline values afy predicted with the different models.

The axial profile of the scalar fluctuation intensity on the Itis rightful to ask howe s or "2 will affect the mean and
jet centerline is shown on Fig. 3. The different profiles have the turbulent quantities. As shown in Table /2 appears
similar behavior. They increase withand then they reach ¢, jicitly in the buoyancy term in the equationssf 7. It is

an asymptotic value. The asymptotic valyg./ . obtained  \ye|| known (Gazzah et al. [25]), that the contribution of the
by each model as well as the experimental asymptotic Valuebuoyancy term is negligible in the near region. Therefore,
obtained by Schefer and Dibble [3] and by Djeridane [27] the estimate o ; affects only the scalar variang&? and it
are listed in Table 4. o has no affect on the mean quantities (Figs. 1, 2, 5).

. The equal and no'n-equal scales models give rise respec- Fig. 4 shows the axial profiles of the computed scalar dis-
tively to an asymptotic value of 0.26 and 0.2%#D, > 20. sipation rate obtained with several models. It appears that
These values are both very close to experimental data. HoW-the gifferent profiles have similar behaviors. The results ob-
ever, itappears that results obtained using Mantel and Borghitained with Mantel and Borghi are greater than the prediction
model differ from that obtained using the two other models. 4t the other models. This is expected and compatible with
To improve the prediction of the asymptotic value obtained the prediction of the scalar fluctuation intensity. Fig. 4 shows
with Mantel and Borghi model, the constant involved in the tha¢ the scalar dissipation rate predicted with all models ex-
destruction term is modified. When a value@p, = 0.5 is hibits an increase with increasing the axial distance before
used, the so-called modified Mantel and Borghi model leads attaining a maximum and then it decreases for large dis-
to a result in good agreement with the experimental data.  tance from the exit. This is in good agreement with the air/air

Using a ratio of co-flow to jet velocity/co/U; = 0.1, jet behavior was obtained by Djeridane [27]. The difference

Djeridane [27] obtained an asymptotic value of the scalar petween the values of the measured and computed scalar dis-
fluctuation intensity of 19%. This value is smaller than that sjpation rate is mainly due to the difference of the values of
obtained by Schefer and Dibble [3]. As pointed out by Djeri- the co-flow ratio. The experiments of Djeridane [27] are car-
dane [27], this difference is due to the fact that the two ried out with a co-flow ratio smaller than the ratio used in
experiments have not the same co-flow and the asymptoticthe present study. Indeed, if the computation is made with
value increases when the ratigo/ U; increases. a co-flow ratio equal to that relative to experimental data

Since several models have been adopted to predict theof Djeridane [27] (Fig. 4), the agreement between the com-
scalar dissipation ratey, we obtained different estimations  puted and experimental results becomes better.
of the scalar fluctuation intensity (Fig. 3) becauseis in- In Figs. 5 and 6, the radial profiles of the mixture fraction
volved in the destruction terms of the scalar variafi¢8. and the scalar fluctuation intensity normalized by their re-
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Fig. 5. Mixture fraction radial profiles predicted.atD = 30.
1.4 T T T T T
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1o - - - Non-equal _
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04 -
02 -
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Fig. 6. Scalar fluctuation intensity radial profiles predicted with the different
models atx/D = 30.
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3.0 T T T T
25 No/n-equal Eq*\:lantel and Borghi modified -
20 fr———==—= = \-
_... _._ e ._._.. ________ E e _‘._’_ ......... -
{ J ~ -
R‘r L5pored ... K ----------- '.'.-'."'."5""" ‘\i\\.
10 F  Mantel and Borghi [12] . ' -
s e Exp. Panchapakesan and Lumley [7] + " |
N
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0.0 0.4 0.8 1.2 2.0

l'/Lf

Fig. 7. Time scale rati®; radial profiles predicted by the different models
atx/D = 30.

region, R, is almost constant whereas in the outer regign
decreases significantly. The measurements in the Helium-air
jet of Panchapakesan and Lumley [7] Bf show a simi-

lar trend. The quantitative values predicted by the present
models and Panchapakesan and Lumley [7] are different, but
unfortunately there are no measurement®pfavailable in
propane jet with co-flowing air. The difference between the
results obtained by the modified Mantel and Borghi model
and the experimental data is mainly due to the fact the com-
position of the mixture is not the same. Indeed, if the com-
putation is made for Helium-air jet, the agreement between
experimental and computed results is improved. Therefore,
the experimental results are displayed only for qualitative
comparison. The modified Mantel and Borghi model be-
haves like the equal scale model. The predicted asymptotic
centerline values aR., using different models, are shown in

spective centerline values versus the radial distance normal-Table 4.

ized by L ¢ are plotted. The predicted profiles are compared
with the measurements of Schefer and Dibble [3] for the
downstream section/D = 30. As expected, in this region

the computation gives the affinity of the profiles and an evo-
lution alike of that related to a simple jet is found. We notice

that all models are in good agreement with the experimen-

tal data of Schefer and Dibble [3] for the radial profiles of

5. Conclusion

The turbulent transport of scalar fluctuation has been in-
vestigated using several models: the equal scales, the non-
equal scales and the transport equation models within the

the mixture fraction. However, concerning the radial scalar framework of the second order turbulence closure model.

fluctuation intensity profiles (Fig. 6) the agreement is accept-

The influence of these models on the scalar mixture frac-

able in the sense that all models show similar behavior to thetion, the unmixedness, the half-width of the jet and the time
experimental one. Besides to than the experimental uncer-scale ratio have been examined. The obtained results showed
tainties and the influence of the emission conditions on the a good qualitative agreement with data from experiments of
prediction of the jet structure, the observed differences could Schefer and Dibble [3] for a propane turbulent jet into a co-
be due to a limitation effect of the parabolic approach, and flowing air stream.

to the influence of intermittence which is not explicitly taken
into account in this model. However, it is noted that none of
the models predicts the weak local off-axis maximum in the
experimental curves. A comparison of the maximum fluctu-
ations,/gmax/+/gc (Uunmixedness) and their radial locations
rmax/ L F is also shown in Table 4.

Fig. 7 exhibits the radial profile of the computed time
scale ratioR, obtained using different models. In the central

The standard Mantel and Borghi [12] model does not pre-
dict convenably the asymptotic value of turbulent scalar in-
tensity. To improve this prediction we modified the destruc-
tion terms constants. Although its simplicity, the algebraic
non-equal scales model provides satisfactory results. Fur-
thermore, the dynamic and scalar time scale ratio appears to
depend on the jet radial distance as it has been observed ex-
perimentally. The algebraic non-equal scales model seem to
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be promising since it is able to predict accurately the scalar [12] Th. Mantel, R. Borghi, A new model of turbulent wrinkled flame prop-
field. agation based on a scalar dissipation equation, Combust. Flame 96

In the near future, we intend to use the different models __ (1994) 443-457. _ _ S
[13] A. Yoshizawa, Statistical modelling of passive-scalar diffusion in tur-

to investigate a reacting flow such as a turbulent diffusion bulent shear flows, J. Fluid Mech. 195 (1988) 541-555

flame. [14] J.P. Sanders, B. Sarh, I. Gokalp, Variable density effects in axisym-
metric isothermal turbulent jets: A comparison between a first- and a
second-order turbulence model, Internat. J. Heat Mass Transfer 40 (4)
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