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Figure 7.10 Effect of the scale of turbulence on the structure of the flame front.
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6.2 Turbulence Models 189

Boundary
Conditions for the
Reynolds Stresses

where C5 and C4 are empirical constants whose values are C; = 1.8

and C; = 0.60, P = }P;, and

3Uj — Ou;
_— U —
a:z:k - 8:ck

Finally, the dissipation term in Equation 6.2-14 is assumed to be
isotropic and is approximated via the scalar dissipation rate[46]:

(6.2-17)

PR
Fij = —uuy

Ou; Ou; 2
2115‘;; "a""x—k' = 55336 (62-18)

The dissipation rate, ¢, is computed via the transport equation, 6.2-6.

When the RSM is active, FLUENT thus solves:

e Six transport equations of the form 6.2-14 for the Reynolds
stresses u;u; (or four transport equations in 2D Cartesian

cases where the v'w’ and u'w’ terms are not active).

e The transport equation for €, Equation 6.2-6.

In addition, FLUENT derives the turbulent kinetic energy, by defi-
nition, as:

k=567 (6.2-19)

Thus no transport equation is solved for £ when the RSM is active
in FLUENT.

_At flow inlets FLUENT requires values for each Reynolds stress,

w;u;, and for the turbulent dissipation rate, e. These quantities can
be input directly or derived from the turbulence intensity and char-
acteristic length, as described below. At walls, FLUENT computes
the near-wall values of the Reynolds stresses and € from wall func-
tions. In the orthogonal coordinate system uniquely defined by the
wall normal vector (n) and the streamwise tangent vector (7), the

production tensor P;; has the following components:

P,, =2P, P,,=+P

Prm = PA;\ = PT;\ = ‘PT'.'A — 0 (6.2‘20)

where )\ is the vector normal to both n and 7, ie. A = 7 x 7.
To determine the isotropic turbulence production term P, it is as-
sumed that the production and dissipation of turbulence near the

Srone CLUENT Manual
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Chapter 6 — Physical Models.

0 — T
g(uiuj) + ug 6—u(u,-uj) =

~ -

Convective Transport

6 o r p ' f a S
~er [(Uiﬂjuk) + ;(5;:_1'1»1,' + ipu;) — Va_xk(”f“i)]

- "

Diffusive TI‘ransport

T 1 auj o 6‘”3
—_— uiuk 3_” + ujuk ‘a_x"';

~

(6.2-14)

P.; = Production

p[ou, o] _, o o]
Llams |

¢;j = Pressure-Strain ¢;; = Dissipation

"l

-2 |u;u;neskm + u:-u;n'ejkm]
R;; = Rotational Term

The individual Reynold’s stresses are then substituted into the tur-
bulent flow momentum equation, 6.2-2.

FLUENT approximates several of the terms in Equation 6.2-14 in
order to close the equation set. First, the diffusive transport term
is described using a scalar diffusion coefficient[24]:

0 |——F D ' ' 0 —~ 0 Vi 3(??13)
“a—xk [(uiujuk) + ;(5@”5 + bipu;) — v-z-ﬂ;(uiuj)] = (Jk 5ex
Diffusive &ransport
(6.2-15)
Secondly, the pressure-strain term is approximated as[25]:
oo Ou] & [0 - 2658] - Cu [Py - 26,7]
p [33:5 e axs] “ 03k ey 351,L Co | By 7
(6.2-16)
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TaBLE 7. Algebraic stress model in cylindrical coordinates

v'v’ Equation

4 (k\dv]__ 2 2 kfféu\—— éu _év
1+-Al—-)—|vv=-k+-4i- W +——-2—po'u
3 \e/ox 3 3 el\d

ar ix

o\ [ow w _ few\ __
H - Jww +]| —+—-24+30) o'W +| — |w
r ar r ix
W't Equation;

4 fk\ou]_— 2 2 k{féevN\__ [ér  éu\__
T+-il - ) —|uu=-k+-2-9| =)oV +| —2— |v'v/
3 \e/dx 3 3 gl\¢ ¢ 3

cr X cr.

v\ fow w\__ [féw\__
+|—Jww | ———Ju'w + - Iw'e’
r ar oo ix

v Equation:

-0 J=s QLG+ ome]

vl . 2 2 [k ce\ . fcu\ [ ocu\
- |ww =—k+-i| - — v+ —Juw +| —+— '
r 3 3 \e cr Cx cx  Or
‘w wil cwy -
=2 —+(1+3p)— Jo'w =2 — |wu'
cr r fx

v'w’ Equation:
u w  w\— [ow\__ wl [ér\__
[1 —A(E)?-E]W=l(’i){—(a—+ ,ﬂ‘—v) v'v'—(—w)v’u’ + [(l +ﬁ)—:| w'n' —(C—L) w’u'}
e/ dx € ar r dx r ox
w'u’ Equation:

[-QEIF-OF-Em G-

where f=y/(1-C,)

from  Sloan, 4 2.y PECS , 148¢.
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Cases 1 and 2—Brum and Samuelson’®

D. G. SLoan, P. J. SmMiTH and L. D. Smoot

Centerline Axial Velocity

Centerline Axial Velocity (m s}

©  Brum and Samuslsen (78] =1

| 1 L
0.2 0.3 0.4 0.5

Axial Distance (m)

F16. 4. Comparison of predicted and measured centerline axial and velocity profiles for Case 1 (data from

Brum and Samuelsen’®; legend supplied by Table 18).

Modeling swirl in turbulent flow

207
TasLE 18. Legend description for case studies
Case reference
Brum and Roback and
Samuelsen™® Yoon™! Johnson'®*
Equations
Turbulence model of
description/legend reference 1 4 5 6
Standard k—& model 34-42
LPS gradient Richardson no.* 108-110 Cos=0.10 C,=0.005 Cp=0.03 C,,=0.005
el MTS S MTS TTS
Rodi flux Richardson no.* 114,115 Cry=090 C,,=090
i MTS MTS
“Boysan” Richardson no. 109, 112 Cps=020
Modified C, coefficient 134 C.=0:03 C,=003
————— C,=263 C,=2.63
Gibson-Launder ASM* 76-99 Ci=25 C,=25 Cy=2.5 C,=25
m ——— C,=0.55 C,=055 C,=055 C,=0.55
Gibson-Launder ASM 76-99 C, =20
() — e — C,=040
Gibson-Launder ASM 76-99 =040 =040
(I11) added convection Cy=25 C;=25

C,=055  C,=0.55

*MTS = Mean flow time scale in the denominator of the Richardson number.
TTS=Turbulence time scale in the denominator of the Richardson number.

ASM = Algebraic stress model. 'QY‘M 5\'3&5\1 Q;{' L. ) chg }.

1484
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Figure 10.%. . Comparison of predicted and measured axial velocity. (Data from Vu and Gouldin,
'1932: predlt;tlon from Sloan, 1984). Conditions were those for a nonreacting coaxial, counterswirl
jet. The swirl number of the inner jet was 0.49 and that of the annulus was —0.51.
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Figure 10.5. Comparison of predicted and measured tangential velocity. (Data from Vu and
Gouldin, 1982; predictions from Sloan, 1984.) Conditions are those of Figure 10.4 and discussed

further in text.
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FiG. 5. Comparison of predicted and measured axial velocity profiles for Case 1 (data from Brum and
Samuelsen’®; legend supplied by Table 18).
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