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Abstract. The energy minimization multi-scale model was applied to the plane jet. The stability
condition of plane jet was adopted to predict the velocity distribution of plane jet. .The ratio of total
dissipation to viscous dissipation tends to the maximum was used as the optimization condition. The
simulation shows that the Gauss velocity distribution can be obtained in the plane jet when the ratio
of jet section semi thickness to the jet distance is considered as a constant.

Introduction

Multi-scale EMMS (Energy-minimization) model is a mechanism model, which is widely used in
gas-solid two-phase flow, and has achieved great success [1-4]. Li Jinghai eatl. found that the
coordination mechanism between the inertial and viscous effect in single-phase turbulence is very
similar to that in a gas-solid system. Therefore, the EMMS model can be extended to turbulence field
and the turbulence stability conditions is proposed. In this model, the shear viscous dissipation rate
tend toward minimum and the total dissipation tend to maximum at the same time. This model
predicted the turbulent pipe flow velocity distribution successfully [5, 6].

Jet flow is a common flow besides pipe flow. Three methods are often used for the analysis of
turbulent flow. (1) The solution of integral equation. Gaussian distribution of jet velocity of cross
section is usually adopted [7]. (2) Differential equations include W.Tollmienn theoretical solution [8]
and Gortler theoretical solution [9]. (3) Numerical simulation solution. These methods involve
urbulent model and calculation method. This paper attempts to apply the energy minimization
multi-scale (EMMS) model to the plane jet, to predict the velocity distribution of the plane jet.

Assumed Velocity Distribution in a Plane Jet

Plane jet can be divided into three sections [7]: initial segment, transition segment and main segment

(Fig.1)
In the fully developed region of the jet flow in the main section, the velocity distribution of each
section is similar [7].
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Where b is the characteristic half thickness of the jet cross section.
Based on the experimental results and the random nature of the turbulence, the assumption of
reasonable velocity distribution:
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Where n is an integer variable to be determined.
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Fig.1 Plane jet

The Basic Characteristics of Plane Jet

Kinetic energy of arbitrary cross section. Kinetic energy

2
E=| pu.Ldy = pbu ° e dn = pbu,%e(n) 3)
—0 2 0
where e(n) = J? e dn , is a function of the variable n, as shown in Table 1.
Table 1 The relationship between n and e(n), m(n) and w(n)
n e(n) m(n) w(n)
1 0.33333 0.5 0.5
2 0511663 0.626657 0.156664
3 0.619157 0.708758 0.0947823
4  0.688717 0.762191 0.0683097
5 0.737052 0.799312 0.053494
6  0.772496 0.826504 0.0439938
7 0.799567 0.847248 0.0373734
8 0.820903 0.863582 0.0324919
The change of kinetic energy along the flow direction
dE d(bu_®
- = p;z'e(n)—( m ) (4)
dx
Momentum of arbitrary cross section. Jet momentum
M = [ putdy=2pbu,[['e ™" dy = 2pbu,‘m(n) ®)
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where m(n) = J.: e?""dn, is a function of the variable n, as shown in Table 1.

The momentum of each section along the jet is equal to the momentum of the exit M, = 2pu’b,

where ug, by is the jet exit velocity and the half width.
Therefore

bu_2m(n) = b,u? (6)

The relationship among parameters. For a plane jet [7]
/Zb
Eﬂl—: a |— (7)
U, X

b=ex (8)

where a and ¢ is constant, according to the Equation (7), the relationship between the two
parameters is

o= — 9)
2m(n)

Stability Analysis of Plane Turbulent Jet Flow
Stability condition. In a plane jet, the local shear dissipation of unit volume can be expressed as [10]

du)’

W, (y) = u(—j (10)
dy

Its integral over the whole jet section

YA 204U ° 02 onp 2n*pu,°

W, = [ Wdy === =e= [ 1™ e dip = = =-w(n) (11)

where w(n) = Iomnz”’ze’z”"dn , is a function of the variable n, as shown in Table 1

Accordingly, in a plane jet, the total energy consumption of the unit volume can be considered as
the attenuation of the kinetic energy of the jet, namely

—dE  d[pbu ‘e(n)] , du
W, =——=———"1 22— pe(n)bu’ —2 12
T T dx pe(n)bug ™ (12)

According to the stability condition of the turbulent flow [5, 6]:

W, - min|_-

W, —max (13)

Where VTteis caused by the inertia of the turbulent pulse dissipation, expressed as:

W, =W, -W (14)
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Stability condition transformation. It is a double peak value problem in Eq.13. As the ratio of a
maximum value to a minimum value is a maximum value, the double peak value problem also can be
expressed as a single target extremal optimization problem:

W We Wy Wo 1, max (15)

The results based on Eq.15 can be analyzed in order to obtain a reasonable velocity distribution of
plane jet flow.

Results Analysis and Discussion

Besides extreme condition based on EQ.15, which variable among a, and ¢ in Eq. 9 can be
considered as a constant, may leads to four different results. It is shown in Table 2,
2,pu,b,

y7i

where Re =

Table 2 different extreme conditions and constants of plane jet

a is a constant & is a constant
P 3 3
W, = —pe(n)bu? du,, pe(n)au, b, 2_20 pe(n)u, b, b—%
dx 2m(n) X 2Jem¥?(n) "\ x
. 2,02 2, 2.4 2n? pub,w(n
W, = 2n®uu w(n) 8n?uuza*b,w(n)m(n) ﬁl oDy 2( )
b X2 g’m(n)x
G —E—l Re | x  e(n 4 V272 Re X e(n) 1
W, 16a° \ 2b, n*m?(n)w(n) 8 2b, n?m“?(n)w(n)
a is a constant. Objective function
Re X e(n
oo X0 (16)
16a° |\ 2b, n"m*(n)w(n)

The different variable values n will lead to different G, which can be shown in Fig.2.

From Fig. 2, the increase of n decreases 16a*(G +1) / (Re /%) , result in the reduction of G. It
0

means that n=1 is the optimal value, which obviously does not meet the accepted Gauss distribution
function.
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Fig. 2 The relationship between n and 16a*(G +1) / (Re E) when a is a constant

€ is a constant. Objective function

V26" Re [ x e(n)
= e an

The different variable values n will lead to different G, which can be shown in Fig.3.

Fig.3 shows that n obtain the optimal value 2 regardless of Re /% , Which meets the recognized

0
Gauss distribution function.
Therefore, the optimal results can be obtained when G is the objective function.
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Fig. 3 Relationship between 8(G +1) / (V2 Re &2 E) and n when € is a constant
0

Summary

In this paper, the EMMS energy minimum scale model is applied to the study of the plane jet, and the
flow velocity distribution is predicted by the stability condition of the planar jet. The main
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conclusions of the simulation are as follows:

(1) The stability condition of the plane jet can be transformed an optimization condition, in which
the ratio of total dissipation to viscous dissipation tends to the maximum.

(2) When the ration of jet section semi thickness to the jet distance is considered as a constant,
Gaussian distribution will be obtained for plane jet velocity profile.
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