Turbulent Plane Jet Flow
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Turbulent jet flow shown schematically in the figureis studied in this section.
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Integrating Equation (3) we find
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That is the total momentum of the jet is conserved.
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Continuity Equation

Introducing the stream function, vy ,

U:ﬂ_y V:_ﬂ_y
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the continuity equation given by (5) isidentically satisfied.
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Self similar solutions for the mean velocity and turbulent stress are given as

U=Uf(x), - uwe=U?g(x), X =

~ <

We assume

U.=cx™, ¢=Dx".
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Equation (1) then implies,
Equation (4) implies.

Hence,
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Integrating (6), we find
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Let
F)= & (x.Jobx, (12)
0
Then,
1
y = CDx2F(x) (13)
- u&e=C?x *g(x) (14)
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Using (13) — (17), Equation (1) becomes
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£2 g a2 gD D

Simplifying (18), it follows that

FEFuxr€ Fr xrére=Lgo (19)
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or
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FE + FFO= - %gd: (20)

Introducing the eddy viscosity,

- ute=n, % (21)
or
n :-%B:L:Ji(x):usz%t (22)
‘H_y ; F¢
That is
1.9 (23)
Ul R, F¢
or
g=1Fe R, » 25.7 (24)
R
Equation (20) now becomes
Fé+FFe¢=-F@ (25)
where we assumed =1 and D =0.078. Equation (25) may be restated as
T
(FFY + Fe&=0. (26)
Integrating Equation (26), we find
FF(+Ft=c, (27)
Boundary conditions for the jet flow are
F(0)=1, F(¥)=0, F(0)=0, (or F((¥)=0) (28)
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Hence, ¢, =0, and integrating Equation (27), we find

1F2+F¢:c2:1or£|:2:dx,Zitan'li:x+cs,c320. (29)
2 2-F J2 V2
Therefore,
X
F=v2tanh—, (30)
V2
and
1 X
f = F¢= =sech®—— (3)
cos® = V2
V2
If d isthewidth of the jet, then
2
Ys =278 yzo07ex (32)
U, eX g
where
+¥
@Y dy =Ujd (33)
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Thermal Plumes

The equations governing the motion and heat transfer turbulent flows are given as
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The specia case of two-dimensional Us
thermal plumesisdescribed in the
following section. ‘

»
»

Two Dimensional Plane Plumes R

¥ l
For atwo atwo-dimensional
plume as shown in the figure, the
equation of balance of moment, heat V4
flow and continuity are given as:

2)

U +wWii+ LTqe=0 3)

=+ =g (4)

In addition the heat flux integral given by
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_Qdex =const = E (5)
Introducing the similarity variables
X
X = 7 (6)
the following self similar solutions may be assumed:
W=UFf(x), -uwe=UZ(x), T=Tgq(x), - T@e=T.Uh(x) 7)
Now let
U, =Az", (=Bz", T, =cz’ (8)
Equation (2) implies that
2m-1=2m- n=p or n=1 and p=2m-1 9
Equation (5) implies that
m+p+n=0 or m+p=-1 (10)
Equations (9) and (10) imply that
m=0 and p=-1. (11)
Hence,
U, =const, /=Bz, T,=Cz".
(12)
Now
x=X=X Wt Tx_ X (13)
¢ Bz x Bz 1z z
Introducing the stream function
y =(UF(x), Fo=f, y = U_BzF(x) (14)
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W=UF( U=--L=-UB(F- xF9, (15)
1z x Bz
w U.x a1 1T 2 T _
—=-—F¢ T=Czqx), —=Czq¢ —=-Cz’°lg+xq¥, (16
o ) q o a+xq9, (16)
S ) _
CTu@we_ Ug o, TTwe_ U, 5 2he (17)
x Bz x
Using (14)-(17) in (2) and (3), we find
- U_B(F- xFa) SFe+U F(Ee 9C, (18)
Bz T,z
- U_B(F- xFﬂ)gz'zq¢+ USF((- cz'z)(q+xq =YLz (19)
Simplifying Equations (18) and (19), we find
_1 4 9C
- FF¢= —g¢+ 20
59 T Uzq (20)
- (Fg)*==he 1)
B
Introducing the eddy viscosity,
- uve_ que g h
n; = =- =U/==UJ/— 22
TTw T R e 2
ix Ix
or
1
=2 F¢ h=_q¢ (23)
T RT
Now letting
B=—— and 2= =1 (24)
T T, U
Then
FFC(+F«+q=0 (25)
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The corresponding boundary conditions are:

F(0)=1, F(0)=0, F(¥)=0, q(0)=1, (27)

An exact solution is not available. Here an approximate solution is presented. In
the neighborhood of x =0,

F»x+.. (28)

It then follows that

( 2 X
g:-x, Inq»-x—+lnc, g»e ? (29)
q 2
Equation (25) may then be approximated as
F®+XFC¢=-e 2, (30)
The solution to (30) is
F¢=-xe 2 (31)
Integrating (30), it follows that
f =F¢=e 2 (32)
Therefore, the mean velocity and temperature fields in the plume are given by
W_ez T_g2 (33)
U S TS



