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ASSllme pinlet - pexit Figure 20.21 Plane laminar jet into an infinite medium.

ie.,p = constant and p, = 0 and p,, = 0 along with BL assumptions
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mt+ms=pu0h—j pu dy
fpuK-QdA=0=—pu(2)h+j pu? dy + ug (M, + my)
CcS —00

urp = 0

M = puih = [ _pu? dy = constant M = only property flow at
orifice carried downstream

Since jet entrains ambient fluid, flow rate f(x)

Assume Y (x, y) exists withu =,, v = -1,

Uy, + VU, = VUL,

¢y¢yx - ¢x¢yy = 1”70313131



AxP scales Y and Bx4 scales y In this case p and q not assumed.
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Y=AxPf(m) =alx)f(m) n=

p, q part of solution and A4, B make f and n dimensionless

(axh — aby)f"? — axbff" —vf" =0

a, = ApxP~1 a.b = ApxP~1 Bx9 = ABpxP*4-1

b, = Bqx?~1 ab, = AxP Bqx9~! = ABqxP+a-1
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u=0 n== uy, =0 n=20 v=0 n=0
flke) =0 f1(0)=0 f(0)=0

p+q-1
For similarity ABXT f(x)=>p+qg=1
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n=20,f(0)=0,C,=f"(0)
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u(0) = umarf'(0)  f'(O)=1 (=1 a= [61_3
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d§+af2—1 df = (1 —af*)dn 1_£f2_d77

Insert #1 Jet 2D-1. Leta=1
f =tanhn f' = sech’n

A= (2 g = (2 e

ovM 48vip\*?
=< 2p Mﬂ) = (216V¥)13 =6v =2a =1

w=2x"3f'(0) = may sech™
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u= <§W> x73f'(M) = Umqy sech®
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_ Y _ M \1/3 -2/3
n= b0 y (48V2p) X Insert #2

Jet thickness — " = fraction = locus point y x~2/3 = constant
max
2 \1/3

h(x) =C (%) x%/3 « x?/3 Insert #3

Viscous forces at jet edge accelerate ambient fluid and entrain fluid at rate:

36Mv
p

o 1/3

Q=[_udy= ( ) x1/3 o« x1/3  Insert #4

x = 0 flow singularity (Uyqr = %©,h = Q = 0) due breakdown BL
assumptions, i.e., need replace x = x — x, where x, = effective origin.
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