Ex) An incompressible plane flow has the velocity components u = 2y, v = 8x, w = 0. (a) Find the
acceleration components. (b) Find the pressure distribution p(x, y) if the pressure at the origin is p.
Assume frictionless flow.

Solution:

(a) Acceleration

oV
a= - + V-V
oo e
lodal O ation
acceleration
where
V=ul+vj
or

ou ou ou

a, :E-l-ua-l-l?@
_6v+ 6v+ v
Y= T ax T Vay

Withu = 2y and v = 8x,
a, =0+ (2y)(0) + (8x)(2) = 16x

a, =0+ (2y)(8) + (8x)(0) = 16y

~a=16xi+ 16yj

Note:

|g| = |aZ+a} = J(16x)2 + (16y)?2

va=164x2% +y?



(b) Euler equation

pa = —Vp
where
dp, Op,
Vp = al + @]
Thus,
dp
i —pa, = —16px
dp
oy - —pay = —16py

Integrate dp/0x,

0
p= f%dx = f(—16px)dx = —8px* + f(y)

then differentiate,

op _

0 +af =—16
dy - dy B 4

of

— =1

3y 6py
Or

f) = f(—16py)dy =—8py*+C

Thus,

p = —8px* —8py* +C
P = po at (x,y) = (0,0),
Plx=0y=0 =0+ 0+ C =pg
or
C =po
Finally,

#p=po—8p(x? +y?)



Note: Pressure along streamline

Streamline

dx dy

Y,

or

dx dy

2y  8x
Integrate,

f 2ydy = f 8xdx

or

y2=4x?2+C
For streamline that goes through the originx =y =0,C =0
@ y? = 4x?
From the Euler equation
P =po — 8p(x? + 4x?)
Thus,

P =po — 40px?



Alternate approach:

Bernoulli equation along the streamline

1 2 1 2
P+5pPVE=po+5pVs

where
V2 =u?+v?=2y)?+ (8x)? = 4(16x? + y?) = 4(16x? + 4x?) = 80x?
and
Vo=0
atx =y = 0. Thus,
1 1
P =po—5pV* =Py —5p(80x%)

“ p = po — 40px?



