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This is ahydrodynamic boundary layer equation with pressure gradigittis obtained from the
boundary layer equations by introducing the stream funetion

1°. Supposewv(z,y) is a solution of the equation in question. Then the functions

w1 = Tw(z, ty + p(z)) + C,
wherey(z) is an arbitrary function an@' is an arbitrary constant, are also solutions of the equation.
2°. Degenerate solutions (linear and quadratig)ifor arbitrary f(x):

wz,y) =ty [2 / f@)dz+ 01] o)

wle1) = Cuf+ploly + g6 | H0) -2 [ 1@y do| +Co
wherey(zx) is an arbitrary function, and’; and C, are arbitrary constants. These solutions are
independent of and correspond to inviscid fluid flows.
3°. Table lists invariant solutions to the boundary layer equation with pressure gradient.

TABLE
Invariant solutions to the hydrodynamic boundary layer equation
with pressure gradient( k, m, andg are arbitrary constants)

No. | Functionf(z) | Form of solutionw = w(z, y) Functionu or equation for
1 f(x)=0 See equation 5.1.5 See equation 5.1.5
m 3 m=1 =
2 | f(@)=az w= :cmz:r u(z), z=x 4 y m+1( = 3uu” =vui. *+a
3| fl@)=ae’ | w= e%ﬁmu(z), z= e%my %5(“2)2 l/BUUN =vull, +a
2
= R - 1exp( ) wy +Cay if k#0,
4| f@=a wekoray)  |ue)={ AR dy O L E20
5 | f@)=az® | w=kinll+u(z), z=y/a (W) -k, = v, +a

4°. Generalized separable solution ft{x) = ax + b:

w(z,y) =xF(y) + G(y),

where the functiong’ = F'(y) andG = G(y) are determined by the system of ordinary differential
equations
(F})*-FF), =vF,, +a, F,G,~FG), =vGy, +b.

5°. Solutions forf(z) = —az~>/3:

w(z,y) = % + xl—@[y + (@),

wherey(x) is an arbitrary function.
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2 BOUNDARY LAYER EQUATIONS WITH PRESSUREGRADIENT

6°. Solutions forf(x) = ax™%/3 - ba™>/3:
w(z,y) =+V3bz +27%0(2), 2 =yz3,

where the functio = 0(z) is determined by the ordinary differential equa’[ién(ﬂ’z)2 = %90;; =

11
vo, . +a.

7°. Generalized separable solution ft{t) = ae’*:

2
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wherep(z) is an arbitrary function and is an arbitrary constant.
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w(z,y) = p(r)e
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