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Similarity Rules

Consider the linearized equation for the perturbation equation @, (x, y) in plane, steady flow:
0°D;, 0D,
+ =0
ox? = 0y?

Now, consider two separate flows with their mach numbers M., and M, .

(1-M>2)

0< My, <1
0<My, <1
M001¢M002

Also:

Voo, = Free stream velocity
¢ = Airfoil chord
T, = Thickness ratio = t; /¢

y=uf(g)=Tici(3)
y = Airfoil shape/boundary
or

2=T1A(3)

The boundary condition on the airfoil surface may be written

0 d
(5 )0 = U () oy = U1 (5)

From lecture notes, the linearized pressure coefficient may be written

0
Cp =~ Uio1 (%)J’ZO




Now consider a second flow:

Dy =Dy (¢,1)
Assume:
Usoy
q)l (xr ,V) =A U002 (DZ (é; 77)
Us 1_M§o 1/2
16,1 = Ag 0o ()

Where

A = constant, to be determined
And

ézzx 1/2
(2

T,

Hence, equation governing ®,(¢,n) becomes

0*®, 0°D,
1-M2 )—=+4+—==
( 002) 652 + 6172
Recall:

®, (x, y) is a solution corresponding to My,
®,(¢,n) is a solution corresponding to M,

The boundary condition along the airfoil profile may be written:

(&) L Usy 1—M§01 1/2(&)
0x Jy=0 " " Us, \1-MZ,, on Jn=0
=U001T1f1,()_é)
Now let:
1- M2
T,=A 2T,

1-MZ,



And let fi = f, (fis the same in both flows) which means both airfoils are of the same family.
The boundary condition along the airfoil in (¢,n):
(6(132

on

The pressure coefficient may be written

co__ 2 (acpl) 2 A(aq>2)
P U\ 0x ) )y Use, L 0E g

el

Cc

Likewise:
C. = 2 (6(132)
P2 Uoog 66 n:()
Therefore:
CPl ACP2
A
A=21
A

Two airfoils of the same family of shapes characterized by the thickness ratios Ty and T, have
pressure distributions given by coefficients Cp, and Cp,. If the mach numbers of the flows are
My, and M., , respectively, then C, = Cp, provided:

1— M2
T,=A ad
1- Mgoz
A
a==-1
A
Or, formally:
Cp T
_ = n
Tl ——]

Recall A is a constant.
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