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Hence,
1_—1
M2= _._.2_ (&) ! _1
" oy=1\p,
M.2 = 5[(0.2)** - 1] =2.92
M. =1.71
A 2 1 2 1 (r+DIr-1)
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e| = [(0.833)(1 + 0.2 (1.71)%)]
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M M’ a/po
0 0 0

0.2 0.04 0.027
0.4 0.16 0.100
0.6 0.36 0.198
0.8 0.64 0.294
1.0 1.0 0.370
1.2 1.44 0.416
1.4 1.96 0.431
1.6 2.56 0.422
1.8 3.24 0.395
2.0 4.00 0.358
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Note that the dynamic pressure increases with Mach number for M < 1.4 but decreases
with Mach number for M > 1.4, le, in an isentropic nozzle expansion, there is a peak

local dynamic pressure which occurs at M = 1.4




4.34  First, calculate the value of the Reynolds number.

_ p.V.L _ (1225)(200)(3)

Re, = = - =4.10x 10
K, (17894 x 107)

The dynamic pressure is

1 2
=—p V
q(!) 2 o0 0

-;- (1.225)(200)* = 2.45 x 10* N/m®

Hence,

5 =2 320 ___40024m= 024 cm

~JRe,  Va1x 10"

and

= 0.00021

1328 1328
Cf= =
JRe, a1 x 107

The skin friction drag on one side of the plate is:
D¢ = qu Sce = (2.45 x 10%)(3)(17.5)(0.00021)
D¢= 270N
The total skin friction drag, accounting for both the top and the bottom of the plate is

twice this value, namely

Total Dg= |540N

037L _  037(3)

435 &= =
Re, )’ (41 x 107)°?

=0.033m={3.3 cm

From problem 4.24, we find

33
8uruen/aamimw:“'_‘*‘ =113.75
turbulent/ O] 024
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wiat an order of magnitude thicker thap the laminar |
boundary layer.

X 0.074
Cf= &% = \\702 = 00022
Re )" " (41 x 107)

The skin friction drag on one side is then

Dt = qu Scr = (2/45 x 10“)(3)(17.5)(0_0022)
D¢ = 2830N

The total, accounting for both top and bottom js

Total Dy = [5660N]

From problem 4.24, we find

(D,.... )/ (D, )= 55%? =[105

The turbulent skin friction drag is an order of ma

gnitude larger than the laminar valye. %

436 R, =LaVeX



