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> Flow Past Immersed Bodies
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Are low-speed, small-scale air and water boundary layers really thin? Consider flow at
U =1 ft/s past a flat plate 1 ft long. Compute the boundary layer thickness at the trailing
edge for (a) air and (b) water at 68°F.

Solution

From Table A2, vy, =~ 1.61 E-4 ft*/s. The trailing-edge Reynolds number thus is

UL (1 1{/s)(1ft) _
Re; = —=—""—""—=—= 06200
v 1.61 E-4 ft*/s
Since this is less than 10°, the flow is presumed laminar, and since it is greater than 2500,
the boundary layer is reasonably thin. From Eq. (7.1a), the predicted laminar thickness is

o 5.0 y
— = —— = 0.0634
X V6200
or, at x = 1 ft, o = 0.0634 ft = 0.76 in Ans. (a)

From Table A.1 v = 1.08 E-5 ft*/s. The trailing-edge Reynolds number is

(1 ft/s)(1 1) :
e, = —)Ez =~ 02,600

1.08 E-5 ft/s
This again satisfies the laminar and thinness conditions. The boundary layer thickness is

8 5.0 |
—~———=0.0164
X V92,600

or, at x = 1 ft, o = 0.0164 ft = 0.20in Ans. (b)

Thus, even at such low velocities and short lengths, both airflows and water flows satisly
the boundary layer approximations.
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Continuity:

Momentum along wall:

where

Aty = 0 (wall):

As y = 0(x) (outer stream):
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The Blasius Velocity Profile

i , U 12 !F[F"’IH"']IL 'y V[I'T"'IJI,"']I'l w'l
S=fm om=y ) )
0.0 0.0 28 0.81152
0.2 0.06641 3.0 0.84605
0.4 0.13277 3.2 0.87609
g =0 0.6 0.19894 3.4 0.90177
0.8 0.26471 3.6 0.92333
1.0 0.32979 38 0.94112
Aty = 0: R0) = £1(0) = 0 1.2 0.39378 40 0.95552
1.4 0.45627 4.2 0.96696
As y —oo (=) — 1.0 1.6 0.51676 4.4 0.97587
1.8 0.57477 4.6 0.98269
20 0.62977 4.8 0.98779
2.2 0.68132 5.0 0.99155
24 0.72899 ) 100000
2.6 0.77246

2l Lty <

o 5.0 _ 0.664 a*  1.72
— = : Blasius (1908) Cr= p .12 T 172
X 1 Re, X

RL_:II‘:.I ra
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A sharp flat plate with L = 50 cm and b = 3 m is parallel to a stream of velocity 2.5 m/s.
Find the drag on one side of the plate, and the boundary thickness & at the trailing edge,
for (a) air and (b) water at 20°C and | atm.

Solution

o Assumptions: Laminar flat-plate flow, but we should check the Reynolds numbers.
e Approach: Find the Reynolds number and use the appropriate boundary layer formulas.
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UL (2.5 m/s)0.5 m) . ] )
Rep = = 3 = 83,300 << 5ES5 therefore assuredly laminar
Vair [.5E-5 m™/s

The appropriate thickness relation 1s Eq. (7.24):

5 5
L Re”

{83.3‘00}'“{2 = 0.0173,0r6,-; = 0.0173(0.5 m) = 0.0087 m Ans. (a)

The laminar boundary layer i1s only 8.7 mm thick. The drag coefficient follows from
Eq. (7.27):

1.
OF Dope siae = CpoUPDL = (0.0046)

2 2
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A hydrofoil 1.2 1t long and 6 It wide 1s placed in a seawater flow of 40 {t/s, with p = 1.99
ﬁlllgsfl'13 and » = 0.000011 ft*/s. (@) Estimate the boundary layer thickness at the end of the
plate. Estimate the friction drag for () turbulent smooth-wall flow from the leading edge.

Solution

Part (a) The Reynolds number is

UL (40 ft/s)(1.2 ft)
v 0.000011 /s

Re, = =436 x 10°

Thus the trailing-edge flow is certainly turbulent. The maximum boundary layer thickness
would occur for turbulent flow starting at the leading edge. From Eq. (7.42),

(L) _ 0.16
L (4.36 X 10%)

— = 0.018

or 6 = 0.018(1.2 fty = 0.0216 fi Ans. (a)

This 1s 7.5 times thicker than a fully laminar boundary layer at the same Reynolds number.

Part (b) For fully turbulent smooth-wall flow, the drag coefficient on one side of the plate is, from
Eq. (7.45).
Cp = 0031 = 0.00349
P36 x 1097

Then the drag on both sides of the foil 1s approximately

D = 2Cp(pUHbL = 2(0.00349)(3)(1.99)40)7(6.0)(1.2) = 80 Ibf  Ans. (b)
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Frontal area, the body as seen from the stream: suitable for thick, stubby bodies,

such as spheres, cylinders, cars, trucks, missiles, projectiles, and torpedoes.

Planform area, the body area as seen from above; suitable for wide, flat bodies
such as wings and hydrofoils.
Wetted area, customary for surface ships and barges.

0.3

Cp based on frontal area (1b) \

Cp based on planform area (cb)

Cp —
0.1 — Width b
T
Flat i
~ plate - .
0 L i | |
0 0.2 0.4 0.6 0.8 1.0

Thickness ratio g
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