Problem 4.99 [Difficulty: 4]

4.99 A small round object is tested in a 0.75m diameter *—*| Vinax
wind unnel. The pressure is uniform across sections (]) and
@. The upstream pressure is 30 mm H,O (gage), the I —
downstream pressure is 15 mm Hx O (gage), and the mean air — —
gpeed is 12.5 m/s. The velocity profile at section @ is limear, o rd
it varies from zero at the tunnel centerline to a maximum at L_ [
the tunnel wall. Calculate (a) the mass fliow rate in the wind — =
umnel, (b) the maximum velocity at section {E& and (c) the — N
drag of the object and its supporting vane. Neglect viscous
resistance at the tunmel wall. (\1:. C@
Given: Data on flow in wind tunnel
Find: Mass flow rate in tunnel; Maximum velocity at section 2; Drag on object
Solution: Basic equations: Continuity, and momentum flux in x direction; ideal gas equation
L “”"ZJFJ V.dA=0 F, = Fg +1 7 v V. dA RT
— A = v =Fe+Fp = — wpd¥+ upl - = pR-
at Jev? cs” TORTTR T L. ‘ L F PP
Assumptions: 1) Steady flow 2) Uniform density at each section
- Dy .
From continuity Meow = P1-V1-A1 = p1-Vy ? where mg,, is the mass flow rate
p .
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We also have p1=pg-hy  pg =1000-— x 9.81-— x 0.03-m  pq = 294Pa py = p-g-hy py = 147-Pa
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Ry = -54N The drag on the object is equal and opposite Fdrag = -Ry Fdrag =54.1N
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