ME19b. SOLUTIONS. Jan. 4 Due Jan. 18, 2007
PROBLEM B1.

In the frame of the stationary bucket, the incident jet has a steady velocity (V — U).
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By neglecting gravity and viscous effects Bernoulli’s equation along the streamline connecting the incident
jet to one of the deflected jets yields:
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Additionally, by continuity and symmetry A; = Az = A/2. Applying momentum conservation,
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PROBLEM B2.

Using a control volume which includes the wedge and denoting the drag force on the wedge in the U direction
by D:
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hold wedge in place ~—" ™.

Applying the momentum theorem in the x direction yields

F,=-D = pU?Bbcos(d — ) + pU?(1 — B)bcos(f + o) — pbU?
D = pU?b[1l - Bcos(d —a) — (1 — ) cos(d + )]

Similarly,
L =pU?[(1 - B)sin(f + o) — Bsin(d — )]

Therefore the angle of attack for which L is zero is
a=tan"'[(28 — 1) tan(d)]

Also the § for zero lift is
1
8= 3 [1 4 tan(a) cot(6)]



Finally to determine whether this position is stable with respect to (3, it is required that

0 lift

il = 0
9B at zero lift
= pbU?[—sin(f + ) — sin(f — a)]
= a negative quantity for (§ + a) <7 and § > a >0
Thus we have a unstable equilibrium. If 8 is increased (body is moved down) the lift becomes negative
and further pushes the body down.

PROBLEM B3.

Continuity gives exhaust jet velocity, Uy = % or @ =UA; =UjA;. Therefore, the total head rise accross
the propeller
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which yields the following quadratic
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and therefore
UA;

[U2 + 2(K; — KoUAp)]?

Now take a large control volume around the jet. The net flux of momentum in the x direction out of the
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control volume is given as

F, = pA;U? - pAU?
= Thrust of ducted propeller

because there are no pressure forces. Substituting for A,
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