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3.23 The hypodermic needle in the figure contains a liquid (SG = 1.05). If the serum is

Selution: (a) For incompressible flow. the volume flow is the same at piston and exit:
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pision = .83 . Ans. (a)

(b) If there is 10% leakage. the piston must deliver both needle flow and leakage:

() to be injected steadily at 6 cm”/s. how fast should the plunger be advanced (a) if leakage
1 the plunger clearance is neglected: and (b) if leakage is 10 percent of the needle flow?
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3.35 In contrast to the liquid rocket in Propcllani

Fig. P3.34, the solid-propellant rocket in
Fig. P3.35 is self-contamed and has no
entrance ducts. Using a confrol-volume
analysis for the conditions shown in
Fig. P3.35, compute the rate of mass loss
of the propellant, assuming that the exit gas
has a molecular weight of 28,
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Solution: With M =28 R =8313/28 =207 m:'.-f{s:-K}- hence the exit gas density is

5

p  90.000Pa

Feat = RT ~ (297)(750K)
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-0404 kgm® 7

For a control volume enclosing the rocket engine and the outlet flow. we obtain
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or: Efulp,-opeuﬂml" —il,g = —2,AV, =—(0.404)(7/4)(0.18) (1150) ~ —11.8 = Ans.
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336 The jet pump in Fig. P3.36 injects
water at U1 = 40 m/s through a 3-in pipe
and entramns a secondary flow of water L2 =
3 m's in the annular region around the
small pipe. The two flows become fully
mixed down-stream. where I3 s
approximately  constant. For  steady
incompressible flow, compute 73 in mv/s.

Solution: First modify the units: D1 = 3 in = 0.0762 m. D2 = 10 in = 0.254 m. For
incompressible flow. the volume flows at inlet and exit must match:

Q,+Q,=Q,, or f{ﬂ.ﬁ?ﬁlf(dﬂh j[{i}:iﬂ: —(0.0762)°1(3) = im_szu_i}
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3.55 In Fig. P3.55 the jet strikes a vane
'\’{/ which moves to the right at constant velocity
Ve on a frictionless cart, Compute (a) the force
Fx required to restrain the cart and (b} the
power P deliverad to the cart. Also find the
cart velocity for which (¢) the force Fx is a
maximum and (d) the power P is a maximun.
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