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1. If a gently curved overflow structure placed in a high velocity flow produces the fiowfield
shown in Fig. 1 and if the indicated velocity distribution is assumed at section 2, what
ftowrate is indicated? (2047)

Figure 1

2. A single-stage axial-flow pump (shown in Fig. 2) takes water from a large reservoir. The
pump has a hub diameter of 3 ft and a tip diameter of 4 ft, turns at 600 r/min, and delivers 300
f*/s of water. There are no inlet guide vanes. The trailing edge of the rotor blades makes an
angle of 30° with the tangential direction. The trailing edge of the stator vanes is horizontal,
i.e., it makes an angle of 90° with the tangential direction. Neglecting frictional effects,
Calculate the static pressure change across the inlet, rotor, stator and diffusing case. Assume
that there are enough closely spaced thin blades and vanes for the flow angles to correspond
to the actual blade and vane angles. The Speciﬁc weight of water is 62.4 1bf/f>.(2043)
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3. An axial compressor is intended to pump helium at 1200 r/min. A one-third-scale model is
tested in air at 600 r/min and exhibits a flow rate of 6 m’/s, a pressure rise of 145 Pa, and a
power input of 1.0 kW. For dynamically similar conditions compute (J, Ap, and the power
input for the prototype. Neglect Mach- and Reynolds-number effects and assume sea-level
conditions. The densities of air and helium are p,_=120kg/m’ and p_.  =0.167kg/m?,

respectively. (2047)
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Figure 2

4. (a) According to Torricelli’s theorem, the velocity of a fluid draining from a hole in a tank is V/
= (2gh)"?, where 4 is the depth of water above the hole and g is the gravitational acceleration,
as in Fig. 3. Let the hole have area 4,and the cylindrical tank have bottom area 4,. Derive a
formula for the time to drain the tank from an initial depth 4, in terms of 4,, 4., h, and g. (10
73)
(b) The pipe flow in Fig. 4 fills a cylindrical tank as shown. At time t = 0, the water depth in
the tank is 30 cm. Estimate the time required to fill the remainder of the tank. The density of
water is 998kg/m®.(1043)
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5. Coal oil at 20°C flows through the pump in Fig. 5 at 2.3 ft*/s. Head losses between 1 and 2 are
8 fi, and the pump delivers 8 hp to the flow. What should the mercury-manometer reading 4 ft

be? For coal oil take ye(specific weight}=50.2 Ibf/ft’. For mercury take y,= 846 Ibf/ft’, and
1hp=550 fi- Ibfls. (2053)
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