EXAMPLE SHEET
Exercise on thermo-fluid dynamics, June 13-14, 2016

1. Reservoir water is pumped up via an inlet duct of length L and cross section area A into a
tank, whence is exhausted to outside through a throttle valve.
The characteristics of pump pressure head AP and exhaust valve loss APt are given with
respect to volume flow rate Q.
The system is observed to operate at a steady tank condition with partially filled air of
volume Vaand pressure Pa.
Examine the characteristic frequency of this flow system by assuming that the air is trapped
in the tank to follow isentropic change of state, and gravity effect and the difference in kinetic
energy of water through the inlet duct is negligible.
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2. Acouple of source and sink of strength =m is placed with a short distance L at
the centre line of wind tunnel between two parallel walls of separation h.
Supposing the extreme of L to become infinitesimal, keeping the multiplier g=mL
to be constant, what is the equivalent shape of a stream body represented by that
singularity point in the presence of uniform wind speed U? Examine carefully the

effect of interference with the wind tunnel walls.
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A Laval nozzle (convergent and divergent) is operating at critical choked
condition. Geometry near the throat is approximately given by parabolic curve
along the nozzle axis x, i.e. the cross section area A=A*(1+x?), *indicating the
throat position.

Find the rate of Mach number increase dM/dx at the throat.
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Suppose that heat is locally added to uniform inviscid flow in a duct, where the

state of static pressure Pi, density pi, velocity ui, Mach number M; and cross

section area A are all given at the entrance of the heating zone, and the fluid

specific heats Cp, Cy and their ratio y= Cp/Cy are assumed constant (perfect gas).

a) Gas turbine combustor: Find the area A, and Mach number M, at the exit of
the heating zone in case the pressure is kept constant through the heat process.
What is the entropy increase As=s,—S; and total pressure ratio z=Pi»/Pi; across
the heating zone in terms of heating rate q (amount of heat per mass flow
rate)?

b) Rayleigh flow: If the heating zone area is kept constant, find the heating rate g



to achieve sonic condition at the zone exit?
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(@) (b)

A centrifugal compressor is operating with impeller tip speed u; (tip diameter =Dy

and width=Dby). A diffuser passage of width b(r) is attached downstream. In the

rotor coordinates, gas velocity w; at the tip has its components +w;; and —wg, in the

radial and circumferential (positive towards rotor motion) direction, respectively.

a) Given the static enthalpy h; of the gas at the impeller tip, find the radial
velocity wi(r), circumferential velocity wy(r) as well as static enthalpy h(r) of
the gas at any radial position r. Assume the flow is isentropic and its speed is
low in comparison with sonic speed.

b) Find corresponding wi(r), we(r) and static enthalpy h(r), when the tip velocity
w; becomes comparable with sonic speed.

c) Examine change in the distance between neighboring streamlines i.e. the

ratio o(r)/ot, with respect to either relative or absolute coordinates.
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