" Ex. 1(60 pt)

The first stage of an axial oompressor is designed on free vortex principles, with no inlet guide vane (i.e. the
inlet velocity is axial at all radii). The rotational speed is 6000 RPM and the stagnation temperature rise is
20K. The hub-tip ratio is 0.6 and the isentropic total-to-total efficiency of the stage is 0.89.

Assume an inlet velocity of 140 m/s and ambient conditions of 1.01 bar and 288 K (stagnation condxtlons).
The inlet relative Mach number is limited to 0.95.

a) As you solve the problem, clearly draw the velocity triangles at inlet, at outlet, at hub, at tip.
Calculate:

b) The tip radius and the corresponding inlet & outlet air angles relative to the rotor.

¢) The mass flow entering the stage.

d) The stage stagnation pressure ratio and the power required.

e) The inlet & outlet air angles relative to the rotor at the root section.

f) The maximum outlet (absolute) Mach number .

Take Cp=1005 J/(kg*K), R=287 J/(kg*K), y=1.4
Make reasoﬂable assumptions if needed.

Ex. 2 (20 pt)

An axial compressor rotates at 5000 RPM and has a mean radius of 0.5m.

The overall stagnation enthalpy rise is 97.72 ki/kg.

| - Calculate a suitable number of stages with a stage loading coefficient of 0.35 and a flow coefficient of 0.65.

- Estimate the appropriate pitch-to-chord ratio s/c for a diffusion factor of DF=0.5 (see figure).

Suppose we now decide to reduce the number of stages by 1 stage (for the same flow coefficient and diffusion
factor). : :

- Is the number of blades increased or decreased? By how many?
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