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1       A low speed axial flow compressor stage is to be designed for a compressor test rig. 

 The compressor has a constant casing diameter of    and a constant hub-to-tip 
ratio   . At midspan, the stage should have flow coefficient  

m 8.0
6.0/ =TH 5.0/ == mx UVφ ,  

and a loading coefficient 4.0/ 2
o =∆= mUhψ  .  The blade speed is specified as 60  

at the rotor tip.  The flow is uniform and axial at the stage inlet with standard sea level 
atmospheric condition.  A free vortex distribution is to be used for the design.  When 
leaving the stage, the flow has zero swirl.  All symbols have their usual meanings. 

1ms −

 (a) Estimate the minimum power required to drive the stage.   [20%] 
  
   (b) Determine the velocity triangles at hub, mid-span and tip sections. [30%] 

 
  (c) At the design condition, a uniform  of negative incidence for both blades 
has been selected along the spans, and a deviation distribution linearly varying between 

 to  from hub to tip is also specified for both blades.  Determine the blade turning 
angles and leading edge and trailing edge metal angles for three sections at hub, mid-span 
and tip. [15%] 

o1

o6 o4

 

 (d) Calculate variations of the reaction and the loading coefficient along the span. [15%] 

 

 (e) Identify the section with the highest aerodynamic loading and comment on 
any potential difficulties in the blade design for this section.  Suggest measures you might 
take to relieve these problems through modification of the design.   [20%] 
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2 A two dimensional section of a transonic compressor rotor with straight blade 
section has the following design parameters: 
 Blade stagger angle  ; chord o76.62−=β mm100=C ;  thickness ≅  0; 
solidity σ = 1.4 ;  and  blade Mach number M b = 1.2625 . 

 Absolute flow conditions at the inlet are:   = 101330 Pa;   = 288 K;  1,op 1,oT
Inlet Mach number  =  0.65, and the flow is axial.  For air, ∞M 287=R 11KJkg −−  and 
γ  = 1.4 .   

 Assume a weak and negligible leading edge shock wave and that the compression 
is achieved through a strong, normal passage shock wave. The surface static pressure, p, 
distribution on the blade surfaces is as shown as in Fig. 2. 

 
(a) By calculating appropriate angles, draw the velocity triangles up- and 

downstream of the blade section.   [20%] 
 
(b) Sketch the shock wave pattern in the blade section below.  [15%] 
 
(c)  Assuming negligible viscous loss on the blade surface, calculate the static 

and stagnation pressure ratios and the isentropic efficiency of the blade section.  [25%] 
 
(d) Assuming a dissipation coefficient due to the surface boundary layer of 0.003 

for both surfaces, estimate the additional loss of efficiency due to viscous effects.   [15%] 
 
(e)  Describe, with the help of sketches, the change of the shock wave pattern 

with increasing back pressure; highlight the conditions for the near peak efficiency and 
near stall conditions.   [25%] 

 

M b

M ∞ p 
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Fig. 2 
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3 (a) For the time accurate solution of the flow of a compressible inviscid fluid 
through a two-dimensional domain: 
 

 (i) Describe qualitatively which equations must be solved.  (There is no 
need to state the equations explicitly.)  [10%] 

 
 (ii) State how many types of small amplitude characteristic waves exist 

within the two-dimensional flowfield.  For each wave give a physical 
interpretation, its propagation speed,  and its direction.  [15%] 

 
 (iii) Explain how the information in (a)(ii) can be used to determine the 

number of inflow and outflow boundary conditions that are required.  State 
clearly the commonly adopted boundary conditions for subsonic flow.  [15%] 

 
 (iv) State the CFL condition, give a simple physical interpretation of it and 

explain why it is important for explicit computational fluid dynamic codes.  [10%] 
 
 (b) A turbomachinery design engineer is trying to calculate the trajectory of the 
tip leakage flow in an unshrouded compressor rotor blade using a three-dimensional 
Euler solver.  The calculations are not resolving the tip vortex. 
 

 (i) Describe, with sketches, the important features that would be expected 
to be associated with the tip leakage flow.  [20%] 

 
 (ii) Comment on the likely effect on the run time and the quality of the 

solution that would result from doubling the mesh density in all three 
directions.   [15%] 

 
 (iii) Comment on the computational benefits and costs that would be 

associated with using a Navier-Stokes solver for this problem.  [15%] 
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