
AA461 Advanced Propulsion 
Autumn 2007 

HOMEWORK #5 

DUE: THURSDAY, NOVEMBER I ,  4 pm 

I . (6 pts.) Problem 8-1 from Hill and Peterson 

2. (10 pts) Consider the first stage of axial turbine with zero degree of reaction. 
At an off-design point, the shaft speed drops by 20%, but the mass flow is 
unchanged from the design point value. 

a) Draw, on one fiqure, the velocity diagrams for the design and off-design 
conditions upstream and downstream of the rotor stage. Denote the 
design conditions with an asterix (*) and label the conditions upstream of 
the rotor as "1"; for conditions downstream of the rotor, "2". 

b) Determine the percentage change in shaft output power .from .the stage in 
goiug froni the design condition to the off-design condition. 

3. (8 pts.) Problem 8-7 from Hill and Peterson. 

Please note that the FIRST EXAM will be Friday, November 2, in class. 

Solutions to this HW set will be posted Thursday, November 1, at 5 pm 



f l -  1. The figure shorn wlocity diagrams for impulse and 5096 reaction turbines at 
different rotor speeds. The subscripts 2 and 3 denote conditions before and 
after the rotor, respectively. In both cases the absolute velocity cl  is 400 m/s 
at an angle a1 - 7lP, and the absdutc exhaust velocity c, is axial. If the 
blades arc uncodcd and w l l  insulated from the turbine disc, approximately 
what would the equilibrium temperature of the blades bc in each case, for an 
inkt  gas temperature Tm - 1100 K? 

e. 









8- 7. An axial turbine (for on st* of a rnult istw turbinc) is to be dcaigned Fa 
a wwk n t io  at the mid-d ius  of 

and a free-vortex swirl distributim upstream and downstrum of the rota. 
At the mid-dius the degree of w t i m  is to be 5096. The hub-tip ratio is to 
be 0.8. and the qutstion is whether fret-vortex b ld ing would be wtb0utory. 

At the hub d i u s  the r tata exit angk a,, is 7V to the axial direct&. 

r D n w  the m u n  and hub velocity triangks (roughly to scale). 
b. Determine the axial velocity ntio c,/V, 
G Determire the rotor Made angles at the hub tsd~w. 
d. Determire the dcgret of m i o n  
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