Problem 7.1

ok
-0.02
-0.04

Direction of rotation
-0.06 -
-0.08
01k

Il

Figure 1: Rotor with air and blade angles

Problem definition: Calculate

e Rotor blade angles
e Degree of reaction
e Temperature drop coefficient

e Power output

Solution: Some trigonometric relations give:

= 0086(1‘;2) =615.2 m/s

Cur =/ Co? — C,% = 5575718 m/s
B2 = arctan(%) =..=237.23
Cuws = Cata;;(ag) =45.84 m/s

B3 = arctan(M) =..=57.35
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Since it was given that C) = C3 and C, is constant Equation 7.7 can be used
to compute the degree of reaction:

Ca
A= ﬁ(tanﬂg —tanfz) = ... = 0.2892

The temperature drop coefficient is obtained from:
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The power output is obtained from:

Power output = mUAC,, = 4344.6
The throat area is obtained from the nozzle coefficient Ay = 0.05 according to:

Cy?
T2 = [T[)2 = TOl] = T(n - 2— == 835 K
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Ty =T, — /\NC—2 =829 K
2¢p

The pressure ratio gives p» according to:

P[)l T[)l —71

= ()T =2.14
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Py = = = 1.869 bar
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For isentropic flow, the critical pressure ratio is rq.;; = 1.852. Thus, the nozzle
is choking. The throat conditions are then:
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P =% =2159
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P. 3
p= RT, ~ 0.8777 kg/m

C. =+/7yRT.=572.7m/s

Aihroat = — = 0.03979 m?
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