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Flow Through Blade Passage
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From:  Van Wylen G.J. and Sonnatg R.E., FUNDAMENTAL OF CLASSICAL THERMODYNAMICS, 4th Edition, John Wiley & Sons, Inc.

14.32 Consider the flow of air through an impulse blade passage. The air enters the blade passage at an angle of 18° with a velocity of 460 m/s, a pressure of 110 kPa, and a temperature of 90°C. The blade velocity is 250 m/s and the air leaves the blade passage at an angle of 45° relative to the blade. The mass flow rate is 10 kg/s, and it is assume that the flow is reversible and adiabatic.
a. Draw the velocity diagram to scale.

b. What is the power output of the turbine?

c. If the blade wheel to which the blades are attached has a diameter of 0.3 m,

what is the length of each blade?
14.33 Steam enters an impulse turbine in which all processes are assumed to be re​versible and adiabatic. The inlet pressure is 700 kPa, the inlet temperature is 450°C and the exhaust pressure is 110 kPa. The steam leaves the nozzle and en​ters the turbine at an angle of 20°. The blade speed ratio is 0.5 and the blade exit angle is 50°. Determine the blade efficiency of this turbine.

14.34 Steam enters an impulse turbine having the same inlet conditions as Problem 14.33. The nozzle efficiency is 92% and the blade velocity coefficient is 0.96 with a blade speed ratio of 0.5. Determine the work per kilogram of steam and draw the velocity diagram to scale.
14.35 Consider a two-stage reversible, velocity-compounded impulse turbine that has the same inlet conditions as in Problem 14.33. Assume a blade velocity coeffi​cient of 0.25, and an inlet angle of 20°. Both the moving and the fixed blades have equal inlet and exit angles (i.e., the angle at which the steam enters relative to the blade is equal to the relative angle at which it leaves). Determine the blade efficiency of the turbine and draw velocity diagram to scale.

14.36 Consider a single-stage reaction turbine having equal enthalpy drops across the fixed and moving blades. Consider the same inlet conditions and exit pressure as in Problem 14.33. All processes are reversible and adiabatic. The blade inlet angle is 20° and the blade-speed ratio is 0.9.

a. What is the pressure at the exit of the fixed blades?

b. Draw the velocity diagram to scale.

c. What is the net work per kilogram of steam flowing through the turbine?

14.37 A single-stage air turbine having 50% reaction operates with inlet pressure and temperature of 350 kPa, 1000 K, and exhaust pressure of 100 kPa. The fixed​blade exit angle is 18°, and exhaust from the turbine is in the axial direction. The blade-speed ratio is 0.9, and all processes are reversible and adiabatic. Determine

a. All velocities and angles, and draw the velocity vector diagram. 
b. The work per kilogram of air flowing through the turbine.
------------------------------------------
From: Eastop T.D. & McConkey A., APPLIED THERMODYNAMICS for Engineering Technologists, 5th Edition, Longman.
11.1 The velocity of steam at inlet to a simple impulse turbine is 1000 m/s, and the nozzle angle is 20°. The blade speed is 400 m/s and the blades are symmetrical. Determine the blade angles if the steam is to enter the blades without shock. If the friction effects on the blade are negligible, calculate the tangential force on the blades and the diagram power for a mass flow of 0.75 kg/s. What is the axial thrust and the diagram efficiency?

If the relative velocity at exit is reduced by friction to 80% of that at inlet, what is then the diagram power and the axial thrust? Calculate also the diagram efficiency in this case. 

(32.36°; 810 N; 324 kW; 0; 86.4%; 291.5 kW; 51.3 N; 77.7%)
11.2 The steam from the nozzles of a single-wheel impulse turbine discharges with a velocity of 600 m/ s and at 20° to the plane of the wheel. The blade wheel rotates at 3000 rev/min  and the mean blade radius is 590 mm. The axial velocity of the steam at exit from blades is 164 m/s and the blades are symmetrical. Calculate:


(i) the blade angles;

(ii) the diagram work per unit mass flow rate of steam; 

(iii) the diagram efficiency; 

(iv) the blade velocity coefficient.     

(28° 47'; 126.2 kJ per kg/s; 70%; 0.799)
11.3 The nozzles of the impulse stage of a turbine receive steam at 15 bar and 300°C and discharge it at 10 bar. The nozzle efficiency is 95% and the nozzle angle is 20°. The blade speed is that required for maximum work, and the inlet angle of the blades is that required for entry of the steam without shock. The blade exit angle is 5° less than the inlet angle. The blade velocity coefficient is 0.9. Calculate for a steam flow of 1350 kg/h:

(i) the diagram power;

(ii) the diagram efficiency.

(30.3 kW; 86.3%)

11.4 The following particulars apply to a two-row velocity compounded impulse stage of a turbine: nozzle angle 17°; blade speed 125 m/s; exit angles of the first row moving blades, the fixed blades, and the second row moving blades, 22, 26, and 30° respectively. Take the blade velocity coefficient for each row of blades as 0.9, and assume that the absolute velocity of the steam leaving the stage is in the axial direction. Draw the velocity diagram for the stage and obtain:

(i) the absolute velocity of the steam leaving the stage; 

(ii) the diagram efficiency.

(72.2 m/s; 80%)
11.5 The first stage of a turbine is a two-row velocity compounded wheel. Steam at 40 bar and 400°C is expanded in the nozzles to 15 bar, and has a velocity at discharge of 700 m/s. The inlet velocity to the stage is negligible. The relevant exit angles are: nozzle 18°; first row blades 21°; fixed blades 26.5°; second row blades 35°. Take the blade velocity coefficient for all blades as 0.9. The mean diameter of the blading is 750 mm and the turbine shaft speed is 3000 rev/min. Draw the velocity diagram for this wheel and calculate:

(i) the diagram efficiency; (ii) the stage efficiency.

(70.8%; 67.4%)​

11.6 For the turbine of Problem 11.5 the mass flow of steam for each set of nozzles is 4.5 kg/ S. Calculate the length of arc occupied by the nozzles if the nozzle height is 25 mm and

the wall thickness between them is negligible. If the blades of the wheel have a pitch of 25 mm and the blade tip thickness at exit is 0.5 mm, calculate the blade exit height for each row.

(132.3 mm; 30.2 mm; 33.4 mm; 38.9 mm)

11.7 In a reaction stage of a steam turbine the nozzle angle is 20° and the absolute velocity of the steam at inlet to the moving blades is 240 m/s. The blade velocity is 210 m/s. If the blading is designed for 50% reaction, determine:

(i) the blade angle at inlet and exit; 
(ii) the enthalpy drop per unit mass of steam in the moving blades and in the complete stage; 
(iii) the diagram power for a steam flow of 1 kg/s; 
(iv)  the diagram efficiency.

(79.3°,20°; 25.3 kJ/kg; 50.6 kJ/kg; 50.6 kW; 93.5%)
11.8 The speed of rotation of a blade group of a reaction turbine is 3000 rev/min. The mean blade velocity is 100 m/s. The blade speed ratio is 0.56 and the exit angle of the blades is 20°. If the mean specific volume of the steam is 0.65 m3/kg, and the mean height of the blades is 25 mm, calculate the mass flow of steam through the turbine. Neglect the effect of blade thickness on the annulus area, and assume 50% reaction btading.

(16900 kg/h)
--------------------------------------------------
