
  

 

UNIT III -STEAM NOZZLES AND TURBINES 
 
1. What are the various types of nozzles and their functions? 

Nozzle is a duct of varying cross-sectional area in which the velocity 
increases with the corresponding drop in pressure. 

 
2. What are the effects of friction on the flow through a steam nozzle? 

1. The final fraction of the steam is increased as the part of the kinetic 
energy gets converted into heat due to friction and absorbed by steam with n 
increase in enthalpy. 

2. The expansion is no more isentropic and enthalpy drop is reduced 
thereby resulting in lower exit velocity. 

3. The specific volume of steam is increased as the steam becomes drier 
due to this frictional reheating. 

 
3. Define nozzle efficiency and critical pressure ratio. 

Nozzle efficiency: It is defined as the ratio of actual enthalpy drop to the 
isentropic enthalpy drop 

 
Nozzle efficiency = Actual enthalpy drop / Isentropic enthalpy drop 

 
Critical pressure ratio:  There  is  only one  value of the  ratio   (P2/P1) 

which produces maximum discharge from the nozzle. The ratio is called critical 
pressure ratio. 

 
Critical pressure ratio P2 /P1 = (2/n+1) n/n+1

 

Where, 
P 1= Initial pressure 
P 2= Throat 
pressure. 

4. Explain the phenomenon of super saturated expansion in steam nozzle. 
O

r What is Meta stable 
flow? 
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When the supersaturated steam is expanded in the nozzle, the 
condensation should occur in the nozzle. Since the steam has a great velocity,  
the condensation does not take place at the expected rate. So the equilibrium 
between the liquid and vapour phase is delayed and the steam continues  to 
expand in a dry state. 

The steam in such set of condition is said to be supersaturated or meta 
stable flow. 

 
5. What are the conditions that produce super saturation of steam in 
nozzles? 

When the superheated steam expands  in  the  nozzle, the    condensation 
will occur in the nozzle. Since, the steam has more velocity, the condensation 
will not take place at the expected rate. So, the equilibrium between the liquid 
and vapour phase is delayed and the steam continues to expand in a dry state. 

The steam in such set of condition is said to be supersaturated or meta 
stable flow. 

 
6. What are the effects of super saturation in a steam nozzle? 

The following effects in a nozzle on steam, in which super saturation 
occurs, may be summarized as follows. 

1. The dryness fraction of the steam is increased. 
2. Entropy and specific volume of the steam are increased. 
3. Exit velocity of the steam is reduced. 
4. Mass of stream discharged is increased. 

7. What are the differences between supersaturated flow and isentropic 
flow through steam nozzles? 

 
 

Supersaturated flow Isentropic flow 
1. Entropy is not constant Entropy is constant 
2. Reduce in enthalpy drop 

. 
No reduce in enthalpy drop 

3. We cannot use mollier diagram 
to solve problems 

We  can  use  mollier  diagram to 
solve problems. 

8. The critical pressure ratio initially dry saturated steam is. 
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P2 /P 
1=0.577 

 
9. The critical pressure ratio for initially super heated steam  is _ 
 as compared to initially dry saturated steam. 

Less. 
 

10. When the backpressure of a nozzle is below the designed value of 
pressure at exit of nozzle, the nozzle is said to be  _ 

Under damping. 
 

11. What is a steam turbine? 
Steam turbine is a device which is used to convert kinetic energy of 

steam into mechanical energy. 
 

12. What is the fundamental difference between the operation of impulse 
and reaction steam turbines? 

Impulse Turbine Reaction turbine 
1. It   consists   of   nozzles and 

moving blades. 
It consists of fixed blades and 
moving blades. 

2. Pressure  drop  occurs  only in 
nozzles not in moving blades. 

Pressure drop occurs in fixed as well 
as moving blades. 

3. Steam  strikes  the  blades with 
kinetic energy. 

Steam passes over the moving 
blades with pressure and kinetic 
energy. 

4. It  has  constant blade channels 
area. 

It has varying blade channels area. 

 
 
 

13. Explain the need of compounding in steam turbines. 
(Or) 

Explain the purpose of compounding in steam turbines. 
In simple impulse turbine, the expansion of steam from the boiler 

5. Due to  more  pressure drop per 
blade, number of stages required is less. 

Number of stages required is more 
due to more pressure drop. 
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pressure to condenser pressure takes place in a single stage turbine.  The  
velocity of steam at the exit of turbine is very high. Hence, there is a  
considerable loss of kinetic energy (i.e. about 10to 12%). Also the speed of the 
rotor is very high (i.e. up to 30000rpm). There are several methods of reducing 
this speed to lower value. Compounding is a method of absorbing the jet  
velocity in stages when the steam flows over moving blades. 
14. What are the different methods of compounding? 

1. Velocity compounding 
2. Pressure compounding 
3. Pressure-velocity compounding 

15. What is meant by carry over loss? 
The velocity of steam at exit is sufficiently high thereby resulting in a 

kinetic energy loss called "Carry over loss" or "Leading velocity loss". 
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Q.No UNIT III In Notes / 
Answer Key 

1 Drive an expression for Impulse Turbine with Velocity diagram ANSWER KEY 

2 Explain the method of governing in steam turbine NOTES 

3 Explain various type of compounding in Turbine NOTES 

4 

 

ANSWER KEY 

5 

Dry  saturated  steam  at  6.5  bar  with  negligible  velocity  expands  
isentropically in a convergent divergent nozzle to 1.4 bar and dryness fraction 
0.956. Determine the final velocity of steam from the nozzle if 13% heat is loss 
in friction. Find the % reduction in the final velocity. 
 

ANSWER KEY 

6 

A convergent divergent adiabatic steam nozzle is supplied with steam at 10 

bar and 250°c.the discharge pressure is 1.2 bar. Assuming that the nozzle 

efficiency is 100% and initial velocity of steam is 50 m/s. find the discharge 

velocity. 

ANSWER KEY 

7 

A 50% reaction turbine running at 400 rpm has the exit angle of blades as 20° 
and the velocity of steam relative to the blade at the exit is 1.35 times mean 
speed of the blade. The steam flow rate is 8.33 kg/s and at a particular stage 
the specific volume is 1.38m3/kg. Calculate, suitable blade height, assuming 
the rotor mean diameter 12 times  the  blade height, and diagram work. 

ANSWER KEY 

8 

Steam enters a group of nozzles of a steam turbine at 12 bar and 2200 C and 
leaves at 1.2  bar. The steam turbine develops 220 Kw with a specific steam 
consumption of 13.5 Kg/ KwHr. If the diameter of nozzle at throat Is 7mm . 
Calculate the number of nozzle 

ANSWER KEY 

9 

The blade angle of a  single  ring of  an  impulse  turbine  is  300m/s  and  the  
nozzle angle  is 200.The isentropic heat drop is 473kJ/kg  and  nozzle  
efficiency  is  85%.Given  the  blade velocity coefficient is 0.7 and the blades 
are symmetrical,  Draw  the  velocity  diagram and calculate for a mass flow 
of 1 kg/s i) axial thrust on balding ii) steam consumption per BP hour if the 
mechanical efficiency is 90% iii) blade efficiency and stage efficiency. 

NOTES 

 

www.studentsfocus.com



UNIT-III-STEAM NOZZLE & TURBINE-ANSWER KEY FOR 16MARK 
 
Q.No:1  Impulse Turbines 
 

¾ Impulse turbines (single-rotor or multirotor) are simple stages of the turbines. 
¾ Here the impulse blades are attached to the shaft. 
¾ Impulse blades can be recognized by their shape. 
¾ The impulse blades are short and have constant cross sections. 

 
Schematic diagram of an Impulse Turbine 

 

 
and = Inlet and outlet absolute velocity 

 

and = Inlet and outlet relative velocity (Velocity relative to the rotor blades.) 

U = mean blade speed  

 = nozzle angle, = absolute fluid angle at outlet 
 
It is to be mentioned that all angles are with respect to the tangential velocity ( in the direction 
of U ) 

 
Velocity diagram of an Impulse Turbine 
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and = Inlet and outlet blade angles 

and  = Tangential or whirl component of absolute velocity at inlet and outlet 

and = Axial component of velocity at inlet and outlet 
 

Tangential force on a blade, 
 

                                                                            (22.1) 
 
(mass flow rate X change in velocity in tangential direction) 

or, 

(22.2) 
 
 
 
 

Power developed = (22.3) 
 
Blade efficiency or Diagram efficiency or Utilization factor is given by 

 
 
 
 
 
or, 

 
 

                                                                     (22.4) 
 
 

The Single-Stage Impulse Turbine 
 

¾ The single-stage impulse turbine is also called the de Laval turbine after its inventor. 
¾ The turbine consists of a single rotor to which impulse blades are attached. 
¾ The steam is fed through one or several convergent-divergent nozzles which do not 

extend completely around the circumference of the rotor, so that only part of the blades is 
impinged upon by the steam at any one time. 

The nozzles also allow governing of the turbine by shutting off one or more them 
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Q.NO 4 Given Data:- 
 

Initial pressure(p1)=10bar Initial 

Temperature(T1)=250°c 

Exit pressure(p2)=1.2 bar 

Nozzle efficiency(ηnozzle)=100% 
 

Initial velocity of steam(v1)=50m/s 
 

To Find:- 
Discharge velocity (v2) 

Solution:- 
 

From steam table,   For  10 bar, 250°c, h1=2943 KJ/kg s1=6.926 KJ/kgk 
 

From steam table,   For 1.2 bar, 
 

hf2 =439.3 KJ/kg ; hfg2=2244.1 KJ/kg; 
 

sf2=1.361 KJ/kg K ;   sfg2=5.937 KJ/kgK. 
 

Since s1=s2, 
 

S1=sf2+x2sfg2 
 

6.926=1.361+x2(5.937) 
 

X2=0.9373 
 

We know that, 
 
 
 
 
 
 
 

Exit velocity (V2) = 

 
h2=hf2+x2hfg2 

 
= 439.3+(0.9373)2244.1 

h2  = 2542KJ/Kg 

 
 
 
= 896.91m/s. 
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Q.NO:5 Given data: 
 

Exit pressure (P2) = 1.4 bar 
 

Dryness fraction (X2) = 0.956 
 

Heat loss = 13% 
 

To Find: 
 

The percent reduction in final velocity 
 

Solution: 
 

From steam table for initial pressure P1 = 6.5bar, take values h1 = 
 

h1 = 2758.8KJ/Kg 
 

Similarly, at 1.4 bar, 
 

hfg2 = 2231.9 KJ/Kg 

hf2  = 458.4KJ/Kg 

h2  = hf2 + X2 hfg2 

 
= 458.4 + (0.956) 2231.6 

h2 = 2592.1 KJ/Kg 

Final velocity (V2) = 
 
 

=   V2 = 
 

577.39 m/s 
 

Heat drop is 13%= 0.13 
                Nozzle efficiency (η) = 1- 0.13 = 0.87 
              Velocity of steam by considering the nozzle efficiency, 
 

V2 =   
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V2 = 

 
V2 = 538.55 m/s 

 

% reduction in final velocity = 
 
 

= 6.72% 
 

. Q.NO:6      Given Data:  
 

Initial pressure (P1) = 7bar = 7×105N/m2
 

 

Initial temperature (T1) = 200oC 

Pressure (P2) = 3bar = 3×105N/m2
 

Mass flow rate (m) = 0.1Kg/sec 
 

 
To Find: 

Exit area 

PV1.3=C 

Solution:  
From steam table for P1 = 7bar and T1 = 200oC V1 = 

 
0.2999 

 
h1  = 2844.2 

 

S1  = 6.886 
Similarly for P2  = 3bar 
Vf2 = 0.001074    Vg2  = 0.60553 hf2 = 561.5  hfg2  = 2163.2 

Sf2 = 1.672                  Sfg2  = 5.319 
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We know that, 
 
 
 
 
 
 
 
 
 

Similarly, 

S1 = S2  = St 

 
S1  = Sf2 + X2 Sfg2 

 
 

6.886 = 1.672 + X2  (5.319) X2 = 
 

0.98 
 
 
 

h2  = hf2 + X2 hfg2 

 
h2  = 561.5 + 0.98 (2163.2) 

 
(i) Flow is in equilibrium through all: 

 
 

V2 = 
 
 

V2 =   V2 = 

569.56 
 

ν2   =  X2 × νg2 

 
= 0.98×0.60553 = 0.5934 
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For saturated flow: 
 

ν2 = 

 
 
 
 

ν2 = 
 
 

ν2 = 568.69 m/s 

specific volume of steam at exit. For super saturated flow, P1  = P2 
 
 
 
 
 
 
 
 

 

 
 
 

 
 

 
 
 

Q.No:7          GIVEN DATA:- 
 

Dia of cylinder (d)=300mm=0.3m 
 

Engine stroke(l)=500mm=0.5m 
 

Clearance volume(vc)=6750/1003=6.75 m3
 

 
Explosions per minute(n)=100/minute=i.67/sec 

 

Pmin=765 KN/m2
 

 
Brake drum dia(D1)=1.5m 
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Rope dia(d1)=0.025m 
 

Work load on the brake(w)=190kg=1.86KN 

TO FIND:- 

Compression ratio (r) 
 

Mechanical efficiency (ηmech) 
 

Indicated thermal efficiency (ηit) 
 

Air standard efficiency (ηair) 
 

Relative efficiency (ηrel) 
 
 
SOLUTION:- 

(1).Compression Ratio (r):- 
 
 
 
 
 
 
 
 
 
 
 
(2).Air Standard Efficiency (ηair):- 

 
 

 
 
 
 
 

+1 
 

 

(r)  = 6.23 
 

ηair = 
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