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TURBO MACHINES

Subject Code: 10ME56
Hours/Week: 04
Total Hours: 52

PART- A

UNIT -1

IA Marks: 25
Exam Hours: 03
Exam Marks: 100
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Introduction: Definition of turbo machine, parts of turbo machines, Comparison with positive
displacement machines, Classification, Dimensionless parameters and their significance, Effect of

Reynolds’s number, Unit and specific quantities, model studies. Application of first and second laws of
thermodynamics to turbo machines, Efficiencies of turbo machines. Problems-07 Hours

UNIT – 2

Thermodynamics of fluid flow: Static and Stagnation states- Incompressible fluids and perfect gases,
overall isentropic efficiency, stage efficiency (their comparison) and polytrophic efficiency for both
compression and expansion processes. Reheat factor for expansion process-07 Hours

UNIT – 3

Energy exchange in Turbo machines: Euler’s turbine equation, Alternate form of Euler’s turbine
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equation, Velocity triangles for different values of degree of reaction, Components of energy transfer,

Degree of Reaction, utilization factor, Relation between degree of reaction and Utilization factor,
Problems-06 Hours
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UNIT – 4

General Analysis of Turbo machines: Radial flow compressors and pumps– general analysis,
Expression for degree of reaction, velocity triangles, Effect of blade discharge angle on energy

us

transfer and degree of reaction, Effect of blade discharge angle on performance, Theoretical head
– capacity relationship, General analysis of axial flow pumps and compressors, degree of
reaction, velocity triangles, Problems-06 Hours
PART – B

UNIT – 5
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Steam Turbines: Classification, Single stage impulse turbine, condition for maximum blade efficiency,
stage efficiency, Need and methods of compounding, Multi-stage impulse turbine, expression for
maximum utilization factor, Reaction turbine – Parsons’ turbine, condition for maximum utilization
factor, reaction staging. Problems-07 Hours
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UNIT – 6
Hydraulic Turbines: Classification, Different efficiencies, Pelton turbine –velocity triangles, design
parameters, Maximum efficiency. Francis turbine-velocity triangles, design parameters, runner shapes for
different blade speeds. Draft tubes- Types and functions. Kaplan and Propeller turbines -velocity
triangles, design parameters. Problems-07 Hours
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UNIT – 7
Centrifugal Pumps: Classification and parts of centrifugal pump, different heads and efficiencies of
centrifugal pump, Minimum speed for starting the flow, Maximum suction lift, Net positive suction head,
Cavitations’, Need for priming, Pumps in series and parallel. Problems-06 Hours

UNIT – 8

Centrifugal Compressors: Stage velocity triangles, slip factor, power input factor, Stage work,
Pressure developed, stage efficiency and surging and problems.

Axial flow Compressors: Expression for pressure ratio developed in a stage, work done factor,
efficiencies and stalling. Problems-06 Hours
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(Note: Since dimensional analysis is covered in Fluid Mechanics subject, questions on dimensional
analysis may not be given. However, dimensional parameters and model studies may be given more
weight age.)
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UNIT: 1

INTRODUCTION

Definition of a Turbo machine
A turbo machine is a device in which energy transfer occurs between a flowing fluid and rotating
element due to dynamic action. This results in change of pressure and momentum of the fluid.

TYPE:
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If the fluid transfers energy for the rotation of the impeller, fixed on the shaft, it is known as power
generating turbo machine.
If the machine transfers energy in the form of angular momentum fed to the fluid from the rotating
impeller, fixed on the shaft, it is known as power absorbing turbo machine.

ut

Parts of a turbo machine

Fig: 1.1. Schematic cross-sectional view of a turbine showing the principal parts of the
turbomachine.
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The principle components of a turbo machine are:
1. Rotating element (vane, impeller or blades) – operating in a stream of fluid.
2. Stationary elements – which usually guide the fluid in proper direction for efficient energy
conversion process.
3. Shaft – This either gives input power or takes output power from fluid under dynamic conditions
and runs at required speed.
4. Housing – to keep various rotating, stationery and other passages safely under dynamic conditions
of the flowing fluid.
E.g. Steam turbine parts and Pelton turbine parts.
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Classification of turbo machines
1. Based on energy transfer
a) Energy is given by fluid to the rotor - Power generating turbo machine E.g. Turbines
b) Energy given by the rotor to the fluid – Power absorbing turbo machine E.g. Pumps, blowers and
compressors
2. Based on fluid flowing in turbo machine
a) Water
b) Air
c) Steam
d) Hot gases
e) Liquids like petrol etc.
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3. Based on direction of flow through the impeller or vanes or blades, with reference to the axis
of shaft rotation
a) Axial flow – Axial pump, compressor or turbine
b) Mixed flow – Mixed flow pump, Francis turbine
c) Radial flow – Centrifugal pump or compressor
d) Tangential flow – Pelton water turbine
4. Based on condition of fluid in turbo machine
a) Impulse type (constant pressure) E.g. Pelton water turbine
b) Reaction type (variable pressure) E.g. Francis reaction turbines
5. Based on position of rotating shaft
a) Horizontal shaft – Steam turbines
b) Vertical shaft – Kaplan water turbines
c) Inclined shaft – Modern bulb micro
Comparison between positive displacement machines and Turbo machines
Turbo machines

Positive displacement machines

ating

ol

motion of mechanical element

us

serious problems in turbomachine
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It creates Thermodynamic &Mechanical action b/w
moving member & static fluid, energy transfer
takes place with displacement of fluid
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b/w rotating element & flowing fluid, energy
transfer takes place if pressure and momentum
changes

It involves a unsteady flow of fluid & reciprocating
motion
They operate at low speed

Change of phase during fluid flow causes less
problems in Positive displacement machines
Efficiency is higher
It is complex in design
Due to reciprocating motion vibration problems are
more

E.g. Hydraulic turbines, Gas turbines, Steam
turbines etc.

E.g. I.C engines, Reciprocating air compressor,
pumps etc.
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Effect of Reynolds Number
Just like flow in pipes with friction, with decreasing Reynolds number, the loss factor
increases at first slowly, then more and more rapidly in Turbo machines.
The majority of ordinary turbo machines, (handling water, air, steam or gas) are found to
operate in fully rough region.
The critical Reynolds number, at which the flow becomes fully rough, varies with the size of
the machine (it depends on relative roughness) and its exact location for a given machine is difficult
to predict.
The understanding of boundary layer and its separation is of importance in loss effects. The
graph shows the loss factor in head and efficiency of a moderate size centrifugal pump
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Unit Quantities
Unit quantities are unit flow, unit power and unit speed which are under considerations of unit
meter in connection with hydraulic turbines. In other words, the unit quantities are defined for the head of
1m.
(a) Unit flow: Unit flow is the flow of 1m3/s that occurs through the turbomachine while
working under a head of 1m.𝑄𝑈
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W.k.t the discharge through a turbine is given by 𝑄=𝐴𝑟𝑒𝑎×𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
Since the area of flow for a turbine is constant
𝑄∝𝑉
𝑉=𝐶𝑣√2𝑔𝐻
𝑉𝛼√𝐻
𝑄∝√𝐻
𝑄=𝐾√𝐻
When H=1m, Q=Qu, substituting these conditions in above equation
𝑄𝑈=𝐾√1
Then 𝑄=𝑄𝑈√𝐻
𝑄𝑈=𝑄/√𝐻
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(b) Unit Speed: Speed of the turbine working under a unit head.𝑁𝑈
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W.k.t the peripheral velocity of the vanes is given by, 𝑈=√2𝑔𝐻
𝑈∝√𝐻
Also 𝑈=𝜋𝐷𝑁/60
𝑈𝛼√𝐻
Comparing above two equations 𝑁∝√𝐻
𝑁=𝐾√𝐻
When H=1m, U=Uu, substituting these conditions in above equation
𝑁𝑈= 𝐾√1
𝐾=𝑁𝑈
Then 𝑁𝑈=𝑁/√𝐻

(c) Unit Power: The power developed by the turbine working under a unit head. 𝑃𝑈
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W.k.t the overall efficiency of the turbine is given by,
𝜂𝑂=𝑃*1000/𝑊𝑄𝐻
𝑃=𝜂𝑂𝑊𝑄𝐻/1000
𝑃∝𝑄𝐻
𝑃∝√𝐻×𝐻
𝑃∝𝐻3/2
𝑃=𝐾𝐻3/2
When H=1m, P=𝑃𝑈, substituting these conditions in above equation
𝑃𝑈=𝐾×13/2
𝐾=𝑃𝑈
𝑃=𝑃𝑈×𝐻3/2
Then 𝑃𝑈=𝑃/𝐻3/2
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Dimensionless groups and their significance

us

The Performance of a turbomachine like pumps, water turbines, fans or blowers for incompressible flow
can be expressed as a function of:
(i) Density of the fluid (𝜌 )
(ii) Speed of the rotor N
(iii) Characteristic diameter (D)
(iv) Discharge (Q)
(v) Gravity head (gH)
(vi) Power developed (P) and
(vii) Viscosity (μ).
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Obtain dimensionless groups and explain their significance.
Solution:
Using Buckingham pi theorem we can write
Turbo machine Performance = f [𝜌, N, D, Q, gH, P, μ]
Taking N, D as repeating variables and grouping with other variables as non dimensional groups
𝜋1=[𝜌𝑎1,𝑁𝑏1,𝐷𝑐1,𝑄]
𝜋2= [𝜌𝑎2,𝑁𝑏2,𝐷𝑐2,𝐻]
𝜋3= [𝜌𝑎3,𝑁𝑏3,𝐷𝑐3,𝐻]
𝜋4= [𝜌𝑎4,𝑁𝑏4,𝐷𝑐4,𝜇]
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𝜋1 =𝑄/𝑁𝐷3 𝐹𝑙𝑜𝑤 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝜋2=𝐻/𝑁2𝐷2 𝐻𝑒𝑎𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝜋3=𝑃/𝜌𝑁3𝐷5 𝑃𝑜𝑤𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝜋4=𝜇/𝜌𝑁𝐷2𝑅𝑒𝑦𝑛𝑜𝑙𝑑𝑠 𝑛𝑢𝑚𝑏𝑒𝑟
For model studies for similar turbomachines, we can use
𝑄1/𝑁1𝐷31= 𝑄2/𝑁2𝐷32
𝐻1/𝑁21𝐷21=𝐻2/𝑁22𝐷22
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𝑃1/𝜌1𝑁31𝐷51=𝑃2/𝜌2𝑁32𝐷52

𝜇 1/𝜌1𝑁1𝐷21=𝜇2/𝜌2𝑁2𝐷22
Significance of Non Dimensional 𝝅 Groups
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1. Discharge coefficient or capacity coefficient
𝜋1 =𝑄/𝑁𝐷3 = C1 is capacity coefficient or flow coefficient for similar Turbo machines.
𝜋1 =𝑄/𝑁𝐷3 𝛼 𝐷2𝑉/𝑁𝐷3 𝛼 𝑉/𝑁𝐷 𝐴𝑠 𝑄=𝐴𝑉=𝜋𝐷2𝑉/4
𝜋1=𝑉/𝑈=1/ф
Where ф is called speed ratio= 𝑈/𝑉
For any given turbo machine, speed ratio is fixed.
For a given pump or fan of certain diameter running at various speeds the discharge is proportional to
speed.
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2. Head coefficient
𝜋2=𝐻/𝑁2𝐷2 is called head coefficient.
𝜋2=𝐻/𝑁2𝐷2=𝐻/U2 i.e UαND
The above ratio shows that head coefficient will be similar for same type of pumps or turbines for
given impeller size and head varies as square of the tangential speed of the rotor.
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3. Power coefficient
𝜋3=𝑃/𝜌𝑁3𝐷5is called power coefficient or Specific power.
For a given pump or a water turbine, the power is directly proportional to the cube of the speed of
runner.
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Specific speed of a Pump
Specific Speed (Ω) is a dimensionless term of great importance in pumps, fans, blowers and
compressors:
Where 𝜋5= (𝜋1)1/2/ (𝜋2)3/4=𝑄1/2/ (𝑁𝐷3)1/2× (𝐷2𝑁2)3/4(𝑔𝐻) 3/4=𝑁𝑄1/2(𝑔𝐻) 3/4
This can also be expressed as, 𝑁𝑆=𝑁√𝑄/𝐻3/4
The above equation is the specific speed equation for a pump. It is defined as a “speed of a geometrically
similar machine discharging 1 m3/s of water under a head of 1m”

Specific Speed of a Turbine
The specific speed of a turbine (Ω) is obtained by the combination of head coefficient and power
coefficient as follows.
𝜋6= (𝜋3)1/2/(𝜋2)5/4=𝑃1/2/(𝜌𝑁3𝐷5)1/2×(𝑁2𝐷2)5/4(𝑔𝐻)5/4=𝑁𝑃1/2𝜌1/2(𝑔𝐻)5/4
But for the incompressible fluid, the term 1/𝜌1/2(𝑔𝐻) 5/4 is dropped off as constant
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Then the specific speed becomes

𝑁𝑆=𝑁√𝑃/𝐻5/4
The above equation is the specific speed equation for a turbine. It is defined as a “speed of a
geometrically similar machine which produces 1 KW power under a head of 1m”
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Application of First and Second Laws to Turbo Machines
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Fig 1.2 Steady flow energy process in turbo machine
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UNIT: 3
ENERGY EXCHANGE IN TURBOMACHINES
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Euler’s turbine equation

vt

The above figure shows the velocity triangles at entry and exit of a general TM. The angular velocity of
the rotor is ὡ rad/sec and is given by
𝜔=2𝜋𝑁/60……..1
The peripheral velocity of the blade at the entry and exit corresponding to the diameter 𝐷1 𝑎𝑛𝑑 𝐷2 are
given by
𝑢1=𝜋𝐷1𝑁/60……2
𝑢2=𝜋𝐷2𝑁/60……3
The three velocity vector V, u and Vr at the section are related by a simple vector equation
𝑉=𝑢+𝑉𝑟……4
Considering unit mass of the fluid entering and leaving in unit time we have
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Angular momentum of the inlet =𝑉𝑢1×𝑅1−−−−5
Similarly
Angular momentum of the outlet =𝑉𝑢2×𝑅2−−−−6
Torque produced = rate of change of Angular momentum
𝑇= {Angular momentum at inlet} − {Angular momentum at outlet}
Therefore the work done is given by
𝑊=𝑇𝑜𝑟𝑞𝑢𝑒×𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑡𝑜𝑟
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𝑇= (𝑉𝑢1𝑅1) − (𝑉𝑢2𝑅2) −−−7

𝑊=(𝑉𝑢1𝑅1−𝑉𝑢2𝑅2)𝜔

=[𝑉𝑢1(𝜔𝑅1)−𝑉𝑢2(𝜔𝑅2)]

=[𝑉𝑢1(2𝜋𝑁/60)(𝑅1)−𝑉𝑢2(2𝜋𝑁/60)(𝑅2)]

𝑊=[𝑉𝑢1𝜋𝐷1𝑁/60−𝑉𝑢2𝜋𝐷2𝑁/60]
𝑊=[𝑉𝑢1𝑢1−𝑉𝑢2𝑢2]−−−8
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Equation 8 is known as Euler’s turbine equation
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Alternate form of Euler’s turbine equation

Referring to velocity triangles

Inlet and Outlet Velocity Triangles

1 – Inlet, 2 – outlet

V1 = Absolute velocity of the fluid at inlet (before entering the rotor vanes)
Vr1 = Relative velocity of the fluid at rotor inlet
Vu1 = Tangential component of absolute velocity or Whirl component of velocity at inlet
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Vf1 = Flow component of absolute velocity at inlet
Vru1 = Whirl component of relative velocity at inlet
U1 = Linear rotor vane velocity at inlet
𝛼1= Absolute jet angle at inlet
𝛽1 = Vane (blade) angle at inlet
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Referring to outlet velocity triangle 2 – Outlet
V2 = Absolute velocity of the fluid at outlet after leaving the rotor vanes.

Vr2 = Relative velocity of the fluid rotor outlet (Just about to leave the rotor)
Vu2 = Whirl component of absolute velocity at outlet
Vf2 = Flow component of absolute velocity at outlet

Vru2 = Whirl component of relative velocity at outlet
U2 = Linear rotor velocity at outlet

𝛼1 = Fluid or jet angle at outlet (To the direction of wheel rotation)
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𝛽1 = Vane (blade) angle at outlet (To the direction of wheel rotation)
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Components of energy transfer

1. 𝑽12−𝑽22/𝟐 is change in absolute kinetic energy in m2/s2 or Nm/kg

2. 𝑼12−𝑼22/𝟐 is change in centrifugal energy of fluid felt as static pressure change in rotor blades in

m2/s2 or Nm/kg

3. 𝑽r22−Vr12/2 is change in relative velocity energy felt as static pressure change in rotor blades in

Degree of Reaction R

ut

m2/s2 or Nm/kg

Degree of Reaction R is the ratio of Energy Transfer due to Static Enthalpy change to Total
Energy Transfer due to Total Enthalpy change in a rotor.
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𝑅=𝑆𝑡𝑎𝑡𝑖𝑐 ℎ𝑒𝑎𝑑/𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑑=Static enthalpy change/Total enthalpy change=Δh/Δh0
Δh=𝑉12−𝑉22/2+𝑉𝑟22−𝑉𝑟12/2

Δh0=[𝑉12−𝑉22/2]+[𝑈12−𝑈22/2]+[𝑉𝑟22−𝑉𝑟12/2]
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𝑅=[(𝑈12−𝑈22)+(𝑉𝑟22−𝑉𝑟12)]/[(𝑉12−𝑉22)+(𝑈12−𝑈22)+(𝑉𝑟22−𝑉𝑟12)]

Taking

(𝑈12−𝑈22)+ (𝑉𝑟22−𝑉𝑟12) =𝑆 (Static component) and
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(𝑉12−𝑉22) =𝐾.𝐸 Kinetic Energy Component (Absolute velocity change energies)
𝑅=𝑆/𝐾𝐸+𝑆=1/1+ (𝐾𝐸/𝑆)
[𝐾𝐸/𝑆]+1= [1/𝑅]
𝐾𝐸/𝑆=1/𝑅−1= [(1−𝑅)/𝑅]
𝑆= [𝑅/ (1−𝑅)] 𝐾𝐸
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When S = Static energy felt by rotor
KE = Kinetic energy change in rotor (in terms of V1 and V2, Absolute velocities)
Effect of Blade Discharge Angle 𝜷𝟐 on Energy Transfer E and Degree of Reaction R

Assumptions
1) Radial velocity of flow is constant, i.e.
Vf1 = Vf2 = Vf
2) No whirl component at inlet
Vu1 = 0
3) Diameter at outlet is twice as at inlet, i.e.
D2 = 2D1 or U2 = 2U1
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4) Blade angle at inlet 𝜷𝟏= 45°, V1= Vf1= U1
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Consider an outward radial flow turbo machine as shown in figure, where 1 is inlet, 2 is outlet
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Degree of Reaction R

From velocity triangle at outlet for various𝜷𝟐
1. When b2 < 900 backward curves vane

vt

Vu2 < U2
R < 1 > 0.5
2. For Radial blades b2 = 900

Vu2 = U2
R = 1 – ½ = 0.5
3. For forward curved vanes b2 > 900
Vu2 > U2
R < 0.5
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UNIT: 4

GENERAL ANALYSIS OF TURBOMACHINES

Axial flow compressors and pumps
Axial flow compressors and pumps are power absorbing turbomachines. These machines
absorb external power and thereby increase the enthalpy of the flowing fluid. Axial flow
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turbomachines use large quantity of fluid compared to mixed and centrifugal type of turbomachines.
However, the pressure rise per stage is lower in case of axial flow turbomachines than mixed and
centrifugal flow turbomachines. Axial flow compressors are used in aircraft engines, stand alone
power generation units, marine engines etc.

Design of axial flow compressors is more critical than the design of turbines (power generating
turbomachines). The reason is that, in compressors the flow moves in the direction of increasing
pressure (adverse pressure gradient). If the flow is pressurized by supplying more power, the
boundary layers attached to the blades and casing get detached and reverse flow starts which lead to

flow instability leading to possible failure of the machine. However, in turbines the fluid moves in
the decreasing pressure (favorable pressure gradient). To transfer a given amount of energy more

ut

number of stages is required in compressors than in turbines. Generally, the fluid turning angles are
limited to 20˚ in compressors and are 150˚ to 165˚ in case of turbines. Thus the pressure rise per
stage is limited in case of compressors. Fluid flows in direction of increasing pressure, this increases

the density of the fluid, and thus the height of the blade decreases from the entrance to the exit. Axial

ol

flow compressors have inlet guide vanes at the entrance and diffuser at the exit.
Figure 1 shows the flow through the compressor and fig. 2 shows the corresponding inlet and exit
velocity triangles. Generally for a compressor the angles are defined with respect to axial direction

us

(known as air angles). It can be seen that the fluid turning angle is low in case of compressors. Figure
3 shows the flow through the turbine blade and fig. 4 the corresponding inlet and exit velocity

vt

triangles for a turbine

.
Fig. 1 Flow across a compressor blade
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Fig. 2 Inlet and exit velocity triangles
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Fig. 3 Flow across a turbine blade

Fig. 4 Inlet and exit velocity triangles for turbine
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Expression for degree of reaction for axial flow compressor
Degree of reaction is defined as a measure of static enthalpy rise that occurs in the rotor
expressed as a percentage of the total static enthalpy across the rotor.
𝑅=𝑠𝑡𝑎𝑡𝑖𝑐 𝑒𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝑟𝑖𝑠𝑒 𝑖𝑛 𝑟𝑜𝑡𝑜𝑟 /𝑠𝑡𝑎𝑡𝑖𝑐 𝑒𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝑟𝑖𝑠𝑒 𝑖𝑛 𝑠𝑡𝑎𝑔𝑒
Assumptions:
The analysis is for 2-dimensional flow. The flow is assumed to take peripheral



velocities at inlet and outlet are same and there is no flow in the radial direction



It is common to express blade angles w.r.t. axial direction in case of axial flow
compressor (air angles)
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Axial velocity is assumed to remain constant

Figure 2 shows the inlet and exit velocity triangles for axial flow compressors.

The work done on the compressor = change in stagnation enthalpy 𝛥ℎ0=𝑈 (𝑉𝑢2−𝑉𝑢1) −−−1
For an axial flows TM, from inlet velocity triangle

ut

Similar from the exit velocity triangle

vt

us

ol

Equating equ. 2 and equ 3 and simplifying

Substuting eq. 6 and eq.7 in eq. 5
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Velocity triangles for different values of degree of reaction

Velocity triangles are drawn for axial flow turbo machines in which 𝑈1=𝑈2=𝑈
𝑅=𝑉𝑟22−𝑉𝑟12/ (𝑉12−𝑉22) + (𝑉𝑟22−𝑉𝑟12)
(1) When 𝑅<0 (𝑅 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒)

ut

𝐸=𝑊𝐷= (𝑉12−𝑉22) + (𝑉𝑟22−𝑉𝑟12)/2
R becomes negative when 𝑉𝑟1>𝑉𝑟2

us

ol

E or WD can be positive

vt

(2) When R=0; 𝑉𝑟1>𝑉𝑟2; impulse TM; No static pressure change across rotor
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(3) When R=0.5; 𝑉1=𝑉𝑟2𝑎𝑛𝑑𝑉2=𝑉𝑟1; Impulse TM; 50% by impulse and 50% by reaction,
Symmetrical velocity triangle; 𝛼1=𝛽2;𝛼2=𝛽1

(4) When R=1; 𝑉1=𝑉2; purely reaction TM; energy transformation occurs purely due to change in
relative K.E of fluid

us

ol

ut

(5) When 𝑅>1.0;𝑉2>𝑉1;energy transformation can be negative or positive

Turbines- Utilization factor

1. Utilization factor is defined only for PGTM- Turbines
2. Adiabatic efficiency is the quantity of interest in turbines

vt

3. Overall efficiency is product of adiabatic efficiency and Mechanical efficiency
4. Mechanical efficiency of majority of TM’s is nearly 100%
5. Therefore, overall efficiency is almost equal to adiabatic efficiency
6. However, adiabatic efficiency is product of utilization factor (diagram energy that can be obtained
from turbine efficiency) and efficiency associated with various losses
7. Utilization factor deals with what is maximum obtained from a turbine without considering the
losses in the turbine
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8. Utilization factor is the ratio of ideal work for conversion to work
9. Under ideal conditions it should be possible to utilize all the K.E. at inlet and increase the K.E. due
to reaction effect
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10. The ideal energy available for conversion into work

11. The work output given by Euler’s Turbine Equation is

12. Utilization factor is given by

ut

13. Utilization factor for modern TM’s is between 90% to 95%

Relation between utilization factor and degree of reaction

ol

Utilization factor is given by

vt

us

The degree of reaction is given by

Substituting the value of X in the expression for utilization factor and simplifying
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The above equation is valid for single rotor under the conditions where Euler’s turbine equations are
valid. The above equation is invalid when R = 1. The above equation is valid in the following range
of R=0≤R<1.
Maximum Utilization factor
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Utilization factor is given by

Utilization factor maximum if the exit absolute velocity is minimum. This is possible when the exit

ol

ut

absolute velocity is in axial direction

us

Maximum utilization factor is given by

Maximum Utilization factor for impulse turbine
For an impulse turbine R = 0, thus 𝜀𝑚=𝑐𝑜𝑠2𝛼1
The velocity triangles OAB and OBD are similar.

vt

Thus AB = U

𝛼1is made as small as possible (15°𝑡𝑜20°)
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Maximum Utilization factor for 50% reaction turbines
50% reaction turbines have; 𝑉1=𝑉𝑟2 𝑎𝑛𝑑 𝑉2=𝑉𝑟1; 𝛼1=𝛽2; 𝛼2=𝛽1and for maximum utilization 𝑉2 must
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be in axial direction. The corresponding velocity triangles are

Comparison between Impulse and 50%reaction turbine maximum utilization
(a) When both have same blade speed

Let UI and UR be the blade speeds of impulse and 50% reaction turbines. The velocity triangles for
utilization are

us

ol

ut

maximum

Comparing eq. 1 and 2, it is clear that impulse turbine of energy per unit mass than 50% reaction
turbine utilization is maximum.

vt

eaction turbines are more efficient than impulse turbines

used stages are less but efficiency is low

stages followed by reaction stages
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Comparison between Impulse and 50% reaction turbine at maximum utilization

(c) When V1 and 𝛼1 are same in both TM’s
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(b) When both have same energy transfer
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us

ol

ut

Speed ratio for impulse and 50% reaction stage for maximum utilization
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UNIT: 5

STEAM TURBINES

Steam turbines use the steam as a working fluid. In steam turbines, high pressure steam from
the boiler is expanded in nozzle, in which the enthalpy of steam being converted into kinetic energy.
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Thus, the steam at high velocity at the exit of nozzle impinges over the moving blades (rotor) which
cause to change the flow direction of steam and thus cause a tangential force on the rotor blades. Due

to this dynamic action between the rotor and the steam, thus the work is developed. These machines

ol

ut

may be of axial or radial flow type devices.

Steam turbines may be of two kinds, namely, (i) impulse turbine and (ii) Reaction turbine.
In Impulse turbine, the whole enthalpy drop (pressure drop) occurs in the nozzle itself. Hence

us

pressure remains constant when the fluids pass over the rotor blades. Fig.1 shows the schematic
diagram of Impulse turbine.

In Reaction turbines, in addition to the pressure drop in the nozzle there will also be pressure

drop occur when the fluid passes over the rotor blades.

vt

Most of the steam turbine is of axial flow type devices except Ljungstrom turbine which is a

radial type.

Compounding of Steam Turbines:

If only one stage, comprising of single nozzle and single row of moving blades, is used, then

the flow energy or kinetic energy available at inlet of machine is not absorbed fully by one row of
moving blades running at half of absolute velocity of steam entering the stage (because, even for
maximum utilization, U/V = Ø = 1/2). It means to say that, due to high rotational speed all the

Vtusolution.in

Vtusolution.in
available energy at inlet of machine is not utilized which being simply wasted at exit of machine.
Also we know that for maximum utilization, exit velocity of steam should be minimum or negligible.
Hence, for better utilization, one has to have a reasonable tangential speed of rotor. In order to
achieve this, we have to use, two or more rows of moving blades with a row of stationary blades
between every pair of them. Now, the total energy of steam available at inlet of machine can be
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absorbed by all the rows in succession until the kinetic energy of steam at the end of the last row
becomes negligible.

Hence Compounding can be defined "as the method of obtaining reasonable tangential speed
of rotor for a given overall pressure drop by using more than one stage"

Compounding is necessary for steam turbines because if the tangential blades tip velocity
greater than 400 m/s, then the blade tips are subjected to centrifugal stress. Due this, utilization is low

hence the efficiency of the stage is also low. Compounding can be done by the following methods,

namely, (i) Velocity compounding, (ii) Pressure compounding or Rateau stage (iii) Pressure-Velocity
compounding and (iv) Impulse- Reaction staging.

ut

1. Velocity Compounding (Curtis Stage) of Impulse Turbine:

This consists of set of nozzles, rows of moving blades (rotor) &a row of stationary blades
(stator). Fig.3 shows the corresponding velocity compounding Impulse Turbine.
The function of stationary blades is to direct the steam coming from the first moving row to

ol

the next moving row without appreciable change in velocity. All the kinetic energy available at the
nozzle exit is successively absorbed by all the moving rows & the steam is sent from the last moving
row with low velocity to achieve high utilization. The turbine works under this type of compounding

us

stage is called velocity compounded turbine.E.g.Curtis stage steam turbine
2. Pressure Compounded (Rateau Stage) Impulse Turbine:
A number of simple impulse stages arranged in series is called as pressure compounding. In

vt

this case, the turbine is provided with rows of fixed blades which act as a nozzle at the entry of each
rows of moving blades. The total pressure drop of steam does not take place in a single nozzle but
divided among all the rows of fixed blades which act as nozzle for the next moving rows. Fig.4
shows the corresponding pressure compounding Impulse turbine.
Pressure compounding leads to higher efficiencies because very high flow velocities are
avoided through the use of purely convergent nozzles. For maximum utilization, the absolute velocity
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of steam at the outlet of the last rotor must be axially directed. It is usual in large turbines to have

3. Pressure -Velocity Compounding:
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pressure compounded or reaction stages after the velocity compounded stage.

In this method, high rotor speeds are reduced without sacrificing the efficiency or the output.

ut

Pressure drop from the chest pressure to the condenser pressure occurs at two stages. This type of

arrangement is very popular due to simple construction as compared to pressure compounding steam
turbine.

ol

Pressure-Velocity compounding arrangement for two stages is as shown in Fig.5. First and
second stage taken separately are identical to a velocity compounding consists of a set of nozzles and
rows of moving blades fixed to the shaft and rows of fixed blades to casing. The entire expansion

us

takes place in the nozzles. The high velocity steam parts with only portion of the kinetic energy in the
first set of the moving blades and then passed on to fixed blades where only change in direction of jet
takes place without appreciable loss in velocity. This jet then passes on to another set of moving

vt

vanes where further drop in kinetic energy occurs. This type of turbine is also called Curtis Turbine.

Vtusolution.in

ut

io
n.
in

Vtusolution.in

4. Impulse- Reaction Turbine:

ol

In this type of turbine there is application of both principles namely impulse and reaction.
This type of turbine is shown in Fig.6. The fixed blades in this arrangement corresponding to the
nozzles referred in the impulse turbine. Instead of a set of nozzles, steam is admitted for whole of the

us

circumference. In passing through the first row of fixed blades, the steam undergoes a small drop in
pressure and its velocity increases. Steam then enters the first row of moving blades as the case in
impulse turbine it suffers a change in direction and therefore momentum. This gives an impulse to
the blades. The pressure drop during this gives rise to reaction in the direction opposite to that of

vt

added velocity. Thus the driving force is vector summation of impulse and reaction.
Normally this turbine is known as Reaction turbine. The steam velocity in this type of turbine

is comparatively low, the maximum being about equal to blade velocity. This type of turbine is very
successful in practice. It is also called as Parson's Reaction turbine.

Vtusolution.in

Vtusolution.in
Condition for Maximum Utilization Factor or Blade efficiency with Equiangular Blades
for Impulse Turbine:
Condition for maximum utilization factor or blade efficiency with equiangular blades for
Impulse turbine and the influence of blade efficiency on the steam speed in a single stage Impulse
turbine can be obtained by considering corresponding velocity diagrams as shown in Fig.9. Due to

io
n.
in

the effect of blade friction loss, the relative velocity at outlet is reduced than the relative velocity at
inlet. Therefore, Vr2 = CbVr1, corresponding to this condition, velocity triangles (qualitative only) are

vt

us

ol

ut

drawn as shown in figure.
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Analysis on Two Stages:
Condition of Maximum Efficiency for Velocity Compounded Impulse Turbine (Curtis

us

ol

ut
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Turbine)

vt

The velocity triangles for first stage and second stage of a Curtis turbine are as shown in above

figure. The speed and the angles should be so selected that the final absolute velocity of steam
leaving the second row is axial, so as to obtain maximum efficiency. The tangential speed of blade
for both the rows is same since all the moving blades are mounted on the same shaft.
In the first row of moving blades, the work done per kg of steam is,
W1 =U (Vu1 +Vu2)/gc =UVu1/gc
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From I stage velocity triangle, we get,
W1 =U (Vr1cosβ +Vr2cos)/g
If β1= β2 and Vr1 = Vr2, then, W1 =2U (Vr1cos β1) /g
W1=2U (V1cosα1 - U) /g
The magnitude of the absolute velocity of steam leaving the first row is same as the velocity of steam

entering the second row of moving blades, if there is no frictional loss (i.e.,V 2 =V3 ) but only the
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direction is going to be changed.

In the second moving row, work done per kg of steam is,

W2 =U Δ Vu2 /g = U (Vr3cos β3 + Vr4cos ) /g
Again if β3= β4 and Vr3 = Vr4

W2 =2U (Vr3cos β3) /g

W2=2U (V3 cosα3 - U) /g

If no loss in absolute velocity of steam entering from I rotor to the II rotor, then V 3= V2 & α3 = α2
W2=2U (V2 cosα2 - U) /g

Also, V2 cosα2 = Vr2cos β2-U= Vr1cosβ1 - U. (Vr1 = Vr2 & β1 = β2)
V2 cosα2 = (V1 cosα2 - U) –U (Vr1cos β1 = V1 cosα1 - U)

ut

V2 cosα2 = V1 cosα1 -2U

W2 = 2U (V1cos α1 - 3U) /g

Total Work done per kg of steam from both the stages is given by

ol

WT =W1 +W2 =2U [V1 cosα1 - 3U+ V1 cosα1 - U]/g
WT =2U [2V1 cosα1- 4U]/g
WT =4U [V1 cosα1- 2U]/g

us

In general form, the above equation can be expressed as,
W = 2 n U [V1 cosα1 - nU]/g

Where, n = number of stages.

Then the blade efficiency is given by,

vt

𝜂𝑏=𝑊𝑇𝑉122𝑔𝑐⁄= 4𝑈(𝑉1cosα1−2U)𝑉122𝑔𝑐⁄=8𝑈𝑉1cosα1−2𝑈𝑉1=8∅[cosα1−2∅]

For maximum blade efficiency, 𝜕𝜂𝑏𝜕∅=0

And work done in the last row =1/2n of total work
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V1 =Absolute velocity of steam entering the first rotor or steam velocity at the exit of the nozzle,
m/s.
α1= Nozzle angle with respect to wheel plane or tangential blade speed at inlet to the first rotor,
degrees.
Vr1 = Relative velocity of fluid at inlet of I stage, m/s.
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β1= Rotor or blade angle at inlet of 1 rotor made by V, degree
Vr2 = Relative velocity of fluid at outlet of I stage.

β2= Rotor or blade angle at outlet of I rotor made degree

V2 =Absolute velocity of steam leaving the I rotor or stage, m/s
α2= Exit angle of steam made by V2, degree

V3 = Absolute velocity of steam entering the 2 rotor or exit velocity of the steam from the stator
m/s.

vt

us

ol

ut

α3= Exit angle of stator for 2 rotor, degree
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UNIT: 6

HYDRAULIC TURBINES
Introduction:
Hydraulic (water) turbines are the machines which convert the water energy (Hydro power)
into Mechanical energy. The water energy may be either in the form of potential energy as we find in
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dams, reservoirs, or in the form of kinetic energy in flowing water. The shaft of the turbine directly
coupled to the electric generator which converts mechanical energy in to electrical energy. This is
known as “Hydro-Electric power".
Classification of Hydraulic Turbines:

Water turbines are classified into various kinds according to i) the action of water on blades, ii)
based on the direction of fluid flow through the runner and iii) the specific speed of the machine.
(i)Based on a Francis turbine Action of Water on Blades:

These may be classified into:1) Impulse type and 2) Reaction type

In impulse turbine, the pressure of the flowing fluid over the runner is constant and generally
equal to an atmospheric pressure. All the available potential energy at inlet will be completely

ut

converted into which in turn utilized through a purely impulse effect to produce work. Therefore, in
impulse turbine, the available energy at the inlet of a turbine is only the kinetic energy.

In reaction turbine, the turbine casing is filled with water and the water pressure changes during

ol

flow through the rotor in addition to kinetic energy from nozzle (fixed blades).As a whole, both the
pressure and are available at the inlet of reaction turbines for producing power.
(ii) Based on the direction of Flow of Fluid through Runner:
Hydraulic machines are classified into:

us

a) Tangential or peripheral flow

b) Radial inward or outward flow
c) Mixed or diagonal flow
d) Axial flow types.

vt

a) Tangential Flow Machines:

In tangential flow turbines, the water flows along the tangent to the path of rotation of the runner.

Example: Pelton wheel
b) Radial Flow Machines:
In radial flow machine, the water flows along the radial direction and flow remains normal to the
axis of rotation as it passes through the runner. It may be inward flow or outward flow.
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In Inward flow turbines, the water enters at the outer periphery and passes through the runner
inwardly towards the axis of rotation and finally leaves at inner periphery.
Example: Francis turbine. In outward flow machines the flow direction is opposite to the inward
flow machines.
c) Mixed or Diagonal Flow:
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In this type of turbine, the flow of fluid may enter at the outer periphery, passes over the runner
inwardly and leaves axially or parallel to the axis of rotation and vice-versa
Examples: Modern Francis turbine, Deriaz turbine
d) Axial Flow Devices:

In this type of turbine, the water along the direction parallel to the axis of rotation. Examples:
Kaplan turbine, propeller turbine etc.
(iii) Based on Specific Speed:
Hydraulic turbines are classified into:

(a) Low Specific Speed: Which employs high head in the range of 200m up to 1700 m This machine
Pelton wheel.

ut

requires low discharge. Examples: Pelton wheel. NS = 10 to 30 single jet and 30 to 50 for double jet

(b) Medium Specific Speed: Which employs moderate heads in the range of 50m to 200 m.
Example: Francis turbine, NS = 60 to 400.

(c) High Specific Speed: Which employs very low heads in the range of 2.5mto 50 m These require

PeltonWheel:

ol

high discharge. Examples: Kaplan, Propeller etc., N = 300 to 1000

us

This is a impulse type of tangential flow hydraulic turbine. It mainly posses: (i) Nozzle (ii) runner

and buckets (iii) casing (iv) Brake nozzle. Fig. 1 shows general layout of hydro-electric power plant
with pelton wheel.

The water from the dam is made to flow through the penstock. At the end of the penstock, nozzle

vt

is fitted which convert the potential energy into high kinetic energy. The speed of the jet issuing from
the nozzle can be regulated by operating the spear head by varying the flow area. The high velocity
of jet impinging over the buckets due to which the runner starts rotating because of the impulse
effects and thereby hydraulic energy is converted into mechanical energy. After the runner, the water
falls into tail race. Casing will provide the housing for runner and is open to atmosphere. Brake
nozzles are used to bring the runner from high speed to rest condition whenever it is to be stopped. In
order to achieve this water is made to flow in opposite direction to that of runner.
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Heads and Efficiencies of Hydraulic Turbines:
Hydraulic Heads:

(a) Gross head: It is the difference between the head race and tail race level when there is no

ut

flow. As such it is termed as static head and is denoted as HS or Hg.

(b) Effective head: It is the head available at the inlet of the turbine. It is obtained by considering
H= Hg - hf
Efficiencies:

ol

all head losses in penstock. If h is the total loss, then the effective head above the turbine is

Various efficiencies of hydraulic turbines are:

us

I) Hydraulic efficiency (ηH) ii) volumetric efficiency (ηVol)
iii) Mechanical efficiency (ηmech) IV) Overall efficiency (ηO)
i) Hydraulic efficiency (ηH): It is the ratio of power developed by the runner to the water power

available at the inlet of the turbine.

vt

𝜂𝐻= (𝑚/𝑔)(𝑈1𝑉𝑢1±𝑈2𝑉𝑢2)/(𝑚𝑔𝐻)𝑔𝑐=𝜌𝑄(𝑈1𝑉𝑢1±𝑈2𝑉𝑢2)/𝜌𝑄𝑔𝐻=𝐻𝑒/𝐻

𝜂𝐻=𝐻−ℎ𝑓/𝐻 (Where H is effective head at the inlet of turbine.)
ii) Volumetric efficiency (ηVol): It is the ratio of the quantity of water actually striking the

runner to the quantity of water supplied to the runner.
𝜂𝑣𝑜𝑙=𝑄𝑎/𝑄𝑡ℎ
iii) Mechanical efficiency (𝜂𝑚𝑒𝑐ℎ): It is the ratio of power developed by the runner to the water
power available at the inlet of the turbine.
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𝜂𝑚𝑒𝑐ℎ=𝑆ℎ𝑎𝑓𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑟𝑢𝑛𝑛𝑒𝑟
𝜂𝑚𝑒𝑐ℎ=𝑆𝑃/𝜌𝑄(𝑈1𝑉𝑢1±𝑈2𝑉𝑢2)/𝑔𝑐
iv)Overall efficiency (𝜼𝑶):It is the ratio of shaft output power by the turbine to the water power
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available at inlet of the turbine

𝜂𝑂=𝑆ℎ𝑎𝑓𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟𝑊𝑎𝑡𝑒𝑟 𝑝𝑜𝑤𝑒𝑟 𝑎𝑡 𝑖𝑛𝑙𝑒𝑡
𝜂𝑂=𝑆𝑃/𝜌𝑄𝑔𝐻
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Work Done by the Pelton Wheel:
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Reaction Turbine:
In reaction turbines, only part of total head of water at inlet is converted into velocity head before
it enters the runner and the remaining part of total head is converted in the runner as the water flows
over it. In these machines, the water is completely filled in all the passages of runner. Thus, the
pressure of water gradually changes as it passes through the runner. Hence, for this kind of machines
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both pressure energy and kinetic energy are available at inlet. E.g. Francis turbine, Kaplan turbines,
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ol

ut

Deriaz turbine.

Francis turbine which is of mixed flow type is as shown in Fig. 4. It is of inward flow type of

turbine in which the water enters the runner radially at the outer periphery and leaves axially at its
center.

This turbine consists of: (i) Scroll casing (ii) Stay ring (iii) Guide vanes (iv) Runner (v) Draft tube.
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(i) Scroll Casing: The water from penstock enters the scroll casing (called spiral casing) which
completely surrounds the runner. The main function of spiral casing is to provide a uniform
distribution of water around the runner and hence to provide constant velocity. In order to provide
constant velocity, the cross sectional area of the casing gradually decreases as the water reaching
runner
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(ii) Stay ring: The water from scroll casing enters the speed vane or stay ring. These are fixed
blades and usually half in number of the guide vanes. Their function is to (a) direct the water over the
guide vanes, (b) resist the load on turbine due to internal pressure of water and these loads is
transmitted to the foundation.

(iii) Guide Vanes: Water after the stay ring passes over to the series of guide vanes or fixed
vanes. They surrounds completely around the turbine runner. Guide vanes functions are to (a)
regulate the quantity of water entering the runner and (b) direct the water on to the runner.

(iv) Runner: The main purpose of the other components is to lead the water to the runner with
minimum loss of energy. The runner of turbine is consists of series of curved blades (16 to 24)
evenly arranged around the circumference in the space between the two plate. The vanes are so
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shaped that water enters the runner radially at outer periphery and leaves it axially at its center. The

change in direction of flow from radial to axial when passes over the runner causes the appreciable
change in circumferential force which in turn responsible to develop power.
(v) Draft Tube: The water from the runner flows to the tail race through the draft tube. A draft is
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a pipe or passage of gradually increasing area which connect the exit of the runner to the tail race. It
may be made of cast or plate steel or concrete. The exit end of the draft tube is always submerged
below the level of water in the tail race and must be air-tight.

us

The draft tube has two purposes:

(a) It permits a negative or suction head established at the runner exit, thus making it possible to

install the turbine above the tail race level without loss of head.
(b) It converts large proportion of velocity energy rejected from the runner into useful pressure
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energy.

Draft Tubes:

There are different types of draft tubes which are employed to serve the purpose in the installation

of turbine are as shown in Fig.5. It has been observed that for straight divergent type draft tube, the
central cone angle should not be more than 8.This is because, if this angle is more than 8 the water
flowing through the draft tube without contacting its inner surface which results in eddies and hence
the efficiency of the draft tube is reduced.
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(a) Straight divergent conical tube
(b) Moody spreading tube (or Hydra cone)
(c) Simple elbow tube
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(d) Elbow tube having circular cross section at inlet and rectangular cross section at outlet.

us
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ut

Work Done and Efficiencies of Francis Turbine:

The absolute velocity at exit leaves the runner such that there is no whirl at exit

vt

i.e. Vu2 = 0. The Inlet velocity triangle are drawn for different conditions as shown in
Fig 6 (a) & (b).

(i) Work done/kg of water, 𝑊= (𝑈1𝑉𝑢1−𝑈2𝑉𝑢2)/𝑔

𝑉𝑢2=0 in Francis turbine (axial outlet velocity) 𝑊=𝑈1𝑉𝑢1/𝑔
(ii) Hydraulic efficiency, 𝜼𝑯:
𝜂𝐻=𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 𝑏𝑦 𝑡ℎ𝑒 𝑟𝑢𝑛𝑛𝑒𝑟/𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑡 𝑖𝑛𝑙𝑒𝑡
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(iii) Volumetric efficiency (𝜼𝒗𝒐𝒍): It is the ratio of quantity of water through the runner (Q2) to
the quantity of water supplied (Q1)
𝜼𝒗𝒐𝒍=𝑄2/𝑄1
(iv) Mechanical efficiency (𝜼𝒎𝒆𝒄𝒉):
(v) Overall efficiency (𝜼𝑶):
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𝜼𝒎𝒆𝒄𝒉=𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑠ℎ𝑎𝑓𝑡 𝑒𝑛𝑑/𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑟𝑢𝑛𝑛𝑒𝑟
𝜼𝑶=𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑠ℎ𝑎𝑓𝑡 𝑒𝑛𝑑/𝑃𝑜𝑤𝑒𝑟 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑎𝑡 𝑖𝑛𝑙𝑒𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑢𝑟𝑏𝑖𝑛𝑒
𝑆ℎ𝑎𝑓𝑡 𝑝𝑜𝑤𝑒𝑟/𝑊𝑎𝑡𝑒𝑟 𝑝𝑜𝑤𝑒𝑟 𝑎𝑡 𝑖𝑛𝑙𝑒𝑡
Propeller & Kaplan Turbines:

The propeller turbine consists of an axial flow runner with 4 to 6 blades of aerofoil shape. The
spiral casing and guide blades are similar to that of the Francis turbines. In the propeller turbines, the

blades mounted on the runner are fixed and non-adjustable. But in Kaplan turbine the blades can be
adjusted and can rotate about the pivots fixed to the boss of the runner. This is only the modification
in propeller turbine. The blades are adjusted automatically by a servomechanism so that at all loads
the flow enters without shock.

ut

The Kaplan turbine is an axial flow reaction turbine in which the flow is parallel to the axis of the

shaft as shown in the Fig. This is mainly used for large quantity of water and for very low heads (470 m) for which the specific speed is high. The runner of the Kaplan turbine looks like a propeller of

ol

a ship. Therefore sometimes it is also called as propeller turbine. At the exit of the Kaplan turbine the

vt
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draft tube is connected to discharge water to the tail race.

1) At inlet, the velocity Δle is as shown in below Fig
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2) At the outlet, the discharge is always axial with no whirl velocity component i.e., outlet

vt
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velocity triangle just a right angle triangle as shown below Fig.
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UNIT – 7

CENTRIFUGAL PUMPS
Classification and parts of centrifugal pump:
Rotodynamic Pumps
A rotodynamic pump is a device where mechanical energy is transferred from the rotor to the fluid
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by the principle of fluid motion through it. The energy of the fluid can be sensed from the pressure

and velocity of the fluid at the delivery end of the pump. Therefore, it is essentially a turbine in
reverse. Like turbines, pumps are classified according to the main direction of fluid path through
them like (i) radial flow or centrifugal, (ii) axial flow and (iii) mixed flow types.
Centrifugal Pumps

The pumps employing centrifugal effects for increasing fluid pressure have been in use for more

than a century. The centrifugal pump, by its principle, is converse of the Francis turbine. The flow is
radially outward, and the hence the fluid gains in centrifugal head while flowing through it. Because
of certain inherent advantages, such as compactness, smooth and uniform flow, low initial cost and

high efficiency even at low heads, centrifugal pumps are used in almost all pumping systems.
discussed as follows.

ut

However, before considering the operation of a pump in detail, a general pumping system is
Different heads and efficiencies of centrifugal pump:

ol

The word pumping, referred to a hydraulic system commonly implies to convey liquid from a low
to a high reservoir. Such a pumping system, in general, is shown in Fig. 33.1. At any point in the
system, the elevation or potential head is measured from a fixed reference datum line. The total head
at any point comprises pressure head, velocity head and elevation head. For the lower reservoir, the

us

total head at the free surface is HA and is equal to the elevation of the free surface above the datum
line since the velocity and static pressure at A are zero. Similarly the total head at the free surface in
the higher reservoir is (HA+HS) and is equal to the elevation of the free surface of the reservoir above
the reference datum.

vt

The variation of total head as the liquid flows through the system is shown in Fig. 33.2. The liquid

enters the intake pipe causing a head loss hm for which the total energy line drops to point B
corresponding to a location just after the entrance to intake pipe. The total head at B can be written as
HB=HA-hm

As the fluid flows from the intake to the inlet flange of the pump at elevation the total head drops
further to the point C (Figure 33.2) due to pipe friction and other losses equivalent to. The fluid then
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enters the pump and gains energy imparted by the moving rotor of the pump. This raises the total
head of the fluid to a point D (Figure 33.2) at the pump outlet (Figure 33.1).
In course of flow from the pump outlet to the upper reservoir, friction and other losses account for
a total head loss or down to a point E. At E an exit loss occurs when the liquid enters the upper
reservoir, bringing the total heat at point F (Figure 33.2) to that at the free surface of the upper
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reservoir. If the total heads are measured at the inlet and outlet flanges respectively, as done in a

ut

standard pump test, then
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A general pumping system

Change of head in a pumping system
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Velocity triangles for centrifugal pump Impeller
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Cavitation
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Need for priming
The action taken to stimulate an economy, usually during a recessionary period, through

government spending, and interest rate and tax reductions. The term "pump priming" is derived
from the operation of older pumps; a suction valve had to be primed with water so that the pump
would function properly. As with these pumps, pump priming assumes that the economy must be

Vtusolution.in

Vtusolution.in
primed to function properly once again. In this regard, government spending is assumed to
stimulate private spending, which in turn should lead to economic expansion.
Slip Factor
Under certain circumstances, the angle at which the fluid leaves the impeller may not be the
same as the actual blade angle. This is due to a phenomenon known as fluid slip, which finally
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results in a reduction in the tangential component of fluid velocity at impeller outlet. One
possible explanation for slip is given as follows.

In course of flow through the impeller passage, there occurs a difference in pressure and velocity

between the leading and trailing faces of the impeller blades. On the leading face of a blade there
is relatively a high pressure and low velocity, while on the trailing face, the pressure is lower and

hence the velocity is higher. This results in a circulation around the blade and a non-uniform
velocity distribution at any radius. The mean direction of flow at outlet, under this situation,
changes from the blade angle at outlet to a different angle as shown in Figure 34.2 Therefore the

tangential velocity component at outlet is reduced to , as shown by the velocity triangles in
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Figure 34.2, and the difference is defined as the slip.
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