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IMPORTANT FORMULAS TO REMEMBER

CHAPTER 1: RANKINE CYCLE

1. RANKINE CYCLE: - Rankine cycle has 4 major components.
(i) Heat addition in boiler,
(ii) Steam expansion in turbine,
(iii) Condensation of saturated steam in condenser,

(iv) Compression of saturated liquid by pump.

T Turbine
Q. W
Pum
W, I
Condenser
/
» . Qout ¢
s
The ideal Rankine cycle
Pump Q=0 Wpump,in = h2-h1
Boiler W=0 Qin = h3-h:
Turbine Q=0 Wturbine,out = h3-ha
Condenser W=0 Qout = ha-hy
» Efficiency:n = net W_ork output = (h3 —h.) - (h2 _ hl)
heat supplied to the boiler (h; —h,)

e Specific steam consumption (SSC): It is the mass flow rate of steam, required to

produce 1kW of power.

ssC — % _ ?:Zﬂin kg / kWhr where, W,,,

net

=(h;-h,)—(h, -h,) in kJ / ka.

e Heat rate (H.R.): It is the amount of heat required to produce 1kW of power output.

HR. — heat supplied(kW) 1

~ power developed(kW) 1

e A steam power plant system consists of many components like, boiler, turbine, different
auxiliaries, generator etc. So, the overall efficiency of steam power plant can be written

as:

1ﬂloverall = T]boiler x 1ﬂlcycle x 1ﬂlmechnical x ngenerator X T]auxiliaries
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e Due to irreversibility in the turbine and pump, process in them is not isentropic, so to
find actual turbine and pump work isentropic efficiency is used.

v

. . h. _h
Isentropic efficiency of pump, _ isentropic work _ ( 25 1)

Toume = T3 ctual work (h, -h,)
Isentropic efficiency of turbine,n, = - actual.work _ (h; -h,)
urbine |sentrop|C work (h3 — h4s)

1.1. Methods of increasing the efficiency of Rankine cycle:
1.1.1. Decreasing the Condenser Pressure
By decreasing the condenser pressure, mean temperature of heat rejection in the

condenser decreases. Thus, the thermal efficiency of the cycle will be increased.

T
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Effect of lowering condenser pressure on ideal Rankine cycle

1.1.2. Superheating the Steam to High Temperature

Superheating the steam will increase the network output and the efficiency of the cycle. It

also decreases the moisture contents of the steam at the turbine exit.
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The effect of superheating on the ideal Rankine cycle.

1.1.3. Increasing the Boiler Pressure
On increasing the boiler pressure, the mean temperature of heat addition increases hence

thermal efficiency increases.

TA
2 2 Tmax
11’
' \
4 3'3\
=
S

Increasing the boiler Pressure

1.2. IDEAL REHEAT RANKINE CYCLE
To take advantage of the increased efficiencies at higher boiler pressure without facing the
excessive moisture content at final stages of the turbine, reheating is used. In this process

steam is expended in more than one turbine by providing heat between two turbines.

High pressure
turbine
5 .

ry - Low-P
High-P Turbine

Low-pressure
turbine

/

The ideal reheat Rankine cycle
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e Optimum reheat pressure for the most of the modern power plant is 0.20 to 0.25 of the

initial steam pressure.

Heat input = Primary heat + Reheat = (h, —h,) +(h; —h,)

Vvturbine = WH—P turbine T WL—P turbine — (h3 - h4) + (hS - h6)

1.3. IDEAL REGENERATIVE RANKINE CYCLE
The mean temperature of heat addition can also be increased if heat addition at low
temperature is avoided such that feed water enters the boiler at saturated liquid condition.
The feed water can be brought to saturated condition by internal heating using extracted

steam. This concept is known as regeneration.

Boiler

The ideal regenerative Rankine cycle with an open FWH

y = amount of bleed from turbine
Qin= hs-ha
Qout= (1-y) (h7-h1)
Woturbine out= (hs-he) +(1-y) (he-h7)
Wpump=(1-y) Wpump1+ Wpump2
Whpump1= V1(P2-P1) and Wpump2= v3(P4-P3),
(Because change in specific volume of liquid is very small)
Where v is specific volume at pump inlets.
e Canonization of Rankine Cycle: If infinite number of feed water heater is used,
Rankine cycle can be converted into a Carnot cycle.
e Law of diminishing returns: It states that the greatest increment in efficiency is
brought by the 1t heater, the increment for each additional heater thereafter successively

diminish. This law is used to determine the optimum number of regenerator.

e Regeneration is done with the help of water heaters. Rankine cycle uses mainly two type
of water heaters:
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(i) Open feed water heater: In this type of water heater direct mixing of two
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fluids occurs i.e. both fluid come in physical contact with each other. Example :
Deaerator .
(ii) Close feed water heater: In this type of water heater no physical mixing of fluid

is allowed and heat exchange takes place by the non-contact type heat exchangers.

1.4 Binary fluid cycles:- This type of cycle is used to get the advantage of two fluids in one

system. In this cycle heat rejected by one cycle works as source for other cycle.
T]binary =1- (1 - 111)(1 - 1’]11)

Where 1, = efficiency of 1%t cycle, N =efficiency of 2" cycle.
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CHAPTER 2: GAS TURBINE

2.1 Brayton Cycle: - It consists of 2 isentropic and 2 isobaric processes. It can be used as

open Brayton cycle and close Brayton cycle.

e In open cycle, fuel is burn inside combustion chamber and burnt gases are used as the
working fluid.

e In close cycle, fuel burn outside the cycle and heat is exchanged with the help of heat

exchanger. They are larger in size because of the use of two heat exchangers.

P T

o Work done by compressor (1-2): W. =h, —h, = Cp(T2 ~-T,)
e Heat addition (2-3): Q.adition = N5 —h, = Cp(T3 -T,)

e Work done by turbine (3-4): W, =h, —h, =C (T, - T,)

e Heat rejection (4-1): Qrejection =Ny =, =C (T, - T,)
— T, T,
e Important relationship: —= === rpy
P
. 1 P, P :
o Efficiency: Myyion = 1- 3 , Where 1) = P = B (pressure ratio)
- 1 4

Y
rP
e Efficiency of Brayton cycle increases with increasing the value of pressure ration and 7v.

e Work ratio (I, ): It is the ratio of net work and turbine work.

e Back work ratio (I, ): It is the ratio between compressor work and turbine work.

W
— C _
er—W ,r,+h, =1
T

e Back Work Ratio for gas power cycles: 40% - 60%

e Air rate (A.R.): It is the mass flow rate to air used to produce 1kW of net power.
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AR. = % = 3\200 in kg/kW-hr , where Wret is in ki/kg.

net

e Power (P): P=m, xW_, in kw

2.1.1. Maximum Pressure Ratio
=
. (rp)max _ (%T
min
e At maximum pressure ratio the efficiency of brayton cycle is equal to Carnot cycle operating
between same temperature limit.
e At maximum pressure ratio the net-work is zero.
2.1.2. Optimum Pressure Ratio

Y

T. 20D
(rp)optimum = (%J = (rp)max

1

Optimum pressure ratio gives maximum net-work.

2
In this condition: T, =T, = /T, xT; and (W, )nax = C, (\/ﬁ— \/T_l) :

T

1’loptimum =1- ?1

3

Efficiency can be written as:

2.1.3. Actual Brayton Cycle: In actual brayton cycle compression and expansion are not
isentropic and pressure drop occurs due to friction in the heat exchangers /combustion

chamber.

Pressure drop

~" Pressure drop

S

=
Lt

_isentropic work _ (hys —h,)

Isentropic efficiency of compressor, n =
compressor actual work (h,, —h,)

Isentropic efficiency of turbine

actual work  (h; —h,,)
" Nturbine = 3 ; -
isentropic work  (h, —h,,)

2.1.4. Brayton Cycle with Reheat
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e This uses more than one gas turbine that results in increase in net work output. But the

efficiency decrease.

T

@Qin ®

e For perfect reheating:
e =T,

e Intermediate pressure will be, P = /P, xP,

e Work done by both the turbine will be same, W, =W,

2.1.5. Brayton Cycle with Intercooling
e It uses more than one compressor to compresses the air. By this modification,
compressor work reduces and network done increases. But due to this efficiency of

cycle decreases.

T
@
Compressor
Stage 1
additional Q
required -
- ® .
W, &
)
Compressor
Intercooler Stage 2
®
Q QL
@T @ i ® out @
Qoul S

e For perfect intercooling:
e T,=T

e Intermediate pressure will be: P = «/P1 xP,

e Work done of both compressor will be same: WC1 = WC2

2.1.6. Brayton Cycle with Regeneration
e In this exhaust gas from turbine is used to exchange heat with the air coming to the

combustion chamber.
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e This will increase the mean heat addition temperature and decrease the mean heat

rejection temperature hence increases the efficiency of cycle.

T

l:b,p
i®

Regenerator

-~

>
Wnel

Compressor Turbine S

e Effectiveness in this type of system can be defined as the ratio of actual temperature
rise and maximum possible rise in temperature due to regeneration.
=h, -h,

Qregeneration,actual = h5 - h2’ Qregeneration,max

H eneration,actua - h T - T
Effectivenss(e) = Qregeneration actua _he-h, T,-T,
h, - hz T4 - Tz

regeneration,max 4

e For ideal regeneration:
e T,=T,=T, and T, =T, =T,
E
o Efficiency: Mideal regenerative T p
3

e For ideal regenerative cycle efficiency will decrease on increasing the
pressure ratio and 7.
2.1.7. COMBUSTION CHAMBER:

Combustion chamber is used in open brayton cycle. Generally, A very lean mixture is used in
brayton cycle i.e. A/F=50:1 to 80:1. For open cycle equation of combustion chamber can be
written as:

xT,-m,xC,_xT,

I’-hf X (Cv)fuel X T]combustion = (mf + ma) x C Pair

pgas
Where M, = mass flow rate of fuel, M, =mass flow rate of air, M mpustion = COMbustion
efficiency, Cp = specific heat of burnt gases, Cp> =specific hear of air, Tz, T3 are

gas air

temperature at the inlet and exit of combustion chamber.

10
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CHAPTER 3: COMPRESSOR|

Compressor is a device which is used to compress the gas or vapour from lower to higher
pressure and for that work input is required from outside. In process of compressing,

temperature of fluid also increases.

Compressors
Positive Displacement Dynamic
Reciprocating Rotary Turbocompressors Ejector
Piston Membrane Centrifugal Mixed Axial
(Radial)
Eccentric Roots Screw

Vane blower

3.1. Reciprocating compressor

3.1.1. Work input required (without clearance volume)

'y
P32 2% PV'=C
o | Pv=c = PV'=C
I
P12 >
B v, »
0 v P 3 >V
L.D.C 0.D.C

7

v

11
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n
W/ cycle = (m [P2V2 —PyVy ]

n-1
n p, ) 1
n_ P2 | ™ 4

(”—1 Pt [plj

3.1.2. Compressor work input (with clearance volume)

W / cycle

A
3 Discharge 2
P2 sesmnnannnnn T :
Ve
4\,—" ) Compression
3 i Expansion
i Suction
V=V, -V,
H_ VS = V1 - v3 _H i
V—>
Fig.: P-V diagram with clearance
n-1
n n
W / cycle = Py [ Vs — V4] P2 1™ g

e For compressor minimum work input is required if the compression is isothermal. So isothermal

efficiency is used for reciprocating compressor.
e Isothermal efficiency is the ratio of isothermal work and actual work of compressor. Isothermal

work to compress air from pressure P1 to P2 is

VVisothermal = P1V1 x ln[%j

1
isothermal work
actual work

3.1.3. Volumetric efficiency: It is ratio of actual volume intake and swept volume.

T]isothermal =

_ Actual volume
Swept volume

1/n
Ny = 1+c—c[p—2]
P1

Nvol

12
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Where C= clearance ratio.
e Volumetric efficiency decreases with increase to pressure ratio. So to get higher
pressure ratio multi-stage compression is used.

e Volumetric efficiency becomes zero at pressure ratio of:
P 1 .Y
2 =|1=+1
P, C

e FAD (free air delivered) is the volume of air compressed at atmospheric conditions i.e.

P= 1 bar, and T=288 K. FAD is used to compare different compressors capacity.
3.1.4. Multi-stage compression:

4
p

Ps
P,=Ps

P, = P,

P,

P-V diagram of Multiple stage compression
e The compression is done with multi-stage with intercooling between stages which results
in less total compressor work.
e The optimum pressure ratio per stage in case of n stage compression with intercooling

%
(rP )opt = |:I;_F}

1
e The work done in each stage is same.

e For same efficiency and perfect intercooling, dimensions of cylinder can be related as:
2 2
P,D; = P,D; = constant
4. CENTRIFUGAL COMPRESSOR:-

e The principal components of centrifugal compressor are impeller and diffuser.

e Theoretical Power consumed by compressor is:

P

theoritical — 111X (Vw2u2 - leul)
Where m= mass flow rate of air, VW2 , VWz are the whirl velocity at exit and entry

respectively, U,, U, are the rotor velocity at exit and inlet respectively.

4.1 FOR RADIAL COMPRESSOR:-

13
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Actual power produced by turbine (for radial blade with slipping):
P

actual — m X (I)s X (I)w X U;

Where, ¢, = slip factor (¢, <1), ¢, = work factor (¢, >1).

In terms of enthalpy and stagnation temperature actual power consumed will be:
Powar =M x (N, —h, }=mxC, (T, -T, )

actual o,
If the velocity at inlet and exit to be same. i.e. V, =V,

P :mep(Tz—Tl)

actual
Where, hc>2 ,h01 are the stagnation enthalpy at entry and exit of compressor,

T, , T, are the stagnation temperature at entry and exit of compressor,
2 1

T,, T, are the temperature at the entry and exit of compressor.

4.2 FOR AXIAL COMPRESSOR:

Power consumed by the compressor is:
W, / stage = mxuxv, x(tanp —tana) =mxux v, x(tand — tan¢)

Where u= velocity of blade at mean diameter, vi=flow velocity of fluid,

o, B are the flow angles at entry and exit, 6 ,¢ are the blade angle at entry and exit

Forward curved blade consumes maximum power.

Backward curved blade gives best efficiency and are stable for wide operating range.
Surging is the complete breakdown of steady flow through compressor, due to
periodic flow reversal. This reversal of flow causes abnormal sound, vibration, decrease
in efficiency, and increase in temperature and if the intensity is more it will lead to
mechanical damage.

The maximum mass flow rate possible through compressor is termed as choking. It
occurs when the Mach number corresponding to relative velocity at inlet become sonic.
Choking means fixed mass flow rate irrespective of pressure ratio.

Stalling is an aerodynamic flow separation form the blade surface due to improper
design of blade. It is a local phenomenon and chances of flow separation are more at
low mass flow rate, non-uniform surface, improper design of blades and higher no. of

diffuser blades.

14


https://byjusexamprep.com/

byjusexamprep.com

E BYJU'S

CHAPTER 4: STEAM TURBINE

A steam turbine converts the energy of high-pressure, high temperature steam produced by a

steam generator into shaft work.

On the basis of working principal steam turbine can be classified into Impulse type
turbine and reaction type turbine.

In impulse turbine pressure drop take place only in the nozzle and there is no drop of
pressure in moving blade. This turbine converts the only kinetic energy into electrical
energy.

In reaction turbine pressure drop takes place both in fixed as well as moving blade.

This turbine converts pressure and kinetic energy into electric energy.

Nozzle Moving Blade
FB MB

P,
Pressure

Pressure I

Velocity

Impulse turbine Reaction turbine

Degree of reaction: This can be defined as the ratio of enthalpy drop in the rotor to

the total enthalpy drop (in stator +rotor blade).

R - enthalpy drop in rotor _ Ah
enthalpy drop in stator+enthalpy drop in rotor Ah

rotor

+ Ah

stator rotor
Degree of reaction for impulse turbine is always zero.

In Impulse steam turbine, two type of compounding is possible.

15
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row of nozzles and the increase in kinetic energy after each nozzle is held within

limits. Example: Rateau turbine.

PN =N PN )
L ™= ] ™ ] ™~ ] ™= — "™
| b=~ 1 ™ 1 ™~ "] b= 1 =~
AL b A LA LA
L] == ] ™ ] ™ 1 = ] =~
ANl A W N W2
L 1 -y k—~1 -

N|IM|IN|IM

Initial Stem Velocity

:l[ Lost Velocity

|<—

Steam Chest Pressure

| |« Condenser Pressure

e Velocity compounding: In this type of compounding first all the pressure
energy is converted into kinetic energy with the use of single nozzle, then this
kinetic energy of steam is extracted by the row of moving and fixed blades.

Example: Curtis turbine.

M=Moving /\ /p’\\

Blade ““;% /p’\ y /y\\

M /\ /xﬂ’\\

F=Fixed f? /ﬂ’\ V /ﬂ’\\
Blade M F M

P, “"

DIFFERENT STEAM TURBINES:-

1. De Laval turbine:- A single-stage impulse turbine is called the de Laval turbine. It
consists of a single rotor with impulse blades attached to it. In this turbine all the
pressure energy converted into kinetic energy with the help of nozzle and then
kinetic energy is converted into shaft work with the help of impulse blade attached

to rotor.

16


https://byjusexamprep.com/

E BYJU'S

byjusexamprep.com

F N A
V,
vr2 VZ 1
\,f1 vr1 vf2
N o

! B, B, o, N
< U ' 2
Vs >

I V..
AV, >

Fig.: Velocity Triangle of Impulse Turbine

Power developed: P=mxux (V - le)

W

Where, VWZ , le are the whirl velocity at inlet and exit respectively, u= velocity of

blade/rotor, M = mass flow rate of steam.

Nozzle efficiency: It is defined as the ratio of kinetic energy at nozzle exit and

isentropic enthalpy change within nozzle.

1. 2
Kinetic energy at exit of nozzel Em Vi

Mnozzie = isentropic enthalpy change in nozzle mx Ah,

isentropic

Blade efficiency: It is the ratio of power developed and the kinetic energy provided by

the nozzle.
~ work by turbine blade Cmxux(V,, -V, )
Mbiade = (i atic energy supplied by nozzel 1. 2
Em x V;

It can be written as:

(nb) = Z(pCOSa—pz)(1+kb)

Where, V

For maximum efficiency,

V, cosa
poptimum - V - T

1

IR ELA

If friction is neglects ( kv=1), maximum efficiency will be,

17


https://byjusexamprep.com/

byjusexamprep.com

E BYJU'S

2
(Mp )max = COS~ @
Where, Vb is the blade velocity, Vi= fluid velocity at inlet, a =nozzle angle at inlet,

ko=constant for friction loss.

2. Rateau turbine :-To resolve the problem of very high speed of rotor in case of
single-stage impulse turbine, the total enthalpy is divided among many single-stage
impulse turbine in series. And such a turbine is known as Rateau turbine. In this

turbine :
_ Ah

(Ah)stage - rt]OtaI

3. Curtis turbine: - This is an impulse turbine with velocity compounding. In this
turbine pressure and enthalpy drop of steam take place in single stage/row of
nozzle and the kinetic energy of steam is absorb by the number of moving blades.
For n-row Curtis turbine condition of maximum efficiency will be (for no friction,

symmetric blades and axial discharge):

\% Cosa

b
A 2n
NOTE: Pearson turbine is a reaction turbine with degree of reaction 0.5. Hero’s turbine
is a reaction turbine with degree of reaction 1.
4. Reaction turbine:
e A reaction turbine is one that is constructed of rows of fixed and rows of moving
blades. The fixed blades act as nozzles. The moving blades move as a result of
the Impulse of steam received (caused by change in momentum) and also as a
result of expansion and acceleration of the steam relative to them.
e The moving blades of a reaction turbine are easily distinguishable from those of
an impulse turbine In that they are not symmetrical and, because they act partly
as nozzles, have a shape similar to that of the fixed blades, although curved in

the opposite direction.

18
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F CA\\\

Initial Pressure

I

ANV NI

Leaving Velocity

<+ Entering Veloc|ty
Back Pressure

F

Reaction turbine indicating pressure and velocity distribution

e Condition for maximum efficiency in reaction turbine:

Vb
poptimum = — =C0sa
Vl
2 cos’ a
And maximum efficiency will be: 0 = ————
1+ cos” a
\£
er
AL
1y 4 v,
[ > 1
I« u g

Velocity diagram for maximum efficiency

Genera”y nreaction > nrateau > T]Cul’tis

Reheat factor and Stage efficiency: - The Thermodynamic effect on the turbine efficiency
can be best understood by considering a nhumber of stages between two stages, 1 and 2 as

shown in Figure. (4 stages in between).

19
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Enthalpy

Entropy

Fig: Different stage of a steam turbine

The total expansion is divided into four stages of the same efficiency (n_) and pressure ratio.

<90

W, actual enthalpy drop(1-2)
W isentropic heat drop(1-2")

So, Overall efficiency (n,) =

Reheat factor is defined as:

Cumulative enthalpy drop (isentropic) _ Ah;, +Ahyg + Ahy + Ah,
Isentropicenthalpy drop(overall) Ah,,

Reheat factor(RF)=

Generally R.F is varied from 1.03 to 1.04

Stage efficiency (ns) is defined as the ratio of actual enthalpy drop and isentropic enthalpy

drop for a particular stage. If s remains same for all the stages or "s is the mean stage

efficiency.
_ Ahlx _ AhXY _ Ahyz _ AhzZ
" T Ah, " Ah, Ah._  Ahg

So, overall efficiency can be written as

n, =N xRF.

This makes the overall efficiency of the turbine greater than the individual stage efficiency.
Steam Turbine Governing and Control:

The objective of governing is to keep the turbine speed fairly constant irrespective of load. The
principal methods of steam turbine governing arc as follows:

(i). Throttle governing

(ii). Nozzle governing

(iii). By-pass governing

20
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Comparison of Throttle Governing and Nozzle Control Governing

NS‘; Aspects Throttle Control Nozzle Control

No throttling losses (Actually there are

1. Throttling losses Severe a little throttling losses in nozzles

valves which are partially open).

2. Partial admission losses Low High
3. Heat drop available Lesser Larger
Used n |mpuls_e ook Used in impulse and also in reaction (if
4, Use reaction turbines - . A
initial stage impulse) turbines.
both.
5. Suitability Small turbines Medium and larger turbines

CHAPTER 5: COMPRESSIBLE FLOW

A flow is said to be compressible flow when there is considerable change in the density of fluid

during process. Mach number is an important non-dimensional number used in study of

compressible flow.

e Mach number is the ratio of velocity of object and velocity of sound in fluid.

_ velocity of object v

~ velocity of sound ¢

For M<1 : flow is called subsonic.

For M=1 : flow is called sonic.

For M>1 : flow is called supersonic.

For M>5 : flow is called hypersonic.

e Stagnation state: when a fluid is decelerated isentropically to a zero velocity state than the

final zero velocity state is known as stagnation state. All properties corresponding to the

21
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stagnation state is known as stagnation properties. Example: stagnation enthalpy, stagnation
temperature, stagnation pressure etc.

e For compressible flow stagnation temperature and pressure can be written as:

T, =Tx(1+(y;1JxM2J

r
P (T, )t
(5

For isentropic process: stagnation pressure and stagnation temperature remains constant.
i.e. T01 = Tozand P01 = POZ.

For adiabatic process: only stagnation temperature remains constant. i.e. T01 = T02 but
P01 # Poz'

e A state is said to be critical state when Mach number becomes one. i.e. M=1 (v=c). And the
properties at critical state are known as critical properties.

e Relation between critical and stagnation properties:

T (2 P (2 )t
e and —=|——
T, y+1 P y+1

o

« Stagnation velocity of sound: C, = 1/yRT0

e Relation between maximum velocity and stagnation velocity of sound:

Ve ’ 2
max. — , Where v =./2CT
C ’Y—l max p o

(0]

e Fanno flow: Under idealized condition this type of flow may be assumed in gas duct of
aircraft, air conditioning system etc. where there is friction but no heat transfer. Fanno flow
is the adiabatic flow through a constant area duct where the effect of friction is taken into
consideration. The Fanno line defines the possible states for a gas when the mass flow rate
and total enthalpy are held constant, but the momentum varies.

The Fanno flow model is often used in the design and analysis of nozzles.

22
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>
S

max S

e Rayleigh flow: Flow in a constant area duct with heat transfer and without friction can be
assumed as Rayleigh flow.
The Mach number at maximum temperature is:
m-_L

Fr

Enthalpy h

Rayleigh line

Fanno line

v

Entropy s

Nozzle: nozzle is a device used to increase the velocity of fluid and decrease the pressure of
fluid and nozzle efficiency can be define as:

- actual enthaply drop
nozzle efficienc =
y(n,) ideal enthalpy drop

Types of Nozzles:

23
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(i) Convergent Nozzle:

Flow —

/

Cross section of the nozzle decreases continuously from entrance to exit
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Cross section of the nozzle increases continuously Cross section of the nozzle increases

(ii) Divergent Nozzle:

continuously from entrance to exit

(iii) Convergent -Divergent Nozzle
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Fig.: Cross section of the nozzle first decreases and then increases

o Diffuser: Diffuser is a device used to increase the pressure of fluid and decrease the velocity
of fluid and diffuser efficiency can be define as:

ideal enthaply rise

diffuser efficienc =
y(n.) actual enthalpy rise

e For nozzle relation between area and velocity:
dA _dv
AV
Where A= Areas, V= Velocity of fluid.

(M? -1)
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