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3.1 Steady Flow Energy Equation (S.F.E.E.)

In many practical problems, the rate at which the fluid flows through a machine or piece of
apparatus 1s constant. This type of flow 1s called steady flow.

Assumptions :

1. The mass flow through the system remains constant

11.  Fluid 1s uniform i composition

i11. The only interaction between the system and the surroundings are work and heat

1v. The state of fluid at any point remains constant with time

v. In the analysis only potential, kinetic and flow work are considered

Fig. 3.1 shows a schematic flow process for an open system. An open system 1s one 1n
which both mass and energy may cross the boundaries. A wide interchange of energy

may take place within an open system.



Fig. 3.1 shows a schematic flow process for an open system. An open system 1s one in
which both mass and energy may cross the boundaries. A wide interchange of energy

may take place within an open system. Boundary Vi = A; X
A1_>7 Pl

For such case no variation of flow

i
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of mass or energy with time across

System

the boundaries of the system. The

steady flow energy equation canbe 7 " ° —. =
y gy €q //

expressed as follows:

Datum plane

Fig.3.1 : Schematic flow process for an open system

C? C?
u1+71+Z1><g+p1v1+Q=u2+72+22Xg+p2v2+W...........(3.1)



When Z,andZ, are ignored the equation becomes

Where. Q= heat supplied(or entering the boundary) per kg of fluid.

C= velocity of fluid.

Z=height above datum.

P= pressure of the fluid,

u=internal energy per kg of fluid. and
pv=energy required for 1 kg of fluid.

This equation is applicable to anyv medium in any steady flow.

"h=u+pv
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Consider any section of cross-sectional area A, where the fluid velocity 1s C, the rate
of volume flow past the section 1sC. A. Also, since

By applying the mass conservation on flouid flow in figure 3.1
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3.2 Energy Relation for Flow Process

The energy equation(m kg of fluid) for a steady flow system is given as follows:

2

CZ
m(u1 +71+Zl><g+p1v1)+Q =m(u2 +72+Z2><g+p2v2>+W

2

, c? C
Q= m((uz—ul) + (Zyxg—2Z;xXg)+ <72— %) + (pav2 — P1v1)> + W

Q — AU = [APE + AKE + ApV + W] oo e e e e . (3.5)
2 2 .
Where : AU = m(uy—u;) ,APE =1 g.(Zy — Z1) ,AKE =1 (% - %) ,ApV =1 (pov; — p1v1)
Q = AU + APE + AKE + ApV + W .. ee e e (3.6)

For Non-flow system

Q—=AU=W oevceer e . (3.7)

2
Q— AU = dev cee e eee e e 2 (3.8)
1
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3.1 Water Turbine

Refer to Fig.3.2. in a water turbine, water is supplied from a height. The potential
energy of water is converted into kinetic energy when it enters into the turbine and
part of it is converted into useful work which is used to generate electricity

Considering center of turbine shaft as datum, the energy equation can be
written as follows:

& "
(u1+p1v1+zlg +i)+0= (u3+p2u2+zzg+%)+w

2
In this case,
Q=0
Au=1u; —u; =

&7

5"
o (pll? + 238 + T) = (p2v+Zzg +T) + Wi 3.9

W is positive because work is done by the system(or work comes out of the
bhoundary).

106



Tramsmission F/ALS

Towes e -
KBt f‘:i‘— Transtormer

Fig.3.2 Water Turbine.
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Fig.3.2 Water Turbine.
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Example: Consider a river flowing toward a lake at an average velocity of 3 m/s at a rate of 500 m3/s at a
location 90 m above the lake surface. Determine the total mechanical energy of the river water per unit
mass and the power generation potential of the entire river at that location.

Assumptions 1 The elevation given is the elevation of the free surface of the river.

2 The velocity given is the average velocity.

3 The mechanical energy of water at the turbine exit is negligible.
Properties We take the density of water to be p = 1000 kg/m3.
Analysis Noting that the sum of the flow energy and the potential energy is constant for a given fluid body, we can
take the elevation of the entire river water to be the elevation of the free surface, and ignore the flow energy. Then the
total mechanical energy of the river water per unit mass becomes

g

Wpyax =m X W = 500,000 x 887 = 4,435,000,00 W = 444 MW

bm-_
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H.W: Electric power is to be generated by installing a hydraulic turbine—generator at a site 120 m below
the free surface of a large water reservoir that can supply water at a rate of 1500 kg/s steadily. Determine
the power generation potential.



3.2 Steam or Gas Turbine ----------- :

wturbine

In steam or gas turbine steam or gas is passed —

through the turbine and part of its energy is :
converted into work in the turbine. This output of
the turbine runs a generator to produce electricity
as shown in the Fig.3.3. the steam or gas leaves the . —
turbine at lower pressure or temperature. :

Applying energy equation to the system.
Z 3= Z 4 ~AZ =0 f. W 1

C3 c>
<h3 + 73> —Q = <h4 + 74> A Y o e e (3.12) Fig. 3.3 Steam or Gas Turbine.

The sign of @ 1s negative because heat is rejected (or
comes out of the boundary) The sign of W is positive
because the work 1s done by the system (or work comes
out of the boundary)
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Example: The power of an adiabatic steam turbine is 5 MW, and the inlet and the exit conditions of the
steam are as indicated in the following figure.

(a) Compare the magnitudes of /, Ke, and Pe.

(b) Determine the work done per unit mass of the steam flowing through the turbine.

(c) Calculate the mass flow rate of the steam. j’}hj 3&48-4 kj/kg
iy
Solution: Vy =50 mis
zp=10m
Ah = hy — h, = 3248.4 — 2361.01 = 887.39 k] /kg | |
V.2 V,2 502 — 1802 J K] =3 |
Ke = — = = —14950 — = —14.95— STEAM | AN
2 2 2 kg] kg K] TURBINE (14
APe = g(Z; — Z,) = 9.81(10 — 6) = 39.25-— = 0.03925 — | Vo =5 MW
Q= Adlazbatlc kg kg N
\F
C% C3 P, =15 kPa
“1)\_p = 5 x = 90%
h, + > Q h, + > +W...... (3.12) 2
I;=6m
W = Ah + AKe + APe = h, = 236101k /kg
2 (2 The required mass flowrate to produce SMW
W= (hy—hy)+ = ——=|+gZ, -2y =
(hq 2) (2 2) g(Z, 2) 5000 KJ /s

m= =5.7kg/sec
W =887.39 — 14.95 + 0.03925 = 872.48 k] / kg 872.48 k] /kg g/



3.3 Centrifugal Water Pun

! k, =« Suction head

A centrifugal water pump draws o Baliakmskui

water from a lower level and

pumps to higher level as shown in
Fig.3.4.

Work i1s required to run the pump
and this may be supplied or

Delivery pipe

Delivery valve
Impeller

T

Suction flange

external source such as an electric
motor or a diesel engine.

In this application, OQ=0, and Au=0, there is
no change in temperature of water; also
V1=V =7D

The general equation of energy of this application is

“ Strainer
Fig. 3.4. Centrifugal Water Pump

Note: The sign of work is negative because work is done on the system(or work enters the boundary).
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Example: Water is pumped from a lake to a storage tank 20 m Qi aak
above at a rate of 70 L/s while consuming 20.4 kW of electric =
power. Disregarding any frictional losses in the pipes and any
changes in kinetic energy, determine the overall efficiency of the i

pump—motor unit. 20 m

V<m3> = 70 (%) = 0.07 m—s

kg 1000 sec
. - kg
m=pXxV =1000x 0.07 =70 —
sec
J
Pe=g.Z, =9.81 X 20 = 196 —
€=49-43 kg

Wyump,out = PE = 1i1.g.Z; = 70 X 9.81 x 20 = 13734W = 13.734kW

Woumpour 13734

Toump =~ 20.4
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3.4 Compressor

, . Qc

Refer to Fig.3.5. A cen.trlfugaI condenser 1
compressor compresses air and
supplies the same at moderate High Pressure

. ) b PR :
pressure and in a large quantity Q : Compressor
Applying energy equation to the system (Fig.3.5). A \ B W i ot
In such applications usually AZ =0 Expansion
The general equation of this application B Valve

v I Evaporator
<h1 + C_%) _ Q — < CZ Low Pressure
2

h, + _2> —W .. (3.14) p1
il | Qe

2
The O is taken as negative as heat is lost from Fig.3.5. Centrifugal Compressor

the system and W is taken as negative as work
1s supplied to the system.
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Example: Air 1s compressed steadily. The mass flow rate of the air 1s 0.02
kg/s, and a heat loss of 16 kJ/kg occurs during the process. Assuming the
changes in kinetic and potential energies are negligible, determine the

necessary power input to the compressor. (hy = 280.13 z—é,and h,

= 400.98 k] /kg)
Solution:
C C3
h4 +7 —Q=\hy +7 -W........(3.14)

€1\ (C3 .
— ||—= ) = Ke (Negligible)
2 2

Win + m hl - Qout + m hz
Win = m. Qout + m(hy, — hy)
Win = m. Qout + m(h, — hy)

W;, = 0.02 X 16 + 0.02 X (400.98 — 280.13) = 2.74 kW

Gou = 16 kl/kg

~

-~
|
|
|
|
|
|
|
|
|
|
|

al

v

AIR
m = 0.02 kg/s

P, = 100 kPa
T,=280K

P; =600 kPa
I,=400K
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3.5 Reciprocating Compressor

Refer to Fig.3.6. The reciprocating compressor draws in air from atmosphere and supplies the air at

a considerable higher pressure in small quantities (compared with centrifugal compressor).

Applying energy equation to the system,
we have:

APE = 0, and AKE =0

Since these change are negligible compared with

other energies.

hy—Q=h,—W........(3.15)

Suction

1

2

Suction Valve

Discharge

Discharge Valve

Piston

Connecting rod

Crank
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3.6 Boiler
Applying energy equation to the system,

For boiler :

W=0, Since neither any work 1s developed nor absorbed.

APE = 0and AKE =0

O for boiler is always positive value i.e hy = hy
Where hy= inlet enthalpy for water

h,= outlet enthalpy for steam

A Hot
© _ Steam Out Gases

‘?E‘f Water In

Fig.3.7. Boiler.
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3.7 Condenser _ _
The condenser is used in condense the steam in case of

steam power plant and condense the refrigerant vapor in inlet flow
the refrigeration system using water or air as cooling
medium.

For this system, APE = 0 and AKE =0,
Because their values are very small compared to
enthalpies)

w =0 (Sinceneither any work is
" developed nor absorbed)

cooling water
outlet

gas outlet

Using energy equation to steam flow condensate I_@
Where Q= heat lost by 1 kg of steam passing through the :iﬁotlmg water
condenser. e

Q=h;—hy e (3.17)

Assuming there are no other heat interactions except the heat transfer between steam and water, then

0= Heat gained by water passing through the condenser
my, (hwz _ hwl): my,. CW(TWZ _ Twl): Q= my. CW(TWZ _ Twl)
Where , mw= mass of cooling water passing through the condenser, and Cw=specific heat of water
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3.8 Evaporator

An evaporator i1s an equipment used in a refrigeration
plant to carry heat from the refrigerator to maintain a low
temperature. Here the refrigerant liquid 1s passed through
the evaporator and it comes out as vapor absorbing its .
latent heat from the surroundings of the evaporator.
Fig. 3.9. shows the system. For this system

Evaporator " : Expansion
m¥enacnaaunnnnnnn : Valve

Site Glass

APE = 0 and AKE =0,
W = 0, (no work is absorbed or supplied)

HA | A

Drier

Condenser

Q: is taken as +ve because heat flows from the Compressor
surroundings to the system as the temperature in the
system is lower than the surroundings.

Receiver

Fig.3.9. Evaporator
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In case of a nozzle as the enthalpy of the fluid decreases and N =
pressure drops simultaneously the flow of fluid is accelerated. N _/,I/'f:
This i1s generally used to convert the part of the energy of steam

into kinetic energy of steam supplied to the turbine.
Fig.3.10 shows a commonly used convergent-divergent nozzle.

For this
APE =10
W=0

Q=0

Applying energy equation to the system.

h+C12—h+{:22
tR e R 3
& B

2 Ty Thh

C% =6 = 2R =< h5)

: IIIIIIIIII »

ozzle
Steam
i B [R— | out
Steam -+
. | e I
— g _‘1—!
Convergent Divergent

1 part part 2

5 y Fig.3.11. Steam Nozzle.
I‘:g = Cl + Z(Fll == hg)

Cy = \f{:ﬁ 4+ 2(hy — hy)

Where velocity C isin m/s and enthalpy h in Joules.

If C; <«< €5, then

Co = 2(hy — h>)

Co = V2Ah
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3.10 Throttling Process

The throttling process involves the passage of a higher-
pressure fluid through a narrow constriction. The effect
is a reduction in pressure and an increase in volume.
This process is adiabatic as no heat flows from and to
the system, but it is not reversible.it is not an isentropic
process. The entropy of the fluid increases.

Such a process occurs in a flow through a porous plug,
a partially closed valve, and a very narrow orifice.

In this system,

Q=0 (system is isolated)

W=0 (there is no work interaction)
APE = 0 (Inlet and outlet are at the same level) Fig.3.12. Shows Throttling Process
AKE = 0 (kinetic energy does not change significantly)

Applying the energy equation to the system
hl — hz

This shows that enthalpy remains constant during adiabatic throttling process.
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