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What's the thermodynamics

* The science of energy that concerned with the ways in which energy
is stored within a body

* Energy transformation — mostly involve heat and work movement

* thermodynamics is the science that deals with interaction between
energy and material systems

* The fundamental law is the conservation of energy principle: energy

cannot be created or destroyed, but can only be transformed from
one form to another



System, surroundings and boundary

e System: a quantity of matter or a region in space chosen for a study

e surroundings: the mass or region outside the system

* Boundary: the real or imaginary surface that separates the system
from its surroundings



System, surroundings and boundary

SURROUNDINGS

BOUNDARY



Types of systems

* |solated system- neither mass nor energy can cross the selected
boundary

* Example — coffee inside the bottle or container

Isolated system

=0
boundary a

=0

No mass

<
-

v

Isolated
System

Mass is constant

e
-

No energyl_




* Closed system —only energy can cross the selected boundary

* Closed system — only energy
can cross the selected

mage NO boundary
CLOSED " »-

SY STEM

m = constant / I \
energy YES
GAS

2k
CLOSED System Cas at
with fixed boundary 1 ::%
Examples: simple water bottle and piston CLOSED System
with Moving Bounda




3- open system- both mass and energy can cross the selected boundary

Control surface (3 Open System)

:mass YES .
—— . %  Open system — both mass and
energy can cross the selected
boundary.

CONTROL
VOLUME

YES
BOUNDARY of OPEN System is known as

CONTROL SURFACE

.\230“"(‘.‘"'}. Also known as CONTROL VOLUME

Imaginary Boundary e.g. Water Heater, Car Radiator, Turbine, Compressor and nozzle.

U —— |



Basic concepts

» 1.3.1 Force (F): The ability of accelerated a body of a given mass, the unit of the force is the Newton(N).
» 1.3.2 Newton(N): The force required to give a mass of I kg an acceleration of 1 m/s.

» 133 pressure (P) : Pressure 1s defined as the normal force per umt area. Where

Pressure = F/A . The unit of pressure is N/m? and is called the Pascal (Pa).

» 1.3.4 Heat : 15 a form of energy which transferred from one body to another body at a lower temperature, by
virtue of the temperature difference between the bodies. When the temperature of the bodies are equal no

heat transfer takes place between them.

» 1.3.5 Heat Engine : Any type of engine or machine which derives heat energy from the combustion of fuel

or any other source and converts this energy into mechanical work 1s termed as a heat engine.

» 1.3.6Work :1s usual?y defined as a force F acting through a displacement x, where the displacement is in the
direction of the force.



Basic concept

* Already noted, work done by a system, such as that done by a gas expanding against a

piston, 15 positive, and work done on a system, such as that done by a piston compressing a

gas, 15 negative. In other form , positive work means that energy leaves the system, and
negative work means that energy 1s added to the system .The product of unit force

(one newton) actmg through a unit distance (one meter). This umit for work n SI units 1s

called the joule (J). 1J=1N.m



Some S| and English Units
In SI, the units of mass, length, and time are the kilogram (kg). meter (m),

and second (s), respectively. The respective units in the English system are
the pound-mass (Ibm), foot (ft), and second (s).

Force = (Mass)(Acceleration)

F = ma

W=mg (N)
IN = 1kg-m/s*
2 is 9.807 m/s?

IJ=1N-m

Density and Specific Volume:

Density pois defined as mass per unit

volume.
n .
p=— (Kg/m”)
V |
v —  cm—
m P
Specific volume v s defined as volume
per unit mass.

V is the volume (m®) and m is the mass (kg).



Parameter Units Symbol

length, L meters m
mass, 1m kilograms kg
time, £ seconds 8
temperature, I'  kelvin K
velocity, YV meter per second, = L/t m/s
acceleration, & meter per second squared = L/t* m/s?
force, F newton, =m L/ 2 N

energy, B joule = m + L*/t* J




Pressure J

Definition : the exerted force per unit area.

SI Units:

1Pa =1N/m*

1 kPa=10°Pa

1 MPa=10°Pa = 10° kPa

1 bar=10°Pa = 0.1 MPa = 100 kPa
1atm=101325Pa =101.325kPa = 1.01325 bar

English Units:
psi= Pound per square inch (1b¥/in®)
1 atm = 14.696 psi

Pressure types:
1. Absolute pressure (Pabs). 2. Gage

pressure (Pgage). 3. Vacuum pressure (P




Pressure Types

1. Absolute Pressure: Actual Pressure at a given position.
2. Pressure below than localatmospheric pressure is known as Vacuum Pressure

3. The difference between the absolute pressure and the local atmospheric
pressure iscalled the Gage Pressure.

Pgage = Pabs — P atm

Pvac = Patm - Pabs
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Propetrties of the system

Any characteristic of a system 1s called a property. Some familiar properties are pressure P,
temperature T, volume V, and mass m. The list can be extended to include less familiar ones such as
viscosity, thermal conductivity, modulus of elasticity, thermal expansion coefficient, electric
resistivity, and even velocity and elevation. Properties are considered to be either intensive or
extensive.

» 1.6.1 Intensive properties: are those that are independent of the mass of a system, such as

temperature, pressure, and density.

» 1.6.2 Extensive properties : are those whose values depend on the size—or extent—of the
system. Total mass, total volume, and total momentum are some examples of extensive properties.

An easy way to determine whether a property 1s intensive or extensive is to divide the system into

two equal parts with an imaginary partition, as shown in Fig. (1-7)



Properties of the system

each |
consider a quantity of substance part | same intensive property
divide into 2 parts will » 1/2 extensive property
have |
m %m : %m 1 Extensive
v % v : % v J' properties
T — | T | T
P T e
P B! -

Extensive and Intensive properties



Properties of a system

Any characteristic of a System i1s known as its PROPERTY.

Properties may be intensive or extensive.

<+ Intensive — Are independent on the amount of a mass:
e.g.: Velocity (v), Elevation (z), Temperature (1), Pressure (P),

and Density (p),

-+ Extensive — varies directly with the mass (dependent on a mass).

e.g.: mass (m), volume (V), energy (E), enthalpy (h).

-
e 1‘, e § 2‘. m Extensive | Factor | Prefix | Symbol
v -5- v : ,“, v properties 10™° | micro | u
T — o TR 10-? |mili |m

. Intensive 3
P P+ B i 10° |kilo |k
B 2ol R 10° | mega | M




State, Equilibrium and Process

<+ State — a set of properties that describes the conditions of a
system. e.g. Mass m, Temperature T, Pressure P, Volume V..

<+ Equilibrium — 1s a state of balance.
% Thermodynamic equilibrium —A
: ) . ‘ me= 2 kg
system that maintains thermal, T. = 20°C
. . > \
mechanical, phase and chemical =
equilibriums.

=
*  Mechanical equilibrium is relasted to ‘! G S 2

pressure, and a system is in mechanical saag
equilibrium if there is no change in pressure at Thermal Equilibrium
any point of the system with time. T =20 °C



Process: change from one equilibrium state to another.

% Process —change from one

equilibrium state to another.

Process Property remains
constant
1sobaric Pressure (P=c)
1sothermal Temperature (T=c)
1sochoric Volume (v=c¢)
(1sometric)

1sentropic Entropy (S=c¢)

Fa

_ Final state

te

_Process path

Iniial

. System

e —— |




Isobaric process: a process during which the pressure remains constant
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State, Equilibrium and Process




Isothermal process: a process which the temperature T remains constant

Isothermal Process 4 jis ¥ alaall
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Isochoric or isometric process: a process during which the specific
volume remains constant

0 4 Isochoric process 4S5 )5S 5 3! 4dlasll
= Cul aaa Gl puadll Led 5 S5 Al Addaall oA
tP1 T
Laall
/ Vi=V2
~ dv=V2-Vi=0
*P2T2.
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Isochoric (or isometric) process A process during which the specific volume v

remains constant.
E‘_
]
v
'
1AL,

-_

(a) Slow compression

v (quasi-equilibrium)
'
— - . -
Before After
heating heating
(b) Very fast compression
T2 > Tir and Qis heat (kJ) and v1 = va. (nonquasi-equilibrium)

Isothermal process A process during which the temperature T remains constant.



Temperature Pressure

Temperature: - It is may be defined the degree of heat or the level of heat
intensity of a body.
Measurement of Temperature:-
The temperature of a body is measured by a thermometer. There are two scales
for measuring the thermometer of a body.
1) Centigrade or Celsius Scale:-
This scale is most used by engineers. The freezing point of water = 0.
The boiling point of water = 100
We use symbol (°C) to describe temperature.
2) Fahrenheit Scale:-
The freezing point of water = 32
The boiling point of water = 212
We use the symbol (°F) to describe thermometer.
* The relation between centigrade scale and Fahrenheit scale is given by
F=18°C + 32
Absolute Temperature:-
The absolute Celsius scale is called degree "Kelvin"
K=0°C + 273
Absolute Fahrenheit scale is called degree "Rankine"
R=F +460



Pressure

Pressure: - is the force exerted by the system on unit area.

Absolute Pressure: - is the gauge pressure plus atmospheric pressure.

Gauge Pressure: - A gauge for measuring pressure records the pressure above
atmospheric pressure.

Vacuum Pressure: - It is the pressure of the system below atmospheric pressure.

Equations

Pabs = Patm + Pgauge

The positive gauge pressure

Pans = Absolute Pressure

Pam = Atmospheric Pressure

Pgauge = Gauge Pressure

Pgauge = Pabs — Patm

The negative gauge pressure: - [Vacuum Pressure]

Vacuum Pressure = Pam - Paps

Manometer and Barometer

Manometer: - An instrument for measuring a pressure difference in terms of the
height of a liquid.
AP= P, — P&

Ap = p g Ah

p© = Density of Liquid
g = Ground Accelerate = 9.8
Ah= Height of the Liquid

Barometer: - An instrument for measuring the atmospheric pressure.



Units of Pressure:-

1  pPam = 76cm. Hg =760 mm. Hg

N
1 patm = 105 F = 105 pa
1 patm = 102 K_’;' - 102 Kpa
m
1 Patm = 1.01325 bar
Example (1)

Change a pressure from 1500 mm Hg to bar.
Solution
760 mmHg = 1.0132 bar

1500 mm Hg x—~932  _ 1 999 par
760 mmHg

Example (2)
A compound gauge reads (65 cm Hg) vacuum pressure. Compute absolute
pressure.

Solution

76 cm Hg = 1.0132 bar

1.0132 bar

Pyacc = 65 cm Hg X m = 0.867 bar

Pvacc = 0.867 bar
Pvacc = Patm — Pabs

Pans = 1.0132 — 0.867 = 0.147 bar



Example (3)

A manometer is used to measure the pressure in a tank. The fluid is an oil with a

specific gravity of (0.87) and the liquid height Ah = 45.2 cm. If the barometric
kg m

pressure = 98.4 kpa, the density of water = 1000 F the gravity = 9'88_2’

Determine the absolute pressure within the tank in kpa, 1 atm.

Solution
poi
Sp. Gr. = -
water
P = 0.87 x 1000 k—% = 870 k_g3
m m
P, = P, — Ap
P, = P, — pPY Ah
Ap = pg Ah

- 870 %9 98 M« 45.2/100
m S

1N
kgm
SZ

Ap = 3853.752 —3_ kg

=3853.752 lz
m

= 3853.75 pa
Ap = 3853.752 /1000 = 3.853kpa
P1 =98.4 kpa - 3.853 kpa
P1 =94.548 kpa

1 atm
P1=94.548 kpa x 102 kpa = =0.94547 atm
Note:-
1N = kg.zm
S
1 kpa = 1000 pa

1 atm = 10% kpa



Home work

1) Convert 20 °C to Kelvin scale.
2) Convert 400 °K to Rankine scale.

3) Convert 170 °F to Kelvin Scale.

4) Convert pressure 76 cm Hg toK—'Zl :
m

5) Convert pressure 50 pa to mm Hg.

KN
6) Convert 500 cm Hg tOF :

7) Convert 2 kpa to mm Hg.



Solution

1) Convert 20 °C to Kelvin Scale.
k=°C+ 273
k =20+ 273
k =293 °F
2) Convert 400 °K to Rankine Scale.
°R =F + 460
% =°C + 273
400 =°C + 273
°C =400 -273 =127 °C
°F =1.8°C + 32
OF=1.8(127 +32)
°F =260 .6
°R =260 .6 + 460 = 720.6
3) Convert 170 °F to Kelvin Scale.
°F =1.8°C + 32

170 =1.8°C + 32

170-32
o = —
C 18 76.666
k=0°C + 273
= 76.666 + 273

= 349.666 °C



4) Convert pressure 76 cm Hg to K—'z'
m

KN
76 cm Hg = 102 T

5) Convert pressure 50 pa to mm Hg.

760mm.Hg
10° pa

x 50 pa
= 38000 x 10°
=0.38 mm .Hg

KN
6) Convert 500 cm Hg to e

2
10 kN / m?2

76 cm .Hg

X 500cm .H

=657.894 kN / m?

7) Convert 2 kpa to mm Hag.

760mm.Hg 2kpa
10? pa

=15.2 mm .Hg



Work

Work: - The product of a force with its corresponding displacement.
Work is one of energies types, that we can transform it to other types of energy

such as (transform of mechanical work to electrical energy, Kinetic energy, heat

energy).

Unit of Work (Joule) (J = N.m)

W = Force x Displacement
W=F x AX

\ 4

PSRN NN EPEN, A

N

Notes:-

> If the work done by a thermodynamic system we say that is a positive work
+Wor W>0

> If the work done on a thermodynamic system we say that is a negative work
-Wor W<O0



Let the Piston be moving from thermodynamic equilibrium from state 1 (P1, V1)
to state 2 (P2, V2).

Let the values at any intermediate equilibrium state is given by P and V.

Area A A

—
o
|
|
|

PV=C
Quasi-Static

Pressure

|

State 2

v
i B

Vi

v,

State 1 State 2 Volume

By taking a small element with length of p and width of dv

dw=p.dv
W = jP dv
dv=A.dL
2
W:jp. A dL
1
F=p.A
W = jF dL
W=F.L

F = Exerted Force.
P = Exerted Pressure.
L = Stork Length (m).
A = Area of Piston.

dL = Displacement Move by a Piston.




Flow Work

We=F.L
F=p A

WE=P.A L

We =P.V

AW =RV, -RV,
AWg =We, — Wy,
The flow work (flow energy) per unit mass [specific flow work].

Unit of Flow Work (J/kg).

Types of Energies

1) Potential Energy (P.E):-

The energy that system possessed by virtue of its position relative to the surface
of the earth.

P.E=m.g.h
m = Mass, kg
g = Ground Accelerate
h = Height, m

AP.E = (P.E), — (P.E),
AP.E = (m.g.h), — (m.g.h),
AP.E =m.g (h, — h)

AP.E = mg Ah



2) Kinetic Energy (K.E):-
The energy that a system possessed owing to its motion.

K.E :1 mV ?
2

AKE = % m V2 - V2)

V = Velocity m/sec

V, =Final Velocity

V; = Initial Velocity
AK.E=(K.E), - (K.E),

H____
N -----t

3) Internal Energy (1.E):-
The energy stored in the substance.
ILE=mC,T



Example

K
A gas has a mass of (3 kg) and density (21.6 m—gs) is transported by pipe of

height (25 m) from earth, the temperature =123 °C, the velocity flow (5 m/s)

c,=154 K
kg.K

Find: - 1) Potential energy.
2) Kinetic energy.
3) Internal energy.
Solution
1)P.E=m.g.h
P.E=3x%9.81x25=735.75kJ
2) K.E =~mv?

1

KE=2x3x(5)2=37.5Kk]

3)LE=m.C,.T
|.E =3 x 1.54 x (123 + 273) = 1829.52 kJ



The First Law of Thermodynamics

The concept of energy and hypothesis is that it can be neither created or destroyed
this is principle of the conservation of energy.

The first law of thermodynamics is merely one statement of this general principle
with particular of this general principle with specific reference to heat energy and
work.

The amount of heat absorbed by the system or lose it is the sum of the change
in internal energy and that his work or make it.

Q =Au+W
Q = The Heat.
Au = Energy Change.
W = The Work.
Enthalpy
Enthalpy (H)
H=U+P.V (J, KJ)
Specific Enthalpy (h) (J/kg, kJ/kg)
h=u+ P .V

V = Specific Volume (m3/kg)
U = Specific Internal Energy (J/kg)

P = Pressure (ﬁz)
m

Heat Energy (Q):-

It is the type of energy that transfers due to the different in temperature between
the system and its surrounding.

Q: Heat Energy (J, kJ)

q: Specific Heat Energy (J/kg, kJ/kg)



Heat Sign

1) Heat Added Input Use +Q
2) Heat Rejected or Output Use -Q
Whet = Net Work
Qnet = Net Heat

+Q

Whet = Wout — Win
Woue = Output Work
Wi, = Input Work

Qnet = Qin— Qout
Qin = Input Heat
Qout = OUtpUt Heat



Energy Equation

(Q+Ui+PVi+K E+P .E1)=(W+ U+ PV +K.E;+ P .Ey)
H=U+PV

Q+Hi+K E1+P.E)=(W+H;+K.E; + P .E)

Q-W=AH + AKE + AP.E

AK.E = % mVZ -V2)  LetV=c
AP.E = mg Ah Leth=z2

We can written this equation

1
Q_W: (hz—hl) +§m (C22 _Clz) + mg (Zz - Zl)

Q-W=m{(he~ho)+ (CF - C) + g (2, - 2,)]

Home Work

Question

A gas has a mass of (2 kg) and density (21.6 kg/m?) is transported by pipe of
height (30.25 m) from earth, the temperature =138 °C, the velocity flow (6 m /s)
C, =0.674 KJ/kg.K and the radius of the pipe (0.5 m). Find:

1) Flow work.

2) Potential energy.

3) Kinetic energy.

4) Internal energy.



Solution

m = 2kg

o =21.6kg/m3
h =30.25m

T =138°C
V=6m/sec

KJ

Cy=0.674
kg.°K

r=05m

1) Wg=?

2)K.E=?

3)P.E=?

4H1.E=?

1) by monometer law

P=p.g.h

P=21.6 x 9.81 x 30.25 = 6409.054 pas
V=nr2h

V=3.14 x (0.5)? x 30.25 =5.93 m3

WE = p.v
Wi = 6409.854 x 5.93 = 38018.434 J
2)PE=m.g.h

P.E =2 x 9.81 x 30.25 = 593.5 KJ
3) KE==mv?

K.E =>*2x(6)2 =36 KJ
NHILE=m.C, T

I.LE=2x0.674 x (138 + 273 ) =554.028 KJ



Application the First Law of Thermodynamic on Closed Systems

Non — Flow Energy Equation (N. F. E. E):-
For closed system PV, K.E,P.E=0

Q-W=AU+AP +A1§A:/-'FAI}E/

The energy equation become:-

Q-W =AU

Example (1)

The change in the internal energy of closed system increase to (120 KJ) while
(150 KJ) of work that go out of the system. Determine the amount of heat transfer
a cross system boundaries?

Is the heat added or rejected?

Solution

FromN. F. E.E

Q-W=AU

Q-150=120

Q = 270 KJ
The sign (+270) therefore the heat added to the system.

Note :-
If the change in the internal energy increase we use (+Au ).

If the change in the internal energy decrease we use (—Au).



Example (2)

A tank contain a fluid is stirred by a paddle wheel the work input to the paddle
wheel is (5090 KJ). The heat from the tank is (1500 KJ). Determine the change
in the internal energy.

Solution

From N. F.E.E

Q-W =Au

Q=-1500KJ  (The heat out)

W =-5090 KJ  (The work input to the system)

- 1500 — (-5090) = AU

AU =-1500 + 5090

AU = 3590 KJ

Application the First Law of Thermodynamic on Opened Systems

Steady State Flow Energy Equation (S. F. E. E):-
For open system and steady state
n.’]in = I’ﬁout
The energy equation in steady state
L ] 1
Q-W = m [(h, —h) + > (C,~ C1) +9(Z,~Z)]
= Mass Flow Rate (kg/s)

m
Q = Rate of Heat Transfer (J/s =W, kW)
W = Rate of Heat Transfer (W, kW)



1) The Boiler
The boiler is a heat exchange which converts the liquid water to steam at constant
pressure.

P=C

QW =m[(h, —h) +% (C2-C2) +9(Z, - Z,)]

Q= m(h2—hy)

h, > hy ——> Q(+) Heat Added

2 ASteam

Water

2) The Condenser

It is a heat exchanger work on condenser steam of water and converted it.

Q-W=m[(h,~h) +% (C2-C2) +9(Z, - Z,)]

Q=m (h2 - hy)
hi>h, =——=Q(-) Rejected (Heat Out)
Steam 1
2
Water




3) The Turbine
It is a mechanical device used to convert the kinetic energy of fluid into

mechanical work.

T1>T2 h1>h2 P1>P2
1

Q-W=m[(h,-h) +E (C22 _Clz) +9(Z, - Z,)]

-W=m (h,—hy)

W =m (hy—hy)

W = (+4) Work Output

1, Input

VL Output

4) The Compressor

It is a mechanical device used to increase fluid pressure by using on external
mechanical work.

T.>T, h, > h; P, >P;

Q-W =m[(h, ~h) +% (C2-C2) +9(Z, - Z,)]

“W=m (h; - hy)

W =m (h— hy)

W =(-) Work Input



Example (3)

A boiler is generating steam with rate of 8 kg the enthalpy of liquid wateris 271
KJ _ KJ .

E and the enthalpy of steam is 31506 . For steady state conditions and by
neglecting the change in K.E and P.E. Determine the rate of heat added to the
steam in boiler.

Solution

Q=m (h2—hy)
KJ
hl =271 E
KJ
h, = 3150 E
m = 8 kg/s

Q=m (h,—hy)
KJ
=8 (3150 - 271) = 23032 — = 23032 KW

Home Work

Question
Air enters a compressor at enthalpy (5000 J/kg) and leave with enthalpy (250

KJ / kg) the mass flow rate = 0.25 kg/s, Determine the work done.



Solution

M =50001/kg = So0 =5 *;—;
KJ

h=250 7 -

m=0.25kg/s

w =?

w=m (hy — hy) = 0.25 (5 — 250)
w = 0.25 (-245)

w =-61.25 KW



Specific Heat

Is the amount of heat required to raise the temperature of 1 kilogram of the mass

of substance to one degree Celsius.

Types of Specific Heat

1) Specific Heat at Constant Pressure:-

c A
AT

C, = Specific Heat at Constant Pressure

Unit [-X or L]
kg.k kg .k

Ah = h, — h, = Change in Enthalpy
.. KJ J
Unit [G or G]
AT =T,-T, = Change in Temperature
Unit [K]
Q=m ah

Ah=C, AT

Q=mcCpaT

m = Mass Flow Rate (kg)
T, = Final Temperature (k)
T1 = Initial Temperature (k)
Q = Heat (KJ, J)



2) Specific Heat at Constant VVolume:-

V =Constant ———=> Closed system

AU

C,=—
AT

C, = Specific Heat at Constant Volume

KJ J
or

Unit [ 2
kg.k kg.k

]

AU = U, —U; = Change in Internal Energy

. KJ J
Unit [ kg kg

AT =T, - Ty=Change in Temperature

Unit [K]
Q=m Au
Au = Cy AT
Q=m Cy AT
The Relation Between (C, & C,)
C, . .
y = C_ Y Without Units

Yy Cama: - Is the adiabatic that represent the ratio between specific heat at
constant pressure and specific heat at constant volume.
y >1 cC, > C,



Example (1)
Determine the constant pressure of specific heat for steam if the change in

enthalpy is (104.2 KJ/kg) and the change in temperature is (50 k).

Solution
Ah  104.2
C =—="""= 2084 .
e =0 KJ/kg.k
Example (2)
Determine the change of enthalpy as (1 kg) of a gas is heated from 300 k to 1500
KJ
0 =14, C =0718 ———.
k 7 , C, Kok
Solution
Ah

C,= —= Ah=C, AT
AT

p

]/:C—p :>Cp:7/><CV

v

C,=1.4x0.718 = 1.005 %

g.

Ah = 1.005 x [1500 —300] = 1206.240 E—;

The Relation Between (R & Cp & Cy)

h =u+pv

AN =AU+ PAV | —oeomeeeeee (1)

We know that the
Ah=C_  AT| = —moemmeeeee (2)




Au=C AT| - 3

And foridealgas = pv=m.R. T

Form=1kg
pv=R.T
pPAV=RAT |  -emmmmm- (4)

Sub. Equations (2), (3) and (4) in Equation (1)
C, AT =C,AT +RAT

C,=C, +R

R=C, -C,

The Relation Retween Rand (y & Cp & Cy)

R=Cp-Cv ---mmmmmm- (1)
CP
7: C = Cp :Cv ' 7/ """""" (2)

Sub. Equation (2) in Equation (1)
R=C,.y -C,
R=C, (-1

R
C =" | o

Sub. Equation (3) in Equation (2)
Co=C,.7



7R
C,="—
y -1
Home work
Question
Ifitwasy =1.39, C, =1.0714 ;;—l‘(] the mass of gas = 2 kg, the initial temperature

= 280 k and the final temperature = 1000 k

Determine:-
1) The amount of heat added.

2) Specific heat at constant volume.

3) Change in internal energy.



Solution

y =1.39

Cp=1.074 KJ/ kg. k
m = 2 kg

T, =280 °k

T, = 1000 °k
1)Q=7?

2)Cy =7

3)Au="?

1)Q=m C, AT

Q =2x1.0714 x (1000 -280)

Q =1542.816KJ

CP
= —  ——

27 = ¢

c = G LOTL o ong K

¥ 1.39 kg.k
Au
C,=—
3) v TAT

Au = C,xAT =0.7708 x[1000 —280]

Au =554.976 LS

kg



Gas Constant

The General Equation of Ideal Gas:-

Sub. equation (2) in equation (1)

PV
m.T

R

PV =m.R.T The general equation of ideal gas

Where:-

N
P = Absolute Pressure ( F)

V = Volume (m?®)

T = Temperature (k)
C = Constant

m = Mass (kg)

R = Gas Constant (ﬁ : L)
kg.k kg.k

Ro=RxM

Ro = Universal Gas Constant
Universal Gas Constant: It is a physical constant used to study the properties of

gases.

J

R, = 8.3144
mol . k

M = Molecular Weight (mole)



Example (1)

A tank has a volume of (0.5 in®) and contains (10 kg) of an ideal gas having a

molecular weight is 24 moles, the temperature = 25 °C find the absolute pressure.

Solution
Ro=R.M
KJ
R - &: 8.3144 _ k mole.k _ 0.346 KJ
M 24 kg kg.k
k mole

P.V=m.R.T
P x 05 =10 x0.346 x (25+ 273)

5 _ 10x0.346 x 208

= 2066 N/m’
0.5




Example (2)

One kg of a perfect gas occupies a volume of (0.85 m®) at (15 °C) and at a constant
pressure of (1 bar). The gas is first heated at a constant volume and then at a
constant pressure. If the y = 1.4

Calculate: - 1) The specific heat at constant volume (C,).

2) The specific heat at constant pressure (Cy).

Solution
DPV=mRT

1><105%>< 085 m® =1 (kg) x R x (15 +273)k
1x10°x 0.85

1 x 288
KJ

R = 0.295

C, =1.4x0.788
KJ

C, =1.033
P kg .k



Ideal Gas

The ideal gas is defined as the state of substance that follows well know Bolyle's

and charle's laws .

Laws of Ideal Gas

The physical properties of a gas are controlled by the following variables:-
e Pressure (P) exerted by the gas.
e Volume (V) occupied by the gas.
e Temperature (T) of the gas.
The behavior of perfect gas is governed by the following laws:-
1) Bayle’s Law:-
The absolute pressure of a given mass of ideal gas varies inversely of its volume
when the temperatures remain constant.
Pa \%

PV=C T=C

P,V{=P,V,=C | C-=Constant

Pressure (P)

Y

Temperatures (T)




2) Charle’s Law:-

The volume of a given mass of ideal gas varies directly with the temperature when

the absolute pressures remain constant.

VaT

Vv

—=C =

T P=C

Vi Ve_ C C = Constant
Tl T2

L.
>

.u
,;Ié Pressure (P)

Y

Temperatures (T)

3) Gay Lussac Law:-

The absolute pressure of a given mass of ideal gas is proportional directly with

the temperature at constant volume.

PaT

ﬂ - E:c C = Constant
Tl T2




General Process

It is transition of a substance from state one at have pressure, volume and
temperature (P1, V1, T1) to state two at also have pressure, volume and

temperature (P2, V2, T2) a cross a certain path.

PV _¢
T
RV, _ P, V, —C C = Constant
T, T,
Where:-

P, = Initial Pressure (N/m?)
P, = Final Pressure (N/m?)
V, = Initial Volume (m?)

V, = Final Pressure (m°)

T, = Final Temperature (k)

T, = Final Temperature (k)

Example (3)

An air compressor is compress (2.8 m®) of air from initial pressure of (1 bar) to
final pressure of (14 bar) calculate the final volume of air if temperature is

constant.

Solution

P1Vi=P, V; T=C
1barx28m® = 14 bar x V,

_1x28
14

V, = 02m’



Example (4)
(0.2 m®) of a gas at (50 °C) the gas is heated at a constant pressure until its volume

reached (0.4 m®) determines the final temperature.

Solution
Vi _ Ve
Tl T2
02 04
50+ 273 T,

0.2 T, = 0.4 (50 + 273)

T - 0.4 (323) _ rye
0.2
Example (5)

(2 kg) of a gas at initial pressure of (1.4 bar) at temperature is 40 °C and R =
188.34 J/kg.k , Determine:-

1) The initial volume of the gas
2) If the gas is heated at constant pressure to have a volume of (1.5 m®). Find the
final temperature.

Solution

1)P1V1:mRT1

1.4 x 10° ﬁz xV, = 2kgx 188.34 x (40 +273) K
m

kg.k
2 x188.34
v
4 x10
V, = 0842 md
2)P=C
Vi_Vy
Tl TZ
0842 15
20+273 T,
T,=557.6 k



Example (4)

The pressure of a gas =1.5 bar at 18 °C temperature compute the volume of 1
kg, of the gas .If the gas is heated at constant pressure until the volume become
1m3,

Determine: - 1) The amount of added heat.

2) The work done.
C, = 1.005 KJ/kg. k C,=0.718 k*;_Jk
Solution
1) R = Cp = CV
R=1.005-0.718=0.278 K~
kg.k
P.Vi=mRT,
v _ MRT, _1x 0.278x(18+ 273)
R 10°x1.5
V; =0.556 m?
Q:me [Tz—Tl]
Vi _ Ve
Tl - T2
0556 _ 1
291 T,
T,=526.2 k

Q=1x1.005 x [526.2 — 291] = 243.4 KJ

2) W =P [V, — V4] = 1.5 x 102 [1- 0.556] = 66.48 KJ

Home work
Questions
What is the mass of air contained a room (6m x 10m x 4m) If the pressure is (100

kpa) and the temperature is 25 °C, Assume air to be an ideal gasR =0.287 kK—J

g.k
Solution

8



V=6x10 x4 =240 m3
P =100 kpa
T=25°C+273=298 K

R =0.287 K

kg .k
m =7
PV=mR.T

100240
m=———
0.287x298

24000
m =
85.526

m = 280 .6 kg



Thermodynamic Processes

1) Constant Pressure Process

PV vV

-~ =C y_

T  — T C >
i_Ve

Tl T2
Q=Au+W ()
AU=U;—Up (2)
W=pV, —pV; 3)

Sub. Equations (2) & (3) in Equation (1)

Q=uU—u1+pVe—pVy
‘*h=u+ PV
- Q=h,—h

Q=mC, (T,-T)

2) Constant VVolume Process

PV _
T

e
sH[eo

Q=Au+W
W=pV, - pV;
W=0 =—>
Q=Au

AU=uU;—Up

Q=mC, (T,~-T)

C n:>TE:c —

P
A
R= e
I I >\
V1 Vo
P
A
P, -7
Py p-----3
: >\
Vi=V>




3) Constant Temperature Process

PV _
T

P.Vi=P,V, —>

C —> PV=C  —

W=p,V, —p1 V1
dW=pdV for perfect gas
_ MRT

Vv

_ mMRT
\

P

A 4

dw dv

dw :mRTd—V
Vv

de:ijTO\'/—V

Vv,
W:ijTd—V

Vi V
W=mRT[LnV;-LnV;]

W =mRT Ln\i

1

PV =mRT ——>

W=pPV,LnPr | & |W=PV,Ln2
p2 1




4) Adiabatic Process (Isentropic)

C
PV =C =—> P=—

V?’

Q=Au+W
Q=0 == W=Au —> W=Au

dW=pdV
dW=%dV
Vv

dwW =Cv7dV

faw =[Cy’dv == [dw :VfCV‘ydv —
Vi

1-y 1-y 1-y 1-y
WC[VZ _V1 :l — W:C [VZl_Vl ] —

1-y 1-y

v, W vl
’ P 2_ 7 1. 7
wec|Ve Vi| = w=| Vo Vo
1-y 1-y
w = | P2Y,~ ByY,




Example (1)

The pressure of a gas is 1.5 bar at 18 °C temperature compute the volume of (1 kg) of
the gas. If the gas is heated at constant pressure until the volume become (1m?3)
Determine:-

1) The amount of added heat.

2) The work done.

Cp = 1.005 KJ/kg.k C,=0.718 KJ/kg.k

Solution
1) R = Cp = CV

R =1.005-0.718 = 0.287 KJ/kg.k
P.Vi=mRT;

MRT, 1x 0.287x (18+ 273)

V. =
S -} 10*x1.5

V= 0.556 m?3

Q:m Cp (TZ_Tl)

Vi_Ve
Tl T2

0556 1

291 T,
T,=526.2 k

Q=1x1.005 x [526.2 — 291] = 243.4 KJ

2) W =P [V, - Vi] = 1.5 x 102 [1- 0.556] = 66.48 KJ



Example (2)

Given [the pressure of air = 1.013 bar, the volume = 0.827 m® and the temperature =
25 °C, the air is compressed with constant temperature until the pressure becomes
= 13.78 bar. Determine the work done to compress the air.

Solution

Vv
W =R V;In o=

1

P1 V1 = Pz V2 T=C
1.013 x 0.827 = 13.78 V,

V. - 1.013 x 0.827

, = 0.060 md
13.78

0.060
0.827

W =1.013 x 10> x 0.827 In

W= 83.775 In 0.073
W =83.775 x (—2.61)

W = — 218653 KJ the work input (-)

Home work

Questions

Given the volume of gas = 0.12 m?, the temperature is 20 °C and the pressure 1.013
bar is compressed adiabatically until the volume become 0.024 m3, C, = 0.718 kJ/kg.k
and C, = 1.005 kJ/kg.k.

Determine:-

1) The mass of the gas.

2) The final pressure and temperature.

3) The work done.



Solution
1) R=C,-Cy
R=1.005-0.718 = 0.287 kJ /kgk

P.Vi=mRT;

1.013 x 10?2 x 0.12 = m x 0.287 x [20 + 273]

1.013 x 10% x 0.12

m = =0.145 kg
0.287 x 293
C
)y = —P _ % =14
C, 0.718

PV =FRV,/

1.013 (0.12) = P, (0.024)**

_ 012 ) _
P, =1.013 (0.024) =9.64 bar
Pl Vl _ P2V2

T T

1.013x 0.12  9.64x 0.024
293 T,

293 x 9.64 x0.024
2 1.013 x 0.12

=557.7k

3) W = RV.- RV,
y -1

- 1.013 x10% x 0.12— 9.64 x10% x0.024
14 -1

W

W=—85.282 KJ



The Second Law of Thermodynamic

The second law of thermodynamic is a natural law which indicates that although the
net heat supplied in a system is equal to the net work done, the gross heat supplied
must be greater than the net work done, some heat always rejected by the system, this

law can be understood by considering the heat engine and heat pump.

Heat Engine

A heat engine is a system operating in a complete cycle and developing net work
from supply heat.

The second law implies that a source of heat supply and sink for the rejection
of heat are both necessary since some heat must be always be rejected by the system.
2Q=2W
Net heat supplied = Net work done

The second law of thermodynamic

W=0Q,-Q,
Q >W
T, >T, Source temperature > Sink temperature
Source T,
Q1

A 4

Heat Engine —\W

Q2

A 4

Sink T,

Heat Engine



The Thermal Efficiency of Heat Engine

The ratio of net work done during the cycle to the gross heat supplied during the

cycle.
_W
Q,

W=Q,-Q,
Ql_QZ — n_&_%

n

n= —
Ql Ql Q1
Q,
n=1-—= 9
Ql x 100 %

There for the thermal efficiency of a heat engine is always less than 100 %.
One good example in practice of heat engine is a simple steam cycle in this cycle heat

is supplied in boiler work is developed in turbine heat is rejected in a condenser and

small amount of work is required for the pump.
There are many examples of the heat engine such as steam power plant shown

the figure below.

Steam

A

Condenser

Simple Steam Cycle
2

A




Boiler = Source, the heat called = Q;

Condenser = Sink, the heat called = Q;

Stepl: Conversion the water into steam by boiler.
Step2: The steam spins the turbine we get the work (W).

Step3: Because decrease of the pressure conversion the steam into water and goes to

the condenser and pumped to the boiler by pump and get loss the work called (W") .

Q-Q,=W-W'
W -wW’
L)
n=1- 2
Ql
Example (1)

A power station contains a heat engine operating between two heat reservoirs, one
consisting of steam at 100 °C and the other consisting of water at 20 °C . Determine:-
1) The work done.  2) The thermal efficiency of heat engine.
Solution
1) Ty=100°C
=100 +273=373K=Q1
To=20°C
=20+ 273 =293 K= Q>
W=Q,-Q,

W =373-293=801J

Q,
—1- <2
)

2
373

n=0.214x100=21.4%



Heat Pump

The heat pump is reversed heat engine in the heat pump cycle an amount of heat (Q>)
Is supplied from the cold reservoir and an amount of heat (Q) is rejected to the hot

reservoir and there must be a work done on the cycle (W).

Source T,
Q1
Heat Pump — W
\ 4 Q2
Sink T,
Heat pump

Qi=Q2+W
There for W > 0, the heat pump requires an input energy in order to transfer

heat from the cold chamber and reject it at higher temperature.

— \ Compressor] __—
Evaporator Condenser
D — ><] -«

Expiation valve

Heat Pump Cycle



Example (2)
Calculate the thermal efficiency for an air-to-air heat pump used to maintain the
temperature of a house at 70 °F when the outside temperature is 30 °F.

Solution

T1=70°F

T>,=30°F

°F =1.8°C + 32

70=1.8°C+32 ==> 18°C=70-32 =—> 18°C=38 —>
0C=211 = 21.1+273=2941K=0Q;

30=1.8°C+32 =—=> 18°C=30-32 =— 18°C=-2 =—>
)C=-11 =—=> -11+273=2719K=0Q;

n=1-%

Q

2719
294.1

n=1.5%

n=1

Home work

Question

A power plant contains a heat engine operating between two heat tanks, the first tank
contains the steam at (85°F) and the heat engine another tank contains the water at

(25°F). Determine the thermal efficiency of heat engine.



Solution
T1=85°F

T,=25°F

°F = 1.8 °C + 32

85=18°C+32 =—=> 18=85-32 ——> 18°C=53 —=>
°C=2044 ==> 2944+273=3024K=Q;

25=189C+32 ==> 18°C=25-32 =—> 18°C=-7 —>

°C =-3.88 —=> -3.88+273=269.12K=0Q>

-
Q
269.12

n=1-
302.44

n=0.11x100=11%



Entropy (S)

Entropy is defined as thermodynamic property that expresses the amount of storage

energy in the system. Also it is a measure of system disorder and of the unavailability
of energy to do work. Therefore, entropy is a way of expressing the second law of

thermodynamics with regard to heat transfer from.

1) Temperature — Entropy Diagram

|

—

v

S ' S

Diagram of temperatures vs. entropy

For the reversible process the area under (T-S) plane is equal the heat (1)

dQ=Tds ........... (1
'fQ = JT ds
Q:I:T ds

From Equation (1)

ds,zd—Q

= The unit of entropy is (J / k)




2) The Change of Entropy at Constant Pressure

dQ =mdh ... 0
dh
c.- &I
AT
dh=C,dT ... @)

Sub. Equation (2) in Equation (1)

dQ=mC,dT =T

dQ dT
T P T

ds=ImedT—T

ds:meJ.ql_—T

AS =m CanT—2

1

—

2

T

at Constant Pressure

SAS =m CID Ln \Q
V,

1




2) The Change of Entropy at Constant Volume

dQ=mdu ............ (1)
du
C = —
T
du=CdT ............. (2)

Sub. Equation (2) in Equation (1)

dQ=mCdT =T
d_Q_vad_T
T T
ds:d—Q
T
ds:jm Cvd—T
T
ds:mCVJ'd—T
T
AS=mC,Ln -2
Tl
T2 P2

= at Constant VVolume

TR

~AS=m C,Ln i

1

Notes
C, >C,
AS > AS



Example (1)
Determine the change of entropy for reversible process at constant pressure when the

temperature vary from 120 °C to 270 °C, the mass of gas is 1 kg
and C =2.1kJ/kgKk.

Solution

AS = me LnT—2

1

270+ 273
120 + 273

As=1x2.1Ln
As = 2.1 Ln 1.38

As =2.1x 0.322 = 0.676 kJ / k
Example (2)

The temperature vary from 150 °C to 290 °C, the mass of gas is 2 kg and the change

of entropy is 1.083 kJ/k. Determine the specific heat at constant volume .

Solution

As = mC, LnT—2

1

1.083=2xC, Ln 20+ 273
150 + 273
1.083=2xC, Ln1.33
1083
" 2xLnl.33
o108 9k kgk
2x0.285



Home work

Question
Define the change of entropy for reversible process at constant volume for gas with a

mass of 1 kg, the temperature vary from 130 °C to 250 °C and the specific heat at
constant volume is 1.8 kJ / kg.k

Solution

As = mC, LnT—2

1

250+ 273

As=1x18Ln ———
130 + 273

AS=1x1.8 Ln %
403

As =1.8 Ln 1.297

As =1.8x0.26 = 0.468 kJ / kg.k



Carnot Cycle

The Carnot cycle was introduced as the most efficient heat engine that operate
between two fixed temperatures (Ty = Tin & T.= Touw ) . The Carnot gas cycle

could also be achieved in a cylinder — piston apparatus (a reciprocating engine)
as shown the figures below.

(1H)y—=(2) (4)=—(3)
Energy 7 Energy 2
source 5 sink S
ar, %S at Ty S —
]
= | =
Oy 0)3
(a) Process 1-2 (c¢) Process 3-4
(2)—=(3) (1)e—(4)
'5 TH § TH
= =
= = =1/ —
E T s | 1L
(b) Process 2-3 (d) Process 4-1

Figure 1. Execution of Carnot cycle in a piston cylinder device

r P

cV

.\'l =34 §$H= 53 A

Figure 2. Carnot cycle on P-v and T-s diagrams




Description of work Carnot cycle:

From 1 to 2 -- isothermal heat addition at high temperature.

From 2 to 3 -- adiabatic expansion from high temperature to low temperature.
From 3 to 4 -- isothermal heat rejection at low temperature.

From 4 to 1 -- adiabatic compression from low to high temperature.

Carnot cycle analysis:

Tu=Tin & TL=Tou

The thermal efficiency of Carnot cycle is given by the expression:

T
Tl = 1- 2
T4
Nn=41——
T
=1- =2
T T,

Since the working fluid is an ideal gas with constant specific heats, we have for

the isentropic process.

y—1 y—1
L (Ve g L_[Ve
T4 Vl T3 V2
Now, T1 =T, & T,= T3 therefore

Compression or expansion ratio

<|<
Il
-
Il

N

Va
Vl



The efficiency of Carnot cycle can be written as the follows:

1
T = 1- F
From the above equation, it can be observed that the thermal efficiency of Carnot
cycle increases as "r" increases. This implies that the high thermal efficiency of
a Carnot cycle is obtained at the expense of large piston displacement. Also, for

isentropic processes we have.

L_(R) L _(R)
T4 P4 and T3 - P3

Since, T1=T, and T4=Tjs, we have

R_P

—L=Z=r = Pressure ratio
P4 P3 P

Therefore, the efficiency of Carnot cycle can be written as the follows:

1
Mo =1- 71

o

From the above equation, it can be observed that, the thermal efficiency of Carnot
cycle increase by increasing the pressure ratio. This means that Carnot cycle

should be operated at high peak pressure to obtain large thermal efficiency.



Example

The highs theoretical efficiency of gasoline engine based on the Carnot cycle is
30 % of this engine expels its gases into atmosphere which has temperature of
300 k. Calculate:

1) The temperature in the cylinder forthwith after combustion.

2) If the engine absorbs (837 J) of heat from the hot reservoir during each cycle

how much work can it perform in each cycle.

Solution

T
) y=1-2%

in

Tou 300

Tin = = :429 k
1-n, 1-03

W
2) Mw= = VV:77th>< i -

n

W =0.3 x837=251J



Home work

Question
A Carnot engine is operated between two heat reservoirs at temperature of 450 k

and 350 k , if the engine receive (1000 J) of heat in each cycle. Calculate:
1) The amount of heat rejects.
2) The efficiency of the engine.

3) The work done by the engine in each cycle.



Solution

T,=450k , T, =350k
1) % _ Tou
Qin in

T

350

Q, =1000 J

=Q M —-1000x — = 777.7 k
QOUt an T X 450

in

T
2) 77th:1_Lljt

in

350

=1
ho 450

= 0.22=22%

3) The work done = Qin — Qout

= 1000—-777.7= 2223



Rankine cycle

Rankine Cycle is the basic building block in thermodynamics related to the steam
engine. Shown the figures below the simple ideal Rankine cycle. It owes its name
to the Scottish brand, "William Rankin".

Rankine cycle is to convert thermal energy to work. Fed heat from an
external source to the closed loop, which usually uses water. This cycle generates
about 80% of electric power around the world, including all power plants, solar

thermal energy, biofuels energy, fossil fuels and nuclear power.

Wturbine

'v(urbme

Figure 1: Working of Rankine engine

—
b_
-
o Vapour
| -
= uperheated
5 Isobaric 2 Steam
" Dry Steam
= Steam i
o L~ Wet Steam
= .
Adiabatic
h AN 4 W
Isobaric 3

Liquid + Vapour

Entropy {S)r

Figure 2: Rankine cycle on T-S diagram
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o

2 \ 2

(0 Boiling % )
Expansion

Staam Thraugh Turbine

(Wark Out)

Condensing
[=]

=
o
J%LLtquid + Vapour s

N Volume (V)

Figure 3: Rankine cycle on P-V diagram

Description of work of Rankine cycle

From 1 to 2 -- Constant pressure heat addition in a boiler.
From 2 to 3 -- Isentropic expansion in a turbine.
From 3 to 4 -- Constant pressure heat rejection in a condenser.

From 4 to 1 — Isentropic compression in a pump.

Rankine cycle analysis

In step 1 to 2 -- Constant pressure heat addition in a boiler (W = 0).
Qin =h2-h1

In step 2 to 3 -- Isentropic expansion in a turbine (q = 0).

Wiurb =h2-hs
In step 3 to 4 -- Constant pressure heat rejection in a condenser (W = 0).
Qout =h3-ha
In step 4 to 1 -- Isentropic compression in a pump (g = 0).
Wpump :hl-h4



Net work Wnet :|Wturb|_ ‘Wpump‘ ——>

Whet=(h, — h3) — (hy — hy)

. — Whet _ (hy—h3)—(hy—hy) —— >
Thermal efficiency n =
i, (hz2—hy)

n = 1 — (hz—hy) —> n :1—qO—Ut

(hz_hl) qin

Example

If the ideal Rankine Cycle with superheat using water as the working fluid. Where
P1=9.6 KP,P,=3500 KP ,V;=0.0010 m*, h; =188.42 kJ/kg, h3=3337.2 kJ/kg,
hy=2214.2 kJ/kg and mass flow is 7 kg/s. Calculate:

1) The thermal efficiency of this cycle.

2 ) The net power output in KW.

Solution
P1=9.6 KP
P,=3500 KP
V,=0.0010 m?
hy=188.42 kd/kg
hs = 3337.2 kj/kg
h,=2214.2 kj/kg 3

m =7 kg/s



D Wy = [Vlp === Wy, =V(P,~ P ) =—>

W_ . =0.00101(3500—-9.6) = 3.525KJ

pump

.‘.Wpump = h2 _hl ——> hg :Wpump + h1 >

h, =3.525+188.42 =191.95Kj / kg

_1. Yo
qin

n

qo=h,-h,—>q,, =2214.2-188.42 = 2025.78Kj / kg
q.,, =h—h ——> q, =3337.2-191.95=3145.25kj / kg

2025.78
1 _0.355———">
T ="3145.25

n = 0.355x100 = 35.5%

2) Wnet :|Wturb|_ ’\Npump
W =M —h, —=——=> W, =3337.2-2214.2=1123kj / kg
Woimp =h, =Ny ——=>w_,  =191.95-188.42 = 3.53kj / kg

W, =1123-3.53=1119.47kj / kg

Pnet = m X Wnet
P, = 7x1119.47 =7836.29 kw

net

4



Home work

Question

A supply of geothermal hot water is to be used as the energy source in an ideal
Rankine cycle, where h; =256.54 kJ/kg, h, =258.21 kJ/kg, h; =458.1 kJ/kg and
hs=409.14 kJ/kg. Calculate:

1) The thermal efficiency of this cycle.

2) Net work.



Solution

hy = 256.54 kj/kg

h, =258.21 kijlkg

h3 =458.1 kjlkg p /\/T-t"'lrluu

ha=409.14 kjlkg

= -

Fout

pump.in

1) 7 :l_QO_ut
qin

q,=hih, > q,=409.14-256.54=152.69kj/ kg
q.=h —h, ——> 0,=458.1-258.21=199.89kj/kg

152,69
199.89

n =1 0.23 ——> 1 =0.23*100=23%

2) Wnet :‘Wturb‘_ ‘Wpump‘

w,, =h,-h, ———> w,,,=458.1-409.14=48.96kj/kg

W h,-h, ———> W~ 258.21-256.54 =1.67kj /kg

pump —

6

W, =48.96—1.67 = 47.29kj/ kg
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