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2. ldeal gas and First law of thermodynamics
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Definitions

1. Thermodynamic Science:
It is the branch of science and an engineering tool used to

describe processes that involve changes in temperatures,
transformation of energy, and the relationship between

heat and work.
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» Historically, thermodynamics developed out of a desire to
increase the efficiency of early steam engines. 6




Definitions

2. System:
A thermodynamic system is a quantity of matter of fixed
identity around which we can draw a boundary.

Surroundings

T~

Boundary

»The boundary may be fixed or movable.
»The surrounding is everything outside the boundary.
»Work and heat can be transferred across the system boundary.



» Types of thermodynamic systems
m m :

Q
Open
P Closed Isolated
Heat transfer
Heat transfer NO Heat transfer
Mass transfer

NO Mass transfer NO Mass transfer



Definitions

3. State:
the state of a thermodynamic system is the system
condition at any specific time which is defined by
specifying values of a set of measurable properties.

» the measurable properties are used to determine the values
of the non- measurable properties.

» State Variables of a system (Measurable + Non- measurable
properties )

» the state variables describe the state only when the
system is in equilibrium.



Definitions

4. Equilibrium:
The equilibrium state of a system is a state in which the
system properties have definite unchanged values as long
as the external conditions are unchanged.

» A system in thermodynamic equilibrium satisfies:
*Mechanical equilibrium ( no Unbalanced forces 2F= 0)
*Thermal equilibrium (AT=0)

*Chemical equilibrium
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Definitions

5. Process:
If the state of a system changes, then it is undergoing a
process.
» The thermodynamic process is a passage of
a thermodynamic system from an initial to a

final state of thermodynamic equilibrium.
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» Cyclic Process:
It is the process at which the system return to its initial

state at its end.
P P




Definitions

6. Macroscopic scale:
*On the macro-scale the gas is considered a uniform, with
properties that are averaged from the individual
components.
*On the macro-scale, we are dealing with large scale effects
that we can measure, such as pressure, temperature, flow

velocity,...

Gas




Definitions

7. Microscopic scale:
*On the micro-scale the gas is modeled by the kinetic theory
with molecules size are very small relative to the distance
between them.
*Simple theories were developed to relate the macroscopic
properties ( pressure, temperature,...) to the microscopic
properties ( mass, momentum, kinetic energy,..)
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JTemperature

» Temperature
it is a measure of the system internal energy.

*Temperature is Macroscopic property.(Sense that one gas is
hotter than another gas and therefore has a higher
temperature)

*The temperature of a gas(Microscopic property) is a measure
of the average translational kinetic energy of the gas
molecules.
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»>In hot gas, the molecules move faster than the molecules of
the cold gas.



JTemperature

» Units of Temperature ( Temperature scales)
1. Celsius Scale (°C)
2. Kelvin Scale (K)
3. Fahrenheit Scale (F)
4. Rankine Scale (°R)

1. Celsius Scale (°C)
*|s the CGS unit of temperature
*Use the freezing point of pure water as the zero point (0 °C)
*Use the boiling point of the pure water as 100 °C.
*The scale between the two points was divided into 100 equal
parts (Linear scale).

16



| The level of the mercury in the thermometer rises
as the mercury is heated by water in the test tube.

17



K °C

JTemperature o e
36315 —= %; 90
35315 — =— 80
343,15 —§ i— 70
2. Kelvin Scale (K) (Absolute Scale) - i %: :
*Is the Sl unit of temperature eis £ B
*According to Kelvin scale, w15 = = 2
. . 28315 —=m=— 10
*the triple point of water(0.01 °C) Th esing e M .
point or water = E
*chosen as a fixed point and equals 273.16 K. 15 g 0
24315 —5 -30
— 233,15 -40
Tw =T+ 273.15 . .
. 213,15 -60
» Absolute zero (0 K ) or ('273.15 OC) IS 203,15 70
where all kinetic motion in the particles in o -
matter is minimum and matter contains no Absolutezero t-m

thermal energy.

»O0ne degree increment on Kelvin scale has precisely the same

magnitude as one degree increment on the Celsius scale.
10



JTemperature

3. Fahrenheit Scale (°F)

»|s the unit of temperature in the British system.
»Use the freezing point of sea water as the zero
point (°F) and the freezing point of pure water as
the 32 °F.

» Use the boiling point of the pure water as 212 °F.
» The difference between the two reference points
is 180 °F.

180
1 degree °F =1 degree °C X ik = 1 degree °C X
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JTemperature

4. Rankine Scale (°R)
»A similar absolute zero corresponding to the Fahrenheit
scale.
» Zero on both the Kelvin and Rankine scales is absolute zero,

»the Rankine degree is defined as equal to one
degree Fahrenheit.

Te = Tr + 459.67

(T — 491.67)

O | O

9
Tr = (=T¢ +32) + 459.67 mmp|Tc =
2




JTemperature

Fahrenheit Rankine Kelvin Celsius
Ealing 212 °F 671.67°R | [373.15 K 100 °C
Point
Water
STEEET 32 °F 19167°R | |273.15 K 0°C
Point
Water
0 °F 45967 “R
Ahsolute A59.67 °F 0°R 0K 27315 °C
fero



JTemperature

Example (1)

The normal boiling point of liquid Oxygen is — 183 °C. what is this
temperature on (a) Kelvin scale, (b) Rankine scale?

Solution

Te=-183°C
(a) Ty =T +273.15
Ty =(—183)+273.15=90.15K

9
(b) Tg=Tr+ 459.69 = =T, + 491.67
J
9
Tp == x —183 +491.67 = 162.27 °R

J



IThe Zeroth law of thermodynamic

» This law states that:
“ if object A is in thermal equilibrium with object B, and
object B is in thermal equilibrium with object C, then object C
is also in thermal equilibrium with object A”.

A

Equ”ibry ﬁnnbrium

Equilibrium



JPressure

The pressure of a system can be defined as” the force exerted by
the system on unit area of the boundaries”.

1. Mechanical pressure

Force

Force “F”

L]
23222

Area “A”

Pressure is a scalar quantity since it proportional to the magnitude of

the force.
24



JPressure

2. Hydrostatic pressure
The pressure due to a column of a liquid

: P

Pressure [T a

difference
h
R ey ‘ h
4 e

AP =P, — P, = pgh P=F,+pgh

»If the pressure varies over an area, the infinitesimal force dF on an
infinitesimal surface element of area dA is

P = o dF = PdA
= 72 0t =




Pressure

A normal force exerted by a fluid per unit area.

=)
F
p: — N/m2 = Vacuum
A 1
ol e MECLIFY
_ column
Pressure units:-
— Glass ube

Pascal (Pa) = N/m? Bar =10° N/m? o

Ajir pressura
&Air pressure

Hydrostatic pressure

e ]

H | J-Mamuw
in dish

1 Atm = 101325 N/m? = 14.7 psi = 76 cm Hg = 760 mm Hg
= 760 torr

Atmospheric pressure



Pressure measuring instruments

Dynamic pressure

Patm= 763 mmHg

h=35mm H

. velocity = 3.84 m/s
/ N >
| | - —
| Il_"‘:\l . —_—
', / >

L . - i

b -
I dh=15m
i InstrumentationTools.com
InstrumentationTools.com
Borden tube Manometer pitot tube



JPressure

» Gauge Pressure

The pressure difference between the system pressure and the

atmospheric pressure.

Pgauge = Usystem — Fa

Absolute pressure of a system

Psystem = Pgauge

+ P,

28



JPressure

» Units of pressure

=S| unit 2 N/ m?= Pascal (Pa)
=*CGS unit 2 dyne/ cm?
=British system—> (Ib/in%= psi)

poit
Units | Pa psi | atm bar torr
Pa | IN/mZ | 1.45x [9.869 x| 105 7.5x
104 106 103
psi | 6.894x [11lb/in?| 6.8x | 6.894x | 51.714
103 102 102
atm | 1.01325 | 14.695 | Py 1.01325 | 760
x 10°
bar 105 14.5 | 0.9869 106 750
dyne/cm?
torr | 133.322] 1.93x [1.315x| 1.333 x 1
102 103 103 mmHg




The volume of a solid object is:
»The three-dimensional space the body occupies.
or
»The quantity of three-dimensional space enclosed by a closed
surface.

I /——-_\
N
Volume =/x/x1 Volume =/x b x h Volume = Tir 2h Pt BN

Sphere Coe
Volume = 4/3 11r3 Volume = 1/3 11r 2h



JVolume

» Common Units of Volume and Capacity:
* Sl unit > m3
* CGS unit> cm3=10°m3
* British system—> cubic inch or cubic foot
e Liter= 1000 cm3= 103 m3



Energy transfer associated with a force acting through a distance.

W=F . X

Outlet

Inlet X

Energy transfer , not due to mass transfer across system boundary



JWork

»The work (W) done on a body can be defined as:
The product of the force F acting on the body through a

distance S.
f:

0

Fcost

b b
W=fF'dS=deSCDSQ -
(1 (1

» The Sl unit of the work is Joule (J):
1 Joule = N.m

»The C.G.S. unit of the work is erg:
1 erg= dyne. cm=10"7 Joule



JWork

» Consider a thermodynamic systems such as a gas contained in a
cylinder fitted with a movable piston of a cross section area A

The force exerted by the gas molecules on the piston is: F

F=PA T

If this pressure causes the piston to move a distance dS
~ dW = FdS = (PA)dS
dW = P(AdS) = PdV

The total work if the volume changes from V; 2 V>

V2
W = PdV = PAV

Vi




dW = P(AdS) = PdV



V2
W = f PAV = PV|2 = P(V, — V)

Initial state Final state

|

-

54
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Initial state Final state

Expansion

W = 4+ve — work done by the system



Initial state Final state P

W = —ve — work done on the system



Work Sign Rule

ﬁitial state Final state \

Expansion

—

R R N M, L p—

s
=
<

W = +ve — work done by the system

-

Initial state Final state P

KW = —ve — work done on the system/




» Net Work from Cyclic Process:




at

Energy transfer, not due to mass transfer across system
boundary but due to temperature difference between system

and surrounding. ESLAEN /Conduction >y

Radiation

» Heat transfer occurs basically in three ways:
1. Conduction
2. Convection and
3. Radiation 41



Heat

> Unit of Heat:
1. SI Unit = Joule (J)

2. C.G.S Unit = calorie (cal)

calorie (cal): the amount of heat energy needed to raise the
temperature of 1 g of water 1 °C (from 14.5°C to 15.5°C).

1 cal =4.185]

1
1 Joule = 1185 cal = 0.239 cal




Heat

Unit of Heat:

1. Sl Unit = Joule (J)
2. C.G.S Unit - calorie (cal)
3. British Unit = British Thermal Unit (BTU)

calorie (cal):
the amount of heat energy needed to raise the temperature of 1 g of water 1 °C
(from 14.5°C to 15.5°C).

cal = 0.239 cal

lcal =4.185]| mmp |1joule=

4.185

Kilocalorie (Cal):
the amount of heat energy needed to raise the temperature of 1 Kg of water 1 °C
(from 14.5°C to 15.5°C).

1 kilocalorie (Cal or Kcal) = 1000 cal ﬂ 1 Cal =4185]




» Unit of Heat:
Joule Calorie BTU Kilowatt-hour  Electronvolt
Joule XX 0.2390 0.000948 2.777T78E-07  6.2383E+18
Calorie 4.184 XX 0.00397 1.16279E-06  2.61097E+19
BTU 1055 252 XX 0.000293 6.57895E+21
Kilowatt-hour 3.6E6 8.6E5 3412 XX 2.24719E+25

Electronvolt 1.603E-19 3.83E-20 1.52¢-22 4.45E-26 XX




N

&z—ve — Heat removed from the systy




Heat

»The quantity of heat (Q) produces a change in the

temperature (AT ) of a body:
T

) = CdT = CAT
Where T

C — Heat capacity of the body

Heat Capacity (C):

It is the amount of heat needed to change the temperature
of the substance (system) by 1 °C.

r Joule |
(SI Unit)
_—. cal |
C = AT \ o0 (cgs Unit)
U
(British Unit)

\ OF



Heat

Specific Heat (s or c):
The specific heat ¢ of a substance is the heat capacity per
unit mass.

The specific heat of a substance is the amount of heat needed to
change the temperature of 1 Kg of the substance by 1 °C.

C

-
| — (‘ — |
C —_— = mc —
m —_—
Specific Heats of Some Substances at 25°C and Atmospheric Pressure

Specific Heat
f:l::stance icallfl?[:C) (J:lg];Cl - ( ]Dule ST Unit
dler . . - _ 'y nl
Ethanol 0.58 24 Kg. K ( )
Aluminum 0.22 0.92 ca l
Sand 0.19 0.79 .
= >
Iron 0.11 0.46 E mAT [ U'C (C'gS Uﬂlt)
Copper 0.093 0.39 g '
Silver 0.057 0.24 BTU . .
Gold 0.031 0.13 \Jp °F (British Unit)

BTU
1b.°F 16




Heat

Molar Specific Heat (s or c):
It is the amount of heat needed to increase the
temperature of 1 mole of the substance by 1 °C.

() = ncAT

n — number of moles

Joule

mole. K



» For gases and due to the compressibility of there are two types of molar specific heat:-

2. Molar specific heat at constant pressure (C;)
is the amount of heat needed to increase the
temperature of 1 mole of the gas by 1 oC at
constant pressure.

Initial state Final state

Initial state Final state

hcating 2 |

V=constant

P=constant

18
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Example (4)

A 0.05 kg ingot of metal is heated to 200.0°C and then dropped into a
calorimeter containing 0.400 kg of water initially at 20.0°C. The final

equilibrium temperature of the mixed system is 22.4°C. Find the specific
heatofthe metal.

Solution

m= 0.05 kg, T,=200 °C, m,=0.4 kg, T,,=20°C, T=22.4 °C, ¢,;=?7?

Isolated system boundary |

AQiost = ﬂaninEd | e

Qﬂr'{l _I":
_mexAT — mw CW AT __, 0 My |

ot £y

X = ) \ Ty |

~ My Cx(Tr — Tyy = My Cy (Tr — Ty Ly n

.'_I' .,I'
Hot sample Cold water

—0.05 X ¢, (22.4 — 200) = 0.04 X 4186(22.4 — 20)

/
= 453
= Kg. K




1Heat of Transformation

In some situations, the transfer of energy does not result in a
change in temperature = Phase change

All phase change processes involve a change in the system’s
internal energy but no change in its temperature.

For example, The increase in internal energy in boiling process, is

represented by the breaking of bonds between molecules in the
liquid state.



1Heat of Transformation

Sublimation

: e D
j/ Melting Waporization = 5,
© phase change
dﬂ{ {vapourisation)
f,-f_ -\"-\.\‘H‘ i =
.-.— -_ w
. Freezing Condensation = -
¥ hase change
SOLID LIQUID S Fmemng]
A
Energy Input
Deposition Phase change diagram.

Qom wep | Q=mlL

L — Latent Heat or Heat of transformation

52



1Heat of Transformation

Latent heat of Fusion (L; ) of a substance:
Is the amount of heat must be supplied to change 1 Kg of the
substance at its melting point from solid to liquid.

The same amount of heat must be removed from 1 kg of the
substance to change it from liquid to solid

Latent heat of Vaporization (L) of a substance:
Is the amount of heat must be supplied to change 1 Kg of the
substance at its boiling point from liquid to vapor.

The same amount of heat must be removed from 1 kg of the
substance to change it from gas to liquid

53



eat of Transformation

Latent Heats of Fusion and Vaporization

Melting Latent Heat Boiling Latent Heat of

Point of Fusion Point Vaporization
Substance (°C) (J/kg) (°C) (J/kg)
Helium — 269.65 5.23 X 10° — 268.93 2.09 X 107
Nitrogen — 209.97 2.55 X 10* —195.81 2.01 X 10°
Oxygen — 218.79 1.88 x 10* — 182.97 213 X 10°
Ethyl alcohol =114 104 % 107 78 { R4 X 107
L;‘Vater 0.00 3.33 X 10° 100.00 2.26 X 10 \
Strifo 19 SRt 60 26— ¥
Lead 327.3 2.45 X 10* 1 750 8.70 X 10°
Aluminum 660 8.97 x 10° 2 450 1.14 X 107
Silver 960.80 8.82 x 10* 2193 2.33 X 10°
Gold 1 063.00 6.44 x 10* 2 660 1.58 x 10°
Copper 1 083 1.34 X 10° 1 187 5.06 X 10°

54



Example

What is the amount of energy required to convert a system consisting of a
1.00-g cube of ice at-30.0°C to steam at 120.0°C?

D _ -

Steam
Water + steam

(")

I | | L L
1 Q00 1 500 2000 2 500 000

I
3070 3110

Encrgy added (])



JInternal Energy

The internal energy of a thermodynamic system (U)
Is the total kinetic energy and potential energy of the
atoms and molecules consisting the system.

U=K.E.+P.E.
— T~

Due to the motion of molecules Due to binding energy of chemical
(translational, rotational, vibrational) bonding between molecules.

The Kinetic energy is due to the motion of molecules
(translational, rotational, vibrational)

The potential energy is associated with electric potential energy
of atoms, chemical bonding.

56



dinternal Energy

Any thermodynamic system or body at any temperature includes
internal energy

U = U(T)

U=O0if T=0K (absolute temperature)

So, the internal energy of any thermodynamic system is usually
expressed as a change (AU)



Example (5)

Electric current 3A passing through a heater at a potential difference
220V during a time 15 minutes. Calculate the energy lost by the electric
energy in (a) calorie and (b) KWh. If this energy is used to heat 30 liter of

water, (c) How much the water temperature increased?

Solution

=3 A, V=220V, t= 15 min= 900 s, V=30 lit m,=30 kg, Q=22 . AT=2?
Electric power = VI
Energy = VIt = 220 X3 X900 = 594 K]

594 x 10°
(a) Q = TR 1421052.6 cal = 142.1 Kcal

(b)) Q =

594 x 10°
- = 0.165 KWh (KWh = 3.6 x 10°])

6 X 10°



(c) Q = mcAT

1421052.6 = (30 x 103)(1)AT

AT = 4.7 °C
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