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The First Law of Thermodynamics

“*The first law of thermodynamics states that the total energy of a system remains
constant, even if it is converted from one form to another.

¢ Energy cannot be created or destroyed; it can only change forms.

“* We all know that a rock at some elevation possesses some potential energy, and part of

this potential energy Is converted to kinetic energy as the rock falls. PE, = 10K]

KE1=0

H h PE2 7k
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The development of the first law or the conservation of
energy relation with the help of some familiar examples

(Adiabatic)
Quu=3K <
AE=5KkJ
In the absence of any The work (electrical) done on
work interactions, the an adiabatic system is equal
energy change of a to the increase in the energy
system is equal to the net of the system.

heat transfer.




(Adiabatic) Qou=3KkJ
5 Win,in =8 KJ AE=(15-3)+6
AE—SkJ [\ =18kJ Mh,inzékj
T e §
(Adiabatic) O.,,=15Kk
The work (boundary) done on The work (boundary) done on The energy change of a system
an adiabatic system is equal an adiabatic system is equal during a process is equal to the
to the increase in the energy to the increase in the energy net work and heat transfer
of the system. of the system. between the system and its

surroundings.




Energy Balance

¢ The net change (increase or decrease) in the total energy of the system during a process is equal
to the difference between the total energy entering and the total energy leaving the system during
that process. That is,

( Total energy ) B ( Total energy ) B ( Change in the total )
entering the system leaving the system energy of the system

or
E, — E, = AE

in ou system




Energy Balance for Closed System

le - le + AP'EIZ + AK Elz + AF.Elz + AU]_Z
Q12 = Wiy +AE;;

where

AE,, = Stored Energy
AE12 = AP E12 + AK E12 + AF E12 + AUlZ

AP.E{, = 0, If thereis no considered dif ference in height
AF.E{, =0, If thereisno flow

AK.E, = 0, If thereis no movement

S Qe = Wiy + AU,

The above equation represents the non-flow energy equation




Ex (1): In the compression stroke of an internal combustion engine, the heat rejected to the cooling water is 45 kJ/kg
and the work input is 90 kJ/kg. Calculate the change in internal energy.

Solution:

_ _459
Q12 — kg
kJ

Wy, = —90 —
12 kg

Q12 = Wi, + AUy,

k
S AUlZ — 45_]

kg




Work done at a moving Boundary of a closed system

% P=f(V) is simply the equation of the process path on P-V diagram. The quasi-equilibrium expansion process described
above is shown in a below P-V diagram.

The moving
boundary

The work associated with a
moving boundary is called
boundary work.




Work done at a moving Boundary of a closed system

%+ Consider the gas enclosed in the piston—cylinder device. The initial pressure of the gas is P, the total volume is V, and
the cross-sectional area of the piston is A. If the piston is allowed to move a distance ds in a quasi-equilibrium manner,
the differential work done during this process is

oW, = Fds = PAds = PdV

17T

P

Gas

A gas does a differential
amount of work §W,, as it
forces the piston to move by
a differential amount ds.




Work done at a moving Boundary of a closed system
PA

¢+ The total boundary work done during the entire process as the piston moves is 1

obtained by adding all the differential works from the initial state to the final

Process path
state:

2
W, = J PdV  (kJ)
1

% The total area A under the process curve 1-2 is obtained by adding these
differential areas:

2 2
Area=A=JdA=JPdV
1

1
/ H H H H .
¢+ we can generalize the boundary work relation by expressing it as:

2
i [ rav
1

The area under the process
curve on a P-V diagram
represents the boundary

work.
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The net work done during a
cycle is the difference
between the work done by
the system and the work done
on the system.




1- Constant Volume (Isochoric or Iso-metric) Process

* In this process V = constant

V, =V,

dvV =0 P i For an isochoric process
Pi- the area under the PV curve
2 Is zero. No work is done.
W = PdV =0
1

=0 Pf i b
Q12 :yZz + AU, :

Q1 = AU, et
AU, = mC,(T, — T3)

=~ Q12 = mC,(Ty — T3)

P P.
Also 1-_
T, T,




Ex (2): Afluid in a closed vessel of a fixed volume of 0.14 m3, at pressure of 10 bar and temperature of 250 °C. If
the vessel is cooled so that the pressure falls to 3.5 bar, determine the final temperature and the heat transferred

R=0.278 kJ/kg K, Cv=0.718 kJ/kg K

Solution:




2- Constant Pressure (Iso-baric) Process

¢ In this process

2 2
1 1

P For an isobaric process the area is PAV.
Wy,=PWV,—V,)=mR (T, —T,) The work don‘e on the gas is PAV
Q12 = Wiz + AU, P ! > .f
- P (Vz - V]_) + ﬁU-lz E E l E
= 1 1
= A(PV)y; + AU, = AHy, @ : :
| & AV :
For ideal Gas: | |
i I
i I
Q12 = Wi, + AU, : :
i I
=mR ([T, —T)+mcv (T, —Ty) ,:. Volume Vv v

—

=m(@R+cv)(T,-T,)

“Q, =AH;; =mcep (T, —Tq)




Ex (3): 0.2 kg of fluid initially at a temperature of 165 °C, expands reversibly at a constant pressure of 7 bar until the
volume is doubled. Find the final temperature, work done and heat transfer.

A- When the fluid is air take R=0.278 kJ/kg K and Cp=1.005 kJ/kg K.

B- When the fluid is steam take the initial dryness fraction of 0.7.

Solution:




3- Constant Temperature (Iso-thermal) Process

% In this process r=T,=T PA
m,R and T = constants
P,V
~ PV =constant - — = —
P, V
Since T1 - TZ — (Tz - Tl) - 0
=0
e AUIZ =mcv (Tz ) - 0
=0
Q12 = Wi, +%2
Q12 =Wy,
2
W12 =f PdV
1
o
] mRT
Since PV =mRT - P ZT
~ W RT fav
S Wipp=m v

=mRT[InV]) =mRT[InV, —InV;]

v, Py
B W12=mRTln_ OR W12=mRTln_
Vi P,




Ex (4): A quantity of O2 gas at a pressure of 5 bar, volume of 0.1 m3 and temperature of 1227 oC expands
isothermally until its pressure reduces to 1 bar. It is then cooled isobarically to the original volume. Find the change

in internal energy, work done and heat rejected during each process.
Take Cp=1 kJ/kg K

Solution:







Thank you for
listening




