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Lecture seven

5.3 Constant Temperature (Isothermal) Process: an isothermal process is
shown in the figure below. It consists of a constant temperature reservoir at
temperature (T'1) surrounding a piston-cylinder arrangement. Assume that a perfect
gas 1s at any instant, at the temperature of the system (T), is contained inside the
cylinder. At the thermal equilibrium state, the temperature of the system and the
surroundings are the same. Hence, there is no transfer of heat across the boundary.
If the piston now moves slightly downward, expansion of the gas takes place
increasing its volume by (dV) and consequently the pressure and temperature of
the system drop by an amount of (dP) and (dT) respectively. Therefore, heat will
flow from the surroundings until the system reaches the original temperature (T)).
The isothermal process will be possible only when the process is quasi-static. The
(P-V) diagram of the isothermal expansion process is shown in the figure below.

P
1
Piston — E;";:?;:IH =
at(r) 2
o
Applying the first law of thermodynamics:
Q -W=AU=m Cv(Tz— T1)
Since (T>= T) for an isothermal process
then:
2
Q=w=[PdVv . (19)
For an isothermal process, from Boyles’s law, we have:
PV=C—P=C/V (20)

Substituting equation (20) in (19), we get
Q=W=C[ dV/V=CIn (V> /V\)
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Since P1V =P,V,=m.R.T=C

then:

Q=W=P,Viln(Vo/V1) 1)
Or

Q=W=m.RT.In(ValV)) oo, (22)

Example (7): Air enters a compressor at (10° Pa) and (25 °C) having a volume of
(1.8 m? /kg), is compressed to (5 x 10° Pa) isothermally. Determine:

1) Work done. 2) Change in internal energy. 3) Heat transferred.

Solution:

1) The work done by an isothermal process is:
2) w=PviIn(V,/V)
Since for an isothermal process
V2/V1=P,/P;
then
w=P vIn(P, /P,)=10°%1.8 In(10° / 5%10°)
w=—-289.7 k]/kg
2) The change in internal energy for an isothermal process is:
Au=20
3) For an isothermal process:
q=w=-289.7kJ/kg

5.4 Adiabatic Process: an adiabatic process is one in which the system undergoes
no heat transfer with the surroundings, but the boundary of the system moves
giving displacement work. The arrangement for the adiabatic process is shown in
the figure below. It consists of a piston-cylinder arrangement where the cylinder is
insulated from all sides to prevent heat transfer.
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Since (AQ = 0), therefore (AW) is only due to (AU). The (P-V) diagram for an
adiabatic process is shown in the figure below.

W

0=0

r=--°" = we-°
Insulats
—— ] 1_“'all

Applying the first law of thermodynamics:
0Q-oW=dU

3
PV=C

For an adiabatic process, 6Q = 0
Also, W = PdVand dU = m C,dT
So:

0-PdV=mC,dT

PAV+mCdT=0 (1)
From the equation of state: 2V = mA7"
Differentiating both sides, we get:
PaV + VdP = mRdrl

__PdV +VdP

gr =PV )

mR
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Substituting Eq. (2) in Eq. (1), we get:

PdV + mC,(P dV+V dP) -0

Multiply both sides by R, we get:
RPAV +C,(PdV +V dP) =0
Since R =C, - C,, then:
(Cp-Cy)PAV +C,(PdV +V dP) =0
Cp PdV-C,PdV + C,PdV + C,V dP) =0
Cp PdV+C,V dP) =0
Dividing by C,,VP We get:
av | dp _

(%—+—0

: Cp
Since y =7 then:

v

dP av
P +yV =0

Integrating we get:

InP+ynV==C

In (PVr)=C

PVr==C

For a unit mass:
pvr=C

Now: I AR A AL
2=y
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For a perfect gas:

PV _ P
T, T
L _ BBV, _ (ﬁ)y a _ (ﬁ)y—l
T P11 v 2}
So: 2 _ (ﬁ)y—l
) T v,
Also:
y—1
L _ &)T
T Py

The work done 1s derived as follows:

w=[pdv
Since  PV¥ = (- P=—= _ then:
w=cf = =cfvray
=CE R =S T -

Since C= PV} =P,V , then:
Py V=P V4 _PL V4PV
o1y y-1

Since PV=mRT, then:

MR(Ty—T

W= (T1—T2)

y—1

For a unit mass:

Vi—Do ¥ R(Ty —T-
W:P1 1~ D2 V3 Or w= (T1-T3)
y-1 y-1
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Example (8): Air at (1.02 bar) and (22 °C), initially occupying a
cylinder volume of (0.015 m?), is compressed reversibly and
adiabatically by a piston to a pressure of (6.8 bar). Calculate: 1) The
final temperature. 2) The final volume. 3) The work done. 4) The heat
transferred to or from the cylinder walls.

Solution:

The absolute temperature is: 77 =22 +273 =295 K

To find the mass of air:

P1V1 _ 1.02% 10°x0.015
P11 Vi=mRT; - m= = =0.018 kg.
RT1 0.287%295%103

1) The final temperature can be calculated as:

814—1

y-1
2= (2 HY o= 29542y 14 =507.25K
1

2) The final Volume can be calculated‘
' ( )V - V2=V *(_)y —)V2—0015*(£)14
Vz =0. 003871773

3) The work done is:
MR(T1—T) _ 0.018+0.287%(295-507.25)

W= =-2.741kJ
y-1 1.4-1
4) The heat transferred for an adiabatic process:
Q=0
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5.5 Polytropic Process: During actual expansion and compression processes of
gases, pressure and volume are often related by (PV» =C), where n and C are
constants. A process of this kind is called a polytropic process. The (P-V) diagram
for such a process is shown below. As mentioned, the general equation for
polytropic processes is expressed as: PV =C

From the above equation, we can derive the following equations in the same
method as in adiabatic processes:

P2 _ Viyn

P1_(V2) ’
L _ JMyn-1

Tl_(Vz)

E_ &)"_‘1

T, Py

From Eq. (1), the work done is derived in the same method earlier and expressed

as:
W:P1V1—P2V2 _MR(T1—T)
n—1 n-—1
For a unit mass:
__PijVui—Pyu; _ R(T1-T,)
 n-1 n-1
The heat transfer for polytropic processes does not equal zero and can be

calculated from the following equation:

_ sy n
0=Cw
For a unit mass:

_ sy n
q=(v
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Example (9): (1kg) of air at (1.02 bar) and (17 °C) is compressed reversibly
according to a law (PVL3=(), to a pressure of (5.5 bar). Calculate the work done
on the air and the heat flow to or from the cylinder walls during the compression.
Solution:
The absolute temperature is: T; = 17+273 =290 K
First we find the final temperature:

1.3-1

I _ P2 nT_l — 55 —
T, P1) = T2=2907,;) 1» =427.83K

The work done is calculated as:
_ mR(Ty—T;) _ 1x0.287%(290—427.83)

w =-131.86 kJ
y—1 1.3—-1
The heat transfer rate is:
_ y-n _l4-130 ., _
Q—(y_1 W=(——=")*(-131.86) =-32.97K].

SIGNIFICANCE OF THE FIRST LAW

The first law of thermodynamics leads directly to the non-flow energy equation
and embodies four important concepts, as follows:
1- Heat and work are mutually convertible one into the other as they are both
modes of energy transfer.

2- The existence of a type of energy (internal energy) that depends on the
thermodynamic state of a system.

3- The possibility of measuring a difference in internal energy between
thermodynamic states by making measurements of heat transfer and work.

4- The fact that energy is conserved whenever the thermodynamic state of a closed
system changes.
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LIMITATIONS OF FIRST LAW OF THERMODYNAMICS

There are some important limitations of First Law of Thermodynamics.
1. When a closed system undergoes a thermodynamic cycle, the net heat transfer is
equal to the network transfer. The law does not specify the direction of flow of
heat and work nor gives any condition under which energy transfer can take place.
2. The heat energy and mechanical work are mutually convertible. The mechanical
energy can be fully converted into heat energy but only a part of heat energy can
be converted into mechanical work. Therefore, there is a limitation on the amount
of conversion of one form of energy into another form.

CONCEPT AND CLASSIFICATION OF THE PROCESS

A process is defined as a change in the state or condition of a substance or
working medium. For example, heating or cooling of thermodynamic medium,
compression or expansion of a gas, flow of a fluid from one location to another.
In thermodynamics there are two types of processes: Flow process and Non flow
process
Flow Process: The process in open system permits the transfer of mass to and
from the system. Such process is called flow process. The mass enters the system
and leaves after exchanging energy. Examples are, I.C. Engines, Boilers.
Non-Flow Process: The process occurring in a closed system where there is no
transfer of mass across the boundary is called non flow process. In such process the
energy in the form of heat and work crosses the boundary of the system.
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SUMMARY

The non-flow process is the one in which there is no mass interaction across the
system boundaries during the occurrence of the process such as heating and
cooling of a fluid inside a closed container, compression and expansion of a fluid
in a piston-cylinder arrangement, etc. For non-flow processes the first law can be
written as:
Q-W=A4U + AKE +A4PE

For non-flow processes the kinetic and potential energies are very small and can
be neglected, so the energy equation becomes:

Q-W=U:-U;

g-w=U2— U1 per (kg).

where: state (1) refers to the initial state and state (2) refers to the final state. For
reversible processes:

2
w=[,Pdv
* For adiabatic processes (no heat transfer) Q =0

* For constant volume processes W = 0
*For constant temperature processes AU =0

NOTES:

* The heat transferred to the system is positive (+).

* The heat transferred from the system is negative (-).
* The work transferred from the system is positive (+).
* The work transferred to the system is negative (-).
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The following table contains the governing equations, displacement work equation

and heat interaction equation for different non-flow thermodynamic processes:

Work
Process Governing =[ % Pav Heat Figure
equations 1 Interaction 8
V = Const.
T P
Constant volume T =5 W=0 Q=mCy (T2-T1)
(Isochoric) 2 n2 B
P = Const.
Constant pressure " W=P(V2-V1) Q=mCp (T2-T1)
(Isobaric) T, V, T
vV
— Va
| T const | W=PiViin(2y | Q= FPIVIIG)
2 1
Constant temperature | Pi1Vi = P2V> W=mRT In( V2 ) v
(Isothermal) Vo _Ph & Q=mRT /”(V—j) \
Vi P, —
=)
Py \V,
W:P1V1—P2V2
I, W vt
Adiabatic = =)t
Tl (Vz) W:mR (T1—T3) Q:O \
I - (E);l y-1
[ 't
()
P \V,
P11 =PV,
T. V. n-1 _
Polytropic 2= (At Q= [?’—_13] w
T, 'V, pyR(T=T) Y \
T _ (E)nT_l nt
Ty P
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HOMEWORK (2):
1- In an air motor cylinder, the compressed air has an internal energy of (450
kJ/kg) at the beginning of the expansion and internal energy of (220 kJ/kg) after
expansion. If the work done by the air during the expansion is (120 kJ/kg),
calculate the heat flow to or from the cylinder. Ans. (-110 kJ/kg).
2- (2 kg) of gas, occupying (0.7 m?) has an initial temperature of (15 °C). It was
then heated at constant volume until its temperature became (135 °C). How much
heat was transferred to the gas and what is its final pressure? Take (Cv = 0.72
kJ/kg.K) and (R =0.29 kJ/kg.K).  Ans. (158.4 kJ, 338.1 kPa).
3- A mass of air whose pressure, volume and temperature are (275 kPa), (0.09 m?)
and (185 °C), respectively has its state changed at constant pressure until its
temperature becomes (15 °C). How much heat is transferred from the gas and how
much work is done on the gas during the process?
Ans.(-32.5 kJ, -9.1 kJ).
4- A quantity of air occupies a volume of 0.3 m® at a pressure of (100 kPa) and a
temperature of (20 °C). The air 1s compressed isothermally to a pressure of (500
kPa). Draw the (P-V) diagram of the process and determine:
1) The heat received or rejected (stating which) during the compression process.
2) The mass of the air.
3) The final volume of the air.
Ans. (-48.3 kJ, 0.36 kg, 0.06 m®).
5-(0.05 kg) of carbon dioxide (molecular weight 44), occupying a volume of (0.03
m?) at (1.025 bar), is compressed in a perfectly thermally insulated cylinder, until
the pressure is (6.15 bar). Calculate the final temperature, the work done on the gas
and the heat flow to or from the cylinder walls. Assume carbon dioxide to be a
perfect gas and take y = 1.3.
Ans. (492 K, -5.25 kJ, 0 kJ).
6- A cylinder contains (0.07 kg) of fluid having a pressure of (1 bar), a volume of
(0.06 m®) and specific internal energy of (200 kJ/kg). After a polytropic
compression process, the pressure and volume of the gas become (9 bar) and
(0.0111 m®) respectively and the internal energy becomes 370 kJ/kg. Draw the
(P-V) diagram of the process and determine:
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1)The amount of work required for compression.
2) The quantity and direction of heat transferred during the compression process.
Ans. (-13.3 kJ, -1.4 kJ).
7- Air at a pressure of (1.06 bar) and a temperature of (15 °C), is compressed
isothermally to (14 bar) and is then expanded adiabatically to the original pressure.
Draw the (P-V) diagram of the processes then calculates:
1) The final temperature and specific volume of the gas.
2) The net work done.
3) The heat transferred to or from the surroundings.

Ans. (137.8 K, 0.37 m® /kg, -105.5 kJ/kg, -213.3 kJ/kg).
8- From the first law of thermodynamic for a closed system drive an expression the
relation of Specific heat at constant volume.

9- From the first law of thermodynamic for a closed system drive an expression the
relation of Specific heat at constant pressure.
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