


SPECIFIC HEAT



Definition

* The specific heat is the amount of heat per unit mass required to raise
the temperature by one degree Celsius.

* The relationship between heat and temperature change is usually
expressed in the form shown below where c is the specific heat.

* The relationship does not apply if a phase change is encountered,
because the heat added or removed during a phase change does not
change the temperature

*Q = mcAT
* Where,
* M is mass in moles

 Cis specific heat constant
* T is temperature in Kelvin



Specific heat for ideal Gases

1. Specific Heat at constant volume CV
2. Specific Heat at constant Pressure Cp



Specific Heat at constant volume CV

* The specific heat at constant volume is defined as the amount of heat
energy transferred to change the temperature of the unit mass of a
substance by one degree, when the volume of substance is
maintained constant.

du
Cv = (ﬁ),,
* Where,

* (C, is the specific heat at constant volume =0.718 kJ /kg.K
* du is change in internal energy
e dT is change in temperature.



Specific Heat at constant Pressure Cp

* The specific heat at constant pressure is defined as the amount of
heat energy transferred to change the temperature of the unit mass
of a substance by one degree, when the pressure of substance is
maintained constant.

dh
c.- (%)
dT D
* Where,
* (, is the specific heat at constant Pressure =1.005 kI -

* dh is change in enthalpy
e dT is change in temperature.



IDEAL GAS PROCESS
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IDEAL GAS PROCESS

Constant Volume process (Isochoric Process)
Constant Pressure process (Isobaric Process)
Constant temperature process (Isothermal Process)
Constant Entropy process ( Isentropic Process)
Polytrophic Process



1.Constant Volume process (Isochoric Process)

* Definition:-
* The any system of gas undergoes in such way that during the

process , the volume of system remain constant, the process is

called constant volume process or isochoric process.
O PaVa _ Pals
Ty T
* In above gas equation volume is constanti.e.V; =V,
P11 _ P2
ry T




PV & TS diagram of Isochoric Process
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W =Pdv
e But Volume is constant so dv=0
* W=0 so that in isochoric process work done is zero

e AU = C, AT
°AU:Cv (TZ_Tl) KJ

cQ=AU+W .................w=0 as per equation (1)
e Q) =AU
e ) =C, AT

*Q=C, (T, —Ty) ki/ kg



2.Constant Pressure process (Isobaric Process)

* Definition:-
* The any system of gas undergoes in such way that during the
process , the pressure of system remain constant, the process is
called constant pressure process or isobaric process.
PiVy1 _ P)V;
Ty T
* In above gas equation volume is constanti.e. P; = P,
o ﬂ — ﬁ
ry T




PV & TS diagram of Isobaric Process
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W = [ Pdv
e W =PV, — V,) kI

e AU = C, AT
°AU=Cv (TZ_T]_) kJ

+Q =C, AT
*Q=0Cy (T, —Ty) Kl /Kg



3.Constant Temperature process (Isothermal Process)

e Definition:-

* The any system of gas undergoes in such way that during the
process , the temperature of system remain constant, the process is
called constant temperature process or isothermal process.
PV, _ PRV,

Ty T
* In above gas equation volume is constanti.e.T;{ =T,

* P1V, = P,V,




PV & TS diagram of Isochoric Process
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* W = mRT; In ()

2

* AU = C, AT
* Here change is temperatureis 0 i.e. AT =0
AU =0

« AU =C, (T, — T;) kl =0 ...Zero change in internal Energy

*Q=W.......dueto AU = 0.
cQ =W = B1) = 2
Q_W—mRTlln(P)—mRTlln(V)

2 1



Work done calculation for isothermal Process

a

2
Wia= Jl pdV
For an isothermal process,
pV==C
 C
g Vz Z
C 2 dV
- | =dV=C| —
Then W]_2 Jl v v v
V.
- C ln[—z]
"
Using C=p,V, %
we get W]_2 :prl 11'1(72]
Further, p,V;=mRT; '
V.
Then Wi ,=mRT), m(—zj
"
From properties relation, we have
£ _ Y P
" 0 P2

Then W,,=mRT, 1n(ﬂ)
P2



4.1sentropic Process / Reversible Adiabatic

e Definition:-

* The process of expansion and compression is carried out without
exchange of heat between system and surrounding this operation
conducted in insulator so this process is called adiabatic process.

* During this process system neither receives or rejects the heat.

* When process is reversible and frictionless then that process is
called Isentropic process or constant entropy process.



PV & TS diagram of Isentropic Process




W = flzpdv

_ P2V2—P1V1 _ mR(Tz—Tl)

W
1-y 1-y

+ AU = C, AT
.AU:Cv (TZ_T]_) k.l

*Q=mCAT orAs=20rQ=AU+W
oQ:



For an isentropic process,
pV?i=C or pv'=C
Y Y
or iV =pal;

'y - —_
D Vs 4 ()

1

(%) 4 y
(%1 " D

Substituting Eq. (4.25) in Eq. (4.24), we get
L

@f@_ﬁ“_@”
., \n) \n) K o)
Using Eq. (4.26) in Eq. (4.24), we get

1 -1

L _ (&] (&]_7 z(&y
I P P1 P



5.Polytrophic Process

e Definition:-

* The any reversible process on any open or closed system of gas or
Vapour which involves both heat and work transfer such that
specified combination of properties are maintained constant
throughout process.

e PV =(C

* P-Pressure

* V- Volume

* n — Polytrophic index



PV & TS diagram of Polytrophic Process




Value of ‘n’

1 Whenn=0 Constant pressure process
2 When n=1 Constant Temperature process
3 When n=y Isentropic Process

4 When n= infinity Constant Volume process



e Work done
W = flz pdv

1-1
w ()
* Change in Internal Energy
* AU =C, AT
*AU=C, (T, —Ty) kJ
* Heat transfer

v - yv—n)  mR(T,-Ty)
Q=wD X a-n




Work Done For a non-flow process, the poly-
tropic work transfer is calculated as

2
Wip= I pdv
1
The pressure p can be expressed as
C —n
pP = V_" =CV
2 v,
Hence W1_2 = J CV_ndV =C V_ndV
1 4
—n+l _ o—n+l
c v, n+ —¥ n+
-n+1
Using C=plVi'=pVs"
V> — pi
we get W, ., = P2¥2 — P11y
l-n
_ mR(5,-1,)
l1-n

where, szZ = mRT2 and PIVI = mRTl

N
Using % = (%) !
1 1

Z T
n
then W ,= P17 (p_ZJ —1



(f) Heat Transferred According to the first law of
thermodynamics,

O=AU+W

(@, 1y + "R BT

—n

_m(Tz—Tl){CerlR }

—n
Using R=C,-GC,

C,-nC,+C,—-C
we get Q=m(T2—T1)( d cF U)

1—n
C, —nC
p v
=m 7, — T,
[ l1-n ](2 1)
or Q:an(TZ_Tl)
C, —nC
where C,= -2 -
1-n

C, 1s called polytropic specific heat.
Again rearranging the above equation, we have



Q=mGC, 1— 7 X(Tz—T1)
Using gp =y and C, = i,we get
0- (y—n)XmR(Tz—Tl)
(1=n)  (r-1)
_ ’}/—nme(Tz—T])
y —1 l-n
Y —n

S () R (o
_ry—n

n—1

X Adiabatic work transfer
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