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First Law of Thermodynamics

*¢ The First Law is usually referred to as the Law of Conservation
of Energy, 1.e. energy can neither be created nor destroyed, but

rather transformed from one state to another.

% The energy balance is maintained within the system being

studied/defined boundary.

% The various energies associated are then being observed as

they cross the boundaries of the system.
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Energy Balance for Closed System

Closed o
System -
Heat Y V

Reference Plane, z=0

Total energy ) (Total energy ] - {The change 1n total

entering the system leaving the system energy of the system

or

E.in o Ermr — AE

system
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O According to classical thermodynamics

Ot =Wt =AE

net system

(d The total energy of the system, Eyem» 18 glVen as

E = Internal energy + Kinetic energy + Potential energy
E= U+ KE + PE

d The change in stored energy for the system is

AE = AU + AKE + APE

(d The first law of thermodynamics for closed systems then can be
written as

Q —W._ =AU +AKE +APE

5]

MEng 2101 - THERMODYNAMICS



School of Mechanical Industrial Engineering

 If the system does not move with a velocity and has no change in

elevation, the conservation of energy equation 1s reduced to
Qner o err =AU

 The first law of thermodynamics can be in the form of

Vv, -V 8(z—z)
2000 1000

an‘f R WIIEF = {H’Z R ul + ] (kJ / kg)

2

V2 _‘/12 _I_g(ZE_Zl) (kJ)
2000 1000

Jd For a constant volume process,

Qnﬁ."_W”E'r m(”Z _u'l +

p
Q —Wier =m| u, —u, + sz _‘/12 +8(Z2_Zl)
net \ 2 | 2000 1000
Q =m(L£ — U, + sz _V12 +g(Z2_Z1)
> 2000 1000 )
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 For a constant pressure process,

A +g(z2z1)]

_Wn.-e.r = s z
Crer m[uz Y7 72000 T 1000

2 2
Q!?EI_P(VZ _‘/1) —HI[MZ —Ml -+ V2 _‘/1 _I_g(Z2 Z1)]

2000 1000

V, -V | 8(z,—z2)
= —u, +P(V,-V)+ — 1 4221
Qe m[uz AE=Yr = 1000

Vi Vi 8(z-2)
2000 1000

Qner = m[hE _h'l +
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Example of Closed Systems

Rigid tank Piston cylinder
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Example 4.1

A closed system of mass 2 kg % Rearrange the equation
undergoes an adiabatic pmces-s. W . Vv, V2 X ¢(z, - 2,)
The work done on the system 1s net =L 2000 1000

30 kJ. The velocity of the system P . 7o +g(z3 —z)

changes from 3 m/s to 15 m/s. net 27 2000 1000

During the process, the elevation s 152 — 32 , 9.81(45)
: == =AU+ L —— |+

of the system increases 45 meters. 2000 1000

Determine the change in internal A = TAAST T AFifs:

energy of the system.

Solution:

% Energy balance,

Q”H_w”ﬂ = m Mﬂ_ul+ VZ _Lfl +g(ZZ—Z|)
) 2000 1000
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Example 4.2

Solution:
Steam at 1100 kPa and 92 percent Uy Uy + XUy,
quality 1s heated 1n a rigid container = ?30_09+[}_92(1305_3)
until the pressure 1s 2000 kPa. For a — 9441 9 &
24419 ¢

mass of 0.05 kg, calculate the amount
of heat supply (in kJ) and the total
entropy change (in kJ/kg.K).

S = Sfl +I1.5“J,.~§,1
=2.1792 +0.92(4.3744)
= 6.204 2

Statel
at P, =1100kPa,x, =0.92

1-'1 — f —i-’lllfb

=0.00113+0.92(0.17753-0.001133)
=0.16342%
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o

»¢  For arigid container,
v,=v,=0.1634 m/kg

State? /l:rz -8 ]superheated
at P, =2000kPa,v, = 0.1634%

v u 0
0.15122 | 29459 | 7.1292
0.1634 u, z,
0.17568 | 3116.9 | 7.4337

u, =2945.9 +[ 21031 20-1122 13516 95945 9)
: 0.17568 —0.15122
=3030.42%
So=iipopa] S0 o (7.4337-17.1292)
; 0.17568 —0.15122

=7.2790 ;%
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¢ Amount of heat supplied, Q
Q= .FH(M2 — U, )
=0.05(3030.42 — 2441.9)
=29.43kJ

*

¢ The change in entropy, As

As =5, —35

=7.2790 — 6.204
=1.075
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Example 4.3

A rigid tank 1s divided into two equal
parts by a partition. Initially one side
of the tank contains 5 kg water at 200
kPa and 25°C, and the other side 1s
then

removed, and the water expands into

evacuated. The partition 1s
the entire tank. The water 1s allowed to
exchange heat with 1ts surroundings
until the temperature in the tank
returns to the initial value of 25°C.
Determine (a) the volume of the tank
(b) the final pressure (c) the heat

transfer for this process.

Solution:

Statel

P, =200kPa, r It"s‘irf Comp. liquid
= —0001003’”
=

Viarsc
initial volume of half resevoir

V. =mv
=5(0.001003)
10.005m’

+* The initial volume for entire tank

Voo = 2(0.005)

Fesevetr

=0.01m"
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¢ The final pressure

State?
L=25C |y =0.0010032
0.01 ot ‘
b === 00025 v, =43345%

check region!
Vv, <V <V, —>saturated mixture

then:P, = P_ =3.169kPa

¢ The heat transfer for this process

Q... W, =m(Au+ Ake+ APe)

4. —% = m(i\u +:§#€+:§&R€)

Qe = mAu =m(u, —u,)

EJ
—_— x -104 B3 =/
iy uf.@zi'c kg

u, :Hf +x2uf

£
Vo~
X, = = /
Ve
=2 310"
wu, = 104.83+2.3x107 (2304.3)
- ikJ
= 104.88%
Then :
Q.. =5 (104.88-104.83)

=0.25 kJ

“* +ve sign indicates heat transfer

into the system.
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Supplementary Problems 1

Two tanks are connected by a valve. Tank A contains 2 kg of carbon
monoxide gas at 77°C and 0.7 bar. Tank B holds 8 kg of the same gas
at 27°C and 1.2 bar. Then the valve 1s opened and the gases are allowed
to mix while receiving energy via heat transfer from the surrounding.
The final equilibrium temperature is found to be 42°C. Determine (a)
the final pressure (b) the amount of heat transfer. Also state your

assumption. [P,=105kPa, Q = +37.25 kJ]

A piston cylinder device contains 0.2 kg of water initially at 800 kPa
and 0.06 m?. Now 200 kJ of heat is transferred to the water while its
pressure is held constant. Determine the final temperature of the water.
Also, show the process on a T-V diagram with respect to saturation

lines. [ 721.1°C]

15

MEng 2101 - THERMODYNAMICS



School of Mechanical Industrial Engineering

Supplementary Problems 1

3. A piston-cylinder device contains 6 kg of refrigerant-134a at 800 kPa
and 50°C. The refrigerant is now cooled at constant pressure until it
exist as a liquid at 24°C. Show the process on T-v diagram and

determine the heat loss from the system. State any assumption made.
[/1210.26 kJ]

4. A 0.5 m’rigid tank contains refrigerant-134a initially at 200 kPa and 40
percent quality. Heat is now transferred to the refrigerant until the
pressure reaches 800 kPa. Determine (a) the mass of the refrigerant in
the tank and (b) the amount of heat transferred. Also, show the process

on a P-v diagram with respect to saturation lines.
[12.3 kg, 2956.2 kJ]

5. An insulated tank is divided into two parts by a partition. One part of
the tank contains 6 kg of an ideal gas at 50°C and 800 kPa while the
other part 1s evacuated. The partition 1s now removed, and the gas
expands to fill the entire tank. Determine the final temperature and the

pressure 1n the tank.
[50°C, 400 kPal 16
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Closed System First Law of a Cycle

% Some thermodynamic cycle composes of processes in which
the working fluid undergoes a series of state changes such

that the final and 1nitial states are identical.

% For such system the change in internal energy of the

working fluid 1s zero.

* 0

*¢ The first law for a closed system operating in a

thermodynamic cycle becomes

Qnef o Wwf — AU
Qnef = W/nef

cycle
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According to a law of PV" =constant

No | Valueof n | Process Description Result of IGL
1 00 isochoric constant volume (V, = V,) A
I, T,
2 0 1sobaric constant pressure (P, = P,) V] V2
I, T,
3 1 isothermal | constant temperature
(T,=T,) RV, =PhV,
. I<n<y | polytropic | -none- . |
B [ VG | o o [
S ¥ iIsentropic | constant entropy (S, =3S,) Pz Vl T2
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O Various forms of work are expressed as follows

isochoric W, =PV,-V,)=0
isobaric W. = P(V —V)
12 L
i vV
isothermal W,, = PV, In ?2
1
polytropic
E Vo —V
W, =— i B —
isentropic 4
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Example 4.4

Sketch a P-V diagram showing the following processes in a cycle

Process I1-2: 1sobaric work output of 10.5 kJ from an initial volume of 0.028
m?> and pressure 1.4 bar,

Process 2-3: 1sothermal compression, and

Process 3-1: isochoric heat transfer to its original volume of 0.028 m? and

pressure 1.4 bar.

Calculate (a) the maximum volume in the cycle, in m?, (b) the isothermal work,
in kJ, (c) the net work, in kJ, and (d) the heat transfer during isobaric expansion,
in kJ.
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