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First Law of Thermodynamics & Energy Closed (CM) System

Conservation of Energy for a CM System

First Law of Thermodynamics (FLT)

When a system undergoes a cyclic change, the net heat to/from the
system is equal to the net work from/to the system.

J%é@z%éw

: : 4.1868 kJ/kcal
Mechanical equivalent of heat, J = { /kea

1.0 in SI unit
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First Law of Thermodynamics & Energy Closed (CM) System

First Law of Thermodynamics for a Change in State

2 = $IW=74$5Q
= $0Q=¢6W [J = 1.0 in SI unit]
= [25Qa+ [38Qc=[6Wa+ [;6We D
= [28Qp+ [30Qc = [16Ws+ [;0Wo (2
o D-@: [25Qu—[16Qs=[26Wa—[>5W5

i = [18Qa— [18Wa=[15Q5 — [{5Ws

f(é@—éW)A:J (5Q 5 W)p =

1 1

ﬁ(é Q — 0 W) is independent of path and dependent only on the initial
and final states; hence, it has the characteristics of a property and this

property is denoted by energy, E.
0Q —dW =dE = Q1o — Wis =AE
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First Law of Thermodynamics & Energy Closed (CM) System

@ Energy (E): represents all forms energy of the system in the given
state. It might be present in a variety of forms, such as:

» Kinetic Energy (KE): energy of a system associated with motion.

» Potential Energy (PE): energy associated with a mass that is
located at a specified position in a force field.

» Internal Energy (U): some forms of energy, e.g., chemical, nuclear,
magnetic, electrical, and thermal depending in some way on the
molecular structure of the substance that is being considered, and
these energies are grouped as the internal energy of a system, U.

o KE & PE are external forms of energy as these are independent of
the molecular structure of matter. These are associated with the

selected coordinate frame and can be specified by the macroscopic
parameters of mass, velocity & elevation.

@ Internal energy, like kinetic and potential energy, has no natural
zero value. So, internal energy of a substance is arbitrarily defined
to be zero at some state, known as Reference State.
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First Law of Thermodynamics & Energy Closed (CM) System

Internal Energy (U): A Thermodynamic Property
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First Law of Thermodynamics & Energy Closed (CM) System

E=U+KE+ PE + - --

8Q —8W =dE = dU + d(KE) + d(PE) + - - -

5Q _ 8W _ dEcy _ dU , d(KE) , d(PE)
dt - dt = a e tTa T

LU e

dt dadt — dt

dEcy _ dQ dW_Q_W

dt — dt dt

dU:>J?dU: U2— U1 :m(u2—u1)
= d(KE)=mVdV = [} d(KE) = tm(V3 —V3)
= d(PE)=mgdZ = [? d(PE) = mg(Z; — Z) = mgh

U

Quz— Wiz = [(Ua— U1) + 3m(V3 = V) + mg(Zo — Z1) + | ~ (U2 — Uh)

qr2—wiz = [(up—u) +3(V3 =V +g(Z— Z1) + - | ~ (up — w)
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First Law of Thermodynamics & Energy Closed (CM) System

Stationary Systems
z2,=2,>APE=0
Vi=VY—>AKE=0

AE = AU
T129
Wb,in = 10 kJ
Qou=3Kkl
L QT T T T T T 1
(Adiabatic) | :
|| : AE=(15-3)+6 :
_________ ' =18kJ |
r 1 : |
I I
AE=8KkJ | I ' :
I AE=10k] | | || W in=6kJ
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I I I |

8«:‘:# ______________________ .
130 T131 (Adiabatic) 1132 Qp=15k] @
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First Law of Thermodynamics & Energy Closed (CM) System

Energy
T Q=W+AU
| : - (1) Work input without any heat effect
(2) Heat input without any work effect
+W
+Q @ @
0 0
F=W+AU  Q=W+AU
+AU +AU +AU Q
-W
First Law of Thermodynamaics for closed system @
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First Law of Thermodynamics & Energy Closed (CM) System

Enthalpy (H): A Thermodynamic Property

H=U+PV = h=u+ Pv

N = Q22— Wia =AE

2| 1] ~ Qup— Wi, =AU if AKE — 0, APE — 0
o Wiy = [{PdV = P(V,— V)

il | = Qu=Us— Ui+ P(Vy— V1)

0 > Gas = Qu=(U+ P V2)— (U1 + P V1)

= Qu=H—H

Heat transfer in a constant-pressure quasi-equilibrium process is equal
to the change in enthalpy, which includes both the change in internal

D
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energy and the work for this particular process.

First Law of Thermodynamics & Energy Open (CV) System

Conservation of Energy for CV System

Energy transfers can occur
by heat and work

Inlet:  ==—77"=

Dashed line defines
the control volume boundary
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First Law of Thermodynamics & Energy Open (CV) System

time rate of change| |net rate at which| |net rate at which| |net rate of energy

of the energy energy is being energy is being transfer into the
contained within |=| transferred in |—| transferred out |+ | control volume
the control volume by heat transfer by work at accompanying
at time t at time t time t mass flow
dEC'U

dt

. : V2 AV
= Q—W+my (ui+71+gz¢)—me (ue+76+gze)

. . V2 V2
= Q— Wy +my <hz~+7’b+gz¢)—m6 (he+7€+gze>
o W =W+ Wy+ Wy = W, + Wi
o Wf:—P(VZ‘— Ve) = —P(m;v; — meve)
e h=u-+ Pv
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First Law of Thermodynamics & Energy Open (CV) System

First Law of Thermodynamics (FLT') for CV System

ey — Q— Wey + ) 1y (hz- - V; - gzz') — ) e (he - V; - gZe>
i e
@ Closed System: — m; = m, = 0.
Bt = Q — Whet
@ Closed & Adiabatic (Isolated) System: — m; = 1h, =0, @ = 0.
e = — Whet = ABcy = —Wag
e Steady-State-Steady Flow (SSSF) System:
MOV = 0= Y 1 =3 , Me : Bev — 0
@ One-inlet, One-exit & Steady-state: — m; = m, = m.
0=Q— Wov + 1 |(l—ho) + (H52) + g(z1 — )]
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First Law of Thermodynamics & Energy Open (CV) System

Bernoulli’s Equation

@ h=u+ Pv — dh = du + Pdv + vdP, so for
isothermal process (du = 0) and incompressible fluid (dv = 0):

= dh = vdP ~ h,z—hler(P2_p1):P2;P1

@ For a steady state flow device
if APE #0, AKE #0, W,, =0 and Q., = O:

vi—vi

=3 0:0—0+m{(h1—h2)+< 5 )+g(zl—zz)}

P VI _ PV
P .
og pressure head
Voo :
29 - velocity head
z . elevation head

© Dr. Md. Zahurul Haq (BUET) First Law of Thermodynamics ME 203 (2025) 13 /13



	First Law of Thermodynamics & Energy
	Closed (CM) System
	Open (CV) System


