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System and Surroundings

A system is defined as a quantity of matter or a region in space
chosen for study. The mass or region outside the system is Surroundings

=

called the surroundings. The real or imaginary surface that o N

separates the system from its surroundings is called the /
boundary (Fig. 1). The boundary of a system can be fixed or % y
movable. Note that the boundary is the contact surface shared by D / P

both the system and the surroundings. Mathematically speaking, Boundary

the boundary has zero thickness, and thus it can neither contain
. Figure 1: System, surrounding, and
any mass nor occupy any volume in space. boundary.

Systems may be considered to be closed or open, depending on whether a fixed mass or a

fixed volume in space is chosen for study. A closed system (also known as a control mass or

just system when the context makes it clear) consists of a fixed amount of mass, and no mass
can cross its boundary. That is, no mass can enter or leave a closed system, as shown in Fig.
2. But energy, in the form of heat or work, can cross the boundary; and the volume of a
closed system does not have to be fixed. If, as a special case, even energy is not allowed to

cross the boundary, that system is called an isolated system.

system

m = constant

Figure 2

Mass cannot cross the boundaries of a
closed system, but energy can.
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Types of Thermodynamics System

e (Closed system

e QOpen system

Surroundings
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*Closed system (control mass) —
no mass can enter or leave a

<+ gystem

*Open system (control volume)

— usually encloses a device that
involves mass flow such as >
compressor, turbine or nozzle.

Surroundings
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Example of Open System & Closed System ...

*Closed system (Piston and Cylinder)

Piston

*Open system (Gas Turbine Engine)

Gas at pressure, p

Air Flow In

Compressor Work Out

Fuel Flow In

Shaft Work Output

Exhaust Gases Out

Properties of Thermodynamics System:

e Any characteristic of a system is called a property.

e E.g.:P, TV, m, viscosity, thermal conductivity, thermal expansion

coefficient, velocity etc.

e Properties are considered to be either intensive or extensive.

¢ Intensive properties — those that are independent of the size of the system:

temperature, pressure and density.
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Extensive properties — those whose values depend on the size or extent of

the system: mass, volume, and total energy.

Reversible & Irreversible Process:

Process: The system undergoes from one equilibrium state to another.
Reversible: Process that can be reversed without leaving any trace on the
surrounding.

eg: Pendulum (System and surrounding return to their initial state).
Irreversible: Surrounding does some work on the system & therefore does
not return to its initial state.

eg: hot coffee

State of System:

State of the system: a set of properties that completely describes the system
condition
If the value of even one properties changes, the state will change to a

different one.

(@) State 1 (B State 2

Thermodynamics Equilibrium:

Equilibrium: no changes

Thermodynamic equilibrium refers to particular states of a macroscopic
system, called equilibrium states, which are independent of time (stationary
states) and in which no macroscopic flow of any physical quantity exists.

Thermal Equilibrium

Temperature is the same throughout the entire system
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IRON IRON
150°C 60°C
COPPER COPPER
20°C 60°C

e Mechanical Equilibrium

(Related to pressure): a system is in mechanical equilibrium if there is no
change in pressure at any point of the system with time.

e Phase Equilibrium

If a system involves two phases, it is in phase equilibrium when the mass of
each phase reaches an equilibrium level and stays there.

e Chemical Equilibrium

Chemical composition does not change with time, that is, no chemical reactions

occur.

The Zeroth Law of Thermodynamics

The zeroth law of thermodynamics states that if two bodies are in thermal
equilibrium with a third body, they are also in thermal equilibrium with each

other.

Temperature Scales

T(R) = 1.8T(K) T(°F) = 1.8T(°C) + 32
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Forms of Energy

Energy can exist in numerous forms such as thermal, mechanical, kinetic, potential, electric,
magnetic, chemical, and nuclear, and their sum constitutes the total energy E of a system.
In thermodynamic analysis, it is often helpful to consider the various

forms of energy that make up the total energy of a system in two groups:

macroscopic and microscopic.

The macroscopic forms of energy are those a system possesses as a whole for some outside
reference frame, such as kinetic and potential energies

The macroscopic energy of an object
changes with velocity and elevation.

The macroscopic energy of a system is related to motion and the influence of
some external effects such as gravity, magnetism, electricity, and surface
tension. The energy that a system possesses as a result of its motion relative to
some reference frame is called kinetic energy (KE).

7l

KE = m=— (k)
The energy that a system possesses as a result of its elevation in a gravitational
field is called potential energy (PE) and is expressed as

PE = mgz (KJ)

The magnetic, electric, and surface tension effects are significant in some
specialized cases only and are usually ignored. In the absence of such effects,
the total energy of a system consists of the kinetic, potential, and internal
energies and is expressed as

'|r.J:
E=U+KE+PE=U+m— +mgz (kI)
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Energy Transfer by Heat

Heat: The form of energy that is transferred between two systems (or a system and its
surroundings) by virtue of a temperature difference.

System boundary

Room air

s o —————— | 25°C
| — He: No heat Heat Heat
| t| st lruns;'cr 8 /s i 1036 N
| | ;
| CLOSED | = & &
| — Work ‘
| SYSTEM = Sods| [Sods| [Sods
| | | @ @ | @
: (m = constant) I 2590 | @ @
| P | - o
| | < . "
|
Mhiotiiase s )

Energy can cross the boundaries of a
closed system in the form of heat and

Temperature difference is the driving force for
heat transfer. The larger the temperature

work. difference, the higher is the rate of heat transfer.
g=— (l\’J/l\'g) Heat transfer per unit mass
m

. Amount of heat transfer

0 =0 At (kJ) when heat transfer rate is
constant

[ Amount of heat transfer when

Q= , QO ()" heat transfer rate changes

with time

Insulation
74

Energy is recognized as heat transfer

only as it crosses the system boundary. e
2kJ | !
thermal : < = 0=0
energy | I -
I
ADIABATIC !
SURROUNDING f HEAT ! . A
! SYSTEM :
AIR | !
2kJ ! |
heat I '
) | :
1 b o ann aie ae- i i s s i i
! System 2 KkJ / ;/'
| thermal 4 During an adiabatic process, a system
NS . energy t 2 . . ,
" E—— exchanges no heat with its surroundings.
N
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Historical Background on Heat

» Kinetic theory: Treats molecules as tiny balls that are in motion and thus possess kinetic
energy.

» Heat: The energy associated with the random motion of atoms and molecules.

Heat transfer mechanisms:

+ Conduction: The transfer of energy from the more energetic particles of a substance to the
adjacent less energetic ones as a result of interaction between particles.

+ Convection: The transfer of energy between a solid surface and the adjacent fluid that is in
motion, and it involves the combined effects of conduction and fluid motion.

+ Radiation: The transfer of energy due to the emission of electromagnetic waves (or
photons).

Contact
surface

Hot
body (

(Caloric)

In the early nineteenth century, heat was thought to be an invisible fluid called the caloric that flowed from
warmer bodies to cooler ones.

Heat vs. Work

« Both are recognized at the boundaries of a system as they cross the boundaries. That is,
both heat and work are boundary phenomena.

« Systems possess energy, but not heat or work.
+ Both are associated with a process

 Both are path functions (i.e., their magnitudes depend on the path followed during a process
as well as the end states).

Properties are point functions have exact differentials (d ).
ldv= V, =V, = AV

“1
Path functions have inexact differentials (&)

J W =W, (nor AW)
I 1

AV =3 m% W, = 8KJ

AVy=3m* Wy=12kJ

2m’ 5m’ v

Properties are point functions; but heat and work are path functions (their magnitudes depend on the
path followed).
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Electrical Work

Electrical work
W, = VN

A~

Electrical power A —
W, = V7 (W) €

2
VWhen potential difference = V“/R
and current change with time

W, = I V7 dr (kJ)
1

Electrical power in terms of resistance

R, current /, and potential difference V.
When potential difference

and current remain constant
W, = VI Ar (kJ)

MECHANICAL FORMS OF WORK

+« There are two requirements for a work interaction between a system
and its surroundings to exist:

* there must be a force acting on the boundary.
« the boundary must move.

Work = Force x Distance VWhen force is not constant

W = Fs (kJ)
F r F
————— o= ! |l
__ J
&5 ';I

The work done is proportional to the force applied (F) and the
distance traveled (s).

If there is no movement, no
work is done.

A force F acting through i B
Shaft Work amomentarmr T = Fr —> Fe=r_=
generates a torque T 4
This force acts through a distance s s = (27 r)n
Shaft W, = Fs = L (27rrn) = 27nT (kJ)
work - r

The power transmitted through the shaft

is the shaft work done per unit time W

s = 27nT (kW)

W, = 27tnT

Engine
Energy transmission through rotating shafts
is commonly encountered in practice.

Shaft work is proportional to the
torque applied and the number
of revolutions of the shatft.
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When the length of the spring changes by
a differential amount dx under the influence

of a force F, the work done is

6‘/"/sprin;__' = Fdx

For linear elastic springs, the displacement

X is proportional to the force applied

Spring Work

Substituting and integrating yield

W

spring

displacements

F = kx (kN) «: spring constant (kN/m)
Elongation
of a spring

under the
influence of
Rest a force.
=1 mm position
X, =2 mm
The
displacement
of a linear

spring doubles
when the force
is doubled.

Work Done to Raise or to Accelerate a Body

1. The work transfer needed to raise a body is equal
to the change in the potential energy of the body.

2. The work transfer needed to accelerate a body is
equal to the change in the kinetic energy of the

body.

Nonmechanical Forms of Work

Electrical work: The generalized force is the
voltage (the electrical potential) and the

generalized displacement is the electrical charge.

Magnetic work: The generalized force is the
maghnetic field strength and the generalized

displacement is the total magnetic dipole moment.

Electrical polarization work: The generalized
force is the electric field strength and the
generalized displacement is the polarization of the

medium.

= Sk(x3 — x7) (kJ)

x; and X,: the initial and the final

Rest

position

;

Motor

Elevator
car

The energy
transferred to
a body while
being raised
is equal to
the change in
its potential
energy.




