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ol TN-MAWS - MECHANICAL ENGINEERING s

(DEGREE STANDARD)
MUNICIPAL ADMINISTRATION & WATER SUPPLY DEPARTMENT

UNIT-IV-THERMAL ENGINEERING AND THERMODYNAMICS

Basic concepts, Zeroth, First and Second laws of thermodynamics
Thermodynamics is the study of the patterns of energy change. Most of this course will be concerned with

understanding the patterns of energy change.

More specifically, thermodynamics deals with

(a) Energy conversion and Q;:)
(b) The direction of change. {"\.:\\ ’

Basis of thermodynamics is experimental observation. In that sease it'i empirical science. The principles

of thermodynamics are summarized in the form of four | kndyn as zeroth, first, second, and the third

laws of thermodynamics. Qg
\w‘

The zeroth law of thermodynamics deals @hermal equilibrium and provides a means of

measuring temperature. ?»

The first law of thermodynam als with the conservation of energy and introduces the
concept of internal energy. \

The second law of % ynamics dictates the limits on the conversion of heat into work and provides
the yard stick to measure’the performance of various processes. It also tells whether a particular process is
feasible or not and specifies the direction in which a process will proceed. As a consequence it also

introduces the concept of entropy.

The third law defines the absolute zero of entropy.

Macroscopic and Microscopic Approaches:

Microscopic approach uses the statistical considerations and probability theory, where we dealwith “average”
for all particles under consideration. This is the approach used in the disciplines known as Kinetic theory

and statistical mechanics.
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In the macroscopic point of view, of classical thermodynamics, one is concerned with the time-
averaged influence of many molecules that can be perceived by the senses and measured by the
instruments.The pressure exerted by a gas is an example of this. It results from the change in
momentum of the molecules, as they collide with the wall. Here we are not concerned with the
actions of individual molecules but with the time-averaged force on a given area that can be

measured by a pressure gage.

From the macroscopic point of view, we are always concerned with volumes that are very large
compared to molecular dimensions, and therefore a system (to be defined next) contains many
molecules, and this is called continuum. The concept of continuum loses va’J{g when the mean

free path of molecules approaches the order of typical system dimensions. k

We introduce boundaries in our study called the system anc}eg{r@ndmgs

studying. Defining the system and surroundings is , but it becomes important when we

The boundaries are set up in a way most conducive to %lng the energetics of what we're
afb:‘g
consider the exchange of energy between the syst d urroundlngs

Two types of exchange can occur between¢system. and surroundings: (1) energy exchange (heat,

work, friction, radiation, etc.) and (2 r exchange (movement of molecules across the
boundary of the system and surroun ."Based on the types of exchange which take place or
don't take place, we will define t es of systems:

\ N 4
o isolated syste @ange of matter or energy
e closed sys@xchange of matter but some exchange of energy
X

e 0Open SXS’%E”I

'/
\ 4

change of both matter and energy

Control Volume

e Control volume is defined as a volume which encloses the matter and the device inside a
control surface.

e Everything external to the control volume is the surroundings with the separation given by
the control surface.

e The surface may be open or closed to mass flows and it may have flows from energy in
terms of heat transfer and work across it.

e The boundaries may be moveable or stationary.
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e In the case of a control surface that is closed to the mass flow, so that no mass can enter or
escape the control volume, it is called a control mass containing same amount of matter at

all times.
Property

e In thermodynamics a property is any characteristic of a system that is associated with the
energy and can be quantitatively evaluated.

e The property of a system should have a definite value when the system is in a particular
state.

e Thermodynamic property is a point function. ("\,.,S

e Properties like volume of a system that depend on the m %\ Sﬁ/stem are called
extensive properties. %

e Properties like pressure or temperature which do not deﬁéb@\n he system mass are called
intensive properties. (‘\x 4

e The ratio of extensive property to the mass of}h{s}‘s}cmyare called specific properties and

therefore become intensive properties. \\"\

e Substance can be found in three state 1 ysical aggregation namely, solid, liquid and
vapor which are called its phases

e |f the system consists of mi ofydifferent phases, the phases are separated from each
other by phase boundary %

e The thermodynamic Properties change abruptly at the phase boundary, even though the

intensive propegt! temperature and pressure are identical.
Equilibrium:
e When @,Q%;ty of a system is defined, it is understood that the system is in
equilibrium?
e [f asystem is in thermal equilibrium, the temperature will be same throughout the system.
e |f a system is in mechanical equilibrium, there is no tendency for the pressure to change.
In a single phase system, if the concentration is uniform and there is no tendency for mass
transfer or diffusion, the system is said to be in chemical equilibrium.
e A system which is simultaneously in thermal, mechanical, and chemical equilibrium is

said to be in thermal equilibrium.
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A process is path followed by a system in reaching a given final state of equilibrium state starting

from a specified initial state. An actual process occurs only when the equilibrium state does not

exist.An ideal process can be defined in which the deviation from thermodynamic equilibrium is

infinitesimal.All the states the system passes through during a quasi-equilibrium process may be

considered equilibrium states.

For non-equilibrium processes, we are limited to a description of the system before the process
occurs and after the equilibrium is restored.Several processes are described by the fact that one

property remains constant. The prefix iso- is used to describe such processes.

?

A process is said to be reversible if both the system and its surroundingsckqi\@ restored to their
respective initial states by reversing the direction of the process. Q\

V.

o Reversible: if the process happens slow enough to be ré(?éasg\*

o Irreversible: if the process cannot be reversed (Iiﬁe\ ost F6cesses).

e Isobaric: process done at constant pressure /\ */

e Isochoric: process done at constant volum\(
/

e Isothermal: process done at constant t ature

o Adiabatic: process where q=0 %

e Cyclic: process where initial 3% inal state

Internal Energy \Z?V
Y

e The molecule as% can move in X, y and z directions with respective components of
velocities M ossesses kinetic energy.
e There p&n%@(ation of molecule about its center of mass and than the Kkinetic energy
associated with rotation is called rotational energy.
e In addition the bond length undergoes change and the energy associated with it is called
vibrational energy.
e The electron move around the nucleus and they possess a certain energy that is called
electron energy.
e The microscopic modes of energy are due to the internal structure of the matter and hence
sum of all microscopic modes of energy is called the internal energy.
Bulk kinetic energy (KE) and potential energy (PE) are considered separately and the other
energy of control mass as a single property (U).

The total energy possessed by the body is given by:
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E=KE+PE+U

Work

Whenever a system interacts with its surroundings, it can exchange energy in two ways- work and
heat. In mechanics, work is defined as the product of the force and the displacement in the
direction of the force.

Work done when a spring is compressed or extended: According to Hooke's law
Spring force = - k (X — Xo)

Where k is the spring constant, X, is the equilibrium position, and x is tr%::]jl position. The
e

negative sign shows that the direction of the spring force is opposii&t direction of the

h
7/
displacement from Xx,. The external force is equal in magnitude but 0@\/‘}] sign to the spring

f y
orce, SO ~ Q
A\ >
External force (force of your hands) :&(X/ —Xp).
]

Now, we want to calculate the work done whe v@h the spring from position 1 to position

2. /
W= Fdx= K (X - X 8X-x)y= 1/2 K [(Xp-X0)? - (X1-Xo)’]
Work done wh Y\j%me is increased or decreased
Consider a gas in a container ovable piston on top. If the gas expands, the piston moves

out and work is done by the sySterr on the surroundings.

Alternatively, if g§»inside contracts, the piston moves in and work is done by the
surroundings oﬁbg tem. Why would the gas inside contract or expand?

J
\ 4

It would if the external pressure, Py, and the internal pressure, Pj,, were different. To calculate
the work done in moving the piston, we know that the force = pressure times area and then work
equals pressure times area times distance or work equals pressure times the change in volume. So,
W = the integral of (Py) dV.

The differential work done (dW) associated with a differential displacement (dl) is given by

dw =Fdl

For a piston cylinder assembly,
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dW = Fdl = PA (dl) = P dV

If the gas is allowed to expand reversibly from the initial pressure P to final pressure P, then the
work done is given by
W= [pdv
e The integral represents the area under the curve on a pressure versus volume diagram.
Therefore the work depends on the path followed and work is a path function and hence
not a property of the system.
e The above expression does not represent work in the case of an irreversible process.
e The thermodynamic definition of work is “ Work is said to be done by a system on the
surrounding if the sole effect external to the system could be reduc;q)t\o the raising of a

mass through a distance”. b J
Heat: \")Q\ :

Heat like work, is a form of energy. The energy transfer beWn%}ystem and its surroundings is
called heat if it occurs by virtue of the temperature diffelé'ﬁge aefoss the boundary. The two modes
of energy transfer —work and heat- depend on the.choi ()%he system. Heat energy moves from
a hotter body to a colder body upon contam\t__ two bodies. If two bodies at different
temperatures are allowed to remain in contact, the/system of two bodies will eventually reach a
thermal equilibrium (they will have the temperature).A body never contains heat. Rather
heat is a transient phenomenon and c% entified as it crosses the boundary.

y
The State PostulatS\

The state of the s@escribed by its properties.Once a sufficient number of properties are
e

A

specified, the res properties assume some values automatically. The number of properties

V4

required to fix a state of a system is given by the state postulate:

The state of a simple compressible system is completely specified by two independent, intensive
properties. The system is calleda simple compressible system in the absence of electrical,

magnetic, gravitational, motion, and surface tension effects.

The state postulate requires that the two properties specified be independent to fix the state.Two
properties are independent if one property can be varied while the other one is held constant.
Temperature and specific volume, for example, are always independent properties, and together
they can fix the state of a simple compressible system.Thus, temperature and pressure are not
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sufficient to fix the state of a two-phase system.Otherwise an additional property needs to be
specified for each effect that is significant.An additional property needs to be specified for each

other effect that is significant.
Zeroth Law of Thermodynamics

We cannot assign numerical values to temperatures based on our sensations alone. Furthermore,

our senses may be misleading. Several properties of material changes with temperature in a

repeatable and predictable way, and this forms the basis of accurate temperature

measurement.The commonly used mercury-in-glass thermometer for exarﬁﬁte\ is based on the
. : . N\

expansion of mercury with temperature. Temperature is also measn% using several other

temperature dependant properties. Two bodies (eg. Two coppe@l@ in contact attain thermal

'
equilibrium when the heat transfer between them stops. (\x R
.V
i
The equality of temperature is the only requirement ﬂ\en(al equilibrium.

The Zeroth Law of Thermodynamics QO

If two bodies are in thermal equilibrium*with a third body, they are also in thermal equilibrium
with each other.This obvious fact cannot”be concluded from the other laws of thermodynamics,
and it serves as a basis t ature measurement.By replacing the third body with a
thermometer, the zeroth x}é restated two bodies are in thermal equilibrium if both have the
same temperature %lﬂ even if they are not in contact. The zeroth law was first formulated and

labeled by R.H, &0 1931.
N

v"

Temperature Scales

All temperature scales are based on some easily reproducible states such as the freezing and
boiling point of water, which are also called the ice-point and the steam-point respectively. A
mixture of ice and water that is in equilibrium with air saturated with water vapour at latm
pressure, is said to be at the ice-point, and a mixture of liquid water and water vapour (with no
air) in equilibrium at latm is said to be at the steam-point.Celsius and Fahrenheit scales are
based on these two points (although the value assigned to these two values are different) and are
referred as two-point scales. In thermodynamics, it is very desirable to have a temperature scale

that is independent of the properties of the substance or substances.
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Such a temperature scale is called a thermodynamic temperature scale.(Kelvin in Sl)

Ideal gas temperature scale

The temperatures on this scale are measured using a constant volume thermometer.Based on the
principle that at low pressure, the temperature of the gas is proportional to its pressure at constant
volume. The relationship between the temperature and pressure of the gas in the vessel can be

expressed as

T=a+hP f"\.x

7~ s
Where the values of the constants a andb for a gas thermometer are de@ed experimentally.

Once a andb are known, the temperature of a medium can be @l@d from the relation above
by immersing the rigid vessel of the gas thermometer intme &dium and measuring the gas
pressure.ldeal gas temperature scale can be develope%&m ?L%ng the pressures of the gas in the
vessel at two reproducible points (such as the ice angst m points) and assigning suitable values
to temperatures those two points. Considering one straight line passes through two fixed
points on a plane, these two measurements are Sl}fficient to determine the constants a andb in the
above equation. %

If the ice and the steam points are%s’ﬁned the values 0 and 100 respectively, then the gas
temperature scale will be ideéqtical to the Celsius scale. In this case, the value of the constant a
(that corresponds to%& solute pressure of zero) is determined to be —273.15°C when

extrapolated.

Ny

V4

The equation reduces to T = bP, and thus we need to specify the temperature at only one point to
define an absolute gas temperature scale. Absolute gas temperature is identical to thermodynamic
temperature in the temperature range in which the gas thermometer can be used.We can view that
thermodynamic temperature scale at this point as an absolute gas temperature scale that utilizes an
ideal gas that always acts as a low-pressure gas regardless of the temperature. At the Tenth
international conference on weights and measures in 1954, the Celsius scale has been redefined in
terms of a single fixed point and the absolute temperature scale.The triple point occurs at a fixed

temperature and pressure for a specified substance.
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The selected single point is the triple point of water (the state in which all three phases of water
coexist in equilibrium), which is assigned the value 0.01 C. As before the boiling point of water at

1 atm. Pressure is 100.0 C. Thus the new Celsius scale is essentially the same as the old one.

On the Kelvin scale, the size of Kelvin unit is defined as “ the fraction of 1/273.16 of the
thermodynamic temperature of the triple point of water, which is assigned a value of 273.16K”.

The ice point on Celsius and Kelvin are respectively 0 and 273.15 K.
Thermodynamic system and processes

A system is defined as a quantity of matter or a region in space chosen fomstudy. The mass or
region outside the system is called the surroundings. The real or imagina%:{ace that separates
the system from its surroundings is called the boundary. These te;m% istrated in Fig. 1-1.
The boundary of a system can be fixed or movable. Note that we &w_ a’r'y is the contact surface
shared by both the system and the surroundings. MathematMy;Eeaking, the boundary has zero
thickness, and thus it can neither contain any mass no?\&mg}é(y volume in space.

Systems may be considered to be closed or og‘e:n,\hnding on whether a fixed mass or a fixed
volume in space is chosen for study. A cIo;d syéﬁer‘n (also known as a control mass) consists of a

fixed amount of mass, and no mass can Ct0ss Its boundary. That is, no mass can enter or leave a

closed system, as shown 2‘7
But energy,in theform r work, cancrossthe boundaryandthe volumeof a closec
systemdoesnot haveto befiXed. If, asa specialcase gvenenergyis notallowedto crossthe

boundarythatsyste ) anisolatedsystem Considerthe piston-cylinderdeviceshown.
Let ussaythatwe me to find outwhathappengo theenclosedjaswhenit is heated.
Sincewe arefgeu%mr attentionon thegas,it is our system.

The inmr aces of the piston and the cylinder form the boundary, and since no mass is
crossing this boun?iary, it is a closed system. Notice that energy may cross the boundary, and part
of the boundary (the inner surface of the piston, in this case) may move. Everything outside the
gas, including the piston and the cylinder, is the surroundings. An open system, or a control
volume, as it is often called, is a properly selected region in space.

It usuallyencloses devicethatinvolvesmassilow suchasa compressorturbine,or
nozzle.Flow throughthesedevicess beststudiedby selectinghe regionwithin the deviceasthe
controlvolume.Both massandenergycancrossthe boundaryof a controlvolume.

A largenumberof engineeringoroblemsnvolve massflow in andout of a systemand,
therefore aremodeledascontrolvolumes A waterheatera carradiator,a turbine,anda compressc
all involve massflow andshouldbe analyzedas

O
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control volumes (open systems) instead of as control masses (closed systems). In general, any
arbitrary region in space can be selected as a control volume. There are no concrete rules for the
selection of control volumes, but the proper choice certainly makes the analysis much easier. If
we were to analyze the flow of air through a nozzle, for example, a good choice for the control
volume would be the region within the nozzle. The boundaries of a control volume are called a
control surface, and they can be real or imaginary. In the case of a nozzle, the inner surface of the
nozzle forms the real part of the boundary, and the entrance and exit areas form the imaginary
part, since there are no physical surfaces there A control volume can be fixed in size
and shape, as in the case of a nozzle, or it may involve a moving boundary,

Most control volumes, however, have fixed boundaries and thus do not_involve any moving

boundaries. A control volume can also involve heat and work interactions/just asia closed system,
QNdEr the water heater

) 4

in addition to mass interaction. As an example of an open systewx.r
“‘we must transfer to the

Let us say that we would like to determine how mut
water in the tank in order to supply a steady stream of hot sater. inée hot water will leave the
tank and be replaced by cold water, it is not convenientgﬂhgho e a fixed mass as our system for
the analysis. Instead, we can concentrate our atteritio of’the volume formed by the interior
surfaces of the tank and consider the hot and ¢ @r streams as mass leaving and entering the
control volume. The interior surfaces of the tankiform the control surface for this case, and mass

is crossing the control surface at two lo

Rmﬁ' n

== :

\ . &

3 - : : Moving
CV — | boundary

{a nozzle) :

e 1

o 1

e 1

|

|
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| |
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{a) A control volume with real and () A control volume with fixed and
imaginary boundaries moving boundaries

A control volume can involve fixed, moving, real, and imaginary boundaries.
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A closed system with a moving boundary

SRIMAAKImethy.senc mecyauickey Ansvest Stuon e eHR ot padasakat nel@pmait e 2230063.
MATERIALS: MATHSENGLISH/PHYSICSICHEMISTRY/COM.SCI/IT/EEE/ECE/MECHANICAL/CIVIL AVAILABLE.



https://www.whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://www.padasalai.net/

SRIMAAN COACHING CENTRE-TRI?\II%Y-TN-MAWS-M ECHANICAL STUDY MA}_T%RJIAL-TO CONTACT:8072230063.
www.Padasalal.Net wWww.1rb Tnpsc.com

Hot
waler
ot

Control —_ |}
surface

WATER
HEATER

{control
volume) Cold 4
waler /..\

in

?\

An opensystem(a controlvol@&h oneinlet andoneexit.
\”.

PROPER OF A SYSTEM

Any characteristic of a systeniwi m a property. Some familiar properties are pressure P,

temperature T, volume V, andnnass m. The list can be extended to include less familiar ones such as
viscosity, thermal conductiVity,

resistivity, and e\@ ity and elevation. Properties are considered to be either intensive or

modulus of elasticity, thermal expansion coefficient, electric

7

extensive. Intm operties are those that are independent of the mass of a system, such as
temperature, presénfe, and density. Extensive properties are those whose values depend on the size—
or extent—of the system. Total mass, total volume, and total momentum are some examples of
extensive properties. An easy way to determine whether a property is intensive or extensive is to
divide the system into two equal parts with an imaginary partition,
Eachpartwill havethe samevalueof intensivepropertiesasthe original systemput half the
valueof the extensivepropertiesGenerally uppercaséettersareusedto denoteextensivepropertie

andlowercasdettersareusedfor intensiveproperties Extensivepropertieperunit massarecalled

specificpropertiesSomeexampleof specificpropertiesarespecificvolume (v V/m) andspecific
total energy(e E/m).
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Criterion to differentiate intensive and ex \&s}ropertles

CONTINUUM:

Va

Continuum Matter is made up of atoms that are \/@K s&iced in the gas phase. Yet it is very
convenient to disregard the atomic nature of a e and view it as a continuous, homogeneous
matter with no holes, that is, a continuum. he%scjr‘@luum idealization allows us to treat properties as
point functions and to assume the prop ry continually in space with no jump discontinuities.
This idealization is valid as long as t%i.;e of the system we deal with is large relative to the space
between the molecules. This is in practically all problems, except some specialized ones.
The continuum idealization 1 p‘hcu in many statements we make, such as “the density of water in

a glass is the same at a p int.

STATE AND % BRIUM:

Consider a system not undergoing any change. At this point, all the properties can be measured or
calculated throughout the entire system, which gives us a set of properties that completely describes
the condition, or the state, of the system. At a given state, all the properties of a system have fixed
values. If the value of even one property changes, the state will change to a different one.

* A systemis shownattwo differentstates.

* Thermodynamicslealswith equilibriumstates.

Theword equilibriumimpliesa stateof balanceln anequilibriumstatethereareno
unbalancegbotentialswithin thesystem A systemin equilibriumexperiencesio changesvhenit is
isolatedfrom its surroundingsTherearemanytypesof equilibrium,anda systemis notin
thermodynamiequilibriumunlessthe conditionsof all therelevanttypesof equilibriumaresatisfied
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PROCESSES AND CYCLES

Any change that a system undergoes from one equilibrium state to another is called a process, and the
series of states through which a system passes during a process is called the path of the process (Fig. 1-6).
To describe a process completely, one should specify the initial and final states of the process, as well as
the path it follows, and the interactions with the surroundings. When a process proceeds in such a manner
that the system remains infinitesimally close to an equilibrium state at all times, it is called a quasistatic, or
guasi-equilibrium, process. A quasi-equilibrium process can be viewed as a sufficiently slow process that
allows the system to adjust itself internally so that properties in one part of the system do not change any
faster than those at other parts.

Property A mx
1i State 2 K\b -
A
Process path m . /
Oy
I\
A process between st@d 2 and the process path.

State 1

Whena gasin a piston-cylinderdeVvi eis%Ompresseduddenlthemoleculemearthe
faceof the pistonwill nothaveenoughtime to escapandtheywill haveto pile upin asmall
regionin front of the piston,thuscre?ga igh-pressureegionthere.

Becausef this pressur cethesystemcanno longerbesaidto bein equilibrium,
andthis makesthe entireprogessyonquasi-equilibriumkHowever if the pistonis movedslowly,
themoleculeswill havesuffieienttime to redistributeandtherewill notbeamoleculepileupin

front of the piston %
/»\

As a resultrthe pressure inside the cylinder will always be nearly uniform and will rise at
the same rate at'a'l,l locations. Since equilibrium is maintained at all times, this is a quasi-
equilibrium process. It should be pointed out that a quasi-equilibrium process is an idealized
process and is not a true representation of an actual process. But many actual processes closely
approximate it, and they can be modeled as quasiequilibrium with negligible error. Engineers are
interested in quasiequilibrium processes for two reasons. First, they are easy to analyze;
second,work-producing devices deliver the most work when they operate on quasiequilibrium
processes. Therefore, quasi-equilibrium processes serve as standards to which actual processes
can be compared. Process diagrams plotted by employing thermodynamic properties as

coordinates are very useful in visualizing the processes. Some common properties that are used as
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coordinatesretemperaturd’, pressurd®, andvolumeV (or specificvolumev).

Showsthe P-V diagramof a compressiomproces®of a gas.Notethatthe procesgpath
indicatesa seriesof equilibriumstateghroughwhich the systempassesluringa processandhas
significancefor quasie-quilibriumprocessesnly. For nonquasi-equilibriunprocessesye arenot
ableto characterizéhe entiresystemby a singlestate andthuswe cannotspeakof a procesgatt
for asystemasawhole.

* A nonquasi-equilibriunprocesss denotedoy a dashedine betweertheinitial
andfinal statesnsteadof asolidline.

* Theprefix iso-is oftenusedto designatea procesdor which a particularpropertyremain:
constant.

An isothermabprocessfor examplejs a processiuringwhich thetemperaturd remains
constantanisobaricprocesss a processluringwhich the pressurd re aigbnstantandan
iIsochoric(or isometric)processs a processluringwhich the specifi Aév'?emainsconstant.

A systemis saidto haveundergone cycleif it returnsto itS'iitial 'stateatthe endof the
processThatis, for acycletheinitial andfinal statesareident@ki

7/

The Steady-Flow Process: ’\; V
/\ /

The terms steady and uniform are used frequentlyg'mex}ering, and thus it is important to have a clear
understanding of their meanings. The term steady impliés no change with time. The opposite of steady is
unsteady, or transient. The term uniform; r, implies no change with location over a specified

region. These meanings are consistent WW everyday use (steady girlfriend, uniform properties, etc.).

A large number of engineerin@perme for long periods of time under the same conditions, and
they are classified as ste&a devices. Processes involving such devices can be represented reasonably

well by a somewhat jidealized process, called the steady-flow process, which can be defined as a process
during which a ﬂﬁic%through a control volume steadily (Fig. 1-9). That is, the fluid properties can
change from pomoint within the control volume, but at any fixed point they remain the same during
the entire process. Therefore, the volume V, the mass m, and the total energy content E of the control

volume remain constant during a steadyflow process.

Steady-flow conditions can be closely approximated by devices that are intended for continuous operation
such as turbines, pumps, boilers, condensers, and heat exchangers or power plants or refrigeration systems.
Some cyclic devices, such as reciprocating engines or compressors, do not satisfy any of the conditions
stated above since the flow at the inlets and the exits will be pulsating and not steady. However, the fluid
properties vary with time in a periodic manner, and the flow through these devices can still be analyzed as

a steady-flow process by using time-averaged values for the properties.
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During a steady-flow process, fluid properties within the control \@way change with

position but not with time. Q

~~ ""TEMPERAXATURE &ND THE ZEROTH LAW Q ’&%@ODYN AMICS:

4

Although we are familiar with temperature as a measure Not%s” or “coldness,” it is not easy to give
an exact definition for it. Based on our physiologic@sa ions, we express the level of temperature
qualitatively with words like freezing cold, cold%, hot, and red-hot. However, we cannot assign
numerical values to temperatures based on our senéations alone. Furthermore, our senses may be

misleading. A metal chair, for example, will feel much colder than a wooden one even when both are at the
same temperature. W?V

Fortunately, several proper 'es\a’(erials change with temperature in a repeatable and predictable way,
and this forms the basi& ccurate temperature measurement. The commonly used mercury-in-glass

iS based on the expansion of mercury with temperature. Temperature is also

thermometer, for e%
o~
measured by usiﬁg&a\‘e | other temperature-dependent properties.
4
w

It is a common experience that a cup of hot coffee left on the table eventually cools off and a cold drink
eventually warms up. That is, when a body is brought into contact with another body that is at a different
temperature, heat is transferred from the body at higher temperature to the one at lower temperature until
both bodies attain the same temperature At that point, the heat transfer stops, and the two
bodies are said to have reached thermal equilibrium. The equality of temperature is the only requirement

for thermal equilibrium.
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Two bodies reaching thermal equilibrium after being brought into contact in an isolated
enclosure

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. It may seem silly that such an obvious
fact is called one of the basic laws of thermodynamics. However, it cannot be concluded from the other
laws of thermodynamics, and it serves as a basis for the validity of temperature measurement. By
replacing the third body with a thermometer, the zeroth law can be restated as two bodies are in thermal
equilibrium if both have the same temperature reading even if they are not in contact.

The zeroth law was first formulated and labeled by R. H. Fowler in 1931. As the name suggests, its
value as a fundamental physical principle was recognized more than half a céntury, after the formulation
of the first and the second laws of thermodynamics. It was named the @%w since it should have
preceded the first and the second laws of thermodynamics. " \ -
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