(UNIT-I) 1

ENGINEERING THERMODYNAMICS

PURPOSE

This course provides the basic knowledge about thermodynamic laws, relations and their application to various
processes. . ;
INSTRUCTIONAL OBJECTIVES

Expected to _

1. Understand the thermodynamic laws and their applications.

2. Know the concept of entropy and availability.

3. Know the thermodynamic relations. -

4. Have clear idea about the properties of steam and the use of steam tables and Mollier chart,

UNIT -1 :

Introduction: Basic Concepts: System, Control Volume, Surrounding, Boundaries, Universe, Types of
Systems, Macroscopic and Microscopic viewpoints, Concept of Continuum, Thermodynamic Equilibrium,
State, Property, Process, Cycle — Reversibility, Quasi — static Process, Irreversible Process, Causes of
Irreversibility — Energy in State and in Transition - Types, Work and Heat, Point and Path function.

DEFINITION:

® Thermodynamics- The field of science which deals with the energies possessed by gases & vapours.

(It also includes the conversion of these energies in terms of heat & mechanical work & their relationship with
properties of the system.)

® Heat Engine- A machine which converts heat into mechanical work & vice-versa.

UNITS:

Fundamental Units- The measurement of physical quantities.

Eg: Length (1), mass (m), time (t), temperature (T) etc.,

Derived Units- Units expressed in terms of other units & derived from fundamental units.

Eg: mass density (p), force (F), weight (W), pressure (p), power (P) etc.,

Systems of units- CGS (cm-gram-sec), FPS (foot-pound-sec,), MKS (m-kg-sec) & SI (international standard)

e Newton’s laws of motion:
I-law—It states, Every body continuous in its state of rest or in uniform motion in a straight line,
unless it is acted upon by some external forces. (Law of Inertia)
II-law—It states, The rate of change of momentum is directionally proportional to the impressed force
~ & takes place in the same direction in which the force acts,
III-law—It states, To every action, there is always an equal & opposite reaction.

ISO- International Standard Organisation, ISI- Indian Standards Institution,
BIS- Bureau of Indian Standards.

® Mass: It is the amount of matter contained in a given body & does not vary with the change in its position
on the earth surface. (Unit-kg)
e Weight: It is the amount of matter contained in a given body will also vary with the change in its position
on the earth surface. (Unit-N)

|W=mg (or) m=W/g where: W (N), m (kg) & g (m/s®) ]

® Force: According to Newton’s I law of motion, the applied force is directly proportional to the rate of
change of momentum.

F oo ma Foom [(v-u)/t] where: m = mass, a = acceleration =change of momentum / unit time
(Momentum= mass x velocity) In S.I units: 1 N = I kg-m/s?
| kg-f=9.81kg-m/s* =9.81 N Mass, m =100 kg F=ma=mg=100x9.81 =981 N
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(UNIT-I) 2
® Thermodynamic Systems: It is definite area or space where some thermodynamic process is takes place.
e Classification of Thermodynamic systems: i. Closed, ii. Open & iii. Isolated —
(i) Closed System: Fixed mass and identity whose boundaries are determined by the space of the matter
occupied in it. Eg:- piston-cylinder.
A closed system does not permit any mass transfer across its boundary, but it permits transfer of energy (heat
& work).

(ii) Open System (Control Volume ?) An open system permits both mass & energy (heat & work) transfer
across its boundary and mass within the system may not constant.
Eg:- Air compressor (low Pressure air into high pressure air)

(iii) Isolated System (Universe): An isolated system does not have transfer of either mass & energy with the
surroundings. Eg:- Rare.

® Properties of System: All the observable quantities (p, t, v, p etc.), which identify the state of a system are
called properties.

(1) Extensive Properties: The properties of the system, whose value for the entire system is equal to the sum
of their value of the individual parts of the system.

4™ Eg:- Total Volume, Total Mass, Total Energy etc.

(ii) Intensive Properties: The properties of the system, whose value for the entire system is not equal to the
sum of their value of the individual parts of the system.

Eg:- Pressure, Temperature, Density etc.

e State of a System: When the system is in thermodynamic equilibrium the condition of the system at any
particular moment which can be identified by the statement of its properties such as p, t, v etc.

In Fig. pl,vl, Tl.. & p2, v2, T2..
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(1-A-2) & (2-B-1): Thermodynamic Processas
v (1-A-2-B-1): Thermodynamic Cycle or Cyclic Process v

Path of Change of State: When the system is in equilibrium states during a change of state.
Path of the Process: It known as when the path is completely specified.

M Thermodynamic Process: In fig.(1-A-2) & (2-B-1)
® Thermodynamic Cycle: In fig. (1-A-2-B-1)
(i) Reversible Cycle: The initial conditions (heat & work) are restored at the end of the cycle. In this process
there should not loss of heat due to friction, radiation or conduction.
(ii) Irreversible Cycle: The initial conditions (heat & work) are not restored at the end of the cycle. (It is also
known as actual or real process). In this process there is a loss of heat due to friction, radiation or conduction.
® Quasi-Static Process: When the process is carried out in such a way that at every instant, the system
deviation from the thermodynamic equilibrium is infinitesimal, then the process is known as Quasi-static or
Quasi-equilibrium process and each state in the process may be considered as an equilibrium state. (Italso
known as reversible process).

¢ Thermodynamic Equilibrium:

(i) Mechanical Equilibrium: When there is no unbalanced forces acting on any part of the system.

(if) Thermal Equilibrium: When there is no temperature difference between the parts of the system or
between the system & the surroundings.
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(UNIT-I) 3
(iii) Chemical Equilibrium: When there is no chemical reaction within the system & also there is no
movement of any chemical constituent from one part of the system to the other.

e Temperature: It is an intensive property, which determines the degree of hotness or the level of heat
intensity of a body.

Relation between Celsius scale and Fahrenheit scale: (C/100) = (F-32)/ 180 (or) (C/5)=(F-32)/9

, 1 bar = 1x10° N/m*, 1Pa=1N/m’
e Pressure: The normal force per unit area. Imm of Hg = 133.3 N/m?

Pabs = ?aim 3 ?g Pabs = Tatm = ?VHC

Normal Temperature and Pressure (N.T.P): (0% & 760mm of Hg)
Standard Temperature and Pressure (S.T.P): The temp. & pressure of any gas, under standard atmospheric
conditions. (15°c & 760mm of Hg)
e Law of Conservation of Energy: It states, Energy can neither be created nor be destroyed, through it can
be transformed from one form to any other form, in which the energy can exit.
e Energy: Capacity to do work. Types: 1. Stored energy, 2. Transit energy.

1. Stored energy--- The energy possessed by the system with in its boundaries. Eg: Internal, kinetic
and potential energy.

2. Transit energy--- The energy possessed by the system which is capable of crossing the boundaries.
Eg: Heat, Work, etc..
Potential Energy (P.E): The energy possessed by a body or a system for doing work by virtue of its position
above the ground level. P.E = mgZ (N-m)
Kinetic Energy (K.E): The energy possessed by a body or a system for doing work by virtue of its mass and
velocity of motion. K.E = mV?/2 (N-m)
Internal Energy (U): The energy possessed by a body or a system due to its molecular arrangement and
motion of the molecules. IN =1kg-m/s’
Total Energy: E=PE+KE+U
e Heat (Q): The energy transformed, without transfer of mass, across the boundary of a system because of a
temperature difference between the system and the surroundings.

The heat can transferred in three distinct ways.
a. Conduction: In solids, b. Convection: In fluids, &
¢. Radiation: It is an electromagnetic wave phenomenon in which energy can be transported through
transparent substances & even through a vacuum.
e Specific Heat (¢): The amount of heat required to raise the temperature of a unit mass of any substance
through one degree. (kJ / kg K)

Heat required =m ¢ (T, = T;) kJ
In solids & liquids only one ‘¢’ value because of no change of volume while heating but in gases two ‘c’
values are there depends upon process. (c,and c,). Where always c,> ¢,
® Thermal capacity (or) Heat capacity: The amount of heat required to raise the temperature of whole mass
of a substance through one degree. (kJ). Thermal capacity = m ¢ (kJ)
e Water equivalent: The quantity of water which requires the same quantity of heat as the substance to raise
its temperature through one degree. (kg). Water equivalent = m ¢ (kg)
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OPTIMAL PIN FIN HEAT EXCHANGER SURFACE

ABSTRACT:

This research presents the results of numerical study of heat transfer and pressure drop in a heat
exchanger that is designed with different shape pin fins. The heat exchanger used for this research
consists of a rectangular duct fitted with different shape pin fins, and is heated from the lower plate.
The pin shape and the compact heat exchanger (CHE) configuration were numerically studied to

maximize the heat transfer and minimize the pressure drop across the heat exchanger.

A three dimensional finite volume based numerical model by using analyzing software. ';J‘
simulation applied to estimate the heat transfer coefficient and pressure drop for a wide range of

Reynolds numbers with different pin fins.

Circular pin configuration variations included changes in pin spacing, axial pitch and pin height

ratio.
Rectangular and drop-shaped pin variations also included changes in length and aspect ratio.

The data and conclusions of this study can be applied to the optimization of different heat
exchangers which are used in industry, especially oil cooler in power transformers which are
currently working with low cooling efficiency. It can also be used in the design of electronic

components, turbine blade cooling or in other high heat flux dissipation applications.
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