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Microscopic: tracking the movement of matter and energy on a particle by particle basis 

Macroscopic: use the conservation equations (energy and mass) to track movement of matter and 

eŶeƌgǇ oŶ aŶ aǀeƌage oǀeƌ a fiǆed doŵaiŶ ;ƌefeƌƌed to as ĐlassiĐal theƌŵodǇŶaŵiĐsͿ  
 

 

Energy 

• the total energy of the system per unit mass is denoted as e and is given as 

 

   e = E/m  (kJ/kg) 

 

• if we neglect the contributions of magnetic, electric, nuclear energy, we can write the total 

energy as 

E = U + KE + P E = U +mV
2
/2+ mgz 

 

 

Dimensions and Units 

SI: International System 

• SI is the preferred because it is logical (base 10) and needs no correction factors 

• uŶit ĐoŶǀeŶtioŶ: 

 

 



 

 

Thermodynamic Systems 

 

 
 

SYSTEM: 

Closed System: Đoŵposed of a ĐoŶtƌol ;oƌ fiǆedͿ ŵass ǁheƌe heat aŶd ǁoƌk ĐaŶ Đƌoss the boundary but 

no mass crosses the boundary. 

 

Open System: composed of a control volume (or region in space) where heat, work, and mass can cross 

the boundary or the control surface. 

 
 

 

 

 



WORK & HEAT TRANSFER: 

• ǁoƌk aŶd heat tƌaŶsfeƌ aƌe NOT pƌopeƌties → theǇ aƌe the foƌŵs that eŶeƌgǇ takes to cross the system 

boundary 

Thermodynamic Properties of Systems 

Basic DefiŶitioŶs 

Thermodynamic Property: Any observable or measurable characteristic of a system. Any mathematical 

combination of the measurable characteristics of a system 

Intensive Properties: Properties which are independent of the size (or mass) of the system 

• theǇ aƌe Ŷot additiǀe ⇒ XA+B  XA + XB 

• examples include: pressure, temperature, and density 

Extensive Properties: Properties which are dependent of the size (or mass) of the system 

• theǇ aƌe additiǀe ⇒ XA+B = XA + XB 

• eǆaŵples iŶĐlude: ǀoluŵe, eŶeƌgǇ, eŶtƌopǇ aŶd suƌfaĐe aƌea 

SpeĐifiĐ Pƌopeƌties: Extensive properties expressed per unit mass to make them intensive properties 

• speĐifiĐ pƌopeƌtǇ ;iŶteŶsiǀeͿ    −→        extensive property/mass 

 

Measurable Properties 

 

• P, V, T , aŶd ŵ aƌe iŵpoƌtaŶt ďeĐause theǇ aƌe ŵeasuƌaďle ƋuaŶtities. MaŶǇ other thermodynamic 

quantities can only be calculated and used in calculations when they are related to P, V, T , and m 

– Pressure (P ) and Temperature (T ) are easily measured intensive properties. 

Note: They are not always independent of one another. 

– Volume (V ) and mass (m) are easily measured extensive properties. 

 

Pressure 

• P ƌessuƌe = F orce/Area ; →N/m
2 

  =  P a 

– iŶ fluids, this is pƌessuƌe ;Ŷoƌŵal ĐoŵpoŶeŶt of foƌĐe peƌ uŶit aƌeaͿ 
– in solids, this is stress 

 

Thermodynamic Processes 

• the process is any change from one equilibrium state to another. (If the end state = initial state, then 

the process is a cycle) 

• the pƌoĐess path is a seƌies iŶteƌŵediate states thƌough ǁhiĐh a sǇsteŵ passes duƌiŶg the process (we 

very seldom care what the process path is) 

• pƌoĐesses aƌe Đategoƌized ďased oŶ hoǁ the pƌopeƌties ďehaǀe: 

– isobaric (P = constant) 

– isothermal (T = constant) 

– isochoric or isometric (V = constant) 



– isentropic (s = constant) 

– isenthalpic (h = constant) 

– adiabatic (no heat transfer) 

Stored Energy 

• hoǁ is eŶeƌgǇ stoƌed iŶ ŵatteƌ? 

Stored Energy = E = KE + P E + U 

• Kinetic Energy: Energy due to motion of the matter with respect to an external reference frame (KE = 

mV
2
/2) 

• Potential Energy: EŶeƌgǇ due to the positioŶ of the ŵatteƌ iŶ a foƌĐe field ;gƌaǀitatioŶal,ŵagŶetiĐ, 
electric). It also includes energy stored due to elastic forces and surface tension (P E = mgz) 

• Internal Energy = microscopic forms of energy, U) 

– forms of the energy in the matter due to its internal structure (independent of external reference 

frames) 

 

Transit Energy 

Heat 

• tƌaŶsit foƌŵ of eŶeƌgǇ that oĐĐuƌs ǁheŶ theƌe is ΔT ;a teŵpeƌatuƌe gƌadieŶtͿ 
• ŶotatioŶ - Q ;kJͿ, Ƌ ;kJ/kgͿ, Q˙;kWͿ, Ƌ˙ ;kW/kgͿ 
Work 

• tƌaŶsit form of energy that occur due to all other driving forces 

• ŶotatioŶ - W ;kJͿ, ǁ ;kJ/kgͿ,W˙;kWͿ, ǁ˙ ;kW/kgͿ 
 

Phases of Pure Substances 

•a puƌe suďstaŶĐe ŵaǇ eǆist iŶ diffeƌeŶt phases, ǁheƌe a phase is ĐoŶsideƌed to ďe a phǇsiĐallǇ uniform 

•ϯ pƌiŶĐipal phases: 

Solids: 

 strong molecular bonds  

 molecules form a fixed (but vibrating) structure (lattice) 

Liquids: 

 molecules are no longer in a fixed position relative to one another  

 molecules float about each other 

Gases: 

 there is no molecular order intermoleculaƌ foƌĐes≈Ϭ 

 

Behavior of Pure Substances (Phase Change Processes) 

 Critical Point:liquid and vapor phases are not distinguishable 

 

 Triple point:liquid, solid, and vapor phases can exist together 



 
The Vapor Dome 

general shape of a P−ǀ diagƌaŵ foƌ a puƌe suďstaŶĐe. 

 

Specific volume: vf,vg   And   vfg=vg-vf 

Internal Energy:  uf,ug   And  ufg=ug-uf 



Specific Enthalpy: hf,hg   And   hfg=hg-hf 

Specific Entropy: Sf,Sg   And    Sfg=Sg-Sf 

in the two phase region, pressure and temperature cannot be specified independently 

 

PSat= P(Tsat)    TSat=T(Psat) 

this only holds true under the vapor dome in the two-phase region. 

Ideal Gases 

• gases that adhere to a pressure, temperature, volume relationship 

 Pv = RT  or  PV = mRT 

referred to as ideal gases  

-where R is the gas constant for the specified gas of interest (R = Ru/M ) 

Ru = UŶiǀeƌsal gas ĐoŶstaŶt, ≡ 8.ϯϭϰ kJ/;kŵol · KͿ  

M= molecular wieght (or molar mass) of the gas 

Real Gases 

• eǆpeƌieŶĐe shoǁs that ƌeal gases oďeǇ the folloǁiŶg eƋuatioŶ ĐloselǇ:  

Pv = ZRT (T and P are in absolute terms)  

– this equation is used to find the third quantity when two others are known  

– Z is the compressibility factor  

– Note: Rair = 0.287 kJ/kg · K, RH2 = 4.124 kJ/kg · K 

Specific Heats:  

Ideal Gases 

• foƌ aŶǇ gas ǁhose eƋuatioŶ of state is eǆaĐtlǇ 

P v = RT 

the speĐifiĐ iŶteƌŶal eŶeƌgǇ depeŶds oŶlǇ oŶ teŵpeƌatuƌe 

u = u(T ) 

• the speĐifiĐ enthalpy is given by 

h = u + P v 

where 

h(T ) = u(T ) + RT 

Note: Since u = u(T ), and R is a constant, enthalpy is only a function of temperature. 

• foƌ aŶ ideal gas 



Cv =du/dT  ⇒ Cv = Cv(T ) only 

Cp =dh/dT  ⇒ Cp = Cp(T ) only 

 

From the equation for enthalpy, 

RT = h;T Ϳ − u;T Ϳ 
If we differentiate with respect to T 

R =dh/dT−du/dT 

 

Control Mass (Closed System) 

A theƌŵodǇŶaŵiĐ aŶalǇsis of a sǇsteŵ ĐaŶ ďe peƌfoƌŵed oŶ a fiǆed aŵouŶt of ŵatteƌ kŶoǁŶ as 
a control mass or over a region of space, known as a control volume. 

 

Conservation of Mass 

Conservation of Mass, which states that mass cannot be created or destroyed, is implicitly 

satisfied  ďǇ the defiŶitioŶ of a ĐoŶtƌol ŵass. 
 

Conservation of Energy 

The first law of therŵodyŶaŵics states: 
Energy cannot be created or destroyed it can only change forms. 

• eŶeƌgǇ tƌaŶsfoƌŵatioŶ is aĐĐoŵplished thƌough eŶeƌgǇ tƌaŶsfeƌ as ǁoƌk aŶd/oƌ heat. Woƌk and heat 

are the forms that energy can take in order to be transferred across the system boundary. 

• the fiƌst laǁ leads to the principle of Conservation of Energy where we can stipulate the energy 

content of an isolated system is constant. 

eŶeƌgǇ eŶteƌiŶg − eŶeƌgǇ leaǀiŶg = ĐhaŶge of eŶeƌgǇ ǁithiŶ the sǇsteŵ 

 

Sign Convention 

There are many potential sign conventions that can be used. 

 

Cengel Approach 

Heat Transfer: heat transfer to a system is positive and heat transfer from a system is negative. 

Work Transfer: work done by a system is positive and work done on a system is negative. 

 
 



Culham Approach 

Anything directed into the system is positive, anything directed out of the system is negative 

 
Forms of Energy Transfer 

 

Work Versus Heat 

• Woƌk is ŵaĐƌosĐopiĐallǇ oƌgaŶized eŶeƌgǇ tƌaŶsfeƌ. 
• Heat is ŵiĐƌosĐopiĐallǇ disoƌgaŶized eŶeƌgǇ tƌaŶsfeƌ. 
 

Heat Energy 

• NotatioŶ: 
– Q (kJ) amount of heat transfer 

– Q˙;kWͿ ƌate of heat tƌaŶsfeƌ ;poǁeƌͿ 
– q (kJ/kg) - heat transfer per unit mass 

– Ƌ˙ ;kW/kgͿ - power per unit mass 

• ŵodes of heat tƌaŶsfeƌ: 
– conduction: diffusion of heat in a stationary medium  

– convection: it is common to include convective heat transfer in traditional heat 

transfer analysis. However, it is considered mass transfer in thermodynamics.  

– radiation: heat transfer by photons or electromagnetic waves 

Work Energy 

• NotatioŶ: 
– W (kJ) amount of work transfer 

– W˙;kWͿ poǁeƌ 

– w (kJ/kg) - work per unit mass 

– ǁ˙ ;kW/kgͿ - power per unit mass 

• ǁoƌk tƌaŶsfeƌ ŵeĐhaŶisŵs iŶ geŶeƌal, aƌe a foƌĐe aĐtiŶg oǀeƌ a distaŶĐe Mechanical Work 

• foƌĐe ;ǁhiĐh geŶeƌallǇ ǀaƌiesͿ tiŵes displaĐeŵeŶt 
 

W12 =∫ 𝐹 𝑑𝑠ଶଵ  



Moving Boundary Work 

 
• compression in a piston/cylinder, where A is the piston cross sectional area (frictionless) 

 the area under the process curve on a P – V diagram is proportional to∫ 𝑃 𝑑𝑣ଶଵ  

• the ǁoƌk is: 
– +ve for compression 

– −ǀe foƌ eǆpansion 

• soŵetiŵes Đalled P dV ǁoƌk oƌ compression /expansion work 

 

 

Polytropic Process: where P V
n
= C 

• eǆaŵples of polǇtƌopiĐ pƌoĐesses iŶĐlude: 
Isobaric process: if n = 0 then P = C and we have a constant pressure process 

Isothermal process: if n = 1 then from the ideal gas equation P V = RT and P V is 

only a function of temperature 

IsoŵetƌiĐ pƌoĐess: if Ŷ → ∞ theŶ P1/n
V = C

1/n
 and we have a constant volume process 

Isentropic process: if n = k = Cp/Cv then we have an isentropic process 

 

Control Volume (Open System) 

The major difference between a Control Mass and and Control Volume is that mass crosses the system 

boundary of a control volume. 

 

CONSERVATION OF MASS: 

Unlike a control mass approach, the control volume approach does not implicitly satisfy conservation of 

mass, therefore we must make sure that mass is neither created nor destroyed in our process. 



 

 

 

Some Practical Assumptions for Control Volumes 

 

Steady State Process: The properties of the material inside the control volume do not change 

with time. For example 

 

 

Diffuser: P changes inside the control volume, but the pressure at each point does not change 

with time. 

 

Steady Flow Process: The properties of the material crossing the control surface do not change 

with time. For example 

 



 

Inlet Pipe: T at the inlet may be different at different locations, but temperature at each 

boundary point does not change with time. 

 

The steadiness refers to variation with respect to time 

• if the pƌoĐess is Ŷot steadǇ, it is uŶsteadǇ oƌ tƌaŶsieŶt 

• ofteŶ steadǇ floǁ iŵplies ďoth steadǇ floǁ aŶd steadǇ state 
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