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1. Heat Capacity: 

Heat capacity is defined as the change in temperature of a system with a change 

of heat transferred to the system: 

 

 

 

 

C= heat capacity 

Q= heat 

T= Temperature 

 

Heat Capacity at Constant Volume  

The constant-volume heat capacity is defined as: 

 

 

 

 

 

This definition accommodates both the molar heat capacity and the specific heat 

capacity (usually called specific heat), depending on whether U is the molar or 

specific internal energy. 

 

Specific heat capacity: the amount of heat needed to raise the temperature of a 

unit mass of material by one degree. 

 

Eq. (2.16) may be written for a constant-volume process in a closed system as 

 

                 

  Integration yields: 

 

 

The combination of this result with Eq. (2.10) for a mechanically reversible, constant-

volume process gives: 
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If the volume varies during the process but returns at the end of the process to its initial 

value, the process cannot rightly be called one of constant volume, even though V2 = Vl 

and ΔV = 0 

 

Heat Capacity at Constant Pressure  

The constant-pressure heat capacity is defined as: 

 

 

 

Eq. (2.20) is equally well written for a constant-pressure, closed-system process as: 

 

 

 

 

For a mechanically reversible, constant-pressure process, this result may be combined 

with Eq. (2.13) to give 
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Zeroth Law of Thermodynamics: 

 The forgotten Law of Science 

 Two systems are said to be in thermal equilibrium if there is no heat flow 

between them when they are brought into contact.   

 Temperature is the indicator of thermal equilibrium in the sense that there is no 

net flow of heat between two systems in thermal contact that have the same 

temperature. 

 

Two systems individually in thermal equilibrium with a third system are in 

thermal equilibrium with each other. 
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2. MASS AND ENERGY BALANCES FOR OPEN SYSTEMS 

 

Measures of Flow  

Open systems are characterized by flowing streams, for which there are four common 

measures of flow:  

Mass flowrate, m,  Molar flowrate, n  Volumetric flowrate, q  Velocity, u  

The measures of flow are interrelated:  

m=Mn  and  q = uA  

where M is molar mass. Importantly, mass and molar flowrates relate to velocity: 

 

 

 

 

 

The area for flow A is the cross-sectional area of a conduit, and p is specific or molar 

density. Although velocity is a vector quantity, its scalar magnitude u is used here as the 

average speed of a stream in the direction normal to A. Flowrates m, n, and q represent 

measures of quantity per  unit of time. Velocity u is quite different in nature, as it does 

not suggest the magnitude of flow. Nevertheless, it is an important design parameter. 

 

Mass Balance for Open Systems 

The region of space identified for analysis of open systems is called a control volume; it 

is separated from its surroundings by a control surface. The fluid within the control 

volume is the thermodynamic system for which mass and energy balances are written. 

The control volume shown schematically in Fig. 2.5 is separated from its surroundings by 

an extensible control surface. 

Two streams with flow rates ml and m2 are shown directed into the control volume, and 

one stream with flow rate m3 is directed out. Since mass is conserved, the rate of change 

of mass within the control volume, dmcv/dt, equals the net rate of flow of mass into the 

control volume. The convention is that flow is positive when directed into the control 

volume and negative when directed out. The mass balance is expressed mathematically 

by: 
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where the second term for the control volume shown in Fig. 2.5 is: 

 

 

 

 

The difference operator "Δ" here signifies the difference between exit and 

entrance flows and the subscript "fs" indicates that the term applies to all flowing 

streams.  

When the mass flowrate m is given by Eq. (2.24a), Eq. (2.25) becomes: 

 

 

 

 

 

 

In this form the mass-balance equation is often called the continuity equation. 

 

The flow process characterized as steady state is an important special case for 

which conditions within the control volume do not change with time. The control 
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volume then contains a constant mass of fluid, and the first or accumulation term 

of Eq. (2.25) is zero, reducing Eq. (2.26) to: 

 

 

 

When there is but a single entrance and a single exit stream, the mass flowrate  ̇ 

is the same for both streams; then, 

 

 

 

or 

 

Since specific volume is the reciprocal of density, 

 

 

 

This form of the continuity equation finds frequent use. 

 

General Energy Balance 

Since energy, like mass, is conserved, the rate of change of energy within the 

control volume equals the net rate of energy transfer into the control volume. 

Streams flowing into and out of the control volume have associated with them 

energy in its internal, potential, and kinetic forms, and all contribute to the energy 

change of the system. 
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Steady state flow process 

  

 

 

 

 

 

 

 

Flow processes for which the accumulation term of Eq. (2.28), d(mU)cv /dt, is zero are 

said to occur at steady state. As discussed with respect to the mass balance, this means 

that the mass of the system within the control volume is constant; it also means that no 

changes occur with time in the properties of the fluid within the control volume nor at its 

entrances and exits. No expansion of the control volume is possible under these 

circumstances. The only work of the process is shaft work, and the general energy 

balance, Eq. (2.28), becomes: 

Shaft Work: The work associated with the transmission of energy through a rotating 

shaft is commonly encountered in many engineering problems. 

 
 

 

The same mass flow rate m then applies to both streams, and Eq. (2.30) then reduces to: 

 

 

where subscript "fs" has been omitted in this simple case and "A" denotes the change 

from entrance to exit. Division by m gives: 
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In many applications, kinetic- and potential-energy terms are omitted, because they are 

negligible compared with other terms. For such cases, Eqs. (2.32a) and (2.32b) reduce to: 

 

This equation is the mathematical expression of the first law for a steady-state, steady-

flow process between one entrance and one exit. All terms represent energy per unit mass 

of fluid 

 

What does steady state process mean? 

 The conditions at all points in apparatus are constant with time 

 Mass flow rate to the system equal to mass transfer out of the system. 

 Rate of work or heat transfer must be constant. 

Examples 2.11-.2.16 
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