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CHAPTER 2

2.8 Heat Capacity

Gases, liquids and solids have capacity for heat. A heat capacity might be defined as:

Heat Capacity at Constant Volume

Defined as: 

For mechanically reversible, constant-volume process 

Heat Capacity at Constant Pressure:                           

For mechanically reversible, constant-pressure process:
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2.9 MASS AND ENERGY BALANCES FOR OPEN SYSTEMS

Open systems are characterised by flowing treams:

Mass flow rate, m ̇

Molar flow rate, n ̇

Volumetric flow rate, q

Velocity, u

The measures of flow are interrelated:

m ̇=Mn ̇ and q=uA

M: molar mass; A: the cross sectional area for flow

m ̇=uAρ;  n ̇=uAρ
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The mass balance is expressed mathematically by:

𝒅𝒎𝑪𝑽

𝒅𝒕
+ ∆ ሶ𝒎 𝒇𝒔 = 𝟎

The second term is:

∆ ሶ𝑚 𝑓𝑠 = ሶm3 − ሶm1 − ሶm2

∆ signifies the difference between exit and entrance flows, fs: all flowing streams.

𝒅𝒎𝑪𝑽

𝒅𝒕
+ ∆ 𝝆𝒖𝑨 𝒇𝒔 = 𝟎

For steady-state flow processes, accumulation term of this equation is zero,

∆ 𝜌𝑢𝐴 𝑓𝑠 = 0

ሶ𝑚 = 𝑐𝑜𝑛𝑠𝑡 = 𝜌2𝑢2𝐴2 = 𝜌1𝑢1𝐴1
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Because 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. Each unit mass of a stream carries with it a total 

energy;

𝑼 +
𝟏

𝟐
𝒖𝟐 + 𝒛𝒈

where u is the average velocity of the stream, z is its elevation above a datum level, and g is 

the local acceleration of gravity. Thus, each stream transports energy at the rate;

𝑈 +
1

2
𝑢2 + 𝑧𝑔 ሶ𝑚

The net energy transported into the system by the flowing streams is therefore 

−∆ 𝑼 +
𝟏

𝟐
𝒖𝟐 + 𝒛𝒈 ሶ𝒎

𝒇𝒔
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Where the effect of the minus sign with “∆” is to make the term read inlet-out.

𝒅 𝒎𝑼 𝑪𝑽

𝒅𝒕
= −∆ 𝑼 +

𝟏

𝟐
𝒖𝟐 + 𝒛𝒈 ሶ𝒎

𝒇𝒔

+ ሶ𝑸 + 𝒘𝒐𝒓𝒌 𝒓𝒂𝒕𝒆

Including shaft work and work done on the system

𝑑 𝑚𝑈 𝐶𝑉

𝑑𝑡
= −∆ 𝑈 +

1

2
𝑢2 + 𝑧𝑔 ሶ𝑚

𝑓𝑠

+ ሶ𝑄 − ∆ 𝑃𝑉 ሶ𝑚 𝑓𝑠 + ሶ𝑊

Remember: H=U+PV

𝑑 𝑚𝑈 𝐶𝑉

𝑑𝑡
= −∆ 𝐻 +

1

2
𝑢2 + 𝑧𝑔 ሶ𝑚

𝑓𝑠

+ ሶ𝑄 + ሶ𝑊

𝑑 𝑚𝑈 𝐶𝑉

𝑑𝑡
+ ∆ 𝐻 +

1

2
𝑢2 + 𝑧𝑔 ሶ𝑚

𝑓𝑠

= ሶ𝑄 + ሶ𝑊
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For many (but not all) applications, kinetic and potential energy changes in the flowing streams 

are negligible and the equation then simplifies to:

𝒅 𝒎𝑼 𝑪𝑽

𝒅𝒕
+ ∆ 𝑯 ሶ𝒎 𝒇𝒔 = ሶ𝑸 + ሶ𝑾

𝑑 𝑚𝑈 𝐶𝑉

𝑑𝑡
+ ∆ 𝐻 +

1

2
𝑢2 + 𝑧𝑔 ሶ𝑚

𝑓𝑠

= ሶ𝑄 + ሶ𝑊
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Accumulation term is zero, and the work of the process is only shaft work, ሶ𝑊𝑠;

∆ 𝑯 +
𝟏

𝟐
𝒖𝟐 + 𝒛𝒈 ሶ𝒎

𝒇𝒔

= ሶ𝑸 + ሶ𝑾𝒔

For single stream;

∆ 𝐻 +
1

2
𝑢2 + 𝑧𝑔 ሶ𝑚 = ሶ𝑄 + ሶ𝑊𝑠

Division by ሶ𝑚 gives

∆ 𝐻 +
1

2
𝑢2 + 𝑧𝑔 =

ሶ𝑄

ሶ𝑚
+

ሶ𝑊𝑠

ሶ𝑚
= 𝑄 +𝑊𝑠

∆𝐻 +
1

2
∆𝑢2 + 𝑔∆𝑧 = 𝑄 +𝑊𝑠

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

process between one entrance and one exit. Omitting kinetic and potential energy terms;

∆𝐻 = 𝑄 +𝑊𝑠


