THE FIRST LAW OF THERMODYNAMICS
OPEN SYSTEMS




I. ENTHALPY – A COMBINATION PROPERTY
In the analysis of certain types of processes, we frequently encounter a specific combination of the internal energy, pressure and volume properties.
For the sake of simplicity and convenience, this combination is defined as a new property, enthalpy, and given the symbol h:
           (J/kg)

Where:
· u = specific internal energy
· P = pressure
· v = specific volume

or:	H = U + P.V       (J)

Both the enthalpy H and specific enthalpy h are simply referred as enthalpy since the context clarifies which one is meant.



II. STEADY-FLOW CONTROL VOLUME


1. Rate form
Control volumes typically involve fluid flow for long periods of time, and it is convenient to express the energy flow associated with a fluid stream in the rate form.
This done by incorporating the mass flow rate , which the amount of mass flowing through a cross section per unit time.
It is related to the volume flow rate , which is the volume of a fluid flowing through a cross section per unit time, by:


Where  is the fluid density,,  is the cross sectional area of flow, and  is the average flow velocity normal to .
The dot over a symbol is used to indicate a time rate.
Then the energy flow rate associated with a fluid flowing at a rate of  is:





2. Flow or displacement energy
Unlike closed systems, control volumes involve mass flow across part of their boundaries, and some work is required to push the mass into or out of the control volume. This work is known as the flow work, or flow energy, or again displacement energy.





The displacement energy relation is the same whether the fluid is pushed into or out of the control volume.
At entry it is energy received by the system.
At exit it is energy lost by the system.
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b) After entering


Flow work is the energy needed to push a fluid into or out of a control volume, and it is equal to P.V






3. Energy analysis of steady-flow systems
A large number of engineering devices (turbines, compressors, nozzles, etc.) are classified as steady-flow devices. Such devices can be represented by an idealized process called the steady-flow process which is defined as a process during which a fluid flows through a control volume steadily. (Remember, steady means no change with time).
During a steady-flow process, no intensive or extensive properties within the control volume change with time. Thus, the volume V, the mass m, and the total energy E of the control volume remain constant.
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Under steady-flow conditions, the mass and energy content of a control volume remain constant.

As a result, the boundary work is zero for steady-flow systems (since VCV = constant), and the total mass or energy entering the control volume must be equal to the total mass or energy leaving it (since mCV = constant and ECV = constant). These observations greatly simplify the analysis.
When dealing with steady-flow processes, we are not interested in the amount of mass that flows in or out of a system over time; instead, we are interested in the amount of mass flowing per unit time, that is, the mass flow rate . The conservation of mass principle for a general steady-flow system with multiple inlets and outlets can be expressed in rate form as:

During a steady-flow process, the total energy content of a control volume remains constant (ECV = constant), and thus the change in the total energy of the control volume is zero (∆ECV = 0). Therefore, the amount of energy entering a control volume in all forms (by heat, work, and mass) must be equal to the amount of energy leaving it. Then the rate form of the general energy balance reduces for a steady-flow process to:







The energy balance just given is intuitive in nature and is easy to use when the magnitudes and directions of heat and work transfers are known. When performing a general analytical study or solving a problem that involves an unknown heat or work interaction, however, we need to assume a direction for the heat or work interactions. In such cases, it is common practice to assume heat to be transferred into the system (heat input > 0) at a rate of , and work produced by the system (work output > 0) at a rate , and then solve the problem. The energy balance in that case becomes:
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This last equation is the statement of the first law of thermodynamics for control volumes in the case of a steady-flow system. It is known as the steady-flow energy equation.
Dividing the last equation by  gives the steady-flow energy equation on a unit-mass basis as:
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where   and   are the heat transfer and work done per unit mass of the working fluid, respectively.

Reminder: Continuity of mass flow
For a substance flowing through an open system at a uniform rate, the mass flow rate  through any section in the system must be constant. At any section in the system, let:


Consider the volume of substance passing the section per second =  in m3/s
   (continuity equation)
Therefore:

From which


(Note that to indicate a rate of flow a dot is placed over the appropriate symbol, for example  indicates mass flow rate and  indicates volume flow rate.)



III. UNSTEADY-FLOW CONTROL VOLUME

Energy analysis of unsteady-flow processes

During a steady-flow process, no changes occur within the control volume; thus, one does not need to be concerned about what is going on within the boundaries. Not having to worry about any changes within the control volume with time greatly simplifies the analysis.
Many processes of interest, however, involve changes within the control volume with time. Such processes are called unsteady-flow, or transient-flow, processes. The steady-flow relations developed earlier are obviously not applicable to these processes. When an unsteady-flow process is analysed, it is important to keep track of the mass and energy contents of the control volume as well as the energy interactions across the boundary.

Some familiar unsteady-flow processes are:

· the charging of rigid vessels from supply lines (as shown in the following figure),

 (
Charging of a rigid tank from a supply line is an unsteady-flow process since it involves changes within the CV.
)[image: ]
· discharging a fluid from a pressurized vessel,
· driving a gas turbine with pressurized air stored in a large container,
· inflating tires or balloons,
· and even cooking with an ordinary pressure cooker.


Unlike steady-flow processes, unsteady-flow processes start and end over some finite time period instead of continuing indefinitely. Therefore in this section, we deal with changes that occur over some time interval t instead of with the rate of changes (changes per unit time). An unsteady-flow system, in some respects, is similar to a closed system, except that the mass within the system boundaries does not remain constant during a process.
Another difference between steady- and unsteady-flow systems is that steady-flow systems are fixed in space, size, and shape. Unsteady-flow systems, however, are not (see following figure). They are stationary; that is they are fixed in space, but they may involve moving boundaries and thus boundary work.
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The mass balance for any system undergoing any process can be expressed as:

where   is the change in the mass of the system.

For control volumes, the mass balance can be expressed more explicitly as:



where:
· i = inlet, and e = exit.
· 1 = initial state, and 2 = final state of the control volume.
· Often one or more terms in this equation are zero.

The general unsteady-flow process, in general, is difficult to analyse because the properties of the mass at the inlets and exits may change during a process. Most unsteady-flow processes, however, can be represented reasonably well by the uniform-flow process, which involves the following idealisation: "The fluid flow at any inlet or exit is uniform and steady, and thus the fluid properties do not change with time or position over the cross-section of an inlet or exit. If they do, they are averaged and treated as constants for the entire process".

The energy balance for a uniform-flow system can be expressed explicitly as:

where:
·  = h + ke + pe  is the energy of a fluid stream at any inlet or exit per unit mass.
· [bookmark: _GoBack]e = u + ke + pe  is the energy of the nonflowing fluid within the control volume per unit mass.
When the kinetic and potential energy changes associated with the control volume and fluid streams are negligible (as it is usually the case), and if we assumed heat to be transferred into the system and work produced by the system, the energy balance above simplifies to:


where:
· Q = Qnet,in = Qin  Qout  is the net heat input.
· W = Wnet,out = Wout  Win  is the net work output.
·  (
W
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Q
)Note that if no mass enters or leave the control volume during a process (minlet = mexit and m1 = m2), this equation reduces to the energy balance relation for closed systems:
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Important Note:
We defined an ideal gas as a gas whose temperature, pressure, and specific volume are related by:

where:
· R is the gas constant (kJ/kg.K) or (kPa.m3/kg.K)
· P the absolute pressure (kPa)
· T the absolute temperature (K)
· v is the specific volume (m3/kg)
The change in internal energy or enthalpy for an ideal gas during a process from state 1 to state 2 are defined as:


where:
· cv is the specific heat at constant volume
· cp is the specific heat at constant pressure

Reminder:
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