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Applications of Thermodynamics to Flow Processes 

 
Flow processes inevitably result from pressure gradients within the fluid. 

Moreover, temperature, velocity, and even concentration gradients may exist 

within the flowing fluid. This contrasts with the uniform conditions that prevail 

at equilibrium in closed systems. The distribution of conditions in flow systems 

requires that properties be attributed to point masses of fluid. Thus we assume 

that intensive properties, such as density, specific enthalpy, specific entropy, 

etc., at a point are determined solely by the temperature, pressure, and 

composition at the point, uninfluenced by gradients that may exist at the point. 

Moreover, we assume that the fluid exhibits the same set of intensive properties 

at the point as though it existed at equilibrium at the same temperature, 

pressure, and composition. 

 

1. TURBINES (EXPANDERS) 

The expansion of a gas in a nozzle to produce a high-velocity stream is a 

process that converts internal energy into kinetic energy. This kinetic energy is 

in turn converted into shaft work when the stream impinges on blades attached 

to a rotating shaft. Thus a turbine (or expander) consists of alternate sets of 

nozzles and rotating blades through which vapor or gas flows in a steady-state 

expansion process whose overall effect is the efficient conversion of the internal 

energy of a high-pressure stream into shaft work. When steam provides the 

motive force as in a power plant, the device is called a turbine; when a high-

pressure gas, such as ammonia or ethylene in a chemical or petrochemical plant, 

is the working fluid, the device is often called an expander. The process for 

either case is shown in Fig. below 
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Equations (2.31) and (2.32) are appropriate energy relations. However, the 

potentialenergy term can be omitted, because there is little change in elevation. 

Moreover, in any properly designed turbine, heat transfer is negligible and the 

inlet and exit pipes are sized to make fluid velocities roughly equal. Equations 

(2.3 1) and (2.32) therefore reduce to: 

 

 

 

 

 

 

alone does not allow any calculations to be made. However, if the fluid in the 

turbine undergoes an expansion process that is reversible as well as adiabatic, 

then the process is isentropic, and S2 = S1. This second equation allows 
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determination of the final state of the fluid and hence of H2. For this special 

case, W, is given by Eq. (7.14), written: 

 

The shaft work  |𝑊𝑠 , (𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐)|  is the maximum that can be obtained from 

an adiabatic turbine with given inlet conditions and given discharge pressure. 

Actual turbines produce less work, because the actual expansion process is 

irreversible. We therefore define a turbine eficiency as: 

 

where Ws , is the actual shaft work. By Eqs. (7.14) and (7.15), 

 

 

Values of η for properly designed turbines or expanders usually range from 0.7 

to 0.8. Figure 7.4 shows an HS diagram on which are compared an actual 

expansion process in a turbine and the reversible process for the same intake 

conditions and the same discharge pressure. The reversible path is a vertical line 

of constant entropy from point 1 at the intake pressure P1 to point 2' at the 

discharge pressure P2. The line representing the actual irreversible process starts 

also from point 1, but is directed downward and to the right, in the direction of 

increasing entropy. Since the process is adiabatic, irreversibilities cause an 

increase in entropy of the fluid. The process terminates at point 2 on the isobar 

for P2. The more irreversible the process, the further this point lies to the right 

on the P2 isobar, and the lower the efficiency η of the process. 
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