E xercige 3

U : Property is based on mass, e.g (ki/kg)
U: Property is based on molar, e.g (kJ/mole)

Problem 1:

We can develop formal relationships between thermodynamic variables by relating properties of
thermodynamic variables e.g. (T, P, w,...) to the theory of homogeneous functions called Euler
theorem.

a. Ex pI and show the mathematical formulation of Euler’s theorem for homogeneous
function

b. Show the fundamental equation for i nal e gyU U(SV i) in the Euler form/equation

c. Show the Gibbs-Duhem relat fomh I equa of b.
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Problem 2:

In a steady state flow process, 1 mol/s of air at 600 K and 1 atm is continuously mixed with 2 mol/s of
air at 450 K and 1 atm. The product stream is at 400 K and 1 atm. A schematic representation of the
process is shown in Figure 1. Determine the rate of heat transfer and the rate of entropy generation

.
for the process. Assume that air is an ideal gas with Cp = (7/2) R, that the surroundings are at 300 K, * W&V\L -LO fmbﬁ i ﬂ)’l(ﬂ 5

and that kinetic and potential energy changes are negligible.
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Figure 1: Process (control volume) described for Problem 2
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Problem 4:

5 moles of gas are confined in a piston-cylinder device (Figure 2). At the beginning of the process, the
gas has T =300 K and V = 100 L. If the gas is compressed isothermally to a final volume of 15 L, how (}T *N = O
much work is required, and how much heat is added or removed? Assume the heat capacity is constant

at Cv = 30J/mol . K and that the gas is modelled by the van der Waals equation of state

A (- (éU)

With a = 1.40 L?bar/mol? and b = 0.038 L/mol. Provide the answer in unit Joule (J). \/
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Figure 2: Isothermal compression of gas in piston cylinder device
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