Solution for 10.213 Quiz 2

Problem 2



Part A: For Helium behaving as ideal gas, calculate

(i) Temperature of exiting gas T2 

(ii) Work needed to run the compressor (J/mol)

Helium behaves as an ideal gas, thus a 2-step process is considered:


For a reversible compressor, 
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(1 point)
Considering the 2-step process,
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         Isothermal compression

Isobaric heating
           

(2 points for correct identification of two-step path)
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Equation (1)


(2 points)
To determine the derivative for isothermal compression,
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(Maxwell Relation)


(1 point)

Using Ideal Gas Equation of State,
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(1 point)
To determine the derivative for isothermal compression,
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(1 point)
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(1 point)
Substitute the expressions for 
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 into Equation (1)
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(1 point)
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(1 point)
Substituting in the values,
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(2 points)
By the First Law of Thermodynamics, for system operating at steady-state,
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No heat is lost to the surroundings, thus
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(2 points)
Considering the 2-step process,
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(2 points)


         Isothermal compression
          Isobaric heating
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Equation (2)

(2 points)
Evaluating the derivative for isothermal compression,

For an ideal gas, the enthalpy is a function of only T
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(2 points)
Evaluating the derivative for isobaric heating,
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(2 points)
Substitute the expressions for 
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into Equation (2)
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(1 point)
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(1 point)
Part B: 
For Helium behaving as a real gas, and exiting the compressor at T2 calculated in Part A, determine the work needed to run the compressor (J/mol)
Helium behaves as a real gas:
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Where 
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Method 1 – Using a 3-step path


From Part A,
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Considering a 3-step path
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Equation (3)
      Isothermal expansion

Isobaric heating
Isothermal compression 

(3 points for correct identification of 3-step path)
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(2 points)
Evaluate the derivatives for isothermal step,
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(2 points)
Using the given equation of state,
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Thus

[image: image38.wmf]T

hRTa

v

PPT

¶

æö

=--+

ç÷

¶

èø



[image: image39.wmf]2

T

ha

b

PT

¶

æö

=-+

ç÷

¶

èø





(2 points)
Evaluating the derivative for isobaric heating,
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Substitute the expressions for 
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into Equation (3)
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(2 points)
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(2 points)
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(2 points)
Method 2 – Using departure functions
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(2 points)
As enthalpy for ideal gas is only a function of temperature
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(1 point)
To evaluate the departure function


[image: image51.wmf](

)

(

)

,,,,,0,,0

depidealidealidealideal

TPTPTPTPTPTPTP

hhhhhhh

==

D=-=---


As enthalpy for ideal gas is only a function of temperature


[image: image52.wmf],,,0

0

P

depideal

TPTPTP

P

T

h

hhhdP

P

=

=

¶

æö

D=-=

ç÷

¶

èø

ò




(2 points)
Evaluate the derivatives for isothermal step,
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(2 points)
Using the given equation of state,
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(2 points)
Evaluating the derivative for isobaric heating,
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Substitute the expressions for 
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into Equation (3)
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(2 points)
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(2 points)
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(2 points)
Comments:
1) The goal of this problem is to identify the type of path to use for each part of the problem. In part A, a two-step path should be adopted for the compression of ideal gas. In part B, a three- step path should be adopted for the compression of a real gas. 
Full credit will only be given if the students identified the appropriate path.

2) For part B, the two isothermal steps are carried out at two different temperatures. It is important to specify that in the solution.

3) A lot of students did not specify the temperature or pressure that is being kept constant. The limits of integration should be indicated.

4) The work required to run the compressor is also known as shaft work. This is different from the work done by the gas 
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.

5) This is an open system. A lot of students made the mistake of using the First Law of Thermodynamic for closed system.
T1 = 300K


P1 = 1.2 MPa





T2 = ?


P2 = 18 MPa
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