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ehE 222: Problem Set #4 
Due: March 4,2009 (2:00 pm) 
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1.) Koretsky, Problem 2.11 (all parts) 

(C{) 2.) Koretsky, Problem 2.16 

..J..} Kotetlilky, Problem 2.17 

(i Y) 4.) Koretsky, Problem 2.18a (No Pv sketch required) 
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(ii). 
Since internal energy is a function of temperature only for an ideal gas (Equation 2.4) and the 
process is isothermal 

14u=o I + J 

Equation 2.48 states that enthalpy is a function of temperature only for an ideal gas. Therefore, 

lL1h=O I 
Perfonning an energy balance and neglecting potential and kinetic energy produces 

L1u=Q+W=O + I 
For an isothennal, adiabatic process, Equation 2.77 states 

or 

W= W =RTln(P2J
n 1; 

Substituting the values from the problem statement gives 
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W=(S.314[ J ])ÇSS+273.l5)K)ln(lbar)
moláK 3 bar 

�r�-�-�-�:�"�-�~�-�-�=�"�,� 

W=-3299[-J-) + \ 
mol 

Using the energy balance above 

(b)  
(i). See path on diagram in part (a) +- do  

(ii).  
Since the overall process is isothennal and u and h are state functions  

The definition ofwork is 

+( 
/' 

During the constant volume part ofthe process, no work is done. The work must be solved for 
the constant pressure step. Since it is constant pressure, the above equation simplifies to 

The ideal gas law can be used to solve for v2 and V, 

Substituting in these values and realizing that PE = Ii since the process is isobaric produces 

t( 
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w= -(3xIOS pa{0.030 [::1]-0.01O[::1]) 
w = -6000 [_1_] +- (

mol_ 

Perfonning an energy balance and neglecting potential and kinetic energy results in 

/::"u=q+w=O 

.,.-(�1�:�·�q�=�-�W�=�6�0�0�0�[�~�]�1� 
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2.16 
Since the vessel is insulated, the rate ofheat transfer can be assumed to be negligible. 
Furthermore, no work is done on the system and potential and kinetic energy effects can be 
neglected. Therefore, the energy balance becomes 

r ..... -

.,..1 
or 

k<uldel :; oJtdJtdl: 
From the steam tables �~� -:- 0 +-/ 

(200 bar, 400 °C) "I =2619.2[:] 
:. "2 =2619.2[:] +-J 

The values of u2 and P2 constrain the system. The temperature can be found from the steam 
tables using linear interpolation: 

Also at this state, 

V:z =O.02012[;;] + I 

Therefore, 
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2.18 
(a) 
First, as always, simplify the energy balance. Potential and kinetic energy effects can be 
neglected. Therefore. the energy balance is 

f:.U=Q+W +1 

Since. this system contains water, we can the use the steam tables. Enough thermodynamic 
properties are known to constrain the initial state, but only one thermodynamic property is 
known for the fmal state: the pressure. Therefore, the pressure-volume relationship will be used 
to find the specific volume of the final state. Since the specific volume is equal to the molar 
volume multiplied by the molecular weight and the molecular weight is constant, the given 
expression can be written 

p"I.S = const 

This equation can be used to solve for "2' 

�~�.� 

Using 

�~� = 20 [bar] 

v, =1.0 �~�m�'�;� =0.1 [m3]
10 kg kg 

�~�=�l�O�O�[�b�a�r�]� 

gives 

Now that the final state is constrained, the steam tables can be used to find the specific internal 
energy and temperature. 

T2 = 524.7 [K] 

U2 =3094.6 [ :] 

To solve for the work. refer to the definition (Equation 2.7). 
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Vz 

w=- JPEdV 
VI -r--{

or 
iiI 

w=- JPEdv 
iii 

Since the process is reversible, the external pressure must never differ from the internal pressure 
by more than an infinitesimal amount. Therefore, an expression for the pressure must be 
developed. From the relationship in the problem statement, 

Therefore, the expression for work becomes 

Integration and substitution ofproper values provides 

W=2.840[�b�a�r�~�m�l�2�8�4�[�:�]� 

:. W =(!O[kg(284[:])=2840 [k.1] f-;}. 

A graphical solution is given below: 
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To solve for Q, ll.U must first be found, then the energy balance can be used. 

AU =m(U2 �-�U�l�)�=�(�\�o�[�k�g�~�3�0�9�4�.�6�[ �~�]�-�2�6�0�2�.�8�[�~�]�)�=�4�9�1�8�[�k�J�l� +- ;) 

Now Q can be found, 

Q =ll.U -W = 4918 [kJ]-2840 [kJ]= 2078 [kJ] + ( 
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