
Chemical Engineering Thermodynamics III CIT3111 

Page 1 of 16 
 

 

PROGRAM : NATIONAL DIPLOMA 

  CHEMICAL ENGINEERING 

 

SUBJECT : THERMODYNAMICS III 

CODE : CIT3111 

DATE : SSA WINTER EXAMINATION 2019 

   

DURATION : 3 HRS 

WEIGHT : 40 : 60 

TOTAL MARKS : 90 
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REQUIREMENTS : Use of scientific (non-programmable) calculator is permitted  

  (only one per candidate); graph paper 

 

HINTS AND INSTRUCTIONS TO CANDIDATE(S):  

 Purpose of assessment is to determine not only if you can write down an answer, but also 

to assess whether you understand the concepts, principles and expressions involved. Set 

out solutions in a logical and concise manner with justification for the steps followed. 

 ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability. 

 Write your details (module name and code, ID number, student number etc.) on script(s). 

 Number each question clearly; questions may be answered in any order. 

 Make sure that you read each question carefully before attempting to answer the question. 

 Show all steps (and units) in calculations; this is a ‘closed book’ test.  

 Ensure your responses are legible, clear and include relevant units (where appropriate). 

 Round off all answers tom 3 decimal places 
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Question One                   [Total: 11 Marks] 

a) Name 4 types of thermodynamic equilibrium    [4] 

b) Define Saturated vapour      [2] 

c) Convert 35 K to ºC        [1] 

d) A slab of gold is at the bottom of a 50 cm column of mercury. If the density of 

mercury is 13.534 g/cm
3
, g is 9.871 m/s

2
and the atmospheric pressure is 1 bar, 

calculate the pressure on the slab of gold in kPa.     [4] 

Question Two                  [Total: 19 Marks] 

Steam is leaving a 4 L pressure cooker whose operating pressure is 250 kPa. It is observed 

that the amount of liquid in the cooker has decreased by 0.8 L in 20 min after the steady 

operating conditions are established, and the cross-sectional area of the exit opening is 8 

mm
2
. Determine: 

(a) the mass flow rate of the steam      [7] 

(b) the exit velocity       [7] 

(c) the flow energies of the steam per unit mass    [5] 

Note: Obtain water and steam properties from steam tables. Assume that flow is steady 

and initial start-up period is disregarded, KE and PE are negligible and Saturation 

conditions exist within the cooker at all times so that steam leaves the cooker as a 

saturated vapour at the cooker pressure 

Question Three                  [Total: 21 Marks] 

a) Calculate the heat required to raise the temperature of 5 moles  of ethane from 300ºC 

to 600ºC in a steady-flow process at a pressure sufficiently low that ethane may be 

considered an ideal gas.        [10] 

b) N-Butane (C4H10) is burned completely with the stoichiometric amount of air during a 

steady-flow combustion process. If both the reactants and the products are maintained 

at 25°C and 1 atm and the water in the products exists in the liquid form, Calculate 

ΔHºrxn .          [11] 

 

 

Question Four                             [Total: 17 Marks] 

a) Use Maxwell relation to determine the relationship for 
TV

S












for a gas whose gas 

whose equation of state is (     ⁄ ) (   )       [5] 

b) Calculate 
TV

S












for steam at 300ºC using ideal gas equation and appropriate 

Maxwell relation kgm /03619.0 3 . Use R=8.314 m
3
Pa/mol.K.  [6] 
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c) For the same steam in (b) determine TV

S













using Redlich-Kwong  equation of state 

and an appropriate Maxwell relation kgm /03619.0 3  Use R=8.314 m
3
Pa/mol.K. 

Redlich-Kwong  equation of state 











2/1)( TbVV

a

bV

RT
P , 

2

12
3

41042.1 K
kmol

m
Paa 








   

kmol

m
b

3

0211.0    [6] 

 

Question 5        [22 marks] 

a) Estimate the fugacity isobutene at 20 bar and 87ºC given that the compressibility 

factor is given as 
RT

BP
Z 1 where B -4.28×10

-4
 m

3
/mol. Give your answer in 

kPa.         [3]  

b) Estimate the fugacity of a gaseous mixture consisting of 30% component 1 and 

70% component 2 by mole, given that at 100
o
C and 50 bar, the fugacity 

coefficients of components 1 and 2 are 0.7 and 0.85 respectively. Give your 

answer in bars        [6]. 

c) For SO2 at 430.8 K and 394.45 bar, determine good estimate of fugacity using the 

using Lee/Kesler correlation charts.     [13] 

_________________________________________________________________________ 

END                  [Total: 90 Marks] 

USEFUL EQUATIONS AND FORMULAE 
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Double Interpolation:  
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Energy balance for open systems: 
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Energy balance for steady-state flow processes:    ̇ (  
 

 
     )   ̇    ̇  

Single Phase:     
  

  
  (     )   (     ) 

Mechanically reversible closed system processes: 

Constant V:        ∫     
  
  

       

Constant P:        ∫           
  
  

;      (     ) 
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Adiabatic:           
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)
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For Carnot Cycle

H
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H

c

H

C

Q

W

T

T

Q

Q
 11  

Virial equation truncated to 2 terms:    
  

  
   

  

  
   truncated to 3 terms:     

 ( )

 
 
 ( )

  
; 

Lee/ Kesler correlation:         ; 

Generalized Pitzer correlation:     (      )
  

  
 (         

     

  
   ;          

     

  
   ) 

IG:       ∫
    

 
  

  
  

  [   (   )  
 

 
  
 (    )  

 

 
  
 (    )  

 

  
(
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where, 
0T

T
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⟨  ⟩   [  
 

 
  (   )  

 

 
  
 (      )  

 

   
 ] 

Clapeyron equation:       
     

  
   

General entropy change:        
  

  
   

  

  
 

Entropy change for IG: 
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For residual properties: igR VVV  ;  igR HHH  ;           

1

2ln(
P

P

Mr

R
SSS igR  ); 
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σβ)β)(Z(Z

β)(Z
qββ1Z




  

Fugacity and fugacity coefficient:   (  )(  )
 

;     ;     (      )
  

  
; 

i

iiX   lnln

 

RT

BP

P

f
ln

 

Raoult’s law:         
    where   ∑     

   
  or   

 

∑      
   ⁄

 

Modified Raoult’s law:           
    where    ∑       

   
  or   

 

∑        
   ⁄

 

 

 

 

Maxwell Relations 
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