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WEIGHT : 40 : 60 

TOTAL MARKS : 100 

 

EXAMINER(S) : MRS N SEEDAT  
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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 (assumptions) 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). 

• Answers must be to FOUR significant figures. 

• Hand in Graph paper with your answer paper. 
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Question One                   [Total: 31 Marks] 

A reciprocating compressor initially contains air in the piston-cylinder at 0.08 m3, 0.9 bar, and 

62°C. The air is reversibly compressed to a final volume of 0.025 m3 according to the 

equation PV1.5 = constant. Take the molar mass of air as 29 g/mol, and a Cv value for air of 

0.736 kJ/kg K.          

1.1 State all assumptions made to solve Questions 1.2-1.6.                                           [2]                                                                                                  

1.2 Determine the mass of air in kg.                                                                                [6] 

1.3 Determine the final temperature in K.                                                                        [8] 

1.4 Determine the internal energy change in kJ.                                                             [3]  

1.5 Determine the work required in kJ.                                                                            [7] 

1.6 Determine the magnitude and direction of any heat transfer in kJ and state if heat is 

added or removed from the system.                                                                          [3] 

1.7 Determine the effect on Q and W if the process was only 80% efficient.                  [2]         

                         

Question Two                  [Total: 18 Marks] 

An irreversible heat pump is designed to remove heat from the atmosphere at 7°C and to 

supply 43 200 kJ/hr of heat to a constant temperature reservoir at 420 K. The efficiency of 

the heat pump is 80% of that of a Carnot heat pump operating between the same 

temperatures. The heat pump is driven, through a transmission, by the output of a heat 

engine which takes heat from a constant temperature reservoir at 1 050 K and rejects waste 

heat to the same 420 K of that of a Carnot heat engine operating between the same 

temperatures. In addition, the transmission which delivers the actual work output of the heat 

engine to the heat pump is only 75% efficient.   

 

2.1 Draw a block diagram to depict the process.                                                             [3] 

2.2 Determine the power input required for the actual heat pump in kW.                        [6] 

2.3 Determine the rate of heat input from 1050 K reservoir to the actual engine in kJ/hr.  

                                                                                                                                   [5]                                           

2.4 Determine the percentage of the total heat supplied to the 420 K reservoir which is 

delivered by the heat pump.                                                                                       [4] 
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Question Three                  [Total: 13 Marks] 

It is required to design a process in which acetone is used as a solvent. As part of your 

safety analysis, you need to ensure that acetone will not boil at process conditions. Apply the 

Antoine equation. All data required can be found in the appendices. 

3.1 Determine the vapour pressure at a temperature at 100°C.                                      [6] 

3.2 Determine the normal boiling point.                                                                           [5]  

3.3 Can acetone be used as a solvent at the operating conditions of 100°C.                 [2]                                                                                                                                                                      

 

Question Four                  [Total: 22 Marks] 

Chlorine is produced by the reaction: 

4HCl(g) +O2(g) →2 H2O(g)+2Cl2(g) 

The feed stream consists of 80 mol% - HCl and 20 mol% - O2, and it enters the reactor 

at 120°C. If the conversion of HCl is 100% and the products leaves the reactor at 500°C. 

4.1 Determine how much heat must be transferred from the reactor per mol of the 

entering gas mixture.                                                                                               [20]  

4.2 Which contains more chemical energy, 1 kmol of HCl or 1 kmol of H2O?                 [2] 

Data required: 

H°f 298(HCl)= -92 311 kJ/mol 

H°f 298(H2O)= -241 818 kJ/mol 

Component A B C D 

HCl 3.156 0.623×10-3 0 0.151×105 

O2 3.639 0.506×10-3 0 -0.227×105 

H2O 3.470 1.4550×10-3 0 0.121×105 

Cl2 4.442 0.089×10-3 0 -0.344×105 

 

CP=A+BT+CT2+DT3 with T in K and CP in J/mol K 

 

Question Five                              [Total: 16 Marks] 

The behaviour of gases can correctly be predicted using equations of state. The molar 

volume of a gas can be determined empirically directly from the equation of state or can be 

determined from a graphical plot of the equation of state. The behaviour of n-pentane can be 

describes using the Peng- Robinson equation of state provided below: 

𝑃 =
𝑅𝑇

𝑉 − 𝑏
−

𝑎

𝑉(𝑉 + 𝑏) + 𝑏(𝑉 − 𝑏)
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The Peng-Robinson parameters for n-pentane at 100°C are: 

 a = 2.417×1012 Pa.cm6/mol2                     and                       b = 90.18 cm3/mol 

5.1 Determine the pressure of n-pentane at 100°C and 100 cm3/mol using the Peng-

Robinson equation state.                                                                                           [4] 

5.2 Hence or otherwise plot the pressure as a function of molar volume at a temperature 

of 100°C using the Peng-Robinson equation state (use volume points of 475, 480, 30 

00, 30 200, 30 400 cm3/mol).                                                                                   [10] 

5.3 Using the plot generated in Question 5.2, determine the molar volume at 0.095 MPa.  

                                                                                                                                   [2] 

_________________________________________________________________________ 

END                  [Total: 100 Marks] 
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APPENDIX A 

 

USEFUL EQUATIONS AND FORMULAE 

𝑃𝑉 = 𝑛𝑅𝑇; 
𝑃1𝑉1

𝑇1
=

𝑃2𝑉2

𝑇2
; 𝑣 =

𝑉𝑡

𝑚
;  �̇� = 𝑢𝐴𝜌; �̇� =

𝑢𝐴

𝑣𝑀
; 𝜌 = 𝑣−1; �̇� =

𝑉

𝑡
 

t(oC) = T(K) – 273.15;  t(oF) = T(R) – 459.67;  t(oF) = 1.8t(oC) + 32;  

𝑃𝑔 =
𝐹

𝐴
=

𝑚𝑔

𝐴
=

𝜌𝑉𝑔

𝐴
=

𝐴ℎ𝜌𝑔

𝐴
; 𝑃𝑎𝑏𝑠 = 𝑃𝑔(𝑜𝑟 𝜌𝑔ℎ) + 𝑃𝑎𝑡𝑚 

Interpolation: 𝑀 = (
𝑋2−𝑋

𝑋2−𝑋1
) 𝑀1 + (

𝑋−𝑋1

𝑋2−𝑋1
) 𝑀2  OR 𝑀 =

𝑀1(𝑋2−𝑋)+𝑀2(𝑋−𝑋1)

𝑋2−𝑋1
 

Double Interpolation:  

 

∆𝐸𝑢𝑛𝑖𝑣 = ∆𝐸𝑠𝑦𝑠𝑡 + ∆𝐸𝑠𝑢𝑟𝑟 = 0;   =
𝑊𝑖𝑟𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒

𝑊𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒
; 

𝑑𝑚𝑐𝑣

𝑑𝑡
= ∆𝑚 = �̇�𝑜𝑢𝑡 − �̇�𝑖𝑛 

Energy balance for open systems: 
𝑑(𝑚𝑈)𝑐𝑣

𝑑𝑡
= −�̇�∆ [𝑈 +

1

2
𝑢2 + 𝑔ℎ] + �̇� + �̇� 

Energy balance for steady-state flow processes:  ∆�̇� (𝐻 +
1

2
𝑢2 + 𝑔ℎ) = �̇� + 𝑊𝑠

̇  

Single Phase:ln
𝑉2

𝑉1
= 𝛽(𝑇2 − 𝑇1) − 𝜅(𝑃2 − 𝑃1) 

Mechanically reversible closed system processes: 

Constant V: 𝑄 = 𝑛∆𝑈 = 𝑛 ∫ 𝐶𝑣𝑑𝑇
𝑇2

𝑇1
= 𝑛𝐶𝑣∆𝑇 

Constant P: 𝑄 = 𝑛∆𝐻 = 𝑛 ∫ 𝐶𝑝𝑑𝑇 = 𝑛𝐶𝑝∆𝑇
𝑇2

𝑇1
;  𝑊 = −𝑅(𝑇2 − 𝑇1) 

Constant T: 𝑄 = −𝑊 = 𝑅𝑇1 ln
𝑉2

𝑉1
= −𝑅𝑇1 ln

𝑃2

𝑃1
= 𝑃1𝑉1 ln

𝑉2

𝑉1
= −𝑃1𝑉1 ln

𝑃2

𝑃1
 

Adiabatic: 
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝑅
𝐶𝑉

⁄
;  

𝑇2

𝑇1
= (

𝑃2

𝑃1
)

𝑅
𝐶𝑃

⁄
;  

𝑃2

𝑃1
= (

𝑉1

𝑉2
)

𝐶𝑃
𝐶𝑉

⁄
;  𝛾 =

𝐶𝑃

𝐶𝑉
; 

Adiabatic: 𝑊 = ∆𝑈 = 𝐶𝑉∆𝑇 =
𝑅∆𝑇

𝛾−1
=

𝑅(𝑇2−𝑇1)

𝛾−1
=

𝑃2𝑉2−𝑃1𝑉1

𝛾−1
=

𝑃1𝑉1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] =
𝑅𝑇1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] 

Virial equation truncated to 2 terms: 𝑍 =  
𝑃𝑉

𝑅𝑇
= 1 +

𝐵𝑃

𝑅𝑇
;  truncated to 3 terms:𝑍 = 1 +

𝐵(𝑇)

𝑉
+

𝐶(𝑇)

𝑉2 ; 

Lee/ Kesler correlation: 𝑍 = 𝑍𝑜 + 𝜔𝑍1; 

Generalized Pitzer correlation: 𝑍 = 1 + (𝐵0 + 𝜔𝐵1)
𝑃𝑟

𝑇𝑟
 ; 𝐵0 = 0.083 −

0.422

𝑇𝑟
1.6 ; 𝐵1 = 0.139 −

0.172

𝑇𝑟
4.2  
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IG:𝑄 = 𝑛∆𝐻 = 𝑛 ∫
𝐶𝑝𝑖𝑔

𝑅
𝑑𝑇

𝑇1

𝑇0
= 𝑛 [𝐴𝑇𝑜(𝜏 − 1) +

𝐵

2
𝑇𝑜

2(𝜏2 − 1) +
𝐶

3
𝑇𝑜

3(𝜏3 − 1) +
𝐷

𝑇𝑜
(

𝜏−1

𝜏
)] = 𝑛

⟨𝐶𝑃⟩𝐻

𝑅
(𝑇1 −

𝑇0);where, 
0T

T
=  

⟨𝐶𝑃⟩𝐻 = 𝑅 [𝐴 +
𝐵

2
𝑇𝑜(𝜏 + 1) +

𝐶

3
𝑇𝑜

2(𝜏2 + 𝜏 + 1) +
𝐷

𝜏𝑇𝑜
2] 

Clapeyron equation: ∆𝐻 = 𝑇∆𝑉
𝑑𝑃𝑠𝑎𝑡

𝑑𝑇
   

General entropy change: ∆𝑆 = 𝐶𝑝 ln
𝑇2

𝑇1
− 𝑙𝑛

𝑃2

𝑃1
 

Entropy change for IG: 
∆𝑆

𝑅
=

⟨𝐶𝑝
𝑖𝑔

⟩
𝑆

𝑅
ln

𝑇

𝑇𝑜
− ln

𝑃

𝑃𝑜
; 

⟨𝑐𝑝
𝑖𝑔

⟩
𝑆

𝑅
= 𝐴 + [𝐵𝑇𝑜 + (𝐶𝑇𝑜

2 +
𝐷

𝜏2𝑇𝑜
2) (

𝜏+1

𝜏
)] (

𝜏−1

ln 𝜏
) 

 

For residual properties: igR VVV −= ;  igR HHH −= ;  𝐺𝑅 = 𝑅𝑇 ln  

1

2ln(
P

P

Mr

R
SSS igR +−= ); 

𝐻𝑅

𝑅𝑇𝑐
= (

𝐻𝑅

𝑅𝑇𝑐
)

0

+ 𝜔 (
𝐻𝑅

𝑅𝑇𝑐
)

1

 ; 
𝑆𝑅

𝑅
= (

𝑆𝑅

𝑅
)

0

+ 𝜔 (
𝑆𝑅

𝑅
)

1

 

𝐻𝑅

𝑅𝑇𝑐
= 𝑃𝑟 [(0.083 −

1.097

𝑇𝑟
1.6 ) + 𝜔 (0.139 −

0.894

𝑇𝑟
4.2 )] ; 

𝑆𝑅

𝑅
= −𝑃𝑟 [

0.675

𝑇𝑟
2.6 + 𝜔 (

0.722

𝑇𝑟
5.2 )]; 

σβ)β)(Z(Z

β)(Z
qββ1Z

++

−
−+=  

Fugacity and fugacity coefficient:  = (0)(1)
𝜔

;𝑓 = 𝑃; =
i

iiX  lnln ;𝑙𝑛  =
𝑃𝑟

𝑇𝑟
(𝐵0 + 𝜔𝐵1)

 

Raoult’s law: 𝑦𝑖𝑃 = 𝑥𝑖𝑃𝑖
𝑠𝑎𝑡 where 𝑃 = ∑ 𝑥𝑖𝑃𝑖

𝑠𝑎𝑡
𝑖  or 𝑃 =

1

∑ 𝑦𝑖𝑖 𝑃𝑖
𝑠𝑎𝑡⁄

 

Modified Raoult’s law: 𝑦𝑖𝑃 = 𝑥𝑖𝛾𝑖𝑃𝑖
𝑠𝑎𝑡 where  𝑃 = ∑ 𝑥𝑖𝛾𝑖𝑃𝑖

𝑠𝑎𝑡
𝑖  or 𝑃 =

1

∑ 𝑦𝑖𝑖 𝛾𝑖𝑃𝑖
𝑠𝑎𝑡⁄
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APPENDIX B 

 

 

 

 

 

 

 


