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SECTION A 
 

 

QUESTION 1  
 

a) Starting with the first law of thermodynamics, and thereafter applying the second law, 

prove the relationship below for a reversible and adiabatic process:              

 

𝑇2
𝑇1
= (

𝑃2
𝑃1
)

𝛾−1
𝛾

 

(16) 
 

b) An ideal gas with CV = (5/2)R and CP = (7/2)R goes through the following reversible 

thermodynamic cycle: 

 

1 – 2 Adiabatic compression 

2 – 3 Isobaric expansion 

3 – 4 Adiabatic expansion 

4 – 1 Isochoric change 

 

Determine the thermal efficiency if T1 = 200°C, T2 = 1000°C, and T3 = 1700°C 

    (17) 

 

TOTAL     /33/ 
 

QUESTION 2 

 

Ten kmol per hour of air is throttled from upstream conditions of 25°C and 10 bar to a 

downstream pressure of 1.2 bar. Assume air to be an ideal gas with CP = (7/2)R.  

 

a) What is the downstream temperature?         

(2) 

b) What is the entropy change of the air in J/mol.K?       

(5) 

c) What is the rate of entropy generation in W/K? The entropy balance for flowing streams is 

as follows:             

𝛥(𝑆̇𝑛)𝑓𝑠 −∑
𝑄̇𝑗

𝑇𝜎,𝑗
= 𝑆̇𝐺 ≥ 0

𝑗

 

(3) 

d) If the surroundings are at 20°C, what is the lost work?  𝑊̇𝑙𝑜𝑠𝑡 = 𝑇𝜎𝑆̇𝐺       

(2) 
 

TOTAL     /12/ 
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SECTION B 

 

QUESTION 3 

Solve the following problems and answer the following questions:  

3.1. Derive the Maxwell relation for the Helmholtz free energy. 

(7) 

3.2. Is it possible to determine the residual pressure of a substance? Why/why not? Explain 

briefly. 

(3) 

3.3. Will air be less or more dense on a humid day? Explain. 

(6) 

TOTAL     /16/ 

 

QUESTION 4 

Determine the enthalpy change of steam at 4.42 MPa as it is heated from 647 K to 776 K 

isobarically. Use the Pitzer generalized correlation. You are given the following data for water: 

ω = 0.334  TC = 647 K  PC = 22.1 MPa 

TOTAL     /10/ 

 

QUESTION 5 

The Margules 1-parameter Gibbs excess model provides a reasonably accurate description of 

the methyl acetate (1) + methanol (2) system. Determine the normal boiling point of a methanol 

+ methyl acetate liquid mixture consisting of 85 mol-% methyl acetate. You are given the 

following information: 

 

lnγ1 = Ax2
2   lnγ2 = Ax1

2   A = 2.771 – 0.000523 T 

  

lnP1
sat/kPa = 14.253 – 2665.5 / (T/K – 53.424) 

lnP2
sat/kPa = 16.592 – 3643.3 / (T/K – 33.424)  

TOTAL     /19/ 

 



UNIVERSITY OF KWAZULU-NATAL EXAMINATIONS: NOVEMBER 2025 

 

COURSE AND CODE: THERMODYNAMICS 1  ENCH2TD 

 PAGE: 3 of 8 

 

 

QUESTION 6 

130 grams of glucose are added to 1 kg of water, lowering the vapour pressure from 31.1 kPa 

to 30.7 kPa. Estimate the molar mass of glucose. The molar mass of water is 18 g.mol-1. 

TOTAL     /10/ 

DATA SHEET 

Useful relationships 

Definitions 

H ≡ U + PV 

A ≡ U – TS 

G ≡ H – TS 

Z ≡ PV/(RT) 

Equations of State  

Virial: Z = 1 + B/V + C/V2 + …  

Van der Waals: P = RT/(V – b) – a/V2  

Thermodynamic Temperature 

T (K) = 273.15 + T (oC) 

Heat Capacity 

<CP>H/R = A + (B/2)T0(τ + 1) + (C/3)T0
2(τ2 + τ + 1) + D/(τT0

2) 

<CP>S/R = A + [BT0 + (CT0
2 + D/(τ2T0

2)) (τ+1)/2] (τ – 1) /ln(τ) 

Fundamental Property relations 

dU = TdS – PdV 

dH = TdS + VdP 

dA = – PdV – SdT 

dG = VdP – SdT 

Generalized Correlations 

ω = – 1.0 – log10(Pr
sat)|Tr=0.7 

Z = Z0 + ωZ1 

HR/(RTC) = (HR)0/(RTC)  + ω(HR)1/(RTC) 

SR/(RTC) = (SR)0/(RTC) + ω(SR)1/(RTC) 

SR/R = -Pr(dB0/dTr + ωdB1/dTr)|Pr < 0.8 

dB0/dTr = 0.675/Tr2.6 

dB1/dTr = 0.722/Tr5.2 

Universal Gas Constant     

R =  8.314 J.K-1.mol-1    8.314 Pa.m3.K-1.mol-1  

8.206x10-2 L.atm.K-1.mol-1   8.314 Pa.m3.K-1.mol-1  

 8.314x10-2 L.bar.K-1.mol-1   83.14 cm3.bar.mol-1.K-1  
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Properties of Saturated Steam 
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Generalized Correlation Data for the Compressibility Factor
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Generalized Correlation Data for the Residual Enthalpy 
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