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Therefore, CTI’s claim that USER produces 0.34 kWh (1.2x106 J ) doesn’t violate the 2nd law limit. 

The maximum work in part (ii) occurs when the phase transition happens reversibly.  Thus, 

From a first law balance, 
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Liquid lava
(b)      
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Liquid lava is sprayed into the counter-current heat exchanger and forms small liquid droplets.  
The droplets cool and solidify before hitting the bottom and being swept away by a rotating 
drum.  An alternate heat exchange process could involve pumping the liquid lava until it 
solidifies.  The hot, solid lava would then be crushed into a powder in order to continue the heat 
exchange process. 

Ocean water at 0°C 

 
 
 
 
 
 
 
(c) 

10.40 Fall 2003  Page 3 of 4 
Problem Set 3 Solutions 



Problem Set 3, #2 

 
In order to examine the irreversibilities in the process, we can examine the enthalpy-temperature 
diagram for the process.  It is similar to Figure 14.8 (b), a supercritical Rankine cycle. 
 

Lava cooling line 

H∆

 
The larger ∆T between the working fluids/solid is
exergy loss.  One of the major irreversibilities in 
particularly when the lava is fusing.  Other irreve
pressure drop in the spray nozzle and turbine.  Th
losses and non-reversible cooling. 
 
(d) 
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The actual work produced (0.58 kJ) is well below
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 in the heat exchange process, the greater the 
the design are in the lava/water heat exchanger, 
rsibilities in the system are due to the frictional 
e pump irreversibilities are due to frictional 

e proposed Rankine cycle can be approximated 
tegory since this category covers the 
le.  At 1730°C, the cycle efficiency is 
roduced by the proposed cycle, calculate the 

fficiencies as follows. 

 CTI’s claim of 1.2 MJ. 
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