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Quiz 6 
Chemical Engineering Thermodynamics 

February 18, 2021 
 
ULT-Freezers (ultra-low temperature) are needed for storage of COVID-19 mRNA vaccine and 
other nucleic acids (DNA and RNA) in order to prevent degradation reactions. Consider a 5-ton 
rated binary cascade refrigerator to cool COVID-19 mRNA vaccine.  Find the COP for the 
cascade refrigerator and that for a Carnot cycle.  Stage 1 uses R134A refrigerant and Stage 
2 uses ethane.  The condenser (8) is at 30°C, the inter-stage heat exchanger (6, 4) is at -30°C 
and the evaporator (2) is at -86°C.  Assume that the heat exchanger has no thermal loss.   
Use the closest values from the saturated table for R134A for the saturated values and the 
pressure-enthalpy chart for the other values;  
and interpolate the values from the saturated table for ethane for the saturated values and 
use the pressure-enthalpy chart for ethane for the other values (use the attached Excel sheet to do 
the interpolation by inserting the values from the table).  For -86°C (187K) use the saturated 
pressure from the saturated table interpolation to find the equilibrium tie-line in the chart (1 to 2 
in the schematic chart below).   
The two compressors have an efficiency of 0.85.    
1 ton refrigeration = 12,600 kJ/h 
 

   
Figure 1.  Cascade refrigeration cycle.  The refrigerants do not mix in the evaporator/condenser.  
P-H diagrams for the upper and the lower cycles. 
 
 
Fill the table values in the process stream table. 
Plot the process stream points on the two P-H charts with lines connecting as in Figure 1 

above. 
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Stream P, Mpa T, °C he State H, kJ/kg S, kJ/(kgK) q DQ or Ws, kJ/kg m', kg/h (kg/s) DQ or Ws, kJ/h

1 0.118 -86 - V/L 246 1.38 0.3 0 188 (0.0522) 0

2 0.118 -86 - SV 582 3.17 1 336 188 (0.0522) 63,200

3' 1.07 17 1 V 726 3.17 1 144 188 (0.0522) 27,100

3 1.07 32 0.85 V 751 3.3 1 169 188 (0.0522) 31,800

4 1.07 -30 - SL 246 1.27 0 -505 188 (0.0522) -94,900

5 0.0878 -30 - V/L 243 1.17 0.365 0 688 (0.191) 0

6 0.0878 -30 - SV 381 1.75 1 138 688 (0.191) 94,900

7' 0.789 40 1 V 422 1.75 1 41 688 (0.191) 28,200

7 0.789 43 0.85 V 429 1.77 1 48.2 688 (0.191) 33,200

8 0.789 30 - SL 243 1.15 0 -186 688 (0.191) -128,000

Net COP = 0.972 Carnot COP = 1.61

ETHANE

R134a
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