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Case Background: 
 
This is a case as how to design a refrigeration system to handle abnormally high 
superheated suction gas from the user’s reactor evaporator heat exchanger. The 
refrigeration system is with screw compressor. The basic requirements for the inquiry for 
the project are as the following: 
 
Compressor:  Screw 
Refrigerant:  Ammonia.  
Cooling load:  575 TR 
 
The condenser and the evaporator are furnished by the user. The CT and ET of the 
refrigeration system are to be designed for. 
 
Condensing Temperature: 102°F 
Evaporative Temperature: –10°F  
 
The user would like to have the operating conditions for the water cooled condenser; the 
user will fabricate the condenser accordingly.  
 
The evaporator is a reactor type heat exchanger which is remote mounted at an elevated 
platform, therefore, the Ammonia liquid which is leaving the refrigeration system and 
supplied to the evaporator is to be subcooled. 
 
The refrigerant vapor leaving the reactor heat exchanger (evaporator) nozzle might some 
times reach 60°F. The external piping suction superheat is 5°F. The external suction line 
pressure drop is 1.4 Psi. Compressor external piping discharge pressure drop is 0.7 Psi.  
 
Water cooled oil cooler is to be used.  
Power supply is 6000-3-50. 
 
The user would like to know the impact of high suction superheat to the refrigeration 
system.  
 
This is all the information given. A refrigeration system is to be design for this project.  



 
Related Technical Data and Information for the Case: 
 

 
 

Figure 3-1 R-717 Pressure-Enthalpy Chart 
 



 

 
 

Figure 3-2 R-717 Properties of Liquid & Saturated Vapor 
-45℉ to 19℉ 



 

 
 

Figure 3-3 R-717 Properties of Liquid & Saturated Vapor 
20℉ to 84℉ 



 

 
 

Figure 3-4 R-717 Properties of Liquid & Saturated Vapor 
85℉ to 125℉ 

 



 

 
 

Figure 3-4A   R-717 Properties of Superheat Vapor 
 
 
These refrigerant property data are for reference. It is more accurate to use a computer 
program if available.  
 
This case is to use manufacturer’s compressor selection program for compressor selection 
or ask the compressor manufacturer to make compressor selection and rating if screw 
computer selection software is not available form the maker.   



Specifications and requirements for the refrigeration system: 
 
A single compression screw compressor is used with a shell-and-tube economizer to 
subcool Ammonia liquid for the evaporator to meet the requirements set by the user. 
 
A suction trap is to be provided before the suction of the compressor because of remote 
location of the evaporator. 
 
Water cooled oil cooler and pre-lube pump are used for the compressor.  
 
Compressor speed: 2.950 RPM 
 
Cooling load is 575 TR. 
 
CT  = 102°F  

Condensing pressure =  218.5 Psia  
 
ET  = –10°F 

Evaporative pressure =  23.7 Psia  
 
Compressor operating conditions: 
 
Superheat inside the Reactor is {60°F – (-10°F)} = 70°F 
External piping superheat is 5°F 
Total superheat is {70°F + 5°F} = 75°F 
 
Suction pressure drop = 1.4 Psi 
 
Discharge external pressure drop = 0.7 Psi 
 
 
 
System Design Logic and Approach: 
 
This is a simple refrigeration system. However, because of the high superheat inside of 
the reactor (evaporator), it generates two technical problems for the system as the 
following:  
 
(1) The superheat is occurred inside of the heat exchanger (evaporator), it is not sure 

that if the internal superheat is to be counted or considered as part of the NRE 
(Net Refrigeration Effect) for the refrigeration system design or not. The 
refrigeration system shall be under designed if the superheat is counted as part of 
the NRE, but actually it is not due to the reactor design and heat load being 
calculated for the process. See Figure 3-5 

 
 



 

 
 

Figure 3-5 P-H Diagram for Cycle Without Quench 
 
(2) The compressor discharge temperature will be too high and the power 

consumption will be higher as well due to the high suction superheat; Also, high 
discharge temperature is harmful to the compressor operation. Therefore, it is 
suggested that the refrigeration system is to equip with a suction gas quench 
arrangement. This quench arrangement is a desuperheator to cool the high 
superheat suction gas to a preset temperature point where is close to the saturated 
suction temperature.  

 
 
Because the user is unable to confirm and clarify the reactor design and the process heat 
load calculation for the reactor, for comparison purpose, the refrigeration system design 
is to evaluate four options which are based on four possible scenarios as the following: 
 
 

Cogitation System Description 
Option-1 Internal superheat is considered part of NRE, but no suction 

gas quench 
Option-2 Internal superheat is not considered part of NRE, no suction 

gas quench 
Option-3 Internal superheat is considered part of NRE and system is to 

be equipped with suction gas quench 
Option-4 Internal superheat is not considered part of NRE and system is 

to be equipped with suction gas quench 
  
 
 
 
 



System Option Evaluations and Cogitation: 
 
 
Option-1: The internal superheat is counted as part of the NRE. 
 
 
The P-H diagram for the refrigeration system for Option-1 is shown in Figure 3-6. 
 
 

 
 

Figure 3-6 P-H Diagram for Refrigeration System Option-1 
 
 
 
The data which are required for the compressor manufacturer to make the compressor 
selection are as the following:  
 
Refrigerant:    R-717 
Capacity:    575 TR 
Economizing:    Yes, Shell-and-tube liquid subcooling 
Condensing temperature:  102°F  
Condensing pressure:   218.5 Psia  
Evaporative temperature:  –10°F 
Evaporative pressure:   23.7 Psia  
Suction temperature:   65°F 
Superheat contributing to NRE: 70°F 
External piping pressure drop: 1.4 Psi 
Discharge external pressure drop: 0.7 Psi 
Compressor speed:   2,950 RPM 



Oil pump:    Pre-lube 
Oil cooling:    Water cooled 
Discharge and suction valves:  Maker’s Standard 
 
 
 
The compressor selected for the operating conditions for system Option-1 is as the 
following: 
 

Capacity:    575 TR 
Compressor size:   RW-676 with shell-and-tube economizer 
Power consumption:   1,234.2 BHP 
Suction mass flow:   201.4 Lbs/Min 

 Oil cooling heat removal:  2,408,100 Btu/Hr 
 Subcooled liquid to evaporator: 29.1°F 
 
 
Option-2: The internal superheat in not counted as part of the 

NRE. 
 
The P-H diagram for the refrigeration system for Option-1 is shown in Figure 3-7. 
 

 
 

Figure 3-7 P-H Diagram for Refrigeration System Option-2 
 
 
The data which are required for the compressor manufacturer to make the compressor 
selection are as the following:  
 
Refrigerant:    R-717 
Capacity:    575 TR 



Economizing:    Yes, Shell-and-tube liquid subcooling 
Condensing temperature:  102°F  
Condensing pressure:   218.5 Psia  
Evaporative temperature:  –10°F 
Evaporative pressure:   23.7 Psia  
Suction temperature:   65°F 
Superheat contributing to NRE: 0°F 
External piping pressure drop: 1.4 Psi 
Discharge external pressure drop: 0.7 Psi 
Compressor speed:   2,950 RPM 
Oil pump:    Pre-lube 
Oil cooling:    Water cooled 
Discharge and suction valves:  Maker’s Standard 
 
 
The compressor selected for the operating conditions for system Option-1 is as the 
following: 
 

Capacity:    575 TR 
Compressor size:   RW-856 with shell-and-tube economizer 
Power consumption:   1,418.5 BHP 
Suction mass flow:   215.1 Lbs/Min 

 Oil cooling heat removal:  2,892,100 Btu/Hr 
 Subcooled liquid to evaporator: 28.4°F 
 
 
Note: The compressor is smaller and the power consumption is also smaller if the 
superheat is considered as part of the NRE due to larger NRE. However, the compressor 
selected based on this assumption might just be under sized for the process load, in case 
the reactor heat exchanger design and the process load originally estimated did not 
include this extra cooling by the superheated gas.  
 
 



  
Option-3 System With Quench & Superheat Is Part of the NRE: 
 
 
This Option is to quench (desuperheat) the superheated gas to a point which is close to 
dew point at the suction pressure of 22.3 Psia, say to have a 5°F superheat, then, the 
refrigeration cycle for this system is as shown in Figure 3-8; the compressor suction 
conditions for the compressor are as the following: 
 

 
 

Figure 3-8 Refrigeration System P-H Diagram 
 
 
Suction operating conditions for the compressor are now as the following:   
 

Suction temperature =   -5°F 
  Suction pressure =    22.3 Psia 
 
Reference Case: 
 

This Reference Case is to find out the enthalpy and temperature of the liquid 
leaving the subcooler. This Reference Case is to assume the same CT, ET and TR 
for the Option-3 and Option-4 except without the abnormal superheat and the 
suction conditions are: 

 
Suction temperature =   -5°F 

  Suction pressure =    22.3 Psia 
 



 The P-H diagram for the refrigeration system for this Reference Case is shown as 
the Figure 3-9: 

 

  
 

Figure 3-9 Refrigeration Cycle for Reference Case 
 
 The purpose of this Reference Case is to find out the temperature and the enthalpy 

leaving the subcooler. 
 

The data for computer selection input:  
 

Refrigerant:    R-717 
Capacity:    575 TR 
Economizing:    Yes, Shell-and-tube liquid subcooling 
Condensing temperature:  102°F  
Evaporative temperature:  -10°F 
Suction superheat:   5°F 
Superheat contributing to NRE: 0°F 
External piping pressure drop: 1.4 Psi 
Discharge external pressure drop: 0.7 Psi 
Compressor speed:   2,950 RPM 
Oil pump:    Pre-lube 
Oil cooling:    Water cooled 
Discharge and suction valves:  Maker’s Standard 

 
 

The compressor selected for the operating conditions for the Reference Case is as 
the following: 

 
Capacity:    575 TR 
Compressor size:   RW-676 with shell-and-tube economizer 
Power consumption:   1,191 BHP 
Suction mass flow:   217.5 Lbs/Min 

 Oil cooling heat removal:  1,897,600 Btu/Hr 
 Subcooled liquid to evaporator: 33.7°F 
 



 The subcooled liquid to evaporator is 33.7°F. the enthalpy for this point is 79.88 
Btu/Lb.  

 
The P-H Diagram for the refrigeration system Option-3 is shown in Figure 3-10.  
 
 
 

 
 

Figure 3-10 P-H Diagram for Refrigeration System Option-3 
 
 
From the Figure 3-10, it is noted that the liquid leaving condenser is subcooled by the 
economizer from 102°F to 33.7°F; the superheated gas at 22.3 Psia is cooled by the liquid 
from 65 to -5°F. The corresponding refrigerant flow diagram for this system is shown in 
Figure 3-11.  
 
Figure 3-12 shows the flooded type desuperheator-suction trap; the superheated gas 
returns from evaporator, cooled by the liquid inside the desuperheator-suction trap; the 
superheated gas is cooled down to almost saturated under suction pressure of 22.3 Psia. 
The liquid level inside the desuperheator-suction trap is maintained by a liquid level 
control valve and the liquid is from the economizer. The liquid for the desuperheating 
process is evaporated and returns to the compressor suction together with the main 
suction gas. The desuperheating process is therefore completed. 
 
 
 
 
 



 

 
 

Figure 3-11 Refrigerant Flow Diagram for System Option-3 
 
 
 
 
 

 
 

Figure 3-12 Flooded Type Desuperheator-Suction Trap 
 
 
 



Compressor selection and 33.7°F liquid verification: 
 
Refrigerant flow calculation: 
 
FLOW(1) is the refrigerant flow from the system: 
 
Suction condition for the compressor:  -5°F 
       22.3 Psia 
 
Superheat is part of the NRE 
Therefore: 
 
 NRE = 645.92 – 79.88 = 566.04 Btu/Lb 
 
 Refrigeration Load = 575 TR 
 
              200 
 Suction Flow, Reactor =  ------------ x 575 
             NRE 
 
 
     200 
      =  ------------ x 575   
             566.04 
 
 

  =   203.17 Lbs/Min. 
 

FLOW(1) =  203.17 Lbs/Min. 
 
FLOW(2) = Liquid needed to quench the superheated gas from 65°F to -5°F. 
 
The superheated gas is to be quenched back to saturated condition. 
Assuming suction temperature to compressor is –5°F 
 
Desuperheating load = 203.17 x (648.84 – 611.73) 
 
   = 7,539.64 Btu/Min 
 
                 200                  7,539.64 
Liquid required for desuperheating =  -------------------- x  --------------- 
        608.56 – 79.88            200 
 
      =  14.26 Lbs/Min 
 
FLOW(2) = 14.26 Lbs/Min 



 
Total flow for compressor suction  =  FLOW(1) + FLOW(2) 
 

= 203.17 + 14.26  
 
              =  217.39 Lbs/Min 
 
 
Input suction flow of 217.39 Lbs/Min  
Suction condition for the compressor:  -5°F 
       22.3 Psia 
 
The data for computer selection input:  
 

Refrigerant:    R-717 
Refrigerant flow:   217.39 Lbs/Min 
Economizing:    Yes, Shell-and-tube liquid subcooling 
Condensing temperature:  102°F  
Evaporative temperature:  -10°F 
Suction superheat:   5°F 
Superheat contributing to NRE: 0°F 
External piping pressure drop: 1.4 Psi 
Discharge external pressure drop: 0.7 Psi 
Compressor speed:   2,950 RPM 
Oil pump:    Pre-lube 
Oil cooling:    Water cooled 
Discharge and suction valves:  Maker’s Standard 

 
 

The compressor selected for the operating conditions for the Option-3 for 
refrigerant flow of 217.39 Lbs/Min is as the following: 

 
Equivalent TR:   575 TR 
Compressor size:   RW-676 with shell-and-tube economizer 
Power consumption:   1,191 BHP 
Suction mass flow:   217.5 Lbs/Min 

 Oil cooling heat removal:  1,897,100 Btu/Hr 
 Subcooled liquid to evaporator: 33.7°F 
 
It verifies the subcooled liquid to evaporator of 33.7°F which is the temperature assumed 
for the flow calculation.  
 
From this Option-3, if the superheat is counted as part of the NRE, the power 
consumption and the TR are the same as the Reference Case.  
 
 



Option-4 System With Quench Superheat Is Not part of the NRE: 
 
 

 
 

Figure 3-13 P-H Diagram – Superheat Not Part of NRE 
 
 
 
This Option is that the superheat is not part of the NRE (New Refrigerant Effect). This 
will increase the liquid refrigerant flow for the 575 TR and also will increase the liquid 
refrigerant flow to quench the superheated gas.  
 
The P-H diagram and the Refrigerant Flow Diagram are the same as the Figure 3-10, 3-
11 and 3-12. The flow and compressor calculation procedures are the same as Option-3 
except that the data are somewhat different. 
 
 
Suction condition for the compressor:  -5°F 
       22.3 Psia 
 
Superheat is not part of the NRE 
Therefore: 
 
 NRE = 608.56 – 79.88 = 528.68 Btu/Lb 
 



 Refrigeration Load = 575 TR 
 
 
 
              200 
 Suction Flow, Reactor =  ------------ x 575 
              NRE 
 
 
     200 
      =  ------------ x 575   
             528.68 
 
 

  =   217.52 Lbs/Min. 
 
FLOW(1) = 217.52 Lbs/Min. 
 
The superheated gas is to be quenched back to saturated condition. 
Assuming suction temperature to compressor is –5°F 
 
Desuperheating load = 217.52 x (648.84 – 611.73) 
 
   = 8,072.17 Btu/Min 
 
         200              8,072.17 
Liquid required for desuperheating =  -------------------- x  --------------- 
            608.56 – 79.88        200 
 
      =  15.27 Lbs/Min 
 
FLOW(2) = 15.27 Lbs/Min 
 
 
Total flow for compressor suction  =  FLOW(1) + FLOW(2) 
 

=  217.52 + 15.27  
 
              =  232.79 Lbs/Min 
 
 
The data for computer selection input:  
 

Refrigerant:    R-717 
Refrigerant flow:   232.79 Lbs/Min 
Economizing:    Yes, Shell-and-tube liquid subcooling 



Condensing temperature:  102°F  
Evaporative temperature:  -10°F 
Suction superheat:   5°F 
Superheat contributing to NRE: 0°F 
External piping pressure drop: 1.4 Psi 
Discharge external pressure drop: 0.7 Psi 
Compressor speed:   2,950 RPM 
Oil pump:    Pre-lube 
Oil cooling:    Water cooled 
Discharge and suction valves:  Maker’s Standard 

 
 

The compressor selected for the operating conditions for the Option-4 for 
refrigerant flow of 232.79 Lbs/Min is as the following: 

 
Equivalent TR:   615 TR 
Compressor size:   RW-676 with shell-and-tube economizer 
Power consumption:   1,239 BHP 
Suction mass flow:   232.8 Lbs/Min 

 Oil cooling heat removal:  1,932,900 Btu/Hr 
 Subcooled liquid to evaporator: 34.0°F 
 
The subcooled liquid to evaporator should be 34°F, the 33.7°F assumed for calculation is 
close enough and it is on safe side.  
 
From this Option-4 if the superheat is not counted as part of the NRE, the power 
consumption and the equivalent TR are higher.  
 
The final P-H diagram for this Option is shown in Figure 3-14: 
 

 
 

Figure 3-14 P-H Diagram for Refrigeration System Option-4 



 
The refrigerant flow diagram for this Option-4 is shown in Figure 3-15: 
 
 
 

 
 

Figure 3-15 Refrigerant Flow Diagram for Refrigeration System Option-4 
 

 
 

Figure 3-16 Liquid Injection Type Desuperheator-Suction Trap 
 
 



The desuperheator-suction trap arrangement shown in Figure 3-15 and 3-16 are 
somewhat differ from Figure 3-11 and 3-12 of Option-3. Figure 3-16 shows the liquid 
injection type desuperheator-Suction trap; the liquid for desuperheating is injected into a 
nozzle where it is mixed with the superheated suction gas; the flow of liquid is controlled 
by a thermostatic expansion valve which injects just enough liquid, the liquid evaporated 
to cool the superheat gas from evaporator at 65°F down to -5°F. The evaporated gas and 
the suction gas return to compressor suction. 
 
 
Comparison: 
 
User Heat Load: 575 TR specified 
With liquid subcooling economizer 
 

 
        Case 

Compressor  
     Load 
Equivalent  
       TR 

Compressor 
   Suction   
     Flow 
   Lbs/Min 

 
   Compressor  
          Size 

Compressor 
    Design  
      SHP 

Option-1 
Superheat  
Part of NRE 
No quenching  

 
     575 TR 

 
     201.4  
   Lbs/Min 

 
 RW-676 

 
  1,234 BHP 

Option-2 
Superheat  
Not part of NRE 
No quenching 

 
     575 TR 

 
     215.1  
   Lbs/Min 

 
 RW-856 

 
  1,419 BHP 

 
Reference Case 
Normal  
 

 
     575 TR 

 
     217.5  
   Lbs/Min 

 
 RW-676 

 
  1,191 BHP 

Option-3 
Superheat  
Part of NRE. 
Quenching 

 
     575 TR 

 
     217.3  
   Lbs/Min 

 
 RW-676 

 
  1,191 BHP 

 
Option-4 
Superheat  
Not part of NRE. 
Quenching 

 
      
    615 TR 

 
     
     232.8  
   Lbs/Min 

 
  
RW-676 

 
   
  1,239 BHP 

 
 
 



Conclusion: 
 
It is obvious that the systems with desuperheating (quenching) are having lower power 
consumption as compared to Option-1 and Option-2. Option-3 is having the smallest 
compressor and lowest power consumption for the same user load of 575 TR. The main 
driving motor for the compressor shall be 1,500 HP which provides enough safety margin 
for the operation for Option-4.  Therefore, Option-3 is to be recommended and proposed 
for the installation.   


