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Case Background: 
 
This case is to review the practical use of the Pressure-Enthalpy (P-H) diagram and the 
thermodynamic analysis of the refrigeration cycle using the P-H diagram; the Refrigerant 
Flow Diagram corresponding to the P-H Diagram. 
 
This case is also to evaluate various cycles such as with penalties, economizing for a 
single stage compression refrigeration systems which are based on the same CT, ET and 
TR as the following: 
 
 Condensing Temperature (CT): 102℉ 
 Evaporative Temperature (ET): -20℉ 
 Capacity:    73 TR 
 Refrigerant:    R-22 
 
Assuming compressor is screw and screw efficiencies: 
 Adiabatic Eff.     76.5% 
 Mechanical Eff.   94.6%. 
 
 
Related Technical Data and Engineering Information for the Case: 
 
The related engineering data and technical information for this case are as the following: 
 
 Figure 1-1 Pressure-Enthalpy Diagram for R-22 
 Figure 1-2 Properties of Liquid and Saturated Vapor for R-22, -50℉ to 14℉. 
 Figure 1-3 Saturated Properties for R-22, 10℉ to 64℉ . 
 Figure 1-4 Properties of Liquid and Saturated Vapor for R-22, 80℉ to 144℉ . 
 
 



 
 

 
Figure 1-1 Pressure-Enthalpy Diagram for R-22 

 



 

 
Figure 1-2 Properties of Liquid and Saturated Vapor 

For R-22, -50℉ to 14℉ 
 



 

 
Figure 1-3 Saturated Properties for R-22, 10℉ to 64℉ 

 



 

 
 

Figure 1-4 Properties of Liquid and Saturated Vapor 
For R-22, 80℉ to 144℉ 

 
 



Practice-1: The thermodynamic data for the simple cycle 
 
Take R-22 Pressure-Enthalpy Diagram Figure 1-1, draw a condensing temperature line of 
105ºF, an evaporative temperature line of -20ºF , constant throttling line from the 105ºF 
condensing liquid to -20ºF line to represent the expansion and draw the line of constant  
Entropy from saturated -20ºF to condensing temperature of 105ºF, this line is the 
compression line without the suction and discharge penalties, this image is shown in Figure 
1-5. This Cogitation is to base on idea simple cycle with no losses.  
 
      

 
 

Figure 1-5 Refrigeration Cycle on the P-H Diagram 
 
 
Take the structure image of this refrigeration cycle from Figure 1-5, it becomes the P-H 
diagram for engineering calculation as shown in Figure 1-6. The points which are required 
for engineering calculation are from H1 to H6 as shown in the Figure 1-6. 
 
H1 to H2 is the adiabatic compression of the compressor for the simple refrigeration system 
without suction and discharge penalties 
H2 to H5 is the condensing line of the condenser. 
H5 to H6 is the adiabatic throttling expansion line. 
H6 to H1 is the evaporation line. 
 



 

 
 

Figure 1-6 Refrigeration Cycle P-H Diagram Image 
 

 
 

Figure 1-7 Properties of Refrigerant at -20℉ 
 



 
 

Figure 1-8 Properties of the Refrigerant at 105℉ 
 
 
H1 is the saturated suction of the compressor at  -20ºF. at no losses. 
H2 is the compressor discharge point at no losses. 
H5 is the saturated liquid at 105ºF condensing temperature. 
 
From Figure 1-5, 1-7 and Figure 1-8, the enthalpy values of the various points of the 
refrigeration cycle can be obtained as the following: 
 
  H1 = 102.42 BTU/LB 
  H2 = 128.00 BTU/LB 
  H4 = 112.31 BTU/LB 
  H5 =  40.85 BTU/LB 
  H6 =  40.85 BTU/LB 
 
The other operating conditions and the essential data are calculated for the refrigeration 
system as the following: 
 
(A) NRE = Net Refrigeration Effect 
          =  H1 - H5 = 102.42 - 40.85    = 61.57 Btu/Lb 
 
(B) Vg  = Specific Volume at compressor suction   = 2.083 Ft3/Lb 
 
(C) Condensing Pressure        = 225.45 Psia 
 Evaporative Pressure       = 24.85 Psia 



  
(D) Discharge line pressure drop     = 0 Psi 
 
(E) Saturated suction temperature     = -20°F 
 
(F) Saturated suction pressure     = 24.85 Psia 
 
(G) Saturated evaporative pressure    = 24.85 Psia 
 
(H)  Compressor suction pressure    = 24.85 Psia 
 
(I) Suction line superheat     = 0°F 
 
(J) External suction pressure loss    = 0 Psi 
 
(K) Refrigerant flow in Lbs/Min   
 = 200 x TR/NRE 
 = 200 x 73/ 61.57      = 237.13 Lbs/Min 
 
(L) Compressor suction ACFM    = 493.94 CFM 
 
(M) Adiabatic compression head in feet 
 = (H2 - H1) x 778  
 = (128.0 - 102.42) x 778     = 19,901 FT. 
 
(N) Assuming:  Adiabatic Eff. = 76.5% 
   Mechanical Eff.= 94.6%. 
 
 
        FLOW x HEAD 
  BHP = -------------------------------    
     33000 x 0.765 x 0.945 
 
   FLOW = 237.13 Lbs/Min 
   HEAD = 19,901 FT. 
 
 
        237.13 x 19,901 
  BHP = -------------------------------  = 197.8 BHP 
     33000 x 0.765 x 0.945 
 
(O) Heat rejection from condenser 
  =  BHP x 2545 + TR x 12000      
  =  197.8 x 2545 + 73 x 12000   = 1,379,401 Btu/Hr 
        = 1,379 MBH 
 



The P-H Diagram of the refrigeration cycle with all the operating conditions are as the 
following: 
 

 
 

Figure 1-9 P-H Diagram for the Refrigeration System 
 
 
 
 
 
 
 
 

 
 

Figure 1-10 Refrigerant Flow Diagram for the Refrigeration System 
 
 
 



Practice-2:  The CT, ET and TR are the same as Practice-1  
   except the liquid is subcooled to 20ºF using 

ET temperature of -20ºF which is same as the 
main ET of -20ºF. 

 
 
This refrigeration system is the same as Cogitation-1 except with liquid subcooling. The 
liquid to evaporator is subcooled to a leaving temperature of 20ºF; the NRE is increased as 
shown in Figure 2-1. 
 

 
 

Figure 2-1 P-H Diagram for Refrigeration System of Cogitation-2 
 
 
The enthalpy for the subcooled liquid of 20ºF is 15.84 Btu/Lb from Figure 1-3; the ET for 
the subcooler is -20ºF which is the same as the main evaporator.  
 
The NRE is extended to H7 instead of H6.  
 
 NRE = H1 - H7 = 102.42 – 15.84 = 86.58 Btu/Lb 
 
 Evaporator Load, Refrigerant FLOW (1): 
 
             200 
 FLOW (1) =    ------------         ---  x   TR  
      H1 - H7  
 



 
                200 
                =    ---------------------- x 73  
    102.42 - 15.84 
 
       =     168.63 Lbs/Min 
 
 The heat load to subcool the liquid from H5 - H7 is as the following: 
 
                    FLOW (1) x (H5 - H7)         
 Load for subcooling    =    ---------------------------------  
                                       200 
 
 
                  168.63 x (40.85 - 15.84) 
                          = ------------------------------------  
                                        200 
 
    =   21.09 TR 
 
 Liquid required for liquid subcooling,  refrigerant FLOW (2): 
 
           200  
 FLOW (2) = ----------------- x TR  
     H1 - H5  
 
 
                 200 
               = ------------------------- x  21.09 
    102.42 - 40.85 
 
       = 68.50  Lbs/Min 
 
 
 Compressor total suction flow: 
  = FLOW (1) + FLOW (2) 
  = 168.63 + 68.50 
  = 237.13 Lbs/Min 
 
 
 Compressor total suction ACFM 
  =  FLOW x Vg 
  = 237.13 x 2.083 
  = 493.94 CFM 
 
 



Power consumption: 
 
               FLOW x HEAD 
  BHP =    --------------------------------------   
      33000 x Adia.Eff. x Mech.Eff. 
 
 
    FLOW   = 237.13 Lbd/Min 
    HEAD   = 19,901 FT. 
    Adiabatic Eff.   = 76.5% 
    Mechanical Eff. = 94.6%. 
 
 
              237.13 x 19,901 
  BHP = -----------------------------------  = 197.81 BHP 
        33000 x 0.765 x 0.945 
 
  
Heat rejection from condenser: 
  = BHP x 2545 + TR x 12000    
  = 197.81 x 2545 + 73 x 12000   = 1,379,426 Btu/Hr 
        = 1,379 MBH 
 
The operating conditions for the system: 
       
 (A) Compressor suction flow  = 237.13 LBS/MIN. 
 (B) Compressor suction ACFM  = 494 CFM 
 (C) Compression head    = 19,901 FEET 
 (D) Power consumption    = 197.81 BHP 
 (E) Heat rejection from condenser  = 1,379,426 BTU/HR 



The P-H Diagram for the systems is shown in Figure 2-2 and the corresponding Refrigerant 
Flow Diagram is shown in Figure 2-3: 
 
 

 
 

Figure 2-2  P-H Diagram for Refrigeration System Cogitation-2 
 
 
 
 
 
 

 
 
Figure 2-3 Refrigerant Flow Diagram for Refrigeration System Cogiattion-2 
 



Practice-3  The CT, ET and compressor suction are the same  
   as Practice-1, except  the liquid is subcooled  
   to 20°F using screw economizer.  
 
 
 
 
 

 
Figure 3-1 P-H Diagram for Cogitation-3 

 
 
Assuming the ET for the subcooler is 10°F using the economizer of the screw compressor. 
The P-H diagram for this Practice is shown in Figure 3-1. 
 
 
 NRE  = H1 - H7  
      = 102.42 – 15.84   
       = 86.58 Btu/Lb 
 
 Evaporator load, refrigerant FLOW (1): 
 
 
             200 
 FLOW (1)    = --------------- x TR  
      H1 - H7  
 



                 200 
                  = --------------------- x 73  
    102.42 – 15.84 
 
 
          =   168.63 Lbs/Min 
 
 Liquid subcooling load and  refrigerant FLOW (2) calculation: 
 
 
                  FLOW (1) x (H5 - H7)         
 Liquid subcooling load   = -------------------------------  
                              200 
 
 
                   168.63 x (40.85 - 15.84) 
                           = ------------------------------------  
                                         200 
 
        =    21.1  TR 
 
 
The enthalpy for H3 is obtained from the Figure 1-3. 
 
 
             200  
 FLOW (2)   =   --------------  x  TR  
       H3 - H5  
 
 
         200 
                  =    ---------------------- x 21.10 
       105.44 - 40.85 
 
         =    65.34  LBS/MIN 
 
 
 
 Compressor suction flow  
   = FLOW (1)  
   = 168.63  
 
 
 Compressor suction ACFM 
   = 168.63 x 2.0826 
   = 351.2 CFM 



 
 Power consumption: 
 
  Adiabatic eff.   = 76.5% 
  Mechanical eff.= 94.6%. 
 
  FLOW(1)  = 168.63 LBS/MIN 
  HEAD(1)  = (128.0 - 102.42) x 778  
       = 19,901 FT.  
 
 
  FLOW(2)  = 65.34 LBS/MIN 
  HEAD(2)  = (128.0 - 109.6) x 778  
       = 14,315 FT.  
 
 
 
    FLOW(1) x HEAD(1) + FLOW(2) x HEAD(2) 
  BHP = -----------------------------------------------------------   
                  33000 x Adia.Eff x Mech.Eff 
 
 
           168.63 x 19901 + 65.34 x 14315        
  BHP = ---------------------------------------------------   
                      33000 x 0.765 x 0.945 
 
 
           = 180 BHP 
 
 
 Heat rejection from condenser: 
 
  = BHP x 2545 + TR x 12000    
  = 180 x 2545 + 73 x 12000    = 1,334,100 Btu/Hr 
         = 1,334 MBH 
   
Summary:  
       
 (A) Compressor suction flow   = 168.63 Lbs/Min. 
 (B) Compressor suction ACFM   = 351 CFM 
 (C) Compression head     = 19,901 Feet 
 (D) Power consumption    = 180 BHP 
 (E) Heat rejection from condenser   = 1,334,100 Btu/Hr 
             



 
P-H DIAGRAM AND P&I DIAGRAM OF THIS REFRIGERATION UNIT ARE 

SHOWN AS THE FOLLOWING: 
 
 
 

 



 
Practice-4  The CT, ET and system arrangement are the same  

as Practice-3 except the system is with suction  
and discharge penalties: 

 
 
 
The P-H diagram and the suction and discharge penalties are shown in the Figur3-1: 
 

 
Figure 3-1 P-H Diagram for Cogitation-3 

 
The Penalties: 
Compressor suction pressure drop:  = 0.85 Psi 
Compressor suction superheat:   = 5°F 
Compressor discharge pressure drop  = 4.55 Psi  
Economizer PD           = 4.5 Psi 
  
The ET for subcooler is 10°F which is connected to the economizer of the compressor. 
 
 NRE = 86.58 Btu/Lb 
 
 Evaporator load, refrugerabt FLOW (1): 
 
  FLOW (1) = 168.63 Lbs/Min 



 
 Liquid subcooling load,   
 
  FLOW (2) = 65.34  Lbs/Min 
 
 Compressor suction flow  
  = FLOW (1)  
  = 168.63 Lbs/Min 
 
Compressor suction with penalties: 
 
 Compressor suction pressure  = Saturated pressure – suction pressure drop 
     =  24.85 – 0.85  
     = 24 Psia 
 
 Compressor suction temperature = Saturated suction temperature  
      + Suction superheat 
         =  -20°F + 5°F  
         =  -15°F 
 
Therefore, suction conditions are: 24 PSI & -15°F: 
 
From Figure 1-1 or refrigerant program, the enthalpy and specific volume for this point are: 
 
  Vg = 2.25 CU.FT/LB 
  H1 = 103.5 
 
 Compressor suction ACFM: 
  = Suction flow x suction specific volume 
  = 168.63 x 2.25     
  = 379.4 CFM 
 
 Power consumption: 
 
   FLOW(1)   = 168.63 Lbs/Min 
   HEAD(1)  = (129.6 – 102.50) x 778  
             = 21,084 Ft.  
 
   FLOW(2)   = 65.34 Lbs/Min 
   HEAD(2)   = (129.6 – 110.2) x 778  
                     = 15,092 Ft.  
 
   Adiabatic Eff.   = 76.5% 
   Mechanical Eff. = 94.6%. 
 
 



 
 
         FLOW(1) x HEAD(1) + FLOW(2) x HEAD(2) 
  BHP = ---------------------------------------------------------------- 
                       33000 x Adia.Eff. x Mech.Eff 
 
 
             168.63 x 21084 + 65.34 x 15092 
  BHP = ----------------------------------------------------------- 
                      33000 x 0.765 x 0.945 
 
 
          = 190.4 BHP 
 
 
 Heat rejection from condenser: 
 
  = BHP x 2545 + TR x 12000    
  = 190.4 x 2545 + 73 x 12000    = 1,360,568 Btu/Hr 
         = 1,361 MBH 
Summary: 
 
 
 (A) Compressor suction flow   = 168.63 Lbs/Min. 
 (B) Compressor suction ACFM   = 379.4 CFM 
 (C) Compression head     = 21,084 Feet 
 (D) Power consumption    = 190.4 BHP 
 (E) Heat rejection from condenser   = 1,360,568 Btu/Hr 
  
 
 
The P-H Diagram and the refrigerant flow diagram are as the following: 
 
 
 
 
 
 



 
 

Figure 4-2 P-H Diagram for the Refrigeration System 
 
 
 
 
 

 
 

Figure 4-3 Refrigerant Flow Diagram for the Refrigeration System 



Conclusion and Comparison: 
 
 

 Practice-1 
Without 
Intercooling 
No Ext. PD 

Practice-2 
Subcool to 20°F 
At Evap. temp. 
No Ext. PD 

Practice-3 
W/Economizing 
Subcool to 20°F 
No Ext. PD 

Practice-4 
W/Economizing 
Subcool to 20°F 
With Ext. PD 

Compressor 
Suction Flow, 
Lbs/Min 

 
237.13 
           Lbs/Min 

 
237.1348 
           Lbs/Min. 

 
168.63 
            Lbs/Min 

 
168.63 
            Lbs/Min 

Compressor  
Suction.  ACFM 

 
 493.94 
             ACFM 

 
493.94 
             ACFM 

 
351.2 
               ACFM 

 
379.4 
              ACFM 

Adiabatic Head 
Ft. 

 
 19,901 
                   Ft. 

 
19,901 
                      Ft. 

 
19,910 
                     Ft. 

 
21,084 
                      Ft. 

Power 
Consumption 
BHP 

 
197.8 
                  Bhp 

 
197.8 
                  Bhp 

 
180 
                   Bhp 

 
190.4 
                   Bhp 

Condenser Heat 
Rejection 
MBH 

 
1,379 
               MBH 

 
1,379 
                 MBH 

 
1,334 
                 MBH 

 
1,360 
                 MBH 

 
 
 
NOTES: 
 
 (A) Compare Practice-1 with Practice-2, the subcooling was no advantages over 

compression without subcooling if the subcooling with ET at the same 
temperature as main evaporator.  

 
 (B) Compare Practice-2 and Practice-3, the compressor with proper economizing 

reduces compressor size and reduces BHP. 
 
 (C) Compare Practice-3 and Practice-4, larger compressor and higher power 

consumption are required if external pressure drops are to be considered and 
included. For a system design, the penalties must be included for system 
function properly. 

 


