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Case Background: 
 
The purpose of this case is to illustrate:  
 
(I)  Use of P-H diagram method to analysis the refrigeration system in accordance 

with the specification given for a compound refrigeration system with multiple 
refrigeration loads. 

 
(II)  Layout the refrigerant flow diagram conforms to the P-H diagram. 
 
(III)  How to calculate the refrigerant flows and power consumption based on the P-H 

diagram to meet the refrigeration loads as specified.   
 
The Refrigeration System Specifications: 
 
This refrigeration unit is with water cooled condenser, R-717 refrigerant, 460-3-60 power 
supply for Class 1, Group D, Division II area installation. 
 
The unit is to be designed to handle three evaporative loads and is to be designed in 
accordance with the parameters and requirements as indicated below; all the evaporators are 
provided by the user and are remote mounted: 
 
 Evaporator No. 1:  
 
  The refrigeration capacity is 260 TR at evaporative temperature of -40°F.  
 
 Evaporator No. 2:  
 
  The evaporator is located at the same area as evaporator #1; same external 

piping pressure drop and superheat as the evaporator #1.  
 



  The refrigeration load is 30 TR to cool special brine from -20°F to -26°F 
leaving. The evaporative temperature required for this heat exchanger is to 
be -35°F. 

 
 Evaporator No. 3:  
 
  The refrigeration load is 80 TR to cool Ethylene Glycol Brine from 37°F to 

30°F with an ET of 20°F, The external piping suction pressure drop and 
suction superheat allowed it to be given to the user to allow the user to make 
proper design of the suction piping for the heat exchanger. 

 
Screw compressors are to be used for the compound system; no economizing is allowed for 
the compressors. Flash type intermediate intercooler with coil for liquid subcooling is to be 
used; 15°F approach to the intermediate temperature for the design is 15°F. 
 
The screw compressor is with liquid injection oil cooling; assuming no power and capacity 
penalties for the oil cooling arrangement; pre-lube oil pump is used.  
 
Assume compressor adiabatic efficiency is as the following: 
 
  For the booster compressor:  75% 
  For the high stage compressor:  75% 
 
The mechanical efficiencies of the compressors for the calculation are 97%. 
 
Remote water cooled condenser is used. The condenser is supplied by the user. The design 
condensing temperature is 105°F.  The ambient design temperature is 91°FDB and 82°FWB. 
 
Piping pressure drops and superheats limitations are as the following: 
 
 Booster compressor suction: Minimum piping pressure drop is 1.6 Psi; the 

maximum pressure drop for the suction valve, strainer and the check valve assembly 
of the compressor is 0.8 Psi; the suction superheat is 10°F. 

 
 High stage compressor suction: Piping pressure drop is 0.5 Psi; the pressure drop for 

the suction valve, strainer and the check valve assembly is.6 Psi; the suction 
superheat is 5°F. 

 
 High stage compressor discharge: The external piping pressure drop is 2.8 Psi; oil 

separator and discharge valve pressure drop is 4.3 Psi. 
 
 
 Low stage compressor discharge: The external piping pressure drop is 0.4 Psi; oil 

separator and discharge valve pressure drop is 3.5 Psi. 
 
The information from this system design exercise as the following: 



 
A.  A report to outline the design concept, approach and consideration for the 

refrigeration system. 
 
B. A detail P-H diagram to show all the operating conditions, enthalpy points and the 

refrigerant flows. 
 
C. A detail refrigerant diagram showing all the operating conditions and the refrigerant 

flow rates in Lbs/Min on the flow diagram. 
 
D. Fill in the Summary Data Sheet show below: 
 

Maximum superheat and pressure drop for the 
Evaporator #3,     

 

                             Max. pres. drop,  Psi  
                             Max. superheat, °F  
  
Booster Compressor Suction:  
                             Suction Pressure, Psia  
                             Suction Temp.,  °F  
                             Suction Flow, Lbs/Min  
                             Suction Flow, ACFM  
  
High Stage Compressor Suction Conditions:  
                             Suction Pressure, Psia  
                             Suction Temp.,  °F  
                             Suction Flow, Lbs/Min  
                             Suction Flow, ACFM  
  
Power Consumption Conditions:  
                             Booster Compressor, BHP  
                             High Stage Comp.,    BHP  
Heat Rejection from condenser,  MBH  
Refrigerant flow to the condenser: Lbs/Min.  

 
 
 
 
 



Related Technical and Engineering Data for the Calculation: 
 

 
 
 Figure-2-1 Pressure-Enthalpy Diagram of Ammonia 



 

 
Figure 2-2A   Properties of Saturated Liquid and Vapor of R-717 

 
 



 

 
Figure 2-2B  Properties of Saturated Liquid and Vapor of R-717 

 



 
 
 
 

 
 
 

Figure 2-2C  Properties of Saturated Liquid and Vapor of R-717 
 
 
 
 
 



 

 
 
 
 
 Figure 2-3  Properties of Superheated Vapor for R-717 
 
 
 



Cogitation: 
 
Summary of Given Conditions from the Specifications and P-H Diagram Composition 
for the Sstem: 
 
Refrigerant:  R-717 
 
Evaporators:  
 
  Load No. 1: 260 TR,  -40°F (10.4 Pisa) 
  Load No. 2: 30 TR,   -35°F (12.05 Psia) 
  Load No. 3: 80 TR,    20°F (48.2 Psia) 
 
Condensing Temperature: 105°F (228.9 Psia) 
 
This system shall be compound system by using screw compressors with no economizer. 
 
Flash type intermediate Intercooler with coil for liquid subcooling shall be used: 
 

Intermediate temperature: 15°F (43.1 Psia) 
Approach:   15°F 

   
All the temperatures indicated are saturated temperature; the saturated refrigerant pressures 
are obtained from the refrigerant property chart of Figure 2-2. 
 
 

  
 
 Figure-2-4  Determination of CT, ET and Intermediate  

Temperature Lines on P-H Diagram 
 



 
Three (3) basic lines for this compound system is shown on Figure 2-4; one is the 
condensing condenser line of (A)-(B) at 105°F; one is the intermediate temperature line of 
(C)-(D) at 15°F and another line of (E)-(F) represents the lowest evaporative temperature at 
-40°F. 
  
The specification indicates that a coil type liquid subcool flash intermediate intercooler is to 
be used and the approach is 15°F, that means the liquid leaving the subcooler shall be 15°F 
higher than the intermediate temperature (15°F), that is the liquid is subcooled from 105°F 
to 30°F by the liquid subcooling coil, it is the point (A) leaving the intermediate intercooler 
as shown in the Figure 2-4.   
 
 
 

  
 
  Figure 2-5  Liquid Subcooling and  
            Liquid Feed Lines on P-H Diagram 
 
 
 
From Figure 2-5, the saturated liquid to intermediate intercooler shall be from the condenser 
(or high pressure receiver), (G)-(C) represents the throttling line for the intermediate 
intercooler; the liquid for the lowest temperature evaporator No.1 shall be from the 
subcooled liquid leaving the intermediate intercooler, which is from point (A); the throttling 
process is represented by line (A)-(E) as shown in the P-H diagram of Figure 2-5. 
 
Figure 2-6 shows the ET line of (J)-(K) for ET of -35°F for the Evaporator No. 2 and the 
line of (H)-(I) for ET 20°F for Evaporator No. 3. It is more logical to direct the liquid for 
20°F evaporator from the point (G) and the liquid for the -35°F evaporator shall be from the 
subcooled liquid of point (A) as shown in the P-H diagram. 



    
 
  Figure 2-6  No. 2 and No. 3 Refrigeration Load Lines 
 
 
See the Figure 2-6 and 2-7, draw a line (O)-(Q), it represents the discharge pressure drop for 
the high stage screw compressor; line (D)-(N) is the suction pressure drop and suction 
superheat penalties for the suction for the high stage compressor; the line (O)-(N) is the 
adiabatic compression line of the high stage compressor.  
 
Likewise, the lines (M)-(P) and (F)-(L) are the penalties for the low stage compressor and 
the line (M)-(L) is the adiabatic compression line for the low stage compressor as shown in 
Figure 2-7..  

    
 
 Figure 2-7  High Stage and Low Stage Compressor Lines and Penalties 



 
The suction gas from the evaporator No. 3 is to be returned to the high stage compressor and 
the suction gas from evaporator No. 2 is to be combined with the suction gas from 
evaporator No. 1 and returned to the suction of the low stage compressor at point (L). 
 
Composing the Refrigerant Flow Diagram: 
 
Refrigerant flow diagram starts from the major components needed for the system. The 
refrigerant flow diagram is structured, composed and laying out exactly by following with 
the system design concepts and thermodynamic bases which were used to develop the P-H 
diagram for the system. The first step is to arrange the components to a relative array 
position as shown in Figure 2-8. 
 

 
 
 Figure 2-8  Major Components Array for the Refrigeration System 
 



The major components shown in Figure 2-8 are water cooled condenser, high stage 
compressor, booster compressor and intermediate coil type intercooler for this compound 
refrigeration system as indicated in the P-H diagram of Figure 2-7; plus high pressure 
receiver and suction trap. Three suction lines from three evaporators are also shown.  
 
Some of the components such as receiver, suction trap, valves and etc. are the hidden items 
and it is not shown in the P-H diagram, because it does not affect the thermodynamic 
property of the refrigeration system. But, it is important for the good application practice 
and operation if these items are included in the refrigeration system design. These items are 
to be shown in the refrigerant flow diagram.  

 
 
 Figure 2-9   Composing the Refrigerant Flow Diagram for the System 
 



Connecting the components in accordance with the design logics established by the P-H 
diagram of Figure 2-7, the refrigerant flow diagram for system is completed and it is shown 
in Figure 2-9, this is the simplified version of the refrigerant flow diagram for the system 
conforming to the functions outlined in the P-H diagram. Suction pressure regulating valve 
is used for suction line from the evaporator No. 2 and No. 3 to regulate the pressure 
difference when merge to the compressor suction.  
 
P-H diagram is to show if the system designed meets with thermodynamic feasibilities and 
the refrigerant flow diagram is to show if the mechanical working system reflects the 
thermodynamic theory and is in compliance to the P-H diagram; the refrigerant flow 
diagram is also to show the functions of the refrigeration system. 
 
Calculating the Refrigerant Flows and the Power Consumptions: 
 
Compressor Efficiency: 
 

Adiabatic Efficiency:   75% 
Mechanical Efficiency: 97% 

 
Booster Compressor Suction Conditions: 
 
 Suction Pressure: 10.4 – 1.6 – 0.8 = 8 Psia 
 Suction Temperature: -40 + 10 = -30°F 
 
Booster Compressor Discharge Pressure: 43.1 + 3.5 + 0.4 = 47 Psia 
 
High Stage Suction Conditions: 
 
 Suction Pressure: 43.1 – 0.5 – 0.6 = 42 Psia 
 Suction Temperature: 15 + 5 = 20°F 
 
High Stage Discharge Pressure: 228.90 + 2.8 + 4.3 = 236 Psia 
 
Booster (Low Stage) Compressor Calculation: 
 
See Figure 2-10, the enthalpy values are shown for points (K), (F), (G) and (A). 
 
FLOW (1) = Refrigerant Flow from Evaporator No. 1,  260 TR at ET of  -40°F 
 
             200 
          =      --------------  x TR 
         (HF – HE)  
 
           200 
          =    ----------------  x 260 
      597.6 - 75.7  



 
         =    99.64  Lbs/Min 
 

   
 
  Figure 2-10  Enthalpy Values for Refrigerant for  

Evaporator Load No. 1 and No. 2 
 
 
 
FLOW (2) = Refrigerant Flow from 30 TR load at -35°F, Evaporator No. 2. 
 
           200 
          =     --------------  x TR 
         (HK – HJ)  
 
              200 
          =     ----------------  x 30  
       599.5 - 75.7  
 
          =    11.45  LBS/MIN 
 
FLOW (B) = Total Refrigerant Flow for the Booster Compressor 
 

= FLOW (1) + FLOW (2) 
 
       = 99.64 + 11.45 
 

= 111.09 Lbs/Min 
 



 
Adiabatic head for the booster compressor, HEAD(B): 
 
 HEAD(B) = (HM – HL) x 778 
      = (712 - 604.1) x 778 
      = 107.8 x 778 
      = 83,868 FT. 
 
Power consumption for the booster compressor, BHP (B): 
 
  Adiabatic EFF.    = 75% 
  Mechanical EFF.= 97%. 
 
  FLOW(B) `= 111.09 Lbs/Min 
  HEAD(B) `= 83,868 Ft. 
 
       FLOW(B) x HEAD(B) 
       BHP(B) = -----------------------------------  
              33000 x EFF 
 
              FLOW(B) x HEAD(B) 
          =      ------------------------------------   
               33000 x 0.75 x 0.97 
 
           111.09 x 83868 
          = ---------------------------------  =    388.1 BHP 
       33000 x 0.75 x 0.97 
  
 
Refrigerant Flow to High Stage Compressor and Power Consumption Calculation: 
 
See Figure 2-11, the enthalpy values are shown for points (I) and (D). From the Figure 2-11, 
it shows that the gas flows to the suction of the high stage compressor comes from four 
sources as the following: 
 
(1) First is the refrigerant flow from the discharge from the booster compressor:  
 
   =  99.64 + 11.45 = 111.09 Lbs/Min 
       
(2) Second refrigerant flow is from the evaporator #3 of 80 TR load at ET 20°F: 
 
              200 
          =    --------------------  x 80  
                  617.8 - 161.1 
 
          =   35.03  Lbs/Min 



 
 

   
 
  Figure 2-11  Enthalpy Values for Refrigerant for  

Evaporator Load No. 3 & Intermediate Temperature 
 
 
 
(3) The third source is the refrigerant flow required to subcool the liquid 105°F to 30°F 

from the intermediate intercooler: 
 
  Liquid to be subcooled = 111.09 Lbs/Min. 
 
  Heat load for the subcooling: 
 
 
     111.09 x (161.1 - 75.7)  
   =    -----------------------------------  
                              200 
 
     =  47.8  TR 
 
                         200 
  Refrigerant flow = --------------------  x 47.8 
                        616.3 - 161.1 
 
                              = 20.8  Lbs/Min 
 
 



(4) The fourth source is the refrigerant flow required to desuperheat the discharge gas 
from low stage compressor to saturation point (D):  

 
 Gas to be desuperheated = 111.09 Lbs/Min. 
 
 Enthalpy at the point of low stage compressor discharge = HX 
 
                 HM- HL 
  HX=  HL+  ---------------------- 
              0.75 x 0.97 
 
                712 - 604.1 
        = 604.1 + ------------------- 
      0.75 x 0.97 
 
        =  752.42 Btu/Lb 
 
 Refrigerant load for desuperheating: 
 
 
     111.09 x (752.42 - 616.3) 
   =    ------------------------------------- 
                                 200 
 
     =  75.6  TR 
 
 
             200 
 Refrigerant flow =   ----------------------  x 75.6 
               616.3 - 161.1 
 
                 =   33.6 Lbs/Min 
 
Total Suction flow for the high stage compressor = FLOW (H): 
 
  FLOW (H) = 111.09 + 35.03 + 20.8 + 33.22 
 
    = 200.14 Lbs/Min 
 
 
Cross check & verification by using heat rejection method: 
 
 
 Heat rejection from booster compressor: 
 
  = BHP x 2545 + TR x 12000    



  = 388.1 x 2545 + (30 + 260) x 12000   
  = 4,467,715 Btu/Hr 
 
  Or 372.3 TR for the high stage compressor. 
 
 Total approximate refrigerant flow from low stage compressor to the high stage 

compressor.  
 
     200 
  = ---------------------- x  (372.3 + 80)  = 198.7 Lbs/Min     ( O.K.) 
                    616.3 - 161.1 
 
Adiabatic head for the high stage compressor, HEAD(H): 
 
 HEAD(H) = (HO- HN x 778 
       = (727 - 619.8) x 778 
       = 107.2 x 778 
       = 83,402 Ft. 
 
Power consumption for the high stage compressor, BHP (H): 
 
  Adiabatic EFF. = 75% 
  Mechanical EFF.= 97%. 
 
  FLOW = 200.14 Lbs/Min 
  HEAD = 83,402 Ft. 
 
      FLOW(H) x HEAD(H) 
      BHP(H)  = -----------------------------------  
        33000 x 0.75 x 0.97 
 
         200.14 x 83402 
          = ------------------------------    = 695 BHP 
       33000 x 0.75 x 0.97 
  
Condenser heat rejection: 
 
The enthalpy value for the gas discharged from the high stage compressor =  HY 
 
                 HO – HN  
  HY =  HN +  ------------------- 
               0.75 x 0.97 
 
      727 - 619.8 
        = 619.8  + -------------------- 
      0.75 x 0.97 



 
        = 767.15 Btu/Lb 
 
 Refrigerant flow = 200.14 Lbs/Min 
 
Condenser heat rejection: 
 
  = 200.14 x (HY- HG) 
 
  = 200.1 x (767.15 - 161.1) 
 
  = 7,277,691 Btu/Hr 
 
  = 7,278 MBH 
 
 
Cross check and verification: 
 
 Condenser heat rejection: 
 
  = (260 + 30 + 80) x 12000 + (388 + 678) x 2545 
 
  = 4,440,000 + 2,712,970 
  
  = 7,152,970 Btr/Hr 
 
  = 7,153 MBH 
 
The oil cooling is by oil injection instead of water cooled without capacity and power input 
penalties as indicated by the specification. Therefore, the heat rejection from the compressor 
is the total heat input to the compressor. 
 
Summary of design approach and consideration: 
 
(A) Design considerations: 
 
 The brine coolers for evaporator No. 2 and No.3 are provided by the user, therefore 

it shall be the user’s responsibility to design the brine cooler to meet the 
requirements to cool the brine from the entering and leaving temperatures as 
required. The refrigeration unit is to provide the ammonia liquid for the brine cooler 
to fulfill the refrigeration load with the design evaporative temperature for each of 
the brine cooler. 

 
 The condenser is also provided by the user, therefore, no need to worry about this 

item. However, the refrigeration unit is to be designed for condensing temperature of 
105°F.  



 
 2-stage compression screw refrigeration is used. The low stage booster compressor 

is to handle the -40°F load. The -35°F load shall be combined with the -40°F load 
with a back pressure regulating valve (BPRV). 

 
 The 20°F load shall be channeled to the intermediate intercooler before entering into 

the suction of the high stage compressor for liquid vapor separation. A BPRV is to 
be installed for the 20°F evaporative temperature control.  

 
 The compressor discharge from the high stage shall be 236 Psia with the discharge 

pressure drop of 3.5 Psi. 
 
 The booster compressor suction shall be 8 Psia and -30°F. 0.81 Psi suction pressure 

drop and 10°F superheat are included.  
 
 A suction scrubber is recommended for the -40°F and -35°F loads before the booster 

compressor. 
 
 
(B) Detailed P-H diagram for the compound system is shown below 
 
 
 
 
 

 
 



(C) Detail refrigerant flow diagram for the compound refrigeration system is shown 
below: 

 
  
 

 
 
 
 This is a simplified version of the flow diagram, a complete P&ID shall include the 

instrumentations and controls for the system. 
 
 



 
 
 
(D) Summary Data Sheet: 
 

Maximum superheat and pressure drop for the 
Evaporator #3:   

 

                             Max. pres. drop,  Psi 5.1 Psi 
                             Max. superheat, °F 15 °F 
  
Booster Compressor Suction Conditions:  
                             Suction Pressure, Psia 8 Psia 
                             Suction Temp.,  °F -30°F 
                             Suction Flow, Lbs/Min 111.09 Lbs/Min 
                             Suction Flow, ACFM 3,706 ACFM 
  
High Stage Compressor Suction Conditions:  
                             Suction Pressure, Psia 42Psia 
                             Suction Temp.,  °F 20°F 
                             Suction Flow, Lbs/Min 200.14 Lbs/Min 
                             Suction Flow, ACFM 1,369 ACFM 
  
Power Consumption:  
                             Booster Compressor, BHP 388 BHP 
                             High Stage Comp.,    BHP 695 BHP 
Heat Rejection from condenser: 7,277,691 Btu/Hr 

Or 7,278 MBH 
Refrigerant flow to the condenser: Lbs/Min 200.14 Lbs/Min 

 
 
 
 
 


