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Appendix B

Ammonia Refrigeration Application

Data

General

Refrigeration engineers frequently need to consult ammonia thermodynamic property 
tables as they analyze a particular mechanical vapor compression refrigeration cycle. 
Many repetitive and similar computations are performed by these engineers for typically 
encountered conditions.

IIAR has attempted to develop some special application tables which can eliminate 
many of the tedious, repetitive calculations, particularly when close approximations are 
sufficient for the task such as when a variety of options are being compared or trend 
graphs are being developed.

Application tables and graphs have been developed to allow rapid approximation of 
compressor power per ton, compressor displacement per ton, mass flow rate per ton, 
and liquid flow rate per ton for liquid overfeed systems. Coupled with knowledge 
of evaporator tonnage, suction temperature (pressure) and condensing temperature 
(pressure), a conceptual cycle analysis and preliminary design of a refrigeration system 
can be completed with minimal calculation effort on the part of the engineer.

As a design is more fully developed it is recommended that the detailed calculations 
based on the property tables be performed for the final set of design conditions. These 
application tables and graphs are to help the engineer get “in the ballpark” quickly to 
avoid tedious calculations for a variety of possible design conditions.

Compressor Displacement

A refrigeration compressor is a volumetric device whereby the capacity is a function of 
swept volume and a volumetric efficiency. The swept volume is calculable for a given 
compressor based on speed and geometry. Volumetric efficiency accounts for losses 
due to leakage, re-expansion of gas associated with clearance volumes (reciprocating 
compressors), pressure losses through valve openings, over-compression or under-
compression (rotary screw compressors), etc.

For a given refrigeration evaporator tonnage, liquid temperature and suction pressure, the 
volumetric flow of ammonia vapor at the compressor suction inlet can be computed by 
performing a series of calculations using thermodynamic property data.
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Alternatively, Figure B-1 has been generated which allows one to quickly look up a cfm/
ton for a series of more commonly encountered refrigeration cycle conditions. Figure B-2 
does the same for booster applications.

Figure B-3 provides reasonable estimates of typical volumetric efficiencies for different 
compressor types. The required compressor displacement (C. D.) is then computed as 
follows:

Evaporator Tons x cfm/ton x 1⁄Effvol = C. D.

The following example shows how the table and graph can be used to quickly estimate 
required compressor displacement.

	 Example 	 A 1000 ton load must be handled at a suction temperature of +20°F and condensing 
temperature of 95°F. What compressor swept volume will be required if reciprocating 
compressors are used?

Figure B-1 indicates that the actual flowrate at the above conditions will be 2.53 cfm/
ton. Figure B-4 provides the compression ratio (C.R.) of 4.06. Looking at the graph of 
volumetric efficiency of a reciprocating compressor (Figure B-3) at a C.R. of about 4.1 
we find a predicted volumetric efficiency of about 0.78. The compressor swept volume 
cfm required is calculated:

1000 x 2.53 x 1⁄0.78 = 3244 cfm

Compressor Power

A refrigeration compressor’s power requirement expressed in terms of brake horsepower 
per ton (BHP/Ton) is a function of suction conditions, discharge conditions, and to a 
lesser extent the type of compressor. Normally the BHP/Ton is determined by using 
manufacturer’s catalog data along with certain adjustments for liquid subcooling, type of 
oil cooling, etc.

Approximate compressor BHP/Ton can also be established by calculating the isentropic 
work of compression, refrigerant mass flow and then applying an appropriate adiabatic 
compression efficiency. Figures B-6 and B-7 show the isentropic work of compression for 
some typically encountered high stage and booster applications. These figures eliminate 
the calculations and interpolations normally required for determination of isentropic work 
of compression.

Figures B-8 and B-9 depict the isentropic power per ton for commonly encountered 
refrigeration cycle conditions. These figures are based on liquid being supplied to the 
evaporator at the saturated discharge temperature, saturated compressor suction and 
isentropic (perfect) compression. Results are given in terms of HP/Ton.

The actual work of compression and compressor BHP/Ton are related to the isentropic 
work of compression and HP/Ton by a factor known as the adiabatic compression 
efficiency. Adiabatic compression efficiency is defined as:

	 isentropic _ work _ of _ compression
Effa.c. =   
	 actual _ work _ of _ compression

The range of typical adiabatic compression efficiencies for ammonia compressors is 
shown in Figure B-10.
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The estimated actual compressor brake horsepower requirements can then be computed as 
follows:

BHP = Tons × 	
HP / Ton

	
Effa.c.

The following example shows how the tables and graphs can be used to quickly estimate 
the compressor brake horsepower requirement for a given set of conditions.

	 Example 	 A 1000 ton evaporator load must be handled at a suction temperature of +20°F and 
condensing temperature of 95°F. Screw compressors with thermosyphon oil cooling will 
be used. What brake horsepower requirement is expected?

	 C.R. = 4.06 (Figure B-4)

	 HP⁄Ton = 0.874 (Figure B-8)

Looking at Figure B-10 for a suction temperature of +20°F and maximum adiabatic 
efficiency (due to compressor type and oil cooling method) we would get an efficiency of 
about 0.80. The resultant brake horsepower requirement would be:

1000 Tons ×	
0.874HP / Ton	

= 1093 BHP

	
0.80

Refrigerant Mass Flow

Tables and graphs (Figures B-11 and B-12) of refrigerant mass flow per ton of 
refrigeration have been prepared for both high stage and booster conditions. The 
temperature of the liquid supplied to the evaporator is assumed to be the saturation 
temperature corresponding with condensing or intermediate pressure. These tables are 
relatively straight forward and do not require further explanation.

Liquid Overfeed System Pump Rates

A table and graph (Figure B-13) has been prepared which allows one to look up a flow 
rate if the saturated evaporator temperature and the circulating number (ratio of liquid 
weight pumped to the weight vaporized) are known. The table is based on the assumption 
that the liquid temperature supplied to the evaporator is equal to the suction saturation 
temperature.
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Figure B-1  High Stage Volumetric Flow Rate Per Ton

Figure B-2  Booster Volumetric Flow Rate Per Ton

Sat Disch Temp

Sat Disch Temp
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Figure B-3  Typical Compressor Volumetric Efficiency

Figure B-4  High Stage Compression Ratio

Sat Disch Temp
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Figure B-5  Booster Compression Ratio

Figure B-6  High Stage Isentropic Work of Compression
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Figure B-7  Booster Isentropic Work of Compression

Figure B-8  High Stage Isentropic Power Per Ton

Sat Disch Temp

Sat Disch Temp
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Figure B-9  Booster Isentropic Power Per Ton

Figure B-10  Typical Adiabatic Compression Efficiency

Sat Disch Temp
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Figure B-11  High Stage Mass Flow Rate Per Ton

Figure B-12  Booster Mass Flow Rate Per Ton

Sat Disch Temp

Sat Disch Temp
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Figure B-13  Liquid Overfeed Circulating Number




