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Propane refrigeration systems are often required in the natural gas processing
industry to provide the required chilling in condensing heavy components for a rich
gas. This study explains a simple correlation to estimate compressor power and
condenser duty per refrigeration duty in three-stage propane refrigerant systems —
important parameters to consider when designing any refrigeration system.

efrigeration  systems
are very common in
he natural gas pro-

cessing industry for NGL
recovery and hydrocarbon
dew point control. Selection
of a refrigerant is generally
based upon temperature
requirements,  availability,
economics, and previous
experience. Propane is one
of the best refrigerants since
it does not require signifi-
cant technical changes in

the existing refrigeration
systems.
In this process, the

natural gas stream is chilled
with an external propane
refrigeration  system, and
then the condensed liquids
are separated in a low tem-
perature separator and stabi-
lized in a column. Propane

is not corrosive with many materials like aluminum, brass,
bronze, copper, stainless steel, silver, etc. Thus it is fully com-
patible with existing components such as heat exchangers,
expansion valves, compressors, lubricants and copper tubing,
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Figure 1. Schematic flow diagram of three-stage propane refrigeration system.

which are currently used in refrigeration systems.

The propane refrigeration system is designed to pro-

vide the required chilling in gas-processing applications.
Refrigeration systems utilizing one, two, three, or four stages
of compression have been successfully operated in various
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services. However, the number of levels of refrigeration gener-
ally depends upon the number of compression stages required,
interstage heat loads, economics, and the type of compression.

A two-stage refrigeration system and interstage flash
economizer can result in significant savings. Additional savings
can be realized by removing process heat at the interstage level
rather than at the low stage level. Additional power savings can
be achieved by using a three-stage compression system. As with
a two-stage system, flash economization and/or an intermedi-
ate heat load can be used. The savings, while not as dramatic as
the two-stage versus one-stage, can still be significant enough
to justify the additional equipment (GPSA, 1998). A typical
three-stage propane refrigeration system is shown in Figure 1.

Energy consumption is frequently reduced as the number
of stages increases. However, for a propane refrigeration system,
the installation cost of such refrigeration systems increases as
the number of stages increases.

Determination of refrigeration level is based upon mini-
mum temperature required in process, considering the tem-
perature approach for heat transfer equipments where condens-
ing temperature has a significant effect on the compression
power and condensing duty requirements. Considering this, an
essential need exists for appropriately determining these design
parameters that affect the optimization of a propane refrigera-
tion system.

Q=a+ bTeVp + CTeVp2 + dTeVp3 (1)
where:
a=A +BT, +CT. +DT. ©)

b = A2 + B2Tcon + C2T020n + D2T030n (3)

c=A,+B,T, +C, T2 +D,T. (4)

d A4 + B4Tcon + C T02011 + D Tc30n (5)

equal compression ratio between stages is employed.

The pressures at the compressor suction and side load inlet
nozzles were adjusted by 10-kPa to allow for pressure drop.
These data also include 70-kPa pressure-drop across the refrig-
erant condenser for propane.

Results

Figures 2 and 3 illustrate the obtained results of the new devel-
oped correlation compared with some data reported by Mehra
(1997). A good agreement between the predicted and reported

New Proposed Correlation

Equation 1 presents a new correlation in

KTR Couplings

which four coefficients are used to cor-
relate compressor power and the con-
denser duty per refrigeration duty in a
three-stage propane refrigerant system as
shown above.

In the above equations, Q is the
compressor power (MW) or condenser
duty per refrigeration duty (kW) in a
three-stage propane refrigerant cycle,
and T., and T, are the temperatures
of evaporator and refrigerator condenser
in deg K, respectively. The tuned coeffi-
cients used in Equations 2 to 5 are given
in Table 1 for compressor power and
condenser duty determination. These
tuned coefficients are changed if more
accurate experimental data are available.

In order to apply this correlation to
most of the commercially available com-
pressors, a polytropic efficiency of 0.77
is assumed. The polytropic efficiency is
converted into an isentropic efficiency
to include the effects of compression
ratio and specific heat ratio for propane
refrigerant. For well balanced and effi-
cient operation of the compressor, an
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(1997).

Compressor Power Estimation

Condenser Duty Estimation

-9.939664301613077¢+005

-2.549657006064974¢+006

1.295718054807605e+004

2.718696533716405e+004

-5.086891269006503e+001

-9.452002919004420e+001

6.320882307362639e-002

1.080913427424858e-001

8.959771407998875e+003

3.968894433863460e+004

-1.256891481747820e+002

-4.124032533933728e+002

5.118715087999046¢-001

1.406753656060634

-6.495788495205723e-004

-1.583143379592327e-003

-2.456126126217751e+001

-1.880150920078284e+002

3.894571235400263e-001

1.92668916379417

-1.672973379325520e-003

-6.502325916874877e-003

2.186667067178767e-006

7.251734483403109e-006

1.741918922636595e-002

2.789872277948354e-001

-3.657081906121424e-004

-2.835917751233376e-003

1.723911659982730e-006

9.510529773365885e-006

values is evident. It is therefore Coefficient
recommended to use this simple-
to-use correlation for predict- Al
ing the compressor power and Bl
condenser duty per refrigeration cl
duty in the three-stage propane
refrigerant  system within the DI
proposed ranges. A2
The new correlation is suit- B2
able for the range of evaporator
temperatures between negative C2
40-deg C and 60-deg C and the D2
refrigerant condensing tempera-
A3
tures range between 10-deg C to
70-deg C. B3
P&S C3
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Association (GPSA), Tulsa, OK, USA B4
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Mehra, Y.R., “Refrigerant Properties C4
of Ethylene, Ethane, Propylene and
Propane”, Chem. Eng. 131, 95, 165 D4

-2.360778858798466e-009

-1.054980444201438e-008

Table 1. Tuned coefficients used in Equations 2 to 5.
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Figure 2. Comparing predicted values of the new developed cor-

relation for predicting compressor power per MW refrigeration
duty with some data reported by Mehra (1997).
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Figure 3. Comparing predicted values of the new developed cor-
relation for predicting condenser duty per MW of refrigerant duty

with some data reported by Mehra (1997).
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