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Abstract—Dew point refrigeration is the system that maintains the temperature of the flowing natural gas below that of
the surrounding temperature. Natural gas after its production from the oil gas wells, transmitted through the network of
pipelines. To prevent the formation of condensate that cause damaging of pipes, this gas is cooled below the dew point. In
this paper, the dew point refrigeration system is investigated, the designed conditions are obtained from the manufacturer
data sheets. The system is examined through the sensitivity analysis. The COP sensitivity of the system with regard to
evaporator temperature, condenser temperature, super heat temperature and conductance of heat exchanger is examined.
The effect of fouling on condenser and evaporator is also studied. It is found that evaporator fouling has larger impact on
cooling capacity and condenser fouling has a bigger impact on coefficient of performance of the system.
Key words— Natural gas, Dew point refrigeration, Sensitivity analysis, Normalized sensitivity coefficient,
Fouling.

I.

INTRODUCTION

Generally natural gas is transmitted to the consumers from the production wells through a network of pipe lines.
As the natural gas that produced in the production wells has the temperature higher than that of the surrounding
temperature, the formation of liquid condensate in transmission lines of natural gas happens. During operation,
this liquid condensate of higher density starts accumulating in the lower bends. The condensation of water and
hydrates results in the formation of black powder deposits inside the pipe lines. In addition to this with high
pressure and velocity of gas, it would result in erosion and damage to the pipes.
The liquid condensation is prevented by maintaining the gas inlet temperature and flow rate in addition to
heating of transmission lines, particularly in lower temperature regions. To maintain the gas temperature this
Dew point refrigeration is needed. Considering the data of real gases we have different methods to examine the
dew point temperature of the natural gas. But the difference between the different models was not more than
2.5⁰C. Natural gas dew point temperature through different model is 12⁰C - 14⁰C.

II.

LITERATURE REVIEW

Qureshi, Syed M. Zubair used the sensitivity analysis to identify the important model parameters , in particular,
normalized sensitivity coefficients by allowing a one on one comparison. For evaporative condenser design, it is
seen that ,for a 53% increase in inlet relative humidity ,the normalized sensitivity of the surface area increased
1.8 times in value.
Hui Pu., Guo Liang Ding., Xiao Kui Ma,Yi-Feng Gao[5],investigated the effect of biofouling on air-side heat
transfer and pressure drop for three biofouled finned tube heat exchangers. This paper concluded that biofouling
makes the hydrophilic coating failure ,and the condenser water easily converges on the fin surface where the
biofouling grows.
Bullin J.A., Fitz, C., determined the hydrocarbon dew point specification allowing small amounts of liquids that
have no significant impact on operations This shown that 0.002 gallons of liquid per thousand standard cubic
feet of gas has a negligible effect on pressure. From the above literature review, it is understood that every
scholar tried to eliminate the damages that are occurring in the gas transmission lines. Therefore to prevent the
pipes from damages and fouling, the Dew point refrigeration system is examined which is the part in the gas
plant to cool the gas below the dew point.
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NATURAL GAS PLANT DESCRIPTION

Natural gas used by the consumers is much different from that is brought from the underground upto the
wellhead which composed primarily of methane, is by no means of pure. But the gas used by the consumers is
entirely of methane. The natural gas that extracted from the oil wells is called as ‘associated gas’ where as the
gas that comes from the gas wells and the production wells is termed as ‘non associated gas’ in which there is
little or no crude oil is present.
The plant under study prevents the condensation of gas by cooling the temperature of the natural gas below the
minimum temperature of network of pipe lines before its flow through the transmission lines. It is done through
the dew point refrigeration system. This cycle separate the condensate and the pure natural gas and prevent the
pipe lines from damages .The separated condensate goes through the different cycle. This dew point
refrigeration is a part of the gas compression trains. The gas coming from the different wells directed to two
different plants as gas and condensate, it is as shown schematically in Fig. 1.It consists of three stages
production, transmission and distribution. In the production stage the gas is collected and separation of oil and
gas takes place through gas processing plant shown in Fig. 2, in the transmission stage the gas is sent into the
compression stations then to the main line sales and underground storage reservoir, and in distribution stage the
gas from the natural gas company distributed to consumers.

A. Cycle Description
The system under study is shown schematically in fig. 3

Fig. 1 Typical gas plant

Fig. 2 Gas processing Plant
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Fig. 3 Dew point Refrigeration cycle

Fig. 4 Pressure - enthalpy diagram

Fig. 5 Temperature-entropy diagram
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It consists of mainly two compressors , suction drum, condenser, two receivers ,and a chiller which
acts as an evaporator . The refrigerant used in the system is R22.The P-h and T-s diagrams of the
system are as shown in Fig. 4 and Fig. 5.Respectively. State 1 is the downstream of the condenser, the
refrigerant here has been condensed to liquid state. Up to the first receiver there are no major changes
in properties. The refrigerant state inside the second receiver is represented by state 2 which is the
saturated mixture of unknown quality. Here the LCV maintains the level inside the second receiver as
well as it drops the pressure to the intermediate pressure. State 3 is the saturated gas it the
intermediate pressure after considering the pressure drop. The state 4 is the outlet of the second
receiver after that a LCV is used to maintain the liquid level inside the chiller so that the compressor
receives only saturated gas from the chiller. The refrigerant after state 5 is used to cool the natural that
is passing through the chiller and state 6 refers to the outlet of the chiller, is assumed to be relatively
low pressure. State 7 is the lowest pressure of the entire cycle because of pressure drop due to the pipe
friction and a superheat of 4⁰C.The outlet of the first compressor is represented by the state 8, the
actual outlet is represented by the point 9 in P-h and T-s diagrams. The mixture of state 8 and state 3
is represented by state 9 at the intermediate pressure, state 10 is the outlet from the second stage of the
compressor which increases the pressure to the highest pressure of the system.

IV. MATHEMATICAL FORMULATION OF THE CYCLE
The energy balance for the second receiver is given by

ℎଶ =

݉ଷ . ℎଷ + ݉ . ℎସ
݉ଵ

ݍܧ. (1)

The isentropic efficiency of the first compressor from Fig. 4 is calculated by

ߟ.ଵ =

ௐೞ
ௐೌ

=

వ ିళ
ఴ ିళ

Eq. (2)

The enthalpy at state 9 is calculated by

ℎଽ =

య .య ାళ .ఴ
భబ
.

Eq. (3)

The mass balance used to inter link the different mass flow rates and is given by
݉ = ݉ଵ + ݉ଷ

Eq.(4)

The isentropic efficiency of the second compressor is given by
ߟ.ଶ =

ௐೞ
ௐೌ

=

భబೞ ିవ

Eq.(5)

భబ ିవ .

Heat rejected from the condenser to the ambient air can be written as
ܳௗ = ݉ଵ (ℎଵ − ℎଵ )
= (ܶଵ − ܶ.ௗ )(ߝܥ ).

. ௗ

.

(ݍܧ6).

Heat absorbed by the evaporator during cooling
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݉ (ℎ଼ − ℎ )
.
− ܶହ )(ߝܥ ).௩

=

ݍܧ. (7).
.

Hence the compressor work is given by
ܹ = ݉ (ℎ଼ − ℎ ) + ݉ଵ (ℎଵ − ℎଽ )

ݍܧ. (8)

Now the coefficient of performance of the system is calculated by
COP =

ொೡ

Eq. (9)

ௐ

V. SENSITIVITY ANALYSIS
Sensitivity analysis is the study of how the uncertainty in the output of a mathematical system can be
apportioned to different sources of uncertainty in its inputs. Here sensitivity analysis is used to study
the impact of different parameters on the system performance, thereby allowing us to identify the
important factors. In comparison between different parameters NSC is very helpful. The uncertainty
in the output of the function Y(X) can be written as
ܷ =

ௗ

ௗ.

ܷ

Eq. (10)

We can express the normalized sensitivity coefficients as
△  . ଶ

ܰܵܥ = ቀ

 △

ቁ

Eq. (11)

A. Impact Of Fouling
Fouling essentially results in a reduction in overall conductance (UA) value due to the deposit on
the heat transfer surface. So that the examination of impact of fouling is essential which may be
represented as the percentage, ܷܣ , expressed as
()

(ܷ)ܣ = ቀ1 − (). ቁ * 100

Eq. (12)

ು

B. EES Software
EES is particularly useful for design problems in which the effects of one or more parameters
need to be determined. The program provides this capability with its parametric Table, which is
similar to a spreadsheet .The user, identifies the variables that are independent by entering their values
in the table cells. EES will calculate the values of the dependent variables in the table. The
relationship of the variables in the table can then be displayed in publication- quality plots. EES also
provides capability to propagate the uncertainty of experimental data to provide uncertainty estimates
of calculated variables. With EES it is no more difficult to do design problems than it is to solve a
problem for a fixed set of independent variables.

VI. RESULTS AND DISCUSSION
The Sensitivity analysis was done by keeping the condenser temperature and load of cooling as fixed
where as the evaporator temperature as variable, for R22 using normalized sensitivity analysis and
EES programming, the graph between NSC and evaporator temperature are as shown in figure 6(a)
and 6(b) which shows that as the temperature increases NSC of evaporator decreases. By keeping the
evaporator temperature and cooling load as constant while the condenser temperature as variable the
graphs for R22 is as shown in figure 7(a) and 7(b) using Sensitivity analysis and EES which indicates
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that as the temperature of condenser increases NSC decreases. Figure 8(a), 8(b) shows the variation of
NSC with respect to the super heat temperature using sensitivity analysis and EES for R22 by keeping
the condenser temperature, evaporator temperature and cooling load as constant and superheat
temperature as variable. These graphs say that as the superheat temperature increases the NSC
increases.
For R401A the graph between variation of Normalized sensitivity coefficient with respect to
evaporator temperature is as shown in figure 9 (a) which indicates that as the evaporator temperature
increases the NSC decreases and the slope of the cure changes in between the evaporator temperature
5⁰c- 6⁰c. The figure 9(b) shows the variation of NSC with respect to the condenser temperature by
keeping the evaporator temperature and cooling load as constant Which shows that as the Condenser
temperature increase the NSC decreases. The slope of the graph gradually decreases and at high
temperature it become zero. Figure (c) shows the variation of NSC with respect to the super heat
temperature by keeping condenser temperature, evaporator temperature and cooling load as constant ,
which shows that as the super heat temperature increases the NSC also increases.
A.

For R22:

Fig. 6(a) Variation of NSC (cop/temp) with respect to evaporator temperature

Fig.6 (b) NSC Vs Temp of Evaporator
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Fig. 7(a) Variation of NSC (COP/temp) with respect to condenser temperature

Fig.7 (b) NSC Vs Temp of condenser

Fig. 8(a) Variation of NSC(cop/temp) with respect to super heat temperature.
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Fig. 8 (b) NSC Vs super heat temp

B. For R401A:

Fig. 9(a) Variation of NSC (cop/temp) with respect to evaporator temperature

Fig. 9(b) Variation of NSC (cop/temp) with respect to condenser temperature
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Fig. 9(c) Variation of NSC (cop/temp) with respect to the super heat temperature

C. Effect of fouling
The performance degradation due to the fouling in the heat exchanger is examined by
applying eq.(12) that is UA degradation approach. Figure 10(a) and figure 10(b) shows the effect of
fouling on the condenser of the dew point refrigeration system and how it changes from 0% to 50%
for R22 and R401A respectively. Figure 11(a) and figure 11(c) gives the effect of fouling on the
evaporator for R22 and R401A respectively.

Fig. 10 (a) change in temperature of condenser with respect to fouling impact factor for R22

Fig. 10 (b) change in temperature of condenser with respect to fouling impact factor for R401A
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Fig. 11 (a) change in temperature of evaporator with respect to impact factor for R22

Fig. 11 (b) change in temperature of evaporator with respect to impact factor for R401A1

VIII. CONCLUSION
Under designed operation, COP of the cycle, for R22 is 4.64 while the effectiveness of condenser and
evaporator are 0.61 and 0.92 respectively and for R401A is 5.505 while the effectiveness of condenser
and evaporator are 0.65 and 0.95 respectively. The UA values for R22: UA of evaporator is 15.0771
Kw/K and UA of condenser is 3.415 Kw/K. The UA values for R401A UA of evaporator is 15.0771
Kw/K and UA of condenser is 3.3Kw/K. COP sensitivity to tin.ev decreases with increase in tin.ev
because of high power consumption. The sensitivity of COP with condenser temperature increases in
both the designed and the performance cases. Due to the fouling the effectiveness of evaporator is
decreased by 19% where as the condenser effectiveness decreases by 23%. The condenser fouling has
a bigger influence on COP effectiveness, whereas evaporator fouling has larger impact on cooling
capacity. R401A gives the better results when compared to that of R22 for dew point refrigeration.

IX. NOMENCLATURE
NSC

Normalized sensitivity Coefficient

COP

Coefficient Of Performance

LCV

Level Control Valve

PCV

Pressure Control Valve

ߟcp

Efficiency Of Compressor

Qcd

Heat Rejected from Condenser
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Qev

Heat absorbed by the evaporator

Wcp

Work done by the Compressor

Wact

Actual Work Done

Wisen

Isentropic Work

h

Enthalphy

tin.ev

Inlet temperature of evaporator

tin.cd

Inlet temperature of condenser

ߝ

Effectiveness

m

Mass
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