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Abstract

This study evaluates the performance of an ammonia refrigeration system used as a cooling me-
dium in a texturizing plant. The analysis was conducted over a 10-day period, focusing on key
performance indicators such as compressor work, condenser exhaust heat, refrigeration effect,
mass flow rate, Coefficient of Performance (COP), and overall system efficiency. The data re-
vealed that the system performed optimally on Day 5, achieving a peak efficiency of 91%, with
compressor work at 304.1 kJ/kg and condenser exhaust heat at 1414.6 kl/kg. In contrast, the low-
est efficiency was recorded on Day 3, at 77%. The refrigeration effect reached its highest value of
491.3 kJ/kg on Day 3, highlighting efficient heat absorption despite lower overall system effi-
ciency. On Day 4, the mass flow rate was 0.001049929 kg/s, with an actual COP of 1.39, while
the ideal COP peaked on Day 10 at 1.69, reflecting the system’s theoretical maximum efficiency
under optimal conditions. The study emphasizes the critical role of the condenser in the system’s
performance. Optimizing the condenser’s operation by controlling temperature, pressure, and
flow rates, alongside regular maintenance, significantly impacts system efficiency. The findings
suggest that careful monitoring of operational parameters, including compressor work and refrig-
erant flow, can enhance the overall efficiency and reliability of ammonia refrigeration systems in
industrial settings. This research provides practical insights into improving the cooling perfor-
mance, reducing energy consumption, and ensuring consistent production quality in texturizing
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1. Introduction

Ammonia-based refrigeration systems, particularly using ammonia (R717), are extensively uti-
lized in industrial applications such as chemical processing, cold storage, and textile production due
to their favorable thermodynamic properties, energy efficiency, and environmental benefits. Ammo-
nia is characterized by its high heat absorption capacity, zero ozone depletion potential (ODP), and
zero global warming potential (GWP), making it an attractive refrigerant choice in large-scale refrig-
eration systems [1]. The efficiency of ammonia refrigeration systems is critical in industrial settings,
especially in processes like texturizing, where maintaining optimal cooling is essential for product
quality and energy consumption [2].

Despite the advantages of ammonia as a refrigerant, challenges persist in optimizing the per-
formance of these systems. One significant issue is maintaining high efficiency under varying opera-
tional loads and external conditions. Research indicates that the performance of ammonia refriger-
ation systems can be influenced by factors such as system design, operational parameters, and ex-
ternal environmental conditions [3], [4]. For instance, the integration of advanced control systems
can enhance the stability of temperature and pressure within the refrigeration cycle, thereby improv-
ing overall system efficiency [2]. Moreover, the implementation of hybrid systems that combine me-
chanical compression with thermochemical storage of ammonia vapor has shown promise in en-
hancing cooling performance while optimizing energy use [5].

The performance of ammonia refrigeration systems has been afocal point of research in various
industrial applications, particularly in cold storage and chemical processing plants. Notably, studies
by Zhao et al. [1] have contributed valuable insights into the coefficient of performance (COP) and
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energy consumption of these systems. However, these studies have not sufficiently addressed the
performance of ammonia refrigeration systems in high-temperature industrial environments, such
as texturizing plants, where efficient cooling is crucial for maintaining product quality [6].

Ammonia (R717) is favored in industrial refrigeration due to its excellent thermodynamic prop-
erties, including high heat absorption capacity and energy efficiency. It is also recognized for its en-
vironmental benefits, having zero ozone depletion potential (ODP) and zero global warming potential
(GWP) [7], [8]. The studies conducted by Zhao et al. [1] highlight the significance of maintaining opti-
mal refrigeration conditions to ensure product integrity, especially in processes sensitive to temper-
ature fluctuations. Furthermore, the research indicates that while ammonia systems are prevalentin
large-scale refrigeration, their performance under varying operational loads and external conditions
remains a challenge that requires further investigation [9].

In high-temperature environments, such as texturizing plants, the efficiency of ammonia refrig-
eration systems can be significantly impacted by external heat loads. This necessitates the develop-
ment of advanced control strategies and system designs that can adapt to fluctuating conditions. For
instance, hybrid systems that integrate mechanical compression with thermochemical storage of
ammonia vapor have shown promise in enhancing cooling performance while optimizing energy con-
sumption [10]. Additionally, the implementation of vapor injection techniques has been suggested
as a method to improve the COP of ammonia refrigeration systems, particularly in scenarios where
cooling demands vary [11].

Current research on ammonia refrigeration systems predominantly emphasizes performance
analysis in controlled environments, often neglecting the complexities of industrial settings where
operational conditions can fluctuate significantly. This gap is particularly evident in studies that fo-
cus on overall system efficiency, which frequently overlook the critical role of the condenser in driv-
ing performance. For instance, while studies such as those by Kazemiani-Najafabadi et al. [12] have
explored the optimization of ammonia-water combined systems, they primarily address theoretical
models without delving into the practical implications of condenser performance in dynamic indus-
trial environments.

This study presents an approach by evaluating the performance of an ammonia refrigeration
system in an industrial texturizing plant over a 10-day period. The research focuses specifically on
the dynamic interaction between compressor work, condenser exhaust heat, and system efficiency
under fluctuating operating conditions. Unlike previous studies, this research highlights the critical
role of the condenser in optimizing system performance and provides actionable insights for improv-
ing system efficiency through temperature and pressure control, flow optimization, and regular
maintenance. The primary objective of this research is to evaluate the performance of the ammonia
refrigeration system used in the texturizing plant by analyzing key parameters such as compressor
work, condenser exhaust heat, refrigeration effect, mass flow rate, and COP. The study aims to iden-
tify the factors that most significantly influence system efficiency and to provide recommendations
for optimizing the condenser’s performance to improve overall system reliability and energy effi-
ciency.

2. Methods

2.1. Research stages

This research was conducted in several stages, as outlined in the flowchart in Figure 1. The pro-
cess begins with an extensive literature review aimed at summarizing previous studies on the perfor-
mance analysis of ammonia refrigeration systems. Following this, the research problem is formu-
lated by identifying key issues related to the ammonia refrigeration system, specifically in the context
of the texturizing plant for palm oil process in Serang, Indonesia.

The data collection phase involves measuring various operational parameters of the conden-
ser, including inlet and outlet temperatures, compressor work, and exhaust heat. The ammonia re-
frigeration system used in this study employs R-717, a refrigerant widely utilized in industrial refrig-
eration systems due to its excellent thermodynamic properties, high energy efficiency, and environ-
mentally friendly characteristics. R-717 is particularly valued for its zero-ozone depletion potential
(ODP) and a global warming potential (GWP) of zero, as shown in Figure 2.
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Figure 2. Ammonia refrigeration cycle

The vapor compression refrigeration cycle shown in Figure 2. The cycle consists of four primary
operational phases: compression, condensation, expansion, and evaporation. The cycle begins with
the compressor, where the refrigerant, in the form of saturated vapor, is drawn from the evaporator.
The compressor increases the pressure and temperature of the refrigerant by compressing it into a
high-pressure, high-temperature vapor [6]. The high-pressure vapor then flows into the condenser,
where it releases heat to the surrounding environment. This heat transfer occurs as the vapor cools
and condenses into a liquid state. The refrigerant exits the condenser as a saturated liquid, ready for
the next phase of the cycle [13]. After leaving the condenser, the refrigerant passes through the ex-
pansion valve, where its pressure is significantly reduced. This pressure drop causes the refrigerant
to expand and cool rapidly. The refrigerant, now in a low-pressure liquid state, is prepared to enter
the evaporator [14]. In the evaporator, the low-pressure liquid refrigerant absorbs heat from the en-
vironment (e.g., the interior of a refrigerator or a cold storage unit). As it absorbs heat, the refrigerant
evaporates and transforms back into a saturated vapor. This phase is critical for the refrigeration
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process, as itis responsible for cooling the desired space. The vapor then returns to the compressor,
and the cycle repeats [15].

2.2. Performance parameters of the refrigeration system

The collected data is processed and analyzed using thermodynamic equations and perfor-
mance indicators. Data analysisis performed on all the collected parameters to determine the actual
performance of the condenser. This analysis includes the calculation of compressor work, conden-
ser exhaust heat, and refrigeration effect. Additionally, the mass flow rate, actual and ideal COP, and
the overall system efficiency are calculated and compared to assess the system’s performance be-
fore and after optimization. The key parameters related to condenser performance that are measured
during the data collection phase are described in the sections below [15].

Figure 3. Condenser of the refrigeration system

2.2.1. Compressor work

Compressor work (W)refers to the amount of heat absorbed by the refrigerant per unit mass
during the refrigeration process. It is calculated by determining the difference in enthalpy between
the inlet and outlet of the compressor. The formula to calculate compressor work is:

Wi=hy-h (1)

where hyis the enthalpy at the compressor inlet, and h, is the enthalpy at the compressor outlet, both
measured in kJ/kg.

2.2.2. Condenser exhaust heat

Condenser exhaust heat represents the amount of heat released by the condenser to the sur-
rounding environment. The condenser unit was shown in Figure 3. It is calculated by subtracting the
enthalpy at the condenser outlet from the enthalpy at the condenser inlet. The calculation is based
on the following equation:

Gc=h2—hs (2)

where h; is the enthalpy at the condenser inlet, and hs is the enthalpy at the condenser outlet.
2.2.3. Refrigeration effect

The refrigeration effect is the amount of heat that the refrigerant absorbs from the environment
or product being cooled. It can be calculated by determining the difference in enthalpy between the
outlet and inlet of the evaporator. The equation is:

qr = hi-hy (3)

where hy is the enthalpy at the evaporator outlet, and h, is the enthalpy at the evaporator inlet, both
in kl/kg.
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2.2.4. Refrigerant mass flow rate

The mass flow rate refers to the amount of refrigerant that flows through the refrigeration sys-
tem per unit time. It can be calculated based on the compressor’s electrical input (voltage and cur-
rent) and the work done by the compressor. The formula used is:

w 1

m=W—k=V-m/Wzn (4)

where W is the compressor work per unit time (in J/s), Wy is the specific compressor work (in kl/kg),
Vis the voltage supplied to the compressor, and | is the current drawn by the compressor (in A).

2.2.5. Coefficient of performance

The actual Coefficient of Performance (COP.cwa) is @a measure of a cooling machine's efficiency.
Itis calculated as the ratio of the refrigeration effect to the compressor work. The formula is:
. 9k _ hi-h
COPactual . W_}; - h:—h: (5)
This helps to quantify how efficiently the system uses energy to transfer heat. Similarly, the ideal
Coefficient of Performance (COPisa) represents the theoretical maximum efficiency of the refrigera-
tion system and is calculated as the ratio of the evaporator temperature to the temperature differ-
ence between the condenser and evaporator. This can be expressed as

COPideal : Te/(Tc - Te) (6)

where T, is the evaporator inlet temperature, and T, is the condenser inlet temperature.
2.2.6. Efficiency of refrigeration system

The efficiency of the refrigeration machine is evaluated by comparing the actual COP to the
ideal COP. It provides insight into how closely the system operates to its theoretical maximum effi-
ciency. The formula used for this calculation is:

n = (COPaktuat/ COPidear) * 100% (7)

3. Results and Discussion

The observation was conducted over a 10-day period, from April 15 to April 24, 2024, on the
ammonia refrigeration system installed at the texturizing plant. The data collected during this time
represents actual field measurements, providing real-world insights into the system's performance.
This data was analyzed in subsequent sections, using the appropriate thermodynamic formulas to
evaluate key performance parameters. The analysis will help in understanding the system's behavior
under operational conditions and provide a basis for further calculations presented in the following
sections.

14 -
12 A
10 4
& 8 -
2
o ® 1
2]
o i A
& 2
0
1 2 3 4 5 6 7 8 9 10
e P Suction (Bar) 2 2312471185201 ]223| 21 |2.15(2.38]2.24
P Discharge (Bar)(12.23|11.47(11.54|11.87| 11.1 | 11.7 |11.13(11.24|11.72|11.67

Day

Figure 4. Average compressor suction and discharge pressure

3.1. Actual observation data

The data on Figure 4 present the average compressor suction and discharge pressures meas-
ured during the 10-day period. The results show the suction pressure fluctuated between 1.85 and
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2.47 bar over the 10 days. The lowest suction pressure was recorded on Day 3 (1.85 bar), while the
highest was on Day 3 (2.47 bar). Overall, the suction pressure exhibited minor fluctuations. The dis-
charge pressure ranged between 11.1 and 12.23 bar. The lowest discharge pressure was observed
on Day 5 (11.1 bar), while the highest was on Day 1 (12.23 bar). Although the discharge pressure
varied slightly throughout the data collection period, it remained within a consistent operational

range.
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Figure 5. Temperature chart of evaporator inlet and condenser outlet
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Figure 6. Enthalpy value reading on P-h diagram

To facilitate a clearer understanding of the temperature fluctuations and changes occurring
during the data collection process, the average temperature data for the compressor suction and
discharge points are presented graphically in Figure 5. The suction temperature remained relatively
stable throughout the 10 days, fluctuating between 25.5°C and 27.7°C. The lowest suction tempera-
ture was recorded on Day 6 at 25.5°C, while the highest was observed on Day 9 at 27.7°C. These
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minor fluctuations indicate consistent refrigerant evaporation at the evaporator, which is essential
for maintaining system stability and efficient cooling. The discharge temperature, representing the
heat released by the refrigerant after compression, showed more variability, ranging from 65.4°C to
70.8°C. The highest discharge temperature was observed on Day 1 at 70.8°C, while the lowest was
recorded on Day 5 at 65.4°C. The fluctuations in discharge temperature reflect the changing heat
loads and the ability of the condenser to release heat into the environment.

3.2. Enthalphi of the ammonia refrigerant system

The enthalpy values were calculated by plotting the primary data from field measurements onto
the pressure-enthalpy (P-h) diagram for ammonia (R717). This diagram was generated based on the
cooling system’s process parameters, including temperature and pressure values observed during
the 10-day data collection period.

In the P-h diagram shown above, specific operating points of the ammonia refrigeration cycle
were identified and interpreted. For example, the point h2 represents the enthalpy after the compres-
sor (discharge), calculated at 1913.4 kl/kg, while the point h3 represents the enthalpy at the conden-
ser outlet, which is 482.9 kl/kg. The enthalpy at point h4, the evaporator outlet, is also 482.9 kl/kg,
indicating a saturated liquid condition at the condenser outlet.

Table 1. Ammonia refrigerant enthalpy value data

: Enthalpy value (kJ/kg)
Time

hy h, h3 = h4
15-Apr-24 1588.8 1911.4 486
16-Apr-24 1589.2 1903.4 482.6
17-Apr-24 1586.6 1933.6 491.3
18-Apr-24 1585.3 1935.8 487.3
19-Apr-24 1590 1894.1 479.5
20-Apr-24 1586.4 1923.5 483.9
21-Apr-24 1587.6 1911.7 481.2
22-Apr-24 1588.5 1902.6 479
23-Apr-24 1587.1 1916 481.8
24-Apr-24 1588.1 1900.7 476.1

3.8. Compressor work

Based on the tests conducted, the enthalpy values obtained over the 10-day period were used
to calculate the compressor work, following Equation (1). The data presented in the Figure 7 shows
the daily compressor work in specific energy (kl/kg), ranging from 304 kJ/kg to 351 kl/kg. This graph-
ical representation facilitates a better understanding of the fluctuations in compressor performance
throughout the observation period.
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Figure 7. Compressor working chart during data collection
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The graph indicates that the compressor work reached its peak on Day 4 at 351 kJ/kg, while the
lowest value was recorded on Day 5 at 304 kJ/kg. These fluctuations are linked to the initial temper-
ature of the cooling medium and its influence on the system's overall performance. A lower initial
temperature in the cooling medium reduces the energy required for the compressor to operate, as
the refrigerant is cooled more efficiently during the condensation process. This results in lower com-
pressor work, as observed on Day 5, where the system likely experienced more favorable cooling
conditions. Conversely, when the initial cooling medium temperature is higher, the compressor must
exert more energy to achieve the desired cooling effect, leading to an increase in compressor work.
This is evident on Day 4, where the compressor work reached its highest value, indicating increased
energy demand. The greater the cooling capacity of the refrigerant—directly influenced by the initial
temperature of the cooling medium—the less energy the compressor requires to operate. This rela-
tionship highlights the importance of optimizing the cooling medium’s temperature to minimize com-
pressor work and improve the overall efficiency of the refrigeration system.

3.4. Condenser exhaust heat

The condenser exhaust heat was calculated using the enthalpy values collected over a 10-day
period, based on the data provided and calculated using Equation (2). Results from Figure 8 shows
that the condenser exhaust heat ranged between 1415 kJ/kg and 1449 kJ/kg during the 10 days of
observation. The highest condenser exhaust heat was recorded on Day 4 at 1449 kJ/kg, while the
lowest was on Day 5 at 1415 kJ/kg. These variations are influenced by changes in the refrigerant’s
temperature and the temperature of the cooling medium used in the condenser.

The exhaust heat in the condenser is closely related to the temperature of the cooling medium.
When the cooling medium’s initial temperature is lower, the condenser operates more efficiently,
resulting in an increase in the amount of heat it can dissipate. This can be seen on Days 3 and 4,
where the system experienced higher condenser exhaust heat values, likely due to more effective
heat transfer conditions. Conversely, when the cooling medium’s temperature increases, the con-
denser’s ability to reject heat decreases, as observed on Day 5, where the condenser exhaust heat
dropped to its lowest value. The performance of the condenser is significantly affected by the cooling
medium's temperature. The lower the cooling medium’s initial temperature, the more heat the con-
denser can release into the environment, leading to improved system efficiency.
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Figure 8. Condenser exhaust heat

3.5. Refrigeration effect

The refrigeration effect was calculated using the enthalpy values collected over the 10-day pe-
riod, following Equation (3). The results on the Figure 9 shows that the refrigeration effect ranged
between 476.1 kJ/kg and 491.3 kJ/kg. The highest value was recorded on Day 3 at 491.3 kl/kg, while
the lowest was observed on Day 10 at 476.1 kl/kg. These variations can be attributed to changes in
the refrigerant temperature and the system's overall heat absorption capacity. When the refrigerant's
temperature is lower than the surrounding room temperature, the refrigerant absorbs heat from the
environment, which results in a cooling effect. This process causes a decrease in room temperature,
and the greater the difference between the refrigerant temperature and the room temperature, the
more heat the refrigerant can absorb. This effect is reflected in the higher refrigeration values, such
as those seen on Day 3, where optimal conditions allowed for more efficient heat absorption. Con-
versely, when the temperature difference between the refrigerant and the surrounding environment
is smaller, the refrigerant absorbs less heat, leading to a reduced refrigeration effect. This can be
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seen on Day 10, where the refrigeration effect reached its lowest value, indicating less effective heat
absorption. The refrigeration effect is highly dependent on the temperature difference between the
refrigerant and the surrounding environment.
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Figure 9. Refrigeration effect

3.6. Refrigerant mass flow rate

Based on testing, it is found that the mass flow rate value for 10 days from the existing data is
known to calculate the mass flow rate using Equation (4).
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Figure 10. Refrigerant mass flow rate

The mass flow rate of the refrigerant was calculated using the data collected over the 10-day
period, following Equation (4). The results on Figure 10 represents the mass flow rate, showing how
it fluctuated between 0.001049929 kg/s and 0.001193218 kg/s during the observation period. The
highest mass flow rate was recorded on Day 10 at 0.001193218 kg/s, while the lowest value occurred
on Day 4 at 0.001049929 kg/s. These variations in mass flow rate are influenced by the refrigerant's
ability to transfer heat during the evaporation and condensation processes. When the refrigerant ab-
sorbs heat more efficiently, the mass flow rate tends to increase, allowing more refrigerant to flow
through the system. This can be observed on Days 5 and 10, where the mass flow rate was higher,
indicating more efficient heat transfer and refrigeration processes. The refrigerant mass flow rate is
closely tied to the system's ability to transfer heat during the cooling cycle. Higher flow rates are in-
dicative of more efficient heat absorption and release.

3.7. Coefficient of performance

The Coefficient of Performance (COP) for the refrigeration system was calculated over the 10-
day period using Equation (5) for actual COP and Equation (6) for ideal COP. The result on Figure 11
shows the actual COP fluctuated between 1.39 and 1.57 over the 10-day period, while the ideal COP
remained higher, ranging between 1.69 and 1.84. The gap between the actual and ideal COP indi-
cates the efficiency loss due to real-world factors such as heat loss, friction, and suboptimal



Cholik et al., Performance evaluation of ammonia refrigeration systems in a texturizing plant 170

cop

Efficiency

1.9
1.8
1.7
1.6
1.5
14
13
1.2
1.1

93%
91%
89%
87%
85%
83%
81%
79%
77%
75%

operating conditions. The highest actual COP was observed on Day 5 at 1.57, and the lowest was on
Day 4 at 1.39, reflecting variations in system performance due to changing operational parameters
such as refrigerant flow rate and cooling medium temperature.

The ideal COP, on the other hand, represents the theoretical maximum efficiency of the system
under ideal conditions. It consistently stayed higher than the actual COP, as expected. The ideal COP
values in the current study suggest that the system operates below its theoretical efficiency, which
is a common observation in practical applications. Similar findings were reported by Terehovics et
al. [16], who utilized exergy analysis to evaluate refrigeration systems, highlighting that real-world
efficiencies often fall short of ideal values due to various losses in the system. The closer the actual
COP is to the ideal COP, the more efficient the refrigeration system is performing. The smallest dif-
ference between actual and ideal COP occurred on Day 5, where both values reached their peak per-
formance, indicating that the system operated more efficiently on that day.

Day
COP actual e COP ideal

Figure 11. Actual COP actualvs. ideal COP

3.9. System efficiency

The system efficiency over a 10-day period was calculated using Equation (7), and the results
are presented in the figure above. The Figure 12 shows the efficiency values ranged from a minimum
of 77% on Day 3 to a maximum of 91% on Day 5 align with the findings of Wang et al. [17] who con-
ducted thermodynamic analyses of combined cooling and power systems and noted similar effi-
ciency fluctuations based on varying operational parameters.

Day

Figure 12. Efficiency of the ammonia refrigeration system
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The highest efficiency on Day 5, at 91%, indicates optimal performance of the refrigeration sys-
tem. This peak can be attributed to the balance of key performance factors such as reduced com-
pressor work, efficient heat rejection in the condenser, and a favorable cooling effect. The system
likely experienced better operating conditions on this day, such as lower ambient temperatures or
improved heat transfer rates, which contributed to higher overall efficiency. On the other hand, the
lowest efficiency, recorded on Day 3 at 77%, suggests a less favorable operating condition. Factors
such as increased compressor work, less effective heat rejection from the condenser, or a reduced
cooling effect could have contributed to this dip in efficiency. When the cooling medium's tempera-
ture or the operational load fluctuates, the system may require more energy to maintain the desired
cooling effect, resulting in lower efficiency. Overall, the performance of the refrigeration system is
influenced by several factors, including compressor work, condenser exhaust heat, cooling effect,
and temperature.

4. Conclusions

In this study, the performance of an ammonia refrigeration system used in a texturizing plant
was evaluated over a 10-day period by analyzing key parameters such as compressor work, conden-
ser exhaust heat, refrigeration effect, and system efficiency. The cooling system performed optimally
on Day 5, with an efficiency of 91%, while the lowest efficiency, 77%, was observed on Day 3. On Day
5, the system recorded the best performance metrics, with compressor work measured at 304.1
kJ/kg, condenser exhaust heat at 1414.6 kJ/kg, and overall cooling system efficiency at 91%. The
highest refrigeration effect was observed on Day 3, with a value of 491.3 kJ/kg, indicating efficient
heat absorption on that day despite the lower system efficiency. On Day 4, the system showed a no-
table mass flow rate of 0.001049929 kg/s, with an actual COP of 1.39. The highest ideal COP value
of 1.69 was recorded on Day 10, reflecting theoretical maximum efficiency under ideal conditions.
The results indicate that optimizing condenser performance is key to improving overall system effi-
ciency. This can be achieved by controlling temperature and pressure, optimizing airflow or water
flow, conducting regular maintenance, and balancing operational loads. When the cooling system
operates efficiently, the oil products produced meet the required filling temperature standards. The
performance of the ammonia refrigeration system is highly dependent on the efficiency of the con-
denser. Continuous monitoring of condenser performance is essential, as maximum heat absorption
inthe condenser leads to higher system efficiency. If the system struggles to reach the target product
temperature, actions such as blowing down the condenser and cleaning the condenser basin should
be undertaken to enhance heat absorption and maintain system efficiency.
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