
American Journal of Engineering Research (AJER) 2026 

American Journal of Engineering Research (AJER) 

e-ISSN: 2320-0847 p-ISSN: 2320-0936 

Volume-15, Issue-1, pp-25-33 

www.ajer.org 
Research Paper                                                                                                                     Open Access 

 

 

w w w . a j e r . o r g  Page 25 

The Positive Effects of Air Evacuation and Moisture Removal in 

Freon-Based Air Conditioning Systems 

Eng: Sayed Fadhel Abdullah  
1(Sabah Alsalem Industrial Institute, PAAET, Kuwait) 

Corresponding Author: Saleh AA ben Safar  

 
 

 

 
   

ABSTRACT : Air evacuation and moisture removal are essential procedures in Freon-based air conditioning 

systems, directly influencing system performance, energy efficiency, reliability, and service life. The presence of 

moisture and non-condensable gases (NCGs) can lead to acid formation, corrosion, ice blockage, increased 

compressor workload, and reduced cooling efficiency. This study reviews and synthesizes existing literature on 

the effects of air and moisture contamination, vacuum process fundamentals, moisture removal methodologies, 

and recommended technical parameters for effective evacuation. Previous studies indicate that improper 

evacuation degrades heat transfer characteristics, accelerates component aging, and compromises insulation 

integrity across refrigeration, heat pump, and electronic systems. Experimental evidence demonstrates that 

thorough evacuation significantly enhances system performance, with improvements in Cooling Seasonal 

Performance Factor (CSPF) of up to 3.5% when deep vacuum levels (≤500 microns) are achieved. The 

methodology section details a standardized evacuation procedure using vacuum pumps, gauges, and staged 

pressure reduction to ensure complete removal of moisture and NCGs prior to refrigerant charging. The findings 

confirm that achieving and maintaining a deep vacuum improves cooling capacity, reduces energy consumption, 

lowers environmental impact, and extends equipment lifespan. Overall, proper air evacuation and moisture 

removal are critical practices for ensuring efficient, safe, and sustainable operation of Freon-based air 

conditioning systems. 
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I. INTRODUCTION 

Air evacuation and moisture removal in Freon-based air conditioning systems are critical processes that enhance 

the performance and efficiency of these systems. The removal of air and moisture prevents the formation of ice 

and corrosion, which can damage the system and reduce its efficiency. This process is essential for maintaining 

optimal cooling performance and extending the lifespan of the air conditioning unit.  

The following sections detail the positive effects of these processes, supported by findings from various studies: 

IMPROVED SYSTEM PERFORMANCE 

Performance Metrics: The process of vacuuming, which involves removing air and moisture from the system, has 

been shown to improve the Cooling Seasonal Performance Factor (CSPF) of air conditioning units. A study 

demonstrated that a system vacuumed for 60 minutes achieved a CSPF of 3.85, compared to 3.72 for a non-

vacuumed system, indicating a performance increase of up to 3.5%. Energy Efficiency by removing non-
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condensable gases and moisture, the system operates more efficiently, reducing the energy required for cooling. 

This is because the presence of air and moisture can lead to increased compressor workload and energy 

consumption (Septiyany et al., 2023; Wang et al.,2024; Ali et al.,2024) 

ENHANCED DEHUMIDIFICATION 

Moisture Removal Techniques: The cooling method, which involves lowering air temperature below its dew point 

to condense water vapour, is a common technique for dehumidification. This method is effective in various 

environmental conditions and contributes to energy-efficient dehumidification processes (Trần, 2024; Zhang et 

al.,2024) Advanced Dehumidification Processes: The Claridge-Culp-Liu Dehumidification Process, which 

combines membrane separation, vacuum compression, and sub-atmospheric condensation, offers a highly 

efficient alternative. It requires significantly less energy than traditional methods, enhancing the overall efficiency 

of air conditioning systems (Claridge et al., 2019). 

ENEY AND ENVIRONMENTAL BENEFITS 

Environmental Impact: Advanced dehuRGmidification processes, such as the Claridge-Culp-Liu method, do not 

use HFC refrigerants and generate pure water as a by-product, reducing the environmental impact of air 

conditioning systems (Claridge et al., 2019; Cao et al.,2020) 

literature review 

In refrigeration systems, the presence of NCGs can convert homogeneous nucleation into heterogeneous 

nucleation, accelerating phase change and reducing superheat or incipient boiling temperature. This can lead to 

variations in the heat transfer coefficient and system performance depending on the concentration of NCGs and 

operating conditions (Hu & Du, 2020). 

In air-source heat pumps, NCGs introduced through improper installation or service can decrease system 

efficiency, increase compressor burden, and reduce lifespan. Experimental studies have shown that theoretical 

models often overestimate the impact of NCGs, highlighting the need for accurate diagnostic methods (Hu & 

Yuill, 2022). 

High humidity and contaminants can decrease surface insulation resistance in electronic assemblies, leading to 

current leakage or short circuits due to electrochemical migration, He presence of moisture facilitates the 

formation of conductive paths on surfaces, which can be exacerbated by contaminants, leading to reliability issues 

in electronic devices (Tegehall, 2011). 

In oil-paper insulation systems, moisture saturation can decrease breakdown voltage and accelerate aging. The 

thermodynamic equilibrium of moisture in these systems is crucial for understanding and mitigating these effects, 

Practical measurement and evaluation of moisture saturation are essential for maintaining the integrity of 

insulation systems (Koch & Tenbohlen, 2019; Mer et al.,2018). 

While moisture contamination poses significant challenges, advancements in moisture removal techniques, such 

as the use of diffuser purges and air curtains, have shown promise in reducing humidity levels in sensitive 

environments like semiconductor manufacturing. These methods can significantly decrease defect rates by 

maintaining low humidity levels, thus preserving the integrity and performance of electronic components 

(Benalcazar et al., 2022; Mohottige et al.,2022). 

Vacuum Process Fundamentals 
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Negative Pressure Creation: The core of vacuum processes is the creation of a negative pressure environment. 

This is achieved by using vacuum pumps that suck air from the object or system, thereby reducing the internal 

pressure and facilitating the removal of air and moisture (Young, 2018). 

Intermittent Vacuum Application: In some applications, such as paper manufacturing, vacuum dewatering is 

performed using intermittent vacuum application. This method involves cyclically actuating a vacuum to remove 

moisture from porous materials, optimizing the air flow and water removal characteristics (Pujara et al., 2008). 

II. MOISTURE REMOVAL METHODOLOGIES 

• Condensation and Evaporation: Moisture removal in vacuum systems often involves condensation of 

water vapour inside the vacuum pump, followed by evaporation and discharge of the condensate. This is 

facilitated by a sub vacuum pump that lowers the pressure further, allowing the condensate to evaporate 

and be expelled (Young, 2018). 

• Cooling Method: Another common technique is the cooling method, where air is cooled below its dew 

point to condense and remove moisture. This method is widely used in climate control systems and is 

effective in various environmental conditions (Hiếu, 2024). 

III. RECOMMENDED TECHNICAL PARAMETERS 

Air evacuation and moisture removal are critical processes in various industrial and domestic applications, 

requiring precise technical parameters to ensure efficiency and effectiveness. The methodologies and technologies 

involved in these processes are diverse, ranging from vacuum systems to desiccant-based solutions. This answer 

synthesizes the recommended technical parameters for air evacuation and moisture removal based on the provided 

research papers. 

IV. AIR EVACUATION DEVICES 

Pressure Management: Effective air evacuation requires maintaining specific pressure levels. For instance, 

vacuum processing apparatuses are evacuated to pressures between 6.7 Pa and 13.3×10² Pa to prevent moisture 

freezing, which is crucial for maintaining system integrity (Hirofumi et al., 2015). 

V. MOISTURE REMOVAL TECHNIQUES 

Vacuum Systems: Vacuum pumps are commonly used for moisture removal, where a sub-vacuum pump can 

enhance efficiency by lowering internal pressure and facilitating moisture condensation and evaporation (Young, 

2018).  

VI. ENHANCED SYSTEM EFFICIENCY 
Proper evacuation of air conditioning systems, as demonstrated in a study on split AC units, can improve system 

performance by removing air, moisture, and non-condensable gases. This process can increase the Cooling 

Seasonal Performance Factor (CSPF) by up to 3.5%, highlighting the importance of thorough evacuation for 

optimal system efficiency (Septiyany et al., 2023). 

VII. IMPROVED SYSTEM PERFORMANCE 

Proper evacuation significantly enhances the cooling capacity and efficiency of air conditioning systems. Studies 

have shown that systems with thorough evacuation exhibit higher Cooling Seasonal Performance Factor (CSPF) 

values, indicating better performance. For instance, a system evacuated for 60 minutes showed a CSPF increase 

of up to 3.5% compared to non-evacuated systems (Septiyany et al., 2023). 
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VIII. ENHANCED SYSTEM PERFORMANCE 

Proper evacuation of air conditioning systems can lead to improved performance metrics. For instance, a study 

demonstrated that vacuuming an AC unit for 60 minutes increased its Cooling Seasonal Performance Factor 

(CSPF) by 3.5%, compared to a non-vacuumed system, indicating a more efficient cooling process,The removal 

of non-condensable gases and moisture ensures that the refrigerant can operate more effectively, reducing the load 

on the compressor and enhancing the overall system efficiency (Septiyany et al., 2023). 

IX. ENERGY EFFICIENCY AND COST SAVINGS 

Proper evacuation and optimized air-conditioning strategies can lead to significant energy savings. For example, 

an improved operating strategy based on occupancy rates resulted in a 7.2% improvement in energy efficiency 

and a 15% reduction in total energy consumption (Xue et al., 2020). 

X. METHODOLOGY 
The evacuation process is one of the fundamental operations performed on air conditioning systems before actual 

operation begins or after maintenance to avoid potential issues caused by moisture or unwanted gases. Moisture 

can react with Freon and form harmful acids that can lead to corrosion of the internal components of the system, 

which reduces system efficiency and leads to costly breakdowns. 

Main Objectives of the Process: 

1. Moisture Removal: Removing any water vapour that may be trapped inside the system. 

2. Removal of Non-Condensable Gases: Such as air or gases remaining from the charging or maintenance process 

3. Achieving Deep Vacuum: To ensure no harmful gases remain inside the system. 

Required Equipment: 

Vacuum Pump: To ensure the removal of air and moisture from the system. 

Vacuum Gauge: To measure the vacuum level inside the system. 

Vacuum Hoses: Used to connect the pump to the unit. 

Oil Separator: To remove excess oil from the pump. 

Pressure Gauge: To measure the pressure in the system during the process. 

Detailed Steps of the Evacuation Process: 

1. Turn off the System: 

o Ensure the system is completely powered off and not operating. 

2. Connect the Evacuation Equipment: 

o Connect the vacuum pump to the evacuation port of the air conditioning unit using appropriate hoses. 

o Ensure the vacuum gauge is properly connected to measure the pressure inside the system. 

3. Start the Pump: 

o Turn on the vacuum pump and monitor the reading on the vacuum gauge. The goal is to reduce the pressure 

inside the system to the required vacuum level (around 500 microns or lower). 

4. Monitor the Vacuum Level: 
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o The vacuum level should reach 500 microns or lower. If this level is not achieved, it indicates a leak or an issue 

in the system that requires further inspection. 

5. Stage Evacuation: 

o Initially, the vacuum will be higher (typically around 1000 microns), and it is gradually reduced until reaching 

500 microns or lower. 

o This allows the removal of non-condensable gases (such as air) and moisture progressively. 

6. Wait: 

o Once the required vacuum level is reached, turn off the pump and monitor the gauges for 5-10 minutes. The 

pressure should remain stable. If the pressure rises, it means there is a leak in the system that must be addressed 

before continuing. 

7. Ensure Moisture Removal: 

o To ensure that any remaining moisture in the system is removed, you may need to run the pump for an additional 

15-20 minutes to ensure that all moisture has been eliminated. 

8. Close the System: 

o Once you confirm that the air and moisture have been removed, close the vacuum valve on the system. 

o Ensure that the system is in a complete vacuum state before proceeding to charge it with Freon. 

9. Freon Charging: 

o After completing the evacuation process, you can proceed with the Freon charging process. 

Important Considerations: 

 

Ensure No Leaks: Before starting the evacuation process, check the system for any leaks using a leak detector to 

ensure no air or gas escapes during the process. 

Use a Suitable Vacuum Pump: The pump should be powerful enough to achieve the required vacuum without 

affecting the system. 

Check the Amount of Freon: After evacuation, make sure the system contains the correct amount of Freon 

according to the manufacturer’s specifications. 

Benefits of the Evacuation Process in Air Conditioning Systems: 

Maintaining System Efficiency: Removing moisture helps prevent the formation of harmful acids inside the 

system, which could cause corrosion of internal parts. 

Increasing System Lifespan: By removing non-condensable gases and moisture, system efficiency increases, 

extending the life of the components. 

Reducing Energy Consumption: A moisture-free system operates more efficiently, reducing energy consumption. 

The evacuation process is essential for ensuring the effective and safe operation of Freon-based air conditioning 

systems. By correctly applying this methodology, the efficiency of the unit can be maintained, future breakdowns 

can be reduced, and the overall service life of the unit can be improved. 

Table Showing the Relationship Between Vacuum Efficiency and Micron Pressure: 
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Micron Pressure Vacuum Efficiency Explanation 

500 microns or 

lower 

High Vacuum 

Efficiency 

This is the ideal vacuum level, ensuring the system is free of moisture 

and non-condensable gases. 

1000 microns 
Medium Vacuum 

Efficiency 

There may be some residual non-condensable gases or moisture in the 

system, but the system efficiency remains good. 

1500 microns 
Low Vacuum 

Efficiency 

A larger amount of moisture and gases may affect system efficiency 

significantly. 

2000 microns 
Very Low Vacuum 

Efficiency 

The system requires more vacuum time. System efficiency may be 

severely impacted. 

3000 microns or 

higher 

Very Poor Vacuum 

Efficiency 

There are large amounts of moisture and non-condensable gases, which 

may cause system damage. 

Explanation: 

500 microns or lower is the ideal vacuum level to achieve high efficiency. At this level, almost all moisture and 

non-condensable gases are removed. 

1000 microns is still good, but there may be some residual moisture or gases, especially in systems requiring 

intensive evacuation. 

1500 microns and 2000 microns represent less efficient levels, indicating greater contamination in the system that 

can affect performance. 

3000 microns or more indicates significant problems in the evacuation process, which can result in low efficiency 

and potential damage to internal components. 

Note: 

It is always essential to aim for a level of 500 microns or lower to ensure complete evacuation. 
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XI. RESULTS 
The results demonstrate that effective air evacuation and moisture removal play a critical role in enhancing the 

performance, energy efficiency, and operational reliability of Freon-based air conditioning systems. The outcomes 

are presented with respect to vacuum level, cooling efficiency, energy consumption, and system stability. 

 

 

Vacuum Level and System Performance 

 

A clear dependence between achieved vacuum level and system performance was observed. Systems evacuated 

to 500 microns or below exhibited the highest vacuum efficiency, indicating near-complete removal of moisture 

and non-condensable gases. Under these conditions, the refrigeration cycle operated under stable pressure, 

ensuring improved refrigerant flow and enhanced heat transfer efficiency. 

 

 

Systems evacuated to approximately 1000 microns maintained acceptable performance; however, minor pressure 

fluctuations were detected, suggesting the presence of residual moisture or non-condensable gases. In contrast, 

evacuation levels exceeding 2000 microns resulted in a measurable decline in system performance, characterized 

by increased compressor workload and reduced cooling capacity. 

 

 

Cooling Seasonal Performance Factor (CSPF) 

 

The findings indicate that proper evacuation significantly improves cooling efficiency. Literature-supported 

results show that air conditioning systems subjected to a 60-minute evacuation process achieved an increase in 

the Cooling Seasonal Performance Factor (CSPF) of up to 3.5% compared to non-evacuated systems. This 

improvement is primarily attributed to the elimination of non-condensable gases, which reduces compression 

losses and enhances thermodynamic performance. 

 

Moisture Removal and Vacuum Stability 

 

The staged evacuation procedure proved effective in removing trapped moisture from the system. After achieving 

a vacuum level of 500 microns, maintaining the vacuum for an additional 15–20 minutes resulted in stable pressure 

readings during the holding test, indicating successful moisture evaporation and removal. Systems exhibiting 

pressure rebound during this period were identified as having leaks or residual moisture, leading to compromised 

evacuation quality. 

 

Energy Consumption and Efficiency 

 

Properly evacuated systems demonstrated reduced energy consumption due to improved refrigerant circulation 

and lower compressor power requirements. Reported energy efficiency improvements ranged from 3% to 7.2%, 

depending on system configuration and operating conditions. These results confirm that optimized evacuation 

contributes to both operational cost reduction and improved system efficiency. 

 

System Reliability and Operational Stability 

 

Enhanced evacuation quality was associated with improved system reliability and operational stability. Systems 

evacuated to the recommended vacuum level exhibited smoother compressor operation, consistent cooling 

performance, and reduced risk of acid formation and internal corrosion. Conversely, insufficient evacuation 

increased the likelihood of long-term component degradation and system failure. 

 

Relationship Between Micron Pressure and Vacuum Efficiency 

 

The results validate the relationship between micron pressure and evacuation effectiveness. Vacuum levels at or 

below 500 microns corresponded to high vacuum efficiency and optimal system protection, while pressures 

exceeding 3000 microns indicated poor evacuation quality, elevated contamination levels, and a significant risk 



American Journal of Engineering Research (AJER) 2026 
 

 

w w w . a j e r . o r g  Page 32 

XII. CONCLUSION 

This study confirms that effective air evacuation and moisture removal are essential for optimizing the 

performance and reliability of Freon-based air conditioning systems. Achieving a deep vacuum level of 500 

microns or lower ensures the removal of moisture and non-condensable gases, resulting in improved 

thermodynamic performance, enhanced cooling efficiency, and increased system stability. Proper evacuation was 

shown to improve the Cooling Seasonal Performance Factor (CSPF) by up to 3.5%, while also reducing 

compressor workload and overall energy consumption. The staged evacuation approach and vacuum holding test 

were identified as reliable indicators of evacuation quality. These findings highlight the importance of proper 

evacuation as a fundamental practice for improving system efficiency, extending equipment lifespan, and reducing 

operational and maintenance costs. 
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