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At AKG, our engineering and R&D teams focus on
designing and manufacturing advanced EV thermal
management systems that are compatible with both
refrigerants while minimizing NCG-related issues. By
integrating rigorous testing, high-quality component
selection, and innovative control strategies, we ensure
reliable and efficient performance across diverse
operating conditions.

Key Challenges Related to NCGs in EV Refrigeration Systems and AKGs Solutions:

Both R134a and R1234yf systems face distinct challenges due to NCGs, primarily because of
their differing thermodynamic properties:

1. Impact on System Performance:

R134a Systems: Higher operating pressures help push trapped air and moisture out of the
circuit, but excessive NCGs can elevate discharge temperatures, increasing the risk of
compressor damage.

AKG'’s Solution:
Selection of high-quality, variable-speed compressors that maintain efficiency even under
NCG conditions, reducing excessive energy consumption and mitigating overheating risks.

R1234yf Systems: Lower operating pressures reduce compressor load and improve energy
efficiency. However, this also decreases the system’s ability to expel NCGs, leading to
potential heat transfer inefficiencies.

AKG'’s Solution:
Optimized heat exchanger design with sufficient surface area and pressure differentials to
facilitate effective heat transfer and prevent NCG buildup.

2. Leak and Contamination Risks

R134a Systems: The high-pressure differential between the refrigerant circuit and ambient
environment helps prevent external air and moisture ingress.

AKG’s Solution:
Rigorous pressure testing of all system components before refrigerant charging to detect
and eliminate potential leaks.
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R1234yf Systems: Lower pressures make them more susceptible to air and moisture
infiltration through minor leaks in seals, joints, or valves. Moisture is particularly concerning
as it can react with refrigerant to form acids, leading to component degradation or blockages
from ice formation.

AKG'’s Solution:
Integration of liquid and vapor phase separators (receivers and accumulators) to isolate
contaminants, as well as advanced seals and gaskets designed for low-pressure
environments.

3. Operational Consequences

NCGs increase system pressures, causing excessive strain on components such as hoses,
seals, and valves, potentially leading to refrigerant leaks.

AKG’s Solution:

System modeling with tight tolerances in critical areas to minimize potential leakage points
and improve refrigerant containment.

Refrigerant loss results in degraded cooling performance, higher discharge temperatures,
and increased compressor workload.

AKG'’s Solution:
Integrated fault detection systems that continuously monitor pressure and temperature

fluctuations, adjusting compressor speed to counteract high discharge pressures caused by
NCGs.

Unchecked leaks contribute to refrigerant emissions, impacting environmental sustainability.
AKG’s Solution:

Sensor integration at key locations to detect abnormal pressure and temperature variations
indicative of NCG presence, allowing early intervention.

Additional AKG Strategies:
Advanced Controls
e Predictive Maintenance Algorithms:

o By analyzing real-time data trends, potential refrigerant leaks and NCG buildup
can be detected before they impact system performance.

System Simulations and Predictive Modeling
e Simulation Analysis:
o The system is modeled under both normal and abnormal conditions to predict the

impact of NCGs on performance metrics such as heat transfer efficiency, pressure
variations, and temperature anomalies.
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o Future advancements will enable real-time sensor feedback to refine simulation
models, improving predictive accuracy.

Comprehensive Performance Testing
e Full-Scale Validation:

o Integrated temperature and pressure sensors map system behavior to correlate
with simulation results, identifying potential NCG-related inefficiencies.

o Performance testing is used to predict and account for expected refrigerant loss
over time.

e Advanced Gas Analysis Techniques:

o Technologies such as mass spectrometry, gas chromatography, and infrared
sensors can detect and quantify NCG levels. These techniques are under
consideration and being explored for future integration and performance validation
criteria.

As the EV/Alt.Power industry advances, addressing non-condensable gas challenges is
critical to optimizing energy efficiency, system reliability, and sustainability. AKG remains
committed to enhancing thermal management solutions through precise component selection,
advanced simulation and testing methodologies, and state-of-the-art control strategies. By
continuously innovating and refining our approach, we ensure that our systems deliver long-
term performance while minimizing environmental impact.

Through these efforts, we are not only improving the efficiency of EV cooling systems but also
setting new standards for the future of sustainable thermal management technology.

Please reach out to Sumbal Zaman (sumbal.zaman@akg-america.com) or Vykram Vijayasekaran
(vykram.vijayasekaran@akg-america.com) if you have any questions on this topic or inquiries for your
applications.

sales@akg-america.com
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