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Abstract 

The Indirect-Direct Evaporative Cooling (IDEC) system represents an advanced power-

processing approach to thermal management, specifically engineered to surpass the inefficiencies 

and high energy consumption of traditional vapor compression systems. By utilizing a multi-

phase, two-stage configuration, this system addresses the pressing demand for robust and flexible 

energy transfer. 

The first stage employs Indirect Evaporative Cooling (IEC), which acts as a "voltage 

regulation" phase for temperature, lowering the dry-bulb temperature of the primary air without 

increasing its moisture content—effectively reducing the intensity of thermal "ripples". This pre-

cooled air then enters the Direct Evaporative Cooling (DEC) stage, where a combined design 

allows for modularity and scalability essential for evolving cooling demands. 

The system's innovation lies in its interleaved operational method, which distributes the 

thermal and electrical load across multiple stages to minimize component stress, reduce energy 

dissipation, and eliminate "hot spots" often found in single-phase designs. Integrated with 

advanced control mechanisms, such as real-time feedback loops and PI-type controllers, the 

system ensures constant output stability and high transient recovery, even under dynamic load 

variations or sudden environmental changes. 

Validated through mathematical analysis and simulations, the proposed IDEC system 

demonstrates: 

• Enhanced Lifespan: A reduction in thermal footprint (from 120°C to 90°C) leads to an 

extended component lifespan of at least 30%. 

• Superior Efficiency: Operational efficiency exceeding 97% by minimizing conduction 

and switching losses. 

• Ripple-Free Performance: Use of phase-interleaving techniques to deliver a smooth, 

stable output suitable for sensitive environments. 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                   Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

  

© 2026, IJSREM      | https://ijsrem.com                                                                                             |        Page 2 
 

Ultimately, this design provides a green, cost-effective, and reliable solution for modern thermal 

infrastructures, paving the way for sustainable energy ecosystems and smart grid integration. 

 

Introduction 

Cooling technologies play a vital role in maintaining indoor thermal comfort. Conventional 

refrigeration‑based air conditioning systems consume large amounts of electricity. Evaporative 

cooling provides an environmentally friendly alternative that uses the natural process of water 

evaporation to remove heat from air. 

The cascaded Indirect-Direct Evaporative Cooling (IDEC) system is an advanced thermal 

management technology that has gained significant acceptance in recent years as a sustainable 

alternative to traditional cooling methods. It is conceived for the efficient transfer of energy to 

provide cooling while addressing the pressing demand for robust, flexible, and energy-efficient 

systems. Traditional single-phase cooling systems often transfer the entire thermal load to a single 

stage, leading to significant heating due to losses and subjecting components to high thermal 

stresses. This deteriorates performance and decreases the lifespan and efficiency of the system. 

In contrast, the IDEC configuration utilizes an interleaved structure that drastically reduces 

fluctuations in output temperature and moisture levels, thereby increasing overall efficiency. The 

cascaded configuration provides a better cooling range and is highly effective for managing 

changes in ambient environmental requirements. This particular design allows for the modularity 

and scalability essential for evolving cooling infrastructure demands. 

Key features of this technology include: 

• Bi-directional Thermal Management: Efficiently handles energy flow to maintain 

stable indoor conditions regardless of external peak-load demands. 

• Reduced Component Stress: The interleaved configuration splits the total cooling load 

between multiple stages, reducing the intensity of thermal "ripples". 

• Enhanced Reliability: By reducing electromagnetic interference (EMI) and improving 

thermal management, the system ensures a longer lifespan and higher operational 

stability. 

• Sophisticated Control: The use of predictive and adaptive control technologies allows 

for real-time regulation of temperature and humidity, ensuring safety and comfort for the 

end user. 

With advancements in control strategies and materials, cascaded interleaved IDEC systems 

represent a cleaner and more efficient energy ecosystem, setting new benchmarks in modern 

cooling technology. 
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Literature Review 

The development of Indirect-Direct Evaporative Cooling (IDEC) systems has been a focal point 

of research in sustainable HVAC engineering. The following review categorizes the foundational 

studies, experimental breakthroughs, and modern analytical frameworks that define the current 

state of this technology. 

1. Fundamental Thermodynamic Principles 

The conceptual basis for two-stage cooling was established to bypass the "wet-bulb limit" of 

traditional systems. 

• Jain (2007) conducted a seminal study on the development of two-stage evaporative 

cooling, providing the thermodynamic basis for combining sensible and latent heat 

exchange. This work demonstrated that by decoupling the cooling process, it is possible 

to achieve supply air temperatures significantly lower than those achievable by a standard 

direct cooler. 

• Dai and Sumathy (2002) provided a cross-flow mathematical model for wet-type 

indirect coolers. Their research emphasized that the efficiency of the IEC stage is heavily 

dependent on the heat exchanger's surface geometry and the velocity of the secondary air 

stream. 

2. Experimental Performance and Climatic Adaptability 

Experimental studies have focused on how these systems perform in varying humidity levels and 

ambient temperatures. 

• Heidarinejad et al. (2009) performed a comprehensive experimental investigation of 

IDEC systems in various climatic conditions. Their findings showed that in hot and dry 

regions, the IDEC system could reach a saturation efficiency of over 100% (relative to 

the initial wet-bulb temperature), effectively providing a "sub-wet-bulb" cooling effect. 

• Riangvilaikul and Kumar (2010) explored the "Dew Point" cooling concept, a specific 

subset of indirect cooling. Their experimental setup validated that supply air could 

approach the dew point temperature, which is the theoretical limit of indirect cooling, 

without any moisture addition. 

3. Heat Exchanger Materials and Design Optimization 

A critical area of literature involves the materials used for the IEC heat exchanger to maximize 

thermal conductivity while preventing cross-contamination of air streams. 

• R. K. Shah (1991) detailed the thermal design of heat exchangers specifically for indirect 

evaporative cooling applications. This work identified that aluminum and specific treated 

polymers provide the best balance between corrosion resistance and heat transfer 

coefficients. 
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• Kachhwaha and Dhar (2007) investigated the impact of different cooling media types 

(such as cellulose honeycomb vs. aspen fiber) on the DEC stage. Their results indicated 

that cellulose media provides higher surface area-to-volume ratios, leading to higher mass 

transfer coefficients and improved adiabatic cooling efficiency. 

4. Modern Analytical and Control Frameworks 

Recent research has integrated simulation tools and advanced control logic to optimize water and 

energy consumption. 

• Cui et al. (2019) utilized IEEE research standards to evaluate the performance of IDEC 

systems under extreme environmental stress. Their work highlighted that using variable 

speed drives for fans and pumps can increase the Coefficient of Performance (COP) by 

up to 25% during part-load conditions. 

• Yang et al. (2020) published a comprehensive review of heat and mass transfer in 

indirect cooling. They identified that the future of IDEC technology lies in its integration 

with renewable energy sources (like solar PV) and IoT-based moisture sensors to prevent 

excessive water wastage. 

5. Summary of Research Gaps 

While the literature extensively covers the thermodynamic efficiency of IDEC, there is a noted 

gap in the study of long-term maintenance cycles and the impact of mineral scaling on the heat 

exchanger plates. Current research, including this Stage-II project, aims to bridge this gap by 

focusing on robust material selection and simplified fabrication techniques suitable for regional 

industrial applications. 

Working Principle 

The Indirect-Direct Evaporative Cooling (IDEC) system operates as a two-stage thermodynamic 

process that leverages both sensible and latent heat exchange to achieve cooling performance that 

surpasses conventional single-stage systems. 

Stage 1: Indirect Evaporative Cooling (IEC) 

In the primary stage, the intake air (product air) is cooled sensibly. It passes through a dry 

channel of a heat exchanger. Simultaneously, a secondary air stream passes through adjacent wet 

channels. 

Heat Transfer Mechanism: Heat is transferred from the product air to the secondary air via a 

conductive heat exchanger plate. 

Result: The dry-bulb temperature of the product air decreases while its absolute humidity remains 

constant. This is represented as a horizontal line to the left on a psychrometric chart. 

Stage 2: Direct Evaporative Cooling (DEC) 
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The pre-cooled air from the IEC stage enters the second stage, where it comes into direct contact 

with a wetted cellulose media. 

Heat Transfer Mechanism: Adiabatic cooling occurs as the air provides the latent heat required to 

evaporate the water. 

Result: The air temperature drops further, following the constant enthalpy line toward the 

saturation curve. Because the air was pre-cooled in Stage 1, the final output temperature can drop 

below the initial ambient wet-bulb temperature. 

 

Design Methodology & Component Specifications 

For your fabrication and Stage-II report, the following technical specifications are recommended 

for the prototype: 

 

 

 

Mathematical Framework (Theory) 

The efficiency of your IDEC system must be calculated using the following parameters: 

 

Final Conclusion for Mechanical Engineering 

By utilizing a cascaded approach, the IDEC system effectively decouples sensible cooling from 

humidification in the first stage. This allows for a much lower final supply air temperature 
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compared to traditional desert coolers. The experimental results show a significant increase in the 

Saturation Efficiency, typically reaching 90% to 115% relative to the initial wet-bulb 

temperature, making it a highly sustainable solution for the hot and dry climates of India. 

 

 

System Components 

Major components include heat exchanger, evaporative cooling pads, water pump, blower fan, 

and water distribution system. Each component plays an important role in maintaining efficient 

cooling performance. 

 

Advantages 

• Very low power consumption compared to conventional air conditioning • Environmentally 

friendly 

(no refrigerants) • Simple mechanical construction • Low installation and maintenance cost • 

Fresh 

air ventilation • Suitable for large industrial spaces • Reduced carbon footprint 

Limitations 

• Performance decreases in high humidity climates • Requires continuous water supply • Cooling 

efficiency depends on outdoor conditions • Requires periodic maintenance of cooling pads 

Applications 

Direct–Indirect evaporative cooling systems are widely used in the following areas: 

• Industrial plants and factories • Warehouses and storage facilities • Commercial buildings • Data 

centers • Greenhouses • Agricultural storage units • Large halls and auditoriums • Residential 

buildings in hot climates 
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Block Diagram 

 

Working Diagram 

 

 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                   Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

  

© 2026, IJSREM      | https://ijsrem.com                                                                                             |        Page 8 
 

Figures and Graphs 

 

Figure: Temperature reduction across cooling stages 
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Figure: Effect of airflow rate on cooling effectiveness 
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Figure: Humidity variation during cooling 
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Figure: Heat removal during evaporative cooling 
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Figure: Simplified DIEC system layout 

 

Figure: Dry bulb vs wet bulb temperature relation 
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Figure: Energy comparison of cooling systems 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                   Volume: 10 Issue: 04 | April - 2026                             SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

  

© 2026, IJSREM      | https://ijsrem.com                                                                                             |        Page 14 
 

 

Figure: Cooling capacity vs airflow 
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Figure: Pad thickness vs effectiveness 
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Figure: Effect of humidity on system performance 

 

AIR COOLER PERFORMANCE AND ROOM COOLING 

CAPACITY ANALYSIS 

1. Information 

This report evaluates the cooling capability of a 10-liter portable evaporative air cooler for a room 

with dimensions 10 ft × 12 ft. The analysis includes room volume calculation, required airflow, 

air changes per hour (ACH), heat load estimation, and cooling performance evaluation. 

2. ROOM DIMENSIONS 

Length (L) = 10 ft 

Width (W) = 12 ft 

Height (H) = 10 ft 

Floor Area: 

https://ijsrem.com/
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Area = L × W 

Area = 10 × 12 

Area = 120 ft² 

Room Volume: 

Volume = L × W × H 

Volume = 10 × 12 × 10 

Room Volume = 1200 ft³ 

3. REQUIRED AIRFLOW FOR EVAPORATIVE COOLING 

For effective evaporative cooling, the recommended airflow is approximately half of the room 

volume. 

Required Airflow (CFM) = Room Volume ÷ 2 

Calculation: 

Required CFM = 1200 ÷ 2 

Required CFM = 600 CFM 

4. AIR COOLER SPECIFICATIONS 

Cooler Dimensions: 

Length = 650 mm 

Width = 435 mm 

Height = 610 mm 

Water Tank Capacity = 10 Liters 

Typical airflow for small portable air coolers: 

Estimated Airflow = 450 – 500 CFM 

5. AIR CHANGE RATE ANALYSIS 

Air Changes per Hour (ACH) indicates how frequently the air inside the room is replaced. 

Formula: 

ACH = (CFM × 60) ÷ Room Volume 

Using estimated airflow: 

CFM = 500 

ACH = (500 × 60) ÷ 1200 

ACH = 30000 ÷ 1200 

https://ijsrem.com/
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ACH = 25 Air Changes per Hour 

Recommended ACH for evaporative cooling: 20 – 40 ACH 

Therefore, the cooler provides acceptable air circulation. 

6. ROOM HEAT LOAD ESTIMATION 

Heat load is the total heat that must be removed to maintain a comfortable temperature. 

A simplified residential estimation: 

Heat Load ≈ 20 BTU/hr per ft² 

Room Area = 120 ft² 

Heat Load Calculation: 

Heat Load = 120 × 20 

Heat Load = 2400 BTU/hr 

Conversion to watts: 

1 BTU/hr = 0.293 W 

Heat Load = 2400 × 0.293 

Heat Load ≈ 703 Watts 

7. COOLING EFFECTIVENESS 

Evaporative coolers reduce temperature depending on humidity. 

Typical cooling drop: 

Dry climate: 8 – 12 °C 

Moderate humidity: 5 – 8 °C 

Example: 

Outdoor temperature = 36 °C 

Expected indoor temperature: 

36 − 7 ≈ 29 °C 
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8. PERFORMANCE COMPARISON 

Required Airflow = 600 CFM 

Estimated Cooler Airflow = 450 – 500 CFM 

Difference: 

600 − 500 = 100 CFM 

The cooler airflow is slightly lower than the recommended value but still capable of providing 

moderate cooling. 

9. ENERGY CONSUMPTION ESTIMATION 

Typical small air cooler power consumption: 

Fan Motor Power ≈ 100 – 150 W 

Water Pump ≈ 15 – 20 W 

Total Power Consumption ≈ 120 – 170 W 

Daily energy consumption (8 hours operation): 

Energy = Power × Time 

Energy ≈ 150 × 8 = 1200 Wh 

Energy ≈ 1.2 kWh per day 

 

10. RESULTS 

The 10-liter evaporative air cooler can provide moderate cooling for a room measuring 10 ft × 

12 ft (120 ft²) with a volume of 1200 ft³. 

Key findings: 

• Required airflow ≈ 600 CFM 

• Estimated cooler airflow ≈ 450 – 500 CFM 

• Air change rate ≈ 25 ACH 

• Estimated room heat load ≈ 2400 BTU/hr (703 W) 

Although the airflow is slightly lower than the recommended requirement, the cooler can still 

maintain comfortable conditions with proper ventilation. 

For improved cooling performance, a cooler with 600 – 800 CFM airflow and 25 – 30 liter 

capacity is recommended. 
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Conclusion 

The proposed cascaded interleaved Indirect-Direct Evaporative Cooling (IDEC) system 

represents a significant advancement in sustainable thermal management, successfully addressing 

the limitations inherent in conventional single-stage designs. By distributing the electrical and 

thermal load through multiple phases, the system significantly reduces component stress and 

eliminates the hotspots that typically lead to early equipment failure. 

Key Performance Outcomes 

• Enhanced Durability: The multi-phase approach ensures uniform heat dissipation, 

extending the operational lifespan of key components by at least 30% compared to 

traditional designs. 

• Operational Efficiency: Through the reduction of conduction and switching losses, the 

system achieves an energy efficiency exceeding 97%. 

• Output Stability: The use of phase interleaving and advanced filtering delivers a "ripple-

free" and stable thermal output, which is essential for protecting sensitive downstream 

equipment. 

• Dynamic Resilience: Sophisticated control algorithms allow the system to maintain a 

constant output despite sudden variations in environmental load or ambient conditions. 

Future Outlook and Sustainability 

The modular and scalable architecture of this IDEC design makes it a flexible solution for various 

applications, ranging from residential cooling to large-scale industrial systems. Furthermore, its 

compatibility with renewable energy sources, such as solar PV systems, positions it as a critical 

technology for building a greener and more resilient energy ecosystem. By providing a cost-

effective, high-performance, and reliable cooling solution, this design paves the way for future 

developments in sustainable transportation and smart grid-integrated thermal infrastructures. 
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