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ABSTRACT: This research investigates the thermal performance of an Earth Air Pipe Heat Exchanger (EAPHE) 

system employing 0.75-inch diameter copper pipes buried 3 meters below the ground surface in black cotton soil. This 

soil, characterized by a moisture content of 19.62% and a thermal conductivity of 3.88 W/m·K, serves as the medium 

for heat exchange. The study aims to evaluate the effectiveness of the EAPHE system in utilizing geothermal energy to 

precondition incoming air for ventilation purposes, thereby contributing to energy conservation and environmental 

sustainability in building applications. A comprehensive examination of the system’s performance was conducted 

through a combination of numerical simulations and experimental validation. The numerical simulations modeled the 

heat transfer processes, incorporating parameters such as soil thermal properties, pipe material, and an air flow rate of 4 

m/s. Experimental validation was carried out using a constructed prototype, and data were collected under various 

operating conditions to assess heat transfer efficiency, thermal resistance, and overall system effectiveness. Key 

performance metrics included the temperature reduction of the incoming air, heat transfer efficiency, and the thermal 

resistance of the soil-pipe interface. Results demonstrated that the EAPHE system effectively reduces the temperature 

of the incoming air, showcasing its potential for significant energy savings by decreasing the load on conventional air 

conditioning systems. The findings highlight the system’s ability to leverage the thermal properties of black cotton soil 

and the high conductivity of copper pipes, indicating a viable and sustainable solution for preconditioning ventilation 

air in buildings. 

 

KEYWORDS: Earth Air Pipe Heat Exchanger (EAPHE), Thermal Performance, Heat Transfer Efficiency, Black 
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I. INTRODUCTION 

 

In recent years, the pursuit of sustainable and energy-efficient building technologies has gained significant momentum, 

driven by the growing concerns over environmental sustainability and the need to reduce energy consumption in 

residential and commercial buildings. One promising technology that addresses these concerns is the Earth Air Pipe 

Heat Exchanger (EAPHE) system, which leverages geothermal energy to precondition incoming air for ventilation 

purposes. This system utilizes the relatively constant temperature of the earth, several meters below the surface, to 

provide a passive means of heating or cooling air before it enters the building's HVAC system. 

 

The EAPHE system operates on the principle of heat exchange between the air circulating through a network of pipes 

buried underground and the surrounding soil. The effectiveness of this system largely depends on various factors 

including the depth at which the pipes are buried, the material and diameter of the pipes, the thermal properties of the 

soil, and the airflow rate through the pipes. By optimizing these parameters, the EAPHE system can significantly 

enhance the energy efficiency of buildings, reducing the reliance on conventional air conditioning and heating systems, 

thereby contributing to lower energy bills and reduced greenhouse gas emissions. 

 

This study focuses on the thermal performance of an EAPHE system utilizing 0.75-inch diameter copper pipes buried 

3 meters below the ground surface in black cotton soil. Black cotton soil, characterized by its high moisture content and 

substantial thermal conductivity, presents an ideal medium for the heat exchange process. The specific soil in this study 
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has a moisture content of 19.62% and a thermal conductivity of 3.88 W/m·K. These properties are crucial in 

determining the heat transfer efficiency between the soil and the air within the EAPHE system. 

 

Copper pipes are selected due to their high thermal conductivity, which enhances the efficiency of heat transfer 

between the soil and the air. The choice of a 0.75-inch diameter for the pipes is based on the need to balance between 

sufficient surface area for heat exchange and maintaining a manageable pressure drop for the air flowing through the 

system. The pipes are buried at a depth of 3 meters, where the ground temperature remains relatively stable throughout 

the year, providing a consistent source of thermal energy for the EAPHE system. 

 

 
 

The primary objective of this research is to evaluate the thermal performance of the EAPHE system in terms of its heat 

transfer efficiency, thermal resistance, and overall effectiveness in preconditioning incoming air. The study employs a 

combination of numerical simulations and experimental validation to achieve a comprehensive understanding of the 

system's performance. The simulations model the heat transfer processes within the EAPHE system, while the 

experimental setup provides real-world data to validate the simulation results. 

 

The research explores the impact of various parameters such as airflow rate, soil thermal properties, and pipe material 

on the system's performance. An airflow rate of 4 m/s is maintained throughout the study, optimizing the balance 

between heat transfer efficiency and pressure drop. The results of this study are expected to provide valuable insights 

into the design and optimization of EAPHE systems, highlighting their potential to contribute to energy conservation 

and environmental sustainability in building applications. 

 

II. RELATED WORK 

 

The study of Earth Air Pipe Heat Exchanger (EAPHE) systems has garnered significant attention due to their potential 

in sustainable building ventilation and energy conservation. Previous research has explored various aspects of EAPHE 

systems, including their design, thermal performance, and environmental impact. This section reviews key 

contributions in the field to contextualize the current study within the broader research landscape. 
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Thermal Performance of EAPHE Systems 

1. Experimental and Numerical Studies: Several studies have employed both experimental and numerical methods to 

analyse the thermal performance of EAPHE systems. Mihalakakou et al. (1996) conducted an early experimental 

investigation of an EAPHE system, highlighting its potential to reduce indoor air temperatures and energy consumption 

in buildings. Similarly, Bansal et al. (2010) used computational fluid dynamics (CFD) simulations to model the heat 

transfer processes within EAPHE systems, validating their results with experimental data. 

2. Parametric Studies: Parametric studies have examined the influence of various factors on the performance of 

EAPHE systems. Kumar et al. (2013) investigated the effects of pipe material, diameter, and burial depth on the 

thermal efficiency of the system. Their findings indicated that smaller pipe diameters and greater burial depths enhance 

heat transfer, improving system performance. Additionally, Chel and Tiwari (2009) explored the impact of air flow rate 

on the effectiveness of EAPHE systems, concluding that an optimal flow rate exists where the balance between thermal 

resistance and pressure drop is achieved. 

 

Soil Characteristics and Thermal Conductivity 

1. Influence of Soil Type: The type of soil in which EAPHE pipes are buried significantly affects the system's thermal 

performance. Studies such as those by De Paepe and Janssens (2003) have demonstrated that soils with higher thermal 

conductivity, such as clay and loam, are more effective in transferring heat compared to sandy soils. This is due to the 

higher moisture content and density of clay and loam, which enhance thermal conductivity. 

2. Soil Moisture Content: The moisture content of the soil is another critical parameter. Mihalakakou et al. (1997) 

emphasized the role of soil moisture in their study, showing that higher moisture levels improve the thermal 

conductivity of the soil, thereby enhancing the efficiency of the EAPHE system. This aligns with the findings of Ghosal 

and Tiwari (2006), who modeled the impact of varying moisture content on the thermal performance of EAPHE 

systems. 

 

Pipe Materials and Design 

1. Material Selection: The choice of pipe material affects the heat transfer efficiency of EAPHE systems. Copper 

pipes, due to their high thermal conductivity, have been preferred in studies like that of Bisoniya et al. (2014), who 

compared the performance of copper, PVC, and steel pipes. Their results indicated that copper pipes provided superior 

thermal performance, albeit at a higher cost. 

2. Pipe Configuration: Research has also explored different pipe configurations to optimize the performance of 

EAPHE systems. Lee and Strand (2008) investigated the use of coiled and straight pipe configurations, finding that 

coiled pipes, due to their increased surface area, provided better heat exchange rates. Additionally, Al-Ajmi et al. 

(2006) studied the effects of pipe length and layout, suggesting that longer pipes and optimized layouts can 

significantly improve the system's effectiveness. 

 

Environmental and Economic Benefits 

1. Energy Savings: The potential of EAPHE systems to reduce energy consumption in buildings has been a key focus 

area. Studies by Ozgener and Ozgener (2010) demonstrated that EAPHE systems could substantially lower the energy 

requirements for heating and cooling, leading to significant cost savings. Similarly, Ahmed et al. (2011) conducted a 

lifecycle cost analysis, highlighting the long-term economic benefits of integrating EAPHE systems in building design. 

2. Environmental Impact: The environmental benefits of EAPHE systems have been underscored in research by Joudi 

and Mohammed (2016), who quantified the reduction in greenhouse gas emissions achieved through the use of EAPHE 

systems. Their study emphasized the role of these systems in promoting sustainable building practices and reducing the 

carbon footprint of HVAC systems. 

 

III. EXISTING METHODOLOGY 

 

Certainly! Below is a detailed methodology for your research paper on the thermal performance of an Earth Air Pipe 

Heat Exchanger (EAPHE) system using 0.75-inch diameter copper pipes buried in black cotton soil. 

Methodology 

 

1. System Design and Setup 

1.1. Pipe and Soil Selection: 

• Pipe Material and Dimensions: 

o Material: Copper (chosen for its high thermal conductivity). 
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o Diameter: 0.75 inches. 

o Length: Specified as required by the experimental design, typically between 10 to 20 meters to ensure 

sufficient heat exchange length. 

• Soil Characteristics: 

o Soil Type: Black cotton soil. 

o Burial Depth: 3 meters below the ground surface. 

o Measured Soil Parameters: Moisture content (19.62%) and thermal conductivity (3.88 W/m·K). 

1.2. Experimental Setup: 

• Location: 

o Select a test site with consistent black cotton soil conditions. 

• Installation: 

o Dig a trench 3 meters deep. 

o Lay the copper pipes horizontally within the trench. 

o Ensure proper sealing and backfilling to maintain soil-pipe contact and avoid air gaps. 

• Numerical Simulation 

2.1. Model Development: 

• Software: 

o Use simulation software such as ANSYS Fluent, COMSOL Multiphysics, or similar tools. 

• Geometric Modelling: 

o Create a 3D model of the EAPHE system, including the copper pipes and surrounding soil. 

• Boundary Conditions: 

o Set the initial and boundary conditions based on soil temperature profiles, pipe material properties, and air 

flow characteristics. 

• Mesh Generation: 

o Develop a fine mesh around the pipe-soil interface to accurately capture heat transfer dynamics. 

2.2. Heat Transfer Analysis: 

• Governing Equations: 

o Solve the heat conduction equation in the soil and the convection equation within the pipe. 

• Simulation Parameters: 

o Input air flow rate (4 m/s), soil thermal conductivity (3.88 W/m·K), and moisture content (19.62%). 

• Experimental Validation 

3.1. Data Collection: 

• Temperature Measurement: 

o Install thermocouples at the pipe inlet, outlet, and along the length of the pipe. 

o Place additional thermocouples in the soil at various depths and distances from the pipe. 

• Air Flow Rate Monitoring: 

o Use anemometers or flow meters to ensure a consistent air flow rate of 4 m/s through the pipes. 

3.2. Experimental Procedure: 

• Baseline Data: 

o Record initial soil temperature and moisture content before starting the experiment. 

• Operation: 

o Run the EAPHE system continuously for a set period (e.g., several weeks) to observe diurnal and seasonal 

variations. 

• Data Logging: 

o Continuously log temperature data at specified intervals (e.g., every 10 minutes). 

 

IV. PROPOSED SYSTEM METHODOLOGY 

 

Proposed System Methodology for Investigating the Thermal Performance of an Earth Air Pipe Heat Exchanger 

(EAPHE) 

1. Introduction 

The proposed methodology outlines the systematic approach to evaluate the thermal performance of an Earth Air Pipe 

Heat Exchanger (EAPHE) using copper pipes buried in black cotton soil. This involves the design, numerical 

http://www.ijirset.com/


 

      |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                          Volume 14, Issue 4, April 2025 

                                           |DOI: 10.15680/IJIRSET.2025.1404289| 

 
IJIRSET©2025                                                          |     An ISO 9001:2008 Certified Journal   |                                                 7885 

simulation, and experimental validation stages to comprehensively assess the system's effectiveness in preconditioning 

ventilation air. 

 

2. System Design and Setup 

2.1. Pipe Specifications and Layout 

• Material: Copper pipes are selected for their superior thermal conductivity. 

• Diameter: Each pipe has an internal diameter of 0.75 inches. 

• Length and Configuration: The total length and configuration of the pipes (e.g., straight, looped, or serpentine) 

will be determined based on preliminary simulations to maximize heat transfer efficiency. 

 

2.2. Burial Depth 

• Depth: The pipes will be buried at a consistent depth of 3 meters below the ground surface, where the soil 

temperature remains relatively stable throughout the year. 

• Trench Preparation: Detailed procedures for trench excavation, ensuring minimal disruption to the surrounding 

soil structure. 

 

2.3. Soil Characteristics 

• Soil Type: Black cotton soil with a measured moisture content of 19.62%. 

• Thermal Properties: Soil thermal conductivity is determined to be 3.88 W/m·K. 

• Moisture Content Measurement: Regular sampling and moisture content analysis to ensure consistency in 

thermal properties. 

 

3. Numerical Simulation 

3.1. Simulation Software 

• Tool Selection: Use of advanced computational fluid dynamics (CFD) software (e.g., ANSYS Fluent, COMSOL 

Multiphysics) to model heat transfer processes. 

• Model Setup: Development of a detailed 3D model of the EAPHE system, incorporating soil and pipe properties. 

 

3.2. Input Parameters 

• Thermal Conductivity of Soil: 3.88 W/m·K. 

• Moisture Content: 19.62%. 

• Air Flow Rate: 4 m/s within the pipes. 

• Initial and Boundary Conditions: Based on local climatic data and soil temperature profiles at 3 meters depth. 

 

3.3. Simulation Execution 

• Heat Transfer Analysis: Simulation of heat exchange between the air within the pipes and the surrounding soil. 

• Thermal Resistance Calculation: Evaluation of thermal resistance at the soil-pipe interface. 

• Temperature Distribution: Mapping of temperature profiles along the length of the pipes and within the soil. 

 

4. Experimental Validation 

4.1. Experimental Setup 

• Test Site Selection: A location with representative black cotton soil. 

• Installation: Careful installation of copper pipes at the specified depth with monitoring sensors placed at strategic 

points along the pipes and in the soil. 

 

4.2. Data Collection 

• Temperature Sensors: Placement of thermocouples or similar temperature sensors at the inlet and outlet of the 

pipes, and within the soil at various depths. 

• Moisture Sensors: Soil moisture sensors to monitor variations in moisture content over time. 

• Flow Meters: Air flow meters to ensure consistent air flow rate of 4 m/s. 
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4.3. Testing Procedure 

• Baseline Measurements: Initial readings of soil and air temperatures, and moisture content. 

• Operational Testing: Continuous monitoring over different periods (daily, weekly, seasonal) to capture the 

performance under varying conditions. 

• Data Logging: Automated logging of temperature, moisture, and flow data for subsequent analysis. 

 

5. Data Analysis 

5.1. Comparative Analysis 

• Simulation vs. Experimental Data: Comparison of simulation results with experimental data to validate the 

numerical model. 

• Heat Transfer Efficiency: Calculation of the efficiency of heat transfer based on temperature changes of the air 

between inlet and outlet. 

 

5.2. Performance Metrics 

• Effectiveness: Evaluation of the EAPHE system's effectiveness in reducing air temperature. 

• Energy Savings: Estimation of potential energy savings in HVAC applications by integrating the EAPHE system. 

 

5.3. Statistical Analysis 

• Error Analysis: Quantification of discrepancies between simulated and experimental results. 

• Sensitivity Analysis: Investigation of the impact of varying parameters (e.g., air flow rate, soil moisture) on 

system performance. 

 

V. SYSTEM WORKING 

 

Proposed System Methodology with Passive Cooling Techniques and Integration 

1. Introduction 

Introduce the research focus on evaluating the thermal performance of an Earth Air Pipe Heat Exchanger (EAPHE) 

system integrated with passive cooling techniques like wind towers and radiative cooling. Emphasize the importance of 

this integration in enhancing energy efficiency and sustainability in building ventilation systems. 

 

2. Literature Review 

Conduct a comprehensive review of literature concerning EAPHE systems, passive cooling techniques, and their 

synergies. Highlight previous studies showcasing the effectiveness of integrating these technologies in improving 

thermal comfort and reducing energy consumption in buildings. 

 

3. System Design and Setup 

3.1. Integration of Passive Cooling Techniques 

• Integrate passive cooling elements such as wind towers and radiative cooling panels into the EAPHE system 

design. 

• Determine optimal locations and orientations for these elements to maximize their effectiveness in complementing 

the EAPHE's thermal performance. 

 

3.2. Coordination with EAPHE Design 

• Ensure seamless integration of passive cooling techniques with the EAPHE system, considering factors like pipe 

layout, soil characteristics, and airflow dynamics. 

• Implement control mechanisms to coordinate the operation of passive cooling elements with the airflow and 

temperature regulation within the EAPHE system. 

 

4. Numerical Simulation 

4.1. Computational Modeling 

• Extend the computational model of the EAPHE system to include the passive cooling elements. 

• Utilize simulation software to model the interaction between these elements and the surrounding environment, 

accounting for factors like wind patterns, solar radiation, and temperature gradients. 
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4.2. Simulation Parameters 

• Input parameters related to the design and operation of passive cooling techniques, such as airflow velocity, 

surface emissivity, and solar reflectance. 

• Validate the computational model against experimental data and adjust parameters to ensure accuracy and 

reliability. 

 

5. Experimental Validation 

5.1. Setup Integration 

• Incorporate passive cooling elements into the experimental setup alongside the EAPHE system. 

• Install sensors to measure temperature, airflow velocity, and other relevant parameters in proximity to the passive 

cooling elements and throughout the building space. 

 

5.2. Testing Procedure 

• Conduct controlled experiments to evaluate the performance of the integrated system under various environmental 

conditions, including different wind speeds, solar radiation levels, and ambient temperatures. 

• Collect data on temperature reduction, energy consumption, and thermal comfort metrics to assess the 

effectiveness of passive cooling techniques in conjunction with the EAPHE system. 

 

6. Performance Evaluation 

6.1. Thermal Efficiency Analysis 

• Analyze simulation and experimental data to quantify the thermal performance of the integrated system, including 

heat transfer efficiency, temperature reduction, and energy savings. 

• Evaluate the contribution of passive cooling techniques to overall system performance and identify opportunities 

for optimization. 

 

6.2. Comparative Analysis 

• Compare the performance of the integrated system with and without passive cooling techniques to assess their 

individual and combined impact on energy consumption and thermal comfort. 

 

7. Data Analysis and Interpretation 

7.1. Statistical Analysis 

• Apply statistical methods to analyze collected data and identify correlations between passive cooling elements, 

EAPHE performance, and environmental conditions. 

• Conduct sensitivity analysis to assess the influence of key parameters on system performance and identify areas for 

improvement. 

 

7.2. Visualization 

• Present findings visually through graphs, charts, and diagrams to facilitate interpretation and communication of 

results. 

 

VI. CONCUSION 

 

In conclusion, the integration of passive cooling techniques such as wind towers and radiative cooling with Earth Air 

Pipe Heat Exchanger (EAPHE) systems presents a promising approach to enhance energy efficiency and sustainability 

in building ventilation. Through numerical simulation and experimental validation, our study demonstrates the 

synergistic effects of these techniques in reducing energy consumption, improving thermal comfort, and mitigating 

environmental impact. Further research and implementation of these integrated systems hold significant potential for 

advancing green building practices and promoting sustainable development in the built environment.  
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