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1. Project Summary 

 

This project aims to design and develop an innovative three-fluid heat exchanger 

integrated with a thermal energy storage (TES) system to enhance energy efficiency. The 

initial phase has focused on a detailed literature review to understand existing technologies 

and identify research gaps, particularly concerning high-temperature materials, cost-

effectiveness, and standardization. Conceptual design based on the proposal schematic 

(utilizing three fluid paths and Phase Change Material) has been refined. Current efforts 

involve finalizing design specifications, identifying suitable materials and manufacturing 

techniques available at the institute's workshop and RAC lab, and preparing for the 

procurement phase. The project aligns with ISHRAE's mission of promoting sustainable 

HVAC&R technologies.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

2. Objectives 

1. Explore the applicability of three-fluid heat exchangers across various industries, including power 

generation, chemical processing, and HVAC systems.  

2. Enhance the performance of thermal energy storage systems by integrating the heat exchanger to 

manage and utilize thermal energy more effectively.  

3. Investigate the integration of three-fluid heat exchangers with hybrid TES systems combining multiple 

energy storage methods (e.g., sensible, latent, and thermochemical storage).  

4. Assess and minimize the environmental impact of three-fluid heat exchanger systems throughout their 

lifecycle.  

5. Develop scalable and modular designs to facilitate easy expansion and customization for different 

application sizes and requirements.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

3. Introduction 

 

The intended outcome of the material selection process is the identification of one or more 

materials with properties that satisfy the functional requirements of a product, such as strength, 

durability, workability, work life, flexibility, corrosion resistance, stiffness, etc. Furthermore, it is 

desirable, although not mandatory, that the materials optimise performance objectives, for 

example the minimisation of cost or environmental impact. Material selection is a 

multidisciplinary task which requires the interaction of numerous stakeholders, including product 

designers, material scientists, test engineers and end-users. Consequently, material selection 

problems are typically open-ended, with the preferred solution being subject to an ongoing 

tradeoff between numerous constraints and objectives.  

  

  Material selection is subject to numerous uncertainties, including those associated with the 

design specification and material properties. Robust material selection requires a design 

specification which comprehensively defines the functional requirements and objectives of a  

product; however, the design specification is often incomplete or poorly defined. Furthermore, 

the dominant failure mode is a function of the materials used, and a design specification which is 

valid for one material type may not be valid for another material. Those involved in material 

substitution must be cautious that the use of novel materials does not reveal a latent failure mode 

not identified in the initial design specification.  

  

  Material selection problems are typically subject to multiple constraints and objectives. 

These may be measured in non-commensurate units, for example cost and mass, making direct 

comparison difficult. Material properties are another source of uncertainty. Material property data 

may be sparse, or measured by experimental methods which are not directly comparable. The 

associated properties may display significant statistical scatter or may be highly dependent on 

specific processing attributes.  

  

3.1 Aluminium vs stainless HX  

Properties comparison   

• Thermal conductivity: Pure aluminium has thermal conductivity of about 235 W/mK while 

stainless steel has thermal conductivity of about 15 W/mK.  

• Strength to weight ratio: Aluminium is typically not as strong as steel, but it is also almost one 

third of the weight. This is the main reason why aircraft are made from aluminium. • Corrosion 

resistance: Stainless steel resists corrosion in a wide range of pH levels, while aluminium will 

corrode if the proper fluids are not used to produce and maintain a narrow pH range.   

• Cost: Aluminium is typically cheaper then steel.   

• Workability: Aluminium is fairly soft and easier to cut and form. Due to its resistance to wear and 

abrasion, stainless steel can be difficult to work with Stainless steels are harder and are especially 

harder to form than aluminium. Welding: Stainless steel is easy to weld while, aluminium can be 

relatively difficult.   

• Maintenance: Annual maintenance is required for both kind of heat exchangers. However, in case 

of aluminium greater care is to be taken as aluminium oxides are formed which can clog the 

fluid’s passage.   

 



 

 

 

4. Design 

 

Stainless steel heat exchangers are more expensive than aluminium, which is lightweight and 

has high thermal conductivity, but due to the longevity and corrosion resistance of stainless steel, 

they are likely to be of much better value in the long run. Aluminium will rust, corrode, warp, or 

break down long before stainless steel. The design requirements were high thermal conductivity, 

durability, high corrosion resistance, weldability, low maintenance and high strength. So, overall 

stainless steel is preferred for the manufacturing of 3-fluid heat exchanger box and its 

components.   

   

4.1 Copper vs Stainless steel Pipes   

Properties comparison: -   

• Thermal conductivity: Copper has highest thermal conductivity in all engineering materials 

which is 386 W/m.K whereas stainless steel has thermal conductivity of 15 W/m.K.   

• Working cycles: Copper and stainless steel last many decades and can be recycled and used again 

without much difference in its performance.   

• Reactivity: Copper is highly reactive. Stainless steel is non-corrosive in nature.   

• Weldability: Welding of stainless steel is easy compared to copper.   

• Cost: Copper costs on an average 25% higher than stainless steel.   

• Durability: Stainless steel has an edge over copper when it comes to durability.   

  

4.2 Design requirements  

  

The design was such that it required high quantity of pipes which were needed to be welded, 

the material should be less reactive, be more durable and it should cost less too. In conclusion, 

considering the above properties and the requirements, stainless steel pipes were chosen for 

fabrication of pipes in 3-fluid heat exchanger  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

 

5. INSULATION  

  

5.1 How does it work?  

To understand how insulation works, first we need to understand heat flow, which involves three 

basic mechanisms: conduction, convection, and radiation. Conduction is the way heat moves 

through materials, such as when a spoon placed in a hot cup of coffee conducts heat through its 

handle to your hand. Convection is the way heat circulates through liquids and gases, and is why 

lighter, warmer air rises, and cooler, denser air sinks in your home. Radiant heat travels in a 

straight line and heats anything solid in its path that absorbs its energy.   

  

5.2 Why do we need to insulate?   

Heat is an energy and tends to move from the region where the temperature is high to the region 

where it is low. Correctly made, suitable thickness and effective thermal insulation is done in order 

to save energy by reducing this transition.   

Here is the list of the types of thermal insulation materials:   

1. Glass wool   

2. Rock wool   

3. EPS (Expanded Polystyrene)   

4. XPS (Extruded Polystyrene)   

5. Glass Foam   

6. PVC Foam   

7. Phenol Foam   

8. Polyethylene Foam   

Among all of these, which insulation Material is the best suitable for our product & why? To 

choose the best insulation for our product from the many types of insulation on the market, first 

we’ll need to know where you want or need to install the insulation?   

To choose best suitable insulation we have studied the different types and we found that rockwool 

and glass wool are the one from which we need to insulate from heat and temperature fluctuation. 

So, Glass wool and Rockwool is nothing but an insulating material with different insulating 

capacities.   

As an insulation, thermal performance is the primary requirement of the insulation material, then 

glass mineral wool offers a much more versatile and cost-effective range at lower weights. Glass 

wool can achieve best lambda values of 0.31 as oppose to 0.35 for Rockwool, more than 10% 

more thermally efficient. This means that the material can be 10% thinner for a like for like 

performance. More importantly, it can achieve this performance at less than half the weight. This 

shows that Glass wool is much more efficient in terms of performance and cost.   

  

  

  



 

 

 

5.3 Glass Wool  

  
Fig. 5.1 Insulation 

Glass wool (originally known also as fiberglass) is an insulating material made from fibres of 

glass arranged using a binder into a texture similar to wool. Glass wool and stone wool are 

produced from mineral fibres and are therefore often referred to as ‘mineral wool’. Mineral wool 

is a general name for fibre materials that are formed by 'spinning or drawing molten minerals. 

Glass wool is a furnace product of molten glass at a temperature of about 1450 °C. From the 

melted glass, fibres are spun. This process is based on spinning molten glass in high-speed 

spinning heads somewhat like the process used to produce cotton candy. During the spinning of 

the glass fibres, a binding agent is injected. Glass wool is then produced in rolls or in slabs, with 

different thermal and mechanical properties. It may also be produced as a material that can be 

sprayed or applied in place, on the surface to be insulated.   

 Applications of glass wool include structural insulation, pipe insulation, filtration and 

soundproofing. Thermal conductivity ranges from 0.023-0.040 W/m.K.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

6.Manufacturing 

  

6.1 Suitable manufacturing techniques are,  

1. 3D Printing (Additive Manufacturing): This method builds parts layer by layer with materials 

like PLA or high-temperature polymers, enabling complex geometries and intricate internal 

structures ideal for fluid flow. FDM 3D printing is budget-friendly, and SLS or SLA offers 

higher precision. It’s highly flexible and suitable for quick, cost-effective visualization.  

2. CNC Machining: Using subtractive manufacturing, CNC machining precisely carves out parts 

from metals like aluminium, ideal for functional testing of thermal properties. Though costly, it 

produces durable and high-quality parts suitable for later-stage prototypes that require 

performance testing.  

3. Sheet Metal Fabrication: This technique cuts and bends metal sheets like aluminium to create 

simple designs, such as parallel-plate heat exchangers. It’s cost-effective but limited for 

complex designs, making it less ideal for early-stage visualization that requires intricate internal 

channels.  

4. Casting and Mold Making: Casting involves creating molds filled with metal or polymer. 

Suitable for repetitive or durable parts, it’s less flexible for early prototyping due to high initial 

costs and lengthy setup, as each design change requires a new mold.  

Most Suitable Technique for Budget and Visualization: 3D printing is the best choice for early - 

stage prototyping, offering affordable, flexible, and detailed visualization. It allows for rapid design 

adjustments, making it ideal for budget-conscious projects. As testing needs become advanced, 

CNC machining can be used to create realistic, high-quality prototypes for thermal performance 

testing.  

  

6.2 Manufacturing Process  

Step 1: Design the Heat Exchanger Model  

  
• CAD Software: The heat exchanger was first designed in CAD software (e.g., SolidWorks) to 

create a 3D model with intricate internal channels for fluid flow, as well as heat exchange 

surfaces and dedicated inlets and outlets.  

• Model Optimization: The design was optimized for 3D printing by avoiding excessive 

overhangs, maintaining a consistent wall thickness, and ensuring accessibility for support 

removal in internal features.  

  



 

 

 

Step 2: Convert the Model to STL Format  

  
The CAD model was exported in STL format. This file format is compatible with 3D printers 

and translates the design into a mesh of triangles that guides the printing process, preserving the 

geometric detail required for the heat exchanger's complex design.  

  

Step 3: Configure 3D Printing Parameters  

  

• Slicer Software: The STL file was imported into slicing software (e.g., Cura) to set up printing 

parameters.  

• Layer Height: A layer height of 0.1–0.2 mm was chosen to achieve a balance between print  

speed and detail, ensuring smooth surfaces for fluid flow.  

• Material Selection: PLA was selected for initial prototyping due to its affordability, while 

higher-temperature materials (such as PETG) were reserved for thermal testing if needed.  

• Infill Density: An infill density of 15% was used to manage strength and material consumption.  

• Support Structures: Support structures were enabled to support any overhanging features and 

complex internal passages.  

  

Step 4: 3D Print the Prototype  

  

• Printer Setup: The 3D printer was preheated, and the PLA filament was loaded.  

• Printing: The print process was initiated, with constant monitoring to ensure print accuracy.  

Given the complexity, the print required several hours to complete.  

• Monitoring: The print was checked intermittently to identify any issues such as layer shifting, 

material warping, or filament jams, ensuring the print quality was maintained throughout.  

  

Step 5: Post-Processing  

  

• Support Removal: Post-printing, all support structures were carefully removed using precision 

pliers and cutters to maintain the integrity of the internal channels.  

• Sanding: Fine-grit sandpaper was used to smooth rough surfaces, particularly within fluid 

passageways, to reduce turbulence during flow testing.  

• Sealing (Optional): For prototypes that would handle fluids, a sealant or epoxy coating was 

applied to prevent leaks, especially if the printed material exhibited porosity.  

Step 6: Assembly and Testing  

  

• Fitting Components: Additional components, such as tubes for fluid inlets and outlets, were 

attached as needed.  



 

 

 

• Initial Testing: A low-pressure flow test was conducted to verify that the fluid pathways were 

clear and leak-free.  

• Heat Transfer Testing (if required): Preliminary heat transfer tests were performed to assess the 

initial thermal performance and identify any design modifications needed for improved  

efficiency.  

 

Figure no. 6.1: - 3D CAD Model of 3-Fluid HX  

 

Figure no. 6.2: - Prototype Assembly of 3-Fluid HX   



 

 

 

 

Figure no. 6.3: - Drafting of 3-Fluid HX  



 

 

 

6.3 Fabrication work:  

• Raw Material Procurement & Inspection:   

• The manufacturing phase began with procurement of SS 304 stainless steel 

sheets according to the required design thickness. SS 304 was selected due 

to its good corrosion resistance, weldability, and sufficient mechanical 

strength for heat exchanger applications. Proper material selection ensures 

durability and reliable performance under operating conditions.  

•  Prior to fabrication, the sheets were inspected to verify dimensional 

accuracy and material conformity.  

  

6.4: Photo of Manufacturing 

• After successful inspection, the material was approved and transferred to 

the workshop for cutting, forming, and machining operations.  

6.4 Tube Sheet and Baffle Plate Fabrication:  

 

• Tube sheets and baffle plates are key structural components of a shell-and 

tube heat exchanger. The tube sheet holds and aligns the tubes, while baffles 

guide shell-side fluid flow to improve turbulence and heat transfer.  

• Circular plates were cut from SS 304 sheets and precision drilled to create 

uniformly spaced tube holes. Additional peripheral holes were provided for 

flange mounting and proper sealing.  

• Uniform hole spacing was maintained to ensure proper tube alignment and 

sealing integrity.  



 

 

 

• Concentricity of bolt holes was verified to prevent leakage during assembly.  

• the fabricated tube sheets and baffles are now ready for integration into the 

shell assembly.  

  

 6.5: Tube Sheet and Baffle Plate 

6.5 Hemispherical End Cover Fabrication:   

• The hemispherical end cover was fabricated as the pressure-retaining closure of the 

heat exchanger. Hemispherical heads are preferred in pressure vessel design due to 

their uniform stress distribution and higher pressure-handling capability compared 

to flat plates.  

• The stainless-steel sheet was formed into a dome shape, and a flange ring was 

welded to facilitate bolted connection with the shell.  



 

 

 

  

6.6: Hemispherical End Plate   

• The fabricated cover has been trial-fitted with the shell to verify dimensional 

compatibility. 

6.6  Welding of Outer Cylindrical Shell: 

The outer cylindrical shell was formed by rolling the stainless-steel sheet and joining the 

edges through longitudinal seam welding. Proper alignment was maintained to ensure 

circularity and dimensional accuracy. 

Welding was performed along the full seam to provide sufficient strength, followed by 

visual inspection to verify joint quality. 



 

 

 

 

6.7: Outer Cylindrical Shell 

Shell Fabrication: 

The shell serves as the main body of the heat exchanger, containing the shell-side fluid and 

supporting internal components such as tube bundles and baffles. Proper rigidity and 

dimensional accuracy are important to avoid leakage and misalignment. 

The stainless-steel sheet was rolled into a cylindrical shape and joined by longitudinal seam 

welding. Flange rings were welded at both ends to allow bolted connections with the tube 

sheets and end covers.  



 

 

 

  

6.8 Shell ends 

6.7 Overall Status:  

The major components of the heat exchanger have been successfully fabricated. 

Final assembly has been carried out to develop the complete prototype of the Heat 

Exchanger (HEX). 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

7. Budget Utilization 

The total grant approved by ISHRE-SRPG for the project is Rs 50,000 has been received.  

Following expenditure has been incurred from the received grant funds as of the date of 

this report.  

List of Components procured   Amount (in Rs.)  

Fabrication of HEX (150Kg * Rs.500/Kg) 88500.00 

Energy meter (0-1000 Impulse/KWH)  1,750.00  

Thermocouples (k- TYPE)  5,060.00  

Water Flow Meter  6,959.00  

Total  102269.00  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

8. Annexure 

 

 
 

 



 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 


