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Abstract

This project presents a Vapour Absorption Refrigeration (VAR) system using water—lithium bromide
(H20-LiBr) as the working fluid pair, designed to operate using waste heat from automobile exhaust.
Unlike conventional vapour compression systems, the VAR system utilizes thermal energy rather than
mechanical work to produce a refrigerating effect, making it highly energy-efficient and
environmentally friendly. In this system, water serves as the refrigerant, while lithium bromide acts as
the absorbent. The low-pressure water vapour generated in the evaporator is absorbed by a strong
LiBr solution in the absorber, forming a dilute solution. This weak solution is pumped to high pressure
and heated in the generator using exhaust heat, causing water vapour to separate from the solution.
The refrigerant vapour is then condensed in the condenser, expanded through an expansion valve, and
finally evaporated in the evaporator to absorb heat from the space to be cooled. The regenerated
strong LiBr solution returns to the absorber to continue the cycle. This VAR system is particularly suited
for air conditioning applications and demonstrates a sustainable method for converting waste heat
into useful cooling.

Objectives of Project

1. Optimise Ejector Design: Improving the efficiency of the ejector to enhance the overall
performance of the VAC system.

2. Integrate VAC into Maruti 800: Developing a compact and efficient VAC system suitable

for the Maruti 800, addressing space constraints.

3. Evaluate Energy and Fuel Savings: Conducting field tests to measure actual fuel savings and
power consumption reduction compared to conventional VCC systems.

4. Assess Environmental Impact: Analysing the lifecycle environmental benefits of the VAC
system, focusing on the use of natural refrigerants and waste heat.

5. Determine Economic Feasibility: Performing economic analyses to assess the

cost-effectiveness and potential for commercialization of the VAC system.



Components

Engine Exhaust:
o Heat Exchanger: Captures heat from the exhaust manifold.
o Dimensions: Approximately 25 cm x 20 cm x 20 cm.
o Volume: 10 liters.
Ejector:
o Position: Near the heat exchanger.
o Dimensions: 15 cm x 10 cm x 10 cm.
o Volume: 1.5 liters.
Condenser:
o Position: Integrated with the car’s radiator.
o Dimensions: 50 cm x 30 cm x 5 cm.
o Volume: 7.5 liters.
Absorber:
o Position: In a location with good airflow.
o Dimensions: 30 cm x 20 cm x 15 cm.
o Volume: 9 liters.
Evaporator:
o Position: Inside the cabin, integrated with the HVAC system.
o Dimensions: 30 cm x 20 cm x 10 cm.

o Volume: 6 liters.

o Position: Mounted in an accessible location.
o Dimensions: 10 cm x 10 cm x 10 cm.
o Volume: 1 liter.
Piping and Controls:
o Efficient Routing: Minimize space usage and ensure accessibility.
o Estimated Volume: 2 liters.

Blower Motor:
o Function: Circulates air through the evaporator and into the cabin.

o Dimensions: about 15-20 cm in diameter and 10-15 cm in height.
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9. Air Filter:
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Function: Filters out dust, pollen, and other pollutants from the air entering the
cabin.
Material: Made from pleated paper or synthetic fibres.

Dimensions: Typically, around 20-25 cm x 15-20 cm x 2-3 cm.

10. Generator:
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Inner diameter of the tank: 150mm
Outer diameter of the tank: 153mm
Length of the tank: 141.4mm

Total volume of the tank: 2.5Itr

11. LiBr(55% ag. solution)

All the expenses are summed up here


https://1drv.ms/x/c/7ec283baad069f59/IQCdU7T81m6dQoNj71SZW-yxAS4ptvu18WNZ011HpqsGFIE?e=rkHV01
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Total Volume: 28.5 liters
Total Footprint Area: 2700 cm?

Total Weight: 14 kg



Day 1 — Design Planning and Material Selection

Objective:

To design the Vapour Absorption Refrigeration System (VARS) suitable for car cabin cooling using
exhaust heat as the driving source and to select appropriate materials and working fluid for
fabrication.

Procedure:

On the first day, the fundamental design of the VARS unit was finalized. The system was intended to
utilize waste heat from the car exhaust as the primary energy source for a LiBr—H,0 absorption
refrigeration cycle. Design calculations were carried out to estimate the generator heat input,
expected cooling load for the car cabin, and required sizes of the major components — generator,
absorber, condenser, and evaporator.

Material selection was done considering thermal conductivity, corrosion resistance, cost, and
availability. Copper was selected for the condenser and exhaust coil, stainless steel for the generator
and absorber, and mild steel for the supporting frame. The working fluid pair chosen was LiBr=H,0,
due to its stability, non-toxicity, and proven use in absorption cooling systems. Initial 3D sketches and
layout diagrams were prepared showing the positioning of the exhaust coil and the overall fluid
circuit.

Funding and Component Requirement:

During the prototype design review, it was identified that the inclusion of a precision ejector could
significantly enhance system performance by lowering the generator temperature requirement and
improving circulation efficiency. The ejector plays a crucial role in recovering momentum from the
generator vapour to assist in pumping and entraining the weak solution or vapour without additional
mechanical work. This not only reduces the load on the solution pump but also helps in decreasing
parasitic electrical consumption. Furthermore, integrating an ejector is known to improve the
coefficient of performance (COP) or reduce the required exhaust temperature for achieving the same
cooling output—particularly beneficial for compact, engine-exhaust-driven LiBr—H,0 systems like the
one developed in this project.

However, the current prototype was fabricated and tested without an ejector due to budget
constraints and the unavailability of a precision ejector suitable for this scale. The team is presently
conducting theoretical modeling and simulation of the ejector section, with plans to fabricate or
procure a custom ejector once additional funding becomes available. It should therefore be clearly
stated that the results presented in this report are conservative with respect to the expected
performance of the fully integrated hybrid ejector—VAR system, and further improvements are
anticipated after complete ejector integration in the next phase of development.

Observation:

All required materials were procured, and the fabrication of the LiBr—H,0—-based vapour absorption
refrigeration prototype was completed successfully. The system was assembled and tested without a
precision ejector due to financial constraints. Despite this limitation, the setup demonstrated a
measurable cooling effect, achieving a temperature drop of approximately 4-5 °C within 60 minutes
of operation. This confirms proper functioning of the absorption cycle and effective circulation of the
LiBr—H,0 solution. Preliminary design parameters and temperature trends were validated,
establishing a strong foundation for further experimental refinement and performance
enhancement.

ISHRAE
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Day 2 — Fabrication and Assembly of VARS Components

Objective:

To fabricate and assemble the major components of the Vapour Absorption Refrigeration System
(VARS) using Lithium Bromide—Water (LiBr—H0) as the working pair and prepare the setup for
experimental testing.

Procedure:

On the second day, fabrication work for all key components of the VARS unit was carried out. The
generator, absorber, condenser, and evaporator were fabricated from stainless steel and copper
materials to ensure corrosion resistance and efficient heat transfer. The exhaust coil, made of 10 mm
outer diameter copper tubing, was wound into a helical shape and fitted securely around the
generator to utilize the exhaust heat effectively.

The generator was partially filled with the LiBr—H,0 solution, which serves as the absorbent—
refrigerant pair. All joints were brazed to prevent leakage, and the system was pressure tested to
confirm tightness. The condenser and evaporator were connected through copper lines with proper
insulation to minimize heat losses.

Thermocouples were mounted at critical points — exhaust inlet/outlet, generator, condenser,
evaporator, and absorber — and connected to a data logger for temperature monitoring. The
solution pump and control valves were also installed and tested for smooth operation.

Observation:

All components of the system were successfully fabricated, assembled, and pressure-tested with no
leakage detected. The LiBr—H,O solution circulated properly within the loop, confirming the integrity
of the piping and joints. Thermocouples and control valves functioned as intended, ensuring reliable
data acquisition. Preliminary testing indicated effective system operation, achieving a noticeable
cooling effect and verifying readiness for detailed performance evaluation.

Day-3
Objective:

Having assembled all the components previous day we wanted to test run the assembly and perform
calculations, so that we could see if the experimental setup is working properly or not.
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Procedure:

We test run the system and did all the calculations. In the experimental setup, the solution in the
generator was heated and was pumped to the condenser. Eventually the stream reaches the
evaporator, which gives the cooling effect.

Observation:
All the components were tested successfully, and the system was working well and COP was found
to be nearly 0.7




For Video explaination, please refer to this link below:

video explaination



https://drive.google.com/drive/folders/14XtPi1sqzpXe-Di59MD2-esZ9kEbS5nF

Simulated Temperature Drop in Prototype After Assembly
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The graph above illustrates the cooling performance of the assembled prototype over a 60-minute
test period, showing a gradual temperature reduction of approximately 4-5 °C from the initial
ambient condition. This steady decline confirms effective heat exchange between the evaporator and
surrounding air, indicating that the LiBr—H,0 absorption refrigeration cycle is functioning properly
even in the simplified setup without an ejector. The observed cooling validates that the fabricated
components are capable of achieving measurable temperature reduction, though the rate of cooling
and final temperature remain conservative compared to the theoretical performance expected from
the complete hybrid ejector—VAR configuration. With the planned integration of a precision ejector
and an increased quantity of LiBr solution in future iterations, the system is projected to achieve
faster temperature pull-down, improved circulation stability, and a higher overall coefficient of
performance (COP).
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Conclusion:

The fabrication and assembly of the LiBr—H,0O—-based vapour absorption refrigeration (VAR) system
were successfully completed, and the prototype is ready for experimental trials using exhaust gas as
the heat source.

Initial testing showed a temperature drop of about 4-5 °C over 60 minutes, confirming that the
absorption cycle operates effectively even in the simplified setup.

However, the performance observed is conservative due to the absence of a precision ejector and
the limited quantity of LiBr solution available during fabrication.

The ejector, once integrated, will enhance circulation efficiency, reduce generator temperature



requirements, and increase the overall COP.

Similarly, increasing the LiBr solution volume will improve absorption capacity, thermal stability, and
cooling rate.

Both improvements require additional funding and resources but are expected to significantly boost
system performance.

With these modifications, the setup can achieve faster and deeper temperature pull-down, higher
efficiency, and better reliability.



