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Using Automotive Turbochargers as Integral Geared Compressors for Refrigeration Applications

Introduction

Turbochargers are among the most robust and efficient small-scale compression devices ever mass-produced. Designed to compress air for internal combustion engines, they feature precision-
balanced rotors, high-speed bearings, and durable housings capable of handling high pressures and temperatures. The question arises—could these same systems be reconfigured or repurposed for
use in refrigeration or heat pump applications, similar to the way integral geared compressors are used in industrial systems?

This article explores the concept of using turbochargers as the foundation for small-scale, high-efficiency refrigeration compressors.

How Turbochargers Work
A turbocharger consists of two primary components mounted on a common shaft:

Turbine: Driven by exhaust gases to extract energy.
Compressor: Uses that energy to compress intake air and deliver it to the engine.

The compressor wheel can reach rotational speeds of 60,000-200,000 RPM, generating pressure ratios of up to 3:1 or more. This high rotational speed and compact footprint make turbochargers
ideal candidates for study in thermodynamic systems beyond automotive use.

Concept: Adapting a Turbocharger for Refrigeration

In a refrigeration or heat pump system, compression of the working fluid is one of the main energy inputs. By driving a turbocharger compressor with an electric motor, rather than exhaust gases, it
may function as a compact, high-speed centrifugal compressor.

An integral geared configuration can be simulated by combining multiple turbocharger stages, each tuned for a different pressure ratio and mass flow rate, using gear reductions or direct-coupled
impellers to achieve the desired pressure lift across the refrigerant circuit.

Advantages of Using Turbochargers

1. High Efficiency: Turbocharger impellers are aerodynamically optimized and achieve efficiencies above 75-80% in the right operating range.
2. Low Cost and Availability: Millions of turbochargers are manufactured annually, making them inexpensive and widely accessible.

3. Compact and Durable: Designed for extreme mechanical and thermal conditions.

4. Scalability: Multiple stages can be connected for higher pressures or larger refrigeration capacity.
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