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ABSTRACT
This article analyzes the negative effects that occur during vehicle operation under low-

temperature conditions. The study examines the specific climatic conditions of Uzbekistan and their
influence on the reliability of automotive components. It was found that low temperatures increase
fuel consumption, accelerate engine wear, and reduce overall operational efficiency.

To mitigate these issues, the installation of a fuel preheating device for diesel engines is proposed,
and its economic efficiency is evaluated. Experimental studies were conducted using an Audi A8
vehicle, demonstrating an annual saving of 750,000 UZS and a payback period of approximately 20
months.

The results of the study are of practical importance for improving vehicle operation under harsh
climatic conditions in Uzbekistan and provide recommendations for future technological
improvements.
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1. INTRODUCTION
Currently, road transport plays a fundamental role in the socio-economic development of modern

societies, ensuring mobility of the population, supporting logistics systems, and contributing
significantly to industrial productivity. In Uzbekistan, the rapid growth of the automotive sector has
led to a continuous increase in the number of vehicles in operation, which in turn places additional
demands on transport infrastructure and vehicle maintenance systems.

At the same time, the country is characterized by a sharply continental climate, where winter
temperatures in certain regions may drop below −30°C. Such extreme climatic conditions have a
significant impact on the operational reliability of vehicles. In particular, low temperatures negatively
affect fuel atomization, increase engine starting resistance, and reduce the efficiency of lubrication
systems during cold start conditions.
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As a result, vehicles operating in winter conditions experience higher fuel consumption,
increased mechanical wear, and reduced overall efficiency. These issues not only increase operational
costs but also shorten the service life of critical engine components.

Therefore, studying the behavior of vehicles under low-temperature conditions is of high
scientific and practical importance. The relevance of this research is further strengthened by the need
to improve energy efficiency, reduce maintenance costs, and ensure reliable vehicle operation in harsh
climatic environments.

The Presidential Decree of the Republic of Uzbekistan No. PF-60 dated January 28, 2022, “On
the Development Strategy of New Uzbekistan for 2022–2026,” emphasizes the importance of
modernizing the transport sector and improving technical efficiency [1]. In this context, the
development of technical solutions aimed at improving cold-weather vehicle performance becomes
particularly important.

2. METHODS
The methodological basis of this study includes a combination of theoretical analysis,

experimental testing, and economic evaluation. The research was conducted using scientific literature,
national regulatory documents, and experimental observations under real operational conditions.

The experimental part of the study was carried out on an Audi A8 diesel vehicle, selected due to
its representative characteristics for modern diesel passenger cars. The vehicle was operated under
controlled conditions with an annual mileage of 35,000 km, which reflects typical usage in urban and
intercity transport.

Special attention was given to the influence of low ambient temperatures on fuel system
performance. The temperature range considered in this study included conditions from −10°C to
−40°C, which are typical for winter operation in certain regions of Uzbekistan.

As a technical solution, a fuel preheating system was installed in the diesel fuel supply line. The
main function of this system is to increase fuel temperature before injection, thereby improving
atomization quality and ensuring stable combustion during cold engine start.

Fuel consumption was measured using standardized vehicle operation methods, while economic
efficiency was calculated based on current market fuel prices and installation costs. The comparative
analysis included two operating modes: with and without the fuel preheating system.

The economic evaluation was performed using a cost-benefit approach, where annual fuel
savings were compared against installation and maintenance costs. The payback period was calculated
using the following formula:

Payback period = Investment cost / Annual savings
This approach allows for a clear assessment of the financial feasibility of the proposed technical

solution.
3. RESULTS

The experimental results clearly demonstrate that low-temperature conditions significantly
influence vehicle operational parameters.

At temperatures approaching −40°C, fuel consumption increases by approximately 2.6–9%,
depending on engine condition and fuel quality. This increase is primarily associated with reduced fuel
volatility, incomplete combustion, and prolonged engine warm-up time.

In addition, engine wear analysis revealed that cold start and warm-up phases account for
approximately 7% of total engine wear during vehicle operation. This indicates that repeated operation
in low-temperature environments significantly accelerates degradation of engine components.
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Furthermore, cold weather conditions negatively affect lubrication performance. At low
temperatures, engine oil viscosity increases, which reduces its ability to form a stable protective film
on friction surfaces. As a result, mechanical resistance increases, leading to higher energy losses.

After installation of the fuel preheating device, significant improvements were observed:
 Fuel consumption decreased from 8.5 L/100 km to 8.0 L/100 km.
 Cold start performance improved noticeably, with reduced engine cranking time.
 Annual fuel cost decreased from 35,700,000 UZS to 33,600,000 UZS.
 The total annual economic benefit was estimated at 750,000 UZS.
 The payback period of the system was calculated as approximately 20 months.
These results confirm that preheating of diesel fuel contributes to more efficient combustion and

improved engine performance under low-temperature conditions.
4. DISCUSSION

The results show that low temperatures significantly affect vehicle operational performance.
Increased fuel consumption and engine wear lead not only to economic losses but also to
environmental problems.

The proposed fuel preheating device partially solves these issues by ensuring stable fuel flow and
improving engine starting performance in cold conditions. Economic analysis shows that the
installation cost is recovered within 20 months, making it a practically viable solution [4–7].

However, the proposed solution has limitations. It is applicable only to diesel vehicles and has
not been tested on gasoline engines. Future research may focus on evaluating its performance under
different climatic conditions and vehicle types. Additionally, alternative fuel systems and advanced
heating technologies should be considered.

5. CONCLUSION
The obtained results indicate that low-temperature environmental conditions have a

multidimensional impact on vehicle performance, affecting fuel consumption, engine durability, and
overall operational reliability.

From a thermodynamic perspective, incomplete fuel vaporization at low temperatures leads to
inefficient air-fuel mixture formation. This results in incomplete combustion and increased fuel
consumption. Additionally, increased oil viscosity at low temperatures leads to higher friction losses
during engine start-up.

The proposed fuel preheating system effectively mitigates these negative effects by increasing
fuel temperature before injection. This improves fuel atomization, enhances combustion stability, and
reduces engine load during cold starts.

From an economic perspective, the system demonstrates clear financial benefits. The payback
period of approximately 20 months indicates that the investment is economically justified for
commercial and private vehicle operators operating in cold climates.

However, it should be noted that the system has certain limitations. First, its applicability is
limited to diesel engines, and further research is required to evaluate its performance in gasoline
engines. Second, long-term durability and maintenance costs of the system were not fully assessed in
this study.

Future research should focus on integrating electronic fuel control systems and exploring hybrid
heating technologies to further improve cold-start efficiency and reduce environmental impact.
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