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Abstract - This paper presents a comprehensive analysis of 
aerodynamic drag effects on fuel efficiency for popular 
vehicles on Indian roads through Computational Fluid 
Dynamics (CFD) simulations. Three widely-used vehicles - 
Hyundai Creta, Maruti WagonR, and Swift Dzire - were 
analyzed to determine drag coefficients and their impact on 
fuel consumption at typical Indian driving speeds. The study 
reveals that at common urban speeds of 40-60 km/h, 
aerodynamic improvements yield minimal fuel efficiency gains 
of only 0.3-0.4 L/100km between the most and least 
aerodynamic vehicles. Given the predominance of low-speed 
driving conditions, frequent idling in traffic, and mechanical 
losses in Indian driving scenarios, the paper concludes that 
focusing on vehicle weight reduction, transmission efficiency, 
and engine optimization provides significantly better returns 
on fuel economy than aerodynamic refinements. This finding 
challenges the conventional emphasis on aerodynamic design 
for the Indian automotive market and suggests a reorientation 
of engineering priorities toward mechanical efficiency 
improvements. 
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1.INTRODUCTION 

The Indian automotive market presents unique challenges 
for vehicle design optimization. With increasing fuel prices 
and environmental concerns, manufacturers are exploring 
various strategies to improve fuel efficiency. While 
aerodynamic design has been a primary focus in developed 
markets with high-speed highway networks, the 
applicability of such strategies in the Indian context requires 
critical examination. 

Indian road conditions are characterized by dense urban 
traffic, frequent stops, lower average speeds, and mixed 
traffic patterns. The National Highway Authority of India 
reports that average speeds on Indian highways rarely 
exceed 80 km/h, with urban speeds typically ranging 
between 20-40 km/h during peak hours. This stark contrast 
to Western driving conditions, where highway speeds of 
100-130 km/h are common, raises questions about the 
prioritization of aerodynamic optimization for the Indian 
market. 

 

1.1 Objectives 

This study aims to: 

- Quantify the impact of aerodynamic drag on fuel 
consumption for popular Indian vehicles 

- Analyze the relationship between vehicle speed and 
aerodynamic losses in Indian driving conditions 

- Compare aerodynamic improvements with alternative 
fuel-saving strategies 

- Provide evidence-based recommendations for vehicle 
design priorities in the Indian context 

1.2 Scope 

The analysis focuses on three representative vehicles from 
different segments: Hyundai Creta (compact SUV), Maruti 
WagonR (hatchback), and Swift Dzire (sedan). CFD 
simulations were conducted to determine drag coefficients, 
followed by calculations of power requirements and fuel 
consumption impacts at various speeds typical of Indian 
roads. 

2. LITERATURE REVIEW 

Extensive research has been conducted on vehicle 
aerodynamics and fuel efficiency globally. Hucho (2013) 
established that aerodynamic drag increases with the square 
of velocity, making it the dominant resistance force at high 
speeds. However, Sovran and Blaser (2003) noted that at 
speeds below 50 km/h, rolling resistance and mechanical 
losses constitute over 60% of total vehicle resistance. 

Studies specific to Indian driving conditions reveal unique 
patterns. Bandivadekar and Gunter (2008) found that Indian 
vehicles spend approximately 35% of their operational time 
idling in traffic, contributing to 15-20% of total fuel 
consumption. This idling component remains unaffected by 
aerodynamic improvements. Similarly, Guttikunda and 
Mohan (2014) reported that stop-and-go traffic in Indian 
cities results in fuel consumption patterns where acceleration 
losses dominate, accounting for up to 40% of urban fuel use. 

International research on low-speed driving efficiency 
supports these findings. Mock et al. (2012) demonstrated that 
weight reduction of 100 kg typically saves 0.3-0.5 L/100km 
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across all speed ranges, while aerodynamic improvements 
show negligible benefits below 60 km/h. Engine efficiency 
improvements through technologies like start-stop systems, 
direct injection, and variable valve timing have shown 
consistent 10-15% fuel savings regardless of driving speed 
(Johnson, 2014). 

The Indian Ministry of Road Transport reports average 
speeds of 30-35 km/h in major cities and 60-70 km/h on 
highways. At these speeds, aerodynamic drag contributes 
only 15-25% to total fuel consumption, compared to 50-60% 
at speeds above 100 km/h common in developed nations 
(SIAM, 2019). 

3. METHODOLOGY 

3.1 CFD Analysis 

Computational Fluid Dynamics simulations were performed 
using ANSYS Fluent to determine drag coefficients for the 
three vehicles. The k-ε turbulence model was employed with 
standard wall functions. Mesh independence studies ensured 
grid-independent solutions with elements ranging from 8-12 
million cells. 

3.2 Drag Force Calculations 

Drag force was calculated using the standard equation: 

Fd = 0.5 × ρ × v² × Cd × A 

Where: 

- Fd = Drag force (N) 
- ρ = Air density (1.225 kg/m³) 
- v = Vehicle velocity (m/s) 
- Cd = Drag coefficient 
- A = Frontal area (m²) 

3.3 Power and Fuel Consumption Analysis 

Power required to overcome drag was calculated as P = Fd × 
v. Fuel consumption impact was estimated assuming 25% 
thermal efficiency for petrol engines and an energy density 
of 32 MJ/L for petrol. 

4. RESULTS 

4.1 Drag Coefficient Analysis 

Table - 1: Vehicle Specifications 

Vehicle Model Frontal Area (m²) Drag Coefficient (Cd) 

Hyundai Creta 2.57 0.36 

Maruti WagonR 2.21 0.40 

Swift Dzire 2.15 0.33 

The Swift Dzire demonstrated the lowest drag coefficient at 
0.33, while the WagonR showed the highest at 0.40. However, 
the effective drag area (Cd × A) reveals minimal differences 
between vehicles. 

Table - 2: Drag at different speeds 

Vehicle 
Model 

Drag Force 
at 60 
km/h (N) 

Drag Force 
at 80 
km/h (N) 

Drag Force 
at 100 
km/h (N) 

Drag Force 
at 120 
km/h (N) 

Hyundai 
Creta 

153.2 272.4 425.6 613.0 

Maruti 
WagonR 

146.5 260.5 407.0 586.0 

Swift 
Dzire 

117.5 208.9 326.4 470.0 

 
4.2 Speed-Dependent Drag Analysis 

Table - 3: Power Requirements to Overcome Drag (kW) 

Vehicle 
Model 

Power at 
60 km/h 
(kW) 

Power at 
80 km/h 
(kW) 

Power at 
100 km/h 
(kW) 

Power at 
120 km/h 
(kW) 

Hyundai 
Creta 

2.55 6.05 11.82 20.43 

Maruti 
WagonR 

2.44 5.79 11.31 19.53 

Swift 
Dzire 

1.96 4.64 9.07 15.67 
 

 
At typical urban speeds of 40 km/h, the power difference 
between the most and least aerodynamic vehicles is merely 
0.18 kW. Even at 60 km/h, representative of Indian highway 
conditions, the difference is only 0.59 kW. 

4.3 Fuel Consumption Impact 

Table - 4: Fuel Consumption Due to Aerodynamic Drag 
(L/100km) 

Vehicle 
Model 

Fuel 
Impact at 
60 km/h 
(L/100km) 

Fuel 
Impact at 
80 km/h 
(L/100km) 

Fuel Impact 
at 100 km/h 
(L/100km) 

Fuel Impact 
at 120 km/h 
(L/100km) 

Hyundai 
Creta 

1.70 3.03 4.73 6.81 

Maruti 
WagonR 

1.63 2.89 4.52 6.51 
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Swift 
Dzire 

1.30 2.32 3.63 5.22 

 
The data reveals that at 60 km/h, the fuel consumption 
difference between the best and worst aerodynamic 
performers is only 0.40 L/100km. This represents less than 
5% of typical urban fuel consumption of 8-10 L/100km for 
these vehicles. You can see how this impact converges to a 
negligible amount in Chart 1. 

 

Chart -1: Fuel impact in L/100 Km 

4.4 Comparative Analysis with Other Efficiency 
Measures 

When compared to other fuel-saving strategies applicable to 
Indian conditions: 

- Weight reduction: A 10% weight reduction (approximately 
100-150 kg) can save 0.5-0.7 L/100km across all speeds 

- Engine efficiency: Modern fuel injection systems can 
improve efficiency by 10-15%, saving 0.8-1.5 L/100km 

- Transmission optimization: CVT or dual-clutch 
transmissions offer 5-8% improvement, saving 0.4-0.8 
L/100km 

- Start-stop systems: Can save 0.5-1.0 L/100km in urban 
conditions 

These improvements show consistent benefits regardless of 
driving speed, unlike aerodynamic improvements which 
become negligible at low speeds. 

5. CONCLUSIONS 

This CFD-based analysis of popular Indian vehicles 
demonstrates that aerodynamic design improvements offer 
limited fuel efficiency benefits under typical Indian driving 
conditions. Key findings include: 
 
1. At common urban speeds (40-60 km/h), aerodynamic 
drag accounts for less than 20% of total fuel consumption, 
with differences between vehicles under 0.4 L/100km. 

2. The exponential relationship between speed and drag 
power means aerodynamic benefits are minimal at the low 
speeds characteristic of Indian roads. 

3. Alternative strategies such as weight reduction, engine 
optimization, and transmission improvements offer more 
consistent and significant fuel savings across all driving 
conditions. 

4. For the Indian market, engineering resources would be 
better allocated to mechanical efficiency improvements 
rather than extensive aerodynamic optimization. 

The study suggests a paradigm shift in vehicle design 
priorities for emerging markets like India, where driving 
conditions differ significantly from those in developed 
nations. Manufacturers should focus on holistic efficiency 
improvements that address the actual usage patterns rather 
than pursuing aerodynamic refinements that yield minimal 
real-world benefits. 
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