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Modelling a Hydrogen Explosion in a Closed Duct

Why Simulate Explosions?

Explosions are complex phenomena that unfold in 

fractions of a second. The interaction of chemistry, 

turbulence, pressure, and temperature makes them 

extremely difficult to analyse using conventional 

methods. Yet understanding them is vital in many 

engineering fields, especially when assessing the 

safety and performance of engine designs.

When design optimization using physical testing is 

too hazardous, impractical or expensive, 

Computational Fluid Dynamics (CFD) provides a 

powerful alternative. CFD enables engineers to 

predict how pressure and heat evolve during an 

explosion — safely, accurately, and in fine detail.

Simulating the Pressure Waves

An explosion in a closed duct causes reflection of the pressure waves, which then interfere with 

each other. This interference drives the propagation and shape of the flame.

Figure 1 Explosions seem chaotic but are 

highly predictable.

Figure 2 The rate of reaction between hydrogen and 

oxygen plotted against temperature. In a hydrogen 

fuel cell, millions of moles of fuel react every second.

Fast Chemistry

Simulating an explosion is a cumbersome 

task because the key chemical and 

physical processes happen incredibly fast 

and on a very small scale. To capture 

these details accurately, the model needs 

to be highly detailed where the action is 

most intense, but simpler elsewhere. The 

main challenge in this example was 

finding the right balance between 

accuracy and computing time — creating 

a realistic simulation without making it too 

computationally demanding.

Figure 3 The pattern of pressure waves resulting from an explosion, simulated using CFD. 

Arrows indicate the two waves travelling towards each other.
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CFD Results

Figure 4 CFD simulation of the 

explosion up to 7 milliseconds. 

The flame transitions through the 

characteristic “finger” and “tulip” 

flame shapes at 2ms and 7ms, 

respectively. 

Here, a mixture of 30% hydrogen 

and 70% air was ignited by 

introducing a very hot spark at 

the left of the duct. The only 

product of the combustion is 

water.
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Results without Waste

Iterative physical testing can be 

costly — equipment may be 

damaged, fuel and materials 

consumed, and valuable time and 

budget expended. By contrast, 

CFD allows the entire design 

optimization process to be 

conducted, virtually, eliminating 

waste of physical resources. 

Guided by insights from our CFD 

engineers, prototypes can be 

developed much closer to the final, 

high-performance design, saving 

time and cost.

Simulation can 

provide estimates 

for…

• Maximum temperature

• Pressure distribution

• Amount of product created

• Chemical efficiency

• Thermal efficiency

• Speed of the flame front

Figure 5 Plot of the increase in pressure at a monitor point in 

the top right corner of the duct. CFD software is capable of 

numerically solving the pressure equation to high degrees of 

accuracy. Understanding the pressure is key to developing safe 

designs. Here, the monitor was placed at one possible location 

of a pressure release valve, which would open if the pressure 

became too high.
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