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Abstract: In terms of longitudinal ventilation design, critical velocity and its estimation are the two most
important parameters in a tunnel fire. Critical velocity must be accurately selected to provide safe conditions
in a closed environment such as tunnels. This study is focused on fires in curved tunnels using a small-scale
model (in a 1/20 scale) experiments and Computational Fluid Dynamics (CFD) simulations. Heat Release
Rate (HRR) is considered as one of the key parameters in all numerical studies and physical experiments
of the fire. In this study, a numerical study was carried out to evaluate the Heat Release Rate in pool fire
Simulation in FDS software and small physical scale experiment. In the first step, grid sensitivity analysis
and its impact on HRR estimation were investigated. The critical velocity of the physical model was equal
to 0.90m/s and 0.92m/s in the numeric model. After data validation, it was concluded that increasing the
HRR increases the critical velocity, so based on the results of the changes, it can be seen that this parameter
is very important in estimating the critical velocity. But, this trend only dominates a certain range and the
results show that outside of this range, the critical velocity is independent of the amount of HRR. On the
other hand, the trend of increasing the critical velocity compared to the heat release rate for the curved
tunnel, with a difference of about 10%, is in a higher position than the straight tunnel.

Keywords: Curved tunnel, small-scale model, Heat Release Rate, FDS simulation.

INTRODUCTION

Fires caused by incidents and accidents are one of the most important dangers in the field of tunnel
Safety. Tunnels are closed spaces, which makes the consequences and damages of these incidents much
more intense [1]. The smoke caused by tunnel fires will spread upstream and downstream the fire.
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There are mainly two types of models to estimate the critical velocity, that is, the critical Froude model
and the non-dimensional model. Thomas proposed that the velocity head of fresh air flow should be
comparable or greater than the buoyancy head of smoke flow in order to prevent backlayering, and defined
a critical Froude number, which could be expressed as follows [2]:

2

\%
Fr¢ = — 1
=5 (1)
METHODS

Pool fires were selected for this analysis. The meshing distances are important and different in each case.
These distances are calculated according to Equation 2 [3]:
Q 2
D*= (————)7s 2
(paCPTagl/Z) ( )
Therefore, the 0.001 meters value was selected as the final meshing dimension to reduce the calculation
volume according to Figure 1.

3.05

2.85 \

m .
& \
T 265
Tee—
2.45
0.0032 0.0016 0.001 m 0.0008
Cell Size (m)

Figure 1. Meshing sensitivity analysis

The physical critical velocity determination tests use the help of the installed Thermocouples. They
determined the critical velocity as 0.90 m/s. Figure 2 shows the thermal Thermocouple results at the critical
velocity during numeric simulations.

25 ¥

Temperature (°C)
5
7
B

0 5 10 15 20 25 30 35 40 45 50 55
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Figure 2. Thermal results of some Thermocouples in 0.92 m/s velocity flow simulation

Closer analysis of the curve from Figure 3 shows that an increasing HRR value increases the critical
velocity up to a certain threshold after which, the critical velocity is independent of the HRR value. The
general critical velocity change trend based on HRR is lower for straight tunnels than curved tunnels with
a 10% difference.

CONCLUSION

This study analyzed Heat Release Rate (HRR) as a key parameter in estimating tunnel critical velocity.
The main tunnel studied in this paper is curved. The results of a curved tunnel were created in laboratory
dimensions were compared with the FDS software results for validation. In the first section, there was a
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Figure 3. Comparing HRR changes and the critical velocity for straight and curved tunnels

proper correlation between the numeric and physical results while the critical velocity results were close.
The critical velocity of the physical model was equal to 0.90 m/s and 0.92 m/s in the numeric model. Later
on, the effect of the heat release rate on the critical velocity was analyzed as the main goal of this paper.
The results showed that the critical velocity of straight and curved tunnels increases alongside the critical
velocity until a certain point, after which the critical velocity is independent of the HRR value.
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