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• The use of water mist systems 
in tunnels, residential and 
commercial buildings, garage, 
parking lots, etc.

• Designing the proper water-
based fire suppression system 
and proper positioning 

• Validation and verification of 
the designed numerical model 
with available experimental or 
theoretical data 

Defining the geometry and 
the computational domain

Mesh and boundary 
conditions

Solving governing equations 
by FDS

Post processing stage using 
Smokeview/Python/Matlab/…

Type Range of pressure (bar)

Low-pressure ≤ 12.1

intermediate > 12.1 
< 34.5

High-pressure ≥ 34.5

NFPA 750
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FDS

Mass conservation 
equation

Radiation transport 
equation

Momentum 
conservation equation

Energy conservation 
equation

𝜕𝑡(𝜌𝑍𝛼) + ∇. (𝜌𝑍𝛼 Ԧ𝑣) = ∇. (𝜌𝐷𝛼∇𝑍𝛼) + ሶ𝑚𝛼
′′′ + ሶ𝑚𝑏,𝛼

′′′

𝜕𝑡(𝜌 Ԧ𝑣) + ∇. (𝜌 Ԧ𝑣 Ԧ𝑣) = −∇𝑝 + 𝜌 Ԧ𝑔 + Ԧ𝑓𝑏 + ∇. 𝜏𝑖𝑗

𝜕𝑡(𝜌ℎ𝑠) + ∇. (𝜌ℎ𝑠 Ԧ𝑣) =
𝐷 ҧ𝑝

𝐷𝑡
+ ሶ𝑞′′′ + ∇. Ԧ𝑞′′

1

𝑐

𝜕𝐼𝜆(𝑥, 𝑠, 𝑡)

𝜕𝑡
+ 𝑠. ∇𝐼𝜆(𝑥, 𝑠)

= −𝜅(𝑥, 𝜆)𝐼𝜆(𝑥, 𝑠) − 𝜎𝑠(𝑥, 𝜆)𝐼𝜆(𝑥, 𝑠) + 𝐵(𝑥, 𝜆)

+
𝜎𝑠(𝑥, 𝜆)

4𝜋
න
4𝜋

𝜑( ƴ𝑠, 𝑠)𝐼𝜆(𝑥, ƴ𝑠) 𝑑 ƴ𝑠

• State equation
• Initial and boundary conditions
• Turbulence models
• Pressure solver

Methodology

Introduction
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material
Conductivity (k) 

w/mk

Specific heat 

(cp) j/kgk

Density (ρ) 

kg/m3

Concrete 1.575 1000 2100

glass 1 750 2500

steel 50 450 7800

wood 0.13 1600 500

Common 

Formula

Heat of combustion 

(ΔHc) kj/kg

Soot 

yield 

kg/kg

Diesel C12H23 42200 0.059

Nozzle 1 Nozzle 2

D=46µm

Operating pressure= 100bar

Flow rate= 11.9 l/min

Velocity=10 m/s

Cone angle= 0-48˚

D=124.6µm

Operating pressure= 10bar

Flow rate= 22.8 l/min

Orifice diameter=0.0025m

Cone angle= 90

K factor= 7.25

• Total number of 23 cases were defined 
and simulated

• A single mesh with around 500,000 cells 
was used

• HPC cluster was employed for simulations

• Obstacle size: 25cm×25cm, 50cm×50cm, 1m×1m
• Obstacle thickness: 3mm
• Distance between floor and obstacle: 80cm and 1.5m
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Data validation (Ref: A. Jenft, A. Collin, P. Boulet, G. Pianet, A. Breton, A. Muller, Experimental and 
numerical study of pool fire suppression using water mist, Fire Saf. J. 67 (2014))

HRR curve (peak value: 75kw)
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𝐷∗ = (

ሶ𝑄

𝜌∞𝑐𝑝𝑇∞ 𝑔
)2/5

Corse mesh
Moderate mesh

Fine mesh

ൗ𝐷∗

𝛿𝑥
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HRR evolution for cases II to V HRR evolution for cases VI to IX

HRR evolution for cases XIII to XVHRR evolution for cases X to XII
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Results

Introduction

HRR evolution for cases XVI to XIX HRR evolution for cases XX to XXIII
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Results

Introduction

Temperature evolution on the corner 

at the height 50cm for cases II to V

Temperature evolution on the corner 

at the height 290cm for cases II to V

Temperature evolution on the corner at the 

height 50cm for cases VI to IX

Temperature evolution on the corner at the 

height 290cm for cases VI to IX
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Results

Introduction

Temperature evolution on the corner 

at the height 50cm for cases X to XII

Temperature evolution on the corner at the 

height 290cm for cases X to XII

Temperature evolution on the corner at the 

height 50cm for cases XIII to XV

Temperature evolution on the corner at the 

height 290cm for cases XIII to XV
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Results

Introduction

Temperature evolution on the corner at the 

height 50cm for cases XVI to XIX

Temperature evolution on the corner at the 

height 290cm for cases XVI to XIX

Temperature evolution on the corner at 

the height 50cm for cases XX to XXIII

Temperature evolution on the corner at 

the height 290cm for cases XX to XXIII
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Results

Introduction

 

Velocity contour at 75s, just before the nozzle activation for case II 

 

Velocity contour at 76s, just after the nozzle activation for case II 

 

Temperature contour at 75s, just before the nozzle activation for case II 

 

Temperature contour at 76s, just after the nozzle activation for case II 

 

Temperature contour at 80s, 5s after the nozzle activation for case II 

 

Temperature contour at 85s, 10s after the nozzle activation for case II 

 



21st IWMC - Madrid (Spain) 9th and 10th 
November 2022

Methodology

Conclusions

13

Results

Introduction

 

Velocity contour at 75s, just before the nozzle activation for case III 

 

Velocity contour at 76s, just after the nozzle activation for case III 

 

Temperature contour at 75s, just before the nozzle activation for case III 

 

Temperature contour at 76s, just after the nozzle activation for case III 

 

Temperature contour at 80s, 5s after the nozzle activation for case III 

 

Temperature contour at 85s, 10s after the nozzle activation for case III 
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Results
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Velocity contour at 75s, just before the nozzle activation for case IV 

 

Velocity contour at 76s, just after the nozzle activation for case IV 

 

Temperature contour at 75s, just before the nozzle activation for case IV 

 

Temperature contour at 76s, just after the nozzle activation for case IV 

 

Temperature contour at 80s, 5s after the nozzle activation for case IV 

 

Temperature contour at 85s, 10s after the nozzle activation for case IV 
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Results

Introduction

 

Velocity contour at 75s, just before the nozzle activation for case V 

 

Velocity contour at 76s, just after the nozzle activation for case V 

 

Temperature contour at 75s, just before the nozzle activation for case V 

 

Temperature contour at 76s, just after the nozzle activation for case V 

 

Temperature contour at 80s, 5s after the nozzle activation for case V 

 

Temperature contour at 85s, 10s after the nozzle activation for case V 
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• The FDS models were successfully validated by the available experimental data.

• The grid independency study was carried out to find out the appropriate cell size with an

acceptable accuracy.

• Both nozzles were able to suppress the fire with no obstacle at a very short time.

• Both nozzles failed to suppress the shielded fire when the obstacle size was 1m×1m

above the fire.

• Nozzle 1 performed better compared to nozzle 2 in extinguishing the shielded fire when

the obstacle sizes were 50cm×50cm and 25cm×25cm.

• In successful cases of extinguishment, the temperature inside the enclosure decreased

sharply until reached to the atmosphere temperature.

• As there was no direct contact between the droplets and the fuel surface or the flames,

the dominant fire extinguishing mechanisms were the oxygen displacement and the

thermal radiation attenuation.

• Authors recommend doing more experiments and simulations on the performance of

water mist systems and their capability to extinguish shielded fires



21st IWMC - Madrid (Spain) 9th and 10th 
November 2022

18

Test facilities at Politecnico di Torino

• PDPA system for droplet size distribution measurement
• Enclosure fire facilities – thermocouple trees, gas 

analyzer, water mist system tests, HRR measurements, 
etc.
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