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Abstract 

This work investigates Positive Pressure Ventilation (PPV) performed by fire services. Two series of tests 

have been conducted at the second floor of a seven-storey building. The first set of tests was based on 

cold flow measurements using anemometers while the second set of experiments was based on a 

qualitative evaluation of full-scale fire tests. The objectives of the experiments were to assess the 

efficiency of several ventilation strategies. Those strategies consisted in different combinations of two 

fans and a smoke stopper. The first fan had a theoretical flowrate of 40 750 m³/h and was located in front 

of the main entrance of the building. The second fan had a theoretical flowrate of 24 050 m³/h and was 

placed in front of the door of the apartment. At last, the smoke stopper was positioned in the door 

opening leading to the apartment.  

 

The results of the cold flow tests show that the combination of the two fans acting together leads to the 

highest flowrate. Moreover, the biggest fan alone provides a higher flow rate than the smallest one – 

located closer to the apartment – and has the advantage to be more easily set up. Also, the flowrate 

decreases when the smoke stopper is added but this reduction is limited. Those conclusions are confirmed 

with the fire tests. The smallest fan alone is not able to prevent the smoke spread to the stairwell while 

with the biggest fan, the staircase is well pressurised. Furthermore, the smoke stopper has the capability 

to prevent the spreading of the smoke to the stairwell. Finally, this work introduces a model that can be 

used to model the flow generated by the fan. This Synthetic Eddy Model shows encouraging results but 

needs to be developed in a later work. 

 

Keywords: Positive Pressure Ventilation, Fan, Smoke Stopper, Fire fighting, Synthetic Eddy Method  
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Extended abstract 

This article discusses cold flow measurements and fire tests that have been realised to assess the 

best Positive Pressure Ventilation (PPV) procedures by fire services in a building. The article also 

introduces a method to model the flow generated by a fan. 

 

Keywords: Positive Pressure Ventilation, Fan, Smoke Stopper, Fire fighting, Synthetic Eddy 

Method 

 

Introduction 

Positive Pressure Ventilation (PPV) is one possible technique used by the firefighters during their 

interventions. This ventilation strategy consists in the creation of a pressure difference between 

an inlet opening and an exhaust vent. The overpressure created by the fan at the inlet blows out 

heat and smoke from the structure. This technique can be positive for the victims and for the 

firefighters because it provides a safer environment inside the building [1]. It also reduces the 

damage caused by the smoke and may prevent a further expansion of the fire. However, this 

technique has to be thought before being applied as it may increase the heat release rate of the 

fire source. Finally, another solution to prevent the smoke spread is the use of a smoke stopper 

(SS). The SS is made of a non-combustible canvas and can be quickly fixed at the upper part of an 

opening. Due to its configuration, the smoke stopper acts as a barrier against the smoke and the 

toxic gases but it still allows the passage of victims or of firefighters in its lower part. The SS can 

be used in combination with PPV. 

 

Seven cold flow measurements experiments were done to evaluate the efficiency of different 

combinations of fans and a SS. Then a second set of tests was realised to assess the same 

configurations in fire conditions. 
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Description of the building and the equipment 

The different tests took place in an old and unoccupied building in France. The building consists 

of seven floors. One typical floor configuration is illustrated in Figure 1. The experiments were 

realised at the second floor of the building, in the apartment located on the left part of the figure. 

 

Figure 1 – Second floor configuration with the positions of the fans 

Only the three doors in the pathway of the air between the fans and the fire source were kept 

open. This corresponds to the main door of the building, the entrance door of the apartment and 

the door leading to the fire room. The window of the fire room was also opened. The two different 

fans used during the experiments were the ESV230 NEO and the Batfan NEO from Leader Group. 

The first fan provides a theoretical flow rate of 40 750 m³/h while the second one has a theoretical 

flow rate of 24 050 m³/h. The biggest fan – when it was used – was placed on the ground floor in 

front of the entrance door of the building while the position of the second fan – when it was used 

– was placed on the landing of the second floor. The positions of the different fans are also given 

in Figure 1. Moreover, the location of the smoke stopper can be visualised as it is placed in the 

apartment door. The SS was the F70-115 portable smoke blocker from Big Fire & Ventilation 

Group. 

 

Cold flow experiments 

During the cold flow experiments, the normal velocities through the room door and the room 

window are measured with an anemometer. Each opening is divided into 12 equivalent sections 
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and the velocities are taken, during 90 seconds, at the centre of each section. Then the mean 

value is computed. By integrating those values on the complete surface area of the opening, the 

flow rates can be deduced. 

 

Regarding the different flow rates when the smoke stopper is not used, the classification is slightly 

different at the door and at the window of the room. Logically, for both locations the highest flow 

rate is obtained when the ESV230 and the Batfan are working together. At the window, the 

classification in decreasing order can be completed by the configuration with the Batfan only and 

then by the configuration with the ESV230. Whereas at the door of the room, the flow rates are 

of the same order of magnitude so a distinction between them is meaningless. 

 

Figure 2 – The flow rates obtained from the different cold measurements (on the left: at the door of the 
fire room/on the right: at the window of the fire room) 

A classification based on the value of the flow rates can be performed again when the SS is used 

and is – this time – identical at the two locations. The best arrangement in terms of high flow 

rates is reached by the configuration involving the two fans. Then it is followed by the 

configuration using the big fan and the smoke stopper and finally, the test with the Batfan and 

the smoke stopper ends the classification. 

 

The major impact of the smoke stopper is that it reduces the air flow rate because it provides 

extra resistance to the flow. This reduction of flow rate is visible at the two locations for all the 

types of fans. There is only one strange result with the ESV230 alone: at the window, the flow rate 

is more important when the smoke stopper is present than when it is not. The results obtained 

with the ESV230 alone (without SS) are ignored. Indeed, some parameters like the wind and the 
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person reading the value on the anemometer may influence the flow field. This test was the first 

test, so the team had not been drilled yet. Furthermore, the wind was more active for this test 

than for the other tests. 

 

For the rest, it can be seen that the smoke stopper has a higher impact on the flow field developed 

by the Batfan and that its effect is reduced when the two fans are used together. The influence of 

the smoke stopper seems to decrease as the distance to the smoke stopper increases. 

 

Fire tests 

The second set of experiments consists of a qualitative assessment of the ventilation strategies 

in case of fire. A typical fire load used during the fire tests is illustrated on Figure 3 and is 

composed of ten French wooden pallets, 3 wooden boards and some amount of foam mattress. 

The fire load was placed in the corner of the fire room as shown on Figure 3. The differences 

between the tests are assessed by the use of cameras: a normal camera which films the smoke 

flowing out through the exhaust vent and a thermal imaging camera which gives some 

information about the surface temperatures inside the corridor and the fire room. 

 

Figure 3 – Typical fire load in the corner of the fire room  

The results of the fire tests confirm the results obtained with the cold flow measurements. The 

Batfan alone is not sufficient to provide a safe environment inside the stairwell. Even if the 

temperature near the bottom is reduced due to the mixing of the smoke with colder air, the 

progression of the firefighters is not improved as the visibility in the corridor is really bad. Actually, 
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the smallest fan can be used as a reinforcement to the biggest one by redirecting a part of the 

flow inside the apartment. 

 

The fan on the ground floor having the highest theoretical flowrate is sufficient to pressurise the 

stairwell and to prevent most of the smoke propagation beyond the corridor. In all cases, the heat 

release rate of the fire increases when applying ventilation but, this increase is not too fast. The 

smoke stopper is sufficient to block the smoke inside the apartment. This is a useful equipment 

which allows the progression of the firefighters without reducing the evacuation capability of the 

occupants. 

 

However, those conclusions are not general and cannot be extended to all cases. They depend on 

the configuration, on the fire load, on the equipment used and on the weather conditions. Indeed, 

the location of the fire is important as it can be easier or not, to have the fire source on the 

mechanically created air flow path. The fire source can be situated further or closer to the fan. It 

can also be in a room without opening to the outside. The creation of the outlet vent can be thus 

more difficult. 

 

Synthetic Eddy Method 

Computational Fluid Dynamics (CFD) calculation can be used to model the flow generated by the 

fan. The Fire Dynamics Simulator (FDS) from NIST is a famous CFD package in the fire community. 

The air flow resulting from the fan is turbulent (to some degree) which has a major impact on the 

mixing and the entrainment of the flow. This behaviour can be addressed in FDS by the Jarrin’s 

SEM. Different parameters have to be prescribed to use the model [2]: 

- N_EDDY, which corresponds to the number of eddies injected at random positions on the 

boundary, 

- L_EDDY, which corresponds to the characteristic eddy length scale. This distance also gives the 

maximum distance near the boundary on which the eddy is advected with the mean flow, 

- VEL_RMS, which corresponds to the root mean square velocity fluctuation. 
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The normal velocity at the outlet of the fan is estimated from the theoretical flow rate provided 

by the manufacturer. With this normal velocity and a preliminary set of values of the SEM 

parameters some simulations are run. The obtained results are consistent with the reality but 

provide overestimated values. Unfortunately, the required pieces of information to run the 

simulations, i.e. the actual flow field and the flow characteristics, are confidential and cannot be 

transmitted. 

 

So, this method can be potentially used to model the flow generated by a fan but, needs to be 

investigated further with a better knowledge of the flow field and the flow parameters in front of 

the fan. 

 

Conclusion 

The results of the cold flow tests showed that the combination of the two fans acting together 

leads to the highest flowrate. Moreover, the biggest fan alone provides a higher flow rate than 

the smallest one – located closer to the apartment – and has the advantage to be more easily set 

up. Also, the flowrate decreases when the smoke stopper is added but this reduction is limited. 

Those conclusions are confirmed with the fire tests. The smallest fan alone is not able to prevent 

the smoke spread to the stairwell while with the biggest fan, the staircase is well pressurised. 

Furthermore, the smoke stopper has the capability to prevent the spreading of the smoke to the 

stairwell. Finally, this work introduces a method that can be used to model the flow generated by 

the fan. This Synthetic Eddy Model showed encouraging results but needs to be developed in 

further works. 
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Chapter 1 Context 

1.1. Introduction 

According to Vinay [1], the ventilation is ‘each action taken by the rescue service which will control 

the air in order to have an effect on the fire or its products’. The purpose of ventilation is thus to 

remove the smoke or at least to control its generation. For tactical ventilation, the previous 

definition has to be completed by the following definition: ‘the planned, systematic and 

coordinated removal of heat, smoke and products of combustion to replace them with cooler, 

fresher air’ [3]. In the second definition, the notions of ‘planned’ and ‘systematic’ are really 

important. When it is thought, ventilation procedures are positive for the victims, for the 

firefighters and for the structure itself [1]. Indeed, for the victims, the removal of the smoke and 

its effluents reduces the toxicity and gives a better visibility during the evacuation. For the 

firefighters, it can provide a safer environment during their intervention by reducing the ambient 

temperature and the heat produced by the fire. It may also increase the visibility and thus may 

allow a better site recognition, an easier rescue of victims and a faster extinguishment of the fire. 

It may also create ‘safe places’. Material properties benefit also from a good ventilation strategy 

because it reduces the damage caused by the smoke and may also prevent a further expansion 

of the fire. 

Different kind of ventilation techniques can be performed. One of them, is the anti-ventilation. 

During this technique, the room(s) where the fire is located has (have) to stay closed. It prevents 

fresh air to reach and to feed the fire leading to the fact that, after some time, the fire will 

extinguish itself. Nevertheless, a constant control and monitoring – of the doors for instance – 

has to be established [4]. A second ventilation technique is the ventilation by extraction and is 

only used to extract smoke in particular conditions – e.g. from a basement – and requires often 

specific material [1]. The last technique is the Positive Pressure Ventilation (PPV) and will be 

developed further in section 1.2 as it is the technique for the present work. The efficiency of this 

technique can be improved by the placement of a smoke stopper which will be described in 1.3. 
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1.2. Positive Pressure Ventilation 

1.2.1. Concept 

As mentioned above, Positive Pressure Ventilation (PPV) is a possible technique used by the 

firefighters during firefighting interventions. This ventilation strategy consists in the creation of 

an overpressure at one side of the room or the building. This will create a pressure difference 

which will induce an air flow (from higher towards lower pressure) [5]. The driving force – i.e. the 

pressure difference – will blow out heat and smoke from the structure. To do so, both an inlet 

opening and an exhaust vent have to be created. This is the point at which the planification and 

the coordination – as written above – play an important role. 

The PPV can be offensive or defensive. The distinction between the two strategies is whether the 

seat of the fire is in the flow path or not. The first case corresponds to offensive PPV and is used 

for instance to evacuate smoke while extinguishing. Whereas defensive PPV is used to 

characterise cases where the flow path does not go through the fire source and can be set up for 

instance to prevent smoke from entering a compartment [3]. 

1.2.2. Literature review 

Positive pressure ventilation has been investigated for a couple of decades. In 1994, Ziesler et al. 

conducted live fire tests and laboratory simulation of PPV. In their research [6], they concluded 

that ‘PPV [was] an effective technique that can be of significant value when properly applied’. 

They distinguished 5 major advantages: 

- PPV reduces the temperature which is positive for victims and for firefighters,

- It improves the air quality by removing carbon monoxide (CO) and providing more oxygen

(02),

- The smoke is removed faster, which improves the visibility,

- It can push the flames away from the firefighters,

- It can reduce the damages resulting from the heat spread.
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Those findings were also found by other research teams but with some caution. For instance, 

Svensson [7], highlighted that PPV also increases the burning rate and induces a risk of fire spread. 

He mentioned the importance of the coordination and the command control. When it is well 

organised, PPV allows to increase the speed at which search-rescue operations and 

extinguishment procedures are realised. Furthermore, the temperatures of the region between 

the fan and the fire source decrease, while the temperatures beyond the fire increase due to PPV. 

 

In 2002, Lougheed et al. [8] published the results of their investigation about the PPV 

effectiveness in high-rise building. They tested different distances (1.2 m, 1.8 m and 2.8 m) 

between the fan and the door. They obtained that the airflow was the highest when the blowing 

source was located closer to the door, but at the same time, the airflow characteristics were not 

the most stable when using this configuration. 

 

Real-full scales tests are expensive and not always easy to organise. Kerber investigated thus the 

ability of Computational Fluid Dynamics (CFD) software to reproduce the flow created by PPV 

fans [9]. He found that FDS (Fire Dynamics Simulator) from NIST provided good visualisation of 

the flow pattern resulting from PPV and that it corresponded well with the experiments. 

 

Ezekoye et al. [10] focused on the effect of PPV on victims located downwind of the fan. He found 

that, at the height where victims could be potentially located – near the floor –, the temperature 

and the heat transfer rates could locally increase due to the application of PPV. 

 

Two years later, Ezekoye [11] published again an article about the thermal conditions in a 

compartment downstream of a fire. He investigated two different venting strategies: venting the 

room where the fire was located and venting the room downstream where a victim was supposed 

to be. He concluded that the first strategy is more beneficial from a thermal perspective. However, 

he also found that, compared to natural ventilation, the application of a fan may lead to higher 

temperatures. 
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Ezekoye et al. [12] examined then the use of PPV in a three-storey building. From their 

experiments, the authors drew three main conclusions: 

- Regarding to the value of the flow rate, there exists an optimum distance between the 

portable fan and the door opening, 

- As in larger volume more leakages are expected, the efficiency of PPV is less efficient in 

those kinds of structures, 

- By increasing the size of the exit vent, the flow losses are reduced and thus the efficiency 

is increased. 

 

Then, NIST published two reports about the evaluation of PPV in large structures. In the first one, 

Kerber et al. [13] investigated its effect on high-rise buildings. An optimal distance range of 1.2 m 

to 1.8 m between the door opening and the fan was found. They also concluded that placing the 

fans in a V-shape leads to a better effectiveness than a configuration in series. Furthermore, they 

highlighted that for high rise buildings, fans placed on the ground floor may potentially not be 

sufficient to pressurise the stairwell. The second report of NIST [14] focused on PPV in educational 

buildings. The experiments took place in a masonry school. Kerber and Madrzykowki concluded 

that PPV can also be used to improve the tenability conditions of victims and of firefighters in 

large structures. 

 

Lambert et al. [15] carried on some experiments to quantify and to find the best configuration of 

PPV in staircases. For a single fan, they found that the effectiveness increases as the distance 

between the fan and the door opening decreases. Regarding to the tilting angle, when the fire is 

located at higher floors, no tilting angle is the best configuration. However, when the fire is on 

the ground floor, the best solution is with a tilting angle of 15°. Finally, they pointed out that 

higher flow rates are obtained by using more fans and that the best configuration with two fans 

is to place them in a V-shape with an inner angle of 60°. 

 

In 2017, Panindre [16] investigated the application of PPV to wind-driven high-rise fires. He found 

that, in the case of wind-driven fires, the effectiveness of PPV decreases as the velocity of the 
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wind increases. In order to reduce the temperatures and the heat transfer rates inside the 

staircases, wind control devices have to be used in combination with fans. 

 

Panindre [17] also investigated the improvement of PPV by optimising the stairwell door opening. 

He concluded that effectiveness of PPV can increase due to the placement of a Door Opening 

Area Reducer (DOAR). He gave an approximation of an ideal placement which is the combination 

of a fan at 1.2 m from the door opening and a DOAR obstructing the upper part of the opening 

from a height of 0.3 m above the fan height. 

 

Lambert et al. [18] realised an experimental study about the use of extraction fans in underground 

stations. Firstly, he investigated the flow in a hypothetical station of 3.17 m wide and 4.15 m high 

and found that the combinations involving four fans create a flow that exceed the critical velocity 

attached to the subway tunnel. He also highlighted that the best configurations are the ones with 

three fans on the platform and one at the top of the staircase. Secondly, he found that, in a larger 

underground station (60 m long, 7.15 m wide and 4.53 m high), the flow generated by the fans 

does not exceed the critical velocity but still, limits the backlayering distance to 15 m. 

 

Finally, Li et al. [19] used numerical simulations to investigate the ability of PPV to prevent smoke 

spreading in high-rise buildings. The main conclusion of this work was that the most effective 

solution to prevent the smoke spreading into the staircases is to reduce the number of exhaust 

openings. 

 

1.3. Smoke Stopper 

Another useful equipment for firefighters is the Smoke Stopper (SS), also called smoke blocker. 

The SS is made of a non-combustible canvas and can be quickly fixed at the upper part of an 

opening due to its metal fixation system. Theoretically, due to its configuration, the smoke 

stopper acts as a barrier against the smoke and the toxic gases but it still allows passage of people 

in its lower part. The SS may also increase the performance of the ventilation by changing the 

inflow area [1]. 
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The configuration of the SS is well designed to work efficiently during firefighting tasks. As 

explained in Merci’s book [20], the hot combustion products released by the fire source create a 

smoke plume. The combustion products are hotter than the surrounding ambient air. Due to the 

temperature difference, a buoyant force is induced, and the smoke is moved upwards. When no 

perturbations are present (like the wind or forced ventilations), buoyancy leads to a smoke 

stratification with the hot combustion products in the upper part and with the colder surrounding 

air at the bottom. 

 

Because of its fixation system on its upper part, the smoke blocker temporarily seals the upper 

part of the opening and prevent the smoke plume to propagate to other rooms, whereas its lower 

part is flexible and can move to allow the passage of people through the gate. Which is good as 

the bottom part is the place where the fresher air is located when a smoke stratification is still 

present. 

 

If more and more studies were conducted about the use of fans as ventilation techniques during 

firefighting operations, it is not the case for smoke blockers. Descriptions of the use and the 

advantages of the smoke stoppers are mostly found in specialised books or magazines, but 

publications about the impact and the efficiency of the SS are not common. There are also other 

publications about specialised fire curtains like the wind control devices or the door opening area 

reducer (mentioned in the previous section), but the main objective of those devices is different 

from the one of the SS. 
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Chapter 2 Methodology and description of the tests 

From 7th to 9th August 2017, one fire truck, one fire vehicle and one rehabilitation vehicle from 

the ‘Intercommunale d’Incendie de Liège et Environs’ (further called IILE) moved to France in 

order to perform real full-scale tests of ventilation procedures. The Belgian delegation was 

received by the ‘Département d’Incendie de l’Yonne’. The first day was dedicated to the arrival 

and the installation, while the two other days were fully used for the realisation of the full-scale 

experiments. 

 

The following parts will first describe the building and the apartment in which the tests were 

carried out (2.1), then it will describe the seven different tests (2.2) and will finally give a detailed 

description of the equipment used (2.3). 

 

2.1. Description of the building 

The different tests took place in an old and unoccupied building in France. The building is part of 

a complex of identical buildings located in the city of Tonnerre (Figure 4). The reason why this 

building is used is because it is supposed to be destroyed in a near future. The building consists 

of seven floors, i.e. a basement, a ground floor, four storeys and finally, an attic floor. 

 

Figure 4 – Building in Tonnerre1 

A typical floor configuration is illustrated in Figure 5. A floor is divided into two distinct 

apartments: one bigger and one smaller apartment. The biggest one, on the left part of the figure, 

                                                      
1 Picture: Google Earth 
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will be further described as this one was used for the tests. The choice of the apartment was 

arbitrarily made. Because the construction is no longer occupied, some windows of the ground 

floor and the first floor were broken. This excluded those two floors for the different tests. Thus, 

the choice was made to use the second floor. On Figure 5, the position of some specific equipment 

is shown. This is done to give an idea of the position of the apparatuses used. For instance, the 

location of the Batfan NEO on the landing is shown in orange. The black arrow shows the blowing 

direction of the fan. The position of the biggest fan is also mentioned. Nevertheless, as this fan is 

placed on the ground floor and thus not on the second floor, its position is drawn in dotted lines. 

The two openings through which the air velocities are measured, i.e. the room door and the room 

window, are highlighted in green. Moreover, the location of the smoke stopper can be visualised 

as it is placed in the apartment door. 

 

Figure 5 – Second floor configuration with the position of the fans 

A more detailed plan of the apartment in which the measurements apparatuses are placed is 

illustrated in Figure 6. During all the tests, this apartment was empty. There was no furniture 

inside. Only the built-in wardrobes were not removed (in orange on the Figure 6). All the doors 

drawn in blue were always closed during all the tests. Actually, only the three doors in the 

pathway of the air between the fans and the fire source were kept open. This corresponds to the 

main door of the building, the entrance door of the apartment and the door leading to the fire 

room. All the windows, excepted the one of the fire room, were closed. 
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Figure 6 – Dimensions of the apartment on the left side where the measurements were taken 

 

2.2. Description of the tests and the methodology 

The tests are divided into two parts, i.e. cold flow measurements and fire tests. For each test, 

different combinations of fans and smoke stopper were investigated. Both parts involved the 

same strategy but for the second part, a fire was ignited in the apartment. The different 

combinations are summarised in Table 1. Two different fans were used. The biggest one was 

placed on the ground level, in front of the main door of the building while the second fan was 

placed on the landing, in front of the door apartment. The smoke stopper - when it was used - 

was positioned in the opening of the door of the apartment. Normally, the smoke stopper was 

placed to fully cover the door but for test number 5, it was positioned to cover only the upper 

half of the door. 

 

The next sections focus on the description of the two different parts of the tests. The first part 

explains the measurements of air velocities taken without fire (2.2.1) while the second one 

describes the tests realised with a fire (2.2.2). 
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Test number ESV 230 NEO Batfan NEO Smoke Stopper ½ Smoke Stopper 

Test 1 V X X X 

Test 2 V X V X 

Test 3 X V X X 

Test 4 X V V X 

Test 5 X V X V 

Test 6 V V X X 

Test 7 V V V X 
Table 1 – Different tested combinations 

 

2.2.1. Cold flow measurements 

During that part, air velocities were measured at the door of the ‘fire room’ and at the window 

of that room. The two vents were divided into 12 equivalent rectangles and the velocity was 

measured at the centre of each rectangle. This is illustrated on Figure 7. The dimensions of the 

door and the window of the fire room were respectively 0.70 m (width) * 2.05 m (height) and 

0.95 m (width) * 1.65 m (height). The two anemometers were placed on a support that could 

move horizontally and vertically so that the vane could be placed at the positions of the red points. 

The support is shown on Figure 8. The vane of the anemometers was placed perpendicularly to 

the openings in order to measure the normal velocity component. First, the fans were run for 3 

minutes to allow for the flow to develop. Then, the anemometers were placed at position 1. The 

air velocity [m/s] was recorded every three seconds for a period of 1min30s. This process was 

repeated for each of the 12 points. As two identical anemometers were available, the 

measurements at the door and at the window of the fire room were taken at the same time to 

reduce the time required for the experiments. Later, the anemometer outputs were written in an 

Excel file. 

 

For test 1, where only the big fan was used on the ground floor, the air velocity was also measured 

at the entrance door of the apartment. Indeed, for this configuration, the large-scale unsteadiness 

in the entrance door was small and allowed the stable measurements of the air velocities. The 

dimensions of that door were 0.85 m (width) and 2.05 m (height). 
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Figure 7 – Positions 12 measurements points 

 

 
Figure 8 – One anemometer and its support 

 
2.2.2. Fire tests 

The second part of the experiments consisted of a qualitative assessment of the ventilation 

strategies in case of fire. For this part, a fire load composed of ten French wooden pallets (0.60 m 

* 0.99 m * 0.16 m), 3 wooden boards (0.80 m * 1.10 m * 0.02 m) and some amount of foam 

mattress was placed in the upper left corner of the fire room. As previously mentioned, all 

furniture is removed from the apartment. The fire load2 is further discussed in section 5.1. The 

fire load was put into that room to be in the air flow created by the fan(s). The differences 

between the tests were highlighted by the use of cameras. The first one was located on the 

ground floor and gave a view on the exhaust vent. That provided thus some information on the 

quantity and the type of smoke going out through the window. For some tests, a second camera 

was available. That one was used inside the hallway of the apartment and gave some feedback 

on the fire development inside the apartment. Finally, a thermal imaging camera was also used 

and allows the firefighters to have an idea about the surface temperatures inside the corridor and 

the fire room. 

 

                                                      
2The intention was first to use a bigger fire load in order to create an under ventilated fire. During the 
preparation of the tests, the number of wooden pallet was calculated. Nevertheless, the calculations were 
done based on European pallets while the Fire Department in France provides French wooden pallets 
which are smaller than the European ones. 
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Before the start of each experiment, every task was assigned to one specific person. One 

firefighter was responsible for the ignition of the fire load, two firefighters were in charge of the 

turning on of one fan and had to know in which case they had to turn it on or not. One person 

was assigned to the outside camera and a second one to the Thermal Imaging Camera (TIC). 

Finally, one attack team was on standby with a high-pressure nozzle in order to extinguish the fire 

upon request of the fire officer. 

 

When the entrance door and the window of the room were closed, the fire was ignited with a fire 

torch. When the fire spread through the fire load, the firefighter left the room and closed the 

door behind him. The officer of Liège announced the beginning of the test on the radio and he 

stayed behind the door and checked by opening the door a few centimetres when the smoke 

layer reached a mark made on the wall at a height of 0.60 m. 

 

At the end, at the signal of the fire officer, the firefighters had to remove the wooden board that 

obstructed the window, had to completely open the door of the fire room and had to turn on the 

desired fan(s). Then the impact of the air flow on the fire load was observed. Finally, when no 

changes in the fire behaviour was observed, or when the conditions appeared to become out of 

control, the order was given to extinguish the fire source. 

 

2.3. Description of the equipment used 

During the 7 tests, different ventilation strategies were analysed with specific apparatuses. The 

subsequent part will first describe the tools used for the analysis of ventilation strategy, i.e. the 

anemometers and the TIC. Then the two different fans and the smoke stopper are described. 

 

2.3.1. Anemometers 

The two anemometers used for the cold flow measurements are namely the EA-3010 

anemometers from La Crosse Technology. The characteristics are given by the manufacturer. The 

air velocities can be expressed in different units but for this work, the international system unit 

was chosen. This led to an output in m/s. The measures range from 0.2 to 30 m/s. The precision 
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is stated to be 5% of the measured value and the velocity output is expressed up to 0.1 m/s. 

Different velocity outputs are available, such as the maximum measured velocity and the mean 

velocity. Therefore, before each test, particular attention was given to be sure that the output 

was the instantaneous air velocity, expressed in m/s. Other options such as the temperature and 

the value of the weather condition on the Beaufort scale are available but were not used during 

the experiments because those pieces of information are not useful to assess the effectiveness 

of the cold flow simulations. It is important to note that new batteries were placed inside the 

anemometers to rely on the results. 

 

Figure 9 – Anemometer EA 3010 type from La Crosse Technology3 

 

2.3.2. Thermal Imaging Camera (TIC) 

One of the camera was a thermal imaging camera from Leader Group. The model TIC 3.1 has a 

working range temperature between -40°C to +1150°C. The optic is protected through a 

germanium window. In the catalogue description a temperature sensitivity of 0.05°C +/- 0.01 °C 

is mentioned but this seems very optimistic in fire conditions. The purpose of the TIC during the 

experiments was to have an idea on the surface temperature distribution inside the room. The 

sensor was thus moved rapidly from one point to another leaving no time for the sensor to give 

a precise temperature evaluation. This camera allows direct wireless video transmission on a 

computer. This option was used during the tests to give an idea of the conditions inside the room 

to the rest of the team. It is important to notice that this possibility reduces the autonomy of the 

battery because this option consumes a lot of energy to work and moreover, the wireless 

connection can sometimes be lost. The videos can also be recorded and then at the end of the 

                                                      
3 Picture: La Crosse Technology 
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intervention be transferred on the computer via an USB connection. This option is useful to allow 

further analysis of the tests. 

 

Figure 10 – TIC 3.1 from Leader Group4 

 

2.3.3. Batfan NEO 

The smallest fan used during the experiments was the Batfan NEO (or also called Batfan 20) from 

Leader Group. This is an electric fan proposed to firefighters for PPV. Its advantage is that the fan 

can run on battery or on electricity. When it runs on battery, it requires less work to be installed 

and it removes the risk of a cable accident. Furthermore, no time for the search of a socket is 

required, which leads to an immediate start off. The type of Batfan used was the Batfan 20 (will 

be further simply called Batfan). This means that this fan can run on battery for 20 min at full 

speed. More information is provided in Table 2. As several tests were carried out per day, an 

external electric generator was used. The theoretical air flow rate provided by the fan was thus 

24 050 m³/h or 6.68 m³/s. 

 

 
Figure 11 – Batfan20 from 

Leader Group5 

Open airflow: 
- Battery 
- 220 V (mains electricity) 

 
20 440 m³/h 
24 050 m³/h 

Dimensions 
- L 
- H 
- D 

 

0.522 m 
0.547 m 
0.257 m 

Weight 24.7 kg 

Tilting angle ∈[-10°,+30°] 

Engine 600 W 
with variable speed drive 

Noise 75 dB at 3 m 
Table 2 – Characteristics Batfan 20 from Leader Group 

                                                      
4 Picture : Leader Group 
5 Picture : Leader Group 
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As previously mentioned, this fan was placed on the landing of the second floor in front of the 

apartment door. The position was precisely reported (Figure 12) and marked on the ground. A 

tilting angle of 10° was provided. The fan was centred on the door opening of the apartment. 

  

Figure 12 – Illustration of the configuration and the exact location of the Batfan on the landing of the 
second floor 

 

2.3.4. ESV230 NEO 

The second fan is the ESV230 NEO from Leader Group. This is an electric fan proposed to 

firefighters for PPV. As this fan is bigger and provides a higher flow rate, it can only be used with 

external electrical supply. One advantage of the electrical fan compared to the fuel driven fan is 

that it does not produce combustion gases when it runs. Furthermore, it can be used in an 

environment with low oxygen concentration. Different types of 230 NEO fan are available in the 

Leader Group catalogue. The one used for the tests is the fan with variable speed. More 

information is provided in Table 3. The theoretical air flow rate provided by the fan is 11.32 m³/s. 

 

The ESV230 fan was placed on the ground floor in front of the main entrance door. Once again, 

the fan was positioned to be centred on the opening. The tilting angle was the minimal allowed 

tilting angle, i.e. +10°. There was a small step in the air pathway, of 0.11 m high and located at 

1.36 m from the propeller. 
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Figure 13 – ESV230 NEO from 

Leader Group6 

Open airflow: 
- 220 V (mains electricity) 

 
40 750 m³/h 

Dimensions 
- L 
- H 
- D 

 

0.55 m 
0.56 m 
0.49 m 

Propeller diameter 0.42 m 

Weight 41 kg 

Tilting angle ∈[+10°,+20°] 

Engine 2.2 kW  
with variable speed drive 

Noise 85.3 dB at 3 m 
Table 3 – Characteristics ESV230 NEO from Leader Group 

 

  

Figure 14 – Illustration of the configuration and the exact location of the ESV230 fan in front of the main 
entrance on the ground floor. 

 

2.3.5. Smoke Stopper 

The last equipment used during the experiment is the F70-115 portable smoke blocker from Big 

Fire & Ventilation Group. The company sells smoke stoppers, among others, to hospitals, to 

nursing homes and to fire services. In the last case, the SS has additional leather reinforcement 

for the safe transport in fire trucks and during interventions. A red carrying bag with a shoulder 

strap is also provided to ease the transport of the SS. More information is provided in Table 4.  

                                                      
6 Picture : Leader Group 
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Figure 15 – Smoke blocker from Big 

Fire & Ventilation Group7 

Model F 70 -115 

Door width 0.7 to 1.15 m 

Weight 4.8 kg 

Transport size 0.73 m * 0.54 m * 0.04 m 

Table 4 – Characteristics of the smoke stopper from Big Fire & Ventilation Group 

The SS was placed on the second floor in the opening of the entrance door leading to the 

apartment (Figure 16). It was fixed at the upper part of the opening so that no void was left above 

the smoke blocker. 

  

Figure 16 – Illustration of the configuration and the exact location of the smoke stopper on the landing of 
the second floor. 

  

                                                      
7 Picture and information : Big Fire & Ventilation Group 
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Chapter 3 Analysis and results of the cold flow tests 

This section relates the analysis of the data obtained during the cold flow measurements. It picks 

up the trends that can be highlighted from the results and provides some explanations and/or 

more insights for some of them. 

 

The first part of Chapter 3 provides firstly the flow rates obtained at the distinct locations during 

the different tests (3.1). Secondly, the focus is put on the influence of the type of fan -i.e. the 

biggest fan ESV230 or the Batfan- with and without smoke stopper (3.2). Then the influence of 

the SS is reported when it obstructs the entire opening of the door (3.3). After this part, a small 

section describes the effect of a smoke stopper when it only obstructs the upper half part of the 

opening (3.4). 

 

3.1. Overview 

The most interesting quantity resulting from the velocities is the volume flow rate. Indeed, this 

quantity can be used to calculate an efficiency compared to the theoretical flow rate provided by 

the fans. The volumetric flow rate can give a first classification of the different configurations in 

terms of ability to evacuate the smoke. An important remark has to be made at this point. The 

velocities are obtained when no fire is burning inside the apartment. This means that the pressure 

build-up resulting from the smoke generation is not taken into account in this classification. In 

case of fire, the generated smoke can create a pressure build up that counteracts – partially or 

totally – the evacuation of smoke. This is further discussed in Chapter 5 but a small comment at 

this point seemed to be necessary. 

 

A well-known equation to calculate the volumetric flow rate is equation (1). This corresponds to 

the integration of the local velocities on the entire opening area. 

 

 
�̇� =  ∬ �⃗� . �⃗⃗� 𝑑𝐴

𝐴

 
(1) 
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Where �̇� is the volumetric flow rate, �⃗� is the local velocity vector, �⃗⃗� is the normal component of 

the surface and 𝐴  is the surface area on which the velocities are integrated. As explained in 

section 2.2.1 about the cold flow measurement methodology, the velocities obtained from the 

anemometers are the normal velocities to the openings. Furthermore, as each opening is divided 

into 12 rectangles, equation (1) is transformed in a finite summation of the local velocities on 

their corresponding area. This is expressed in equation (2). 

 
�̇� =  ∑ 𝑣𝑛,𝑖 ∗ 𝐴𝑖

12

𝑖=1

 
(2) 

   
where 𝑣𝑛,𝑖  is the time averaged velocity at position 𝑖 and 𝐴𝑖  is one twelfth of the area opening. 

As explained in the methodology, the instantaneous velocities are averaged over 1m30s. 

 

In order to go from equation (1) to equation (2), an implicit assumption is required. It is assumed 

that the velocities are uniform on each portion of the opening area which is of course not the 

case in reality. At the edges – near an obstacle – the velocities considerably decrease and reach 

zero at the wall. This phenomenon is illustrated on Figure 17. The flow field looks like a hat profile 

and is stationary at the wall while the highest flow is reached in the central zone of the opening. 

 

Figure 17 – Representation8 of the flow field of the flow going through an outlet 

                                                      
8 Graphic from Stefan Svensson taken from [28] 
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The resulting volumetric flow rates for each test and at the different locations are summarised in 

Table 5. As expected, the flow rates decrease as the distance to the fan increases. Further analysis 

will be provided in the coming sections9. 

Flow rates [m³/s] 
 

At the apartment 
door 

At the door of the 
room 

At the window of 
the room 

ESV230 2,78 2,55 1,24 

ESV230 & smoke stopper / 2,09 1,54 

Batfan / 2,51 1,75 

Batfan & smoke stopper / 1,61 1,31 

Batfan & 1/2 smoke stopper / 1,83 1,40 

ESV230 & Batfan / 3,04 2,78 

ESV230 & Batfan & smoke stopper / 2,73 2,62 

Table 5 – Volume flow rates at the different positions for each test 

A comment has to be made at this point. As mentioned by Ezekoye [11], the wind fluctuations 

make it difficult to ‘draw many absolute conclusions’. However, excepted for the wind and the 

person reading the anemometer, if a bias occurs in the tests, this bias would happen across all 

the experiments and would thus still allow to compare the different tests between them [12]. 

 

In order to help the reader, a colour legend is applied for this section (Table 6). Specific colours 

are assigned depending on the type(s) of fan(s) in function. When the full smoke stopper is added, 

the same colour is used but then in dashed lines. In the unique configuration where a half smoke 

stopper is set up, the filling is made with small squares. 

Colour Corresponding configuration 

 ESV230 

 ESV230 and full smoke stopper 

 Batfan 

 Batfan and full smoke stopper 

 Batfan and half smoke stopper 

 ESV230 and Batfan 

 ESV230, Batfan and full smoke stopper 
Table 6 – Colour legend used for the different graphs 

 

                                                      
9 One has to note that only summarised information will be provided in the text. For specific values of the 
velocities, the reader can refer to section 7.1 of the appendixes where complete tables can be found. 
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3.2. Influence of the type of fan 

The influence of the two fans is divided into two sections: with and without the presence of the 

smoke stopper. This distinction allows to bring to the fore some characteristics of the SS, i.e. if it 

influences the conclusion about the type of fan. 

 

3.2.1. Without smoke stopper 

3.2.1.1. Test 1: ESV230 

For the first test, stable measurements of the air velocities were possible due to the far source of 

air blowing (the ESV230 was located two floors below the apartment). This means that an 

evolution of the air velocity distribution from the entrance door of the apartment to the window 

of the room can be generated. 

 

Firstly, the flow field at the door of the apartment door is investigated (Figure 18). The opening is 

placed perpendicularly to the flow path coming from the stairs. This leads to the fact that the air 

stream must turn from 90° to flow in the apartment. Due to this shifting of direction around one 

vertical edge, the wall effect is more pronounced and results in lower velocities at this location. 

The turning is realised at the edge located near the position 0.71 m from Figure 18. 

 

Figure 18 – Velocity distribution at the apartment door when only the ESV230 is used 

1,79

1,28

0,77

0,26
0,0

1,0

2,0

3,0

0,14 0,43 0,71

H
ei

g
h
t 

[m
]

A
ir

 v
el

o
ci

ty
 [

m
/s

]

Width [m]  

ESV230 : Velocity at the apartment door



23 
 

When the flow rate is computed from those velocities, a value of 2.78 m³/s is obtained. If a 

theoretical efficiency is computed according to equation (3), this corresponds to an efficiency of 

25%. Indeed, the theoretical flow rate provided by the fan is 11.32 m³/s.  

 

Secondly, at the door of the room, nearly the same efficiency is reached in this test regarding to 

the theoretical flow rate generated by the ESV230. Indeed, the air flow rate flowing through the 

door is 2.55 m³/s which corresponds to an efficiency of 23% of the theoretical value. The effect of 

the edges is less pronounced – but still present - at the door of the room (values corresponding 

to the width 0.12 m on Figure 19) than at the corresponding graph at the entrance of the 

apartment. This suggests that the area of the wall effect is smaller at the door of the room. 

 

 
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 [%] =

𝐴𝑐𝑡𝑢𝑎𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

𝑇ℎ𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑓𝑎𝑛
∗ 100 

(3) 

 

 

Figure 19 – Velocity distribution at the door of the room when only the ESV230 is used 

Finally, the flow field at the window can be analysed. The values of the velocities on Figure 20 are 

much lower than for the previous graphs. This can be explained by the slightly bigger area of the 

opening, the leakages, the losses and the impact of the wind. Indeed, the area of the window is 

1.47 m² while the area of the door of the room is 1.44 m². However, this difference is small, so its 

impact is also probably low. Furthermore, there are two venting areas of 0.1 m by 0.1 m on the 
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façade wall. This means that a part of the flow can escape through those openings. Moreover, 

pressure losses – due to friction at the walls, at the obstacles or due to the firefighter reading the 

anemometer – are taking place. Furthermore, the impact of the wind is also more important at 

this location. One has to remember that the velocities were not measured at the 12 positions at 

the same time. An averaged value over 1m30s was taken to reduce this impact but still, with the 

equipment used for the tests, this impact cannot be removed. 

 

The effect of the wind is inherent of the fact that the experiments were carried out in situ and 

not in laboratory. This is negative in terms of reproducibility (and reliability), but this is also closer 

to the reality of firefighters. Indeed, in reality, the weather conditions are not chosen and the 

presence of people in the flow path between the inlet and the outlet can sometimes not be 

avoided. 

 

Figure 20 – Velocity distribution at the window of the room when only the ESV230 is used 

When analysing Figure 20, one has to keep in mind that the magnitudes of the velocities at the 

lowest position are 0.19 m from the bottom edge of the window, but this corresponds to a height 

of 0.69 m from the floor as the bottom edge is 0.5 m from the floor level. This means that the 

direct influence of the floor at that height is less consequent. It can also be observed from this 

figure that the flow has become evenly distributed across the opening. 
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The air flow rate obtained at the window is 1.24 m³/s which corresponds to 11% of the theoretical 

flow rate provided by the ESV230. This is a clear reduction in efficiency compared to the other 

positions. 

 

3.2.1.2. Test 3: Batfan 

For the test including only the Batfan, some differences can be observed. At the door of the room 

(Figure 21), the values of the velocities are higher at the top of the opening. An explanation for 

this result can be the 10° tilting angle provided at the Batfan to cover the opening of the entrance 

of the apartment. On the rest of the door opening, the values are more uniform than for the 

ESV230. This can be confirmed by the maximum velocity difference which is only 1.1 m/s in this 

case, while it was 1.6 m/s with the ESV230 at the same location. The flow rate is in the same order 

of magnitude than for test 1, i.e. 2.51 m³/s. Nevertheless, as the theoretical flow rate provided by 

the Batfan is only 6.68 m³/s, the efficiency – obtained from equation (3) – is 38%. This is 

significantly higher than with the ESV230 where it was only 25%. 

 

Figure 21 – Velocity distribution at the door of the room when only the Batfan is used 

The values of the velocities at the window (Figure 22) are much lower than at the door location 

and can be explained by the same arguments as for the previous section. The air flow rate 

obtained at the window is 1.75 m³/s which corresponds to 26% of the theoretical flow rate 

provided by the smallest fan. The relative reduction of efficiency between the door and the 
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window is only about 30% for this test while it was a little bit more than the half for the case with 

the ESV230 (Table 7). 

Configuration 
 

Theoretical flow 
rate provided by 

the fan [m³/s] 

At the door of the room At the window of the room 
Actual flow 
rate [m³/s] 

Efficiency 
[%] 

Actual flow 
rate [m³ /s] 

Efficiency 
[%] 

ESV230 11.32 2.55 23 1.24 11 

Batfan 6.68 2.51 38 1.75 26 

Table 7 – Comparison of the efficiencies (compared to the theoretical flow rate provided by the fan) for 
the configurations involving only a fan 

 

Figure 22 – Velocity distribution at the window of the room when only the Batfan is used 

 

3.2.1.3. Test 6: ESV230 and Batfan 

The next step of the analysis is then to focus on the flow field when the two fans are used together. 

Once again, at the door of the room (Figure 23), the values of the velocities near the turning edge 

are lower than the other values at the middle and at 0.58 m. Understandably, as the two fans are 

used together, the magnitude of the velocities are higher in this case than in the previous tests. 

An indication of this phenomenon is the average velocity on the entire surface opening which is 

2.1 m/s for test 6, while it was respectively around 1.8 m/s and 1.7 m/s for tests 1 and 3. 

 

However, when the two fans are used together, it is difficult to have a theoretical flow rate for 

this combination. Indeed, the characteristics of each fan are computed in laboratory for a specific 
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fan alone. So an efficiency regarding a theoretical flow rate will not be used. As expected from 

the higher average velocity, the flow rate reaches 3.04 m³/s at the door in this case. 

 

Figure 23 – Velocity distribution at the door of the room when the ESV230 and the Batfan are used 

The difference between the configurations using only one fan and the configuration with the two 

fans acting together is more pronounced at the window. The average velocity on the whole 

surface reaches 1.9 m/s when the ESV230 and the Batfan are used at the same time while it was 

only 0.8 m/s (for the ESV230) and 1.2 m/s (for the Batfan). This tendency is clearly visible on Figure 

24. The flow rate at the window is 2.78 m³/s. 

 

Figure 24 – Velocity distribution at the window of the room when the ESV230 and the Batfan are used 
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3.2.1.4. Intermediate summary for the different combinations without SS 

Regarding the different flow rates, the classification is slightly different at the door and at the 

window of the room. Logically, for both locations the highest flow rate is obtained when the 

ESV230 and the Batfan are working together. At the window, the classification in decreasing order 

can be completed by the configuration with the Batfan only (Test 3) and then by the configuration 

with the ESV230 (Test 1). Whereas at the door of the room the flow rates are of the same order 

of magnitude so a distinction between them is meaningless. The difference of classification can 

be – partly – explained by the wind. Indeed, during the first test, the wind was more present than 

for the other experiments. Moreover, Test 1 was the first of all the tests realised and the team 

had been less drilled than for the other tests. Regarding those pieces of information, the results 

of Test 1 (ESV230) must be kept with caution. 

 

A relative performance criterion can be imagined to help with the comparison. This is done in 

Table 8. The point of comparison is the flow rate obtained during the first test - when only the 

ESV230 was working. The information provided by the relative performance is that at the window, 

the flow rate is more important when the Batfan is working. 

Configuration 
 

At the door of the room At the window of the room 
Flow rate 

[m³/s] 
Relative 

performance [%] 
Flow rate 

[m³ /s] 
Relative 

performance [%] 

Reference case : ESV230 2.55 100 1.24 100 

Batfan 2.51 98 1.75 141 

ESV230 & Batfan 3.04 119 2.78 224 

Table 8 – Relative performance of the configuration with respect to the configuration with the ESV230 

 

3.2.2. With smoke stopper 

The flow field will now be analysed when the smoke stopper is added. In this section the focus 

will be put on the difference resulting from the use of different air blowing sources, but not yet 

on the impact of the smoke stopper itself. This impact will be analysed more deeply in section 3.3. 
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3.2.2.1. Test 2: ESV230 and smoke stopper 

For the second test, the same observations as for test 1 can mainly be repeated. The effect of the 

90° turning around the left edge of the door (when entering the room) is noticeable. The flow 

field in this case seems more evenly distributed over the surface (Figure 25 compared to Figure 

19). Actually, the maximum velocity difference is 0.8 m/s. When the flow field is integrated on the 

opening area, a flow rate of 2.09 m³/s is obtained which is about 18% of the theoretical flow rate 

provided by the ESV230. 

 

Figure 25 – Velocity distribution at the door of the room when the ESV230 and the smoke stopper are 
used 

At the window, the velocities oscillate between 0.6 m/s and 1.5 m/s (Figure 26). As explained in 

section 3.2.1.1, the values obtained at the height of 0.19 m from the bottom of the opening are 

actually at a height of 0.59 m from the floor level. The volume flow rate of air flowing out of the 

room is 1.54 m³/s which corresponds to an efficiency of 14%. 
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Figure 26 – Velocity distribution at the window of the room when the ESV230 and the smoke stopper are 
used 

 

3.2.2.2. Test 4: Batfan and smoke stopper 

For this test, the turning of the flow is observable again. The maximum velocity difference on 

Figure 27 is 1.2 m/s. The flow rate is 1.61 m³/s which is lower than the one obtained with the 

ESV230 and the smoke stopper. This leads to an efficiency of 24% compared to the theoretical 

flow rate. 

 

Figure 27 – Velocity distribution at the door of the room when the Batfan and the smoke stopper are 
used 
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The values of the velocities at the window (Figure 28) are lower than for the door location and 

can be explained by the leakages, the pressure losses and the effect of the wind. The air flow rate 

obtained at the window is 1.31 m³/s which corresponds to 20% of the theoretical flow rate 

provided by the smallest fan. The relative reduction of efficiency between the door and the 

window is only about 16% for this test while it was a little bit more than 20% for the case with 

the ESV230 (Table 9). 

Configuration 
 

Theoretical flow 
rate provided by 

the fan [m³/s] 

At the door of the room At the window of the room 
Actual flow 
rate [m³/s] 

Efficiency 
[%] 

Actual flow 
rate [m³ /s] 

Efficiency 
[%] 

ESV230 & SS 11.32 2.09 18 1.54 14 

Batfan & SS 6.68 1.61 24 1.31 20 

Table 9 - Comparison of the efficiencies (compared to the theoretical flow rate provided by the fan) for 
the configurations involving only a fan and the SS 

 

 

Figure 28 – Velocity distribution at the window of the room when the Batfan and the smoke stopper are 
used 

 

3.2.2.3. Test 7: ESV230, Batfan and smoke stopper 

The analysis of the last test with the full smoke stopper can be completed. As for the previous 

cases, the values of the velocities at the door near the turning edge are lower than the other 

values. Moreover, as the two fans are used together, the volume of air flowing through the 

openings is higher than for the other tests involving the full smoke stopper. A good indicator is 
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the average velocity which is 1.9 m/s for this test while it was 1.5 m/s for test 2 (ESV230 and SS) 

and 1.1 m/s for test 4 (Batfan and SS). Obviously, the flow rate at the door is also more consequent 

and reaches a value of 2.73 m³/s. 

 

Figure 29 – Velocity distribution at the door of the room when the ESV230, the Batfan and the smoke 
stopper are used 

At the window, the difference between the average velocities is even more pronounced. The 

average velocity on the entire surface reaches 1.8 m/s when the ESV230, the Batfan and the SS 

are used at the same time while it was only 1.0 m/s (for the ESV230 and the SS) and 0.9 m/s (for 

the Batfan and the SS). The flow rate computed from the velocities plotted on Figure 30 is 2.62 

m³/s. 

 

Figure 30 – Velocity distribution at the window of the room when the ESV230, the Batfan and the smoke 
stopper are used 
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3.2.2.4. Intermediate summary for the different combinations with SS 

As realised in section 3.2.1.4, a relative performance is computed. The reference in this case is 

test 2 which involves again the ESV230 but also includes the smoke stopper. A classification based 

on decreasing performance can be done (Table 10) and is – this time – identical at the two 

locations. The configuration involving the two fans is the best configuration in terms of high flow 

rates. It is followed by the configuration where the biggest fan and the smoke stopper are used 

and finally, the test with the Batfan and the smoke stopper ends the classification. 

Configuration 
 

At the door of the room At the window of the room 
Flow rate 

[m³/s] 
Relative 

performance [%] 
Flow rate 

[m³ /s] 
Relative 

performance [%] 

Ref. case : ESV230 & SS 2.09 100 1.54 100 

Batfan & SS 1.61 77 1.31 85 

ESV230 & Batfan & SS 2.73 131 2.62 170 

Table 10 – Relative performance of the configurations involving the full smoke stopper with respect to 
the configuration with the ESV230 and the smoke stopper 

 

3.3. Influence of the Smoke Stopper 

The impact of the smoke stopper is of course a reduction of the air flow rate. Indeed, the smoke 

stopper is a canvas of tissue. It can thus move if air is blowing on the SS or if someone has to go 

through it. Nevertheless, the SS provides extra resistance to the flow. This reduction of flow rate 

is clearly identifiable at the two locations for all the types of fan(s) (Figure 31 and Figure 32). 

There is only one strange result at the window where this effect is not observed. The flow rate at 

the window is more important when the smoke stopper is used than when it is not. However, it 

does not happen at the door. It is maybe important to recall here that the measurements were 

taken in situ and were depending on the weather conditions, so this can be an explanation for 

this result. 
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Figure 31 – Influence of the smoke stopper on the flow rate at the door of the room 

 

 

Figure 32 – Influence of the smoke stopper on the flow rate at the window of the room 

To quantify the impact of the smoke stopper on the flow rate, equation (4) is used. The results 

are given in Table 11. 

 

 
𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 [%] =

�̇�𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑆𝑆 −  �̇�𝑤𝑖𝑡ℎ 𝑆𝑆

�̇�𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑆𝑆

∗ 100 
(4) 
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Relative reduction due to the 
smoke stopper [%] 

At the door of the room 
 

At the window of the room 
 

ESV230 NEO 18 -24 

Batfan 36 25 

ESV230 NEO & Batfan 10 6 

Table 11 – Quantified impact of the smoke stopper on the flow rates 

The negative result at the window is the strange result mentioned earlier. For the rest, it can be 

seen that the smoke stopper has a higher impact on the flow field developed by the Batfan and 

that its effect is reduced when the two fans are used together. The influence of the smoke stopper 

seems to decrease as the distance to the smoke stopper increases. 

 

The smoke stopper also affects the flow fields. Indeed, for Test 3 (Batfan only) higher velocities 

are found at highest positions (Figure 21). In the section about the influence of the type of fan, a 

supposition was made that those peaks were resulting from the 10° tilting angle provided to the 

Batfan. Nonetheless, when the smoke stopper is added, the high velocities at the top migrate to 

the bottom (Figure 27). This can be – partly - attributed to the smoke stopper. Indeed, the smoke 

stopper is fixed at the top of the apartment door by a metal cross tube. The easiest path with the 

lowest resistance for the air is thus the bottom of the apartment door. This seems to be still 

reflected at the door of the room. 

 

3.4. Influence of the half smoke stopper 

In the previous sections, the impact of a smoke stopper obstructing the complete opening of the 

apartment door was analysed and compared to the case without smoke stopper. Another 

configuration where the smoke stopper prevents the smoke to fill in the staircase can be imagined. 

This configuration corresponds to a case where the SS is set up in the door opening but does not 

obstruct the entire door opening. An illustration of such a configuration is given by Vinay in [1] 

(Figure 33). This implementation was tested with the smoke stopper set up on the upper half part 

of the door and only the Batfan was used. This case is compared to the two other tests (Test 3 

and Test 4) where only the small fan placed on the landing was used. 
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Figure 33 – Illustration10 of a configuration with a half smoke stopper 

This configuration was also tested because, a priori, this technique has some advantages. The 

distance in front of a door is sometimes not enough to have a full covering of the air cone blown 

by the fan. Furthermore, the fact that the complete opening is not obstructed by the SS, gives a 

more extended view to the firefighters going in and/or out of the apartment and it is sometimes 

easier for them to go with specific equipment when the bottom part of the door is not obstructed. 

 

At the end, the obtained results are summarised on Figure 34 and Figure 35 : the flow rate 

provided by the Batfan without the SS is the highest of the three tests involving only the Batfan. 

Moreover, the test where the SS obstructs the complete opening gives the lowest flow rate. This 

effect is obtained at both locations, i.e. at the door and at the window of the room. 

                                                      
10The picture comes from Vinay’s book [2]. 
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Figure 34 – Influence of different utilisations of the smoke stopper with the Batfan on the flow rate at the 
door of the room 

The results are logical if a reasoning in terms of resistance is held. It means that in the case where 

the SS is set up in the upper half of the door, it presents less resistance to the flow than when the 

SS obstructs the complete opening but, still it provides more resistance than when no SS is used. 

 

Figure 35 – Influence of different utilisations of the smoke stopper with the Batfan on the flow rate at the 
window of the room 

In order to quantify the influence of the different possible placements of SS, Table 12 is added. 

Test 2 – with only the Batfan – is used as a reference. From this table, it can be seen that the 

impact of the two uses of the SS is still in the same order of magnitude. Indeed, the relative 

reduction of the entire SS is 36% at the door and 25% at the window while it is 27% and 20% for 
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the half smoke stopper. An explanation for this small difference can be that even if the smoke 

stopper is set up on the entire opening, it is only fixed at its upper part. This means that the 

bottom part of the SS can move easily when air is blown on it so it only offers a small extra 

resistance. 

Configuration 
 

At the door of the room At the window of the room 
Flow rate 

[m³/s] 
Relative 

performance [%] 
Flow rate 

[m³ /s] 
Relative 

performance [%] 

Ref. case : Batfan without SS 2.51 100 1.75 100 

Batfan with SS 1.61 64 1.31 75 

Batfan with 1/2 SS 1.83 73 1.40 80 

Table 12 – Relative performance of the configurations involving the Batfan and the smoke stopper with 
respect to the configuration with the Batfan 

 

3.5. Summary 

In the following conclusion, the particular result obtained at the window for the case where only 

the ESV230 is used, is not taken into account. Indeed, this result does not confirm all the other 

results. Furthermore, one has to remember that those conclusions are valid for the particular 

configuration of the building used for the tests. Further tests have to be made to be able to extend 

it to other cases. 

 

The use of the Batfan only is not the best technique for ventilation procedure. Indeed, the flow 

rate resulting from the configuration involving only the Batfan is the lowest of their category (with 

SS). Furthermore, even if the weight of the Batfan is reduced compared to the ESV230, the 

‘portable fan’ has to be transported to the second floor by a firefighter. This transport is maybe 

done at the expense of other firefighting materials as hoses for instance. Additionally, if the 

evacuation of the building is not completed when the firefighters arrive on scene, in small 

buildings like the one used for the tests, the Batfan may interfere with the evacuation. It reduces 

the space available for the inhabitants or they can stumble into the Batfan. 

 

The implementation of a ventilation strategy involving the biggest fan at the entrance of the 

building (on the ground floor) seems the most adequate in this case. Indeed, even if the flow rates 
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are not the highest when only the ESV230 is used (both with and without the SS), it is the easiest 

and the fastest to set up. Moreover, the Batfan can then be installed in a second phase to 

complement and to reinforce the biggest fan. This conclusion can be hold in both cases, i.e. when 

the smoke stopper is used or not. 

 

Finally, the impact of the smoke stopper is a reduction of the flow rates. This reduction can be 

small especially when the two fans are acting together. Otherwise, the previous conclusion stays 

unchanged. 
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Chapter 4 CFD simulation of cold flow tests 

The goal of this chapter is to provide some rough insight about the flow field inside the apartment. 

Unfortunately, as the time to do this master thesis is limited, it is not the intention to do a fully 

developed work on the reproduction of the cold flow tests. Only test number 3 – where the Batfan 

alone was investigated as ventilation strategy – will be simulated. Actually, this chapter will act as 

an introductory part for possible work to do in the future. In this section, the software used for 

the CFD simulations is shortly described (4.1). It is followed by a section dedicated to the 

problems encountered during the choice of the model of the fan (4.2). Then a section about the 

implementation of the chosen model and the numerical implementation of the fan alone is 

proposed (4.3). It is followed by the analysis of the numerical results (4.4). After that, the 

description of some simulations modelling the flow inside the apartment is proposed (4.5) and is 

analysed (4.6). Finally, a conclusion and a section mentioning possible future works are written 

(4.7 and 4.8). 

 

4.1. FDS software 

The Fire Dynamics Simulator (FDS) is a software developed by the National Institute of Standards 

and Technology (NIST). It is a Computational Fluid Dynamics (CFD) software using Large Eddies 

Simulation (LES) to treat turbulence [2]. The software is appropriate for low speed flow. As for 

this project, only cold flow tests will be simulated, the other models that are not relevant like the 

combustion model or the radiation transport are not described. The version used in this work is 

FDS 6.6.0. 

 

4.2. Choice of the model of the fan 

It was first the intention to use the model developed by Weinschenk et al. [21]. They used the 

‘rotational flow model’ to characterise the fan. This model consists in four blades that are 

positioned in a cross-like arrangement (Figure 36). In each blade, normal and tangential velocities 

are assigned. They found that this model gave a reasonable representation of the fan flow 

compared to the experiments. However, the model is not described enough to allow the use of 
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this model. For instance, the methodology to choose the value of the normal and the tangential 

velocities based on the fan characteristics is incomplete, whereas those values are the most 

important parameters of the model. Some trials with different combinations were realised but 

the results were not conclusive.  

 

Figure 36 – Schematic of rotational PPV model – where the X and the arrows respectively correspond to 
the normal and to the tangential components of the velocity11  

It was thus decided to investigate a second model. The latter one was slightly based on the 

previous model. However, it was chosen to adapt the representation of the fan in FDS. This time, 

13 small square blades having a side length of 0.1 m were used (Figure 37). 

 

Figure 37 – Schematic of the second model – where the arrows indicate the rotational component (the 
normal components are not represented) 

More data were asked to Leader Group about the flow field and the flow parameters near the fan. 

Unfortunately, those pieces of information are confidential and could not be provided. It was thus 

tried to deduce the required parameters from the characteristics of the fan provided on their 

internet website. The choice of the normal component has its origin in equation (5). The 

volumetric flow rate is based on the normal velocity component to the surface area where the 

flow rate is measured. The normal component of the velocity can thus be deduced from the flow 

rate provided by the fan which was 6.68 m³/s at free stream conditions. 

                                                      
11 Illustration coming from [19] 
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(5) 

The total computed area in the simulation is 0.13 m². Using this area and the theoretical flow rate, 

it gives a normal component of 51.4 m/s. Those calculations will also be used in the final model 

and will thus be further developed in section 4.3.1. For the tangential component, it was decided 

to use the number of revolutions per minute (rpm) of the propeller. Indeed, from equation (6), 

one can observe that the tangential velocity is the product of the rpm and the distance to the 

centre of rotation. The tangential velocity (𝑣𝑡) increases as the distance to the centre increases. 

A same tangential velocity was provided to each blade with the same colour on Figure 37. The 

distance used for each blade corresponded to the distance between the centre of the blade and 

the centre of rotation. 

 𝑣𝑡 = 𝜔 ∗ 𝑟 (6) 
 

where 𝜔 is the number of rotation in rad/s and 𝑟 is the distance to the centre of the propeller. 

 

However, this model gave unrealistic results. The cone angle of the flow stream leaving the fan 

was much too large. The problem with this model was that it did not take into account the effect 

of the channel which redirects the flow field and prevents this radial spreading. 

 

At the end, a model without the rotational component was chosen. Indeed, the Weinschenk’s 

model was not enough detailed and the information about flow characteristics and flow 

parameters in front of the fan could not be transmitted (due to economic reasons). So, it was not 

possible to use one of the two previous models.  

 

The developed model for the fan is based on the Synthetic Eddy Method (SEM). This model is 

described in section 4.3.1. In fact, the simulations will be divided into two categories. The first 

one will try to model the flow field generated by the Batfan. The simulations in this category will 

be called ‘Velocities at 5 m’. Indeed, Leader Group provided ‘free stream’ velocity measurements 

– at 5 m from the Batfan – that they obtained in their measurement lab. Unfortunately, even if 
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those measurements were given, those data cannot be shared with the public. So their velocities 

will still be used as point of comparison but they will not be added to the document. The second 

group of simulations will be the group trying to reproduce the flow field inside the apartment and 

it will be called ‘Apartment configuration’. In the rest of Chapter 4, only the parameters that are 

not used with their default value will be described. 

 

4.3. Description of the numerical modelling – Velocities at 5 m 

4.3.1. Modelling of the fan 

The air flow resulting from the fan is turbulent (to some degree) which has a major impact on the 

mixing and the entrainment of the flow. This behaviour can be addressed by the Jarrin’s SEM. 

Different parameters have to be prescribed to use the model [2]: 

- N_EDDY, which corresponds to the number of eddies injected at random positions on the 

boundary, 

- L_EDDY, which corresponds to the characteristic eddy length scale. This distance also gives the 

maximum distance near the boundary on which the eddy is advected with the mean flow, 

- VEL_RMS, which corresponds to the root mean square velocity fluctuation. 

 

With this method, only the normal component of the velocity is used. Nevertheless, this value is 

deduced from the open-air flow provided on their website as the values and the characteristics 

of the flow field at the outlet of the Batfan are confidential. As explained previously, the normal 

component is obtained by dividing the volumetric flow rate by the computed area (equation (7)). 

The diameter of the Batfan propeller is 0.42 m. This means that the actual blowing surface area 

of the Batfan is 0.14 m². In FDS, the fan is modelised using 13 squares of 0.1 m side. This leads to 

a relative difference of 7% (
0.14−0.13

0.14
∗ 100) for the blowing area which seems to be a reasonable 

difference. 

 
‖𝑣𝑛‖ =

�̇�𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

𝑏𝑙𝑜𝑤𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 𝑖𝑛 𝐹𝐷𝑆
=

6.68 [𝑚3/𝑠]

0.13 [𝑚2]
= 51.4 𝑚/𝑠 

 

(7) 
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Then as mentioned in the description of the tests, the Batfan had a titling angle of 10°. The normal 

velocity obtained in equation (7) must thus be decomposed in a vertical and a horizontal 

component (Figure 38). This gives: 

‖𝑣𝑥‖ = ‖𝑣𝑛‖ ∗ cos(10) = 50.6 𝑚/𝑠 

‖𝑣𝑧‖ = ‖𝑣𝑛‖ ∗ sin(10) = 8.9 𝑚/𝑠 

 

Figure 38 – Schematic decomposition of the normal velocity in its x- and z-components 

Based on those values and on the other configuration or modelling parameters, the preliminary 

set of values of the SEM parameters was chosen after a discussion with Dr. Tarek Beji which has 

a lot of expertise with CFD simulations. Those values are the following: 

- 𝑁_𝐸𝐷𝐷𝑌 = 1000 

- 𝐿_𝐸𝐷𝐷𝑌 = 0.05 

- 𝑉𝐸𝐿_𝑅𝑀𝑆 = 10.28  

The last parameter corresponds to 20% of the normal velocity (51.4 ∗ 0.2 = 10.28). 

 

In order to save some computational time, the radiation model was turned off. Indeed, as only 

cold flow simulations are run, it was not necessary to keep this model activated. 

 

4.3.2. Mesh resolution 

In simulations involving buoyant plumes, the FDS User’s guide [2] suggests an equation to have 

an idea of an appropriate cell size to resolve the flow field correctly. Nevertheless, this indication 

is valid for buoyant plumes and involves the HRR and cannot be directly transposed to cold flow 

simulations. However, a criterion for the required grid resolution for flows through openings is 

given by Zhao [22]. This criterion involves a length scale ratio which takes into account the 

opening geometry and the grid size (equation (8)). 
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𝑙1

∗ =
(𝐴√𝐻)

2/5

𝛿𝑥
 

 

(8) 

where 𝑙1
∗ [-] is length scale ratio, 𝛿𝑥 [m] is the grid size, 𝐴 [m²] and H [m] are respectively the area 

and the height of the opening. 

 

Zhao et al. [23] found that a length scale ratio of 10 is sufficient to resolve correctly the flow 

through a vent. The smallest opening in this case is the window of the fire room and it has a width 

of 0.95 m and a height of 1.65 m. Combining those values in the previous criterion, this suggests 

a grid size smaller than 0.13 m (equation (9)). 

 

 
𝛿𝑥 =

(𝐴√𝐻)
2/5

𝑙1
∗ =

(1.65 ∗ 0.95 ∗ √1.65)
2/5

10
= 0.13 𝑚 

(9) 

 

It is important to note that this criterion involves only vent flows and is not directly applicable to 

the resolution of the flow blown out of the fan. Based on the dimensions of the Batfan (0.522 m 

* 0.547 m), one can assume that the grid size has to be smaller than the 0.13 m previously found. 

A grid size of 0.10 m is thus selected. The cells are cubic (0.1 m * 0.1 m * 0.1 m) as it is suggested 

in FDS User’s guide [2]. 

 

Later, a mesh sensitivity analysis will be conducted to examine the sensitivity of the results 

regarding to grid size. Unfortunately, it will not be possible to compare those results to the exact 

flow field getting out of the Batfan as those pieces of information are confidential. However, they 

will still be compared to the measurements of the velocities at 5 m. 

 

4.3.3. Implemented geometry 

For this group of simulations, the geometry is really simple. Only a box is inserted at the floor 

level to represent the fan. This box has a width of 0.5 m, a height of 0.5 m and a depth of 0.2 m 

(Figure 39). Those dimensions are close to the real dimensions and are a multiple of the cell size. 
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In order to align the fan with the mesh, the fan was moved from +0.05 m on the y-axis as it can 

be observed in the following OBST line: 

 

&OBST XB=0.00, 0.20, -0.2, 0.3, 0.00, 0.50/ 

 

It was decided to use the bottom of the front side of the Batfan as origin. Then, on both the front 

side and the back side of the Batfan, 13 VENTS were added. At the front side, those 13 vents will 

expulse the air while at the opposite side, they will attract the air. To each of those square vents, 

the velocity components and the parameters of the SEM are assigned. An example of the code 

regarding a small square vent is given: 

 

&SURF ID='Top', VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=0, 0, 0, 0.1, 0.4, 0.5, SURF_ID='Top', N_EDDY=500, L_EDDY=0.05, VEL_RMS=10.28 / 

 

4.3.4. Domain 

As the exact configuration and dimensions of the measurement lab of Leader Group was not 

known, it was decided to simulate the flow at free stream conditions. All the boundaries 

(excepted the ground floor) are set to OPEN in order to simulate outdoor flow. This is realised by 

introducing five VENT lines and affecting them a SURF_ID=’OPEN’ in the code. 

 

Figure 39 – Illustration of the geometry, the domain and the monitoring devices for the simulations 
‘velocities at 5 m’ 

For the dimensions of the domain, a box of 10 m long, 4 m wide and 4 m high is created. Actually, 

the back side of the fan is located at 1.8 m from the boundary. The dimensions of the domain 

were also chosen to slightly reduce the computational time. Indeed, in the User’s guide [2], it can 
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be read that an important part of the calculation uses a Poisson solver based on Fast Fourier 

Transforms. So, in order to speed up the calculations, the number of cells in the mesh should be 

of the form of 2𝑙3𝑚5𝑛 where 𝑙, 𝑚, 𝑛 are integers. As the cells were cubic and had a side width of 

0.10 m, this gives 100 cells in the x-direction, 40 in the y-direction and 40 in the z-direction. 

 

Furthermore, it was also decided for some simulations to divide the domain in several meshes 

and to assign each of them to a separate processor. This was indeed realisable as the simulations 

were run on the High Performance Computing Infrastructure from UGhent. 

 

4.3.5. Monitoring (measurement devices) 

Leader Group measured the normal velocity at 5 m from the Batfan and noted the exact position 

of the measurements points. During the simulations, the same data will be measured to compare 

them to the experimental results. In FDS software, a quantity can be measured at a point by using 

a DEVC line and by affecting, for instance, the normal velocity to the quantity. The exact position 

of the anemometer will be used to place the measurement points at the same positions in the 

CFD simulations. An example of a device line is given here: 

 

&DEVC XYZ=-5,-1.35,0.175, QUANTITY='U-VELOCITY', ID='0.175&-1.4' / 

 

Moreover, the mass flow rates at different distances from the Batfan are also computed. Those 

distances were at 1 m, 3 m and 5 m from the ventilator. The different mass flow rates can give an 

indication about the air entrainment. At last, some velocity slice files were created. They allow to 

give some visualisation of the flow field. 

 

&SLCF PBY=0, QUANTITY='VELOCITY'/ 
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4.4. Results – Velocities at 5 m 

4.4.1. Initial case 

The results obtained for the normal cell size (𝛿𝑥 = 0.1𝑚) and the initial set of values for the SEM 

parameters seem coherent. Indeed, from the visualisation of the velocity slice file on Figure 40 

and the vector slice file on Figure 41, it can be seen that the velocities are higher in the centre of 

the round jet while it decreases as the distance to the central axis of the jet increases. This is due 

to air entrainment. Indeed, the flow at the border of the jet is slowed down because of the mixing 

with surrounding air. Moreover, the round jet is deviated to the upper part of the domain which 

is logical as the velocity components were given to model the 10° tilting angle of the fan. 

 

Figure 40 – Velocities at 5 m – Velocity slice file at y=0, t=285s 
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Figure 41 – Velocities at 5 m – Velocity vector slice file at x=-5 m, t=285s 

From experiences, it has been observed that, for a momentum-driven round jet, the mass flow 

rate increases linearly with the distance from the nozzle [20]. From Figure 42, it can be realised 

that the evolution of the mass flow rate is indeed almost linear. 

 

Figure 42 – Evolution of the mass flow rate (averaged over the last 90 s) with the distance from the fan 

However, the normal velocities at 5 m obtained from the simulations (Table 13) are really different 

from the measurements from Leader Group. The corresponding table with the measurements in 

their laboratory cannot be inserted (because of confidentiality). However, it can be said that the 

value in the centre of the jet are almost three times higher than the one obtained from Leader 
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Group. The width of the jet is similar but the height of the centre of the jet is 0.35 m higher in the 

simulations. The jet, in the simulation, is not centred at the horizontal distance 0 m and is not 

exactly symmetric. This can be partly explained by the fact that the fan was moved to be aligned 

with the mesh. 

Height 
[m] 

Horizontal distance [m] 

-1.4 -1.05 -0.7 -0.525 -0.35 -0.175 0 0.175 0.35 0.525 0.7 1.05 1.4 

2.275 0.06 0.22 0.98 2.42 4.85 6.02 6.63 4.82 2.54 1.72 0.69 -0.01 -0.05 

1.925 0.08 0.44 2.29 4.70 8.09 9.43 9.82 6.59 3.50 2.40 0.90 -0.01 -0.05 

1.575 0.14 1.32 4.75 8.57 12.77 13.97 13.50 8.62 4.89 3.51 1.38 0.08 0.00 

1.225 0.13 1.46 5.13 8.49 12.64 13.80 13.77 8.95 5.32 3.85 1.64 0.10 -0.01 

0.875 0.25 1.60 4.17 6.57 8.73 9.13 8.70 6.07 3.58 2.50 0.85 0.00 -0.06 

0.525 0.91 2.39 4.38 5.70 6.24 5.73 4.47 3.14 1.70 1.15 0.30 -0.01 -0.02 

0.175 2.59 3.83 4.38 4.33 3.76 3.12 1.83 0.94 0.32 0.14 0.01 -0.04 -0.01 

Table 13 – Velocities at 5 m from the fan – the velocities [m/s] are averaged over the last 90 s – initial 
simulation 

The major differences between the FDS results and the lab measurements can be explained by 

different factors. Firstly, the normal velocity in the simulations was based on the theoretical flow 

rate provided on the internet website. Based on the results, this theoretical flow rate seems too 

optimistic. The theoretical flow rate is maybe obtained in particular conditions. Secondly, the lab 

measurements were taken in a hall and so, a boundary effect of the wall is maybe active while it 

is not captured by the open conditions in the simulation. Thirdly, Leader Group uses a particular 

grid which redirects and affects the flow field getting out of the fan. In order to obtain simulation 

results closer to the lab measurements, more information about the flow field and the flow 

characteristics near the nozzle of the fan should be provided. As those pieces of information were 

not communicated because of economic reasons12, it was decided to continue with the initial set 

of values. Nevertheless, by reading the next sections, one has to keep in mind that the values are 

overestimated. 

 

                                                      
12 Which is also understandable.  
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4.4.2. Sensitivity analysis 

4.4.2.1. Mesh size of 0.05 m 

In order to see the sensitivity of the results regarding to the mesh size, a sensitivity analysis is 

realised. One has to know that the computational time was not sufficient to run the simulations 

with the same number of meshes than the previous simulations, i.e. 2 meshes. It was tried to run 

the simulations with 8 different meshes and to assign each of them to a different processor but 

still, it was not sufficient to execute the simulation within the 72 hours of session provided by the 

HPC facilities. Actually, 16 meshes were necessary to run the simulation within the 72h. The 

values of the velocity at 5 m obtained with the finer mesh are written in Table 14.  

Height 
[m] 

Horizontal distance [m] 

-1.4 -1.05 -0.7 -0.525 -0.35 -0.175 0 0.175 0.35 0.525 0.7 1.05 1.4 

2.275 -0.02 0.14 1.14 2.03 3.51 4.24 4.32 3.45 1.88 0.99 0.28 -0.02 -0.05 

1.925 -0.01 0.59 3.40 5.57 8.49 10.16 9.92 8.15 5.06 3.10 1.19 0.01 -0.07 

1.575 0.03 0.97 5.18 7.92 12.33 15.02 15.17 12.62 8.36 5.34 2.27 0.08 -0.07 

1.225 0.06 0.96 4.79 7.58 12.26 15.35 15.92 13.20 8.83 5.63 2.48 0.14 -0.01 

0.875 0.06 0.67 3.87 6.30 10.22 12.12 11.49 9.18 5.69 3.42 1.32 0.10 0.00 

0.525 0.01 0.39 2.90 4.69 6.96 7.47 6.23 4.60 2.40 1.14 0.31 -0.02 0.01 

0.175 0.12 0.69 2.50 3.42 4.36 4.50 3.77 2.78 1.35 0.59 0.07 -0.05 -0.03 

Table 14 – Velocities at 5 m from the fan – the velocities [m/s] are averaged over the last 90 s – mesh 
size of 0.05 m 

As a first approach, the velocity distribution seems similar to the one obtained with the coarser 

mesh but the velocities at the centre of the round jet are higher than with the coarser mesh. The 

centre of the round jet is still a little bit shifted on the negative horizontal distances. Furthermore, 

the values of the velocities at the horizontal distance -1.05 are lower with the finer mesh. In order 

to quantify the relative differences between the simulations, equation (10) is used. 

 
𝑑𝑖𝑓𝑓 =

𝑟𝑒𝑠𝑢𝑙𝑡 𝑛𝑜𝑟𝑚𝑎𝑙 𝑚𝑒𝑠ℎ − 𝑟𝑒𝑠𝑢𝑙𝑡 𝑓𝑖𝑛𝑒𝑟 𝑚𝑒𝑠ℎ

𝑟𝑒𝑠𝑢𝑙𝑡 𝑛𝑜𝑟𝑚𝑎𝑙 𝑚𝑒𝑠ℎ
∗ 100 (10) 

 

Then to visualise the results easily, the absolute value of the relative difference is taken, and a 

colour scale is used. If the values are close to 0%, the cell of the table is dark green. If the relative 

difference is high, the colour of the cell tends to the red. This representation will be used in the 

next table. 
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Height 
[m] 

Horizontal distance [m] 

-1.4 -1.05 -0.7 -0.525 -0.35 -0.175 0 0.175 0.35 0.525 0.7 1.05 1.4 

2.275 127 34 16 16 28 30 35 28 26 42 60 115 2 

1.925 115 34 49 18 5 8 1 24 44 30 32 190 50 

1.575 79 26 9 8 3 8 12 46 71 52 64 5 1492 

1.225 55 34 7 11 3 11 16 47 66 46 51 34 32 

0.875 75 58 7 4 17 33 32 51 59 37 55 2496 100 

0.525 99 83 34 18 12 30 39 46 41 1 4 188 156 

0.175 96 82 43 21 16 44 106 194 327 335 1234 14 176 

Table 15 – Absolute relative difference (between the two meshes) of the averaged velocities at 5 m 

In Table 15, three cells are filled with dashed lines. Indeed, huge relative differences are reached 

for those cells. Actually, those huge relative differences are reached because the value of the 

velocity with the normal mesh are, at those locations, around 0.00 m/s. The difference at the 

numerator in equation (10) is divided by a number very close to 0. This results thus in a huge 

relative difference even if the difference is only in the order of 0.1 m/s. The lowest relative 

differences are obtained near the centre of the jet, i.e. where the velocities are the highest. 

Regarding to the mass flow rates (Figure 43), the evolution is still a linear increase with the 

distance from the fan. 

 

Figure 43 – Evolution of the mass flow rate (averaged over the last 90 s) with the distance from the fan – 
mesh size 0.05 m 
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4.4.2.2.  Parameters SEM 

The sensitivity to the three parameters was investigated. Actually, this sensitivity study was 

realised before regarding the sensitivity of the results to the mesh size. The simulation with the 

smaller mesh size had to be restarted a number of times so the results were not available soon 

enough. It was thus decided to realise a sensitivity analysis of the SEM parameters with the 

normal cell size of 0.1 m but knowing that, this should preferably be done with a smaller grid size 

in a next work. Each time, only one SEM parameter was changed. The different investigated 

combinations are summarised in Table 16. 

Parameter changed Resulting combinations of parameters 

Initial set up N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 

N_EDDY N_EDDY=500, L_EDDY=0.05, VEL_RMS=10.28 
N_EDDY N_EDDY=2000, L_EDDY=0.05, VEL_RMS=10.28 
L_EDDY N_EDDY=1000, L_EDDY=0.1, VEL_RMS=10.28 
L_EDDY N_EDDY=1000, L_EDDY=0.2, VEL_RMS=10.28 
VEL_RMS N_EDDY=1000, L_EDDY=0.05, VEL_RMS=5.14 
VEL_RMS N_EDDY=1000, L_EDDY=0.05, VEL_RMS=20.56 

Table 16 – Different combinations of SEM parameters 

By changing those parameters, the values of the velocities at 5 m and the flow rates at 1 m, 3 m 

and 5 m were identical to the ones obtained with the initial set-up. The results seemed thus to 

be insensitive to the choice of the SEM parameters. However, this conclusion should be taken 

with caution. Indeed, the results changed if the mesh size decreased. Thus, a second SEM 

parameters sensitivity analysis should definitively be realised with a lower mesh size. 

Furthermore, other values of the parameters with higher differences could also be investigated. 

 

4.4.3. Summary 

The available computational power and the time to realise this master dissertation were limited. 

A lot of simulations were already run to obtain the proposed simulations. For completeness and 

in order to rely more on the results, more simulations and analysis should be realised with a 

smaller mesh. Furthermore, the flow field in front of the Batfan should be definitively better 

known. Indeed, the SEM showed results that seemed to be coherent with the reality but a more 

precise characterisation of the flow getting out of the fan would allow to improve the comparison 
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between the CFD simulations and the experiments. This would require a better collaboration with 

the manufacturer and more accurate measurement apparatus to capture the flow correctly. 

 

4.5. Description of the numerical modelling – Apartment configuration 

Even if the simulation at 5 m showed that the flow generated by the fan in the simulations was 

overestimated and different from the real one, it was decided to run some simulations with the 

apartment configuration. Indeed, those simulations could highlight some features that need to 

be run and investigated in a next work. The simulations could also provide some rough insight 

about the flow field inside the apartment. 

 

The modelling of the fan is the same as the one described in 4.3.1. Indeed, the imposed velocities 

at the vent are 𝑣𝑥 = 50.6 𝑚/𝑠 and 𝑣𝑧 = 8.9 𝑚/𝑠. Besides, the values of the SEM parameters are 

again 𝑁_𝐸𝐷𝐷𝑌 = 1000, 𝐿_𝐸𝐷𝐷𝑌 = 0.05, 𝑉𝐸𝐿_𝑅𝑀𝑆 = 10.28. Then the mesh resolution was 

the same as the one used in 4.3.2, i.e. a cubic cell of 0.1 m wide. From the previous section, it 

was concluded that the results were not mesh insensitive when a cell size of 0.1 m was used. 

However, a smaller mesh took too much time to run. Furthermore, the flow rate – based on the 

theoretical flow rate – was also overestimated. 

 

Nevertheless, it was decided to run the simulations in the apartment configuration and to analyse 

them as the purpose of this chapter is to act as an introductory analysis for possible further works. 

The behaviour of the flow field will be analysed without paying attention to the values. When 

analysing the results, the reader has to keep in mind the limitations of the provided CFD analysis. 

 

4.5.1. Implemented geometry 

The geometry is more complex for the simulations modelling the flow inside the apartment than 

for the simulations ‘Velocities at 5 m’. The places of the second floor where the air flow has direct 

access (i.e. the landing, the entire corridor and the fire room) are modelled with dimensions very 

close to their actual dimensions. In fact, the dimensions are rounded to the closest multiple of 

0.1 (which corresponds to the cell size). For instance, for the window opening of the fire room, 
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the actual dimensions are 0.95 m wide and 1.65 m high. In FDS, the dimensions are 1 m wide and 

1.6 m high. This leads to a relative difference of less than 5% (
1.65 𝑚2−1.57𝑚2

1.65 𝑚2 ∗ 100 ≅ 5%). The 

same derivations could be conducted for the other openings, but the relative difference is always 

small. Nevertheless, when analysing the results of the CFD simulations, one has to keep in mind 

that the dimensions are slightly different. The dimensions of the walls, the openings, the windows, 

etc. can be found in the appendixes. Indeed, in section 7.4.2 of the appendixes, the FDS code of 

one simulation of the ‘Apartment configuration’ is provided. 

 

The other rooms that were not in the main path of the air flow were simplified. Those rooms are 

dashed in red on Figure 44. After that figure, a top view of the configuration in FDS is given (Figure 

45) and a box - that models the Batfan – can be seen on the landing. This box has the same vent 

parameters as in the previous case and is located at 1.8 m from the open entrance door leading 

to the apartment. 

.  

Figure 44 – Top view of the apartment – the red dashed part corresponds to adapted rooms in the 
configuration 
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Figure 45 – Top view of the geometry in FDS for the ‘Apartment configuration’ simulations 

 

4.5.2. Domain 

Once again, all the boundaries of the domain (excepted the floor) are set to OPEN. For the 

dimensions of the domain, a box of 10.8 m long (x-direction), 6.4 m wide (y-direction) and 2.7 m 

high (z-direction) is created. This leads to a distance of 0.9 m between boundary of the domain 

and the façade wall (where the window of the fire room is located). This extra distance is taken 

to try to reduce the influence of the boundary conditions of the domain. As mentioned previously, 

the cells were cubic and had a side width of 0.1 m. 

 

4.5.3. Monitoring (measurement devices) 

During the cold flow tests, the normal velocities were measured at 12 different positions in both 

the window opening and the door opening of the fire room. Within the simulations, the normal 

velocities were measured at the same locations to compare them to the experimental data. This 

was done as explained in 4.3.5. For more details, one can read the FDS code of the simulation 

modelling the flow field in the apartment inserted in section 7.4.2. 

 

Furthermore, the mass flow rates getting through the entrance door of the apartment, the door 

and the window of the fire room are monitored. At the end, some slice files were created to give 

some visualisation of the flow field. 
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4.6. Results – Apartment configuration 

4.6.1. Initial case 

As the fan was placed in front of the door of the apartment, the blown air directly flowed in the 

apartment (Figure 46). In the first part of the corridor, there were high velocities in the centre of 

the jet. In the part of the corridor beyond the door leading to the fire room, the velocities 

decreased. There were also reduced velocities near the vertical edge of the door of the room (on 

Figure 46) resulting from the turning of the flow inside the room. The main air flow entered 

perpendicularly inside the room towards the façade wall. 

 

Figure 46 – Top view of the velocity distribution at a height of 1 m – Apartment configuration 

Figure 47 shows the evolution of the vertical velocity distributions. At the door of the apartment 

the high velocities in the centre of the jet were still present while it became more uniform as the 

distance to the fan increased, especially after the turning into the fire room. The reduced 

velocities near the vertical edge – on the right side of the window on Figure 47 – due to the 

turning of the flow can be observed. 
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Figure 47 – Zoom13 on the vertical velocity distribution at the door of the apartment (left), inside the 
corridor just before the door of the fire room (middle left), at the door of the fire room (middle right) and 

at the window of the fire room (right) – Apartment configuration 

The velocity distribution – as obtained in Chapter 3 – for the simulations are reproduced (Figure 

48 and Figure 49). As mentioned previously, the flow rates obtained in the simulations are much 

higher than the one found during the cold flow measurements. This explained why the values of 

the velocity are also much higher (about two times higher). However, the distribution at the door 

of the fire room is similar (excepted at the floor level). Higher velocities are obtained in the upper 

right corner and the lower velocities due to the turning around the vertical edge are also 

observable. Nonetheless, at the bottom left corner of the door, higher velocities are obtained for 

the simulation. At the window the velocity distribution is different. While lower velocities were 

obtained at the width of 0.16 m in the simulations, this was not found during the experiments. 

This can be, among others, explained by the fact that the wind was not modelled. However, at 

the exhaust vent, the wind can have a big influence. 

 

Figure 48 – Velocity distribution at the door - Comparison between the simulation results and the cold 
flow measurements 

                                                      
13 The same legend colour as on Figure 46 is used on Figure 47. 
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Figure 49 – Velocity distribution at the window – Comparison between the simulation results and the 
cold flow measurements 

The mass flow rates through the door of the apartment, the door of the fire room and the window 

of the fire room were also computed. At the three locations, a mass flow rate of 5.99 kg/s was 

found (Figure 51). This conservation of the mass flow rate was not found in the cold flow 

measurements. Indeed, in reality flow losses and flow leakages occurred. In order to be more 

consistent, the leakages should be modelled. 

 

4.6.2. With leakages 

In the version 6.6.0 of FDS, it is possible to model localised leakages. As explained in the FDS 

User’s Guide [2], leakages occurred at too small scales to be captured correctly by the numerical 

mesh. The localised leakages are solved thanks to the use the local pressure differences. To use 

this approach, an HVAC input (with the identification ‘LEAK’) connecting two VENTS has to be 

created. An example from the FDS code used for this work is given: 

 

&OBST XB=0.4,1.1,1.4,1.6,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ 

&VENT XB=0.4,1.1,1.4,1.4,0,2, SURF_ID='door81', ID='VENTDOOR81'/ 

&VENT XB=0.4,1.1,1.6,1.6,0,2, SURF_ID='door18', ID='VENTDOOR18'/ 

&HVAC ID='LEAK6', TYPE_ID='LEAK', VENT_ID='VENTDOOR81', VENT2_ID='VENTDOOR18', 

AREA=0.01/ 

 

The first line created an obstacle representing the closed door between the corridor and the room 

located on the right of the fire room when looking on Figure 45. The two next lines created two 
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vents – one on each side of the door – with a specific name (ID). Then, the last line created the 

leakage path having an area of 0.01 m² between the two vents. 

 

From the visit of the apartment, the area of the leakages was estimated to be 0.01 m² and the 

same area was given to all leakages. However, if enough time was available, a sensitivity study 

should be conducted. It is also important to note that leakages were simulated at the locations of 

the closed door and on the wall where a window was placed. But, leakages through the other 

walls could also occurred and in a further work, this could also be investigated. Furthermore, as 

the exact location of the leakages were not known, it was decided to put the vent on the entire 

surface of the obstacle. In the future, the validity of this choice could be investigated by trying to 

place the leakages to more localised places like the bottom of a door. 

 

The results obtained from the simulation with the leakages were really similar to the results 

obtained in 4.6.1. For instance, the evolution of the velocity distribution is given in Figure 50. The 

differences were in the order of magnitude of 0.2 m/s excepted at the lower corners of the 

window. 

  

Figure 50 – Evolution of the velocity distribution – Simulations with leakages 

The most interesting difference between the original set up simulation and the simulation with 

the leakages, is that, in the latter one, the conservation of the mass flow rate was not observed 

anymore. The mass flow rate decreased as the distance to the fan increased (Figure 51). However, 

this decrease was less important than the one observed during the cold flow measurements. 
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Figure 51 – Comparison of the evolution of the mass flow rate inside the apartment 

 

4.6.3. Summary 

A mesh sensitivity analysis was not realised for those simulations. Nevertheless, from the 

simulations ‘Velocities at 5 m’, it was concluded that the results were not mesh insensitive. This 

means that in a future work, the simulations should be run with a lower cell size. This also means 

that the results on the simulations in this work should be analysed with caution. The values of 

the velocities and of the mass flow rate were overestimated. This overestimation provided from 

a lack of information about the exact flow field generated by the fan. The simulations with the 

leakages showed more realistic results with a reduction of the flow rate inside the apartment. 

However, the leaks were estimated from the visit of the apartment. In further works, a 

quantification and localisation should be realised. Moreover, the velocity distribution at the 

window showed high differences with the cold flow measurements. A part of the difference can 

be explained by the ignorance of the wind in the simulations. Actually, the distribution and the 

evolution of the wind at the window were not measured during the experiments. 

 

4.7. General conclusion of Chapter 4 

The Synthetic Eddy Method showed results that are consistent with the reality. This method could 

be potentially used to model the flow generated by a fan but, needed to be further investigated. 
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The most important point, in a future work is to have a better knowledge of the flow field and 

the flow parameters in front of the fan. This requires more sophisticated measurement 

apparatuses (which are also more expensive) and a better collaboration with the manufacturer. 

 

In order to be more consistent with the reality and with the cold flow measurements, the 

simulations should be run with leakages. Indeed, the outflows escaping through the leaks have 

an impact on the total flow rate. To quantify this impact, a better evaluation of the building should 

be realised. Furthermore, in the simulations, the impact of the wind was ignored. In a future work, 

the evolution of the wind at the window should be measured and be incorporated to the 

simulations to obtain a flow at the exhaust vent which is closer to the real one. 

 

4.8. Work to do in the future 

In a further work, it could also be interesting to investigate the flow field induced by the biggest 

fan located at the ground floor. This would allow to examine the impact of the staircase on the 

flow. Then the two fans together could also be simulated, and the simulations could be extended 

to reproduce the fire tests. The impact of the ventilation on the HRR could thus be investigated 

through CFD simulations. This would allow to run more simulations and to better quantify the 

impact of the ventilation on the fire development and vice-versa. 

 

Finally, the effect of the smoke stopper could be reproduced. It is difficult to model a SS in CFD 

simulations. Indeed, a SS is an obstacle that can move due to the air flow. This behaviour cannot 

be captured at the moment in FDS. It should be very innovative and interesting to try to model 

the impact of a SS in FDS. One possible solution could be to impose a velocity reduction at the 

place of the smoke stopper. Another solution could be to draw an obstacle having the same 

configuration as illustrated on Figure 52. However, with the last solution, the shape of the SS is 

fixed and cannot change if a reverse flow is applied on it. Still, this solution could be investigated. 



64 
 

 

Figure 52 – Possible solution to model the impact of a smoke stopper 
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Chapter 5 Full scale fire tests – qualitative approach 

This chapter consists first in a small discussion about the fire load used during the real full-scale 

fire tests and the suggested resulting fire conditions (5.1). Then the emphasis is put on the 

observed results of each test (5.2). In those sections - before focussing on the qualitative results 

- a small paragraph summarises the expected results for each test. Finally, a small conclusion of 

Chapter 5 is available (5.3). 

 

5.1. Fire load and fire conditions 

After ignition, a fire can evolve differently. Merci and Beji [20] develop the different evolution in 

their book. They explain that a fire can die by itself or can grow. In the first case, it can correspond 

to a ‘fuel-controlled’ fire or to a ‘ventilation-controlled’ fire. When the energy lost from the flames 

is too important to allow further pyrolysis of unburned material or when the object burns totally 

– without releasing enough heat to lead to fire spread to other combustibles – one speaks about 

‘fuel-controlled’ fire. However, when there is a lack of fresh air (more particularly of oxygen) such 

that the consumption of the pyrolysis gases is prevented, one speaks about ‘ventilation controlled’ 

fire. Besides, the fire can grow. This results from a positive feedback loop. During this process, the 

heat coming from the flames heats up virgin material which increases the amount of pyrolysis 

gases generated. Those pyrolysis gases increase the heat generated which then further feed the 

pyrolysing process, etc.  

 

It is thus important to know which fire regime is developed when performing firefighting 

ventilation procedures. The worst case is the case of a ventilation-controlled fire. As previously 

mentioned, there is an excess of fuel compared to the available amount of oxygen. It means that 

there can be some unburned fuel, some pyrolysis gases or also some combustible gases resulting 

from an incomplete combustion [20]. By the creation of openings and by the supply of fresh air 

through the fan, a ventilation induced flashover or backdraft can occur which can be hazardous 

for the firefighters or the victims.  



66 
 

5.1.1. Stoichiometric conditions 

The heat release rate (HRR) at stoichiometric conditions, when enough air can reach the fire 

source, can be obtained via equation (11) as written in SFPE Handbook [24]. 

 �̇�𝑠𝑡 ≅ 1500 ∗ 𝐴0 ∗ √𝐻0 (11) 

where �̇�𝑠𝑡  [kW] is the stoichiometric HRR, 𝐴0  [m²] is the area of the opening and 𝐻0  [m] the 

height of the opening. 

 

In this case, the fire room has two openings. The dimensions of the door and the window are 

summarised in Table 17. 

 

Opening Area [m²] Height [m] 

Door 1.44 2.05 

Window 1.57 1.65 
Table 17 – Dimensions of the openings of the fire room 

 

The ventilation factor 𝐴0 ∗ √𝐻0 becomes thus in this case: 

 
𝐴𝑠𝑢𝑚 ∗ √𝐻𝑚 = ∑ 𝐴𝑖 ∗ √𝐻𝑖

2

𝑖=1

= 1.44 ∗ √2.05 + 1.57 ∗ √1.65 = 4.08 𝑚5/2 
(12) 

Combining equations (11) and (12), the stoichiometric HRR for this room can be computed 

(equation (13)). 

 �̇�𝑠𝑡 ≅ 1500 ∗ 𝐴𝑠𝑢𝑚 ∗ √𝐻𝑚 ≅ 1500 ∗ 4.08 ≅ 6117 𝑘𝑊 ≈ 6.1 𝑀𝑊 (13) 

 

The 6.1 MW heat release rate is the HRR that can be theoretically reached – based on the size of 

the openings of the fire room – with a normal concentration of oxygen in the air, i.e. 21%. 

 

5.1.2. Fire load 

The fire load in the room for each test was mainly made of 10 French wooden pallets (0.60 m * 

0.99 m * 0.16 m), 3 pieces of wooden boards (about 0.80 m * 1.10 m * 0.02 m) and some pieces 

of foam mattress. A typical fuel package is illustrated on Figure 53. One can imagine that the 6.1 

MW will never be reached with that kind of fire load. Actually, the intention was first to obtain a 
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ventilation-controlled fire. A certain amount of wooden pallet was asked to the Fire Department 

of Yonne but, due to a misunderstanding, this amount was not sufficient. Indeed, the asked 

number of wooden pallets was provided but, actually, those were French wooden pallets which 

are smaller than the European ones. 

 

Figure 53 – Fire load used during the fire tests and its location in the corner 

An attempt to obtain a value of the HHR resulting from the fuel package is realised. Nevertheless, 

the estimation seems unrealistic. The estimation is made as follows. In Björn’s book [25] peak 

heat release rates per unit area (HRRPUA) are given for different heights of superposition of 

wooden pallets. The height of the wooden pallets in the fuel package is about 1.12 m. From a 

linear interpolation of the values mentioned in Table 18, this gives a HRRPUA of 3.005 MW/m². 

As the foot print of the wooden pallets on the floor is about 1 m², this gives an approximation of 

the HRR of 3 MW. The relative contribution of the 3 wooden boards compared to the one of the 

wooden pallets is negligible as there are only 3 boards having a width of 0.02 m each. 

Height [feet] Height [m] Peak HRRPUA [MW/m²] 

1 ½  0.457 1.420 

5 1.524 3.970 
Table 18 – Peak HRRPUA for wooden pallets coming from [25] 

The quantification of the HRR resulting from the pieces of foam mattress is a little bit more 

difficult. Indeed, as mentioned in SFPE Handbook [24], a general value of the HRR for the mattress 

cannot be obtained as the heat release rate must be evaluated in relation to the room, its 

configuration and its dimensions. From SFPE Handbook [24], the peak HRR for 8.9 kg of 
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polyurethane foam mattress in a small room is 1.716 MW. However, this value cannot be taken, 

as the amount of mattress used for the tests was only about 4 kg and it is not possible to obtain 

an estimation of the HRR from this single value. Other data about mattresses can be found in 

SFPE Handbook and are provided in Table 19. This time, it corresponds to values obtained in the 

case where the room was big enough to avoid its influence on the HRR. A value of the peak HRR 

for the amount of foam mattress used during the different tests can be approximate by using a 

linear interpolation. This gives a peak HRR of 1.368 MW. One has to keep in mind that this value 

is a maximum value as it corresponds to the peak HRR. It is also an overestimation of the HRR as 

the influence of the room itself is neglected. 

Padding material Mass [kg] Peak HRR [MW] 

Polyurethane foam mattress 14 2.630 

Polyurethane foam mattress 6 1.620 
Table 19 – Peak HRR for foam mattresses from [24] 

So at the end, it leads to 

 �̇�𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒,𝑚𝑎𝑥 = �̇�𝑝𝑎𝑙𝑙𝑒𝑡𝑠 + �̇�𝑚𝑎𝑡𝑡𝑟𝑒𝑠𝑠 =  3.00 + 1.37 ≅ 4.4 𝑀𝑊 (14) 

   
However, this value is obtained from peak heat release rates that are reached in particular 

configurations (with probably no effect of the room). In this case, the fire room is relatively small, 

and the fuel package is located in a corner. So, this HRR is probably overestimated. 

 

A more realistic – but also not accurate – estimation is the value provided in Belgian standard 

NBN S21-208-1. When the fuel is not well known, the HRRPUA is respectively 250 kW/m² and 500 

kW/m² for natural ventilation and forced ventilation [26]. Nonetheless, those values are also not 

based on strong scientific basis [26]. As the footprint of the fuel package is about 1 m² and as the 

regime resulting from the fan can be assimilated to forced ventilation, an HRR of 500 kW is found.  

 

As a conclusion, a correct estimation would be probably between those two values, i.e. 500 kW 

and 4.4 MW. A lower HRR as the stoichiometric one is expected, and as a matter of fact, a fuel-

controlled fire as well. The budget for this work was limited and it was thus not possible to use 

more specialised (and thus more expensive) equipment to have a more reliable value. Indeed, in 

order to really define the fire regime, the Global Equivalent Ratio (GER) can be used. Nevertheless, 
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to compute this ratio, the mass loss rate of the fuel and the mass loss rate of the oxygen are 

necessary. This would require more specific apparatuses. 

 

5.2. Results of the full-scale fire tests 

In order to illustrate the text, some captures of the different videos are added to the following 

sections. As it is not always easy to know what was being filmed and shown, a plan with the 

different positions and the direction of the camera lens is provided (Figure 54). The corresponding 

locations are indicated in the caption of the figures. 

 

Figure 54 – The different positions of the camera and the direction of the camera lens (location 7 has a 
different colour as it corresponds to an outside location on the ground floor) 

 

5.2.1. Fire test 1: ESV230 

5.2.1.1. Objectives and hypotheses 

The main objective of fire test 1 was to provide a point of comparison for the next experiments. 

It was assumed that some smoke would enter the staircase when the door leading to the fire 

room would be opened. There would be a slight influence of the fan, but the smoke stratification 

would still be visible inside the apartment. 
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5.2.1.2. Qualitative observations 

A small misunderstanding occurred during this test. This can be explained by the fact that this 

test was the first fire test realised and the team had not been drilled yet. The procedure happened 

as explained previously, excepted that the upper part of the window stayed closed during the 

ventilation process (Figure 55). It considerably changes the ventilation conditions of the fire14. As 

the area of the outlet opening is much lower, it reduces the effectiveness of the fan. It diminishes 

the area to expulse the smoke and the combustion gases while it also provides a higher resistance 

to the flow path. So, it will not be possible to link directly this result to the cold flow 

measurements. 

 

Figure 55 – Conditions at the window (position 7) – Fire test 1 – before starting the ESV230 (outside 
camera) 

It is important to note that even before opening the door leading to the fire room for the 

ventilation procedure, there was already some smoke in the corridor as it can be seen on Figure 

56. Actually this smoke escaped because of the opening of the door. This opening was done to 

see the evolution of the smoke layer in order to know when the ventilation process had to be 

initiated. 

                                                      
14As the size of one opening was different, the stoichiometric HRR obtained in section 5.1.1 is also not 
valid anymore. The height of the opened part of the window is 0.37 m. The HRR becomes thus:  

 �̇�𝑠𝑡 ≅ 1500 ∗ (1.44 ∗ √2.05 + 0.39 ∗ √0.37) ≅ 3.4 𝑀𝑊 
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Figure 56 – Conditions in the corridor (position 4) – Fire test 1 – before starting the ESV230 (TIC camera) 

In this case, as the upper part of the window was obstructed, the conditions inside the enclosure 

were leaner in oxygen content than the other tests. When the fan started, it fed the fire and led 

to a rapid smoke spread. After 40 seconds of ventilation, the flames reached the window as 

illustrated on Figure 57. This picture is also interesting as it effectively shows the two square holes 

through which some losses occurred (one at the top right of the window and the other just below 

the window). 

 

Figure 57 – Conditions at the window (position 7) – Fire test 1 – +/- 40 seconds after the activation of the 
ESV230 (outside camera) 

Inside the building, it can be observed that, during the ventilation procedure, some smoke 

escaped from the fire room and moved to the corridor (Figure 58). The stratification was visible 

with a hotter upper smoke layer (about 300°C) and a colder space below. However, the 
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pressurisation of the staircase by the ESV230 was still efficient with a very limited amount of 

smoke flowing to the staircase (Figure 59). 

 

Figure 58 – Conditions in the corridor (position 4) – Fire test 1 – +/- 35 seconds after the activation of the 
ESV230 (TIC camera) 

 

Figure 59 – Conditions in the corridor (position 5) – Fire test 1 – +/- 35 seconds after the activation of the 
ESV230 (TIC camera) 

The last figure (Figure 60) is an illustration of the outside conditions during the extinguishment of 

the fire with the high-pressure nozzle. One can notice the extra generation of gases. This 

corresponds to the generation of steam. 
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Figure 60 – Conditions at the window (position 7) – Fire test 1 – during water extinguishment (outside 
camera) 

5.2.1.3. Summary fire test 1 

In the end, this test could not serve as point of comparison as the ventilation conditions were 

different but still, it was decided to keep the results. Indeed, if the results cannot be directly linked 

to the results of the cold flow test, as the outlet area was totally different, it was still a good 

illustration of the danger of ventilation procedure. In this case the extinguishment of the fire 

started before being out of control (+/- 90 seconds after the activation of the ES230) but the rapid-

fire growth resulting from the ventilation was still observable. Furthermore, this test was a good 

illustration of the importance of the planned and coordinated aspect of the tactical ventilation. 

 

With those particular fire load and fire conditions, the ESV230 was sufficient to pressurise the 

staircase and keep it smoke-free once the flow field was completely settled in. The smoke 

stratification in the corridor was also still observable. 

 

5.2.2. Fire test 2: ESV230 and smoke stopper 

5.2.2.1. Objectives and hypotheses 

The purpose of this test was to examine the effectiveness of a smoke stopper to contain the 

smoke inside the apartment if the fan was positioned far away from the SS. It was assumed that 

no smoke would flow into the staircase when the door of the fire room would be opened. It was 
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also assumed that the effectiveness of the fan to push the smoke outside from the apartment 

would be reduced as the flow path is (partially) obstructed by the smoke stopper. The 

stratification between hot smoke and colder air would be visible. 

 

5.2.2.2. Qualitative observations 

As the window was burned, there was no obstruction of the upper part of the window anymore. 

It was thus difficult to have the smoke layer reaching the mark on the wall (to know when to start 

the ventilation process). Indeed, the smoke from the upper layer escaped through the upper part 

of the window (Figure 61). An idea about the size of the fire when the ESV230 had not been 

activated yet, is provided on Figure 62. The hottest places are in the corner above the fire source 

and the space below the ceiling. One can see that hot smoke was escaping through the upper 

part of the window while colder air was getting inside through the bottom part. It was decided to 

start the ventilation less than 4 minutes after the ignition to avoid being in the decay phase of the 

fire. 

 

Figure 61 – Conditions at the window (position 7) – Fire test 2 – before starting the ESV230 (outside 
camera) 
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Figure 62 – Conditions inside the fire room (position 1) – Fire test 2 – before starting the ESV230 (TIC 
camera) 

Just after the activation of the ESV230 and thus also the opening of the door of the fire room, hot 

smoke propagated to the corridor (Figure 63). Nevertheless, from observations of the firefighters 

present on the landing, no smoke flowed in the staircase. As at that moment the flow field 

generated by the fan (two storeys below) had not been fully developed yet, it seems that the 

smoke stopper alone was sufficient to block the smoke (this affirmation will be checked in fire 

test 7). 

 

Figure 63 – Conditions in the corridor (position 3) – Fire test 2 – +/- 10 seconds after the activation of the 
ESV230 (TIC camera) 
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An illustration of the effect of a fan on a SS is provided in Figure 64. Behind the firefighter, it can 

be seen that the bottom part of the SS moved to the inside of the apartment. This means that, in 

that case, the overpressure created by the ESV230 was higher than the overpressure resulting 

from the fire. The staircase was well pressurised during that experiment. The hot smoke was 

blocked by the fixed part of the smoke stopper while fresh air was propagating inside the 

apartment. 

 

Figure 64 – Conditions on the landing (position 5) – Fire test 2 – +/- 40 seconds after the activation of the 
ESV230 (TIC camera) 

The fire further grew due to the fresh air brought by the fan. This had to do with the positive 

feedback loop explained in the introduction of Chapter 5. The fire started to spread to the façade 

(Figure 66). It was thus decided to proceed to the extinction of the fire more or less 2 minutes 

after the activation of the fan. 
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Figure 65 – Conditions at the window (position 7) – Fire test 2 – +/- 60 seconds after the activation of the 
ESV230 (outside camera) 

 

 

Figure 66 – Conditions at the window (position 7) – Fire test 2 – +/- 90 seconds after the activation of the 
ESV230 (outside camera) 

 

5.2.2.3. Summary fire test 2 

No smoke propagated to the staircase. The combination of the SS and the ESV230 was thus 

sufficient to keep a smoke-free environment in the stairwell with that particular fire load and 

those particular conditions. It was difficult to know if the smoke stopper alone was sufficient to 

block the smoke. This will be investigated in fire test 7. The stratification inside the corridor was 

still observable. Once again, the fire grew further with that ventilation regime and it was thus 

decided to start the extinction. 



78 
 

 

5.2.3. Fire test 3: Batfan 

5.2.3.1. Objectives and hypotheses 

This test was conducted in order to compare the effectiveness between a bigger fan placed at the 

entrance of the building and a smaller fan placed at the entrance of the apartment where the fire 

was located. This seemed interesting as, even if the bat fan leads to smaller flow rates, it is also 

lighter, so it can be – potentially – easily used by the firefighters. It was presumed that no smoke 

would flow into the staircase when the door of the fire room would be opened. It was also 

supposed that the effectiveness of the fan to push the smoke outside the apartment would be 

equivalent or slightly reduced as the air flow rate provided by the Batfan is smaller than the one 

induced by the ESV230. Due to the closer location of the fan, it was supposed that the large-scale 

unsteadiness would destroy the stratification of the smoke layer. 

 

5.2.3.2. Qualitative observations 

Because of the difficulty to obtain a smoke layer in the fire room when the window was not 

obstructed, a wooden board was placed at the upper part of the window opening (Figure 67). 

The smoke that flowed out of the fire room, did not allow to observe it but, the wooden board 

had the same dimensions as the upper windows in fire test 1. 

 

Figure 67 – Conditions at the window (position 7) – Fire test 3 – before ventilation procedure (outside 
camera) 
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The obstruction of the upper part allowed to have a bigger smoke layer. This can be seen on Figure 

68. To clarify the capture coming from the TIC film, one has to know that the left grey part on the 

picture corresponds to the door which is not totally opened, and the grey at the right part 

corresponds to the built-in wardrobe. This right grey part does not allow to see the fire source 

and the flames escaping from it. The camera was actually pointing to the direction of the window 

and the yellow part corresponds to a part of the smoke layer. 

 

Figure 68 – Conditions inside the fire room (position 1) – Fire test 3 – before ventilation procedure (TIC 
camera) 

The wooden board was then removed from the outside. A little bit later, the door of the fire room 

was opened and then the Batfan was activated. After the activation of the Batfan, the fire grew 

quite rapidly. This can be observed for instance outside. An illustration of the fire growth – seen 

from outside – 30 seconds after the activation of the Batfan is given (Figure 69). 
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Figure 69 – Conditions at the window (position 7) – Fire test 3 – +/- 30 seconds after the activation of the 
Batfan (outside camera) 

The Batfan alone was not sufficient to expulse all the generated smoke through the window. A 

big part of the smoke flowed in the corridor of the apartment (Figure 70). Nevertheless, the 

smoke was still refreshed due to the air flow provided by the Batfan. At the bottom, more tenable 

conditions were created due to the ventilation. 

 

Figure 70 – Conditions inside the corridor (position 4) – Fire test 3 – +/- 60 seconds after the activation of 
the Batfan (TIC camera) 

Even if the conditions were tenable near the floor in the corridor, the conditions inside were not 

optimal. Indeed, there was a lot of smoke in the corridor, on the landing and in the entire part of 

the staircase located above the second floor. This gave a zero-visibility environment. This is 
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illustrated on Figure 71. The cameraman was located on the stairs leading to the second floor. 

One can note from the illustration that there was a very dense black smoke layer in the staircase. 

 

Figure 71 – Conditions inside the staircase (position 6) – Fire test 3 – +/- 30 seconds after the activation 
of the Batfan (inside camera) 

Due to the zero visibility inside, it was decided to start the extinguishment almost 1 minute after 

the activation of the fan. In the same way as for the other tests, the fire was extinguished using a 

high-pressure nozzle. During the extinguishment, most of the smoke (and the steam) were 

expulsed due to the Batfan. Nevertheless, after the extinction and in order to recover more 

rapidly a visibility inside the staircase, the ESV230 was also used. 

 

Figure 72 – Conditions at the window (position 7) – Fire test 3 – during water extinguishment (outside 
camera) 
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5.2.3.3. Summary fire test 3 

The Batfan alone was clearly not sufficient to prevent the propagation of the smoke to the upper 

part of the building. The smallest fan was thus less efficient than the ESV230 placed on the ground 

floor. The entire corridor was filled with smoke. Nonetheless, before starting the extinction of the 

fire, the Batfan provided colder temperature near the floor. 

 

5.2.4. Fire test 4: Batfan and smoke stopper 

5.2.4.1. Objectives and hypotheses 

The objective investigated by this test was to examine the effectiveness of a smoke stopper to 

contain the smoke inside the apartment if the fan was positioned closer to the smoke stopper. It 

was supposed that no smoke would flow into the staircase when the door would be opened. It 

was also supposed that the effectiveness of the fan to push the smoke outside the apartment 

would still be reduced as the flow path is (partially) obstructed by the smoke stopper but less 

than in the test with the fan positioned on the ground floor. A kind of stratification would be 

visible but without a clear distinction between the upper smoke layer and the colder air layer. 

 

5.2.4.2. Qualitative observations 

The same procedure – i.e. with an obstruction of the upper part of the window – was followed 

(Figure 73). Once again, even before starting the ventilation procedure, some smoke flowing out 

through the small square at the top of the room can be observed. 
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Figure 73 – Conditions at the window (position 7) – Fire test 4 – before ventilation procedure (outside 
camera) 

A bug happened with the TIC so the film resulting from this camera was unusable. The 

observations of this test are thus only based on the outside film and on the written observations 

taken during the test. As before, the fan in this case increased the growth rate of the fire (Figure 

74). Nevertheless, this increase was not rapid. 

 

Figure 74 – Conditions at the window (position 7) – Fire test 4 – +/- 90 seconds after the activation of the 
Batfan (outside camera) 

Inside, there was a small amount of smoke in the staircase. Actually, this smoke flowed in the 

corridor when the door of the room was opened to see the evolution of the smoke layer (thus 

before starting the ventilation procedure). Then, as some firefighters walked several times 

through the SS, a part of the smoke present in the corridor flowed in the staircase but, when the 
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Batfan was activated, no more smoke moved to the staircase. The corridor was still filled with 

smoke, but the visibility was a little better compared to the previous test. 

 

5.2.4.3. Summary fire test 4 

The smoke stopper was able to contain the smoke. Once more, the Batfan provided colder 

temperature near the floor without being capable of removing the smoke in the corridor. The 

smoke layer was relatively low and without a clear distinction between the bottom and the upper 

part. 

5.2.5. Fire test 6: ESV230 and Batfan15 

5.2.5.1. Objectives and hypotheses 

The purpose of this test was to perceive the improvement on the ventilation which resulted from 

the combination of a big fan on the ground floor and a smaller fan in front of the apartment. The 

ESV230 on the ground floor would pressurise the stairwell and thus, prevent smoke from entering 

the staircase. In addition, the Batfan would redirect the air flow and push the smoke away from 

the apartment. It was supposed that no smoke would flow into the staircase when the door would 

be opened and that no stratification would be visible. 

 

5.2.5.2. Qualitative observations 

For the combination of the two fans, the movable obstruction at the top of the opening was again 

used. Figure 75 is an illustration of the conditions at the window just before having removed the 

wooden board. 

                                                      
15There is no fire test 5. Indeed, the two days were not sufficient to realise all the fire tests. It was thus 
decided to skip fire test 5 which corresponded to ventilation strategy involving the Batfan and a half smoke 
stopper placed at the upper part of the apartment entrance door. 
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Figure 75 – Conditions at the window (position 7) – Fire test 6 – before ventilation (outside camera) 

The wooden obstructer was detached a little bit too early and so, a delay of about 1 minute 

occurred before the opening of the door of the fire room and the activation of the ESV230. 

Already before the ESV230, the fire had started to grow as more oxygen was available, which 

further fed the fire source. This lead to a higher flame temperature which increased the 

production of pyrolysis gases. Then those pyrolysis gases burned, which conducted to a higher 

flame temperature, etc (Figure 76). 

 

Figure 76 – Conditions at the window (position 7) – Fire test 6 – before starting any fan (outside camera) 

The fire grew further when the ESV230 was activated, once again, due to the positive feedback 

loop. The biggest fan alone already prevented most of the smoke in the corridor to flow into the 

staircase. 
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Figure 77 – Conditions at the window (position 7) – Fire test 6 – when only the ESV230 is activated 
(outside camera) 

Then the smallest fan was started. Actually, the Batfan reinforced the effect of the ESV230 by 

expulsing the smoke from the corridor. A higher quantity of smoke was expulsed through the 

window (Figure 78). 

 

Figure 78 – Conditions at the window (position 7) – Fire test 6 – +/- 80 seconds after the activation of the 
Batfan (the two fans run at that moment) (outside camera) 

It took some time to the Batfan to expulse the smoke from the corridor. More or less 20 seconds 

after the activation of the smallest fan, some hot smoke still escaped through the upper part of 

the door to the corridor (Figure 79). 



87 
 

 

Figure 79 – Conditions inside the corridor (position 3) – Fire test 6 – +/- 20 seconds after the activation of 
the Batfan (the two fans run at that moment) (TIC camera) 

Nonetheless, less than one minute after the working of the two fans, the leakage of smoke into 

the corridor was over and a part of the cold smoke still in the narrow passage was slowly expulsed 

(Figure 80). However, it has to be recalled that the tests took place in situ. This means that the 

effect of the wind was effective and that the obtained results are thus also dependant on the 

wind and are not only due to the fans. 

 

Figure 80 – Conditions inside the corridor (position 3) – Fire test 6 – +/- 50 seconds after the activation of 
the Batfan (the two fans run at that moment) (TIC camera) 
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Even if the conditions were more tenable in the corridor, in the fire room itself, the fire stayed 

vigorous and did not seem to be in its decay phase (Figure 81). Two minutes after the activation 

of the second fan, it was thus decided to extinguish the fire. 

 

Figure 81 – Conditions inside the fire room (position 1) – Fire test 6 – +/- 90 seconds after the activation 
of the Batfan (the two fans run at that moment) (TIC camera) 

 

5.2.5.3. Summary fire test 6 

The addition of a smaller fan to the ESV230 was a benefit. While the biggest fan on the ground 

floor pressurised the stairway, the Batfan redirected a part of the air flow inside the apartment. 

The smoke stratification was visible and the visibility in the corridor was clearly improved. It was 

possible to see the other side of the corridor from the entrance of the apartment. Nonetheless 

the combination of the two fans was not sufficient to expulse all the smoke from the corridor. The 

fire grew due to the ventilation regime, but this growth was not too rapid. It was indeed decided 

to proceed to the extinction only about 3 minutes after the activation of the second fan. 

 

5.2.6. Fire test 7: ESV230, Batfan and smoke stopper 

5.2.6.1. Objectives and hypotheses 

At last, the effectiveness of the addition of a smoke stopper to the previous configuration was 

investigated. It was supposed that no smoke would flow into the staircase when the door of the 

apartment was opened. 
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5.2.6.2. Qualitative observations 

For the last test, the recording on the outside camera was stopped before the end of the test. 

Outside illustrations will not be provided for this test but it is not a problem as the TIC has already 

delivered a lot of information. The first illustration obtained with the thermal imaging camera 

(Figure 82) shows the conditions inside the corridor when the door of the fire room was opened 

and only the SS was set up. It is important to mention that the fans would be activated a little bit 

later. The smoke stratification was clearly visible. Moreover, hot smoke escaped from the top of 

the door of the fire room to flow in the corridor. The ability of the SS alone to block the smoke 

was investigated for about 2 minutes. Excepted the smoke that came through the SS when the 

firefighter with the TIC shifted the smoke blocker, no smoke flowed into the staircase. 

 

Figure 82 – Conditions inside the corridor (position 3) – Fire test 7 – when the door of the fire room is 
opened and only the SS is used (TIC camera) 

After having analysed the effectiveness of the SS alone for 2 minutes, the ESV230 was activated 

and then 90 seconds later, the Batfan was also run. The impact of the two fans on the SS is shown 

on Figure 83. While the ESV230 mainly pressurised the staircase (on the left), the Batfan helped 

to redirect the air flow and to reinforce the flow inside the apartment. On the right side of Figure 

83, one can indeed observe that the combination of the two fans shifted the SS more to the inside 

of the corridor. 
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Figure 83 – Effect of the fans on the SS (position 5) – Fire test 7 – on the left, only the ESV230 run/ on the 
right, the two fans run together (TIC camera) 

In the first instance, the combination of the two fans and the SS prevented most of the new smoke 

to flow in the narrow passage. The three together did not break the stratification of the smoke 

layer and were not sufficient to push the stagnant smoke away from the corridor. 

 

Figure 84 – Conditions in the corridor (position 3) – Fire test 7 – +/- 40 seconds after the activation of the 
Batfan (the two fans run at that moment) (TIC camera) 

The fresh air brought by the fans fed the fire further. This fire continued to grow. Due to the 

development of the fire (and also possibly due to the wind on the façade) the overpressure in the 

smoke layer of the fire room overcame the mechanically created overpressure. Hot smoke flowed 

into the corridor and into the entrance hall of the apartment (Figure 85). However, the smoke 

never went beyond the SS. Around 3 minutes after the activation of the second fan, it was finally 

decided to start the extinction of the fire. 
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Figure 85 – Conditions inside the corridor and the entrance hall (position 3) – Fire test 7 – +/- 80 seconds 
after the activation of the Batfan (the two fans run at that moment) (TIC camera) 

 

5.2.6.3. Summary fire test 7 

The SS alone was indeed to prevent the spreading of the smoke at the beginning of the fire. Then 

the two fans together led first to similar conditions as in fire test 6. This test was also interesting 

because it showed that the conclusion may vary because the conditions change (due to a stronger 

fire or due to the wind for instance). 

 

5.3. Summary and limitations 

To conclude, the Batfan alone was not sufficient to provide a safe environment inside the stairwell. 

Even if the temperature near the bottom was reduced due to the mixing of the smoke with colder 

air, the progression of the firefighters was not improved as the visibility in the corridor was really 

bad. Actually, the smallest fan can be used as a reinforcement to the biggest one by redirecting a 

part of the flow inside the apartment. 

 

The fan on the ground floor giving the highest flow rate was sufficient to pressurise the stairwell 

and to prevent most of the smoke propagation beyond the corridor. Nonetheless, the fire was 

only situated on the second floor. This means that the results could have been different if the fire 
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had been located on upper floors. There, pressure losses and the effect of the wind could be more 

important. 

 

The smoke stopper was sufficient to block the smoke inside the apartment. This is a useful 

equipment which allows the progression of the firefighters without reducing the evacuation 

capability of the occupants. 

 

However, those conclusions are not general and cannot be extended to all cases. They depend on 

the configuration, on the fire load, on the equipment used and on the weather conditions. Indeed, 

the location of the fire is important as it can be easier or not to have the fire source on the 

mechanically created air flow path. The fire source can be situated further or closer to the fan. It 

can also be in a room without opening to the outside. The creation of the outlet vent can be thus 

more difficult. 

 

Moreover, in higher buildings, the stack effect can – partly – counteract the overpressure 

generated by the fan. The stack effect results from a temperature difference between the inside 

of the building and the ambient air surrounding the construction [20]. Due to this temperature 

difference, the evolution of the pressure as a function of the height is different. In case of natural 

stack effect, the temperature inside is greater than the ambient temperature. The pressure 

difference above the neutral plane height leads to an outflow of air while below the neutral plane 

height, air comes into the building. A higher building also often means more losses and leakages. 

In the same way, at higher elevation, the wind can be potentially stronger. In order to give a better 

idea of the order of magnitude of the different phenomena, Table 20 is added. The table and the 

different values come from book of Klote and Milke [27]. 
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Driving force16 Location of ∆𝒑 Conditions ∆𝒑 (𝑷𝒂) 

Stack effect Shaft to outside For all stack effect examples, 
𝑇𝑠 = 21°𝐶 and 𝑇0 = −18°𝐶 

ℎ = 10 𝑚 
ℎ = 100 𝑚 

 
 

18 
180 

Buoyancy of 
combustion gases 

Fire room to 
adjacent room at 
ceiling 

For 𝑇𝑓 = 870°𝐶 and 𝑇0 = 21°𝐶 

ℎ = 1.5 𝑚 
ℎ = 3 𝑚 

 
13 
26 

Wind effect Across the building 
(windward to 
leeward wall) 

For all wind examples, 

𝜌 = 1.20 𝑘𝑔/𝑚³, 𝐶�̅�1 = 0.8 and 𝐶�̅�2 = − 0.3 
𝑈𝐻 = 7 𝑚/𝑠 

𝑈𝐻 = 14 𝑚/𝑠 

 
 

32 
130 

Ventilation systems Across barrier of 
smoke control 
system 

Note: values based on experience 12 𝑡𝑜 90 

Table 20 – Comparison of pressure differences due to various forces [28] 

During the experiments, the fire load was low. The overpressure generated by the hot smoke 

resulting from a more important fire load can also reduce the effectiveness of the fan. The 

resulting overpressure can even overtake the mechanically induced overpressure. The smoke 

could then propagate to the rest of the building. Furthermore, it was also decided to extinguish 

the fire that was still in its growing phase before being out of control. So, if a longer delay had 

been let before the extinction, the results could also have been different. 

 

Finally, the equipment used is primordial. The size, the weight, the power consumption and more 

especially the generated flow rate are important for firefighting ventilation procedures. For 

instance, the power generators in the fire trucks of IILE were not strong enough to run the ESV230. 

A power generator from the fire department of Yonne was thus used. Additionally, the flow rate 

generated by a fan also depends on the pressure build up inside and on the boundary conditions. 

The flow rate can thus be lower than the theoretical one. 

                                                      
16 Some equations behind those driving forces are written in the appendixes, section 7.2. 
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Chapter 6 Conclusion 

From the cold flow measurements, it was concluded that the ventilation strategy involving only 

the small portable fan placed in front of the apartment was not the best configuration. Indeed, 

the resulting flow rate was the lowest of the different experiments. The highest flow rate was, 

logically, obtained when the fan on the landing and the fan at the ground floor were used together. 

The smoke stopper reduced of the flow rate, but this decrease was limited. 

 

Those conclusions were confirmed with the fire tests. The small fan alone was not able to prevent 

the smoke spread to the staircase. The best configuration regarding the visibility inside the 

building was obtained when the two fans were acting together. The smoke stopper alone was 

able to prevent the smoke spread to the stairwell and its presence did not reduce the venting 

capability of the fans. 

 

In terms of ventilation efficiency and ease of installation, the best strategies were the 

configurations with the biggest fan at the ground floor and, potentially, the smoke stopper in the 

apartment door. Indeed, even if the flow rates were not the highest in those configurations, it 

was sufficient to pressurise the stairwell and to prevent most of the smoke propagation beyond 

the corridor. Moreover, the Batfan could then be set up in a second phase to support and redirect 

the flow rate of the biggest fan. 

 

However, those conclusions are only valid for the particular configuration of the building used for 

the tests. They depend on the configuration, on the fire load, on the equipment used and on the 

weather conditions. Supplementary tests have to be made – with other fans, with a higher fire 

load, in another building, at other storeys – to be able to extend it to other cases. 

 

Finally, the ability of the Synthetic Eddy Method to model the fan was examined. This method 

showed consistent results but, needed further investigations. In possible further works, a better 

knowledge of the flow field and the flow parameters in front of the fan should be available. 
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Appendixes 

7.1. Tables of the averaged velocities for each test 

7.1.1. Averaged velocities at the door and at the window of the fire room for each test 

 Velocities [m/s]  
at the door of the room 

Velocities [m/s] 
at the window of the room 

Height 
[m] 

Horizontal distance [m] Height 
[m] 

Horizontal distance [m] 

0.12 0.35 0.58 0.16 0.48 0.79 

Test 1: 
ESV230 

1.79 1.3 1.6 1.4 1.36 0.7 0.9 0.7 
1.28 1.7 2.0 1.7 0.97 0.8 0.8 0.6 
0.77 1.5 1.1 1.8 0.58 1.1 0.8 0.6 
0.26 2.1 2.7 2.5 0.19 1.4 1.3 0.7 

Test 2: 
ESV230 

& SS 

1.79 1.2 1.5 1.3 1.36 1.5 1.2 0.7 
1.28 1.2 1.3 1.9 0.97 1.1 0.6 0.7 
0.77 1.4 1.6 1.6 0.58 1.2 1.1 0.7 
0.26 1.1 1.6 1.9 0.19 1.1 1.3 1.4 

Test 3: 
Batfan 

1.79 1.4 2.2 2.5 1.36 1.3 1.5 1.6 
1.28 1.5 1.6 1.7 0.97 1.1 1.1 1.0 
0.77 1.5 1.8 1.8 0.58 1.2 1.2 0.9 
0.26 1.5 1.7 1.7 0.19 1.2 1.1 1.0 

Test 4: 
Batfan 
& SS 

1.79 0.6 0.9 1.2 1.36 1.1 0.8 0.7 
1.28 1.1 1.1 1.2 0.97 1.4 0.8 0.6 
0.77 0.9 1.1 1.1 0.58 0.9 0.9 0.8 
0.26 1.1 1.5 1.8 0.19 0.7 1.2 0.8 

Test 5: 
Batfan  

& 1/2 SS 

1.79 0.9 1.3 1.1 1.36 1.1 1.0 1.1 
1.28 1.2 1.3 1.2 0.97 1.0 0.9 0.7 
0.77 1.3 1.3 1.4 0.58 1.1 0.9 0.4 
0.26 1.6 1.4 1.3 0.19 1.2 0.9 0.9 

Test 6: 
ESV230 

& Batfan 

1.79 1.0 1.9 2.1 1.36 1.8 2.0 2.2 
1.28 1.4 2.1 2.1 0.97 1.6 2.0 1.8 
0.77 1.9 2.2 2.2 0.58 1.6 1.9 1.7 
0.26 2.6 3.0 2.8 0.19 2.0 2.1 1.9 

Test 7: 
ESV230 
&Batfan 

& SS 

1.79 1.3 1.8 1.6 1.36 1.7 1.8 1.8 
1.28 1.7 2.0 2.1 0.97 1.9 1.7 1.4 
0.77 1.3 1.8 1.9 0.58 1.7 1.6 1.5 
0.26 2.3 2.5 2.6 0.19 2.3 2.0 2.0 
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7.1.2. Averaged velocities at the door of the apartment for Test 1 

 Velocities [m/s]  
at the door of the apartment 

Height 
[m] 

Horizontal distance [m] 

0.14 0.43 0.71 

Test 1: 
ESV230 

1.79 1.9 2.1 1.6 
1.28 2.3 1.9 0.4 
0.77 2.0 0.8 0.5 
0.26 2.4 2.2 1.0 

 

7.2. Equations of some driving forces important in smoke and heat control systems 

The three following equations come from the book of Bart Merci and Tarek Beji [20]. As explained 

in this book, the pressure difference resulting from the wind is proportional to the square of the 

wind velocity 𝑣𝑤𝑖𝑛𝑑 (equation (15)). 

 
∆𝑝𝑤𝑖𝑛𝑑 =

1

2
𝜌𝑎𝑚𝑏 ∗ 𝐶𝑊 ∗ 𝑣𝑤𝑖𝑛𝑑

2 
(15) 

 

where 𝜌𝑎𝑚𝑏 is the density of the ambient air and 𝐶𝑤 is the wind coefficient. 

 

The second driving force is the force resulting from fire induced buoyancy (equation (16)): 

 ∆𝑝𝑚𝑎𝑥 = (𝜌𝑎𝑚𝑏 − 𝜌𝑠) ∗ 𝑔 ∗ (𝐻 − (𝐻𝑐 − 𝐷)) (16) 
 

where 𝜌𝑎𝑚𝑏  is the ambient density, 𝜌𝑠  is the smoke density, 𝑔  is the gravity constant, 𝐻  is the 

height of the opening, 𝐻𝑐 is the room and 𝐷 is the thickness of the smoke layer. 

 

Finally, the equation of the stack effect is given (equation (17)). 

 ∆𝑝 = (𝜌𝑎𝑚𝑏 − 𝜌𝑖𝑛) ∗ 𝑔 ∗ (𝑧 − 𝑧𝑛) (17) 
 

where 𝜌𝑎𝑚𝑏 is the ambient density outside the building, 𝜌𝑖𝑛 is the density inside the building, 𝑔 

is the gravity constant, 𝑧𝑛 the height of the neutral plane height and 𝑧 the elevation. 

 

For more explanation and for the assumptions used in those equations, the reader is referred to 

the book Fluid Mechanics Aspects of Fire and Smoke Dynamics in Enclosures [20].  
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7.3. Some other equations related to the work 

The first equation is the equation of the volume flow rate of air through an orifice. This equation 

comes from the book of Bart Merci and Tarek Beji [20]. This phenomenon appeared through the 

different doors of the apartment and the window of the fire room. This volume low rate is given 

in (18). 

 

�̇� = 𝐶𝑑 ∗ 𝐴 ∗ √
2 ∆𝑝

𝜌
 

(18) 

 

where ∆𝑝 [Pa] is the pressure difference over the orifice, 𝐴 [m²] is the area of the of the opening, 

𝜌 [kg/m³] is the density of the air and 𝐶𝑑 [-] is the discharge orifice coefficient. For doors and 

windows, this coefficient is around 0.6 while it increases to 0.7 for flow through small gaps. 

 

Furthermore, as explained in this book [20], at any solid boundary (like the walls, the roof, the 

floor, …), the fluid locally takes the velocity of the solid boundary, which in this case, is equal to 

zero. This phenomenon is due to the viscosity forces. Moreover, for the flows through the 

openings, the pressure losses can be quantified with equation (19). 

 
∆𝑝𝐿 = 𝐶𝐿 ∗

1

2
∗ 𝜌 ∗ 𝑈𝑚

2  
(19) 

 

where ∆𝑝𝐿 [Pa] are the pressure losses, 𝜌 [kg/m³] is the air density, 𝑈𝑚 [m/s] is the mean velocity 

of the flow and 𝐶𝐿 [-] is the loss coefficient. The last one depends on the geometry and the flow 

type [20]. 

  



102 
 

7.4. Some FDS codes 

7.4.1. Simulation with preliminary set up values – Velocities at 5 m 

================File characteristics================ 

&HEAD CHID='BatFan_eddies210', TITLE='BatFan_eddies210'/ -> 2 meshes and a cell size of 10cm 

&TIME T_END=300.00/ is the time that the simulation has to run [s] 

&DUMP DT_DEVC=5.00, DT_RESTART=100.00/ 

DUMP DT_DEVC means that we are averaging using the 5 last seconds 

DT RESTART specify the frequency at which the results of the simulation are saved 

 

================Domain and mesh================ 

&MESH ID='mesh1', IJK=50,40,40 XB=-3.00,2.00,-2.00,2.00,0.00,4.00, MPI_PROCESS=0 / 80 000 cells 

&MESH ID='mesh2', IJK=50,40,40, XB=-8.00,-3.00,-2.00,2.00,0.00,4.00, MPI_PROCESS=1 / 80 000 cells 

&MISC TMPA=15/  

 

&VENT MB='XMIN', SURF_ID='OPEN' / 

&VENT MB='XMAX', SURF_ID='OPEN' / 

&VENT MB='YMIN', SURF_ID='OPEN' / 

&VENT MB='YMAX', SURF_ID='OPEN' / 

&VENT MB='ZMAX', SURF_ID='OPEN' / 

 

================Models================ 

&RADI RADIATION=.FALSE./ disable radiation as it is a non-reacting simulations 

 

================Fan================ 

&OBST XB=0.00,0.20,-0.2,0.3,0.00,0.50/ 

 

&SURF ID='Top',VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=0.00,0.00,-0.00,0.10,0.40,0.50, SURF_ID='Top', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=0.20,0.20,-0.00,0.10,0.40,0.50, SURF_ID='Top_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Top_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=0.00,0.00,-0.10,-0.00,0.30,0.40, SURF_ID='Top_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 
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&VENT XB=0.20,0.20,-0.10,-0.00,0.30,0.40, SURF_ID='Top_Left_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Top_Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=0.00,0.00,-0.00,0.10,0.30,0.40, SURF_ID='Top_Middle', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=0.20,0.20,-0.00,0.10,0.30,0.40, SURF_ID='Top_Middle_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Top_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=0.00,0.00,0.10,0.20,0.30,0.40, SURF_ID='Top_Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=0.20,0.20,0.10,0.20,0.30,0.40, SURF_ID='Top_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Left', VEL=-50.6,VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=0.00,0.00,-0.20,-0.10,0.20,0.30, SURF_ID='Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=0.20,0.20,-0.20,-0.10,0.20,0.30, SURF_ID='Left_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Middle_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=0.00,0.00,-0.10,-0.00,0.20,0.30, SURF_ID='Middle_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Middle_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=0.20,0.20,-0.10,-0.00,0.20,0.30, SURF_ID='Middle_Left_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='WHITE'/ 

&VENT XB=0.00,0.00,-0.00,0.10,0.20,0.30, SURF_ID='Middle', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='WHITE'/ 

&VENT XB=0.20,0.20,-0.00,0.10,0.20,0.30, SURF_ID='Middle_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Middle_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=0.00,0.00,0.10,0.20,0.20,0.30, SURF_ID='Middle_Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Middle_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 
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&VENT XB=0.20,0.20,0.10,0.20,0.20,0.30, SURF_ID='Middle_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Right', VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=0.00,0.00,0.20,0.30,0.20,0.30, SURF_ID='Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=0.20,0.20,0.20,0.30,0.20,0.30, SURF_ID='Right_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=0.00,0.00,-0.10,-0.00,0.10,0.20, SURF_ID='Bottom_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Bottom_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=0.20,0.20,-0.10,-0.00,0.10,0.20, SURF_ID='Bottom_Left_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=0.00,0.00,-0.00,0.10,0.10,0.20, SURF_ID='Bottom_Middle', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Bottom_Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=0.20,0.20,-0.00,0.10,0.10,0.20, SURF_ID='Bottom_Middle_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=0.00,0.00,0.10,0.20,0.10,0.20, SURF_ID='Bottom_Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Bottom_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=0.20,0.20,0.10,0.20,0.10,0.20, SURF_ID='Bottom_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Bottom', VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=0.00,0.00,-0.00,0.10,0.00,0.10, SURF_ID='Bottom', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Bottom_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=0.20,0.20,-0.00,0.10,0.00,0.10, SURF_ID='Bottom_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 

/ 

================Defining the output================ 

Mass flowrates 

&DEVC XB=-1.00,-1.00,-2.00,2.00,0.00,4.00, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_1m' / 



105 
 

&DEVC XB=-3.00,-3.00,-2.00,2.00,0.00,4.00, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_3m' / 

&DEVC XB=-5.00,-5.00,-2.00,2.00,0.00,4.00, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_5m' / 

 

Point velocities 

&DEVC XYZ=-5,-1.35,0.175, QUANTITY='U-VELOCITY', ID='0.175&-1.4' / 

&DEVC XYZ=-5,-1.00,0.175, QUANTITY='U-VELOCITY', ID='0.175&-1.05' / 

&DEVC XYZ=-5,-0.65,0.175, QUANTITY='U-VELOCITY', ID='0.175&-0.7' / 

&DEVC XYZ=-5,-0.475,0.175, QUANTITY='U-VELOCITY', ID='0.175&-0.525' / 

&DEVC XYZ=-5,-0.3,0.175, QUANTITY='U-VELOCITY', ID='0.175&-0.35' / 

&DEVC XYZ=-5,-0.125,0.175, QUANTITY='U-VELOCITY', ID='0.175&-0.175' / 

&DEVC XYZ=-5,0.05,0.175, QUANTITY='U-VELOCITY', ID='0.175&0.00' / 

&DEVC XYZ=-5,0.225,0.175, QUANTITY='U-VELOCITY', ID='0.175&0.175' / 

&DEVC XYZ=-5,0.40,0.175, QUANTITY='U-VELOCITY', ID='0.175&0.35' / 

&DEVC XYZ=-5,0.575,0.175, QUANTITY='U-VELOCITY', ID='0.175&0.525' / 

&DEVC XYZ=-5,0.75,0.175, QUANTITY='U-VELOCITY', ID='0.175&0.7' / 

&DEVC XYZ=-5,1.10,0.175, QUANTITY='U-VELOCITY', ID='0.175&1.05' / 

&DEVC XYZ=-5,1.45,0.175, QUANTITY='U-VELOCITY', ID='0.175&1.4' / 

 

&DEVC XYZ=-5,-1.35,0.525, QUANTITY='U-VELOCITY', ID='0.525&-1.4' / 

&DEVC XYZ=-5,-1.00,0.525, QUANTITY='U-VELOCITY', ID='0.525&-1.05' / 

&DEVC XYZ=-5,-0.65,0.525, QUANTITY='U-VELOCITY', ID='0.525&-0.7' / 

&DEVC XYZ=-5,-0.475,0.525, QUANTITY='U-VELOCITY', ID='0.525&-0.525' / 

&DEVC XYZ=-5,-0.3,0.525, QUANTITY='U-VELOCITY', ID='0.525&-0.35' / 

&DEVC XYZ=-5,-0.125,0.525, QUANTITY='U-VELOCITY', ID='0.525&-0.175' / 

&DEVC XYZ=-5,0.05,0.525, QUANTITY='U-VELOCITY', ID='0.525&0.00' / 

&DEVC XYZ=-5,0.225,0.525, QUANTITY='U-VELOCITY', ID='0.525&0.175' / 

&DEVC XYZ=-5,0.40,0.525, QUANTITY='U-VELOCITY', ID='0.525&0.35' / 

&DEVC XYZ=-5,0.575,0.525, QUANTITY='U-VELOCITY', ID='0.525&0.525' / 

&DEVC XYZ=-5,0.75,0.525, QUANTITY='U-VELOCITY', ID='0.525&0.7' / 

&DEVC XYZ=-5,1.10,0.525, QUANTITY='U-VELOCITY', ID='0.525&1.05' / 

&DEVC XYZ=-5,1.45,0.525, QUANTITY='U-VELOCITY', ID='0.525&1.4' / 

 

&DEVC XYZ=-5,-1.35,0.875, QUANTITY='U-VELOCITY', ID='0.875&-1.4' / 

&DEVC XYZ=-5,-1.00,0.875, QUANTITY='U-VELOCITY', ID='0.875&-1.05' / 

&DEVC XYZ=-5,-0.65,0.875, QUANTITY='U-VELOCITY', ID='0.875&-0.7' / 
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&DEVC XYZ=-5,-0.475,0.875, QUANTITY='U-VELOCITY', ID='0.875&-0.525' / 

&DEVC XYZ=-5,-0.3,0.875, QUANTITY='U-VELOCITY', ID='0.875&-0.35' / 

&DEVC XYZ=-5,-0.125,0.875, QUANTITY='U-VELOCITY', ID='0.875&-0.175' / 

&DEVC XYZ=-5,0.05,0.875, QUANTITY='U-VELOCITY', ID='0.875&0.00' / 

&DEVC XYZ=-5,0.225,0.875, QUANTITY='U-VELOCITY', ID='0.875&0.175' / 

&DEVC XYZ=-5,0.40,0.875, QUANTITY='U-VELOCITY', ID='0.875&0.35' / 

&DEVC XYZ=-5,0.575,0.875, QUANTITY='U-VELOCITY', ID='0.875&0.525' / 

&DEVC XYZ=-5,0.75,0.875, QUANTITY='U-VELOCITY', ID='0.875&0.7' / 

&DEVC XYZ=-5,1.10,0.875, QUANTITY='U-VELOCITY', ID='0.875&1.05' / 

&DEVC XYZ=-5,1.45,0.875, QUANTITY='U-VELOCITY', ID='0.875&1.4' / 

 

&DEVC XYZ=-5,-1.35,1.225, QUANTITY='U-VELOCITY', ID='1.225&-1.4' / 

&DEVC XYZ=-5,-1.00,1.225, QUANTITY='U-VELOCITY', ID='1.225&-1.05' / 

&DEVC XYZ=-5,-0.65,1.225, QUANTITY='U-VELOCITY', ID='1.225&-0.7' / 

&DEVC XYZ=-5,-0.475,1.225, QUANTITY='U-VELOCITY', ID='1.225&-0.525' / 

&DEVC XYZ=-5,-0.3,1.225, QUANTITY='U-VELOCITY', ID='1.225&-0.35' / 

&DEVC XYZ=-5,-0.125,1.225, QUANTITY='U-VELOCITY', ID='1.225&-0.175' / 

&DEVC XYZ=-5,0.05,1.225, QUANTITY='U-VELOCITY', ID='1.225&0.00' / 

&DEVC XYZ=-5,0.225,1.225, QUANTITY='U-VELOCITY', ID='1.225&0.175' / 

&DEVC XYZ=-5,0.40,1.225, QUANTITY='U-VELOCITY', ID='1.225&0.35' / 

&DEVC XYZ=-5,0.575,1.225, QUANTITY='U-VELOCITY', ID='1.225&0.525' / 

&DEVC XYZ=-5,0.75,1.225, QUANTITY='U-VELOCITY', ID='1.225&0.7' / 

&DEVC XYZ=-5,1.10,1.225, QUANTITY='U-VELOCITY', ID='1.225&1.05' / 

&DEVC XYZ=-5,1.45,1.225, QUANTITY='U-VELOCITY', ID='1.225&1.4' / 

 

&DEVC XYZ=-5,-1.35,1.575, QUANTITY='U-VELOCITY', ID='1.575&-1.4' / 

&DEVC XYZ=-5,-1.00,1.575, QUANTITY='U-VELOCITY', ID='1.575&-1.05' / 

&DEVC XYZ=-5,-0.65,1.575, QUANTITY='U-VELOCITY', ID='1.575&-0.7' / 

&DEVC XYZ=-5,-0.475,1.575, QUANTITY='U-VELOCITY', ID='1.575&-0.525' / 

&DEVC XYZ=-5,-0.3,1.575, QUANTITY='U-VELOCITY', ID='1.575&-0.35' / 

&DEVC XYZ=-5,-0.125,1.575, QUANTITY='U-VELOCITY', ID='1.575&-0.175' / 

&DEVC XYZ=-5,0.05,1.575, QUANTITY='U-VELOCITY', ID='1.575&0.00' / 

&DEVC XYZ=-5,0.225,1.575, QUANTITY='U-VELOCITY', ID='1.575&0.175' / 

&DEVC XYZ=-5,0.40,1.575, QUANTITY='U-VELOCITY', ID='1.575&0.35' / 

&DEVC XYZ=-5,0.575,1.575, QUANTITY='U-VELOCITY', ID='1.575&0.525' / 
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&DEVC XYZ=-5,0.75,1.575, QUANTITY='U-VELOCITY', ID='1.575&0.7' / 

&DEVC XYZ=-5,1.10,1.575, QUANTITY='U-VELOCITY', ID='1.575&1.05' / 

&DEVC XYZ=-5,1.45,1.575, QUANTITY='U-VELOCITY', ID='1.575&1.4' / 

 

&DEVC XYZ=-5,-1.35,1.925, QUANTITY='U-VELOCITY', ID='1.925&-1.4' / 

&DEVC XYZ=-5,-1.00,1.925, QUANTITY='U-VELOCITY', ID='1.925&-1.05' / 

&DEVC XYZ=-5,-0.65,1.925, QUANTITY='U-VELOCITY', ID='1.925&-0.7' / 

&DEVC XYZ=-5,-0.475,1.925, QUANTITY='U-VELOCITY', ID='1.925&-0.525' / 

&DEVC XYZ=-5,-0.3,1.925, QUANTITY='U-VELOCITY', ID='1.925&-0.35' / 

&DEVC XYZ=-5,-0.125,1.925, QUANTITY='U-VELOCITY', ID='1.925&-0.175' / 

&DEVC XYZ=-5,0.05,1.925, QUANTITY='U-VELOCITY', ID='1.925&0.00' / 

&DEVC XYZ=-5,0.225,1.925, QUANTITY='U-VELOCITY', ID='1.925&0.175' / 

&DEVC XYZ=-5,0.40,1.925, QUANTITY='U-VELOCITY', ID='1.925&0.35' / 

&DEVC XYZ=-5,0.575,1.925, QUANTITY='U-VELOCITY', ID='1.925&0.525' / 

&DEVC XYZ=-5,0.75,1.925, QUANTITY='U-VELOCITY', ID='1.925&0.7' / 

&DEVC XYZ=-5,1.10,1.925, QUANTITY='U-VELOCITY', ID='1.925&1.05' / 

&DEVC XYZ=-5,1.45,1.925, QUANTITY='U-VELOCITY', ID='1.925&1.4' / 

 

&DEVC XYZ=-5,-1.35,2.275, QUANTITY='U-VELOCITY', ID='2.275&-1.4' / 

&DEVC XYZ=-5,-1.00,2.275, QUANTITY='U-VELOCITY', ID='2.275&-1.05' / 

&DEVC XYZ=-5,-0.65,2.275, QUANTITY='U-VELOCITY', ID='2.275&-0.7' / 

&DEVC XYZ=-5,-0.475,2.275, QUANTITY='U-VELOCITY', ID='2.275&-0.525' / 

&DEVC XYZ=-5,-0.3,2.275, QUANTITY='U-VELOCITY', ID='2.275&-0.35' / 

&DEVC XYZ=-5,-0.125,2.275, QUANTITY='U-VELOCITY', ID='2.275&-0.175' / 

&DEVC XYZ=-5,0.05,2.275, QUANTITY='U-VELOCITY', ID='2.275&0.00' / 

&DEVC XYZ=-5,0.225,2.275, QUANTITY='U-VELOCITY', ID='2.275&0.175' / 

&DEVC XYZ=-5,0.40,2.275, QUANTITY='U-VELOCITY', ID='2.275&0.35' / 

&DEVC XYZ=-5,0.575,2.275, QUANTITY='U-VELOCITY', ID='2.275&0.525' / 

&DEVC XYZ=-5,0.75,2.275, QUANTITY='U-VELOCITY', ID='2.275&0.7' / 

&DEVC XYZ=-5,1.10,2.275, QUANTITY='U-VELOCITY', ID='2.275&1.05' / 

&DEVC XYZ=-5,1.45,2.275, QUANTITY='U-VELOCITY', ID='2.275&1.4' / 

 

Slices files to give a visualization 

&SLCF PBX=1, QUANTITY='VELOCITY' / 

&SLCF PBX=0, QUANTITY='VELOCITY' / 
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&SLCF PBX=-1, QUANTITY='VELOCITY' / 

&SLCF PBX=-3, QUANTITY='VELOCITY' / 

&SLCF PBX=-5, QUANTITY='VELOCITY' / 

&SLCF PBX=-7, QUANTITY='VELOCITY' / 

&SLCF PBZ=1, QUANTITY='U-VELOCITY' / 

&SLCF PBZ=1, QUANTITY='V-VELOCITY' / 

&SLCF PBX=1, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=0, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=-1, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=-5, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBY=0, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

& TAIL/ 
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7.4.2. Simulation with leakages – Apartment configuration 

================File characteristics================ 

&HEAD CHID='leakage2', TITLE='leakage2'/ 

&TIME T_END=300/ is the time that the simulation has to run [s] 

&DUMP DT_DEVC=5., DT_RESTART=10./ 

DUMP DT_DEVC means that we are averaging using the 5 last seconds 

DT RESTART specify the frequence at which the results of the simulation are saved 

 

================Domain and mesh================ 

&MESH ID='MESH', IJK=108,64,27,XB=-3.1,7.7,-0.8,5.6,0,2.7/ 186 624 cells and cell size of 0.1m (10cm) 

&MISC TMPA=15/  

 

&VENT XB=-3.1,-3.1,-0.8,5.6,0,2.7,SURF_ID='OPEN'/opening at x=-3.1 

&VENT XB=7.7,7.7,-0.8,5.6,0,2.7,SURF_ID='OPEN'/opening at x=7.7 

&VENT XB=-3.1,7.7,-0.8,-0.8,0,2.7,SURF_ID='OPEN'/opening at y=-0.8 

&VENT XB=-3.1,7.7,5.6,5.6,0,2.7,SURF_ID='OPEN'/opening at y=5.6 

&VENT XB=-3.1,7.7,-0.8,5.6,2.7,2.7,SURF_ID='OPEN'/opening at z=2.7 

 

================Models================ 

&RADI RADIATION=.FALSE./ disable radiation as it is only non-reacting simulations 

 

================Obstacles and Vents================ 

&OBST XB=-3.1,0.0,-0.8,0.0,0,2.7, RGB=253,255,168, TRANSPARENCY=0.5/ hall_block 

 

WALLS right side (top view) 

&OBST XB=0,0.1,-0.2,0,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall A 

&OBST XB=1,5.6,-0.2,0,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall B 

&OBST XB=6.3,6.7,-0.2,0,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall C 

&OBST XB=7.4,7.6,-4.2,0.1,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall D 

&OBST XB=3.7,3.9,0,-0.8,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ separation room 3 and 4 

&OBST XB=6.4,6.6,0,-0.8,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ separation room 2 and 3 

&OBST XB=0,3.7,-0.8,-0.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ end wall room 4 

&VENT XB=0,3.7,-0.6,-0.6,0,2.5, SURF_ID='wall60', ID='VENTWALL60'/ 

&OBST XB=3.9,6.4,-0.8,-0.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ end wall room 3 

&VENT XB=3.9,6.4,-0.6,-0.6,0,2.5 SURF_ID='wall50', ID='VENTWALL50'/ 
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&OBST XB=6.6,7.4,-0.8,-0.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ end wall room 2 

&VENT XB=6.6,7.4,-0.6,-0.6,0,2.5, SURF_ID='wall40', ID='VENTWALL40'/ 

&OBST XB=-0.1,7.4,0,-0.8,2.6,2.7, RGB=253,255,168, TRANSPARENCY=0.5/ extra roof for the rooms right 

 

'CLOSED DOOR' right side (top view) 

&OBST XB=0.1,1,-0.2,0,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door A  

&VENT XB=0.1,1,0,0,0,2, SURF_ID='door86', ID='VENTDOOR86'/ 

&VENT XB=0.1,1,0,0,0,2, SURF_ID='door68', ID='VENTDOOR68'/ 

&OBST XB=0.1,1,-0.2,0,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door A 

&OBST XB=5.6,6.3,-0.2,0,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door B  

&VENT XB=5.6,6.3,0,0,0,2, SURF_ID='door95', ID='VENTDOOR95'/ 

&VENT XB=5.6,6.3,-0.2,-0.2,0,2, SURF_ID='door59', ID='VENTDOOR59'/ 

&OBST XB=5.6,6.3,-0.2,0,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door B 

&OBST XB=6.7,7.4,-0.2,0,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door C 

&VENT XB=6.7,7.4,0,0,0,2, SURF_ID='door94', ID='VENTDOOR94'/ 

&VENT XB=6.7,7.4,-0.2,-0.2,0,2, SURF_ID='door49', ID='VENTDOOR49'/  

&OBST XB=6.7,7.4,-0.2,0,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door C 

 

'CLOSED DOOR' top side (top view) 

&OBST XB=7.4,7.6,0.1,0.8,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door D  

&OBST XB=7.4,7.6,0.1,0.8,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door D  

 

WALLS left side (top view) 

&OBST XB=0,0.4,1.4,1.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

&OBST XB=1.1,1.6,1.4,1.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

&OBST XB=1.4,1.6,1.4,0.9,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

&OBST XB=1.6,2.9,0.9,1.1,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=3.6,4,0.9,1.1,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=4.7,6.7,0.9,1.1,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=7.4,7.6,0.8,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=2.0,2.2,0.9,4.5,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=1.6,2.9,1.1,1.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ 'armoire encastree' 

 

'CLOSED DOOR' left side (top view) 

&OBST XB=0.4,1.1,1.4,1.6,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door 
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&VENT XB=0.4,1.1,1.4,1.4,0,2, SURF_ID='door81', ID='VENTDOOR81'/ 

&VENT XB=0.4,1.1,1.6,1.6,0,2, SURF_ID='door18', ID='VENTDOOR18'/ 

&OBST XB=0.4,1.1,1.4,1.6,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door 

&OBST XB=2.9,3.6,0.9,1.1,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door 

&VENT XB=2.9,3.6,0.9,0.9,0,2, SURF_ID='door92', ID='VENTDOOR92'/ 

&VENT XB=2.9,3.6,1.1,1.1,0,2, SURF_ID='door29', ID='VENTDOOR29'/ 

&OBST XB=2.9,3.6,0.9,1.1,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door  

 

DOOR OPEN    OBST XB=4,4.7,0.9,1.1,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door   

&OBST XB=4,4.7,0.9,1.1,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door 

&OBST XB=6.7,7.4,0.9,1.1,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door 

&VENT XB=6.7,7.4,0.9,0.9,0,2, SURF_ID='door93', ID='VENTDOOR93'/ 

&VENT XB=6.7,7.4,1.1,1.1,0,2, SURF_ID='door39', ID='VENTDOOR39'/ 

&OBST XB=6.7,7.4,0.9,1.1,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door 

 

WALLS entrance side (top view) 

&OBST XB=0,-0.2,-4.2,0.3,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

&OBST XB=0,-0.2,1.1,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

 

'CLOSED DOOR' bottom side (top view) 

DOOR OPEN OBST XB=0,-0.2,0.3,1.1,0,2, RGB=253,255,168, TRANSPARENCY=0.8/ door   

&OBST XB=0,-0.2,0.3,1.1,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall above door 

 

CORRIDOR Intermediate door 

&OBST XB=2.6,2.8,0,0.1,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

&OBST XB=2.6,2.8,0.8,0.9,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=2.6,2.8,0.1,0.8,2,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall  

 

FACADE wall 

&OBST XB=0.0,2.0,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&VENT XB=0.0,2.0,4.7,4.7,0,2.5, SURF_ID='wall10', ID='VENTWALL10' / 

&VENT XB=0.0,2.0,4.5,4.5,0,2.5, SURF_ID='wall01', ID='VENTWALL01' / 

&OBST XB=2.0,2.2,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=2.2,3.7,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&VENT XB=2.2,3.7,4.7,4.7,0,2.5, SURF_ID='wall20', ID='VENTWALL20' / 
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&VENT XB=2.2,3.7,4.5,4.5,0,2.5, SURF_ID='wall02', ID='VENTWALL02' / 

&OBST XB=3.7,3.9,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=3.9,6.4,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&VENT XB=4.3,4.4,4.5,4.5,2.1,2.2, SURF_ID='square010top', ID='VENTSQUARE010TOP' / 

&VENT XB=4.3,4.4,4.7,4.7,2.1,2.2, SURF_ID='square100top', ID='VENTSQUARE100TOP' / 

&VENT XB=5.8,5.9,4.5,4.5,0.3,0.4, SURF_ID='square010bottom', ID='VENTSQUARE010BOTTOM' / 

&VENT XB=5.8,5.9,4.7,4.7,0.3,0.4, SURF_ID='square100bottom', ID='VENTSQUARE100BOTTOM' / 

&OBST XB=6.4,6.6,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=6.6,7.4,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&VENT XB=6.6,7.4,4.7,4.7,0,2.5, SURF_ID='wall30', ID='VENTWALL30' / 

&VENT XB=6.6,7.4,4.5,4.5,0,2.5, SURF_ID='wall03', ID='VENTWALL03' / 

OBST XB=-3.1,0,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=7.4,8,4.5,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

 

TRAP wall 

&OBST XB=-3.1,0,0,0.2,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&VENT XB=-2.7,-2,0,0,0.2,2.1, SURF_ID='wall001', ID='VENTWALL001', IOR=-2/ 

&VENT XB=-2,-1.3,0,0,0.2,2.1, SURF_ID='wall002', ID='VENTWALL002', IOR=-2/ 

&VENT XB=-1.3,-0.6,0,0,0.2,2.1, SURF_ID='wall003', ID='VENTWALL003', IOR=-2/ 

&OBST XB=-3.1,-2.9,0.2,1.2,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=-2.9,-2.6,1.2,1.4,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=-2.9,-2.6,1.4,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=-0.5,-0.2,1.2,4.7,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=-0.5,-0.2,4.7,5.6,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ extra wall to separate outlet and inlet 

 

WALLS 'fire room' 

&OBST XB=3.7,3.9,1.1,4.5,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=6.4,6.6,1.1,4.5,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ wall 

&OBST XB=4.7,6.4,1.1,1.5,0,2.5, RGB=253,255,168, TRANSPARENCY=0.5/ obstacle 

&HOLE XB=5.3,6.3,4.5,4.7,0.5,2.1, RGB=253,255,168/ window fire room 

 

Roof 

&OBST XB=-0.2,7.6,-4.2,4.7,2.5,2.6, RGB=253,255,168, TRANSPARENCY=0.5/ roof 

Roof trap 

&OBST XB=0,-2.9,0.2,1.2,2.5,2.6, RGB=253,255,168, TRANSPARENCY=0.5/ roof trap 
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================Leakages============= 

&HVAC ID='LEAK1',TYPE_ID='LEAK',VENT_ID='VENTDOOR86',VENT2_ID='VENTDOOR68',AREA=0.01/ 

&HVAC ID='LEAK2',TYPE_ID='LEAK',VENT_ID='VENTDOOR95',VENT2_ID='VENTDOOR59',AREA=0.01/ 

&HVAC ID='LEAK3',TYPE_ID='LEAK',VENT_ID='VENTDOOR94',VENT2_ID='VENTDOOR49',AREA=0.01/ 

&HVAC ID='LEAK4',TYPE_ID='LEAK',VENT_ID='VENTDOOR93',VENT2_ID='VENTDOOR39',AREA=0.01/ 

&HVAC ID='LEAK5',TYPE_ID='LEAK',VENT_ID='VENTDOOR92',VENT2_ID='VENTDOOR29',AREA=0.01/ 

&HVAC ID='LEAK6',TYPE_ID='LEAK',VENT_ID='VENTDOOR81',VENT2_ID='VENTDOOR18',AREA=0.01/ 

&HVAC ID='LEAK7',TYPE_ID='LEAK',VENT_ID='VENTWALL01',VENT2_ID='VENTWALL10',AREA=0.01/ 

&HVAC ID='LEAK8',TYPE_ID='LEAK',VENT_ID='VENTWALL02',VENT2_ID='VENTWALL20',AREA=0.01/ 

&HVAC ID='LEAK9',TYPE_ID='LEAK',VENT_ID='VENTWALL03',VENT2_ID='VENTWALL30',AREA=0.01/ 

&HVAC ID='LEAK10',TYPE_ID='LEAK',VENT_ID='VENTWALL40',VENT2_ID='VENTWALL001',AREA=0.01/ 

&HVAC ID='LEAK11',TYPE_ID='LEAK',VENT_ID='VENTWALL50',VENT2_ID='VENTWALL002',AREA=0.01/ 

&HVAC ID='LEAK12',TYPE_ID='LEAK',VENT_ID='VENTWALL60',VENT2_ID='VENTWALL003',AREA=0.01/ 

&HVAC 

ID='LEAK13',TYPE_ID='LEAK',VENT_ID='VENTSQUARE010TOP',VENT2_ID='VENTSQUARE100TOP',AREA=0.01/ 

&HVAC 

ID='LEAK14',TYPE_ID='LEAK',VENT_ID='VENTSQUARE010BOTTOM',VENT2_ID='VENTSQUARE100BOTTOM',AREA=0.

01/ 

 

&SURF ID='door86'/ 

&SURF ID='door68'/ 

&SURF ID='door95'/ 

&SURF ID='door59'/ 

&SURF ID='door94'/ 

&SURF ID='door49'/ 

&SURF ID='door81'/ 

&SURF ID='door18'/ 

&SURF ID='door92'/ 

&SURF ID='door29'/ 

&SURF ID='door93'/ 

&SURF ID='door39'/ 

 

&SURF ID='wall60'/ 

&SURF ID='wall50'/ 
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&SURF ID='wall40'/ 

&SURF ID='wall30'/ 

&SURF ID='wall03'/ 

&SURF ID='wall10'/ 

&SURF ID='wall01'/ 

&SURF ID='wall20'/ 

&SURF ID='wall02'/ 

&SURF ID='wall001'/ 

&SURF ID='wall002'/ 

&SURF ID='wall003'/ 

 

&SURF ID='square010top'/ 

&SURF ID='square100top'/ 

&SURF ID='square010bottom'/ 

&SURF ID='square100bottom'/ 

 

================Fan================ 

&OBST XB=-2.2,-2,0.4,0.9,0.1,0.6/ 

 

&SURF ID='Top',VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=-2.2,-2.2,0.60,0.70,0.50,0.60, SURF_ID='Top_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=-2.00,-2.00,0.60,0.70,0.50,0.60, SURF_ID='Top', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Top_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=-2.2,-2.2,0.50,0.60,0.40,0.50, SURF_ID='Top_Left_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Top_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=-2.00,-2.00,0.50,0.60,0.40,0.50, SURF_ID='Top_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Top_Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=-2.2,-2.2,0.60,0.70,0.40,0.50, SURF_ID='Top_Middle_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Top_Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=-2.00,-2.00,0.60,0.70,0.40,0.50, SURF_ID='Top_Middle', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 
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&SURF ID='Top_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=-2.2,-2.2,0.70,0.80,0.40,0.50, SURF_ID='Top_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28/ 

&SURF ID='Top_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=-2.00,-2.00,0.70,0.80,0.40,0.50, SURF_ID='Top_Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Left', VEL=-50.6,VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=-2.2,-2.2,0.40,0.50,0.30,0.40, SURF_ID='Left_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=-2.00,-2.00,0.40,0.50,0.30,0.40, SURF_ID='Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Middle_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=-2.2,-2.2,0.50,0.60,0.30,0.40, SURF_ID='Middle_Left_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Middle_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=-2.00,-2.00,0.50,0.60,0.30,0.40, SURF_ID='Middle_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='WHITE'/ 

&VENT XB=-2.2,-2.2,0.60,0.70,0.30,0.40, SURF_ID='Middle_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='WHITE'/ 

&VENT XB=-2.00,-2.00,0.60,0.70,0.30,0.40, SURF_ID='Middle', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Middle_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=-2.2,-2.2,0.70,0.80,0.30,0.40, SURF_ID='Middle_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Middle_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=-2.00,-2.00,0.70,0.80,0.30,0.40, SURF_ID='Middle_Right', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28/ 

 

&SURF ID='Right', VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=-2.2,-2.2,0.80,0.90,0.30,0.40, SURF_ID='Right_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=-2.00,-2.00,0.80,0.90,0.30,0.40, SURF_ID='Right', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Left', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 
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&VENT XB=-2.2,-2.2,0.50,0.60,0.20,0.30, SURF_ID='Bottom_Left_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Bottom_Left_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=-2.00,-2.00,0.50,0.60,0.20,0.30, SURF_ID='Bottom_Left', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Middle', VEL=-50.6, VEL_T=0,8.9, COLOR='YELLOW'/ 

&VENT XB=-2.2,-2.2,0.60,0.70,0.20,0.30, SURF_ID='Bottom_Middle_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Bottom_Middle_back', VEL=50.6, VEL_T=0,-8.9, COLOR='GREEN'/ 

&VENT XB=-2.00,-2.00,0.60,0.70,0.20,0.30, SURF_ID='Bottom_Middle', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

 

&SURF ID='Bottom_Right', VEL=-50.6, VEL_T=0,8.9, COLOR='RED'/ 

&VENT XB=-2.2,-2.2,0.70,0.80,0.20,0.30, SURF_ID='Bottom_Right_back', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28 / 

&SURF ID='Bottom_Right_back', VEL=50.6, VEL_T=0,-8.9, COLOR='ORANGE'/ 

&VENT XB=-2.00,-2.00,0.70,0.80,0.20,0.30, SURF_ID='Bottom_Right', N_EDDY=1000, L_EDDY=0.05, 

VEL_RMS=10.28/ 

 

&SURF ID='Bottom', VEL=-50.6, VEL_T=0,8.9, COLOR='BLACK'/ 

&VENT XB=-2.2,-2.2,0.60,0.70,0.10,0.20, SURF_ID='Bottom_back', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

&SURF ID='Bottom_back', VEL=50.6, VEL_T=0,-8.9, COLOR='BLUE'/ 

&VENT XB=-2.00,-2.00,0.60,0.70,0.10,0.20, SURF_ID='Bottom', N_EDDY=1000, L_EDDY=0.05, VEL_RMS=10.28 / 

 

================Defining the output================ 

Mass flowrates 

&DEVC XB=4,4.7,1,1,0,2, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_door_fire_room' / 

&DEVC XB=0,0,0.3,1.1,0,2, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_door_appartment' / 

&DEVC XB=5.3,6.3,4.6,4.6,0.5,2.1, QUANTITY='MASS FLOW', ID='tot_mass_flow_rate_window_fire_room' / 

 

Point velocities 

&DEVC XYZ=4.12,0.9,1.75, QUANTITY='V-VELOCITY', ID='Door-1-norm' / 

&DEVC XYZ=4.35,0.9,1.75, QUANTITY='V-VELOCITY', ID='Door-2-norm' / 

&DEVC XYZ=4.59,0.9,1.75, QUANTITY='V-VELOCITY', ID='Door-3-norm' / 

&DEVC XYZ=4.12,0.9,1.25, QUANTITY='V-VELOCITY', ID='Door-4-norm' / 
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&DEVC XYZ=4.35,0.9,1.25, QUANTITY='V-VELOCITY', ID='Door-5-norm' / 

&DEVC XYZ=4.59,0.9,1.25, QUANTITY='V-VELOCITY', ID='Door-6-norm' / 

&DEVC XYZ=4.12,0.9,0.75, QUANTITY='V-VELOCITY', ID='Door-7-norm' / 

&DEVC XYZ=4.35,0.9,0.75, QUANTITY='V-VELOCITY', ID='Door-8-norm' / 

&DEVC XYZ=4.59,0.9,0.75, QUANTITY='V-VELOCITY', ID='Door-9-norm' / 

&DEVC XYZ=4.12,0.9,0.25, QUANTITY='V-VELOCITY', ID='Door-10-norm' / 

&DEVC XYZ=4.35,0.9,0.25, QUANTITY='V-VELOCITY', ID='Door-11-norm' / 

&DEVC XYZ=4.59,0.9,0.25, QUANTITY='V-VELOCITY', ID='Door-12-norm' / 

 

&DEVC XYZ=4.12,0.9,1.75, QUANTITY='VELOCITY', ID='Door-1' / 

&DEVC XYZ=4.35,0.9,1.75, QUANTITY='VELOCITY', ID='Door-2' / 

&DEVC XYZ=4.59,0.9,1.75, QUANTITY='VELOCITY', ID='Door-3' / 

&DEVC XYZ=4.12,0.9,1.25, QUANTITY='VELOCITY', ID='Door-4' / 

&DEVC XYZ=4.35,0.9,1.25, QUANTITY='VELOCITY', ID='Door-5' / 

&DEVC XYZ=4.59,0.9,1.25, QUANTITY='VELOCITY', ID='Door-6' / 

&DEVC XYZ=4.12,0.9,0.75, QUANTITY='VELOCITY', ID='Door-7' / 

&DEVC XYZ=4.35,0.9,0.75, QUANTITY='VELOCITY', ID='Door-8' / 

&DEVC XYZ=4.59,0.9,0.75, QUANTITY='VELOCITY', ID='Door-9' / 

&DEVC XYZ=4.12,0.9,0.25, QUANTITY='VELOCITY', ID='Door-10' / 

&DEVC XYZ=4.35,0.9,0.25, QUANTITY='VELOCITY', ID='Door-11' / 

&DEVC XYZ=4.59,0.9,0.25, QUANTITY='VELOCITY', ID='Door-12' / 

 

&DEVC XYZ=5.47,4.5,1.9, QUANTITY='V-VELOCITY', ID='Window-1-norm' / 

&DEVC XYZ=5.8,4.5,1.9, QUANTITY='V-VELOCITY', ID='Window-2-norm' / 

&DEVC XYZ=6.13,4.5,1.9, QUANTITY='V-VELOCITY', ID='Window-3-norm' / 

&DEVC XYZ=5.47,4.5,1.5, QUANTITY='V-VELOCITY', ID='Window-4-norm' / 

&DEVC XYZ=5.8,4.5,1.5, QUANTITY='V-VELOCITY', ID='Window-5-norm' / 

&DEVC XYZ=6.13,4.5,1.5, QUANTITY='V-VELOCITY', ID='Window-6-norm' / 

&DEVC XYZ=5.47,4.5,1.1, QUANTITY='V-VELOCITY', ID='Window-7-norm' / 

&DEVC XYZ=5.8,4.5,1.1, QUANTITY='V-VELOCITY', ID='Window-8-norm' / 

&DEVC XYZ=6.13,4.5,1.1, QUANTITY='V-VELOCITY', ID='Window-9-norm' / 

&DEVC XYZ=5.47,4.5,0.7, QUANTITY='V-VELOCITY', ID='Window-10-norm' / 

&DEVC XYZ=5.8,4.5,0.7, QUANTITY='V-VELOCITY', ID='Window-11-norm' / 

&DEVC XYZ=6.13,4.5,0.7, QUANTITY='V-VELOCITY', ID='Window-12-norm' / 
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&DEVC XYZ=5.47,4.5,1.9, QUANTITY='VELOCITY', ID='Window-1' / 

&DEVC XYZ=5.8,4.5,1.9, QUANTITY='VELOCITY', ID='Window-2' / 

&DEVC XYZ=6.13,4.5,1.9, QUANTITY='VELOCITY', ID='Window-3' / 

&DEVC XYZ=5.47,4.5,1.5, QUANTITY='VELOCITY', ID='Window-4' / 

&DEVC XYZ=5.8,4.5,1.5, QUANTITY='VELOCITY', ID='Window-5' / 

&DEVC XYZ=6.13,4.5,1.5, QUANTITY='VELOCITY', ID='Window-6' / 

&DEVC XYZ=5.47,4.5,1.1, QUANTITY='VELOCITY', ID='Window-7' / 

&DEVC XYZ=5.8,4.5,1.1, QUANTITY='VELOCITY', ID='Window-8' / 

&DEVC XYZ=6.13,4.5,1.1, QUANTITY='VELOCITY', ID='Window-9' / 

&DEVC XYZ=5.47,4.5,0.7, QUANTITY='VELOCITY', ID='Window-10' / 

&DEVC XYZ=5.8,4.5,0.7, QUANTITY='VELOCITY', ID='Window-11' / 

&DEVC XYZ=6.13,4.5,0.7, QUANTITY='VELOCITY', ID='Window-12' / 

 

Slices files to give a visualisation 

&SLCF PBX=-1, QUANTITY='VELOCITY' / 

&SLCF PBX=0, QUANTITY='VELOCITY' / 

&SLCF PBX=4, QUANTITY='VELOCITY' / 

&SLCF PBX=6, QUANTITY='VELOCITY' / 

&SLCF PBZ=1, QUANTITY='U-VELOCITY' / 

&SLCF PBZ=1, QUANTITY='V-VELOCITY' / 

&SLCF PBX=-1, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=0, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=4, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBX=6, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBY=1, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

&SLCF PBY=4.6, QUANTITY='VELOCITY',VECTOR=.TRUE./ 

& TAIL/ 
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