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Abstract: Air conditioning systems have become essential equipment in many buildings. However,
fire safety design and management in buildings rarely consider whether to turn the system off or
keep it on in a fire. This study ignites a stack of wood in a room center or corner to explore the
influence of air inlet actions of a fan coil unit (FCU) with the door opened or closed. Simulation
results using Fire Dynamics Simulator (FDS) demonstrate that the heat release rate (HRR) and room
temperature obviously decrease when the room doorway is closed, regardless of whether the air
conditioner is turned on. The air supply for combustion is poor. When the door of the room is
opened, turning off the air conditioner can effectively reduce the HRR and the room temperature in
the early stages of fire growth. However, along with the fire growth, turning on air conditioning can
help decrease the heat radiation feedback and the consequent HRR. Therefore, the conclusion that air
conditioning always enhances a fire because it provides oxygen may not always be correct.

Keywords: fan coil unit (FCU); air conditioning; ventilation; FDS; flashover; ceiling jet; compartment
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Effects of Time to Unactuate Air 1. Introduction

Conditioning on Fire Growth. Air conditioning systems have become essential equipment in many buildings. Many
Energies 2021, 14, 3100. https:// previous works have explored the effects of indoor vents on thermal comfort, such
doi.org/10.3390/en14113100 as their types and locations [1-3], their size [4,5] and distribution (temperature, wind

speed) [2,3,6-10] of airflow. Minimizing energy consumption is also an important is-
Academic Editors: Francesco Nocera  sue [2,11,12]. However, good ventilation strategies for air conditioning systems may result
and Junemo Koo in faster fire growth rate in a fire [13]. Research on fire safety design and management
in buildings rarely addresses the influence of air conditioning systems on fire growth.
Therefore, it is necessary for a good air conditioning system to consider fire safety.
Ventilation definitely affects air and smoke movement in a fire compartment. This
work consequently examines the impact of ventilation in a fire room, i.e., turning the
system on or off and opening or closing the door.
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A central air conditioning system in buildings exchanges heat among air, water, and

refrigerants. The chilled water is carried to the terminal device via the water supply system,
which includes the fan coil unit (FCU) and air handling unit (AHU). This study focuses
= on the FCU system, the commonly installed systems in small and medium-sized rooms of
buildings in Taiwan. The FCU system simply circulates indoor air, and usually comprises
a return air outlet and an air inlet. The return air outlet uses natural ventilation and the
air inlet utilizes mechanical ventilation [14]. To make best use of the indoor air circulation,
the cool air inlet and hot air outlet are normally installed on the ceiling in a central air
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The Standards for Classification of Nursing Organizations [15] in Taiwan specifies
that power switch interlocking devices with fire detectors should be installed on building
air conditioning equipment to automatically cut off the air conditioning function when fire
is detected. This change of regulation resulted from a fire at a nursing home institution in
Bei-Men Hospital in Taiwan on 23 October 2012, which caused 13 deaths and 59 injuries [16].
However, the regulation only applies to nursing organizations, and not ordinary buildings.
Nevertheless, whether to shut down an air conditioning system needs further exploration.

2.2. The Influence of Ventilation Changes on Fire Growth

Fire engineers evaluate the life safety risk to occupants with respect to the fire con-
ditions that could develop within a room based on the performance design of buildings.
Many factors, including ventilation changes, affect fire growth in confined spaces. Ventila-
tion changes play two conflicting roles on fire growth [17]: raising the air entrainment, and
increasing the amount of smoke exiting the fire compartment. The former enhances the
combustion efficiency, while the latter lowers the heat feedback to the fuel and consequent
mass loss rate. Whether the fire growth is enhanced or suppressed depends on which
factor plays the main role. To further understand fire growth in confined spaces affected
by ventilation, many previous studies have investigated the heat release rate (HRR) of fire
sources [18-25], the fuel mass loss rate [19,26-28], the burning rate [13,17,29], the tempera-
ture [13,18,22,23,25,28-32] and visibility [30,32] of the confined space, the thickness of the
hot smoke layer [19,25,27,31], the heat fluxes on the floor [28] and the time to flashover
(to) [18,32]. A complete description of these studies can be found in Wang and Tsai [32].

Researchers classify ventilation in confined spaces as natural ventilation or mechanical
ventilation. Few studies have examined both types in combination. Table 1 shows studies
on natural or mechanical ventilation related to the influence of ventilation changes on
fire growth. However, natural ventilation (such as doors or windows) and mechanical
ventilation (such as air conditioning) often coexist in modern building rooms. The effects
of both natural and mechanical ventilation on fire growth must be addressed.

Table 1. Studies related to the effect of natural or mechanical ventilation changes on fire growth.

. Ventilation
Room Size
Scholar L (m) x W (m) x H (m) Natural Mechanical
(Door or Window) (Fans or Blowers)

Pretrel and Such [13] 9x57x%x75 ”
Song et al. [18] 0.8 x 0.8 x 0.8 v
Parkes and Fleischmann [19] 3.6 x24x12 v
Saber and Kashef [20] 42 x38x24 v
Saber and Kashef [21] 42 x38x24 v
Merci and Vandevelde [22] 3x36x%x23 v
Merci and Maele [23] 3x36x23 v

Lassus et al. [24] 2x2x%x2 v

Gomez et al. [25] 32 x17 x 8 v v
Thomas and Bennetts [26] 1.5 x 0.6 x0.3 v
Pierce and Moss [27] 18 x12x12 v
Tofilo et al. [28] 1.2 x 0.8 x 0.8 v
Kumar and Naveen [29] 2.79 x 2.24 x 1.62 v
Huang et al. [30] 225 x 16 x 12 v

Su et al. [31] 2.3 x1.3 x 2.5 v v

Wang and Tsai [32] 3.8x38x24 v v

Su et al. [31] utilized the Fire Dynamics Simulator (FDS) to analyze the position of
air inlet and air exhaust in small vestibules of high-rise buildings. In their fire simulation
scenario, the front door and rear door of the confined space were open, and the smoke
exhaust and air supply rates were both 4.0 m3/s in the confined space. Their experimental
results indicated that smoke exhaust vents and the air inlet positions could cause smoke
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and heat to move from the vestibule into the stairway. The design concept should aim
to exhaust smoke and provide fresh air in the opposite direction of evacuation to avoid
smoke moving into the stairway. Additionally, Wu [33] and Hu et al. [34] investigated the
effects of an air curtain at the entrance of a platform staircase in the metro and in a corridor,
respectively. Wu [31] noticed that the smoke was blocked at the entrance of the platform
staircase in the metro due to the air curtain. Hu et al. [34] realized that a dilution effect
was significant in the downstream when a downward-blown air curtain was applied in a
corridor. The local temperature was additionally reduced. Nonetheless, smoke did gather
in the upstream area.

Wang and Tsai [32] explored the effect of a change of ventilation position on fire growth
under three rooms. The fire simulation scenario was that the door of the confined space
was open, and the air supply rate was set as 0.5 m/s in the confined space. Their analysis
indicated that the air inlet and outlet positions affect the smoke movement, doorway
temperature and time to flashover. The air inlet is best installed near the door opening
because the downward cold air can cool the hot smoke moving out from the door. The air
outlet, when positioned far from the door, efficiently enables the smoke to exit from the
outlets, while when positioned near the doorway, it exhausts some fresh air. Moreover, the
air outlet position affected the time to flashover more significantly than the air inlet position.
The air outlet immediately exhausts the smoke; however, the air inlet takes some time to
push the accumulated smoke to the air outlet and subsequently reduced the smoke layer
thickness. Wang and Tsai [32] only considered the effect of air inlet/outlet positions on
smoky air movement in a confined space with an opened door. Furthermore, the HRR was
fixed in their scenario. The effect of inlet/outlet positions can consequently be particularly
evaluated without considering the influence of heat feedback and air entrainment on fuel
mass loss rate. This study follows from their work of exploring the impact of ventilation on
fire growth by investigating whether to turn off the air conditioning (fan coil unit, FCU) or
leave it turned on when a fire alarm alerts. Moreover, to explore the effect of heat feedback
and air entrainment on the fuel burning rate, the HRR is variable in this work.

3. Numerical Investigation

Because previous studies have measured the impact of ventilation changes on fire
growth (Section 2), this study examines the effect of the air inlet actions of a FCU with the
door opened or closed on the HRR, room temperature and time to flashover. Conducting
full-scale fire experiments on an FCU system is time-consuming and expensive. Thus, this
study applied a Computational Fluid Dynamics (CFD) software application, Fire Dynamics
Simulator, which can simulate the hydrodynamics and turbulence, species & combustion,
HVAC and radiation [35].

3.1. Setting of Grid Parameters

The FDS grid design must address both the accuracy and efficiency of the simulation.
The grid size at the highest HRR was calculated based on a fire source characteristic
diameter. According to Baum’s Equation (1), the accuracy of the grid was controlled for less
than 12.6 cm. The fire-state simulation was consequently run with a grid size of 10 cm [36].
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3.2. Description of Fire Scenario

Two rooms with identical area (14.4 m?) and height (2.4 m), but with different floor
shapes (square and oblong) were adopted to understand the fire risk in a commonly seen
room with a ventilation system. The dimensions of the rooms were 3.8 m (L) x 3.8 m (W)
and 4.8 m (L) x 3.0 m (W). The dimensions of the door were 0.9 m (W) x 2.0 m (H), and the
walls of the rooms were made of concrete with a thickness of 0.1 m. Figure 1 displays the
fire room dimension and domain models for the simulation. The room domain included
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two parts: the fire compartments and another space for evaluating the outside air impact.
The distance from the door to domain boundary was 2.0-2.2 m.

‘)’7;
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Figure 1. The dimensions of fire compartments and domain models: (a) square room; (b) oblong room.

The typical sizes of both the air inlets and return air outlets were 0.6 m (W) x 0.6 m
(L). The distance from each air inlet/outlet to nearby wall was 0.6 m. Figure 2 shows the
location of the air inlets and return air outlets on the ceiling. The arrangement of the inlet
and outlet followed Wang and Tsai [32], who revealed that the best arrangement for fire
safety is to install the air inlet near the door and the return air outlet far from the door on
the ceiling.
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Figure 2. The location of air inlets and return air outlets on the ceiling. (a) square room, (b) rectangu-
lar room.

The two actions of the air inlet were set as “turn on an FCU”, and “turn off an FCU”.
Thus, this work explored 16 different cases of corresponding air inlet actions of an FCU
with the door opened or closed and with a fire in the center or corner of the room. The other
set-up conditions for all simulations followed Wang and Tsai [32], and were as follows:

1.  The initial room temperature and the inlet air temperature of an FCU system were
25 °C;

2. According to the Air Conditioning System Management and Energy Saving Man-
ual [14], the unit air volume of the FCU system for the room dimension was 400 CFM
(cubic feet per minute), equivalent to 680 CMH (cubic meters per hour). The air
supply was set as 0.5 m/s;

3.  The actions of the air inlet were set as “turn on an FCU” and “turn off an FCU”, the
status of the door was set as opened or closed;

4. Morgan [37] recommends an HRR per unit area of 225 kW /m? for offices with air
conditioning systems. This investigation had a room floor area of approximately
14.4 m? and thus set a free-burning wood to reach about 2 MW in open space. The size
of the initial ignition was 0.1 m (L) x 0.1 m (W). Figure 3 presents the arrangement
of the wood pile. The wood sticks were divided into 0.9 m (L) x 0.1 m (W) x 0.1 m
(H) and 0.7 m (L) x 0.1 m (W) x 0.1 m (H) and overlap each other. The HRR per
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unit area of wood was 4500 kW /m?. Related material information of wood was from
Drysdale [38], and related combustion reaction data were from Tewarson [39]. The
fire source was set in the center (most common fire scenario) or corner (worst fire
scenario) of the room;

5. A stack of wood fire occurred within 900 s of simulation time (s);

6.  The version of FDS used in this study was FDS 6.0.1.

Figure 3. The arrangement of the wood pile and the location of initial ignition.

The main parameters addressed in this investigation are (i) the HRR and the room
temperature and (ii) the onset of flashover in the room. The HRR and the initial temperature
can help analyze the environment for evacuees to escape from the fire compartment. The
parameter in (ii) is an indicator for evaluating the fire severity, because flashover causes
serious casualties. The occurrence of flashover consequently needs to be prevented. Quanti-
tative indicators of flashover are a floor heat flux of 20 kW/m? and a ceiling temperature of
600 °C [40]. Because the rooms were small in this work, the fire source strongly affected the
floor heat flux. The flashover criterion used in this study was ceiling temperature. Figure 4
illustrates the measured positions.
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Figure 4. The measured positions of temperature at 0.1 m height from the ceiling. (a) square room,
(b) rectangular room.

4. Results and Discussion

After a fire occurs, smoke is generated, lifts due to buoyancy, reaches the ceiling,
spreads horizontally, reaches the wall and accumulates under the ceiling. This study
investigated whether changes in FCU action can affect fire growth with the air inlet and
the door on or off. The dimensions of the door and the air inlet were 0.9 m (W) x 2.0 m (H)
and 0.6 m (W) x 0.6 m (L), respectively. Therefore, the door provided the main air supply
for combustion in this study.
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4.1. Influence of Air Inlet Actions of an FCU with an Opened Door

The actions of the air inlet were set as turning on or turning off an FCU, namely the
“FCU on”, and “FCU off” modes, respectively. The velocity of the air inlet was fixed as
0.5 m/s in this investigation.

4.1.1. Fire Source in the Room Center

Figure 5 presents the HRR in enclosures with an opened door and with different
actions of the air inlet when the fire was in the “square” room center. The trend of the
HRR history in the oblong room was similar (not shown). The “FCU off” mode generally
had a higher HRR than the “FCU on” mode, although the HRR of the “FCU on” mode
was higher in the initial period (within 150 s). Figure 6a—c displays the air flow from the
air inlet at 10 s, 30 s and 120 s for the “FCU on” mode, respectively, while Figure 6d—f
display the same for the “FCU off” mode. For the “FCU on” mode, the air inlet released
downward air from the ceiling to the fire source. Clearly, the air and smoke movement
were more complicated when the FCU was on. Figure 7 illustrates the average temperature
(four readings in Figure 4) below the ceiling with the center fire. The temperature below
the ceiling before 150 s was higher when the FCU was on than when the FCU was off.
This temperature increase when the FCU was on was consistent with Hu et al. [34] when a
downstream-blown air flow was applied.

Fire source in the center with the opened door
e ECU O e ECU off
2000
1800
1600
1400
1200

1000

HRR (kW)

800
600
400
200

0
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 Time (s)

Figure 5. The HRR for different actions of the air inlet with the fire in the center of the square room.

The smoke level was low in the early stage. The smoke movement under the ceiling
was driven mainly by ceiling jets. As the fire continued growing, more smoke was gen-
erated by the fire and accumulated on the ceiling of the confined space. The ceiling jet
velocity of a fire source rose with the HRR of a fire, which can be derived according to
Alpert’s correlation [41]. The ceiling jet velocity reached 0.95 m/s at the inlet position for
a 230 kW fire at 30 s; the velocity of the air inlet was fixed at 0.5 m/s in this study. The
downward mechanical ventilation air flow helped provide air to the fire compartment, cool
the hot smoke, push the hot smoke flow out of the doorway, and push the smoke inwards
to the return air outlet. Outside air was entrained below the neutral plane of the doorway
for combustion when the smoke quickly flowed out above it, as shown in Figure 6a—c. The
downward ventilation flow consequently resulted in six contradictory effects on the fire:
(i) providing extra air to the fire; (ii) cooling the smoke layer; (iii) pushing smoke away
from the doorway; (iv) pushing smoke to the inner fire compartment; (v) pushing smoke
to exit through the return air outlet, and (vi) entraining air into the compartment. Effects
(i), v) and (vi) enhanced combustion, while (ii), (iii) and (v) generally suppressed the
fire. Moreover, the pushing of smoke away from the doorway (effect (iii)) resulted in the
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air entrainment into the compartment (effect (vi)). Clearly, Figure 6a—f demonstrates that
the downward ventilation flow can still be sufficiently strong to push some smoke to stay
inside the fire compartment. This observation is consistent with Wu [33], who noticed
a smoke blockage effect. Additionally, Figure 6¢—f reveals the air entrainment from the
outside was strong with the “FCU on” mode. Although the smoke movement exiting from
the doorway was also strong, the smoke volume did not change much because the smoke
layer thickness was determined by the lintel height. Therefore, the air entrainment effect
directly from the downward air and from the outside air was stronger than the cooling
and smoke removal effects during the early stage, due to the small volume of smoke. The
remaining smoke radiated the fuel, and the entrained air enhanced combustion, increasing
the fuel mass loss rate and consequent HRR.
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Figure 6. Airflow vector slice for two modes in the square room: (a) at 10 s for the “FCU on” mode;
(b) at 30 s for the “FCU on” mode; (c) at 120 s for the “FCU on” mode; (d) at 10 s for the “FCU off”
mode; (e) at 30 s for the “FCU off” mode, (f) at 120 s for the “FCU off” mode.
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Figure 7. The average temperature for different actions of the air inlet with the fire in the center of the square room.

The two fires in Figure 5 grew gradually, with increasing smoke generation, and both
achieved flashover. Figure 8 depicts the temperature distribution of the two modes at 180 s,
240 s and 300 s, respectively. Clearly, the temperature of the smoke accumulated on the
ceiling was higher in the “FCU off” mode than in the “FCU on” mode. The mechanical
ventilation air cooled the smoke, and the temperature difference exceeded 100 °C for most
of the burning period after 150 s. The ventilation air also diluted the smoky layer and
consequently decreased the sootiness of the smoke layer. Hu et al. [34] noticed similar
dilution and temperature reduction effects. Figure 9 illustrates the outward smoke flow
velocity at 0.2 m below the door lintel. Much smoke exited via the doorway when the FCU
was on before 300 s. According to Equation (2), the smoke layer volume depended on the
quantities of smoke generated by the fire, smoke exiting from the doorway, smoke exiting
from the return air outlet and the ventilation flow from the air inlet. (The ventilation flow
existed only when the FCU was on.) The volume of the smoke layer can be simplified as
the multiplication of room area and lintel height, and thus does not change much. The
velocity of the returned outlet was analyzed and did not change much whether in “FCU
on” or “FCU off” modes (not shown). Therefore, much more smoke was generated when
the FCU was off than in the “FCU on” mode. Conclusively, the mechanical ventilation flow
cooled and diluted the smoke layer, decreasing the temperature and the sootiness. The
“FCU on” mode consequently radiated less heat [32] to the fuel and achieved lower HRR
and longer time to flashover (644 s), while the time to flashover in the “FCU off” mode
was 520 s.

Voo =Vs—Vp—Vo+V; (2)

where

V1 denotes the volume of smoke layer,

Vs is the volume of smoke generated,

Vp is the volume of smoke exiting from the doorway,

Vo is the volume of smoke exiting from the return air outlet, and

V] represents the volume of air inlet from the mechanical ventilation.
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Figure 8. Temperature distribution slices of smoke layer at 180 s, 240 s and 300 s for the two modes
in the square room.
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Figure 9. The outward smoke flow velocity at 0.2 m below the door lintel.

4.1.2. Fire Source in the Room Corner

Figure 10 presents the HRR in enclosures with different air inlet modes and an opened
doorway when the fire was in the room corner. The HRR history in the oblong room was
similar (not shown). Comparing the HRR in Figures 5 and 10, the “corner” fires generated
less heat than the “center” fires before 300 s. The fire source in the room corner was far
from the main air supply of the doorway and the FCU. Poor air supply resulted in less
efficient combustion. Additionally, the “corner” fires generated less radiative feedback
than the “center” fires, because the fuel of the corner case was below the corner of the
smoky soot layer, while the fuel of the center case was below the center of the smoke
layer. The configuration factor to determine the radiation was higher with the “center”
case than that with the “corner” case [36]. Furthermore, the corner fire HRR with the “FCU
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on” mode was slightly higher than that with the “FCU off” mode before approximately
310 s. The corner scenario followed the same trend as the center scenario, but had a weaker
ventilation effect (FCU). Additionally, Figure 11 demonstrates that the smoke was easily
exhausted through the return air outlet because the outlet was close to the fire. Air supply
from the air inlet and doorway consequently had a slight influence on the “corner” fires,
whether the FCU was on or off. This statement was consistent with Wang and Tsai [32],
demonstrating that the air outlet position has a larger effect on flashover than the air inlet
position in corner fire cases. The air outlet immediately exhausts the smoke. However,
the order of the HRR of the fires differed after 310 s. The generated smoke was exhausted
by the returned outlet, and the smoke volume on the ceiling decreased. Moreover, the
smoke layer was definitely cooled and diluted by the mechanical ventilation with the “FCU
on” mode with the center fire case. However, cooling and dilution effects on the decrease
of temperature and sootiness were not significant for calculating the radiative heat flux,
because the fuel was in the corner and the configuration factor was small, as shown in
Figure 12. Consequently, the HRR was slightly higher in the “FCU off” mode than in the
“FCU on” mode.

Fire source in the corner with the opened door
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FCU off
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Figure 10. The HRR for different actions of the air inlet with the fire in the corner of the square room.
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Figure 11. Airflow vector slice at 30 s for the “FCU on” mode in the square room.
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Figure 12. Temperature distribution slices of smoke layer at 240 s, 300 s and 360 s for the two modes
in the square room.

4.2. Influence of Air Inlet Actions of an FCU with a Closed Door

When the door of the room was closed, the air supply for combustion mainly came
from the mechanical ventilation in the room. Figure 13 illustrates the HRR of the two
modes when the fire was in the square room center. The HRR of the two modes obviously
decreased when the door was closed. The fire only survived for approximately 200 s with
the “FCU off” mode, but lasted longer in the “FCU on” mode because the FCU provided
oxygen. Further, the HRR histories of the two modes when the fire was in the room corner
were similar (not shown). Moreover, the findings in the oblong room were almost the same
as those in the square room.

Fire source in the center with the closed door

e——FCU on FCU off
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Figure 13. The HRR for different actions of the air inlet with the fire in the center of the square room.
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Therefore, closing the door of a burning room is very effective in suppressing a fire,
even when the ventilation (FCU) is still switched on (see Figure 14). However, backdraft
needs to be prevented in this fuel-rich condition.

T(-C)
325

295

265

235

205

175

145

115

85.0

55.0

250

FCUon FCU off

Figure 14. Temperature distribution slices of smoke layer at 150 s, 210 s and 270 s for the two modes
in the square room.

4.3. To Turn on or Turn off the FCU in a Fire

As discussed in Section 4.1, the downward ventilation flow with the “FCU on” mode
can cause six contradictory effects on fire. Whether the fire growth is enhanced or sup-
pressed depends on which effect plays the primary role. This investigation demonstrates
two stages of FCU influence. In the early stage of fire, little volume of smoke is generated.
The “FCU on” mode enhances the fire in the early stage of fire but later suppresses the fire
because of the cooling and the smoke layer dilution [34]. Therefore, the conclusion that the
air conditioning can always enhance a fire because it provides oxygen may not be correct.

5. Conclusions

This study evaluates whether to turn off or leave on air conditioning with the door
opened or closed on fire growth. The following conclusions are drawn from the simula-
tion results:

1.  The downward ventilation flow with the “FCU on” mode can cause six contradictory
effects on fire: (i) providing extra air to the fire; (ii) cooling the smoke layer; (iii) push-
ing smoke away from the doorway; (iv) pushing smoke to the inner fire compartment;
(v) pushing smoke to exit from the return air outlet, and (vi) entraining air into the
compartment. The first, fourth and sixth effects enhanced combustion, while the
second, third and fifth ones generally suppressed the fire. Whether the fire growth is
enhanced or suppressed depends on which effect plays the primary role;

2. Little volume of smoke is generated in the early stages of fire in a room with an open
doorway. The downward ventilation flow near the doorway with the “FCU on” mode
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is sufficiently strong to push some smoke to stay inside the fire compartment. The air
entrainment effect directly from the downward air and from the outside air is also
stronger than the cooling and smoke removal effects during the early stages. The
remaining smoke radiates the fuel and the entrained air enhances combustion, thus
raising the fuel mass loss rate and consequent HRR;

3.  Along with the fire growth, the influence of cooling and diluting the smoke layer by
the mechanical ventilation air becomes strong, consequently lowering the temperature
and the sootiness of the smoke layer. Therefore, the radiative feedback to the fuel is
reduced, decreasing the HRR;

4. The effects of confining smoke/entraining air in the early stage of a fire and cool-
ing/diluting smoke in a fully developed fire exist even for a fire in the room corner,
but are weaker than for the center fire;

5. The HRR is obviously lower when the door is closed than when it is open. The air
supply for combustion mainly comes from the indoor air in the confined space, and
comes from mechanical ventilation when the doorway of a room is closed. The fire
with “FCU on” can survive, but is extinguished in the “FCU off” mode. Therefore,
closing the doorway is an effective way to suppress a fire whether the FCU is on
or off.
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