
Chapter 10
Numerical Simulation and Evaluation
of Mechanical Smoke Exhaust in a Loop
Corridor of a High-Rise Hotel

Wei Shi and Fusheng Gao

Abstract The mechanical smoke exhaust is as acknowledged as an effective
smoke control manner by making use of some necessary exhaust facilities, also
with more stability than natural exhaust. In this paper, the field model Fire
Dynamic Simulator (FDS) with a combination of zone model Consolidate Fire and
Smoke Transport (CFAST) were used to simulate the mechanical smoke exhaust
in a loop corridor of the fire floor in a high-rise hotel, for the propose of evaluate
fire safety of mechanical smoke exhaust. There were several factors under dis-
cussion, such as the arrangement of smoke vents, quantity of smoke vents, the
volume of smoke exhaust, the position of the smoke vents and height of ceiling
indoor. The conclusions were obtained as followed. When two exhaust vents were
set symmetrically in the loop corridor, one of which was located nearby the fire
room, the smoke exhausted better. The volume of smoke exhaust per unit area with
60 m3/h according to regulations could always ensure safety of smoke exhaust.
The smoke exhausted worse within the corridor when ceiling height reduced. It
was recommended that the lowest ceiling height limit should be provided in
correlative regulation.
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10.1 Introduction

In high-rise building fires, mechanical exhaust was an effective and significant way
for persons to evacuate, and was widely used in design. Specification states that
‘‘if there is no direct natural ventilation, or internal corridor with length of more
than 20 m, or direct natural ventilation but internal corridor with the length of
more than 60 m’’ [1], then the place should be set with mechanical exhaust
facilities. When the building was on fire, the fire area produced large amounts of
high-temperature flue gas and the pressure would be higher than in other areas,
which averages about 10–l5 Pa, which in short term may reach about 35–40 Pa.
The pressure differences and reading prompted the flue gas leakage through the
gap of doors, windows, opening and pipe also through gap of the wall. Mechanical
exhaust was an effective manner to exclude smoke in time. At the same time,
causing the negative pressure, it could prevent the spread of the smoke to the
security zone, creating the conditions of time and space for the evacuation.

Smoke control design in high-rise buildings usually used a combination of
positive pressure air supply in the atria and stairwells, and mechanical exhaust in
the corridor. In this paper, the field model Fire Dynamic Simulator (FDS) with a
combination of zone model Consolidate Fire and Smoke Transport (CFAST) were
used to simulate the mechanical smoke exhaust [2] in a loop corridor of the fire
floor in a high-rise hotel, for the propose of evaluate fire safety of mechanical
smoke exhaust.

The general view of simulation model in 2D was represented in Fig. 10.1. The
loop corridor was 60 m in length, and 1.8 m in width, with ceiling height of 2.5 m.
There were two doors in the corridor, connected with atria, with the width 1.2 m
and the height 2.1 m. The high-rise hotel was in urban district of Beijing, which
had 30 floors and each floor height was 3 m. The fire room was on the 20th floor.
Room 1 was on fire, with the fire source in corner.

Fig. 10.1 Floor plan of
building in simulation
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The study showed that with the increase in the fire room door’s open size, the
peak of HRR increased [1]. The corresponding smoke speed, temperature and
concentration of the flue gas would also increase. After the fire, if a non-fire room
door opened, it would save a certain amount of smoke. In this article, the condition
of fire room with door fully open and non-fire room with door fully closed was
simulated.

The door from corridor to atria was always closed, only opened for a short time
for evacuation through the doors. According to provisions in GB50045-95, the
door to atria should be kept at a wind speed of 0.7 m/s to block the intrusion of
smoke when opening. When the door opened, the influx of air from atria to
corridor would improve the pressure of lower layer air, which could accelerate the
exhaust of the smoke. There were several factors that were considered in the
simulation, as infiltration of doors and exhaust windows in bathroom, in order to
maximize and reflect the real situation of the hotel building. The model was
reasonable and simplified as shown in Fig. 10.2, also considering the limit of
CFAST settings [2]. Relative size of opening and leakage were shown in
Table 10.1.

There were several factors under analyzing, such as the arrangement of smoke
vents, quantity of smoke vents, the volume of smoke exhaust, the position of the
smoke vents and height of ceiling indoor. With intent of providing more accurate
results, the loop corridor was divided into several regions [3], and contour vents
were set between regions. These vents were set with the same dimensions of the
length and height of corridor. There were 16 regions that were divided and named

Fig. 10.2 3D view of model
in simulation

Table 10.1 Size of gap under considering

Width of gap of the
door/m

Width of gap of the
elevator door/m

Size of vents in
bathroom/m 9 m

Size 0.015 0.030 0.12 9 0.12
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by c1, c2… c16. And c1, c3, c5… c15 were called access1 and c2, c4, c6… c16
were called access2. Height of smoke layer interface is used to evaluate the effect
of smoke exhaust, which was less than 1.5 m, considered to be safe.

Fire development in fire room was simulated by FDS. Heat release rate (HRR)
was set as Fig. 10.3 by calculations of FDS, which was transmitted to CFAST.
Smoke spread was simulated by CFAST. The simulation time was 1,200 s. Height
of smoke layer interface was used to evaluate the effect of smoke exhaust, with the
limit of 1.5 m. Different schemes were set (in Fig. 10.4), the exhaust vent was
located in the ceiling at the height of 2.5 m and exhaust system parameter settings
are shown in Table 10.2.

Fig. 10.3 Input parameters
of HRR

Fig. 10.4 Two schemes
under simulation

86 W. Shi and F. Gao



10.2 Analyzing Simulation Results

10.2.1 Impact of Exhaust Vents Arrangement

The simulations were made by two schemes, as shown in Fig. 10.4. In the first
scheme, the exhaust vents were set further away from the entrance to atria, than the
second scheme. Exhaust volume per unit area was set with 60 m3/h. The results of
two schemes simulated were represented in Fig. 10.5.

As seen in the results, in the two exhaust schemes, the smoke layer interface
could maintain a safe altitude above, which could ensure the safe evacuation.
Combined with the architectural pattern demonstrable, the first scheme was better
than the second. In the first scheme, exhaust vents were located away from the
exits to the atria, which benefited cooperation of the pressurization system in atria.

Table 10.2 Exhaust system parameter settings

Exhaust volume per unit area/m3/h Exhaust volume/m3/h Exhaust velocity of each vent/m3/s

40 8,600 1.20
60 13,000 1.80
80 17,200 2.39
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Fig. 10.5 Smoke exhaust effect comparison with different projects (Left scheme1, Right
scheme2)
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Especially when the atria door was opened in a short time for the evacuation of
staff, it was easy to form a reasonable airflow organization. The pressure distri-
bution of the corridor along the persons’ evacuation increased. Control of the
smoke concentration near the exits was conducive to the evacuation.

In addition, it was found in the domestic experiments that, when the mechanical
exhaust system was running, there would be smoke gathered in the exhaust vents,
seriously affecting people to identify safe evacuation export position, and also
affecting people who went through the security exit. Therefore, the exhaust vents
are supposed to be designed as far as possible from the evacuation exit.

10.2.2 Impact of Smoke Exhaust Volume

The simulations were made under scheme1, using exhaust volume per unit area set
with 40 m3/h and 80 m3/h separately. The resulting curves are shown in Fig. 10.6.
Compared with the two situations, when the smoke exhaust volume was small, a
large number of flue gas gathered in the corridor, and smoke layer interface within
the entire corridor was relatively low. Under the exhaust volume per unit area set
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Fig. 10.6 Smoke exhaust effect with changing exhaust volume per unit area (Left 40 m3/h, Right
80 m3/h)
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with 40 m3/h, smoke layer could be reduced to close to floor. Compared with the
curves in Fig. 10.5 which set exhaust volume per unit area as 60 m3/h, when it
increased to 80 m3/h, the smoke layer interface height of access1 increased little,
of which smoke layer interface was located between 1.5 and 2.0 m height. In
access2, as the smoke exhaust volume added, smoke effect is improved obviously.
Smoke layer interface of access2 could be increased to more than 1.9 m.

10.2.3 Impact of Location of Exhaust Vents

The simulations were made under scheme1 with exhaust volume per unit area as
60 m3/h, with the exhaust vents set in the ceiling or in side wall. When vents were
in the side wall, middle point of the vents was 2.0 m in height, and the results were
shown in Fig. 10.7. As seen in curves, whether the vents set in ceiling or in side
wall, smoke exhaust effect of the two cases could satisfy people’s evacuation
safety conditions. It was because, in scheme1, the vents were set symmetrically.
One of them was nearby the fire room, and another vent was located in the area
that was far away from the fire room. Though the area was far away from the fire
room, the smoke layer interface would reduce because the smoke temperature was
brought down by cooling. Due to the pumping action of the exhaust vents, the
smoke layer interface was able to maintain a certain height. Mechanical exhaust
affects the entire corridor.

10.2.4 Impact of Ceiling Height

There were always a large number of lines, water pipes, duct laying in the ceiling of
corridor, which lead to the construction of ceiling at low altitudes, maybe less than
2.5 m. This would greatly affect much of the mechanical smoke exhaust.
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Fig. 10.7 Smoke exhaust effect comparison with exhaust vents in side wall
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The simulations were made by changing the height of the ceiling, with a lower
height of 2.2 m. The exhaust vents were set in ceiling and side wall, with the
exhaust volume per unit area as 60 m3/h. When the vents were in the side wall,
middle point of the vents was 1.8 m in height. The simulation results are shown in
Figs. 10.8, 10.9.

In contrast, when the ceiling height was 2.2 m and the vents were in ceiling,
smoke layer interface height of the regional decline overall in the corridor. Smoke
layer interface of most areas of access1 had been reduced to between 1.3 and
1.5 m. Compared with the results of 2.5 m of ceiling height, it was found that after
reducing the ceiling height, the evacuation of people in the building would be
threatened. In Fig. 10.9, the vents were in the side wall and the smoke layer height
of most of the area within the corridor fell below 1.5 m, mainly distributed in the
1.2–1.5 m, which was difficult to guarantee the safe evacuation. Smoke exhaust
vents in sidewall should not be used at this time. Therefore, to recommend to the
GB50045-95, the exhaust vents location should require the height of vents and
ceiling top be minimum, to ensure the effective operation of the mechanical
exhaust system.
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Fig. 10.8 Smoke exhaust effect with ceiling height changed as 2.2 m (Scheme1, vents in ceiling)
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Fig. 10.9 Smoke exhaust effect with ceiling height changed as 2.2 m (Scheme1, vents in side wall)
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10.3 Conclusions

The conclusions were obtained as followed. When two exhaust vents were set
symmetrically in the loop corridor, one of which was located nearby the fire room,
the smoke exhausted better. The volume of smoke exhaust per unit area with
60 m3/h according to regulations always could ensure safety of smoke exhaust.
There would be no further effect with more volume. With the smoke exhaust vents
in ceiling, effect of mechanical exhaust would be better than with vents in slide
wall. The smoke exhausted worse within the corridor when ceiling height reduced.
It was recommended that the ceiling lowest height limit should be provided in
correlative regulation.
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