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Abstract Smoke is one of the most dangerous factors in aircraft hangar in case of fire. As it causes
reduce in visibility and deaths due to high temperature or toxicity also prevents applying evacuation plan
for workers. This study present numerical analysis for improving traditional system of ventilation system
to manage smoke produced due to push-back vehicle on fire at hangar. By studying effect of changing
extraction and supply rates, the number of extraction and supply fans, and the arrangement of
extraction and supply fans on the visibility, temperature and air velocity at human level to insure not to
exceed limits stated by NFPA 130[1] to apply evacuation plan for workers. The study is performed using
Fire dynamic simulator to simulate 16 case studies in the hangar of airports in Brandenburg. The
hangar has the outer dimensions of 83.40 m width and 77.60 m depth and thus an inner area of approx.
6,472 m2. The hangar has a medium interior height of approximately 18.20 m. The results show that
using extraction fans with rate (ACH) double the supply rate for the traditional ventilation system gives
very good results in controlling the smoke. As well as, decreasing the number of supply fans will make
the smoke spread rate inside the hangar lower, which helps to control the smoke spread of fire in less
time.
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1.Introduction heat of a fire creates convection currents that move
smoke and gases up toward the roof or ceiling and out
Aircraft hangars, by their very nature, pose a unique and away from the fire source. Opening or breaking a
challenge for fire safety engineers. Large, open floored windows or door allows these products of combustion to
areas with high roof decks house aircraft contents worth escape through natural ventilation. Natural ventilation
millions of dollars [2]. In addition to the large amounts can be used only when the natural convection air
of jet fuel, a number of the maintenance activities that currents or wind are adequate to move the contaminated
take place within hangars provide a host of ignition ajtmosphere out of the building and replace it with fresh
sources. Once the fire breaks out, a lot of smoke is arr.
produced with high temperature results in poor leakage Second, Mechanical (Forced) ventilation; used when
ability and difficulties in evacuation. Large aircraft natural forces do not provide adequate ventilation. There
wings, fuselages and scaffolding also have the potential are three different methods of mechanical ventilation.
to restrict fire detection, suppression and the flow of Negative- pressure ventilation uses fans called smoke
smoke, presenting a potentially lethal cocktail. For fire ejectors to exhaust smoke and hear from structure.
safety design to be effective, a number of issues must Positive-pressure ventilation uses fans to introduce clean
first be considered. These include fire source, heat air into a structure and push the contaminated
transfer, fire detection and alarm, human behavior, atmosphere out. Hydraulic ventilation moves air by
smoke movement, toxicity and pollution. Smoke using fog or broken-pattern fire streams to create a
management aims to extract the smoke produced from pressure differential behind and in front of the nozzle. In
fire by means of ventilation systems in order to provide large buildings, negative-pressure ventilation can be
safe escape by extending the evacuation time for the used to pull heat out of the building, particularly if
occupants, improving building conditions which assist natural ventilation would be too slow or if no natural
firefighters to detect fire place and start firefighting, cross- ventilation exits.
protecting valuable objects from fire, and hence reduce Impulse ventilation, recently jet fans or impulse fans
the probability of fire-extension to the whole area and have established itself as the new standard in ventilation.
reducing the risk of explosion. Smoke management can IVS are an alternative choice to ducted mechanical
be classified into two main systems. extract systems. A series of jet fans are distributed
First, Natural Ventilation; depends on convection beneath the ceiling, produce air movement from the air
currents, wind, and other natural air movement to allow inlet openings towards pre-designated extract points,
contaminated atmosphere to flow out of a structure. The transferring smoke and fumes with it.
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2.CFD Modeling =
2.1. Physical Model

The air-craft hangar under analysis is a real hangar

located in Brandenburg-Germany. The hangar has the

outer dimensions of 83.40 m width and 77.60 m depth

and thus an inner area of approx. 6,472 m2. The hangar

has a medium interior height of approximately 18.20 m. [
Equipped with mechanical exhaust system to exhaust

smoke in case of fire. The computational domain used in

the case study has the same dimensions of the actual

hangar as shown in figure 1. The Push-back vehicle on d
fire is located at the top left corner -beside door- of the ' |
computational domain; it is modeled by a block of a 5.83 -
m long, 2.4 m wide and 2 m high. The fire development :
is confined to a steady phase fire and a peak value of | -7
4MW [3]. Soot formation is a very complex process |
affected by many factors, for example, fuel type, fuel

size and fire environment. Soot yield is given as 0.05, as

a medium value [4]. The ceiling and the floor were set to

be concrete. Block representing push-back vehicle on

fire was set to be steel. The properties of these two v _
materials were just set according to the database of FDS. b ' B e Ly eivdrg
Ambient temperature is considered 35°C [5]. Four - ‘

exhaust fans are suggested to be installed at the ceiling
plus twelve supply fans six on each side as shown in
figure 2. Simulation case studies as well as four fire
scenarios are shown in table 1.

- -

Fig. 1. Hangar dimensions

Table 1: Case Studies and fire scenarios

{2

Case Fire Location Supply Extraction —
Number XY.Z) (‘Egﬁ) N{:'r:f Position (‘Egﬁ) N;ﬁ:'f Position
1 GA5, 1507 | 0| 12 10 1
3 GA51517) | 10 | 12 0 1
3 GA5 15017 | 0| 12 0| 12
1 GAI51517) | 10 | 12 0 | 12
5 BA51517 | W0 | 12 _E 10 8
[3 GA51517) | 10 | 12 234 20 3 2
7 GAELELTD | W | 12 £ e 10 § | ws
3 GAEISLY) | 0 | 1D | ZEE:= 0 6 | &%
9 (341515017 | 20 | 12 £ 0 6§ | S
10| 34151500 [ 10| 16 0 3 £
11 3415, 15, 1. 0| 15 10 6 . . .
5 53_415, 15 1_% 0 0 0 3 Fig. 2. Computational Domain
13+ | 34151517 | 10 | 10 20 6
Side-wall
B | GAS1S1D | 10 | 10 | merves) | 20 6
Lim=im 2.2. Governing Equations
15 | @551 | 0 | 10 | g o | 20 6 EL
(cen ter Y-axis) = .
16 | G451517 | 10 10 | Sm-%5m 20 6 o With the fast development of computer technology,
Tore computational fluid dynamics (CFD) simulation has
Seenario | 34181817 | 10| 10 bl 6 been becoming an important means of engineering
Tire = calculations of fluid motion and ventilation. Fire
Somarie | (985,185,179 10 | 10 E:E - g dynamics simulator (FDS) developed by National
] - —_— . .
Fire_ £5. = Institute of Standards and Technology (NIST) is a
Seetario | (415,15759) | 10 10 | F g nos popular (CFD) model for fire scenario simulation.
= (9985,15758)| 10 0 2 . Turbulence is treated by means of the Smagorinsky form
4 of Large Eddy Simulation (LES). It is possible to

perform a Direct Numerical Simulation (DNS) if the
underlying numerical grid is fine enough. LES is used in
the present work. Mass conservation can be expressed
either in terms of the density, p,
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Mass conservation can be expressed either in terms
of the density, p,

’

ap . "
o +V.pU =my (1)

or in terms of the individual gaseous species, Y,:

J L L

~ (pYe) +V.pY U = V.pD VY, + 1 + i (1)
The momentum equation in conservative form is
written:

a

p (pU) + V.pUU + Vp = pg + f, + V.7 (2

The energy conservation equation is written in terms
of the enthaply h; as

"

d Dp L o N
a(phs)+v.phSU=D—t+q —q, —V.q +e(4)

Time taken by ceiling jet front to travel

Distance from fre m

Fig.3. Comparison of Maximum ceiling jet
temperature between FDS simulations and Hu
experiment.

3. Results And Discussion

Visibility, temperature and velocity contours are
simulated at human level (1.8 m) as the suitable
condition for applying the evacuation plan is that the
visibility should not be less than 10 m, temperature not
higher than 60 C and air speed less than 11 m/s
according to NFPA 130 [1].

3.1.Visibility

The effect of changing extraction rate, number of
extraction fans, arrangement of extraction fans, supply
rate, number of supply fans and arrangement of supply
fans on visibility are studied, to insure not to exceed
limits stated by NFPA 130 [1] to find the most optimum
design.

Case | and case 2 shows the effect of duplicating the
smoke extraction rate for 4 extraction fans, Case 3 and
case 4 shows the effect of duplicating the smoke
extraction rate for 12 extraction fans, Case 5 and case 6

shows the effect of duplicating the smoke extraction rate
for 8 extraction fans, Case 7 and case 8 shows the effect
of duplicating the smoke extraction rate for 6 extraction
fans, as shown in figure 4 and figure 5. They show that
duplicating the smoke extraction rate have a good effect
on visibility.

3.2.Validation of FDS

Hu et al [6] performed Two full scale experiments with
fire sizes of 0.75MW and 1.6MW were done in a §88m
long channel to study the smoke temperature distribution
along the channel, the time taken for ceiling jet front to
travel and the push-back carbon monoxide concentration
at an assigned position. Comparisons are shown in
Figure 3. The validation for FDS and grid sensitivity
analysis is done by using experiment of Hu [6] and its
correction [7] on long channel. The internal boundary
material of the simulated channel was set to be same as
that in the experiments. The ceiling was set to be
gypsum. The side wall and the floor were set to be
concrete. Steel board was set to be steel. The properties
of these two materials were just set according to the
database of FDS. The south end half-opened is modeled
as an open vent to ambient at 27.5°C. The simulation
domain was 88m long, 8m wide and 2.7m high. The
space between 2.65 and 2.7m was filled by gypsum. LES
mathematical model for turbulence .The simulation time
is taken as 600 seconds. Three cases are used with
different grid cell number as shown in figure 3.

Case 9 through case 13 shows the effect of changing the
fresh air supply rate for 6 extraction fans with 20ACH.
Case 9 shows the effect of changing ACH of the supply
fans to be the same as ACH of the extraction fans for the
same number of supply fans.

While case 10 and 11 shows the effect of making the
ACH of the supply fans half the ACH of extraction fans
plus increasing the number of supply fans.

Case 12 and 13 shows the effect of making the ACH of
the supply fans half and equals the ACH of extraction
fans for 10 supply fans, as shown in figure 6. It shows
that duplicating the smoke extraction rate in addition to
decreasing the supply fans to 10 have a good effect on
visibility.

The effect of changing the position of supply fans is
studied in case 14, as shown in figure 7 and it shows that
changing the position of supply fans have a good effect
on visibility. The effect of changing the arrangement of
extraction fans also studied in case 15 (inverted honey-
comb) and case 16 (staggered), they show that changing
the arrangement of extraction fans have a good effect on
visibility.
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Fig. 4.Visibility contours at human level at different Fig. 5. Visibility contours at human level at different
times for Cases 1,2,3 and 4 times for Cases 5,6,7 and 8
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3.3. Air Velocity

Velocity at human level is one of the important
parameter in designing smoke management system. The
suitable condition for applying the evacuation plan is
that the velocity must be less than 11 m/s as stated by
NFPA 130 [1]. Velocity slice is taken horizontally at
human level (Y=1.8 m) at certain sample time
(60seconds) for some cases as shown in figure 7. All
cases from show no great change in velocity all over the

Case 9 hangar; the maximum velocity at any point does not
exceed 7.5 m/s.
- . - |
1 Case 1 .
h . . ;
h - ] - - l
Case 10 Case 11 Case 3
& Case 13
1120 =
'...- ) . :
Case 15 B
=00 e s
Case 12 Case 13 -
Fig. 6. Visibility contours at human level at different Fig. 7. Air Velocity contours at human level at
times for Cases 9,10,11,12 and 13 60seconds.
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3.4. Temperature

Temperature increasing at human level is the third most
critical parameter in designing smoke management
system. The suitable condition for applying the

evacuation plan is that temperature must be less than
600C as stated by NFPA 130 [1]. Temperature slice is
taken horizontally at human level (Y=1.8 m) at certain
sample time (600seconds) for some cases as shown in
figure 8.

Case 1

Case 2

Case 3

Case 13

Fig. 8. Temperature Distributions taken horizontally at
human level (Y=1.8 m) at 600s

For case 1; the system fails in extracting smoke at which
temperature increases till reaches 6250C. Case 2; there is
an improvement in the temperature distribution, but it

exceeds the limit stated by NFPA130 [1]. Case 3 records

a great improvement in the temperature at human level.
Case 13 shows a perfect temperature distribution during
the 600 seconds duration. Case 15 is not too bad but it
fails during the last minutes

4.Concluding Remarks

e FDS (Version 6.1.0) is a powerful tool for designing
VS in hangars and service areas as it can import
airplanes with actual dimensions and materials then
predict smoke spread, temperature and velocity.

e Traditional ventilation system  with  some
modifications can increase its effective in smoke
extraction.

e Using extraction fans with rate (ACH) double the
supply rate for the traditional ventilation system gives
very good results in controlling the smoke.

e Decreasing the number of supply fans will make the
smoke spread rate inside the hangar lower.
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