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The Study on the Bi-directional Ejection Air Curtain System for
Blocking Smoke Diffusion in case of Tunnel Fire

Sang-Ho Yang’, Young-Seok Choi”, Jung-Yup Kim™, Nam-Goo Kim™, Kyung-Yup Kim™™*
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Spiral Nozzle( L1 =&)

ABSTRACT

This paper presents a the study on air curtain system of top and bottom bi-directional jet air discharge for blocking the
spread of smoke in case of tunnel fire. The five kinds different air curtains of A, B, C, D, and E of models for various
performance tested after manufactured. A results of the various performance test obtained the best efficiency from E model air
curtain. And optimize the injection angle of the air curtain nozzle through the three-dimensional computational fluid dynamics
(CFD) analysis and analyzed the effects of external pressure of tunnel. and also single factor design have been applied. At
present, our attention is focused on the velocity distribution(flow width and flow position) of 1.5m on the ground in tunnel.
Also, analyzed the influence of draft in the tunnel. Detailed effects of discharge angle of air curtain and velocity at nozzle exit

are discussed.
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(b) Smoke spread prevention on tunnel fire

Fig. 1 Prevent the diffusion of smoke in the event of a tunnel
fire for air curtain concept”

THE PRINCIPLE OF SMOKE CONTROL

With an air curtain in the escape
way, the smoke can be stopped
with by an air velocity of about

Ventilation / Smoke

extract

0.25 m/s
Incoming
air Air curtain
| E——
D¢ 4
) L
Escape way

An air curtain creates a
restriction in the escape way

Fig. 2 Air curtain for smoke control in tunnels.
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Fig. 3 Tunnel fire flow pattern of the heat flow (19

Table 1 Fire intensity of tunnel (1

kind of car  |Passenger Car|Bus & Truck| Tank lolly
Fire Intensity
(MW) 5 20 100
Smoke Generation 20 60~80 100~200
(m¥/s)
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EiE SIRHA| S =it RIS ¢

o
9
1g
&
o

of HleF EE Ol01HE Al2=of gt &7

CASING & NOZZLE CHAMBER

MOTOR

Jet Air

3

Fan & Motor
(2.2kW x 6sets) INLET CONE

Fig.6 3D Construction of air curtain system

EZIHAE 3§ &gFo] 3,000Wo|1l EZI REEo
1,133 m3/min (40,000 m) ot 1t EamAlo] o8k Fig. 9 Sectional view of air curtain
wjolols) AFAEeRE 2| AL st T 47}
g\(ﬂ UHt‘ﬂj_ 92 E‘]‘é o o 011017_”:5: E.HE-]_’,%‘ 7]%—Q—E Txlﬁﬁjﬁl A/C#5 Model Wind Speed
40
@0.232 3} T s [V owon |
Fig, 16 ¥ Fig, 17 37A47|4A7Y shajebd a4l —

EloA Hfshil Qle 2 i‘é(2 A x 40 m)of| 4] 2.5 MW
S 10 B LI A5 AE B B2 o
NAE wmBoH 4 - Bk BEEL F71H s @71}
90 % oA ATl A& RO Selstg oLt AFE o
A2 QAAzio] 10 Eho 2 Fol sHA| Tt 37] 1 el
ARA O] 00 h2is T Mok 52 434 (Fig. 28~ Fig,
31098 Fafo] HBet,

e
/(
/

[N}
o

/-/
1

Wind Speed from A/C Nozzle(m/s)

NN

1 \“\h‘

w

o

o

1 2 3 4
Measuring Distance From Nozzle (m)

Fig. 10 Up and down nozzle wind speed (Fig. 7 type)

Upstream Nozzle

#5 Model Air Curtain

%
=}

~m—at3.5m from Nozzle
45 | -e—ato.1mfromNozzle | |
40
2 b /AR TN A
Ez0 [ =
3z Ne-¢ > e
2 25
220
H
Downstream Nozzle Centrifugal Fan 1
10
Fig.7 Up and down 2 way discharge air curtain nozzle s | | ol
R e . | ot m T N L NG
o]

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Width points of Nozzle(X-Axis), L 2.45m/21

Fan & Motor(2.2kW x 2p) - B X
m ’:m Fig. 11 Nozzle wind speed (Fig. 8 type)
i =] i 3
1

= / 1

Sprial Chamber Nozzle L]

;

RN
o 8
g

V4iaNHm

Fig. 8 Upstream and downstream air curtain nozzle Fig. 12 Air curtain stream line countor

S=ERAD SR =28: H17d, 5=, 2014



.- i
{ Air curlaln h..t#
(=79

-

Fog Machine | P“iu%'-f‘ "

Fig. 15 Air curtain down stream air velocity check

Fig. 16 Smoke blocking test case of 2.5 MW live tunnel

fire (at KICT Hwasung fire research center)
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Fig. 17 Smoke blocking test of 25 MW live tunnel fire
(at KICT Hwasung fire research center)
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