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ARTICLE INFORMATION ABSTRACT
Original Research Paper Ventilation is essential to provide a smoke-free path for safe passenger evacuation and effective
Received 06 December 2013 rescue services in case of a tunnel fire. The critical ventilation velocity, V¢, is defined as the
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minimum velocity which creates this safe passage by preventing smoke from spreading upstream
Available Online 14 June 2014 Y passage by p g p gup

in tunnels. This research discusses smoke flow control in tunnels with a focus on the important

Keywords: parameters affecting critical velocity. Critical velocity values are evaluated for different heat

Critical Ventilation Velocity release rates and results show good compliance with model-scale experiments. The study is
Blockage Ratio extended to investigate effects of fire source blockage ratio and lateral location, tunnel slope and
Tunnel Slope ventilation air relative humidity on the behavior of critical velocity. Results show that a drop in V¢

Fire Lateral Location

; L about equal to blockage ratio occurs in presence of fire source blockage. Investigation of critical
Relative Humidity

velocity in sloped tunnels illustrates that for each %1 increment in negative slope, about 2.4%
higher ventilation is required. Results also show that air relative humidity does not have
significant effect. However, fire lateral location impacts critical ventilation velocity in such a way
that about 10-20% higher airflow is necessary to suppress smoke in a near-wall fire in
comparison with a middle-tunnel fire.
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4- United States National Institute of Standards and Technology (NIST)
5- Favre averaging
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1- Smoke backlayering
2- Heat Release Rate (HRR)
3- Fire Dynamics Simulator (FDS)
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7- Soot

8- Conserved

9- Mass conservation

10- Turbulent Schmidt number

11- State relations

12-Yield

13- Humidity ratio

14- Radiation Transport Equation (RTE)

a(;)cpf) a N DP d
~r 7 iT)=——+—(k—
ot ( )= Dt a ( )
9 —pc. @T-iT)]+G +d
ax,.[ pec, T -1, )]+qc q, ®
P=pRTY —=
~ MW, ®

Shaaal Sl o g s, aSeding bt siledae jsliea
g 0 oolatul SLol,S isey poehe

Tf.:p(giu].—ﬁiﬁ) =7, 6,-2uS j

ij kk™ i (A)
G 1 6u
PTG
"2 ox, 6X *)
(ET—L?T) # 0T
! ! Pr, 6X )

staedy ~[W]°9ﬂ5" ad)S Sy ML ply Gedod onl o \ut;';lli Sue
Job ez 51 g ool T (S jsFlol Juto 51 &t ) dlone
Sys /Yl 5 Cs culs [YALoo 5 oo i o (8) dolre Cosly Coons
Divleailons a5
n=p(ca)S] )
A= (0x6 y&z)% )
Gz b JBz 50 glali>de LB i (e isT 4 byrpe Slalllas o
poh lace Koo Gyb 5l asbe AT 550 Lo wad Slpis
S Ol a5 Sl (slosgasa )3 (5y5bed (595 SISl Jalo o VL
4 o SosS lo sae o9 b NNAlasl o SosS mise Fle sae
o aield ;0 093 poh ey I (Jeo Slagse Srsm o5 sl
Eome b Sl plyy (rdge L2845 38 (55 g ablge (151 3
5L P Jles S clalezel g (Po) Tamejm Sin lid
290 pok &5 >

b g0 poly w8 Gl LU lad Sles 0 SzsS @ axg L
305 0 2R (M Sl Caz 59 el g oo 5l (b e e
Sl OYoles yo (gilazel JLad & g) die s gloy Ol s Loas 1A
Iv e Valo 18 o )3 oolical 8590 ((F) 5 (F) &¥olas) Sl
P(x,t)=P (z,t)+P (x,t) D)
3 ol il 5l 6 slagh 2 wisl cuals & arg b iz en
SceeS 5 55 pgtiase) pS> SYolae o 5 (JsSse Ay slap
slaakul; 53 w0ad lo Sledp acgere Jlasl b oged i e (IS
gl se b e JBs laghyz » oS SVl 08 (F) JI ()
Iy ,\Q]J.;‘tsn cu..od.gawli

Syl Joo -Y-¥

D9 g0 428 5 10 (V) abal) & jg0ay Bl sl 23Sy S aloles
v;[Fuel]+v, [Oxidizer] — [Products] [4B))
Wolan Jo 5 latis? S35 055 b e &3 Armlne | 5,53k sl
ool o ool gl ;oS Jae 5l oyl 51 S 5o 6l oy (Sl

1- Turbulent Prandtl number

2- Smagorinsky model

3- Mach number

4- Background Pressure

5- The low Mach number assumption
6- Mixture fraction
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4- Characteristic fire diameter
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1- Band
2- Solid angle
3- Stainless steel
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5- Heat Release Rate Per Unit Area (HRRPUA)
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2- Flame zone

3- Intermittent flame

4- Buoyant plume
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