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An Experimental Study on the Effect of Ventilation Velocity
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ABSTRACT: In this study, the 1/20 reduced-scale experiment using Froude scaling were
conducted to investigate the effect of longitudinal ventilation velocity on the burning rate in
tunnel fires. The methanol pool fires with heat release rate ranging from 2.02kW to 6.15kW
and the n-heptane pool fires with heat release rate ranging from 2.23kW to 156kW were
used. The burning rate of fuel was obtained by measuring the fuel mass at the load cell. The
temperature distributions were observed by K-type thermocouples in order to investigate
smoke movement. The ventilation velocity in the tested tunnel was controlled by inverter of
the wind tunnel. In methanol pool fire, the increase in ventilation velocity reduces the burning
rate. On the contrary in n-heptane pool fire, the increase in ventilation velocity induces large
burning rate. The reason for above conflicting phenomena lies on the difference of burning
rate. In methanol pool fire, the cooling effect outweighs the supply effect of oxygen to fire
plume, and in n-heptane pool vice versa.

Key words: Tunnel fire(El'd 8 ), Ventilation velocity(¥l9<: %), Burning rate(d4&), Pool
fire(Z 3}A}), Froude scaling(Froude “3A}H
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Fig. 1 Experimental setup of the tested tunnel.
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Fig. 2 Schematic view of the thermocouples arrangement in the model tunnel.
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Table 1 Fire size of the n-heptane and me-
thanol pool fire

n-Heptane case Methanol case

Pool size| Q, | Qp |Poolsize| Q, | @Qf
[em] | (kW] [IMW]| [cm] | kW] |[MW]
223 39 202 | 362

443 | 792 1.81 | 3.23

45 497 89 85 171 | 305
594 | 106 108 | 1.93

371 6.6 320 | 572

593 | 106 240 | 4.30

55 6.31 | 113 105 229 | 410
742 | 133 220 | 394

58 104 413 t 7.38

735 | 131 331 { 592

65 83 14.8 125 293 | 524
957 | 171 2.80 | 501

10.95 | 196 6.15 | 11.0

117 | 209 443 | 792

85 129 | 231 145 400 | 7.16
156 | 279 371 | 664
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Table 2 Ventilation velocity n-heptane and me-
thanol pool fire

Methanol case
Pool size| V,, vV

n-Heptane case
Pool size| V,, Ve

F

[cm] | [m/s] | [m/s]| [cm] | [m/s]|[m/s]
00 | 00 00 | 00

044 | 197 037 | 165

45 Logrsse | 3° [owm] sa;
133 | 59 111 | 49

00 | 00 00 | 00

046 | 2.06 041 | 1.83

55 Fomad 410 | 1%° [FORTY 362
138 | 617 5.46

00 | 00 0.0

048 | 215 2.10

65 Fpgs] a0 | 20 7 416
144 | 644 6.26

00 | 00 0.0

056 | 250 2.19

83 11234 5.01 145 434
168 | 751 653
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85 445 2.82

497 45
24% Bast grh oY ofE 1A WY
& 71202 JASES AES WAN Ao
8% 33 37t 0% 43Y + e 4]
2 5 AL HANZEY BBAG Hgo] &

849 = 9l Table 3& 39 =27 Wa Tx
4 ddFy T dALSEE YR

4.8

2 ATANE NASEd B2 Asg B B
IF WRE Setss] st F2 2y AW
FAstgon ged ge dEe AT,

1) ¢3¢ ALY Wee A= Wadse
o WAas 2 dALEy Zaz A
2¢ 2 2AF B2E JAgen, a9y
(D ) oF 055~0.69 7HAastath

Q) @352 Ade ¥ A= WREHRg

o 2

T BdYgeE ALY FHFOoR st d4hg o

ddFe) FI1E JHAged, FAY ddK Q)
2 oF 445~11.30.2 Z7}34ch

(3) HE W SALAA 1H HIAFE FEL
2 JAKEE &Y AAAN2ded H5E A
T A B 438 5 e ddel E o
A 4718 Aoiste d o] widA 2" B
gad gl 289 4 vt wly BYAA
A SAGAEE FRI7] st wdA 2
AA 2 BAAYL st db o) d42g ¢ oo
%S sty AAHA 737 2o Ao
Alg g,

7|

o

2 A7E A4BER FAREAA AL
A(O3-AA-22) AYoE PO BA A
A7 A=Y,

u_)rl_l

228

1. Lee, S.R,, Ryou, H.S. and Kim, C.1, 2004,
An experimental study of smoke movement
in tunnel fires with a vertical shaft, Korean
Journal of Air-Conditioning and Refrigera-
tion Engineering, Vol. 16, No. 2, pp. 135-141.

" 2. Cha, C.H. and Kim, J.K, 1999, Smoke con-



F52 Wd 5 QA dEert dagd wRe A @ A9y AT 921

trol in subway tunnels, Korean Journal of
Air-Conditioning and Refrigeration Engineer-
ing, Vol. 28, No. 6, pp. 425-432.

. Oka, Y. and Atkinson, G.T. 1995, Control
of smoke flow in tunnel fires, Fire Safety
Journal, Vol. 25, No. 4, pp. 305-322.

. Atkinson, G.T. and Wu, Y., 1996, Smoke
control in sloping tunnels, Fire Safety Jour-
nal, Vol. 27, No. 4, pp. 335-341.

. Wu, Y. and Baker, M. Z. A., 2000, Control of
smoke flow in tunnel fires using longitu-
dinal ventilation systems — A study of the
critical velocity, Fire Safety Journal, Vol. 35,
No. 4, pp. 363-390.

. Kim, S.C,, Ryou, H. S., Kim, C.1. and Hong,
G.B., 2002, A study of smoke movement in
a short tunnel, Tunnel & Underground Space,
Vol. 12, No. 1, pp. 31-36.

. Lee, S.R. and Ryou, H.S., 2004, An experi-
mental study on the determination of back-
layering distance in tunnel fires, Tunnel &
Underground Space, Vol. 14, No. 4, pp. 269-
274.

. Carvel, R.O., Beard, A.N., Jowitt, P. W. and
Drysdale, 2001, Variation of heat release rate
with forced longitudinal ventilation for vehicle
fires in tunnels, Fire Safety Journal, Vol. 36,

10.

11.

12.

13.

14.

pp. 569-596.

Yang, S.S., Kim, S.C. and Ryou, H. S., 2005,
An experimental study on the effect of longi-
tudinal ventilation on the variation of bum-
ing rate in tunnel fires, Tunnel & Under-
ground Space, Vol. 15, No. 1, pp. 55-60.
Yang, S.5. and Ryou, H.S., 2005 An
experimental study on the ventilation velo-
city of the variation of burning rate in tun-
nel fires — Heptane pool fire case, Tunnell-
ing Technology, Accepted.

Zhou, X.C. and Gore, J.P., 1995, Air en-
trainment flow field induced by a pool fire,
Combustion and Flame, Vol.100, No.1, pp.
52-60.

Sardgvist, S., 1993, RHR, smoke protection
and CO generation from single item and
room fire tests, Report, Department of Fire
Safety Engineering, Institute of Technology,
Lund University.

Kim, S.C., 2003, An experimental and num-
erical study on interaction between fire plume
and water mist, Ph.D. thesis, Chung-Ang
University, Seoul, Korea.

Quintiere, J. G., 1989, Scaling applications in
fire research, Fire Safety Journal, Vol.15,
pp. 3-290.



