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A study on ceiling jet flow behaviour
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A series of experiments that focused on the flow behavior of ceiling jet, which fl
ows under an unconfined ceiling, were conducted. Based on the experimental results, empirical formula for
temperature rise and velocity decreasing, thickness and distribution against radial distance were develope
d considering the effect of inclination angle.

To examine the effect of fire source shape to the ceiling jet flow, the rectangular fire source was employ
ed. By comparing the temperature rise decreasing and temperature distribution with them obtained by a squa
re fire source, typical difference for temperature rise decreasing against radial distance was confirmed.
Detailed measurements of the temperature rise and velocity in a horizontal tunnel with a rectangular cross
section were conducted to examine the effect of side wall on the ceiling jet. Empirical relationship to e
stimate the decrease in the ceiling jet temperature rise and velocity along the horizontal axis of the tun
nel was developed.



Alpert, R.L. [1972, 1975], Heskestad, G
[1975], Heskestad, G. and Delichatsios, M.A.
[1978], Copper, L.Y. [1982], Heskestad, G. and
Hamada, T. [1993], Yao and Marshall [2006]

Motevdli and Marks
[1991], Kung et al [1994], Sugawa et a [1999]

Alpert

(CFD; Computational Fluid

Dynamics)
Reynolds
RANS (Reynolds Averaged
Navier-Stokes equations)

SGS(Sub Grid Scale)

Large-Eddy
Simulation (LES)
LES
LES CFD (FDS; Fire
Dynamics Simulator) [McGrattan, 2004]
FDS [Qang, 2002]
FDS [Zang et d., 2002, Maet dl.,
2003, Zou et d., 2005]
CFD
LES

CFD
CFD

3-1.
2.5m 3.0m



0.2mm K

rake
2
2 3 PV
@-(h
€Y
(b)
(c)
(d)
(e
()
(©))
7m(L)Xx14m(D)X
3m(H)
10° 7m(L)X7m(D)x3m(H)
(h)
3-2.
5.8m(L)x 8.5m(W)x 3.0m(H)
8.5,22,40,98 kW
0,0.3,0.5,0.7m 0.94,
1.56,2.78 m
Watanabe

[2000], Yamauchi [2008]

10.0 m(L)x
0.75 m(W)x 0.45 m(H)
3.6 kW 89kwW 2
02mm K
T 2 3
PIV
LES
CFD (FDS; Fire Dynamics
Simulator) SGS
Smagorinsky
FDS
SGS
4-1.
M
3
2
3)
“)

¢ @1,



(6)

()

Froude
Richardson

4-2.

()
@)

(€)

1:1.67

()

II

I 3

@)

(€)

4)

©)

(6)

()

Stanton PIV

I I

25
1.7 (1)

i I
I
I
I
3

Sub-Grid Scale

8
Oka, Y., Oka, H., and Imazeki, O.,
“Experimental study on temperature
property along a tunnel axis with flat ceiling
in natural ventilation”, Fire Safety and
Science, Proceedings of the 1lth
International ~ Symposium, International
Association for Fire Safety Science,
2014.02, in press.
Oka, Y. and Imazeki, O., “Temperature and
Velocity Distributions of Ceiling Jet along
an Inclined Ceiling - Part 1: approximation




with exponential function —”, Fire Safety
Journal, Vol.65, pp.41-52, 2014.04.

Oka, Y. and Imazeki, O., “Temperature and
Velocity Distributions of Ceiling Jet along
an Inclined Ceiling - Part 2 : approximation
based on cubic function and coordinate
transformation —”, Fire Safety Journal,
Vol.65, pp.53-61, 2014.04.

Oka, Y., Yamaguchi, J. and Muraoka, K.,
“Decrease of Carbon Dioxide Concentration
and Entrainment of Horizontally Spreading
Ceiling Jet”, Fire Safety Journal, Vol.63,
pp.37-42,2014.

Oka, Y., Kakae, N., Imazeki, O., and
Inagaki, K., “Temperature Property of
Ceiling Jet in An Inclined Tunnel”, Procedia
Engineering — Special issue, Proceedings of
9th Asia-Oceania Symposium on Fire
Science and Technology, Hefei, China,
Vol.62, pp.234-241, 2013.10.

Oka, Y. and Matsuyama, K., “Scale
Similarity on Ceiling Jet Flow”, Fire Safety
Journal, Vol.61, pp.289-297, 2013.10.

Oka, Y., Oka, H., and Matsuyama, K.,
“Temperature properties of ceiling jet in an
inclined tunnel”, Proceedings of 13th
International Conference and Exhibition on
Fire Science and Engineering (Interflam
2013), pp.73-83, 2013.06.

Oka, Y. and Ando, M., “Temperature and
Velocity Decreasing Property of Ceiling jet
Impinged on an Unconfined Inclined
Ceiling”, Fire Safety Journal, Vol.55,
pp.97-105, 2013.01.

2
46
pp.167-170 2013.11.

46
pp.171-174 2013.11.

(0
OKA YASUSHI

10240764

@
OKA HIDEYUKI

80399518

€)
IMAZEKI OSAMU
IT

MURAOKA KO

YAMAGUCHI JYUNICHI



