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FIRE-INDUCED VORTICES

By Yasushi MiTsuTA, and Nobutaka MONJI

Synopsis

The posibility of the occurrence of vortices associated with a large fire is discussed. Character-
istics of the fire vortices which occurred in the past are reviewed, and necessary conditions to produce
concentrated vortices over or around the fire is discussed. A laboratory simulation to investigate
the criteria of the vortex core formation is carried out. It is found that either the high temperature
of the ground surface or large inflow angle produces the concentrated vortices, and also that these
conditions are probable in case of a large fire. It is also found that the core temperature of the
produced vortex core increases with the inflow angle.
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Table 1. The list of the fire-induced
\
Place Name | Date Cause of fire Geographical Relative position
(country) | situation of vortex
Tokyo
_ Great | Sept. 1,2 : within 100 m from
Yokohama Kanto i 1923 earthquake ey burning area
———————~  Earthquake
Odawara |
San Luis rﬁ N w T o
Ovispo. Moz | by ghining coast
Hakodate Mar. 21 ‘ :
t
(Japan) 1934 w
Wakayama Jul. 9 bombing cit
(Japan) 1945 W War II 7
P&‘;‘é‘;)NW ‘ 1951~1953 forest fire slope lee side of ridge
Imbil Nov. 19 scrub burning slope
(Australia) | 1957 operation P
Jun. 17
Lannemezan Meteotron Aug. 31 experiment plateau below smoke
(France) 1961 plume
Victoria Jan. 14
fire fi
(Australia) 1962 forest fire slope re front
Surtsey Nov. 14 volcano submarine
celan eruption volcano
(Iceland) 1963 pti 1
Santa 7 “
Barbara M?;s; forest fire slope lee
(USA)
Muroran May tanker ba i from smoke
(Japan) ‘ 1955 Y plume
California Project Sept. 29 . lee of
(USA) Flambeau 1967 experiment i burning area
Queensland Operation Oct. 23 : i lee of
Australia Euroka 1969 experiment | gradual slope burning area
| g
Arizona Jun. 24 '
(USA) 1973 ‘ brush fire desert
Texas Texas A & M l experiment
(USA) Bonfire ! P
]
Lannemezan May, Jun. : . | various type
Meteot: ’ X |
(France) | eteotron 1979 { experiment ! platoeu (see text)
C: cyclonic  * estimated value
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vortices in the past
| Max Max Life Distance| Sense Env
Number | Diameter | Height | " “7° . N ! L Ref.
|| oy veoity | | e | orrion|oni
| (mjs) Y (mfs) (km) | rotation| (m/s)
i i
>100 i
_ — | 1)
20 5~50% 50k 30~50% | max max more 1~10
e | ’ 2hr 2.2 C 2)
\
a few . more 20~25 13
hundred | 3 <5 C )
i RN S —_—
5 i 6)
. 20 22 »
; ©o30 | 2.5 3)
| |
- - N i N . i [
I~several] 15~360 | 90~750 } 30s~2hrs R 8)
2 20% 25% both ~5 1)
10~40 200 ; i.riin i 1.2~1.5 18)
o ~ o
| |
6~8 80 | 5~12 ; c 9)
] o |
400 | >90% } 14)
: I B
1 | 16 10)
i . I N
3)
70~100% 15~20s both 5~1 16)
300 | 29.4 | 15 ‘ 4 15)
i i
90 1900 7 13 weak 12)
18 both 17)
5~60 50~100 Ss~4m both 1~8 20)
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Fig. 1.
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Time sequence of the fire vortex distribution (black dots) associated with the Great Kanto
Earthquake. The shaded areas indicate the burnt areas within the hours shown in the
figures, and the arrows the direction of the fire streams (after TeradaV). * indicates
Hifukusho, the place of the greatest casualties.
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Photo. 3. A vortex due to the oil fire at San Luis
Obispo, California, U.S.A. (after His-
song?¥)

Photo. 1. An example of a vortex spawned by a
forest fire in Victoria, Australia (after
King").

Photo. 4. A pair of vortices extending from the
volcanic cloud to the ocean surface at
Surtsey. Iceland (after Thorarinsson &

Vonneguti®),

Photo. 5. A vortex formed in the right downwind

. : : s quadrant of the plume produced Ly the

Photo. 2. A vortex due to a desert brush fire in Meteotron experiment (after Church et
Ariozna, U.S.A. (after Idsol®) al.2m),
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Fig. 3. Radial distribution of the surface tempe-

Fig. 2. The outline of the apparatus. The upper rature measured by the air temperature
figure is the side view, the lower the top sensor pressed to the surface. * indicates
view. the value of 47%.
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Fig. 5. Relation between the surface (477) and the

Fig. 4. Relation between the vertical velocity and the
air temperature (47°) at two radial positions.

surface temperature at #=0 and z=10cm.
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\
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a
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Fig. 6. The limit of the vortex formation.
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Thoto. 6. Visualized vortices for the plate temperatures 4775 =55°C,
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Fig. 7. The temperature (47") distribution in the vertical plane with zero guide vane angle (§=0 deg.)

r (cm)

Same as Fig. 13 with the vane angle increased to §=25 deg.

Fig. 8.
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Fig. 9. Same as Fig. 13 with the vane angle increased to §=>50 deg.
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