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Smoke Extinguishing Phenomena in a Closed Chamber by
Electrostatic Smoke Extinguishers

T. UENO,* N. KiYOKUNI** and T. TAKAHASHI**

(Received December 26, 1977)

As a new fire fighting equipment, we have developed “Electrostatic Smoke Extinguisher.”
This equipment is brought to extinguish smoke near the fire source in the room by firemen.
The smoke extinguishing rate in semi-closed chamber is dependent on construction and ratings
of an extinguisher. In this paper, we describe experimental study of smoke extinguishing
mechanism in semi-closed chamber. According to our experiment, it is recognized that the
smoke in the chamber which has about 150 m3 of space volume is uniformly and simultaneously
extinguished by the extinguisher and that space charge density in the chamber has very great
role on the smoke extinguishing rate. Under the assumption that space charge density in the
chamber is uniform, we calculated the smoke extinguishing rate from equation (4), (6) and (7)
which considers the electrostatic dispersion effect caused by space charge giving electric charge
and mobility of particles. The calculated results of smoke density and space charge density
are good accordant with measured values as shown in Fig. 10 and it has been made clear that

smoke extinguishing phenomena depend upon the behaviour of charged particles.
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Fig. 1 Experimental room and arrangement of
apparatus used to measure smoke extin-
guishing phenemena.
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Table 1 Smoke extinguishers used in this experi-
ment and their ratings.

Type A B

Construction Tonizer+Collector+Fan Ionizer+ Fan

Air flow rate
[m3/min] 55 7
Collection 40 10

efficiency (%]
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Fig. 3 View of smoke extinguisher type B,
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Fig. 4 Apparatus for measurement of space charge
density.
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Fig. 5 Free attenuation characteristics of smoke
density.
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corresponding probe positions
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Fig. 7 Attenuation characteristics of smoke den-

sity at various positions in the room,
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Fig. 8 Experimental results of space charge
density.

B EAYEDKCRATHA S EiiEEIh 5.

3.3 ZMEFICLDHE

T R a W R IR & T R e O L A R
WEINCEMCEBIhS. chbOHERFILE L
A CISERER 7 ERBER s h, BHOBREL
T —Th B EEET A, ThbOWEN T L 522
FINCH B I L OV o R T 25 E S EE <
FrkD X5 e fER RS, MOREIRT S8
HT 5.

a) WENTHEOBEZIC I AU BSOS - B2

T~ORFORE R X O35 X 52 bokk3

b) BRI X BIFHEN T OB - WICHRE DI

X AEREOIKT

c) ERTLIEWBNTOMNE, B lomR

ThbHDoh b)), o WEEOCKEOMRIUMNOEE
CIRZ2 A D BT O EFE IR T T L, BB
TR A Ch BT, o Tiha) OOEHRE X
BT T 5.

WE O RS T ORRIT T RTEL e b L,
2R OHE I T\l ORT O BEREY », W8
SRR T OEEORES ne & U, THEEEER LR
WER T TNCEM ¢ THESh S LEEThE, &
ST\ ERR TR 2 VIR 120 20 5

n:noexp(wgi> (6)

T L & ST 5. —J, W LR OWREL 7e
DR ZEEALEI BT
dne @

Q
kdt’*—v (I—C) n— '1'/‘ Qﬂe—

TSN, AL VR A LI AR
25O IS L Y OB S R TAECHI SR s

me'b-q
&o

(7)




320 (32) HWESFELE

B, 82T TR I Ty BT O
BSRERBT D LR I - C LRI hB o %, &8
STHIIHE S MR T 2B BRI X o CRER K
Bah, EMALBBREIRDEEERLCNS, L
CCTORIHEINLERTOECY 7 4, & ITEZD
BRERRTHSD. '
O F OEBIRER N=n+no Th % b, (@)
K> LI EE Cs 13 N B33 0T (6), ()R b 7,
Ho AT HZ LI L o CHWMOBMILHETE S,
3.4 BORELE

(6), (N2 b MO X 255
ERIBE LT b, S DRBKRD X b fedeft
TEET, FR OB LR EELH A L.
MBSO L R ol S I 2R B RS ENES oW E
AEkE RHLEBSI COBREELHE L. =08
HOBEMEEOWIEL 00 &I,

Po=q-ne(1—0) (8)

LTRD B WY sl

TRANDG. o TERTORMIEEY o, WELHt
TOMNFOBEREEY C Thit
c
M= d (9)
B
q(1=§-C

P S dh @ 10

Lileh., —HIERTOECY F 4 bikdh = v somlE
PRECE B3

q ;
= Gma (1)

7 ¢ RARE
TREND. po & b EWET BT L1 X VR a1k

d—\/*—(l Q-

Qlﬂ (12)

—
o

Smoke Extinguisher
OFF
2

(=3
wr

Space charge density p (xC/m?)

0.3
0.2
0.1
[1} 2 4 6" 8 10
Time &(min)
(a) Attenuation charactristics of space charge
density.

B9 ZHENBEOCHABEEL Y 7 1+ OBF

Wadk 5%

(1978)

TRD DI, (9), KD S 20, ¢ BB DRDORD BLG.
bhbh ORRBIC KT 5 ME CHEEB R &
&, MR Cs=2m™ oJRABT C=0. 26 x10-? kg/m?,
Po=9 pC/m® 23, DIXTE LV T 4 7 5 4 ViIo X 55
N 2.5~4X107" m?/v-s B L EMNE LR TWBD,
VT4 bR ELSEORBA L RO L5 LTRD
bhsn. B9 @ULTHERRBIAE 8 il Lich & 1
W off WLl & ¥FOBMOHRRBELEE LIS 0T

BB CORMED DR DAL 3HORT 70 115
YU, COBWDPHBREIFL 2L L 5 C
1 1 b
—=—— (13)
£ P &

2RBBOENG. oKD py LB A off & L
WA COEMERBEETH S, K9 OGNS off %o
HHENEEOUE L KECH LTS sy P Lt DT
R B EID L5 CBEHMBRE Y, CofEE,
Lo LT 25X107"m¥/vs MBS, EEYF 4 7
T I AP COMBFBRETEMR L 5.

MR TFORMIEBEL —RvoEBEOHL/20
LOX10® kg/m® % ki, DALoOEREEENS ¢ &L
T 0.8pm, ¢ T83X107C sl

—J7, HER OB A LR « DR T 208 B
W, AF VHERO 2 ) = AATHEI WD HER g0 1t
W Tz bh b

3es {
qo= 47:606 2 cat B <t-l ) (14)
ZOMBEROBE, TIHERBRE Eo @, 6.6x10°
V/m, ¥, HBOBER « W CANAF vy 7

— 2N HF 3 B R ¢ CER U7 </# 1% 0.35 Th B
T, FE0.8 pm ORTITHERLTAT A LI X

2T qo=10X10"YC OB/H LI OH BB, = Off
X10¢
6
o ° >
N 4
E

‘-1|Q 3 ,L:l,), b

9 D e €
1

0 20 40 60 80

Time t(min)
(b) Free attenuation characteristics of space charge
density plotted with 1/s.

Fig. 9 Attenuation characteristics of space charge density arranged for estimating mobility of

charged particles,
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