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Abstract

When a fire spreads, smoke and flames blow from openings. Consequently, the adjacent rooms are quickly filled
with smoke, which is a factor in the increasing damage. The following steps are generally applied as countermeasures:
1) installing a sprinkler equipment to suppress the combustion of combustible and interior materials, 2) by
using the latent heat of vaporization from the sprinkler equipment, the temperature rise of the smoke layer is
suppressed, and 3) reducing the smoke escape by installing smoke evacuators or fire protection in the openings. This
study focused on the second countermeasure. An experiment was conducted to quantitatively grasp the behavior
of smoke during operation of the sprinkler. Furthermore, we improved the smoke layer temperature prediction
model and compared the experimental and predicted values to verify its applicability.
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Table 1
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The Heat Release Rate

B O g A% 5= iR Ts

B 100 °C 200 °C 300 °C 400 °C
0.2m 39 kKW 104 kW 164 kW 239 kW
0.4m 55 kW 141 kW 228 kW 333 kW
0.8 m 78 KW 202 kW 322 kW 475 KW
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Heat Release Rate and Amount of Water Sprinkled



RMAEHTHEZERTH  No. 86 AU > 7 T —Eff{EBIRF O Rl PR IZ B9 2 BF 58

3.2 FAOHHEE

BOK SN XEN T, KERICE2EN B HEE
Ihb, LaL, BHEOHE B L LT, KEKIDME
EEELZVERE L EREOEZ R T L L b ER
LB Z, UBEOHAE TIIKERROEE I WbDET 5,
Fig. 5IZR9 L2012, HIEROBES T L IZKE A ZHEIC
DD, SCERS)ZE(L L, &EOBNINESZEE Y
b U CHaBA BB L e Emy ;, #BR HEBIRA fiZm, % X
T SR TELIRLFE O SENE D HHEE 3 5, B BB R Zmy
OHEED 7 1 —K%&Fig. 6127”7,

(1) ORI X ORI &8 DR
T;[KIVEHE RA, BOFEREEHWS, iEEOFEE
ETKlZ—E & AR LRQ)TRD D, KmNbUERIZ
KXE)ET 5, IBEOKREERke/m?ix(4) & T 5,

T, = (T; + Ti—1)/2 2
Tl =T (3)
pi = 353/T; (C)]

(2)  =|PIMNENZEAP, IR E) OFE  X(G) %
v, iE8Ei+UEORRE ShIZBT 5 BNINEEE
iBOENINESZEAP[PalE LTHIT D, 22T, pold
SRR FEkGIm®], TolIAMRIREK]TH D, £72, 4
WECIE, BN TS OIES2EAP Z0E T 5,

AP; = (po — p)g(h; — hi—y) + AP, 5)

(3)  HHEWESZ,ORE PR S Z, 2R
DESIZHERET D,

@)  ENIMNESEAP, OKERBE) ORI
B S Zp BT DENINETIFEAP, 2308725 K5, (2)T
Bt U7 RNAMNE AP & KRB EIT 5,

(5)  PHERNIE S EAP, O HE X(6)% A
W, B O ENINE SZEAP[PalE BT 5, ek,
MHESESTERAOPHE LY EETE(T), T
TIERE@) T B,

1

AP =2 (po = P)g(hi — hi-1) + APy (6)
_ 1 _

APi,u;r) = E (po — P g(h; — Zy,) @)
_ 1

AP; gown = 2 (po = p)9(Zn — hi—1) + AP, (8)

(6) PBADEIRHAROEH R E &z, 2
Tefg L v BREioBE NER M Emp 2 R(9), TEiDB N
A M, 2 R (10) TR T 5,
mp; = aB(h; — hi_1)+/ Zpilﬁil 9
Mg = aB(h; — hi_1)y/ 2po|AP;| (10)

22T, aldfiESRE]-](=0.7), BIXBHAMEM]TH D,
Fo. PHERASDEMOWHEEM,, WAEM, (3%
nENXALD, 12FHWTHEHT S,

mp; = aB(h; — Z,) /zp_ilﬁi,upl (11)
Mg, = aB(Z, — hi—l)"zpolﬁi,downl (12)

(1) EENZ DM (1) &M+ 2 £ T,
Fig. 60 7 v —ITIEWVRITEERR &4 V) 1K,
Emp; — Img; = 1.0 X 107* (13)

| ——-msp=0L/min —A—msp=10L/min —&—msp=15L/min —El—msp=20L/min|

2.0 2.0
1.6 1.6
B E
= 12 = 12
Y0 0
pE 0-8 e 0.8
ol ol
2 0.4 35 04
0.0 0.0
0 200 400 600 0 200 400 600
X BN EFREAT[C] XEA L FREAT[C]
(@) HESA (b) JESB
B=0.2m, Q=239kW
2.0 = 2.0
14'7/."0
1.6 m'zu 1.6
— 2 —
£ 12 v £ 12
0 [l 0
IE 0.8 7 %) IE 0.8
4D
% 04 g g\ 0.4
= I :
0.0 0.0
0 200 400 600 0 200 400 600
XEA _EFREATC] XBA R REAT[C]

(c) HIESA (d) HERB
B=0.8m, Q=475kW
Fig. 3 #niEiEE LF-5A0
Vertical Temperature Rise Distributions

—6—-msp=0L/min —A—msp=10L/min —&—msp=15L/min —El—msp:ZOL/minl

2.0 2.0
16 16
£ 12 £ 12
) I
AU R
pe 08 pe 08
% 0.4 % 0.4
0.0 0.0
0 200 400 600 0 200 400 600

XA _ESREAT[C] XEA L& REATC]

(2)B=0.2m, Q=239kW  (b)B=0.8m, Q=475kW
Fig. 4 SPRISARIRE 157557

Vertical Average Temperature Rise Distributions

e EEOREEE FROBEES
FE, (o wipr Bl | Bl FRORRTS

TN IT 2P,
g ’}-Tp—‘.“ o

i+1
h, °
t T; = mp; AP;wp
[E] o !
Pi APi,lluw - ma,i
— Mg Zn
VVW/

T

— — -ma,l
T() Po

o T AP, ]
Fig. 5 Bl Fs it & o 2
Overview of Opening Flow Rate



RMAEHTHEZERTH  No. 86 AU > 7 T —Eff{EBIRF O Rl PR IZ B9 2 BF 58

3.3 BAOMEHEE
BH 1R BB Qp 13UE JE HE B ey, [K]/ (kg K)](= 1.0),
PR LD B oA E OB i Emy ;, KOS L
DIREFET, — Ty 2 AT & LTHEET 5,
Qp = Zcme,i(Ti —To) (14)
BHRS R A Fig. IR, Fig. 750, BIOEAHEOE
RN HAEII/NE L 2D, HUKBEOBEIMIEENZ D
L E ST 2 EA 13D 5,

3.4 RERWNTHEINEE4QD
K S A7 KT AR U 7 B SCBE T K 12 & 0 BV
ENMEE IR LTl LB m AR RS, KA
THE SNTEEEAQ kW] E L TRt 5, Z 2T,
FEHOKIE O BE 11 H AR Q) 0y 72> B HIZK RF 0D BR 11 98 HH 24
BQouwsp) T I WM Z, W SN EAQy, & LT
(B LV FEH LT,
4Qp = QD(o) - QD(Wsp) (15)
HE ST BVEAQy & BN EQ, & DBIfR ZFig. 8IC
&7, Fig. 8LV, BHOMICLOSTHOKEI LIZ, — &
DEIG TRENORENHE SN TND I EBGDD,

3.5  FEBUKEEDENEMTIEIRER,

K PN OFEPER TR0 72 0121%, KEN OB 7|
EXFNX—RTFAEEZ DMLERD D, FEBUKERCE
F2KENO T 2L F—RERITN(16) TREND, T2
72U, QpIEFEBGHEE[KW], QpIEBH A M HZELKW], Qu i
JABER R IEA~DRBBKW] TH D,

Qf =0Qp+Qw (16)

JEBEO TR I~ D IR Q,, 1T 3CHRG) & [FIRRIC, LEBE A
LORME TR, RANTHEZ LN, 12721, hldE
BHEMEEERKWI(M2K)], Awstd LEE IS % KAmm=
BEMEAE[M?], Told L¥0IE Fim & L oS HEinE
DIFHPREK], T EFAKIREK]TH D,

Qw = hiAws(Ts — Tp) (17

JERER TR I~ DL Qy, DR T I BN EVR E Ry,
ERDVLEND D, RAGICKANZRA L, EERE
BRAZOWTEHT 5 LK (18) %2155,
. Qr—=0Qp
~ Aws(Ts —To)
2T, EEEICEET D RHmOREm A, 51 E, T(19)
KXVREMT D, 72720, Appom ! TRMEFE[M?], LiZXHEJE
EE&[m], HAZX#EiE S[m], ZsiEN%IEN=30)C & v
B U2 Rm S LEE i & £ TOHBm]TH 5,
Aws = Aroom + L X (Hy — Zs) (19)

KIBR D EBREROFER R & Table 21273, 72
7L, QpiE AN LV EH L7=fETH 5, Table 2LV,
BR FRIC & & 3 KB N O E BV =R O E IR —E D
E& 7otz ZAUE, KEOKESESHEIL(LEET
WRWeH EBZ bND, UREORFNIIBWT, [FREE
~ORBRERET DHEITHKOFEARDLLT, =
DEEEHTHZ L& LT,

hy (18)

350

FOE HAEQ,[kW]
= = N N w
w o w o w o
o o o o o o o

100
90

280

§ 70

<

]u[mﬂ 60

~

< 40

130

;r 20
10

ZEDFHEES LURBRRENER Ty, ps

|
SEOENNENE (WHEIE) 0BEHAPR |
FHEES S ZnORE
[ERANENE GKTEH) OBH AP

I
[(FEERNENEOBE 4P

EEOBABRIEAEDE My, my, |

EEIN DHER NO
Emp; —Emg; = 1.0x 1074

Fig. 6 B D& REHET 7 = —[X
Flowchart of Opening Flow Rate Estimation

BICiEB=0.8 O MoP= OL/min

(0]
BOiEB—=0.4 (] Msp= 10L/min 8
O

=R_ msp= 15L/min
PARIEE-02 & 11 o= 20L/min

g
_E@g E% o%

0 orfpri©P

0 50 100 150 200 250 300 350 400 450
FEEVREQf[kW)

Fig. 7 BR D 2L
Amount of Heat Ejected from Opening

500

BIOMEB=0.8 O msp= 10L/min
BAM#EB=0.4 O msp= 15L/min O
BMAMEB=0.2 A msp= 20L/min O
O
O
O A (@)
oA [ &
A
ok gb © @ ©
@8 A OO O%
0 50 100 150 200 250 300 350 400 450
FEHRELQf (kW]
Fig. 8 W AL/ #E

Heat Consumed

Table 2 FEHUKEF D FEBNBREESR by,

500

Effective Heat Transfer Coefficient when not Sprinkled

Qf QD QW hk I
B | nowy | pew | pewp | ewsmewy |
39 | 157 | 233 0.012
104 | 407 | 633 0.015
02 ™ 164 | 647 | 993 0.017 0.016
239 | 885 | 1505 | 0019
55 | 281 | 26.9 0.015
41 | 742 | 668 0.017
04 ™ 228 [ 1230 | 105.0 | 0018 0.018
333 | 1721 | 1609 | 0021
78 | 495 | 285 0.017
202 | 1446 | 57.4 0.015
08 322 [ 2357 | 863 0.015 0.017
475 | 3337 | 1413 | 0019
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