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A study on next generation zone smoke transport model and basis of practical usage
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This study aims at improvement of the prediction methods of fire and smoke spread
in buildings in connection with evacuation of occupants and activity of fire-fighters. To include wide ran
ge of fire and smoke phenomena, model scale experiments were carried out on smoke movement through horizon
tal ceiling vent. The onset condition of bi-directional flow was formulated. In the bi-directional regime,

experimental formula was proposed for mass flow rates of air and smoke. To simulate the burning behavior

of combustibles in a room, polyurethane block was burnt adjacent to wall surfaces, where they receive ther
mal feedback from walls. As to the sight blockage and decrease of floor luminance, the behavior of light s
cattering by smoke particles were measured and formulated. While the zone model is being improved, these n
ewly developed sub-models are being implemented so that the prediction could be more realistic.



B X CcC—19, F—19, Zz—19 (Gt

1. WFZEBIA Y DY =

BEEW) O KRB RGBT, e
] & YRGS BN 2 32 CC, X E (B T)
7> O PEBE 2% THMERIZ 2 5 RERERR BE <2, Bk
T —PHIEEHT LR X OB AR
TR AN DD 128D DB R AR o 3
EThd, RN ZETHHNE I %
TEREAIHIET 2 720121, KSEPERT N
FESNT, BRI & VEBGTE BN E O R kN —
U =N AL T D0 E D hERGET
HZ LT B,

Z DT DIEIFE AL, 2000 4D EEEE
FEUEVE CHUE S VT2 S MRGETAE S 2009
FEO BB T 5 TE B TE B LA 0 i
YESE RN 72 RN EA S, FEBICHES
nNTnWo, 2T, #eHKkIR @O
FIZE 0 T E NS a R DR EErER) 218
TE LT, BREEREIK & B O fK % & B THl
L, WEEERS X OVEBGTEEY B oo oA M4 f)
WrL b,

LN LR, BEYORE - BmEeKR
THLEEZ D E, WEROBREEN R HEET
RTOBEEWICHEAT 5 Z & Tz
Wk, BlzE, # - BEE e LTI,
fE OB & RIRFCZ T AND 2T ORE
BENELRNZ L H T, S cE
THRFRINEL 72 b, WL S EORREIT,
BUCHIER 720 Tl e <, BEEERREEOME S &
%o BN RBAMTET D £ TOERENE <
RhH e, BEETH- T H S TOHRT R
WIS ER R 2 LS, AT, HkE
F e mEoNmZetb B2 L E, BAE
TKITF D Z ENEEHMTRVWEELALT
Wb, ZO7, HREREEERE O BRI Rk G
R LR F RN ER S OO h D,

ZOXH IR ERE XD L, FEH AR
5 OWREEE T B 5 N 13— R EE S AT C O B
e, HAEEETIIKENREKELTT T v
Vad— N—PRETHRREEN D D, o
T, BEYO—HCTREIA SN FAE LIZIRRET
DWEHLT 2N EZDINENLD, LvL,
BUR DR TlE T 0T, FARMIC I
KB LTWAHTD, B l@EEe L
THRESN D KETT U A5 5ts
TERWARRMELR S S, Fo, KT a3 v
vy e —mEmiEE Y — 7 L — A
Ronsd X0, FHEIZIAWZER Tk
FFENTIERPEN D By, F D=, HIC s8R
ENDANENEL 220, R TEN I M LT
Do WEEEFIC LD O OERR LIRS IEL L
Tond b, gD T E2RZEICHITTE D,
EWVoSTEBENAEL D, ZHIKBIL T, K
HTICHE LN o 2B J8 =g o k& 22 & v
&, B ORI T D 0 DR
ARV, REEERR RS T TR M EIZ 2 D,

M IR o T2 O ERFAC DWW T,
KI~OBGEL, BE (FRZAWOET T AD
X 9 ZRAKIEER) ~DOE I K DR, FEEO
#2230 IR D ER EDRAEDH S
NIFESIND, B TEIOZ2MEICE LT

TR A DY FEE L O DR 2 5 & DR
PR R & DRAFRIC SN T, B 36
AT L IER HABIAORFZITOLEND 5,

2. #FEEDOHW

BUR DG D K R RFRFTIE, HikE
BLOHKMED O OEREHE OREFERE &, H
KEE~DOHBEOEAREDORRT = v 7
BT LT OB EOHFETHD, Wb
WL EEOFEEO LN THIVUE, BRDH
ETENR Y O EHRIET DI ENT
X, W ERERER L O S ik it ek
HEETITELEb TS, LvL, T4
DOEMOIE - @B K22 kx5 %
Ll HEEE L LR U FE TR R
AT DITRY TR, BEMEREZE L
T2 KRR & R B O TR S < BN
H5,

AL CTlE, RIRBEEY O KSE GERER
K OVE) O LRI TEYO TS TEZ B
U i S 1 18] 33 L OV B 1 B 31 18] D F5 812 ik
THLZEEHNET D,

3. WFFED kA

ARTE T, BEREN TR OO0 — 2 F

FTNEER L, ITHFEOBREZER O KEHILIC

SIS T HERE THET VERET DHZ &

BRI TH D, OV 7TF—<iF, FTaLhbd

BREn s,

1) ZkEAR K SRR et U 7= s 8 T 0 &
FILDORE

2) RZEMNTIRT 5 H DR & B TRt
A E T L

3) REEETTEL T & ERE TR O AT T L
~DFAIRIA T

4. WFFERLF
1) 2HE70 K SSEMRIT ) L 7= B i 1) €
FILVOFREZ

BMfFEo @y —, & — T LD
BEEBHE L BT, HEHTXEYEBIRIC
DWTHHE O RZBE LR FEoE
A, BEME T 7 o OTEWE: & VEENEEE: ORI E,
U A= —h (EEAG) L DERED
LN IZOWTHERIUE R IT - T2,

FTDHH, RIFFHED O L 5 ZKFERR O D
TEAZ DWW TS, RIS 21T VB — 05
ML 2SR L 72 < 72 B IR A SF o E X b &
1To7, WEMEO—HFIZX 1ITRT, 2O
FECI, HEE D O BN T S
D, DX SRR AL, e
RBE L CHEOEREZ 0 IRIL A AE L T
Wb, TOXI T HANEL AR, B
Mz b ENzZEEEEFE D EDORIZED
KEDHZLERL, ERERNOBIMEZ KD
TWb, SHIZ, ZHMAA T DEHICZD
W, AN ~DIE D P & & SN B iR
AT DHELRDOREERD D 720D EHRK %

"ELT,



350
300
250
200
150
100
50 -]

o i
—-50
—100

~150]
—200
-250]
-350]
200
—450—:
-500 — T T T T T T T T T
0 50 100 150 200 250 300
B4 1 KB RICIT D8 & 2250 5 i
AR O E 5347

— 5. JEFREN TR O 55 & 7 D RBEVEIR
WL Tt Z<oE RSN TS, 1
KERNOBRZ LD O E 1T, TR O BRIGE
REPETZ T T2, RIET DRFOENIEE, iR
FRE R CORBESRMIICEASND, £z,
BETEF COMRBEIL, JEIPHICEED M 3 B ZE[H]
TOBRBEL D HIET 2 Z &N EEITIE
HETWD,

AWFFETIL, BED OFUHED 7 4 — R
v 7 S CRBEDS IR B B & T
L=, RY LA BOSIHE (LT, U
LVE T ay7) kxR CIREESETC
PRBEEFE ORI (L 2 JIE LT, EBROIR
MEEK 21 RT, BEE OBERIEEEZ 28 S8
O FEERFE RN D | BE & OB FREE AN
BEW) O /NED 2 f5LLT OREIL, BEm D& D Ff
HEREDT 40— RNy 7L 0 RBERI L <
R D RNRPHER STz, £, BERREERE 1

0~30mm®D L HI/INSWERZIE, BEd &
PRIBEW) D BN 43 7R 28 RN RS, BRI
FEITHAZER S IFIERCICARDZ 25
Mz LT,

M 2 EOMMAIIHEICRKITL Y LL TR
v 7 DIRBEMEIR

HKENORRY OR 2N & 75
Va A= R — ORI A, KT,
YRS IE IR Z 72 RS D, TNEXE

M T VAL U THET L7200, BIEDER
A=V F KO 2 o — L D X ] kS5
BRT— 2 XN OIE L, M3 ITRT 7T
v ¥ a A= =R BHE O 5T
HAzHEFE LT,

1800 =
Flom |
1500 -}-‘—|-—
[ m N

Fa T

[

QpplAHE

=k
o w E
8 8 o5

8
ut
Sy

=
T

0 EIU 4=U EIU SIU 100
kpcArlAH

X3 77wy ad— —[RAFEEGHE DO

SR (ERR  EBRT — & O, il

EKERT — X D TR)

2) RZERICEIT 5 HAOER &R T2 et o
ST v

KZE[M T OREHE & R - W AIEETIE, S
BOTa2REEH D VIIRAEENAHEL Z
EWNEEEND, ZDOX ) IR TOMREE
FEAR TR R L OR S S, IR R XA T
DORZ SICEMET 5, BENZERNICH(ET
5 BRI SR CIE, AR 0 A1 <0 IR 1 RS
IXEBEEFEOET VA EAT 52 LN TE
50, < ABERFCIIA AR AE T 5 B8
W23 LT, BELETHRIZRE W TR 4570 R
NEINTND,

T ZCHEONFRIRE  JEHE LS EN
HE I D 7o ORI ZE B O PR IS Fe i S
WG SEER 2 S50 U 7=, (X 4 \2EBRI A2 7R,

FEERLWITLC, V=BT ATEHEIN
HIEOYBHIME GREE. AR, BOGR
) = ANFMCTHOCTER NI L DK
LA B8 U7 A SN H R L0 IR
HREZRD D HiEEBE LT,

.y

nid
B4 B & D EELERIE ORDL

3) REEEATEN T & R E TR O ST T L
DR FRIA Fr



T L A_— T 2 — RO, N7
Ty WEIC K DT T L ORAE R DK
WHIEE A T o7, TTAOHALICE LT
L. ZOREE L TSR K EMIRE S —
T 570, BIENLZEEOH LT VY X L
DMEERD, KT, SbIL, 79 vyvadt
—N—ZEDLEATT, KIROREERE L L 22
STAREETIE, BEEO Y — BT L0
ML CTIIBEMIICARLE L 70D 2 &0
LT3,

T, ATy FESEEALT
RAGIEIC X 0 K% CoWFE DI K % %
KAzl Lz ECHEEZED T\ ik
Rt Uiz, ZOfE5R, VKK 7 L — AN Txt
LTHEURT o B R LZENRE S
nNaHT ExERLT,

COREREMEZ T, KRN DL T T
Vo A — N R S BITITEY
DESNDIEFEILRO TR &, F UL LTz
WEEEE . BREHS R, RBhER, TEPBROTE
BET L L OFAE ZfkE L TIT-> T\ 5,

5. FreREinLE
CesEamsC) B4 1)

@D Junghoon Ji, Kazuhiko Ido, Kazunori
Harada, Yoshifumi Ohmiya, Masaaki
Noaki, “An Experimental Study on Fire
Spread over  Polyurethane Block

Receiving Heat Feedback from Adjacent
Walls” , Procedia Engineering, 62, pp.
283-291, 2013,
DOI:10. 1016/ j. proeng. 2013. 08. 066

@ Sungchan Lee, Kazunori Harada, “A
Simplified formula for Occurrence of
Flashover and Corresponding Heat
Release Rate” , Procedia Engineering,
62, pp. 292-300, 2013
DOI:10. 1016/ j. proeng. 2013. 08. 067

® Yuki Akizuki, Naoya Hara, Kazunori
Harada, Chunguang Lin, “Scattering
Intensity of Floor Illuminance and
Surface Luminance of Smoldering Smoke
Layer” , Procedia Engineering, 62, pp.
554-563, 2013
DOI:10. 1016/ j. proeng. 2013. 08. 100

@ Yuki Akizuki, Takeyoshi Tanaka,

“Prediction  Model  for  Target

Luminance in Fire Smoke by Taking into
Consideration the Adhesion of Smoke
Particles Original Research Article” ,
Procedia Engineering, 62, pp. 483-492,
2013
doi: 10.1016/]j. proeng. 2013. 08. 091

sk (Gh4 3140

O ZpkH, FEEf, Ty — 7L
L2277 vy ad— = [REREEGEE D
TR &SROSR, & 13 [HTEERE
LAY R YT A, pp. 178, HARES:

SRS B T 2,
31 H

Junghoon Ji, Kazuhiko Ido, Kazunori
Harada, VYoshifumi Ohmiya, Masaaki
Noaki, “An Experimental Study on Fire
Spread over  Polyurethane Block
Receiving Heat Feedback from Adjacent
Walls” , The 9th  Asia—Oceania
Symposium on Fire
Technology, Oct., 2012
Sungchan Lee, Kazunori Harada, “A
Simplified formula for Occurrence of
Flashover and Corresponding Heat
Release Rate” , The 9th Asia—Oceania
Symposium on Fire
Technology, Oct., 2012
Yuki Akizuki, Naoya Hara,
Harada, Chunguang Lin, “Scattering
Intensity of Floor Illuminance and
Surface Luminance of Smoldering Smoke

2011 4£ 10 A

Science and

Science and

Kazunori

Layer” , The 9th  Asia-Oceania

Symposium on Fire Science and

Technology, Oct., 2012

Yuki  Akizuki, Takeyoshi  Tanaka,
“Prediction  Model for  Target

Luminance in Fire Smoke by Taking into
Consideration the Adhesion of Smoke
Particles” , The 9th Asia-Oceania
Symposium on Fire Science and
Technology, Oct., 2012

Junghoon JI, Kazuhiko Ido, Kazunori
Harada, Yoshifumi Ohmiya, Masaaki
Noaki, “A simple model for burning of
combustible items close to a wall and
corner of wall” , 9th International

Symposium on Architectural
Interchanges in Asia, Gwang—Ju, Korea,
Oct., 2012

Sungchan Lee, Kazunori Harada, “A

Simple Formula for Room Flashover

Possibility” , 9th  International
Symposium on Architectural
Interchanges in Asia, Gwang—Ju, Korea,
Oct., 2012

Yuki  Akizuki, Naoya Hara, and
Takeyoshi Tanaka, Simplified

calculating Model of Floor I1luminance
in Fire Smoke, Proceedings of 5th
International Building physics
Conference, 2012

AN, REFM, THUNREZEICE
5 AKCER O oAV OBE ), SR
24 W HARKK TR RS ELE,
pp. 60-61, 201245 H 21 H

WENE, A A, EiEd, JFEEM,
MR SRR 31T 2 g T oD DR i R )
TEL, ERK 24 FEE H AR KK ES SR
SR pp. 62-63, 201245 A 21 H
ARk HE, FEHEf, 125077 vy at—
NI L OB OIRE ), WAk 24




21

22

23

RS AR KR DM TE R B ELE, pp.
106-107, 20124F5 A 21 H

WIEEE, PR, REf, KEEs,
BPAKEL A, [JEBEDN S DB T — Ry s
% B [E L To LR AT O R IR 2 B
DHFFE], YRR 24 AR H AR KK R
FEFESWETAE, pp. 296-297, 2012 4E 5
H 22 H

WEE, BAAM, EEt, JFER,
MR S22 X 2 f8 g T oD B 1 PR L
T, HARBELES TS E £,
52 B - BBEER, pp. 45-48, HASHLEL
FUTEE AR, 2012446 H 16 H
AR, FHAM, (75 vy a2t ——
RSS20 FE D - 20 & BETE O SEBR T —
Z L O, HARRESLS TSI
Wi EE, 8 52 5« BREER, pp. 97-100,
H AR UT 8, 2012 42 6 H 16
H

WIEEE, AR, e, KE e,
BRKEAT, [JABENS DT ¢ — KNy o
% B [E LT NEAR AT O R BENE IR 2 B
HHFSE] H ARG T &S st
) 552 B - BEER, pp. 209-212, H
AR S, 2012426 H 16 H
AR E, JRHEfE, U EICE
B KER O oA IR O BIE (2D
2) 1, HARBE ST IG5 4E,
W52 B« BREER, pp. 317-320, HARHE:
ST, 2012426 H 16 H
WEX, BAAK, RiEd, JFEF,
MR G208 2 2 8 g T o bR 1 PR FE 3
|, HARRREL P2 RPN A AELE A,
pp. 119-120, 201249 H 14 H
EARYEE, JRHEFM, TRUNeE ) EICE

% KHEBE A DFEAAEIR ORIE (£ D 2) 1,

H AR o R Tl AR A,
pp. 127-128, 20124F9 A 14 H

IR, PR, e, KE e,
BPRKE TS, [JEBENS DT f — Ry
% B8 LT SEAR AT R O R BEM IR I B 5
DHFFE ), B ARG RS KRS A
£ A, pp. 161-162, 20124F9 A 14 H
ARHEE, R, (79 vy a4 —_—
FAELMEOMBEAX E &Y ~DwEA ), AR
BETFSRSTFMEHEMEEAE A,
pp. 167-168, 20124F9 A 14 H
FEERE, REF, L, BRAKECE,
[SKNLE %2 B8 L= B 22/ O3 E,
HWETTHIET V), BARBESS KREFIN
SHETEFEAELE A, pp. 377-378, 2012 4F 9 A
14 H

FEERE, BRI, L, BB,
XEWNIZBIT DU LZ T a7 O

BEEER ], HAKIRFRATERRSBELE,

pp. 244-245, 20134-6 H 9 A
TR, BB, (a—r bl 2—
SRR B 1 D BRI R i O %t AR
HOWE], AARKKERM IR
#, pp.250-251, 2013426 A 9 A

24

25

26

27

28

29

30

31

32

33

34

35

A AR, AEN, FEEFM, JFE,
[ AVBEIE T o BR i A EE & I8 i 525 it R
B, BARKK RS R S EAE,
pp. 276-277, 201346 H 9 H
PERER, JRHFE, T8 — o fiE)
HET v 7T AORE L EMEIZERET 50
72— RN T L— LA DA — |, HAKE T
DWFZE R FSMEEAE, pp. 162-163, 2013
H6 H8H

MIERE, HAE, FEM, KEE
PR A, [JEBEDNS DT — R Ry s
% B LT NEAR AT O B SR O T I
B9 2981, H AKX Fairsemiati
ZAE  pp. 166-167, 20134F 6 H 8 H
WEX, AR, RiEd, JFEA,
[ 78 & 2 Z2 RPN 38 1T 5 KHFRIAC
X B PRI RS e OV & 5 1 e L (2 B9 5
F9E ), H ARSI SSGMIT It A 4R,
53 B« BREER, pp. 37-40, HAHEH
SpeTEs T ER, 20134E6 H 16 H
PERER, JRAFE, T g — i)
HET v 77 AOBELZERICET 55
22, HARBEESITE TR E,
53 B« BREER, pp. 193-196, HAH:
SLERT S, 201346 H 16 H
EARE=E, FEEf, [OER ORI 5
M ORAES EEEREORIE ],
(R 2> 7 ) — MMAREDOIRAITE AR
DIRSES3A L Z2BE S OHEE ), H ARG
PSR S, 5 63 - BRIE
F, pp. 297-300, H AREZEZ T,
20134£6 A 16 H

MIETE, R, KEESC, BRKEAT,
H Db iR, TRE & nlk & OBERRIRREIC X 5
BT 4 — RN 7 OBEALH IR DR K
W RIFE TR T 2098, ARSI
DR TR eiE), Bk,
pp. 5-6, 2013 48 A 30 H

TAEER, FHAE, (a—rho ) —2
— H R E I X DA DAE KIBEE & A
TEPEORIE |, BARREFRS KSPITEE
FEAELE (AbvEiE) , BhK, pp. 7-8, 2013 4F
8 H30H
BTy, FEHME, 1779 a7
— N — RIS BGR E O T [ o ik
2], H AR S RSPk AR
(e#Eid), Bhk, pp.223-224, 2013 4F 8
A 30H

WEYE, KA AR, FEEF, JFiEd,
[ 5 R 1 PR TlE T v o < AVBEIE T
DL |, B AR 2 K A s (A
£ (dbifEE) , Bhek, pp. 233-234, 2013 4F
8 A30H

EARE, BEfMm, KEFRDICRT S
M ORAESM EEEREORIE ),
H A S 7 K il sl R AR (b
1E), BhK, pp.263-264, 2013 458 A 30
H

FERER, JREF, [ — s
HE T 7T AOBEZEEICETE




2 W L— AO%E ], HARBRE TS
DR AEAEAE (AbiE) , BRIE 1L
11, pp.575-576, 20134F8 H 30 H

36 BV UF ¥, FEMM, [BOXr—L
BEBLIZT T v 2t — R —[RBRIEE
HWEOTHIRY, BARKKEFSMERES
WEBEAE ) pp. 54-55, 2014 425 H 27728 H

37 WLIEEE, JRUEFnSL, KEESC, BPAKECA,
F S, TRE & Tk O BERREREEIZ X 5 B
74— RNy 7 OZEAC AR D IRBEC
MIE TS 0190, BAKK TR
MR R RS E4E, pp. 108-109, 2014 4=
5 H 27728 H

38 JiEth, FKH A, JRHEFIE, [HGELBLE
DOFNH T HEOMBERE DM S FHHEE],
H A KK 0905 R oM E4E,
pp. 276-277, 201445 H 27728 H

39 BKH AL, e, BEMRAE -, [0,
NPy S [Ib SIS Y C b A ala) @ o)
P LEEME, HARKKFERMIERES
MEBE4E ) pp. 278-279, 2014 45 H 27728
H

40 JEE, FKH AR, JREfM, TEGELBVE
D IS HEOMEO S L], AR
LT S sE s, R 54 <
BRESR>, pp.9-12, 2014 4E6 H 22 A

41 FKHAR, FEd, BIRET, JREFf,
[EJEE T C ORI R E RN BT 5 kL
TG LR B2, B AR S
TSR 4, 5 54 S <BRIERD,
pp. 29-32, 201446 H 22 H

42 WIEEE, FHEFEL, KEESC, BB,
F Shimk, TBE & mlifki & OBEREIEREIC X 5
BT 4 — R 7 DOFALHRIRY) D PR IE
WCRIFETREICBET 2498 (5B 2 #) J,
H AR U i SG A Se i A 4R, 56 54
B<BREERD>, pp. 141-144, 20144 6 H 22
H

43 BV UF v, RHER, 175 v a2
—— [RAFHRO T, B A
PR SFFmE 4R, 5 54 53R
Bi%>, pp.337-340, 2014 4E6 H 22 A

(B#E) Gt 1)

O demZE, ARKEFET, kAR, %
R, ES, PEER, 5T AR
RF D N[ D268l & b #E G ), G2 o 1l
HAEET EfE S 2 i, pp. 288-319, AA
sy, 2014

(PEZE M PEHE)
B

(Z Dfth)
YIS

6. MFFERHRE
(D) ArgEfRFEE
JEFHFn#L  (HARADA, Kazunori)
AR « TR - %

et =: 90198911

(2) W FE s

JRE 4, (HARA, Naoya)

BAVE RS - BREEHN T Lo750 - HEBUR
FeEHT: 00330176

Tk HA# (AKIZUKI, Yuki)
IR - NSRS - B
%= : 00378928

(3) SR #
UL



