20054 8 A
BT1H%ESH

FEIERE

Engineering Science

Aug. 2005
Vol.7 No.8

KR KA 5 ORI B
R EYNY B L

PR

(HWE]
FREZEBRRZHHRALES . RAGHIH R T B U K A5 KAE T OB R4 K/ B2 7 it
AERME, FRABPEFDESTEREFRTEZBRRERSHRY, FRERRUMBIES ST R EBFH
MATHZFBRRESHRE, HERFBTAREWEMTRNRR .

[X@BA] @/, BR; BE; FHEK
(FESHEEB] TKI21 [TRFRIEE] A
1 351%

HERELZFNHSATH CRERR, KRR
ERFENERNEELRNE LABY, “ERM
IANREMANERVTEL, ZAFRBEFANEK
THRENREER. RABEERMNBIHREARARMRE
B RMEWEARTT T, R BRI E LK
BEHEEFR,

AKX, BERAXKEPERNRES
B, MEGERE T RBAEHRN S B0b i BAE RN 3,
MEHARBIBRBENEIREXEE RN RE
EMBAFTNURB/A T ZNA. #5IT, BAIR
EGEHRE N AR EMHBEEE 500~600 FH,
HPAh 8o % HRMAKEWME, REAREER
ERRNERD,

R, WERWMBFHORBR ., BRAWRARD
HERE, BETHRUARENTREMER Y. B
MK TN SORL A 1 BT 5T 2 R R A B R AR A B
BORBOEREMARZ—, TEE BB AR
KDERRAREREERXITHTHNEZNE.

BRI, XA BORDR AR K/ &R BE 5 iR

(waMm]
(E€WmA]
(fEEMA]

2004-08-02; BEIE¥ 2004-09-03

, M2,
(1. WEXFEQARZLFHRFN, X
2. PERERRAFRXKRKHMF¥AXREALLRE,

2EKY, B X?
100084 ;
A 230026)

BERAXKFEMUNERSE, AEPNNERHRESAEERL WABRBARMBORKE, THH

[XEHES] 1009-1742 (2005) 08— 0051 - 05

WHBRMLES, 7k RGN SBAR LR DL
EHRRDE, EERERT RiE2 HA X TS
PRBOR BRI 0 . B T A2 3 SR AR v
BT RIS, Hi FRESHBRSHIEBRE —
EHED, DEEENAEE KSR RORRM
ARG REOLW . WAL, KW
B EPIHRNERU R RERORTESE—F
B IR RG] fE 2 SR B OR T R X
KRR K AT R 0 B2 K/ B 24 A AT
B, RAREBAFTERENE T HEFTRRZ S
RS, HERTHAKRARERERFRTREA
3 BE X

2 XTI BERETANETENX
RAFEKXKBEBRELEZR T

2.1 NEUBIERE
PHIBRRTFWEMN (SMPS) 2—#@Ed

W BB SO B BN Y L I B BOR W € BURLRLRR B

HAomMMNEE, RAmNRE. 28EE. UK

RHEERE. EFHREERAUERBETRLER
AT ARt 3~1 000 nm T B P9 A4 TE S50k 4 B0RE

“ht=" BERESEMFREZBAYEBTE (2001CB409600); EHXK ARAB L XL EBIMA (50476023)
BW¥EH (1970-), B, ZBHHEEA, WEXREAKZLPLELE



52 FEIER¥

B8

HEAT B M FE T 2

T A OB T 0 A e 4 T 4 BT X
(DMA) FUBLF o508 (CPC) Pl & X4
BT WA TR A I BN N Rk 48 5 0
5, THREZSHERTR P HREFHEEBE
ABHARRTHBR, F DMA 45 % MR F,
RHBEE+5 %2E, BFRETRBELTFR
R TS, FRZLRETY LB RMENR
BRENY L, BRABTHROR T, K8k
Bk BR e Bk ok, 3 Bkoh BT, BUS BEEBR
BT o

THEet, BESABREFE clEdagEs
8%, BRI 9 B BRBE AN B K IR 3 At RUAR FE
BLIKIE—FROBA, BEA BT EES R EH
# E# DMA, DMA i [Rl.0 B AR s R, B 9
ShE RN AR B R AL, B RN
ABBRHMSHZEGIED, SHRMERSK—
#2853 DMA, B F R EB %5 FR R 2K /DRR
HXFR, EXE, HEIBERNETRES R,
53 G 1 SBURL3HE A\ BL T ok B 0S , W BOR TR E K
BE, 35— 60 08 b B O e O (e R
FRABM G, BERFEEE B EREE, ®E
AP EREHEE, BMEFRREAAEATH
R,

HEBE Z, 5HRNEZ D, REHER:

Zy = 3;$ﬁ;p (L)
Ha, n—BFHRAR; e—HEABKF (1.6x107Y
C); C—BERY; p—SEKERY; D,—HF
Bz, TAHAXER R hE % RS
RBRHBE.

ERT, Je 08y vk DAt dE 8 b oy
B, APPSR AT 8 B0 5 R0 58 B 7 4R 5
B%RIIMRE, EEMKBRMES SETEE
AL, INETF M EEYBOREN ., T2
0 B 00T o Bk DR (SUF 25 T U B F A0k
WY (PCS) %, AT, XUyl 8B4 58
W SBURL ( t 2E 4 S A 3, T I B X BB B O
4T R BFIAR M KGR BB ARG AT R
BT A BT B0 R T 5 REE R X B AR
BE AN 25 M 58 2R, T T B AR B 0 A
FRWRZERARRORE, BEIEmi RS
RN, MOHTIBERRFRRI®E, 5k%

BRI R, MWELRERTE, 7TARMNEEN
BERBOTRE,
2.2 ARMAEELRE

ERARAE BB K T BRI 2% B AR B oR Kk
BHE” (GB4715—93) HHE T K K AR # W 2%
HERER 4 FiRMEIR I k. R AMAM A (SHL).
MARAM K (SH2), REBBHK kK (SH3) MiIE
BEstk (SH4), ZEMME P ERARMEXNIRE &
e T g ED

AR RMAMAK (SH1): KA1 cm X2 cm ¥
3.5cm WILEEAR (EKENT3%) ALK
R, BARRZEIRBE FHERTHM#E L
. RBFFWHES, SHamARER, MAKNMEE
£ 11 min AF 3] 500 CHREAFBE, BIEZKK
HEMIEREE (10 mX7 mX4m) THEE
Fuly 3 m # B3R bR A B, XA SMPS il
BANERFHAT 7o

WA K (SH2): ¥ 90 IREZ N 3 mm,
KX 80 e MYiE . TRMAEEEERN 10 cm
WEREFLE, RESRHEEXE L, MIATHA
X, RBREMEMER kG, RIFELEH, A
LG RAEEE XA SMPS {328 #E47H3R

RENE Rk (SH3): HHXT % E A 40 kg/m’
AR R R AWK IBEE N TR R, 33k
R+TH850 cmX50 cm X2 cm KB BE .,
EERAS cm /S, BTASml FEAERE, N
BTEHRRH—ATFHESKRE, HEREEEE
BLIE L REEE £ A SMPS PR 28 =047

IERKEK (SH4): IEBRKEM 3% BB EER
TIAE, BREEET 2 mm B KSR R KK
HHK1100 cm® (33 cm X33 ecm). XN 5 cm
e, REABKERR, R4 RS B %
A SMPS #4783
2.3 XRWERER

R BRI 4 BIXT 4 FhARE KB B AT
SKERNE, XRERBE N, A1 RBERE—
WK 4 FirEXEE BRRRS R,

4R EXREBREEHE S, B
(SH1) W B/MHEERERMK (2.52¢+4
particle/cm®), IEBE%E (SH4) Wi R B Kk B
E E & K (8.35¢ + 4 particle/ecm® ), 3 4&
(SH2) MEREB (SH3) FHHULRATFHEZHE,
(B YR B 43 2K 5.68e + 4 particle/cm® F1 7.51e + 4



$8m

BEBIE: KRR KA ORI B Joh 42 R 4 76 R OB 52 53

particle/em’, 23 ERER XK, HERE, &

. “ve_‘ﬁo
90
80
70 —-—ms
—eo—jm
60 —A— jaz
- ZgW

A,

5

30
20
......
LI ] ]
0 -

11111111

concentration/particle-dm-3
r-y
(=}

—
=3

size/nm
ms— %A ; jm—BAK; jo—REM; gwv—ERE
H1 4MEENRAERNNESHE
Fig.1 Distribution of particles size of

4 standard fire materials
3 BMEBEERRES A IBKHHKF
A

3.1 ERERKBMUARESHRE

HEIMART ZHNFRT BB ERER
A Rosin-Rammler 43 7f B ¥ . IE 7543 16 R BRI X $
ESSHEE,

1) Rosin-Rammler %~ # % #  Rosin-Rammler
AHEHEH R-R MR, ER 1933 F£H
Rosin #1 Rammler 7£ B 5% BE B 4% 3 19 BURL R~ 2+ 1
RE R ERE, XT RS BB BB
SR RBCRFRR T4, HEXRLR

dN _

dD

R+ D RBERTSE, BN pm, BR/D
FREMNTR & 8N 63.21 %, TEKE LR
DHSE L EHBX, R, EHB/N 4
HBRE .

2) EASAH B HK
Waf, EREXWT

dN 1 em%__%(u-ﬁ)z) (3)

;%F<k/ﬁ)<uxﬁ)b4am(p/ﬁ)k)(2)

IE 7543 7 o8 3 2% ik F90RL 30

dD V2ro ¢
AH D RIEBRBEMAA, EM o S HRRT
BRI TS IEDS W RBRX BRI, MR T
BE D RETERAHROBEFLUR, MAHESH o
BN, R, BK, SRR,

3) B ESSAHFIHK HTERBTRENLSH

BRBARIRE, $IES 576 BB Br b I+ A
Z, BEANRMBESKHAER, ERIEXFHRH
%, XA wT
oD — InD \?

- el HE2])
3.2 AREZTFAHNNERESHTEHENBENES

HTFLRRAHERPIHBEERANSE, B
WAMIH IR T BRI & 8 K KRk
EPNNEREAME, BB EUENTEES
KNBERPRUFEEERESIREZE T ERK
MMISE, BRERTRESERNBEH#HTHRR
g, URESERNBERYSBRFHNRHER
7.5

1) Rosin-Rammler 4~ # & &4 BT KEH
HRE, BHSHSE e E0,5] ZER, BHELES
TREZRMFTELE D H#—Fik 2 EXANEE
WHETERN , REESERESLREZE T EK
MR EESBFITREBERARRAUEHS
Br=287RTFEENARAHHBUSER
kB, KM HHARELEES B NE 2 P
UEH, BHEUEER(R-R) 5EXRMELER
(N) ERBY 8T, BEEMBREERK, T
WHABREXKRAEREKRAE B2 R E
.

150

(I) 160 260 3(;0 4(l)0 560 6(.)0 7(;0
diameter/nm
2 WMABPMRAXAB R-R PHHMEREGER
Fig.2 Fitting result of cotton smoldering fire
with R — R distribution function

2) EAs A& BEIKXKEHE, Bdofh
B¥ o #£[0.01,1] ZFE B, B (a) SERMA(N)
Z BT 2 W/ —Hik o EXANTEE AT
B, RHERERESEREZ AT ER/IN o
HEBIBFHERIBARRABENSH o =



54 ETEME

BT

0.11. NE 3 FRIIFHE FESD /RN FHSMH
H, BRUFHSHEEBRANRZERED .

70
60

w
o
T

3

o
T

particle number/10
N oW B
S o

—
(=]
T

(=]
T

(l) 160 2;)0 3(I)0 4(I)0 S(I)O 6(I)O 7(;0
diameter/nm
EH3 WARRAAESHHHENEER

Fig.3 Fitting result of cotton smoldering fire -

with normal distribution function

I - N
2 — a(0=188)

10}

particle number/1 o’
IS

L 1 1 L 1 L 1 l
0 100 200 300 400 500 600 700
diameter/nm

a. KFBAM K (SH1)

-— N
— a(6=1.79)

0 100 200 300 400 500 600 700
diameter/nm

c. REMEM K (SH3)

) MNHESSAIHK BIKREBNITE, B
HAMBSH o &1, 3ZEM, BRE (a) 5%
BE (N) ZE®HTERRD, #—Fik ¢ XA
WENHTEE, REE/ERESKREZEY
EB/NK o H. NE4PALUESH, XHRESD
TREMEBIATRENER, ERHTRESER
NEREZERER/D, BFRBHOESIRHTHE
SoHHEEBR MR,

4 %k

NATHAMIBRATRUEMUOT/ERE, R
SRR EFEMRATE, HMERREPRER 4 7
KRIFEKBE TR AT LRNE, KRBT ARM
FEEBRNZRERESHBE. XRMER 4
FiinE KR ES AR BEE, E6TH—#M
BU# 5 RPORR , WX 3 FhH FIRAR 56 R

—— N
—— a(c=1.80)

(=]
T

particle number/10°
8 w

—
(=]
T

o
T

0 100 200 300 400 500 600 700
dimeter/nm

b. AN K (SH2)

—-— N
—— a(c=1.80)

particle number/10>
_ [} w H
o & & o

o
T

0 100 200 300 400 500 600 700
dimeter/nm

d. IEBR%E K (SH4)

4 AFMARBENBEEFHNBESSHTHEMSER

Fig.4 Fitting results of 4 standard fire with logarithm normal distribution function



5 8 31 S KRARE KT BRI 8 Fon 42 R 2 1 R 3BT X 55

BRRFDEGURERHAESERNEEM L P EBHEEAR K ¥ AL, 1999

B, MRESHHRERFEEXT KK EAZE SR (3] &Rk, KA, 5 9, ¥ AREHPESEH
BAZM R E SIS, RIEX TR R NS T ZEBBERERERI [J]. HHBESHR,
#, BHOTEELER. 2003, 22 (6): 501~503

D B EREMEPEORR SN (1) T Sl e 1
RAERFA, BREEERETHRNER, Wi preserving

coagulation in flaming combustion [J]. Journal of Fire

RUGER, MESHTHERRMNEENE T X Sciences, 2004, 22 (1): 53~68

RIS H A KRR [5] ERF, % BRNGMHLENRSEARRLA
) AMEIBENTHENEREIHT, B [M]. db3: JRT8EH ARAL, 2000

EHR, WAEEER, NREBER, ST AN [6] WangS C, Flagan R C. Scanning electrical mobility

gmﬁﬁ@iﬁﬂﬁo spectrometer [ ] ]. Aerosol Sci and Tech, 1990, 6
3) A M EAXMRESAEA LEEE, % (13): 230~240

KEASAREBFHFRTHEEBTRERRES [7] Wiedensohler A. An approximation of the bipolar

TSI, charge distribution for particles in the submicron range

[J]. J Aerosol Sci, 1988, 19 (3): 387~389

[8] KeedyPB. ZK ¥ EMBBFEMBRT BN
FRIMUBHEAR (J]. 2 ®iF. =RASHAL,
1998, 16 (90): 36~43

[9] GB47T15—93 REBEMAAKREMBHEAREREKR
Fk [S]

% Xk
(1] WH4%EE, THE, 2598, % ARETHHE
(M]. &HE: FEBMEERKEHAMRM, 1995
(2] Rk, BEAk ARENSEHIR (M]. 48

Study on Particle Size and Its Distribﬁtion
Function of Standard Fire Smoke

Shu Xueming!'?, Zheng Kui®>, Yuan Hongyong', Yao Bin?
(1. Center for Public Safety Research , Tsingha University, Beijing 100084, China ;
2. State Key Laboratory of Fire Science, University of Science and
' Technology of China, Hefei 230026, China)

[ Abstract] Smoke is the important parameter of fire detection, and smoke particle size and its distribution may
affect the sensitivity of smoke detectors directly. However, up to now there had no report about such research.
In this paper, the theory, configuration and measurement method of Scanning Mobility Particle Sizer (SMPS)
were described and the particle size and its distribution of four standard fire smoke were measured by SMPS.
The particle size distribution function of smoke were studied by mathematic fitting methods, and the result of
research showed that Logarithm Normal Distribution (LND) could represent the distribution of fire smoke
particle size. The results may be benefit for the foundational research on fire smoke detection.

[Key words] smoke; particle; size; distribution function
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