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ABSTRACT

Keywords : water mist system ~ thermal radiation ~ droplet size

The best way for controlling fire is to suppress fire at the beginning
of fire. Without appropriate control fire development, the fire radiation
may cause the fire growing fast and vast disaster. Now, how to prevent

the fire radiation is a popular topic for the fire researchers.

Using the water to control the fire temperature and radiation is a
very effective method. However, no quantity and domestic design
parameters for the building designers can adopt for water system design.
Therefore, this project uses both theoretical and experimental methods to
understand the application of water system in controlling fire temperature

and radiation.

The examine parameters have water droplet size, distance between
nozzle and fire source, and number of nozzles. The results are useful for

applying the water system to control the beginning fire in buildings.
The fields of studying parameters for water systems are:

1. Study the effect of nozzle heights on radiation and time of fire

extinguishment.

2. Study the effect of water droplet sizes on radiation and time of fire

extinguishment.
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Big st s 384

% 2.1 P EamicstF
Metals Nonmetals
Surface Temp. (*C) £ Surface Temp. (°C) £
Aluminum Asbestos 40 0.93-0.97
Polished, 98% pure 200-=600 0.04-0.06 Brick
Commercial sheet 90 0.09 Red, rough 40 0.93
Heavily oxidized 90=540 0.20-0.33 Silica 980 0.80-0.85
Brass Fireclay 980 .75
Highly polished 260 0.03 Ordinary refractory 1090 0.59
Dull plate 40-260 0.22 Magnesite refractory 980 0.38
Oxidized 40-260 0.46-0.56 White refractory 1090 0.29
Copper Carbon
Highly polished electrolytic 90 0.02 Filament 1040-1430 0.53
Slightly polished to dull 40 0.12-0.15 Lampsoot 40 0.95
Black oxidized 40 0.76 Concrete, rough 40 0.94
Gold: pure, polished 90-600 0.02-0.035 Glass
Iron and steel Smooth 40 0.94
Mild steel, polished 150-480 0.14-0.32 Quartz glass (2 mm) 260-540 0.96-0.66
Steel, polished 40-260 0.07-0.10 Pyrex 260-540 0.94-0.74
Sheet steel, rolled 40 0.66 Gypsum 40 0.80-0.90
Sheet steel, strong 40 0.80 Ice 0 0.97-0.98
rough oxide
Cast iron, oxidized 40-260 0.57-0.66 Limestone 400-260 0.95-0.83
Iron, rusted 40 0.61-0.85 Marhle 40 0.93-0.95
Wrought iron, smooth 40 0.35 Mica 40 0.75
Wrought iron, dull oxidized 20-360 0.94 Paints
Stainless, polished 40 0.07-0.17 Black gloss 40 0.90
Stainless, after repeated 230-900 0.50-0.70 White paint 40 0.89-0.97
heating Lacquer 40 0.80-0.95
Lead Various oil paints 40 0.92-0.96
Polished 40-260 0.05-0.08 Red lead 90 0.93
Oxidized 40-200 0.63 Paper
Mercury: pure, clean 40-90 0.10-0.12 White 40 0.95-0.98
Platinum Other colors 40 0.92-0.94
Pure, polished plate 200-590 0.05-0.10 Roofing 40 0.91
Oxidized at 390°C 260-390 0.07-0.11 Plaster, rough lime 40-260 0.92
Drawn wire and strips 40-1370 0.04-0.19 Quartz 100-1000 0.89-0.58
Silver 200 0.01-0.04 Rubber 40 0.86-0.94
Tin 40-90 0.05 Snow 10-20 0.82
Tungsten Water, thickness =0.1 mm 40 0.96
Filament 540-1090 0.11-0.16 Wood 40 0.80-0.90
Filament 2760 0.39 Oak, planed 20 0.90

(FoH %

342 e 3)

G A Wenp d

o2 e a4 AT R GAQiE 44°C ~ 17 KW/m’ sk T i
ERIGL I RARIFASIER CERYG LI o
T AN 22 B A UREHET AR DT FLTIER L ONT
%t 1.7 3 20 KW/m® § Bl 2 fF o
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-1.9

tp = —QR (2.2)

tpi A &£ TG T hE 2 PEF (sec)

qr * #1455 & (KW/m’)

S: X >t - HB2N3 LT 2>E

22 HigsHs it 2ER (X 2 g S=3)

F 45 5t & (KW/m®) % > PF ¥ (sec)
2.0 22.33
3.0 10.33
4.0 5.98
5.0 3.92
6.0 2.77
7.0 2.07
8.0 1.60
9.0 1.28
10.0 1.05

(FHRER: 27 L)
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B 510 8(C) # L E(C)

13 240 435
1+ 253 446
JIRIN 262 437
At 270 455
e 264 426
Ty 264 406
G 263 438
e At 269 435
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124 AHFLHE 2 F4E 5 E(KW/md)

RBPER A7 A4 (Sl
e R ] 7.0 4.0
20 A4 4.0 2.5

(FA % 3% 2 )

Foobo pdeid s VB R RA R E R RS B S
ARIAE s AR LRI B B R R R
Ao FE I E L R e B ASRE Gk I R Rk ki i
fE o e ARSNGB 0 A VB Rt § AR
TR P g MERRE O R IBEHORERERAL R
o 32 FLER BN L BP P L gka sl g2 T A ol £
2.5°F BREA A S PP AR L BEIR RO S0 Ap S endlg B 6 i
BT R BH I

%25 5P VELRR

Automotive Fluid Flash Point("C)
Gasoline -38
Diesel fuel 52
Brake fluid 115
Motor oil 210
Power steering fluid 177
Ethylene glycol(100%)* 111
Methanol(100%)* 11
Ethanol(100%)* 12

*These fluid are mixed with water and the mixture flash point depends on the mixture ratio.
(FH %A 542 fe5)
Y RBGHEAME T PR L - BRI
31 P 0 g o A E AR Rl ST e iR A R A
B LS AT A
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Fr & BGHIMAT
FAF s [ 2 EHARSG L CBARAR R FTEET
Mo oF BORG AR ERARE TR S RIS EAR S o bt B

BSTE 7 R HE - 5 5 ] SR A LR RSk

Incoming ray of
thermal energy

I . E AAA AATIETT TSI,

Specular or mirror-like Reflection which is Diffuse radiation in which

reflection of incoming ray. between diffuse and directions of departure are
specular (a real surface). uninfluenced by incoming

ray angle, .

Bl 2.1 #idgstendist ~ F &~ f 8
(FHRA: FF2p3)

%26 *A3ZHAZFD I RIGHUEEL X PR

N5 E R (m) _ NSRS ___
T 5% (% 5Sm) -~ kZR(% 10m)
16 15 21
8 11 16
8 10.5

(FHR KR $3 2 d)
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FEE IR T TN B TRy

2030 F R eAS P2 ORERE 2 L RER

M- )P hiic® 5 F e # 25 | & (kg/m’s) | AH(MI/kg)

Polyethylene R 0.026 43.6
Polypropylene P F 0.024 43.4
Kerosene (30-80m) R 0.065 44.1
n-Hexane (0.75-10m) ez 0.077 44.8
n-Heptane (1.2-10m) I A= 0.075 44.6
Polystyrene (0.93m) RFLH 0.034 39.2
Xylene (1.22m) -7 F 0.067 394
Benzene (0.75-6.0m) F 0.081 40.1
Methanol (1.2-2.4m) v % 0.025 20

Acetone (1.52m) ik 0.038 29.7

(FHRER: FE 2T 8)

%32 * %+ (D>02m)RES 34

o % A& (kg/m’) | & (kg/m’s) | AH(MJ/kg) | kp(m™)
Liquid H, 70 0.017 120.0 6.1
Methanol 796 0.017 20.0 a
Ethanol 794 0.015 26.8 b
Butane 573 0.078 45.7 2.7
Benzene 874 0.085 40.1 2.7
Hexane 650 0.074 44.7 1.9
Heptane 675 0.101 44.6 1.1
Xylene 870 0.09 40.8 1.4
Acetone 791 0.041 25.8 1.9
Dioxane 1035 0.018 26.2 5.4°
Gasoline 740 0.055 43.7 2.1
Kerosine 820 0.039 43.2 3.5

a Value independent of diameter in turbulent regime.

b Estimate uncertain, since only two points available.

(TR LR 3T 2 T78)
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A% 50 gt A S g > vt “Tisquared fire” 0

2RE3) E AN LR EREFE AL GRRERE RS

F=a-t’ (3.3)

& i R 5 (KW)
a L iRA £ % f(KW/sY)
t 1 F VPR (sec)

T-squared fire & X Jf = & & 5 ¥ F & = Ultra fast~ Fast~ Medium~ Slow
e fE b R Ao 3.2 Ao o

5000 . ; ,
! ! 7/
24000 Ultra Fast  Fast Medium
e :
? 3000
*
/
(KW)2000 Slow
1000
0
0 300 600 900

P ¥ (sec)

B 3.2 #PRFHVESEFNL R

(FA%R 353 T)
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BN LARE RGN

%33 YRIEGEEFVEFLY L

ik a(kW/s?) t(s)
Metal wardrobe 41.4 kg (total) 0.422 10
Chair F24 , 28.3 kg 0.0086 400
Chair F29 , 14.0 kg 0.1055 70
1/2 inch plywood wardrobe w/ fabrics 68.8kg 0.8612 20
Loveseat metal frame w/foam cushions , 54.6 kg 0.0086 500
Easychair , 23.02 kg 0.1876 3700

(FHR KR 3327 8)
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B - 7R S LB A e S ek e iR ek
Foy A E TR E (Flashover)z. w0 » ¥ LV B g stendid) 2 & &
RGEFERF VRS A EE LI PRy L1 S PR AR R
L2k oo e ¥t e S P a £ % >3 B (Fully developed fire)eh
N IR R KR ARG S B R o B s A R A

AR st R ehp

EAmMk Tk - BREER B LI E > 2 H EARGuS Ui
BB iR B A ke B R RS 5 2 SRR VR o

RUH S B ABRAZTFAVRY > VT E BB E AR

KEF ARG R AEEER - 22 gvkd 0CH 32 100C 3
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K 5% (Water Mist)i= % s %ep 1940 & B 4aa B > 2 & 4% K
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- ~ #z(Heat Extraction)

O ZEE AR SRS L4 JERE I R B Ak NS SR
CEILE LS EA e BRSNS S SRt LR S 2 A
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0.6
D # 8 % B(W/m” - K)
DR F RS (um)
PR F 2 FBEF(W/m - K)

S

: Prandtl Number

&

. Reynolds Number

= ~ F § & #(Displacement of Oxygen)

;e
T

KRGFEFTFZREF RFVFIFY RAL

b

FoFKFRREF I RFEF ARG AT F o VB 2§

)

AR

MRS R L TRAF AR T o T R LR -

\

- '} A5 53R (Radiant Heat attenuation)

PRGHFRIVEF AP ) 2 RGF S RERT
e AR R H O T I 2 5 T 2 R T L L g2
KpRUEL T 0 T k- A bk LA el % o NRCC(%e £ % B o
Frte)F e g I RFEFR L > BT RS 70%2 §§ &

BRI NFFRHE o

PR Rz il L fo kG2 RFFRiE~ ]2 4
A RAET M Ul pF 2 LR R FF AL ORI A
FHA LT > 2100 gm’ 2 3% A > Im 2 #A FHRET o of
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= ~ ##% 5 (Dilution of fuel vapor)
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I G- TR S e
ERBREEE I HERE AT RATERL Rk
£ PEF o BT ViR FRE L

Bl kb IR KB FRIEFEF BB TS

Dy -D’ =it (3.5)

Dy A7 ds Kk FiF i+ ) (pm)

D iEfe R TR GF R S (pm)
t PR (sec)

A E i (m¥/sec)

_ 8kIn(l+ B)

3.6
Cppr (3.6)

ko ok FEA b i (2.48x10° W/m - K)
Cp t RZFT2 4 (2KJkg - K)

pe token® B (9584 kg/m’)

B Jakob number

# B g 7= ¥ fic Jakob number 3 & R % F K F ik Apdp %1

TR R ERS LR B ViR &S
_ CP(Too_Tb)
B = T (3.7)
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ZBROR AL UG E D e %kE
7, ‘okFFEHERE (K)
T, kHFFEFMER (K)

L okendE# (2257.1kI/kg)

AT 2R VR d PET VERE R R, Uk
BIEREK 200C > ki ivdpE (BN 60 F) VHEBREAEY
2140C > L4t ¥ EHRT B2 F PR > TP o 6Bk Gk F
ST %l LR B T=523K (250°C )~ T,=473K (200°C ) 7 T,=423K
(150°C) &R AEFTFMFFE > Hvigit 5

'k FiF £ 5 B R T=373K;

ke 1=2257.1kJ/kg ;

'k F T et # Cp=2kl/kg K ;

KEE 2 # B % k=2.48%10 TW/mK ;

ken B pp=958.4kg/m’

Bl R R 2 35~37 0 AU E K F R
200um~800pum AR F AR TR GFEE T HE o B 2%

4o 3.6 #7oT o

%36 2R PEXIVRERFEFTIER

FTHFMERE | FdFHE Tl xR
RHFFALE | T,=523K T.=473K T,=423K
AERFMETER | ZRTEFRERF | EETETER
200pum 3.09 sec 4.55 sec 8.91 sec
400pm 12.39 sec 18.21 sec 35.66 sec
600um 27.87 sec 40.97 sec 80.23 sec
800pm 49.55 sec 72.83 sec 142.63 sec

(FHR %R 2F L ER)
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VMD) % Sauter L 2% /& (Sauter Mean Diameter » SMD ) o
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e ™ Dys» T4 75 50% 2308884 2 2 ZKF N 5 SMD
Hz % {“ﬁiﬁﬂ?ﬁ'ﬁ% MR FFZ A w F AR N enT e T W g
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/ﬁ FEE :7‘1_’:/5( L2 b o

T P B B R A e B R A
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1. B4 ;%5 B (Pressure Atomizer) 1% § R & a4 5d Fi- Bef
Ma BAF TR FRRESF LT F Y

2. A% B (Twin-fluid Atomizer) ¥ %% & L R MR E > 40
HEdhfpme > FRf o ApTad i @l 23 F g
10 Blded Bl F R TR F 24 (Air-Assist) 51t B 2 gt
F R R g e (Air-Blast) §© B L ip- 557 o
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0 #
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KRG a2 BA L B EFE VA RFRE VSR RRR
A o R o L Ak B B Kok - B TR R
PP L2 Bl e & B R LR R LV IRE
2 R B fe KRR 2 PR o
# 41 FHRAIZ
3 5 ¥ : 21;: 9’5‘; BOKTR R | WEEE | WHEH | it (Lpm) iigfmj)
1 N/A N/A 3L v f% N/A N/A
2 N/A N/A SL v f% N/A N/A
3 N/A N/A 3L I A= N/A N/A
4 200 2.lm 3L v fE 12 16.3
5 800 2.1m 3L v fE 12 2
6 200 2.7m 3L v f% 12 16.3
7 400 2.7m 3L v fE 12 3.5
8 600 2.7m 3L v f% 12 5
9 800 2.7m 3L v f% 12 2
10 Sprinkler 2.7m 3L " A 12 1
11 200 2.7m 3L A= 12 16.3
12 400 2.7m 3L I A= 12 3.5
13 600 2.7m 3L I A= 12 5
14 800 2.7m 3L A= 12 2
15 Sprinkler 2.7m 3L T A= 12 1
16 200 2.7m 5L v f% 12 16.3
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17 400 2.7m 5L i1 12 3.5
18 600 2.7m 5L v g 12 5
19 800 2.7m 5L v g 12 2
20 Sprinkler 2.7m 5L i1 12 1

it | kgffem® = 0.098 MPa = 14.214 psi = 0.968 atm
(FHXR: 227 FE)
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Thermal Radiation (KW/nf)
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Tl bR ST E R il > TR I L e £ 5 T
451 FHEBpELL
o | K EIE Dvoo(um) | BOKEE R A (m)| WiE® (L) | #4555 % EEKW/mM)
1 N/A N/A 3L ¥ p% 12.6
2 N/A N/A 3L &+ &= 10.4
3 N/A N/A 5L 7 p% 17.9
4 200 2.1m 3L ¥ p% 2.9
5 800 2.1m 3L ¥ p% 3.6
6 200 2.7m 3L ¥ p% 3.3
7 400 2.7m 3L ¢ p% 3.5
8 600 2.7m 3L ° p% 4.8
9 800 2.7m 3L ¢ p% 5.1
10 Sprinkler 2.7m 3L ® p% 10.9
11 200 2.7m 3L &+ &R = 2.6
12 400 2.7m 3L &+ &= 3.7
13 600 2.7m 3L A= 4.2
14 800 2.7m 3L &+ &= 4.4
15 Sprinkler 2.7m 3L A= 9.1
16 200 2.7m 5L ¢ p% 5.1
17 400 2.7m 5L 9 p% 5.7
18 600 2.7m 5L ¢ p% 7.0
19 800 2.7m 5L 9 p% 7.7
20 Sprinkler 2.7m 5L 7 A% 16.2

(FR&m P FR)

W EXARERBRE S A RS NLE > HE R dok 52 H5oF
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J J5 200um 2.9 3.3
# /= 800um 3.6 5.1
i@ 0.7 1.8
ZEF A0 19.44% 35.29%
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Thermal Radiation (KW/nf)
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¥IF FHREEESS

% 54 3 bR SR S R

Radiation Attenuation (%)

200sec 400sec 600sec

200um 66.9% 76.4% 78.2%

400um 55.0% 66.3% 69.8%

3L-Heptane | 600um 48.7% 59.7% 67.4%
800pm 51.4% 60.7% 69.7%

Sprinkler 10.6% 12.3% 9.3%

200um 64.4% 74.7% 75.1%

400um 61.5% 74.9% 78.5%

3L-Methanol | 600um 52.4% 60.8% 71.7%
800um 52.4% 62.6% 73.4%

Sprinkler 6.8% 13.4% 18.0%
200um 64.8% 72.4% 75.4%
400um 62.9% 70.1% 74.3%
SL-Methanol | 600um 55.1% 60.4% 64.9%
800pm 49.7% 58.2% 62.3%
Sprinkler 10.6% 10.3% 14.7%

(FHRER: 2F 7 ER)

ATV - B OE B AR R R R T d ]
55 BIST~BSOBEAE Sde b LA (HBL 200 F515 ) o
i % 200pm R T AR FHEOR A HBAE R TINF 6549 G T
Fod o Eok o 800um Rk FROK & AEEAR RS 512965
BFCF oA - SRORFFHBGEH T F 29 939 o d 2
v A7 R RIGEE LT 0 @ ¥ R GROK K SRR - Rl ok
PR fe ko A B L AN A @ R FROK kY

WAL Rt E AR E F F et o

’lli—?l%\’fﬁﬁiﬂ ' % FE-F J\%jﬁ]\,ﬁ R S }\i%‘mm_)i'} %R eniT
* oo 4@ 5.10~5.12 #5970 ek XA (HEEL 200 7f"/|é> IR
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ZBROR AL UG E D e %kE

200pm FE R FHoR L SR R L3595 46.52 9gentE R ko B
= 7 800um F T ok FHECR LAREHE RS G 25.69 YenE R sk o A
- KK AN LA Bk AP R ZE DL LY (S
PR TE > Aok 55977 od PF Ao @ % R FHOR KA - A
FOREE L & 5 "R amcsk o £HF 50 LA #3004 d] L et

gRTes A R4 5w nfles o

%55 2 EREERZF IR

Temperature Attenuation (29)

200sec 400sec 600sec
200um 42.76% 55.77% 62.33%
400um 38.20% 48.25% 64.17%
3L-Heptane | 600um 13.72% 27.42% 61.43%
800pm 23.60% 42.74% 65.16%
Sprinkler | -3.03% 23.80% 51.69%
200um 49.87% 60.11% 74.21%
400um 34.53% 54.44% 72.77%
3L-Methanol | 600um 13.61% 37.28% 72.64%
800um 25.11% 42.63% 73.83%
Sprinkler | -3.28% 29.28% 67.28%
200um 46.93% 51.01% 31.69%
400pum 42.55% 47.73% 33.35%
SL-Methanol | 600um 22.51% 20.53% 9.13%
800um 28.36% 30.51% 24.06%
Sprinkler 1.67% 12.43% 5.25%

(FHRER: 2F 7 ER)
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*t47 FDS Input Data

&HEAD CHID="lab',TITLE="radiation of lab' /
&MESH 1JK=36,36,36, XB=6,9.6,-1.8,1.8,0,3.6 /
&TIME DT=1,TWFIN=1200. /

&RADI NUMBER RADIATION ANGLES=100
TIME STEP INCREMENT =1
ANGLE INCREMENT =1
KAPPAO=1.0
WIDE BAND MODEL=TRUE.
RADIATIVE FRACTION=0.0/

&SURF ID ='BURNER'

EMISSIVITY = 1.

MATL _ID =METHANOL C'
COLOR  ='RED'

HEAT OF VAPORIZATION = 1101.
HRRPUA =500.
RAMP_Q='"HRR'/

&MATL ID ='METHANOL C'

HEAT OF COMBUSTION= 19800.
DENSITY = 790.

SPECIFIC_HEAT =2.5
CONDUCTIVITY =0.20/

&RAMP ID='"HRR',T=0.0,F=0.0 /

&RAMP ID='HRR', T=3.0,F=1.0 /

&RAMP ID='"HRR', T=360.0,F=1.0 /

&RAMP ID="HRR',T=720.0,F=0.0 /

&REACID ="METHANOL'

FYI ='Methyl Alcohol, CH 4 O'
SOOT _YIELD= 0.0

“t47 FDS Input Data
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Rk SRR S

EPUMO2 = 13290. /
&MATL ID ='CONCRETE'

CONDUCTIVITY =1.

SPECIFIC HEAT =0.88

DENSITY =2100. /
&SURFID  ='CONCRETE'

MATL ID ='CONCRETE'

COLOR  ='GRAY'

THICKNESS =0.1/
&VENT XB=8.25,9.1,0.9,1.5,0,0,SURF_ID='"BURNER'/
&OBST XB=6,6.1,-1.8,1.8,0,3.6,SURF_ID="CONCRETE' /
&OBST XB=6,9.6,1.6,1.8,0,3.6,SURF_ID='"CONCRETE' /
&OBST XB=6,9.6,-1.6,-1.8,0,3.6,SURF_ID='CONCRETE' /
&OBST XB=9.4,9.6,-1.8,1.8,0,3.6,SURF_ID='CONCRETE' /
&OBST XB=6,9.6,-1.8,1.8,3.4,3.6,SURF_ID='CONCRETE' /
&HOLE XB=6,6.1,-0.8,0.8,0,2.2 /
&VENT XB=6,6,-0.8,0.8,0,0.5,SURF_ID='OPEN' /
&BNDF QUANTITY='INCIDENT HEAT FLUX'/
&BNDF QUANTITY="WALL TEMPERATURE'/
&SLCF PBX=8.6, QUANTITY="TEMPERATURE', VECTOR=.TRUE. /
&SLCF PBY=0, QUANTITY=TEMPERATURE', VECTOR=.TRUE. /
&DEVC XYZ=8.3,0.8,1.8, QUANTITY="TEMPERATURE', ID="TEM _1.8m'/
&DEVC XYZ=8.3,0.8,1.6, QUANTITY="TEMPERATURE/, ID="TEM _1.6m'/
&DEVC XYZ=8.3,0.8,1.4, QUANTITY="TEMPERATURE', ID=TEM 1.4m'/
&OBST XB=6.9,7.0,-0.75,-0.9,0,2, SURF_ID='CONCRETE' /
&DEVC  XYZ=7.0,-0.8,1.8,  QUANTITY='GAUGE HEAT FLUX,
ID=RAD 1.8m'/
&DEVC  XYZ=7.0-0.8,1.1, QUANTITY='GAUGE HEAT FLUX,
ID=RAD 1.1m'/

&TAIL/
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: fv(})\g{z:n) L | i dem igf/iz) ’ (HZF) )
200 2.0-H3T1.0 12 16.3 50
400 4.0-H3T2.5 12 35 25
600 3.5-H3T2.5 12 5 29
800 4.0-H6T2.5 12 2 20
Sprinkler N/A 12 I 10
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