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ABSTRACT

1.Research origin

The death and damage rates of humans of a fire are decided
by the concentration of smoke. Smoke exhausters have been
considered as an necessary equipment for fire safety, especially
for large and high buildings. Sprinkler is one of the most
popular fire extinguisher since it can provide large amount of
water to absorb heat and reduce the reaction rate of combustion.
However, the combination of these two equipments does not

necessary increase their efficiency in extinguishing a fire.

Spray can absorb many kinds of harmful or toxic gas, and is
frequently used as smoke scrubbing equipment. There is a
product which can absorb and isolate smoke of a computer
room. Water mist is one of the most effective fire extinguishing
facilities. Water mist and spray are of similar physical
properties, and can be produced by one high-pressure pumping
system. It is very possible to make a smoke scrubbing system
based on atomization of water sprays, which may increase the
time for humans to escape from the scene of a fire, and

decrease the death rate.

An atomizer of smoke scrubbing should produce sprays of
wide angles and long suspension time in increasing its effect on
absorption of toxic gas. The evaporation of water sprays, of

course, reduce the temperature of smoke, toxic gas, and the fire
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scenario, and inevitably result in the falling of smoke layer due to

the decrease of hot

buoyancy effect. Consequently, there is a need to another
atomizer of high thrust to form a thick curtain of water mist which

can largely reduce the diffusion of smoke.

The study measures spray characteristic by a computer
vision system, and the effect of air flow on the distribution of
water sprays. The study selected two types of atomizer, one of
solid cone, and the other fan-shape, to an atomizer of smoke

scrubbing, and isolation of smoke and heat.

2.Research method and process

The study built a Lab., which were composed of (1) a
high-pressure water supply system and water circuits, (2) a
simulating escape path, (3) heat and smoke generator, and (4) a
system to measure the efficiency of these objects. Several
thermocouple trees were installed to measure the distribution of
temperature. A purposed-made smoke detector was used to
qguantify the concentration of smoke, and a fire alarm used
detector was used to measure the time of smoke to a critical

level.

XVI



3.Important finds

The results showed that the pressure of water spray does not
necessarily decrease the size of water droplets, and increase its
thrust and penetration distance, which can obviously increase its
effect in smoke scrubbing and isolation of heat. For example, a
spray of pressures of around 70 bar, could reduce the
temperature of a fire scenario from 250°C to50°C or less within
20~40 seconds by injecting 17~26 liters spray per minute from a
distance of 4.5 meters. The record of load cell showed that the
reduction rate of the fuel weigh was decreased, and its weight,
for many cases, might increase after the starting of water
spraying system. It is very likely that a part of spray was
entrained into the fire and fuel container and slowed down the

combustion reaction rate.

The record of gas analyzer showed that O, concentration
was kept at 19.5~or higher for a long time, that of CO, was
slowly increased to 1.27%, and that of CO to 5~7ppm. It is oh
interest that early starting of water spray introduce large
difficulties in lighting a fire, and usually of a temperature less
than 60°C.
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4.Major suggestions

To sum up, it is really possible to integrate a water spray
system with function of smoke scrubbing, isolation of heat and
smoke, and fire suppression, and it will be the object of our

future research.

Possible suggestions may be achieved in a soon future.

Water mist fire suppression systems (WMFSS) are usually of
very high prices, since they are classified as alternatives of
HALON, which has been widely used to protect an engine room,
electricity station, library, museum, gallery, places of historic
interest since these objects are very afraid of water damages.
Water itself is a very powerful fire suppression agent, no matter
that it is formed as a sprinkler, water droplet, fog, or water mist.
The water droplets and fogs may be entrained into the root or
neighborhood of a fie, which can quickly reduce the reaction rate
of combustion and the expansion of water vapor can dilute the
concentrations of oxygen, and wet the hot smoke and soot so as

to control, slow down, or even suppression of a fire.

The evacuate time and possibility of humans from a burning
room are largely dependent on the onset of flash over, which
may be achieved by limit the reaction or heat release rates of a
fire. The main object of fire suppression equipments of fires is

the safety of human evacuation time. Smoke is the most
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important killer in a fire. The results show that the horizontal
injection of sprays may rapidly cool down the temperature of
smoke layer and reduce its out ward diffusion rate. As a result,
the study attempts to integrate atomizers of functions of smoke
scrubbing and fire suppression, which may be designed to
generate sprays as phases of fire covers or compass of fires.
Such systems of fire suppression, smoke scrubbing, and
isolation of smoke, soot and heat may be achieved by injection
of sprays associated with water flow rate of 20~25% of a

sprinkler system at pressures of 30~70 bar.

Possible suggestions may be achieved in middle or long future.

The fire of a tunnel, tube of under ground and high or large
buildings are of some similarities. The injection of sufficient
water spray or more at the early (initial) phase (stage), and
these sprays may be delivered into the root of a open or hidden
fire.. Once the time of the onset of flash-over is delayed,
slowed down, or stopped, the evacuation of humans, control of a
fire, smoke diffusion, and the scene reconstruction may be
upgraded to a good performance. There are some unused
tunnels in a unused railways, and they are the best scenarios to

test the performance of such fire suppression equipments.
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5= 8% WkE
Gk Se(WMFSS) 2o 4 & iR BEL > % ARE S @ VR
B BB LA LEFE 2 B G - R GEEEE ok 2]~
QU5 F LI Focnilis 2 A R 15 o WMPSS £ 4 T i
ZaEEFoT (Clean) ~HAHWOEEZ 2 > 873 2P
(Health & Safety) ~ % & & M & x % * P~ {¥ (Readil
Available) | EiREL > 540 L k2 LG F R E o 5 ?‘%"i °
* WMFSS > FiE % T =k o B 27 7 WMFSS % «u;%‘f'ﬁ FMmigg”
o B2 EREE
ek g K AR R 2k T
KT A A RFVMD 2 /25 230 2 300um( VMD: volumetric
mean diameter; ¥/ T 328 L)  H * k&~ N5 o HokEE2Z 10 %

(an order of magnitude > "> — &%) -

whi g‘nf

4
H\

4

6. i B8 X R SRBNFE 2 AT e R R L R SR g 2
FAD - s P pFRIERAA Y A AR 93 & o
MG s MR AR R R SRRl Bz 3 (1) ek Fie Nk BB
gz REET o S4F N FIRERAET A AR 93 E o

TR K HGRREREE fRFERRLA R ERHL 370 D 1R
HEP s AFI3E -
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8. Mawhinney, J.R.,
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48 ) A RSP - d ) N = ;L"

kFE R S F A o I ERAR BT G
T 5 MTR A 5 % Marioff Inc. Tuomissari 7= % # % T %0 % 2
K FNRE/EE s o 2R Hughs 2 @ 2 3 B & Fo
Mawhinney® > a2 z& M4 2 WMFSS i #* *5i L » B2 B i 2k % » fe
R R F IR/ WA AL AR VPN P ER
Maga by 2f o VAR 2 EED BT o Mavhinney % 3% >
RS E/ARE BT PR EATH R 2R -

R N R A

DR HEEERRL . g ok
BookBELEE SR

ok oA AR R ‘;%f;l]}iﬁi%ﬁ J
ARG &4 WSS 2 v FH PRS2 R4 M F A K

2% R

“A Critique of Claims of Smoke Scrubbing by Water

Mist,” Research and Practice: Bridging the Gap, Fire Suppression

and Detection Research Application Symposium, Tampa, FL : National

Fire Protection Research Foundation, 2002.
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S SLANERCE N
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FiTed Qi AR - v
(Sprinkler) (Halon)FM-200 (CO2)
H:0 CFsCHFCFs COz
2~7 110 53
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3 Ed s g FFERT
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- Fri g
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ah % i
22(7% %) 918 15
&2 RIS S~ 0.1 &
E3 A A
2 e e
0 2050 1
N/A 31 & 120 &
A E3 E
E3 2 A
K3 N/A N/A

(FHRXA BEPpRF Ao RATHD IFRELY Sfiko)

13




KN IRE kA B R ATy

% 2-2 R dook &8 ROKSER SRIEA B VR

% 4ok B oK A 147 R KE B UL | IMO Bl 7 3 B
% 2167 | Res. A. 800 | K-k

1 | # &# & (Fxanination of Samplses)

Z 4553 (Nominal Operating Temperatures)

& /53 B a3 (Operating Temperature Test)

K ERE (Vater Flow Test)

O|O|C|0|C

K& (Water Distribution Test)

S| O W | QO IND

smA R Ko dik E (Water Droplet Size and
Velocity)

2 4E 83 (Function Test)

oo | =2

A 843k 5 a3 (Body Strength Test)

9 | s 458 E (Strength of Glass Bulb
Elements)

10 | %% 705 % (Strength of Fusible Elements)

11 | #% & (Leak Resistance)

12 | kB %67 %% & (Hydrostatic Strength)

13 | 8 & (lleat Fxposure)

14 | # & & (Thermal Shock)

O|C|O|C|IC|IC] OO0 O0|I0|O|0I0
O|C|O|C|I0|IC] OO0 O0|0|0|00

OO0} | OO OO0

15 | B #bnR (Corrosion Tests), & yiéd"E 58, 7~ & H|
HRRA B, —RACE, BE R HEATAE

#)

16 | ARG TEH

17 | 7k4Em) 3 (Vater Hammer)

18 | # & w2 (Dynamic Heating)

19 | J& R R (Plunge Test)

20 | wf#m 3k (Heat Resistance)

21 | E&(Vibration)

22 | @ #:93% (Impact Test)

23 | #rd# g (Lateral Discharge)

24 | 30 R AT/ (Thirty-Day Leakage Resistance)

25 | mt % (Vacuum Resistance)

O|C|O|O|O|0|0|O|O10|O
O|C|O|O|O|O|0|O|0I0|O
OV CICIY O] 1O

26 | ¥ 2R3 (Clogeing Test)

(FHRXR 1P RBEY SR )
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P P RERK LRRT %

:;:‘.i pim‘ﬁi‘ '5(:?}; ba'ﬁﬁ&l?']vé‘

-k 7% (droplet) ~ #c-k % i (sprinker) ~ fm-k 7% (water mist) »
" H ¥F 7% (spray) » # A * 4|+ (spray characteristics) ; & 4
,_;, ' B (flow rate) ~ A £ % & (liquid flux) ~ ik
(spray angle) ~ ¥ 75k /& (spray density) ~ #./% (size)% i# &
(velocity) s i & o Flpt o % 308 RIsf 2 Pk K i > 387 *
EPIRRIF R R F N F R Tl “\%%i ,fﬂ‘l
AR F RS R RISE G A RGRE S
4r A ﬁ e 4 PR o
TREWRFEAERPN BT FOEER A ARG 0BT
WMFSS 2 v 75 4 14tk ipl 42 5 & mfv P F A k2L R
A FAERZATYIARR 0 oB 3-1 At~ A& g
(1) W~ o = Pt Sl .
(2)E -k % RIR T LR GEE IS fiﬁé“ﬁ%%ﬁ‘%
B & % (Malvern, PDA, A iFi+22 PIV i RALE &P % L)
2_ ik BEE g 4o 3-1 & ATk o
(3) 2 = -k F T (smoke scrubbing) & v g % % » & 35K R %
BosE i 2 BB AARE o NEFEHRFEE (R E M
REERRE Witk FHER - RIEZ2ERAT) HEFE
et 2. A e 3-2 & Arit o R R BaE 2R N IR SR
%ﬁ@’upﬁ$%im@ Ko RBEAF LI DM
(DRTHFTFR PP FLaerEFFRG 12 1]
(B)F o~ BhwrEdk - 2544 o
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AFTREFITEH R F-HE A HITEE EREFS
PER o R R AT F 2k o T EKFASRTED
Pﬂbgi{@@]—r@,y—#wﬁ% @i’”’f#‘%\"ﬁ%%
(water mist curtain) @ F& % T3 Bpdch - 2777 5
LA EEGHE ETFTHIRE L stk o AT REE > IR
TRERHRE G IREIMTILZFE NS ATV g% (F
REERL AR RET R L 5

A E L A F B R4 B 2. F [fl48 (solid cone) ~ 2 5%
Al (fan spray)*f % & (4rBl 3-2a 2 b) > Tt H ApRE 4t o 1
THRAEREP AFF4ABHA 2 CREY B HELHE -

A F Fl42 (solid cone)*f % &

FHERZRICE AL F R H R AR FHES

ﬁé (= # %31 HEcic (Flow 1)~ 54 (Flows 3-4)

E5EO W HAEZRBE (&S T0bar) - Bl 3-3Hp v v /T

0.4mmz_ 7w & = > (B 3-3a); 0.8 mmef ¥ 2 FHic & 6+ ~ k5B
MR FU(B33c) AR ETFRIREYFHE -

0.6 mmf ¢ (B 3-3b) 2 ind & Hohics CkR) 1 #ig
¥o2EE 0.6mmEE > mEEFAAMT R NAEAEF TS
% E o B 3-44E: it (Flows 2a~d> - 2+ 5%) % 0.6
mm‘ffp* WA R 2 B o B 3-4b&e 0 B+ Flows 2¢ &2 2d > & * +

FEERE (b2, b3) Heg Firs fs o FPE* (), 6 mm¥g -
AR iH (b2, b3) v st & F %> NIFHHE FHAEL T
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$z§ Fyonae s RERALREET %
A i o
B35 i BB abd (157-007 ) g Fik A~ i 2
P E® o B 3-5a B B4 70 bar ~ g &+ & 157 > Flows da > =
SEc RFRFOVIRER GV R RG L IRERT S Bl 3-6a
(Flows da) & magin2 %% o

Rl

Bl 3-5c £ 3-6 c> A+ Flows 3c £ 4c &~ g &+ 4 75" > ¥
Bird vadw 2 SN EH A EFETLRLF T T RE
2 B PR o kAT R 0 MRS L 50 bar 0 £47 Flows 3 82 4
2 F B o 2R 50 bar ok F2 ed v R4 70 bar ) 0 2 d F 2
ki E e FAR F AT

T fiz}y‘g—é‘f:ifr: %o AFL A 0.6mmE E R E
imte (b2~b3)> f@*‘%%i‘ﬂklfiﬁﬁﬁtuﬁﬁ
ZHF (233 EHAFRSA > FEEARYRTAFR LG F
et BiEe& 33ced A Fv']ﬁji?fi]?“’ﬁ & 157 T 2 F B % o

# 3-3c v 0.6mmpE4E e b2 2 b3 L F RS E o
&4 5070 bar BF > b2 Fiiterp g 2 Tk SMD 4
160~270 £m ~ 240~2501 pm 5 & = #1% Dpax 71 >+ 300~700 £m &
440~540 pm © 0. 6 mmef * 35 e b3 Finde (£ 3-3d); /B4 50 -
70 bar » T =45 SMD 4 * 230~260 «m ~ 220~230 um 5 & = F 05
Dpax /1 ** 510~530 um & 490~500 m °

vL bR o BNt b3 2 SMD s g Rl b2 #onR el 5 Rk
1 ERAO0#%® 70 bar > ¥ &5 0.6 mm B E (D2
b3) 2 SMD iz 4=l -

% 3-3d Ao > 0.6 mmrf 45 Fe b2 &2 b3 $intR o R Ef & T5°

r2 F S5 % o % &4 50~ 70 bar FF > b2 Finth 2 SMD kT
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A AP ) R iy

260~290 m ~ 210~300 ¢ m 5 B % #iF Dpax A ** 500~670 um £
490~570 ;zm © 0. 6 mm¥g # #5 e b3 ¥ te 5 /B4 50~ 70 bar L =
A SMD 4+t 370~430 m ~ 430~460 um 5 B~ k0% Dpgx 4 >
800~900 «m £ 840~880 um °

0.6 mm#g ¥ 45 e b3 Fiite ~ if b 6m/s > &4 50~ 70 bar
2. SMD 4z 4 %t 240~390 » 320~340 um 5 B = F 1% Dpax 7 3%
280~670 «m £ 610~620 ym °

BiEAZ 0 0.6 mmep 2 SMD Rtz B A o0 A3
220~300 pm 5 B * A% Dpax A > 370~800 wm 5 A& 4 50, 70 bar
pro HTyapgrdpn L2 5o /R4 70 bar 2 vF 5 0 R4 s o i
PR Hz Fug o RAFH R L2 EH Lt o
B % A (fan spray)*f 7% &

ﬂwﬂigﬁﬁzﬂw mHE (£ 3-4) &4 5070 bar
Zog B AR 2.5~5.2 L/min ~ 2.9~6.5 L/min * % 3-5 > 7] 5% ]
"R 3;%4‘??5&;15« o Rt a4 07~ 157~ 2 757 (Flows 9~11) >
Hep s 2 B F o

FHEREHICL  BAF S ERCLfr220E 95 #03 4
4> 50~60% - B 3-7 &2 3-8 > &7 #CI fr 2 2 #f B4 v F ~ tbrd
Bk o FlptggA Rt RAMGERCI fr2 TR et F RS
ok Ef o
CHE&ERT* &G

’F"J}Ji\wm A, B &gEkEsE o LAY Sy l%”ﬁlﬁ‘ﬁmﬁﬂ-"}?%
R0.6mrE L b3 Ei )2 A B RAEHE (#C1H02) %
VEEE SR, RAWR 39 B39 T &R S H F IR
BleRgF o~ 2 b Fm BEEHE (A) 2&4 50-70 bar - H



FZF P RERELRET &
3k £ T7~9L/min - ”‘*ffE’Eﬁ?F"*P\ ’ ﬁé’»—](%i;‘%f;;f% PR
(10x8x2=160m3 ) 12 T #zipr H of Hic B i % » 3-4 &7 3-5
G R-AR L IR T E LR R AP MR &R o
Dof &8 4

Malvern & F % &= { 2 HRBIRE > &% KT H&HFE
BHmEE - EF AR oM g2 E /Pjrs%)i 'k 5 - PDPA &_p =
B RS2SR R ERIR CFRRGEE SHARRF 2 i
TERAT ﬁs’@m¥éié%’ﬂ“@ﬁ€”ﬁﬁm’%a
BRl e A ok FT O - KR KFHRAE MRS - 72 PDPA
Bl RARAKGRRTIES D ERIFL o A4 73 [WMA2004 5
MEHR - REERKGRY ERB LI w2 ERPRE o

B 3-10 ﬂ\i"fé%;f’af‘ K as e REBRE (B4 50~100
bar ~ /i & 15L/min) > ¥ &R+ #4IR (Relief Valve, & 2R
3) & FER g@?@(Aceumulator, FRE) 2 mEsr -

AET KRBT REEE A 0k FEGFE S E S RS
o AT p Az Swa (B 3-11) ARAE R ks
¢ EMTT M RIS - 2 R B APIE T ERE
E3pum i 2 R iE 2 i R 30m/s 2ok F oA BBk A( £
3-6) BEARERE F RN PFHRERLIEZ 4 o B 3-12
L PIVARSE BB 45 ¥ B2 8 B A F o
F R4 ks

#3-Tag bt 2T ERFITAH2Z 28 - & 3-Tco f
R Fl4aeE 7 % (0. 6 mmeg W& b3 Fondk )2 insiE % > Flow 12a
b ZepEE T 80cm~ &4 50~ T0bar e Flow 12c &2 d > &g ™
= 95cm- &4 50~T70bar-HO~H3 % 7 -k T @k 2 & & 0 = 3m/s ;
VO-V34&7LimtFimzd#R 0fcdn/se & 3-Tc g7 » &7
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G RN A CREE I Ry

Fléarg % 22 T35 (SMD) ~ & = #4% (Dpax)’ = 200~310 wm ~ &2
350~520 m> B~ ] 44T Dpip » 7.3 ume % 3-8 & *rdpdE2 il o
5 75PE T AT

SAFHEIABEHER > H- 5 THRONFR K AR
TR 2ZEF ¥ - 5 157 BG4 * o 203 37 R4
GEOMNIF AR BRAFTHFTELZH -

Flow 1322 b % %3l 5 £ > 80cm~ &4 50~ T0bar -
Flow13c &2 d s ™ > 95cm &+ 50~ T0bar - % 3-7Td &+ >
g FE2 T (SMD) ~ &~ #4% (Dpax)’ = 160~360 um
400~520 gm > B #4% Dpin 7 % 7.3 ume 1395 0 A2 F S % o
500 um 2 k%> FikFEsz? &g BB o £ 3-9 L frdpiEL
e gs o

§ APAE B ST REAREERK

EFEA R RE  REA B @ &k (PDA - Dantec
BSA-P60 ~ Fiber PDA) - % 3 Sti7é+ A &k (Malvern °» Malvern
Spraytec ) 585 A3+-F v & PDA ~ Malvern» ¥ @ & 97 % 2 4L %
B R 2 A B

PDA

PDA Ap =% * ¥+ j:# &k (Phase Doppler anemometer, PDA) -
AP mb el LR RER R PR R ERG ARF D
R RS A TR B RER 2 MFEE (Liquid flux) sz B
LRy s R FRRGE R m«lﬁﬁ%&/}%"“ﬁiﬂkﬁz R
FREALEL > FI G & R R F R RFLE
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PR PR REXEFLRGET R
BRFER B RS 1mm%§me%—aﬁﬁw
| % (probe volume) » FERIZL|JTBE 2 & W4 2~ 5k

25 4

¥

/PIJ o

S i
7

?: ‘\ /7:% /P’ /{“ ﬁ{’\ s L ﬁi? };‘;

S
> \‘—y\ "‘i‘ =

\4
X

UREELE: 1) SRR R 3

A %
L e ok 2 T ek (SMD >

o

AR SRR FREFoMART > BE
ST R R Z e g R (2 PR A F R 30~70 bar ~ ©
YR A1) 0 45 4E PDA e Malvern » BRI EApM Fri 0 T 5 5 KT
w2 A e

Hifo £ B2 B (2 5+2F )8 7-9 22 /nin; Fk
RRER SR FRRERET RFRE-TERRE > TR
REXAZZ > MR E L FR2Z A LR G- BEFE
ok o BArz s arat ol E 3G n s PDA B RIK R
2o FHFEER o BACRFRAE I X £ FEISTIRT
27 o FpE > PDA K H ® (Transmitting & Receiving Optics)
VIBRTLA E R MRE R F R dEE R BT R e k5
Al IR B ET oo MR RO REE (F
3-13) -

poanim-k 522 £pHERE > 2dckEg (Sprinkler) #Fi » &
G ET D - KRRl BB &R VAR £ Sprinkler &4 fEn
Ko RN RGEFE O AL E LIRS E 0¥
FEPRGRARA B ARZER AP - KB RBFLER S
&@&ZZ%@’h%$%§$’grﬂﬁﬁﬁ(ﬁS%Uo

PDA 2z v fzf7 - 3 PDA Z ERIFFF > B F R E
P2 EFET B o P w2 kol 3t 200 um 2ok FF s 0 F]t

e s BRl <t 200 um 2k 5
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03 BaN SN - S

AT g, BRI CEBESEORT kGG vk
AR m2 B~ 47 (Dmax ~ Pressure orifice ~ B &g &k
Meavep bd) L 200 um (F & L8 K BB B RFEF = R ~ +
FHBZIRZERIFNE e~ T2 Y MBEHFELRIL D BR
B /2 5~300 um s &304 o fe A 8 3 JWMA €3k (R k5 ¢
F) > REEDKERY ERVI ok FL BRIRF 0 - A AE
Bl RFAE 277 c B¢ & FRTREFTRRISIALR >
PR R FR a2 i d o TR ET I RSY 2 S
* Eri- NhoE B2 e

AREATH 2 PDA el Ap g B 2 BRI HEF B RE
SLEgle > UL BRFER TXEI DI =T oo TR
RIZE o

Malvern

Malvern #2-% F 5 @ * 22 R SR RIRE > L HHmE ~- &
7 AR TR EHEER M (Particle Droplet) z_ &% o p
@ Malvern i * 2 =k F &% 15~30mW > & F %+ #&=%8 (Helium,
632.8 nm, 2mW) > H p w3k 72 if & Liﬁ'#lﬁl.ﬁ‘] 1~400 zm > 4= %
BlE > 2~30mW 2= Malvern 7 &+ > &2 7 5-k 5% (PDA 2 § &3 &
Fahews 55 BWo & F e (ERF 32~ PDA A k& Bk 2 b~ EE2W>
/,,\Je,ﬁ,’gja Fop) HI1iFpear ¥ 300mm 4 £ R B2 % >
TR FREYE 670 mm2 4EE ~ 2 R T S0 AT ERRINA S
&mﬁﬁzw%a%%£€m¢%$%§1%ﬁa@i@1%ﬁ
oM 2 AR kA (R FEAREE s Ep ) i@t PDA AR R 4 (X F 2

R el N
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P2 F PR AE S REBRE HPER &K

AR BBk AL P2 L 5 B (seeing is believing) 2. = 13
Ao BRI IFRA 2 o kv KB RIRF -k 2 8 (Particle
Droplet) 2.3 %]+ (shape factor) > i it 3 * R B2 &4 o

52 BREFEE

PR ERAF T e VR &S RRIREE L
ATk F F%E éﬁm¢&$? &5 0 A
KBE ARG AR B VIR&EF AL R~ F CipErad 2z £

Foo MR K GBI G E LB -
AR BRAerE 55 5 AL

AT REAERF 2 R LRI EN L A G RIEK
3&(@34&0’®@wﬁﬁaiﬁ2mﬁi*%%‘ﬁ%@¢ﬁ:
(/&4 50~100 bar ~ =& 60L/min) > & &K /E* 4R (Relief
Valve, % B+ ) 2 jER* ¥ B B (Accunulator, #FERRE) > 1
FERORE SRR E > EERE B G E Lk o B A
BB R NERIERLIRA BRE

A EEARRFRE R R RPR B LR R T
T EEEGE EHRRE (P48 F KB 3-10b) 0 TNy
&ﬁaﬁﬁﬁﬁ’uxﬁggﬁgwo

AP MPREFSE TR AFHREN 2 - EHORWE
ﬁﬁﬁcmﬂék28W>4w¢ﬁymﬂvﬂrmyg»@wm\w
L Ae L a0 B L ACT F Y T Fle R seehlE i o
B. ViR{rE§ A4 E

AT LRV RE T A B (B 3-16) £ 5w B
2 (FESRE) nAg2 g sy - L %2 L (Load
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A AP ) R iy

cell ~ R34 > fa iz e ) o
C. &p %%

AT R TIRE BT UFEL L S8 HIFEE
/n$"ﬁ;‘ SC ‘72_ % %:,K o

(1) Th2ZFRE T k5
(a) 5 T kRS A% 2 F T H(2005) 0 1945 %
B FRIE R - A SEFRAANY AP RMR
@ 10 F st~k F - t&t (Laser &Photodiode) » i
B0 T F R R A5 (B 3-17)
(b) W &R P E(detector» B+ & LT N) 0 P L
AR PIE ViEREFE TR E k% (DAQ- R 3-18) 0 &
BIEGE 1D K B a2 THER > FIE A GTRA B2 R > £
LR RIEAS B PR 0 R AL A A RS R
2.
(c) #T warz R EE (DAQ~ B 3-19): £ R V3¢ 2§
BEEBERBICFUVTERTIFEZERLST o

(i) # ¥ &REF -
(a) Bypfcd v (B 3-19): 2 F & T Ba - 8530 F 0k
BAF 2y 8LV E AR RI B2 e o
(D) gD i Su D SR (F e e VR FA)) o
(c) s#wfMAR (B321): A4 L3H? - § 500, -
Filoa(CO)ER ~ = §F A (COER %) - 2RE R
H.0,~0 ~25%~CO 0 ~1%% C0O:0%~11%
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DR AR REBR A 2RED R

Fu & F AR

F oA E B RGIPE AR T 5 AT g vz
B2 AFIN ca R RIZTRE S FHRL AL
F (B 3-22) 2 ApM R B2 e B B - Bl 3-22a 5 P41 - Y
o dn Bz 4pR % 0 tla, tlb, tlc & t2a,t2b,t2c> &
& —w BIVRKEF AL B a5 242 B R > t3a, t3b, t3c L2

kfis > 2B R tda, tdb, tdc BRI R T 2B R o 15 ¢ BT
,ﬁ P R R PRz ApR il oLl & L2 itk F L3 L4 f
TEECSII(B AT TIRPIE)TEFE AN L2EL32F
12214 2 t4 - 1‘% FiTERE T o B 3-22b 5 RIALE) 0 B0 2K
o BB T 2. % ~ Bl 3-22¢ 17 DV(IER 48 )2 P B =% o

@SQM’%ﬁ%%ﬁkﬁiw%%aﬁ’ﬁpxiimﬁﬁ
Kz TRz ok o FIR R R MR G2 TR R R- 2
R ARG RNk RN B BT RT AR L FHK
PO RERRRET ARG 2T p LR 2 2R (2
FUHRT ) o

AR ST PG o RRE 25 5E Y Mo — F RS TT A
V- Yoo R FUBER RG22 A G o KFs> %8 200 st 2
BokgE(2/210mm~ % & 100mm) » MBRRIRF2ZREAS G -

~
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231 FRASEEEAHBER ¢ 4

al - F7H 0. 1mm
az. 0. 2mm
a3 0. 3mm
a4 0. Tmm
bl L F e 0.2 mm
b2 0.3 mm
b3 0.7 mm
* 1 % =0. 25mm
FRETHE

(FHRXR: 2T HEEZLZ2 HHLEBL)
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fin
iy

%327 P4 B BHICE KPR %A

FER AR~ REX A P

F R4 T o | R &R oF 5
Flow la 0.4 b2
Flow b 0.6 b2
Flow lc 0.8 b2
Flow 1d 0.4 ad
0 &
Flow 2a 0.6 a3
Flow 2b 0.6 ad
Flow 2c 0.6 b2
Flow 2d 0.6 b3
Flow 3a 5 R
Flow 3b 15 R
0.6 b3
Flow 3¢ 5 R
Flow 3d 90 A
Flow 4a 5 R
Flow 4b 0.6 oo 15 R
Flow 4c R
Flow 4d 90 A
¥ PR ER&R4 T0bar Flow 1b = 2c

(FR %R : 2P EEL)



KN IRE kA B R ATy

% 3-3 %

? Fl4a R Fok s £ Rl

% 3-3a FATE B

Fi & R

:’@%ﬁiﬁ% = [EE Ll -
Flow 5a 50 bar
0 m/s
Flow 5b 70 bar
b2
Flow 6a 50 bar
6 m/s
Flow 6b 70 bar
Flow 7a 50 bar
0 m/s
Flow 7b 70 bar
b3
Flow 8a 50 bar
6 m/s
Flow 8b 70 bar
%330 FRALEE 6
WS 7% 71 . ] gewlilEA EEBIR
Imm = 284.8 pixel
e 1 — -
_Lf./i;é'd' —ﬂk’ ' B e -
) \ - -
E L | \\ _ — ‘
R | — M P
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i

Ji

A s &

o+

4 3-3c 15754

D R

i b2 AR, AW, 6 m/s HH
Flow Sa Sb 6a 6b
s S0bar | 70bar | SObar | 70bar | O ANEY
SMD A | 269um | 240 um
S E] 163m | 245 m
Dmax [ 7745 691 ¢m | 340 ym
ME] 300 um | 440 ym
Flow Ta Tb 8a 8b
ST b3 50bar T0bar S0bar T0bar | DLAHNEW
SMD EP/L,\{E?E 236 4m | 227um
SME 251um | 228 m
Dmax [ {75 522¢m | 490um
SME 512¢m | 499 1m

ek + EROFFREKEERE A E - DEER R ERERIL E BRI
FOAME -

ALk

(FHR %R : 27 EEL)
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KN IRE kA B R ATy

% 3-3d 757 i

il b2 JHEW IR, {3, 6 m/s IRy
Flow Sa Sb 6a 6b
B e 50bar T0bar S0bar T0bar | TLANEV
SMD thESE | 2904m | 2154m
L 269 um | 293 1m 778 um
Dmax §[ @45 668 um | 493 um
S E 507um | 570 um 25um
Flow 7a 7b 8a 8b
EFS b3 50bar T0bar S0bar T0bar | PLANEW
SMD thdEA | 4201um | 457um | 241gm | 338um
e 3 pm | 438um | 384um | 329um K
Dmax J1[ 74 6um | 879um | 285um | 615um
e 803 um | 843pm | 667um | 619um &

fifat + ERA ARG K FE S - DSE b i Sk B b

LA

FT ¢

(FR %R 27 ERL)
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34 5AFHELRS HnEN G

?JFT}% ~ [HHEx]s 50bar ~ [HEx]s 70bar
#el 2.5 L/min 2.9 L/min
#c2 2.8 L/min 3 L/min
#c3 4.5 L/min 6.5 L/min
#cd 5.2 L/min 6.4 L/min

(FH %R 2Py FRL)

oAty RERGLP DER

37



KN IRE kA B R ATy

235 HARSVUEHERICLERAR R L

kA W AR B Ah "5 58 4 5%,
Flow 9al #el
Flow 9a2 #He?
S0BAR

Flow 9a3 #c3

Flow 9a4 #Hed

0

Flow 9bl & #el

Flow 9b2 #He2
70BAR

Flow 9b3 #c3

Flow 9b4 fed

Flow 10al #el

Flow 10a2 fc2
30BAR

Flow 10a3 #He3

Flow 10a4 15 i #Hed

Flow 10bl - 4cl

Flow 10b2 #He2
70BAR

Flow 10b3 #e3

Flow 10b4 #Hed

Flow 1lal #Hel

Flow 1la2 #e2
30BAR

Flow 11a3 #e3

Flow 11a4 #Hed

73

Flow 11bl H #el

Flow 11b2 He?
7J0BAR

Flow 11b3 #e3

Flow 11b4 #Hed

(FR*R: 25 ERLL)
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# 3-Ta s BT LW
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15CM, 15cM
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% 3-Tc k2. & v F-Fints b3

FREFH 15 2 kg

(Flow 12)
Flowl2 iE i SMD (xm) | Dmax (gm) | Dmin (um) P.N
al HOVO 211 ~ 272 | 357 ~ 510 7.3 671 ~ 2231
a2 HOV3 215 ~ 272 | 367 ~ 507 7.3 752 ~ 1773
a3 H3V0 X
a4 H3V3 P
bl HOVO 242 ~ 275 | 414 ~ 502 7.3 1103 ~2595
b2 HOV3 194 ~ 255 | 382 ~ 500 7.3 536 ~ 1863
b3 H3VO0 X
b4 H3V3 X
cl HOVO 230 ~ 277 | 476 ~ bl14 7.3 974 ~1714
c2 HOV3 240 ~ 306 | 494 ~ 510 7.3 698 ~ 983
c3 H3V0 X
cd H3V3 X
dl HOVO 261 ~ 304 | 494 ~ 515 7.3 914 ~ 1770
d2 HOV3 224 ~ 306 | 508 ~ 514 7.3 675 ~ 2731
d3 H3VO0 P
d4 H3V3 X
MR A& FeR R g }\%mfi ’ ‘11’(31/5'5#}51%5 ‘F% J\/F

a=% %% & 80cm d0bar

b=% %% & 80cm 7Qbar

c=% ¥#7% & 9ocm 50bar

d=% %% & 95cm 70bar

(FHE KR 2 FRL)
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48 ) A RSP - d ) N = ;L"

% 3-1d 2&rp -5 % 15" 2 ki &R
(Flow 13)
Flowl3 i & SMD (um) | Dmax (um) | Dmin (xm) P.N

al HOVO | 236 - 268 | 499 ~ 510 | 7.3 | 868 ~ 2819
a2 HOV3 | 171 ~ 272 [ 488 ~ 512 | 7.3 | 489 ~ 2200
a3 H3VO | 273 ~ 358 | 489 ~ 514 | 7.3 49 ~ 1669
a4 H3vV3 | 268 ~ 312 [ 481 ~ 513 | 7.3 | 625 ~ 1601
bl HOVO 174 ~ 254 | 446 ~ 514 7.3 1513 ~ 2664
b2 HOV3 160 ~ 238 | 399 ~ 515 7.3 388 ~ 3047
b3 H3V0 263 ~ 309 | 490 ~ 514 7.3 761 ~ 967
b4 H3V3 235 ~ 309 | 495 ~ 514 7.3 967 ~ 2713
cl HOVO 224 ~ 337 | 446 ~ 512 7.3 648 ~ 2683
c2 HOV3 220 ~ 241 | 401 ~ 509 7.3 567 ~ 2098
c3 H3V0 262 ~ 335 | 485 ~ H07 7.3 322 ~ 1877
c4 H3V3 244 ~ 348 | 474 ~ 511 7.3 351 ~ 1853
d1l HOVO 169 ~ 299 | 438 ~ 497 7.3 1135 ~ 3236
d2 HOV3 163 ~ 234 | 404 ~ 509 7.3 1159 ~ 3123
d3 H3V0 233 ~ 312 | 476 ~ 514 7.3 582 ~ 2488
d4 H3V3 218 ~ 297 | 452 ~ 511 7.3 692 ~ 2019

a=% %3 & 80cm 50bar

b=5 %7% & 80cm 70bar

c=% %3 & 9ocm 50 ar

d=% %13 & 95cm 70bar

("FQ?P- N =y 1 E:;“' %)
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Eefp] R 13mm

.

¥ =

% 3-8 Flowl2 # = & &l

2848 pixel

AL RERAEDTER

ad ad

R
i3]
i 3
it
Dmax 08.98 451.8048] 10143 462.988]
Dmin 1.6 7.303371 1.6 7.303371
P.N 1665 1665 753 753
SHD 48.68226 222.2154] 52.03356 237.5128

bl b2 b3 b4
b
i3]
it 3
Dmax 105.53  481.7029 106.06  484.1222 80.79  368.7746
Dmin 1.6 7.303371 1.6 7.303371 1.6 7.303371
P.N 2231 2231 1052 1052 519 519
SHD 54.38447 2482437 50.28254 229.52 42.33597  193.247

(FH % 2F2E HFRA)
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KGRk

-1 ARk

% 3-9 Flowl3d # =& 7l

sl & 12mm = 2848 pixel

Dmax 111.77 510.1861 112.36  512.8792 107.26  489.5997 112,19 5121032

Dmin 1.6 7.303371 1.6 7.303371 276 12.59831 1.6 7.303371

P.N 1868 1868 20182 2082 49 49 625 625

SMD 58.82802 268.5268| 5541643 252.9542| 7854774 358.5396| 6846357 312.5093
bl b2 b3 b4

¥:3

i3}

1 L '_" e

1k | 2 p

Dmax 107.69 491.5625 112.81 514.9333 112.74 5146138 112.66 514.2486

Dmin 1.6 7.303371 1.6 7.303371 1.6 7.303371 1.6 7.303371

P.N 1513 1513 2756 2756 967 967 1177 1177

SMD 50.67268 231.3009 50.20067 229.1463| 67.86293 309.7676| 64.05811 2924001

(FR%R: 27 ERL)
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FEF P RERALD BER

# 3-10 PDA £ Rl.% %

Qi ae e 5000
Data Rate [#/s] 48.10
Validation [%] 1.83
=R 1B [m/s] 3.11
A I [m/s] -0.41
ISR [um) 32.1

(FR %R 27 ERLL)
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KN RRE ks o R S Y

% 3-11 R %&#1~4 2. i35t 2 4p Bk 33

KR FRIE A PERER AR R

No. 1 2 | 3 [ 4 5
7K R 50bar 60bar
A~
#4 5 % 5 &
K| 92
A | R 4500cc 1000ce 1000cc 1000cc 1000ce
iy
M
vE N 0 250cce 1000cc 500cc 500cc
ith
¥ | 2 44 3 4rs% D b T 4 4% 5w bE
| RE LA E i FE ko i BE _E i BE ko i Bk F
% | 250°C Z 200°C £ 110°C % 110°C Z 300°C
)
| 1. vw kTSGR P9 SRR ] 0G & AR - M B R eI
My | 2. vesRIFARIBILE: c AT H GaEH B e 1 A A A
2, | 3. RBELEE LR o RN EZIREIG - HE J&,
#F
1, §E8e 1 W% T "WeaE oy 2 o R 2% Gadtif B
w L
B (M e - FaefR)-
2, PEmk 2 21 2 e R A €3 448
% ?rw THEE W ERAR Y 2 AR 2 GBI M LA 46
jnd DR @ @Y
) 75 =5
13 M IBWBE B 2RI auE gt - Rk o
4. TR 4 BT R G aCE A RS 21k r Gk ﬁﬁm%o

gl -
5. W 384 18 - ARFRCE R - PER O 2 BAE D M -
B iR B G IE -

(FR%R : 27 ERLL)
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PR FLOME - RERALD FER

4 3-12 B BR16~15 2 nHiE2 2 PR R B 2 ik

A RHER
Ha 6 7 8 9 10 11 12 13 14 15
5Mon | 6~Tue | 7Wed | 8+Thu | 8 Thu | 8 + Thu 8 Thu | & Thu | 9+ Thu 9+ Fri
#at ce 500 500 500 2000 | 2000 | 2000 2000 | 2000 | 2000 2000
92 Ak
FeHp ] £ 120 | 60 45 37 50 20 #» 8F | 7THF |-100% | -30x%
£y # ¥ #
A7) bar 70 70 70 70 50 50 50 70 70 30
W L/min 26 26 26 26 21 17 17 18 18 18
w58 SA: DoHT | 25AT | 2%AT | 2%AT | 2<AT [ 1w -1 | 2 | 2o | 1ap~ 148 | 1a7-14k
“yi@ Sb 1< | Ixd | Ixd [ 1xf [ I1x¢ |0 0 0 1x ¢ 1x ¢
HEF BN | x 35 22 16 34 46 36 K72 122 92
B 5 Eate ) X 22 |8 14 |12 22 14 64 6
B4 ) (90%)
ey | 127 | 75 50 45 53 25 10 10 -115 -37
AR R 2 | x e X 43 56 24 11 15 -18 -28
K 5 9B AR X X X 2 3 1 1 4 97 9
At=r—u Gas) | | b | B s
Tmax C X 120.5 | 136.9 | 2259 | 229.2 | 162 1849 | 66.4 | 54.4 150.1
Tmax 8 ) X 76 50 38 50 70 78 62 84 76
TfinalT X 424 | 41 439 | 439 | 398 44 382 |42 61.6
Tfinal &R 148 | 82 64 68 122 | 266 240 | 250 | 264 =246
[ A 21 7 14 23 69 241 230 | 240 | 379 x
At=Tgpg 11
Wt e BE(L) | x X 60~80 | 73-84 | 67-82 | 6788 52-90 | 73-92 | 75~93 040
8, K ) 540 T80 290 220 305 335 280 365 048 330
O; % 19.62 | 19.84 | 19.71 | 20.21 | 20.80 | 20.89 2063 | x X b
CO ppm 38 20-=5 | 5 5 6 7 5 X X X
COy, % 1.01 |085 | 127 |x X X >4 X X X
CO5i % 0.46 | 0.18 | 0.18 |0.16 | 0.22 | 0.18 017 | x X X

Wb 150 cc C AA TR

BRI e ARME AN THMAES
AEIE 2050 A E X MRS
* 1R 4% AT

80 SA: B + B MR &
*5A Sb: AAAE - HiEwHE

(FHR %R : 27 ERL)
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KN RRE ks RS R TR

Bl 3-5 bt st e e 2 ER2 PP Flow 3

[v] 18O ] 18O

15

al FLOW 3a a2

45"
0y |
bl FLOW 3b b2
= |
1t
75"
¢l FLOW 3¢ | e
920"

dl FLOW 3d ' d2

(FR*R: 2y HRLZ2 HE2RY)
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B 3-6 F & & HE HRHAcE 2 RRLHE

Flow 4

4]

180

0

180

| |

al Flow 4a

|

45°

75

90°

bl Flow 4b

¢l Flow 4c¢

dl Flow 4d

b2

c2

d2

F LM RERALD DER
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48 ) A RSP - d ) N = ;L"

B 3-7 %735 % E-kFHics Flow 9a 4 9b

|
S50bar 70bar

I |
a

Flow 9al Flow 9b1
3+ |
@]
2

Flow 9a2 Flow 9b2
I N
(@]
fd

Flow 9a3 Flow 9b3
$
(@]
=

Flow 9a4 Flow 9b4

(FR*R: 2y HRLZ2 HE2RY)
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)Elyb
fu
el

BR AR

W3-8 53 FHB-kFMics: £ R4p¥H Flowl0 = 11 (a~b)

15 N 15

75

75

[D#

10al - (all) 10b1 -~ (a21)

11al ~ (b11)

11b1 ~ (b21)

48

10a2 ~ (al2) 10b2 -~ (a22)

11a2 ~ (b12)

11b2 ~ (b22)

302

10a3 ~ (al3) 10b3 -~ (a23)

11a3 -~ (b13)

11b3 ~ (b23)

PO#

10a4 ~ (al4) 10b4 ~ (a24)

11a4 ~ (b14)

11b4 ~ (b24)
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48 ) A RSP - d ) N = ;L"

Bl 3-11 #is 4 47 iz

.

4 Edge-detection 5 Total SMD

D Sur.Area ND4

1| 1 0.25 1

3| 22 49.5 1782

: 5|21 13125 13125
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