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A Study on Optimal Design of Penetration Type Injection
Device for Fire Suppression above the Weather Deck Area
of Container Ship

Han, Sang Goo

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

According to the SOLAS Convention, vessels constructed after January
1st 2016 that are carrying five or more containers in a weather deck
area, are required to have a Water Mist Lance and a Mobile Water
Monitor fire extinguisher 1n order to combat container fires.

In this study, the optimum model was selected from numerical analysis
for Water Mist Lance and Mobile Water Monitor fire extinguisher and the
prototypes were manufactured based on the analysis results.

Additionally, performance tests were conducted to compare with the
initial analysis results.

Water Mist Lance 1s a fire extinguisher that spray water through the
inside of a container wall with a sharp nozzle like a lance. The
radius of curvature of the leading edge i1s the key design point.

5 models(10mm/12.5mm/15mm/17.5mm/20mm) with different radius of curvatures
were subjected to penetration analysis using ANSYS LS-DYNA for this study.
As a result of the overall analysis, 1bmm was interpreted as an
optimal model which was applied to the Water Mist Lance prototype. As

a result of the performance test, the penetrating ability of the container

— xiii -
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wall was measured resulting in the flow coefficient(K) of 30, the discharge
quantity of 67 ¢ /min, and the throw length of 6m.

For the study of the mobile water monitor which satisfies the design
standard required by the SOLAS Convention, Numerical analysis was
carried out on the setting of the nozzle orifice range for each
working pressure, the setting of the length of stabilizer to equalize
the channel of the water discharged from the nozzle and the structural
safety.

First, ANSYS WorkBench was utilized to analyze the optimal nozzle
range. As a result, the size of nozzle orifice was calculated as 29mm
at 4bar, 27mm at Sbar, 25mm at 6bar, 24mm at 7bar, 23mm at 8bar and
22mm at 9bar.

Second, the maximum throw length was analyzed with ANSYS FLUENT at
throw angle of 35° and 90" , stabilizer length of 3cm, 4cm, 5cm. As a
result of interpreting the throw length as a volume fraction, a
gradient was formed in the range of about 1 to 2 m, and i1t was similar
to the actual result. The maximum throw length was calculated as 47m
at a stabilizer length of 4cm.

Finally, ANSYS WorkBench was used to analyze the flow - structure
ductility of the valve part and support part of the Mobile Water
Monitor. As a result of the analysis, deformation and stress were
generated due to discharge pressure and reaction force of water, but
1t was within the allowable range.

Based on the results of the analysis, the prototype was manufactured
and the experimental results were obtained. As a result, the discharged
quantity of 62.7m'/h and the throw length of 4lm were obtained at the
inlet pressure of 4bar and the discharge angle of 33.8°

The fire extinguisher studied in this paper 1s expected to have a
high value as a new fire extinguishing system because it can minimize
the increase of the capacity of the main fire pump. Further studies on
the improvement of marine(ship, offshore plant, etc.) and water-based

fire extinguishing equipment 1s necessary.
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40 %ol T7HER, AFTHE 1Y sidusdy 2R #AV) e g8
Z7heo] AA Z7+&7 Ao YT 40 %otk I FAME AE oM (43.6 %)
o] 7|t AA 5= X1 (382.9 %) Thoo 2 & Eow Z7l3lg A9, 2017].

]
ARy 7hsAde] EolX|al Atk I woF WSt HAuirlal T sA] o=
Q3] dojuk Alarrl 5 %oldto] HEF AT 2010 ©]F 5 %ol R ZFU)sk
Hol it el X &HQ WA Bl A T Qs HAsE=

Al 2 F7Fstal Ak A8 AHEW 20099 F-E 20139 7HA]
Syt A A - TR Qs dojd Mukrtaie 2012 7.58 % (55%)°2
7F =9kar, 2009 4.70 % (3471), 2010 3.39 % (2571), 20113 6.03 % (577),
20131 674 % (437)E A&HZHOoF2 Frbete S EATVFAAA, FLSA,

old @ MukshAle wrle] Mulw AA® 38 a2w HAS5e A9 A
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ool wetx] 19743 31 A FH SHSOLAS)) A M2l e W3l sAEA
2 A3LE 9t MEto] ZEFEAY o] E ool & AYES A Ut
[SOLAS, 2016].

53], 28t F A= “AAEA] FHY GA AR 5 Qlojof s, A% 43}
o LYo st = dFHe mEt B 87| HalA ot ojHg 8

So 9% ¥ FEHS YIS o} wrHAFAF, 2004]

1) SOLAS(International Convention of Safety Of Life At Sea)= 1912\ 4o &S “M/V
TITANIC"Y HZALLE AZIE sfidolAe] AEbdES fs 19140l AFE = Aol
T} 1 o]&F o) 19294, 19484, 19604, 1974 A0 thZ2 < 7)7go] o]FoH o™, SOLASY}
Hapel Fefj2 FHAT AL 19740 7§ A E SOLASo|

2) B AL mid 139 AstFdo] Frtstoor gtk F ALY 25%F Zdste Aol 1
Aol g3l Aol AgFe FrtstA] oyttt Ado] FHL 3% 24417t o
of sysfjxof 3t}

Collection @ kmou



5 23}

Q13

A=

sto, 23k s

}
S

ko)

2 B} E4EAY

LI

Well A AT

o3
S

__—rL

ATE 7HAESE A

L -

T

5]

o] Holx= F "
%

i B

T—

9
<]

Joll 2

¥

A

3 ZEE
3

9

]

o
R

2 Wk 45
A% 1

PR T T o K T
mﬂ_ = Mo T .R ™ ol To Hlo
N N N T
ol — B = W
Po = X - - 0y oty X
T R N BROE o
o n_ﬂw,_ o o ™ < = o o
T O Fa LT
N ~ L —_
woH X P w o= o B
L;MM%W WMW@%%O_O_@%
= 3 o
o g o3 o o o B W
a o W oW oo X
2o B O ML T
o b o il
X X W AM B .M T T X =
X s 0 o —
JU e ~ Jl L.ﬁ ‘._D_. X [T
oy _H = o ol 7 wﬂo CERECREE Mm
W T O
_ﬁ%% N R G
e o = I = ) o
™o T o <
W %0 o} T+ T dl o
bR e iﬂ@%i%%
frim% ﬁmmL_Lwrﬁooﬁ
= Ay _ < et W o
\_W,l MM o] M_._ﬂ ,MOM m.w% M .Wﬂ oﬁw My gyl i
! ~
i o= ™ ) = 4 oM g5 of
Thwr g P sx el
I 5 X oo 3 ® o
K o KO T o . o
X % 8 W WM | DR | R
FOF W o R TN W oE
.o o
oy

R4

Z] o]
S

o] ZaiA AAIRE, AA

=

8=

Collection @ kmou



du At A b Fa

= X
T

= Fo) A
Maks 9

=

-(“5-1_

ol o

A} A

bl sl &

S

2A

2! Mobile Water MonitorZ

Water Mist Lance

Collection @ kmou



Aute 712der A4 des EFste 539 & 9]
Aube e eFshe Aot FEAe 2Fse e TRl wet
tFe FEi7E SAste, H2de 2FE Fu9 3E F, PHUE *F
st ZdEloly AdHte] =A F7skait.

St o oo Foo ot

T3l Fig 2= ZHY &89 S7F Fol¢ AHolY &% W3t =4
GDPY AAES Ueld Aot Fig. 2014 & 5 %] AHoYe EF#L
19903 38 20093 7FA] A HiF 101 %, 20103 FE 2015374 A HF 73 %
A ATE AS ¢ 5 Atk 20099 FFH AH oY EF o] A5 ol
2L 20090l T 5597 Y3 AoE ATEHG

e Agoly E&5Fe &S 4| GDP AHEF FASH S
= A< ¢ F e, 20090l EAS S5 7] o HE| oY
Ad 7rAhve A GDP AZAEHT 3] o] & Ao FE Yl

Fig. 1% Fig. 2& &3t AEs BH, Aoy 53 vid 7 % ~ 10 %

HAEo] =787 AE&Hog Zylsln 9o, ZA| Ao uwl$ WstA ure
s AL & F Ak ole AHUE 2¥5HE o] dux L AAE9
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Others; 9,608 ;
31.3%

Grain; 1,436 ;
4.7%

Fig. 1 World Seaborne Trade in 2006 (Billion Ton-Miles)
(Source: IMO Second GHG Study Report)

Container Lifting (TEU in Millions) Global GDP and Containerization Trade Growth
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Fig. 2 Attractive Long-Term Growth in Containerized Trade

(Source: Investor Presentation. Nov. 2015, TAL international)
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50 years of Container Ship Growth
1968  -—— Encounter Bay 1,530 teu . . .
N — Container-carrying capacity
1972 wiSem Hamburg Express?, eu has increased by approximately
1980 d Neptune Garnet 4,100 teu 1,200% since 1968
1984 — American New York 4,600 teu
1997 _ Susan Maersk 8,000+ teu
2002 _ Charlotte Maersk 8,890 teu
200 R Aok
2006 Emma Maersk 11,000+ teu
Marco Polo (CMA CGM)
2 16,000+ teu
Maersk Mc-Kinney Mgller

2013 18,270 teu
2014/ CSCL Globe/MSC Oscar
2015 19,000+ teu
2018 777

22,000 teu

Fig. 3 50 years of Container Ship Growth
(Source: Container Ship Design, World Shipping Council)
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T3 o]l g Adloly EFHe F7IE <Qldl, Fig. 33 o] ZH oy Aute
o AHloly Addte] A7yt BAHe R Frhsta Ao o]y E Adu =7]9
Z7t2 Qs Adoly Aute] AAE= AH Y v TAFoZ FrhshH,
ofo wel /T AAE= HHHY AA d= S7FEHA HAH-

Aeoly vt =719 ke ARHo R AHUAS o83 £FHE H Y
9 ¥ & (Dangerous Goods)®] &9 S7I2 oloj#

T

A R Bl wIF AsE 72

APBES AF9 A4 et A1FHE 9572 &7, AlaS 3Hekq,
A2FE 7t A3FL AstA AA, Adg2 A8 A, A55S AeA
B2 9 {frigitslE, Aegde 535 2 A9 BF, A7ES WA BF,
AgwS #2448 =4, AowS 718y ARE 9 AFolvHal &Fgh=, 2015].
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il =

3) IMDG=X=(International Maritime Dangerous Goods Code)+= 19563 34173 A A} 3] 0] A} 3] 2]
AFETS AL 3]olA A HFE 5o I FAEL(EE WA EFH)E E
=408 FAALIZIF7F 19650 A £ =9 fFEF Al A&she= A E ol
IMDGEREE =S 1 54 wat AllFGHY AIw7HA E7stal o5 A8E 1A
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=9 fdEF B 72 dHS AL Ak AF=9] A == E A A
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2 2004 312k WA AHH ZFAS vk 20154 3727F KA
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A= A" Bu 94 &% 24E5S Is] Sdte] §EHew I
AFCE gEs 7IEFo2N grAor RAYE Aius= B97t TF
LA o] ¢ AEoly dAke 38 AAZE A" AdEeA BdE] gl
mell Aeleld W = TR 7 5 HY FHE @ F

wEA, fgstEe] dwrstE R FAEI, A AfsEel o 24S dA
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g
A9t 2 A&3}A|7]= Internal Fire Fighting Systemo¢|2} & 4= 219w, External
Fire Fighting System< B} A4} AspHu]2 4 B A4l $A] Al Fire Monitors
Fote FAXYES & 4 U} Tug Boat, Patrol Vessel, Coast Guard 5ol 2§
)31 1o, Touch Screens ©]&3F A3lEUE < olF Zx 9 zt5 WH -]
MEAE2E Sheol & & ATk E=S ZF B AR 48 ZUEE Jet Mode =&
)

Spray ModeZ A3l &38t4-8 HEE & AAEE, 9 Y, 2009].
€

= T

4

T IMOSIAM+= 2014 5¢€ ZHAE A93xF MSCH 2JollA siAEH £ 3]
A ]t Resolution MSC.365(93)= 1€, afl <1 ™ HH ¥ 2HSOLAS)E 7078 3,
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=l

20161 1€ 1< o] %ol HAxH= /R ArolHE 51 ol A==

=
Hlo| Water Mist Lance 1set2} Mobile Water Monitor 4sets(%t

Holgls BE 4
& ML 2sets) S JF-AH o2 HAFEE FHTh o] AP F LFPZ
o} B AN HFE FFstA, 23H 2D 2dsAdA HFEE A5
FEA THE WA s

Ante] JpggRdel AH WS 57 o AAT ¢ e AdH2 tiF-Eol
Aol Artoln, o] Aol Aute) z}%w% Fig. 59 Z+o] Zhaha}s

1

E\l

A3 =%, Cargo Hold)¥ HAALGFFINE

TREH. AeHelY Adute] FEHS EAb7F2 &8 H](CO2 System)
sol AAEo] o], st WA Al A&F shAjxIqte] bR, AE AR
T92 A B Ao At olele EEe AsHHuBTE glo] A A
o B2 a7t EA s A

Fig. 6= 2010 749 7¢ A M/V “Charlotte Maersk” & 9] s}AjALaL HA A
o] BFoln, T Alale FE o] Ao} ARQb FA oA A7 WA s Fe]
(A, AEsr] §)s WS 4 A FHDanish Maritime Accident
Investigation Board, 2012]4, tjFolxl= olgst AHdS S F e Aol
HeZ s oY adel e AeloldolA g Al gk tito]
a3 Aol

B9, Weather Deck)Z

]

71&

4) dint= sjA} Aol 2AR L 3]= 3 7F Methyl Ethyl Ketone Peroxide(MEKP)E H.33}aL
A= e oY oA @At Aolgtal i+ kT,

Collection @ kmou



Fire Extinguishing

System

Gas Fire
Sysiem

Wate_r-B‘s_sQﬂ Fire

Main Fire Pump

Emergency Fire Pump

CO2 System

Nitrogen System

Aerosol System

Clean Agent System

Foam System

Deck Foam System

Water Spray System

Sprinkler System

Water Mist System

Dry Powder System

Fig. 4 Classification of Fire
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Weather Deck Area

Cargo Hold Area

Fig. 5 Cargo Area of Container Ship

Fig. 6 Picture of M/V CHARLOTTE MAERSK Fire
Accident(2010.07.07.)
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MR stETol ArodE AANE + A= AUt &spdro tigh =
ol= 2007 d 10¥ol ZHA" A3 AFHA YU F(MSC83, 83rd Maritime
Safety Committee)ol| A F-E] A 25| Ao},

832 MSC3| Yo A= HYo] MSC 83/25/5 “Proposed review of SOLAS

7 =

chapter II-2 with regard to fire protection of cargoes carried on deck” &

Azl ARl Gz el e AeolUel BT A u} AF
EAsta glom, o] Al & 2}{— Fdo] glol 2 AU HA s
2 A3t k. MSC 83/25/5¢] wt= 98\ H-E] 20061 7}A] ZH oY dute
Aol A Ha 1279 i}xﬁ*}iﬂ st o™, 1 A= Table 13 2
=
Table 1 Fire Accidents at weather deck area of Container Ship
No. Ship Name Year | Kind of accident Loss
1 DG Harmony 1998 Fire Total loss, US$16 Mil.
2 Sealand Mariner 1998 Explosion, Fire Two Fatalities
3 Aconagua 1998 Explosion, Fire Unknown
4 Ever Decent 1999 A Unknown
Collision
5 CMA Djakarta 1999 | Explosion, Fire Total loss
6 Hanjin Bremen 2000 Fire Unknown
7 Sloman Treveller 2001 Fire Unknown
g Hanjin | 2002 Fire, Explosion Two Fatalit?es, CTL*,
Pensylvannia US$70 Mil. Loss
9 Sea Elegance 2003 Fire One Fatality
10 LT Utile 2003 Fire Unknown
11 | MOL Renaissance | 2006 Fire Unknown
12 | Hyundai Fortune | 2006 Fire possibly CTL’, 5,500 TEU
" CTL means Constructive Total Loss.
— 13 —

Collection @ kmou



ol EAHES 237l s IMONA= ¢F 7d 3He] =95 AHA,
Mobile Water Monitor®} Water Mist Lance®] ™3+ 27121 Res. MSC.365(93)
2 MSC.1/Circ.14725 33}l o, 20133 6€ol 7HFH #9232} MSC3] 2] ol A
<A (Approval)® ¥, 20143 5€ /N E #9332 MSC3] Y| A Al 8] (Adoption)
% A THIMO, 2014].

Res. MSC.365(93) ¥ MSC.1/Circ.1472v= FA|A FHHEIE AXA 20161 1

2 1Y o|Fo] AxFH= AUPEE FHE5a
2010 d o]|F& Auks o] 83 ¥AAIEZY ASEES 20108 7,732 HE,

2011 8,675 HE, 20124 10,163 HE, 20134 11,945 X E, 20149 13,613 =
2o wd Zraa gom, of & AHol Hue o]&F 4% Fig 7ol
e wel o] A&Hog Z7hed Ak ol9k 7, Table 1614 AFE

Aoy Auk stAatar o]l 20101d ©]& MSC FLAMINIA(6,732TEU, 2012\d),
H/] GREEN EARTH(13,000TEU, 2015‘5), M/V KAMALA(2,500TEU, 2015‘5)
= Aol AulelA AFAE SO A3 AuE ALHo B WET Yol
%-ﬁhﬂiw—ﬂ AL, HEREE 7 AN (FA)E Aute] A%
2wz - ggHojor frpAA B2 AL, 2015]

iz
=
o

1.2.1 IMO Regulation®] @& HA &3 A}d

Res. MSC.365(93)° we} 7§ E SOLAS Fofoll & 2016 1€ 1Y ©]
Az Mdgade AW E 52 ol AASIEE HAAE Ee A
Mobile Water Monitor®} Water Mist Lance® XAdF v XES o F3} 3t
™, MSC.1/Circ.14729 ]= Mobile Water Monitor®] F25US 3+ 7]

LAES gF JATHIMO, 2014; 3l =45, 2016; ABS, 2016].

2 2
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1.2.1.1 Water Mist Lance
SOLAS Reg. 11-2/7.3.1.19 4= “Water Mist Lancex= ZiH|°|H ®-& #5353}
23tFd AZEHAS uf HHAFHFH Y §) WFEd EEFE YT
2t Boz olFoldol Ak e AL I
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ol Al AT F UE Fiel HAH e BEU (Yo
Tier 1~Tier 3)2] WFoA stAj7} A ¢, stA7F t-2 HHoURE A7}
Shats] 7] o) xol SIS Y3ty A FHIEA Water Mist Lance®] AMHE-S
o538} shal Sl= Aot

1.2.1.2 Mobile Water Monitor

Mobile Water Monitorv= Z Al ¥ ZE| o] H|o](Bay)d AloldlA A3}FE
Hack WH]O]Q(O‘HFE]OE Tier 5 ~ Tier 10)7}A] F5& 4 ) ofof 31, ’d‘i}
o A3 AHolA FQl e 19de] HA FEAE F U= AHolojoF = A
Aot

Mobile Water Monitor+= SOLAS Reg. 11-2/7.3 3 MSC.1/Circ.1472%] 8719
Hetstoiol ot B#d 2719 WE& Aeskal Utk SOLAS Regll-2/7.3¢] W
&5 gk ol et 2

7 A eR)EE Al AEolUE 59 o)) HAASEE A" Aue

Water Mist Lancedl F7}3fe] T3 o] Mobile Water MonitorE Hl |
shofof Fhrt.

1 YH]7F 30m 7Rl Auke &=

&

2 YHI7E 30m o]l Addtel= A
1}, Mobile Water Monitor, 25 Q3 &2, #AX ¥ QI &= 1A A=
sty AT A AdE TheAde] fle =79 vPETHelA
S AT F RS fFASEAoF gt
o o33 Zo] T o] BIX|Eojof gir},
1 ¥]x]¥" R E Mobile Water Monitor= 2} ZAHo|H H|o] AZo] g3}4<l

= ZHS 4E F A== A AF Thsstoiok 6JE‘r.

4
1o
b
L)

2 F £719 A(Two jets of water)—‘:— 0.27 N/mi(3E4 FEF 6,000
o)) EE 025 N/mi(SE4 FEF 60008 vlvhe tHoz g5 7te

D Wel(Bay)t A DL F A AY wsg EE G 2elold Holaly Aol o
Wol gt ole] o sEe % ok ; Adolvie] 2 W 2
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selof o,
3 8%+ Mobile Water Monitor2]

A =ested Bad gPo s Ws
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2}. Mobile Water Monitor= 43}F#d] A28 Fx duy o, A3z}

23 FH AALE QFEH = dHAA A3 AEHE] Mobile Water Monitor ¢}
b

T =719 AFE FAl AEetrlel] 4dd AE £HoE i
v}l Z} Mobile Water Monitor®] 2452 AW HEZAAL T o] A
sl ARS wholol &lH, A2 T3 AMEHS FRlstoof st
.1 Mobile Water Monitor= FA3slal §34<21 253 SR 317] fste] AU
TE= AL & 9lofoF
2 Mobile Water Monitore] &&7|% Rt Q7HE Ags2o AZ2H
Mobile Water Monitor®} =&AL Al 258 AdEjoA] 2349

Adold AFetA Sdsteiol Fk
1.2.1.3 MSC.1 / Circ.1472

b FARE AR FAFE PR D A

il
[o

2RE A5 B A

U Wad Ae=E Algd A

. @949 MonitorZA AkJet) R 5 (Spray)¥ FENE 3l(Sea Water)=
HeEd F dS A

gt Al AlTolA AT E TEWes T UAESF 4T (Coupling)E 2= A

vk Adukel HieK(Top Tier)e] ZHO|Wel H4 60 m'/he] FHFoE 4LstE
IHE + AS B (Fig. 8 ~ Fig. 9 FX)

H}. Mobile Water Monitor 759 A1¢] ¢t& o] 4 baro|il, EAZAE7F 30 ~
35°Q1 B¢, =% EALAIE 40 m o]dd A

Ab. &3FE 3 (Fire Pump)s 719 84Q2F7] v 4=7]) & 875H=
(180 m'/h)Z} Mobile Water Monitorel] ¢J&] Z Q3+ /3240 m'/h

+ )= A FFE F A A
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Fig. 7 Transportation of Packaged Dangerous Goods using
Container Ship
(Source: Korea Maritime Dangerous Goods Inspection &

Research Institute)
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Water Jet from Mobile
Water Monitor

1 H|O] 2 H|O| 3¢ H|o

.......................................................

..........................................

......................................................

AR H AN

Upper Deck

Fig. 8 Concept of Using Mobile Water Monitor(Section View)

4 @ ® ©

|
Container
....... .. , ,;............. ZH‘_{ |:|-||01
............. ¢§|_xlj
2 @ (1)
1 H|O|

Fig. 9 Concept of Using Mobile Water Monitor(Plan View)
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A2 71 dF A3 "k AE

2.1 Water Mist Lance & Mobile Water Monitor &7 &3}

Fig. 10°]A4 E+= ule} o] Water Mist Lancew £°] #(lance)*x 7 W3
=S A7 HAS 99 Aoy Yy AFAAA YFH &ASSE BFE

ol SA1E AgsE gl LfFE B U PATORA
a8 ade S8 A
Aol aTHE AAAE, FE7 B Autel ABA 534 2ol B A
_]
=

pis =
AR Hell= AEHZ CFC AT &stefAZ e &8 &5t
f 5

Rt 718k T ARkl A
astefe BFAEAS WES L Jon, A 2P AFL e EF T
A7k ot AAl A= ZEHS A 1987d AH)E T8t CFCE A&

T ol ASIRA(CO2) &3HANI7E FR At
AR QA e, 22471222 CO28] AleS Aststd = E97]d wet CO2 43}

AHIE thAsh7] 7 BFek deje] st Eo] JiEE A H{3-E4 F, 2010].

2

i

53], ey 2stdule 37 50d ARE BS vHs sto] stA st
oj&Fo 2N 2gtans SHstele A7t A gk 27] A =EF
A|=gle] AREE BAZISE Al =2 E2RE MK Eddhe BETY Y 54
AU dSst717E dA ol SRF A Bhelo] =EEA] Xehe A9
Plgstety] A% w9 oolz 1% vpEEd 5 A ZAR st AT
2ol ATHHHE |, 2008; HEE 5, 2003; o7 T, 2007]. AW, 2002 7€
7187 R L AX7) o535 EHA Water Mist Systemol] theh A

7V E715 YA H}dY. v &astdele 19y EE =55 T BAMZ

2, 1
] g EtE uAE B ( <1,000 m)E FAES AEEA AYgEteE EEA
o
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UEE S Aul bg HFHoR FEHM e Fo| Au Folol
k. IMOE 2005de] Auhg w]EF 4] 794 vl (Water Mist System)9] &<
71EL2 IMO MSC/Circ.1165< 7N st om, dute] HAX=&= w5 )

A= o] 25 vEEstelof AP L =, 2007].

Water Mist 23} A|2=Ho A S HH3] A|ostr] Y FLRWUEFE 3HA)
A7), BEFFH, BAM, AF &5, 4H9 7] Fo] g T3 "otk

O FoAM dHAV= FAREY FaAAE FAEeAR s B g,

ARG AR, B 5 BFH D] o3 HAF A Hu o5
RIS ERIE EER bt 2 =

NFPA750°] w2 =F oz 1 m ANA EIE7 22 EF 999
HAF7)9] 99 %7} 1000 imE Tt 2 7|2 AL vk =S Class B(H A
A7) AN E 400 molsF2 T3 AT[NEPA 750, 1996].

Herteriche 449l dAGES HUYZ st vleS T3 HH9 AFI7|E
350 um HE=Z A A3 B Herterich, 1960].

F e HYgE 9 dEd9d FEATS
T HA HHAVE 70 mm AEZE AASFI T Guttler, 1972].

ol

Gutlere= AA LS &
S Hsl=t vES

Kaleta 52 43d5S HUZ 317 93t 300 ~ 900 m =5 A|AlstaL
Jou, sdH =27 AY F FHSRAE Tl A gEdohe A S A
3} 94 tHKaleta, 1986].

A2)stA, Water Mistol] 3t o]dlle =3 2353 7|Fo =2 213te] Water
Mist A|="le] 7 HX)7|% 52 43 A&Hs AiHete AlZAbd o Esta

A= Az 5, 2003].

Collection @ kmou



EEERESE

=
=

®te] 7

T
it

Rgeo] YolAw AT shel A% 34

W B oo e T o w M
of £ B T N T M o S X
A o UF
0 e —_ N
SLi=xE L 8T = "
mogo . of O E oW o X oz
e T MR Y o o -
Yoo EdTE S . +FTT
Ko X T g ST T
T = B ow Y S w5 X
A BERSEE I
B ERERTEE g0
ﬂVIHOEm OTO X
AT Rl A
N B O —
HOQP,WEO7,W5M%%
ﬁaﬁoﬂlﬂoim‘u@lﬁ_m ﬂ_f
o oo g oW or T m L
T ox el By O & o=
T oM T &3 o =
PR Lo Hm Tm &
HH = o K BR =K m M i ol &
__dﬂau_fmuaww%ﬂm%
— Ol e\ H &
pr o oX E_H:/ ox = ,Mu_o {Jo 4 o w o
L R S
X o3 OE XR® T oo zadL
X0 &y = 2p R T o H @ on
B ° ® M A= oo
AR T E LA
WOER N W DT O i
T = 0w O R -
T T S R . G -
N2 mb_#oTo.dﬂ_n_ﬁ\.umiuT
o 5 Y 4= T Ao
= R LN - SN
T® 502 T3P 48 @
R EER & TF W SEG

o] #%59

GOL

ks

H =
a-=

9]

il 71 ZA9 o

vl
=

E

Ea

14 % A THJack, 2005].

A
=

Aol B

-

AdTE= P59 USCGelA

A8 Water Mist A

33}
b

°
pul

ction @ Kmou

=

9 tHBack et al., 1999].

ool o

2o =9yt AP YoHEEZE, 2015]. Ao o

[Downie et al., 1995],

Coll

o



3 THHua et al., 2002].

=y

BAbE

7F&™ PoolstAl (AT 8HA]) A Water Mist©]

o
o

s AT )

mK

oS
=

flom ggyztel o astansl AuHY

35

28t @AE 4%

CHKIm et al, 1997]. 138y ==3 stdAtolo] AZZE & 39

o=}
A

5

A A]

Atzol Bt -2

)

=, 2004].

O

o}

O

SRS

Al

A

?_}.

AF Ao A B0 Water Mistol] 9]

KN
| .

o9} 2

AN THGeoff Tanner et al., 2003]. F3F RIS Z Water Mist Nozzle U]F2]

71d o] Water Mist®] 2] 7do| ZFolzxltpar <A

=
=

AN Z17]

=
=

NO1, Water Mist Nozzle WA o7

i
)

TUANME FH AF7F AEHOZ o] FofA 1

N

Tp

Jo

0

o
o
Ho

ﬂ”

H

0

—

<M
o

p—

=K

g

bo

w
o

e

Collection @ kmou



THEA odF A& AAEEY. @Y =53 s =259 BF f554
< A%t A@ A} Hlusty] YA TSNS FAs AT 1 AY tF
A o] S SVMAZE F JA, BAME A EIATG A Y 5, 2005]
B =FoA AGstaA} st= Water Mist Lance= SOLASE kol 4] “ZA | o]
HE AFotd AT A4EHUS w AT Wi S25FE 2AY
e #F =55 ZF #oE o|FoHof sty gt A3t e vh, 74
oz A7} B3I FHo A (Steel Plate)Z AZE= A olY HHE

Asafor stuw, 71E Aol AxHe] e v

B 2spaE e O A9REY 2E Sddde AEAE 7HAk F
w3, A9E0] Ayt wAF FIol H2F S ojof dtar, Adoly Aut

N 1~3(1~3tier)oll HA o] Y=

53], AH-& Water Mist Lancew= ZIHIO|Y BHES #AFA| AL stE=E, €59

mlm 1%

AT EWHE (Apex Curvature Radius)o] FAAE #FTE = S =2 Folof
s, o] Aoz o] FEsk FAS 7 4 A= Aolojof gttt

AW, H2ol U - 9 7)ol Al =A)sal Q= Water Mist Lances Z¢Ho]
FES A4S VMAEAE AES AAEFENE S NAEE AFE= Ao
olH¥t= M= sk Fig. 11 3 Fig 129 Zo] AHCY ¥¥s &<
Qe WEo Au(e]: AV|=d 5)E AFetE FHOo7 Hol AE}-

3L, Water Mist Lance®] AR =% o] 317} AT HEoly WFo 23k
3k

g FFte Ao, Ay LA Holds Wi Titse 42 Qe
Ao] 77kl HEstoe Aol wjg offa, 2241 Al E FEE 4+ o
A Water Mist Lancew= F®3F Zo|E ztF31, &7 AH Y ¥HE &

2 & Q& Fxololo} @t

tRel, sAzh BAE Avlold wHe exg 3y, HF LA
BA (Steel) o] FEATEE AL, T FEAEE /A= F3HSteel Plate)S

%71 98 2o HAd=EwAde At o 8, o] & alzlste] Water Mist

Collection @ kmou



ebd

=
=

+ Mobile Water Monitor

T

lod T4

[s)

=13
=

9
pal

=N

o of

o

= - 2] 71dE0l A

AT

o

| -

=
=

Lances=
Fig. 13

(N S w N SISO U o T ® % g H o
G S PN o o TR F o F R B w3k
S S T T - T
do X R 2 gu 5 B i W .ox 9
Mot oo dw g oWy R T k% W = o o
N o e N o W (Y =N o ™% P W o
Hoou Npoop B ™ - 53 Ee X° . B ms 3 oo __ o & W < J
ooy X my NI B = T U CRE -
G4 W Ty wm o N Hw m% = é < voEoe 2 o ® OTE
3 — 0 J B ny ) o o
%_o%mﬂ_ﬁﬂr MLE_AjlﬂﬂuT_ﬂ% _ﬂMNrﬁao_MﬂrMﬂ%me
Nl X e R G W g @M F T Gw
TSN T R T o S N I e
mm\.w/ oo LT o AR L T Hra/_l M,* Bow - Ll R x T
= ~ K ™ o HA_I A oo ol o]/ an Ery X0 N O - =5 - <V oF 3
0 %X N o 7 g N T A o M B )
tx O = X To Too AW of T MW W g B
X rAE — UT —_ .XO 1_ q o — 4 I E
2 m AR gl ~ ) .= I i s S | o o ~ =
— o) HT_ ﬂL R TE ‘UI = GRS
z 1_(,_\ N S ozm N - H . H 0 ER = XN " T s
~ 5 ° Y o o e B i SNt 2o
2 do . Ko X o = A1 = N ooy e o= W
= 2 T X o= Woge o T T oo Xom o WA N A
= E32% TR I SR _ Dy T X E
S 2 3 W o BORCe = o o AFROE T g T
g . =W L . LIRS =
et ~N UT.: > z_._.: ET T E o -
- ﬂ L B %M 4 M_u W i o wmm T T < ma o N  ® H oz m -
c O Q5 0 ‘_IFL _ X < Or.c —_ ‘m file) TH B
T%hmm_ﬁ_uw %@ﬁkioza‘ﬂ oF g X om W T T oo
< m o of o ~ L ) do B g
e N R BT B - B I A SRV S [
I R S S S < T |FPEE
Tl o B o 2o AR oo N4 = % o Mo = o W = e
B | E g E oo ™ ® R OB S g S T [N
o s ek S B . SN IR
e e T ol ol X W i oA hy w Ak oo Ao ’ T o ?
2 oo Rz d T ogoo W R T g T o oL o |G
> oo S Mo gy ok MW R = g @ o o ~ ® o o 2
~ Y 0| Mo ~o = B ) T ﬁ T4 ) o Y ol 3 o op 5%
T oy T ST RN T e W 3 T " R
) 5w, ° W ME el T W T | Euww
of T E W RBBEBHEANALLW HTRA WL o |4
K B ™ S 4 R N Ho M W om m T BOR e R 4 o% 2

Collection @ kmou



S AREFR] Aol et =F dFelM e hES WHItATIEA 37 =7
M9 FE54d= AR A T BABHE =€ 7 FolA 8L
Y FHS HolARE Atz HALE R FHE YEhY WARE o A5
ol Wate] wat Y=o - FHolAM shHlE o] A (Cavitation)©] /3= Atk
o AL fr&ol FUil wel dubow StEEL] AAT] WEeln, A
Bl =Eo fFEHFol s FEAAAM F4F e 4 5 e
Az i dEEde] AR W Ed Aoz FAHHATRCITE T, 2003
o]s% 5, 2003b]

F8E 5 ABRUY 254uY A§4 ATE FARET AFRUE
ashau @ s B A A FAZER oojH7] A Aol B A
2 294 BE A Sofstel AF/FFOE S AY BA} F5E A
ot olgeloll e ol 43 Hol gt NxHoz % A4d
el 39 Aol Jah/He R shAskel Aol met BAgAe) x¥E

3 =
s 27 Aol Zbssal BERe UG YAEN} A EE 5,

=)L
2016]
Fire Fighting Monitor= 34 Al 84S &3] Z(Form)oly & EAS=
2sgAos, Aut SolA FAE Askes) A 054 EE 14 AR Ho
At 2 #2234 BEHES 2HT 5 de 7%l Aok

1%
)

Form Monitor A 3FA]

Monitor®] #AAZE % /F554 Oﬂ 2o oS Fu. wEbA Form Monitore]
O3t f2 g mE BALAZ 2 F55A4Y dAA tisk el a5t

SHA|Y, A F71A] Form Monitor] #AFAZ 2 FE5E5A oish %] 344
dFE 9 WHS A HE3E dElolth ©]+= Form Monitor #%+ o}y z}
Water Monitord] ZA$d%E F2F4 2 =& T st A7 AY §lon,

X

Collection @ kmou



EE A ZALe] AA0 o5t U= AT o|FE 5, 2016 FHF 5, 2014].

rok
o

7+ 52 A o]y AHFE Mobile Water Monitorol] t3F =& 283X,
_]

ARAA AAE AF ey 2 TS A% fFE-TxEAs dTE
DA AT 5, 2017)

Fire Fighting Monitor$} #HH 7 AxAES] 53 & 4A¥ R, Elkhart
Brass Manufacturing Company, Inc.”} 7|'¢3t Fire Fighting Monitor(2004d
55&¢/2010d9 I &2 EE ﬂolzoﬂ
Y4707 FRR METE 7450 Ak FALHHoR B e F)e] 5
v 4" F7kdd wet vkgo] F7138kal, ©]= Monitor Bodyd] EHE=

11

2 g3k=d F XY E(Foot Print)E F3ll Portable Monitor7} & E& ©

_

HAl= A WAE 4 Ao T3 Monitorg §3F A9 S50l tigh Ao
WS QbHg FEo R A F AT FEAdiE glo] Agtd WE
o= fAZES XHESES 3tal Ut} Elkhart Brass Manufacturing Company,
2004]

Akron Brass Co.”} 553} Positionable Outlet for a Water Monitor= %]

ol ¥t BAF A} Fol|xHo| rted JHEFE FAEH 7‘47(]3?‘9}
B2 4 7Y I mpzEs Folal, ThEol A

3}1‘:_ 1;_}751 ek 2 = Wk 35S A A gt). o] Water Monitore 7|2 2

= E=9 288 AYFow & 1 EFY o

Water Monitor®] 4 HlE&FE A" A= o|FAZlth. ok, agtollA

Water MonitorE %3 &= HWolgo] Rlde 715a o] Eyye

" 71AF Feke S7HNA FEY HE v

AARE S 74471000 Rt 2
T4 AstE YT 4 At Akron Brass Co, 2013]

Antonio B. Marchese”} 553 Fire Fighting Monitore= F 719 =&& Zt1
shdell #AE EAMSE ARtk 22 Monitor= &30y GE ¢
el AAL AT e =2e ¥ @ Y THES 5 AAE 54

= o
WA, 360° B4} s BFOoE gHe] wZo] Ushe WHOE FF

Collection @ kmou



Arthur Brown, Inc®] Fire Fighting Water Turret= A%-8& MonitorZ24] 3]
7k ZRIER ¥ 3719 9 AR FAHY don A5 3H 7hsdt
T FHE AREStY shelo] Xk kel srE A A A
ol M=Z <7450l A= 2719 A Jhed 2JUER £YHM, 92 2JUE
52 B oEF F, 3 2RAEY AL E XRJAEY W e 7
B %

I3kS WHAs=E 53 9] At Arthur Brown Inc., 2001]

—|—l
ol
o
rr
o
1>
o
IS

x

nlA et 2 Trapp James M.©] 553t Fire Fighting Monitor with Remote
Control= #A Tw o AAHESE FAH 7I2F9 A9 d&=+E5 £F
3l+= Monitor Housing® 2 7/ €T} Monitor~ 24 | 73, &9
=5 BEY =59 BRI AR BARSE 7A4E Aol SHo|tHTrapp

James, 2004].

Z2}o

oo EFES FHEI ZAI Water Monitor £33 %= "Water Cannon',
"Fire Fighting Monitor", "Fluid Monitor", " Monitor" = oFsH B8l o,
Qo] 9% A48 W Sl TR nPH o ASHE FIE Y,
SAY Foo o5 & UES EdDelo] Monitor® FHste] g

749-% A t}HTitan Monitors, 2013].

Ed, o] £584F BAFSE O WAERE dodn @ 4% 94
Ao we 42 PASCl dEE BEY wZo] HgHn gom, I Ay
3 28750 EFwo] 9l

Collection @ kmou



rg A

+ Monito

T

°

= 0
=Es A8

A

oV

e

N
N

—
fite)

i
iz

=K

)A
iz

=

=

9] Mobile

i

JIiE
A 7](Spray Shield)

Fig. 14°] Yl UNITOR

L=
T

Water Monitore} o],

==
o)

FA Al

°

] 4=
U=

= A
=

A

nAlgk =35 (<1,000 )= 3HA|

=

L

]_

S

Y
BFe A FHE NozzleZt A

WA 7=

LN

=]

e

7]7+o]l 31, Nozzle

=0

4

B,

)
~
10

B

]

RS

o

|How 74

19] Fire Fighting Water

5

E

=

o

i

Turretg}= A 4"}-8 Monitor

s8] AT
Monitor7}

)

7A
iz

)

5]

©

=
=

£-%] ¢l Fire Fighting Monitor with Remote Control

2003
2005
2006
2007

Ho
Ho

Arthur
Brown Inc,,
2001

James M. | 7+ ¥ t}. Monitor

2004

Mist

Water

Mobile
Water
Monitor

1@ Kmou

10

—
.,
@

Coll



Fig. 11 Picture of UNITOR's(Norway) Water Mist Lance
(Source: UNITOR)
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Fig. 12 Picture of Navutec's(Korea) Water
Mist Lance
(72 ¢ /min at 4bar, 10m throw length at 4
bar, hammer 2.8kg)

Fig. 13 Mobile Water Monitor of Domestic and Foreign Companies

[From left to right, clockwise from Unitor(Norway), Viking(Denmark),
Tank Tech(Korea), Navutec(Korea)]
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Table 2 Performance Comparison of Mobile Water Monitor Manufacturer

3| AE Inlet Pressure | Throw Length Flow Rate
Unitor 4 bar 40 m 80 m'/h
Viking 8 bar 50 m 90 m'/h
Tankteck 5 bar 42 m 66 m'/h
Navutec 4 bar 40 m 78 m'/h

Fig. 14 Picture of UNITOR's Mobile Water Monitor Spraying
(Source: UNITOR)
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2.2.2 7]1& Mobile Water Monitorsd A A
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3.1 Water Mist Lance(E &% #)

=

A2 AATTES Friet =
o] A3t PFstEHEA AF3t A8t
A R AL Fae #dfle] wAsta glon, O fEE
O~

53], 1990 15978 9] AbgA7E AT

2
=

(o

% 1o
Ko

2
= 2

k)

(e}

ot

%E

Jo
W,

i

]
=l 2312 o A 7= 24
A F2AseEo] 1987d EE S 9 XA (Mon treal Protocol on Substances
that Deplete the Ozone Layer)ol]l ¢J3] 1 Aiko] FA|Hol| we} oS F83
AR E FAbstm Zls el 7h&d HIAT A F T, 2006].

SENEE AW A L AEHR o] 59 o]de] AdoUE &

$3E= AAE Au5S Water Mist LanceE HIX|3} %S SOLAS I1-2/10.7.3

Water Mist Lanceo] AH&H<= FA1¢ &2 A Ao F23 =23 54
S 7HAR vk Y 18 @8¥U.2 g -K)H & 73 E (2,442 J/g)&
st 2 ARERYH AEE 4 €S 7 ¢ F U1, VIR SEE o
1,7008) st FH 44 B AR E 7FA&d. mA

g 2ol FAEYE € F5 # S AEE F 3

S7RIEZ A A Al = o
(0.001 m)ol &l &9 FTHHE EWE Alo]=Z7F 6 mmel BF, = 4
e 8.8x10°, F EdA 1 m, BWg Aolzrt 1 mmdl 4%, ¥ B9

Collection @ kmou



1

A

}.

o
H

eS8

1

A

Spray7} 3hA X%

Al ZH-8-A (Agent)

Ea

°
il

= di-ia=g
7}

==z
L =
T

60m' =

R

VA
it

a=

a3y kA ZQtell A4 Water Mist

M4+ 1.9X106, = %
Ma+= 1.9%X109,

gest 2ol &g A P proAt

W
™
)

—r

N~

o}eh <]

‘7‘,‘7
=~

AY 34 =

)

2 A =3l HF

[Zhigang et al., 2000].

%

o
,:_|E

=
=]

J O 2 Water Mist Lance®] A3} #W#HY

EX
=

24

5 3HA)

)

N
Nlo

q o]

Z
&

ol

=

1

°
il

o] ¥17

3 Z7hgu.

9

Ag 4) FH 7kl o

t} 100 pm < d < 1000 ym<e] E#HFL-o oj
of 7|} AF FHo] oy, vy o

A HRasbash, 1986; Kanury, 1994; Herterich, 1960].

3l AAlE mpe} 2o,

S

1

°
pil

Herterichol] <]

o)
=

Al & o)z

Kanury

+

oV

B
22

Collection @ kmou



H=—=KPr'°Re"’ (3.1)
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3.1.1 Water Mist Lance #Z 3| o] th3t o] &3 uj 73

Fxo] ok Ao /\1§ﬂ /\ﬁro 313 o] g3l IAE Fgste= WAlolth
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Collection @ kmou



AA owmolA AA AAZRH (39), BA A WS HAZA (3.10),
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gl X o]t

. L B
f (pa:i— Oiji ™ pf)éa:l-dv—k / o;m; —t; )(53: ds+ (aij — 0y )njch“ids =0 (3.17)

v obl ob3
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/(U ox;) dU:/ o; n&cds—i—/ (0 —0y; Inx,ds (3.18)
oby

(0,,07,), 0, 0x; = 0,01, ; (3.19)

4 B21e Azl me =Ege] 9AE YehiE 3HoR o= veplEg

o= Y, 6m, =0 (3.22)

m=1
mz:]l{ /1 | px, D" dv+ / . 0P dv— / p f @ dv— / @Tds}z 0 (3.23)
"= (D, Dy DY) (3.24)

4 (322014 sr o) SRS B ZolW, 4 323 TeH 2o| B
w7) WA 4e] At

by { / pN' Nadv-+ f Blodo— f pN'bedv— f Nttds}m =0 (3.25)
U Uy ab,

m=1 U
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0,0 ) (3.26)

(o)

o =(o Ty 0O

xz) 7Yy 22?

JElo]t}. &, B MRE MY vE

=2
. a
To|=N| Y1|=Na (3.27)
L3 a,
fl'_ t’lf
b=b=|f,|,t=|t, (3.28)
fz_ tz

b+ body force load ®E{©]il, t+= traction load”’} #-&% A John O.

Hallquist, 1998;# 2. &, 2016].

n

i

=0

Fig. 16 Notation of LS-DYNA
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3.1.2 Water Mist Lance & F3 4 fFFesd 2d
A" ol Walle] FAE 3118 3le] Water Mist Lance =59 #E57ls I
FEWE AGS A% FERMs 48 F¥es T2 ANSYS Ls-

DYNAE AR&-38te] 38ttt
Fig. 17> Water Mist Lance®] 3D =495 Yelhd
3

H%%%—ﬂALE%gﬁﬂo@7‘
4% s agsaem, A
= % ]

Fig. 19 ~ Fig. 20°|+= Water Mist Lance(Piercing =& ¥ 39 FHao4 &
45 Yetddoh fetas 2o AREE Nodes®] 7H4E 2553671 ¢]H,
Elements®] 7|<=& 25,17078¢]H, 57} R o] =5 F U5}, Table 39| A4 3]
e 9l

Water Mist Lancedl AF8-% A &2 SUS316Le|H A& gt FAIsH 71414
=742 Table 4°] UelA e, &3+ Stress Strain Curver= Fig. 21 &}
W AT
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Fig. 17 3D Model of Container & Water Mist Lance

ExF 2 Model 1

—

10

=5 3 Model 2

[N Yoo

]
ql

=l Model 3

25.5mm 23mm 12.5mm 20.5mm 15mm
mm '
o
35.5mm 35.5mm 35.5mm
=E=5F 3 Model 4 EEF #H Model 5
| . —
r 1 [ —

——

18mm 17.5mm

s )

35.5mm

—

10.5 20mm
mm

35.5mm

Fig. 18 Piercing Nozzle Models of Water Mist Lance
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Fig. 19 Finite Element Model of Container & Water Mist Lance

Fig. 20 Finite Element Model of Water Mist Lance
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Table 3 Nodes & Elements
Mesh Node Element
Lance 25,536 25,170
Table 4 Material Properties of SUS316L
Densit Possion Wouting's il
Category Material (k /m}), ratio Modulus Strength
s (GPa) (MPa)
Water
Mist SUS316L 7,850 0.3 200 205
Lance

Stress (MPa)

i

0.03

|

0 i
0.01

0.04

Plastic Curve
Linear Elastic Curve
— = — Plastic Approximalion in FEA

i
005

D06

i
0.07

i |
0.08 009

0.1

002

o

Strain

Fig. 21 Stress Strain Curve of Water Mist Lance Materials
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3.1.3 Water Mist Lance #5334 AAZA
Fig. 220 Water Mist Lance #3140 A-&H 14 FAAZHS Ul Adth

Water Mist Lance 53| AgH o]yl WallE Water Mist Lanced]
Piercing =Z°] #Fst=Ao tg AN AEZL o] FolX|oF stm=z 7H
ol that #FMAE S5 fldte] et A BoE HALSG O W, Fig. 22
of ZmAoZ TA T BE B ARES 7EIA

.

o

)
i
e
iz
lo
o
rr
X

Fig. 23©= Water Mist Lance®| 3t5 ZAAZXZS Uehd Zolth. Water
Mist Lancex= 25 m/s9 £E=2 ©]&3}o] Fig. 230 E7]E <FoA ZH oY

o
WEE Pl ST 242 AeHPoW, 54 Bd BT IS 44 =

& A&ste S Pttt A7) AAEZZAS Table 59 2ol A 3tA
=
Table 5 Boundary Conditions of Conatiner & Water Mist Lance
Boundary condition items Conditions
Wall(plate)
Container
Fixed end of the plate
Water Mist Lance Conflicts with 25 m/s
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Fig. 22 Fixed Boundary Condition of Container Wall

Container Wall

25 m/s
[———1

—

QOutside Inside

Fig. 23 Load Boundary Condition of Water Mist Lance
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(3.30a)
(3.30b)

)

oz

§ 2 o] o},
ow
=0
oy 0z
p(a_u+ua_u+va_u+wau
ot o oY

q};%
ou ov
+—+
ox
aﬁw 0T,
oY 0z
Bam, 3Tw
0z

00,
ox
0 Tyy

Pg. +
rg, +

Mobile Water Monitore= &< 43}
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2
ou ou ou ou op o u o u o u
—+ + + ———+pg, t+ + + .
P Fugg T oy 0z )= e Tree T oy’ 07 ) (5.322)
(&%)
2
ov ov ov ov op o0"v o"v ov
—tu—+v—+ =———+ + + + .
P T g T oy 9z ) oy P S oy’ 07’ ) (5.320)
(23 )
ow ow ow ow op 82w 8w 8w
—F +to—*Fw—)=">—+ + + + .
g at ox | oy 0z ) 5y PI9= S o 02 ) (3.32¢)

Gulo]-2ETs NS FE
Aol Jh&E, $wo] A
[Young et al., 2010].

T3, Mobile Water Monitorol| A 4&8t4=7F A= H A ii}fﬁg otz o) 23t
HE YRl dEH L8t BAR A EE FHo| o3 vhE S AR A
AvFolol Sk webd, dEn 2ol 03 WAl wAD 5+ Yoz ol
g o]24] WiAE o] uetE ool st
AR A= A AL AR IRE Y= F v dAFEY =
< A48s YA HY 5o & . ojuf 3H-1H3
o|277HA AEE YA HY ARAY gyt ST

ofl
i
Y
offt
flo
X
o
2

do] ZA o A W HIPo] TS o]k H o3 d
BRIz AFH=H ol& WP EANAAZ 3t 7|4 HIEANIAEE
(Strain Energy Density)e] 73S o] &3st=d HIEdUALES G ANHT
HYEANHUAE 9n|dttio]lsd 5, 2015].

=A8 FHS ARSI F5E o, 0 B ooE T AR Y o Ak
(@) AXW dojrfar 245 WeFo g 283t §8 Oavoll 3 57HE A,
(b) A4 W7} glo] =S dovle AFeH FH. 714
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Tpp = (3.33)

Hooke's2] H %] o] A

A7 o= &Y, e WHY

= (3.35)41% 2o

w= %(6101 11,1 Dy (3.36)
o 7],
6, = 20— vloy+0,) (3.37)
& = Hloy (5, 4 1) (3.38)
€y = %[03 o+ 0,)] (3.39)

H

v Eold wlolm, & WU ol e, e, T NP T EW 5 W

AR = (3.40)9F Zo] THHT
U= 21E[01+02+05 2v(0,0y + 0,05+ 0430,)] (3.40)

9 AN 0, =0, =0, =0, 2 7D FA] HAGHQ 5% £ A2
= o3|
— ] =

o w2 Wy JURES (341)2F 2 = 7 AT
u, = 1&? 0] + 05+ 03 +2(010, + 0005 + 030, )] (3.13)

SAAAY dH PN TA = (3.14)4 3 2ot
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(3.41)

] (3.42)

@, 0, =0, =o0liu, —00]T} F, 57138 Fejoln AvHge EsA R

Az e AFARDANN 0,=5,0,=0,=0F u,E (343)23% o] ks

1+v
3F

52 (3.43)

Ug =

A7) 55 FE-SHo|H, 3.44)2H 22 Hgo dAsT}
[(01—02)2+(02—203)2+(03—01)2]% - Sy (3.44)
wEbA, (3.44)22 AZAFES FEo] AT ALE HFH= 7 B 8
<8-S YepdYh o] &8 g/l o2 EA|HP von Mises stress(2v 57}
sH)o = AR AtHJong et al., 2009]
U,: \/(01—02)2+(02—203)2+(03—01)2 (3.45)
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ojef 2 F e vHE ME HaAs] 98t ke ko S AHAZ
82 & (Shear Stress Transport, SST) @ o] 7] 2= ¢l tHMenter,

< B ZHAM k-0 RS AHESHY B Fo] e glow,
AAZATO R A3 Asto] Jbssta, AWl ME keRdS AlgEe] A

dAIFko] Aljtell dF= PIAA FEF sal A

P52 e 23 PPN ARTF PIE FFL wA

=z]
2 AW FAATHE ofe Fol goln A & AN o=

Dpk ou; * oK

Dt g, B pwk+ w (4o, ) oz, (3.46)
Dpw _ vy 9y ow . 1 0k ow
Dty Ere — B pu T ; [(,u—l- Tubt) T ; I+20 Fl)pa”? w ox; Or (3-47)

J J J J J

A AdA g Rkl mEA ke B ko o] 25 HoE HEH A
gt =, F o= 1Y A% koRd, Fi = 02 A% ke Zdo] sigdnt. 283

PN

2=

¢=Fd, +(1-F)d, (3.48)

S

2o @2 k-o EAoXNY FFghel T EHM, o, ke BEAAY A
kel SFE T AETA, 2010].

323 71&Md AA

Mobile Water Monitore= &Ak(Jet)$} &5 (Spray)7} 7Festelof 317] w9

Ao Fig. 240] Ve ®A - BF A§wELS ST Aok sAW,

o]&3 FH Y ==& BA} Ao #AEHI 57} AAF O, BEALAE WA
Bl ESHo]7] o] B =FRAE Fig. 259 YA #EF =29 HLae

o= Agssnh
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Mobile Water Monitore 8¢ 7|#H ] HX| == 43F X (Fire Pump)Z
A23}521 347 (Sea Water)E 33 %Al = +=dl, Mobile Water Monitor2]
&0l 60 m'/hola, AHtrit}t 4 setsE HIX|SlojoF 32 =E, Fire Pump
&0l 7IEHo2 240 m'/he] §7Fo] F7hEojoF ek SHA|RL, Table 6914
Uebd nvkel Zo], 7]EY ddd =55
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e @

10~30 % A= F71g %] BasAY, #EY =2S 8T A, a7HE
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29 AFTLE KAfactor, BAIEE, EAMZ 522 AT 4 Aot K-factor=
=Z9 AA Al F83 AR 24 (3492 Zol Q)Y dHMP)Y FAE
el ™, K-Factor= =&9] f&Asolt

Q(¢/min) = K+/ P(bar) (3.49)
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(3.52)

AEg A "o o|A& =7 (Vena -
y

=
AA =43 AL 2 HE B AE URlste Aol gxbd ot} o] 3t
ZHES 13t AAle @A {FEA 7 (Discharge Coefficient)gtal &h=t
FrEATE TYHH o Hoa Foiing
2p(P, — P,) A
Q= A,V = CA Wy = Cdyy| o220 _ iy, | 20(AT) (3.53)
-m m

2] (3.29)9] 93] o2 Ho g AE HFHFe HAA FAAME FAY A=, F
T, 2 3 71E} BAAT Sl &l A fFHFHRE thi Zolrt Ak wet
A, olH g = a3t A2 7kA AFE FA FAsIoF gt

olm) #EAF CSt FHAF K AololE

K=——5% (3.54)

7} Ao 3 Ke 23 938 AR5 3), 2003].
H Ao A AFsta1A St= Mobile Water Monitor % A14 K Ao &
Sk AR 5.3.1.1.0014 AAE] AT

Fig. 26914 =%¢ 7% #7 D9 U= 15 mm ~ 35 mm= A3} oH,
©]+= Mobile Water Monitor7} 2F5<2 MY 4 bar ~ 9 barolA] 60 m'/he] F%
< 7HAoF dhe AL 1H S Ao
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Jet

i

Spray

Fig. 24 Schematic Diagram of Spray & Jet Nozzle

(-)Collection @ kmou

Fig. 25 Schematic
Diagram of Through Type

Nozzle



Table 6 Performance comparison of Single nozzle and through nozzle

Reaq. Req. , , Additional
. Req. Q'ty | Total Req. Q'ty .
K Height | Press. (/) (/b 4 sets) Capacity Remark
, 4 sets
(m) (bar) (m'/h)
707.1 10 2 60.00 240.0 0.0
707.1 20 4 84.85 339.4 99.4 Z1EAE
: i i i (Y ==)
707.1 30 6 103.92 415.7 175.7
707.1 10 2 60.00 240.0 0.0
A=
500.0 20 4 60.00 240.0 0.0 (PER=)
408.2 30 6 60.00 240.0 0.0
D

Fig. 26 Schematic Diagram of
Basic Nozzle Model
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Fig. 27 Parabolic Motion

:ggé?ﬁf'jt point 2

discharge
water

Fig. 28 Schematic Diagram for Nozzle and Discharge Water
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Table 7 Estimated Horizontal Distance According to Parabolic Motion

Flow rate orifice sec. area diSCh_a. disch. hgrizotal
(m3/h) dia. of orifice | velocity angle distance
(mm) (mm2) (1) (deg.) (m)
60.00 32.00 804.25 20.72 35 41.14
60.00 31.00 754.77 22.08 35 46.71
60.00 30.00 706.86 23.58 35 53.25
60.00 29.00 660.52 25.23 35 60.99
60.00 28.00 615.75 27.07 35 70.18
60.00 27.00 572.56 29.11 35 81.17
60.00 26.00 530.93 31.39 35 94.39
60.00 25.00 490.87 33.95 39 110.43
60.00 24.00 452.39 36.84 35 130.01
60.00 23.00 415.48 40.11 35 154.14
60.00 22.00 380.13 43.84 35 184.14
60.00 21.00 346.36 48.12 35 221.80
60.00 20.00 314.16 53.05 35 269.60
60.00 19.00 283.53 58.78 35 330.99
60.00 18.00 254.47 65.50 35 410.91
60.00 17.00 226.98 73.43 39 516.46
_ 4 —

_ollection @ kmou



Table 8 Estimated Discharge Velocity Using Bernoulli Equation

Disch. Press. | Disch. Press. | Density of Water | Disch. Vel.
(bar) (Pa) (kg/m3) (m/s)
4.0 400,000.0 1,000 28.28
5.0 500,000.0 1,000 31.62
6.0 600,000.0 1,000 34.64
7.0 700,000.0 1,000 37.42
8.0 800,000.0 1,000 40.00
9.0 900,000.0 1,000 42.43

Table 9 Nozzle Orifice Range for Flow Analysis

Inlet pressure [Bar]

Estimated [mm]

4

31~28

28~25

26~23

26~23

24~21

5
6
7
8
9

24~21
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Mobile Water Monitor®l] ™l A EHE vEgo =2
sl t}. Fig. 29+ Mobile Water Monitord] A A=
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2 | Hole FAMARE 1Het F54Y A7E FAPEFSE 70 m,
EolHEF 20 m, Z 2 mE AAst] WA, ANSYS WorkbenchE A}g-3}¢]
[ANSYS, 2017] #3284 ZH=E Fig 310 WeElATh Zdo F3asr 4
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sk, Mobile Water Monitord =345 wgt o &Aoo EALY = /&
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Fig. 30 3D Modeling of Mobile
Water Monitor for Flow Analysis
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Fig. 31 Flow Field and Finite Element Model of
Mobile Water Monitor

Table 10 Finite Element Model Information of Mobile Water Monitor

Category

Nodes

Elements

Mesh

2,224,850

3,675,445
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Table 11 Boundary Conditions of Mobile Water Monitor

Boundary condition items Conditions
Disch. fluid 25°C Water
Outside fluid 25°C Air
Turbulence SST(Shear Stress transport)
Initial Condition 25°C Air

Fig. 32 Boundary of External Flow Field of Mobile Water Monitor
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ZHA A -g-stodof sttt @Al VOF -2 Pressure-Based Solverol AT A8 715
&}al, Steady/Transient REoA R AR 7hsslth Egh, tiFE o4 i
AN FH& ealoF 3.

oP 9 ou; ~ duy Pp—
— o (puiy) == Tt (=) pg o FE iy =

j* gravity p
) j 7 j ) P

L 4 (3.58)

Surface tension®} Wall Adhesione -FWA 2o F7}14 <2l Source Terml. =

A2l sho] AR
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- Volume Fraction H& H}7# 2

86/@ Bek
R (359)
A AW FHE AR Yol Azt Aol RIS Ajtete AA A HH,
2t &2 slEnkgo] ok Ao AR dES AR Ao FFE AREE
A8 = o
ARS FAHst= S 3T o, g sEojor & =83 Aol =,
HA o] FAF Ate] ¥ o] ARE WAStE W ¥ (Surface Tension)o|th. A
TN Y WIS W WY WSelH, HA e Z2x Y ALY
TAQLe] AFo] dormF, WY &3 WA gtgo] Frigth 39W A
He ¥W v apg R el o= vhg W WS E4F 3 dge
o] 9FS =+

+ Reynolds Number

4z

ANSYS FLUENTE ©o|&-3F 34 A] xWAd 317 o
of o AAHA =HM, We >> 1 5L Ca << 1 ¢ A%, 3uFAHL nj$ F2

sz,

Re << 1, Capillary Number Ca = MTU (3.60)
2
Re >> 1, Weber Number We = % (3.61)

— oo, p,k,Va,)+ (apr,Va,) ( Vo

Vol (3-62)

ANSYS FLUENTo|A W= A4S Continuum Surface Force(CSF)*H o}
Continuum Surface Stress(CSS) W& ©]|&& 4 UTHANSYS Fluent Theory
Guide].
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ALY F/F(35° & 90° Ao wWE Mobile Water Monitor
sed Bl o, a3 /B HAddN 37
@ BAAS YA HAHEAT FANR A 3

N
1o
dr ol
>
L)
o rle
ﬂllﬂl
2
FUIO _]N

Mobile Water Monitor =& 3|29 AA T=w|Ql AL 35°FAIZAE9o 7

Zo] L: 70 m, =°] H: 30 m & =Z7|o)lH 2D= AL 7+eks) s

AP E Q] 7% Aol L: 5 m, ¥°] H: 30 m & Z7[o]H, uii7iA2 2DE 4
At =& AFAAY ZolE 3 am, 4 cm, 5 cmE TR &S gzl
stk £ e dAS A 3D o] obd ieslet 2D S st
Fom 1 olfe v 2o

Table 12= Mobile Water Monitor ==& 349 FIAZFEd Az HHEE,
Fig. 333 Fig. 34+ Mobile Water Monitor =&2] 3|4 &
Bt =)l 283 AAK(meshing)9] ¥4 HERAUT:

Fig. 332 35°@AMAEY A%, =& =l 2 Ax ¥
=¥ ¥ J(Fig. 33B)°lH, Fig. 34= 0°BAIZZ9 A, AA =l 4
(Fig. 34A)¥ =Z =r¢l 2 AA P4 (Fig. 34B W o9
THE FE3] EEAT7] A =F dole =5 HAY 49 oo

stk

o
o
rJ
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Table 13& £
o

=3¢ YEugl

-l =

water)Z 3}% L,

o
=

FR3HA 9
SST(Shear Stress Transport) EE-& 283} .

=Hol =
AT 2 = XL Mobile Water Monitor®] AAFIA E8EH= ZAES F11
AdHFHOZ AT Wiz %
101,325 Pa, A& 7]&:

ste] 7}7} 405,300 Pa (= 4 atm)¥} 0 Pa

T 7](Standard Atmosphere) =] #S Faste] 7)<k
5 C, 28 7} %: 98066 ", F71WE: 1225 kg/m' = H-&3+4ch
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/0x 30 m

" 2030 g

Fig. 33 In case of 35 ° Throw Angle,

A: Nozzle domain and grid shape, B: Entire
domain and grid shape
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30m

3cm
4cm
5cm

o lllgn.)

Fig. 34 In case of 90° Throw Angle,

A: Entire domain and grid shape, B: Nozzle domain and grid shape
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Table 12 Finite Volume Model Grid Information of Mobile Water Monitor

Nozzle Analysis

Case Type Nodes Elements

3 cm Hexahedrons 276,887 278,200

35° 4 cm Hexahedrons 277,887 279,200
5 cm Hexahedrons 278,887 280,200

3 cm Hexahedrons 166,979 168,356

90° 4 cm Hexahedrons 185,079 186,576
o cm Hexahedrons 186,679 188,196

Table 13 Boundary Conditions of Mobile Water Monitor Flow Analysis

Category 35° 90°
Material Fresh Water, 25 C Fresh Water, 25 C
Eddy model Shear Stress Transport Shear Stress Transport

Inlet condition

405,300 Pa,

Pressure—inlet

405,300 Pa,

Pressure—inlet

Outlet condition

0 Pa, Outlet—vent

0 Pa, Outlet—vent

Wall condition

No slip wall

No slip wall

Remark

Standard Atmosphere

Standard Atmosphere




3.2.6 Mobile Water Monitor T+X3
5

1l
Mobile Water Monitore %+ Q] 4 Bar¥E 9 Bar7lA] o8] Edo] it}
531 A5 BEAAYSY S TS fFxRF o7 A|AH o] EHAS {A]
i} % Mobile Water Monitor A]Z~El2] ]9
= ‘—H Ao wt -T2 AN S Fole] AL S HUlsioh

e fA7E BARE W wtelo] MAlslAl B o]E AAsFE o 3

2o ¥FEY AWAL Bkl AR AW FAE A 5 A= 4ol
_([?[_

TZAe EHo| wE AHFEH HEE Table 149 Zo] Yehfdth
Mobile Water Monitorg A A3+ Support Lege A3 FEE2 A&
3017d& WHEStE S 3k AL, Support Leg®] HAE&2 20145 WSS =S HA
Stk ol st 23S H7] sty fE-TEe dAsids Tt A
Al=E o] HHAd BI7HE A sk

(—

Table 14 Structural Safety Quantitative Goals of Mobile Water Monitor

Pr(eBs;u)re Components Safety factor
Elbow 3 over
Inlet Connector 3 over
Nozzle Connector 3 over
’ Bearing 3 over
Base Plate 3 over
Support Leg 2 over
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3261 F+EAAAN FBr AA

7b A& Fig. 359k &) ofefol] “EhpAT. WA

3
3

AS P R

b
T
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RS
7} At A
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o
+

T

of o3 7= §
AAE mdo t

A
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bl %

S
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o
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£ 7
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=
—

[ 2h=3(9Ban)of| It

bl

<0
160

0l
Pl

oF
i

(]
Klo

=t

oJ

== Hot

Ab
S

w0
Kio
i

Fig. 35 Structural Safety Assessment Process
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3262 FE-T7Z AN S A =24 L 4 FAAZXA

Mobile Water Monitore] T+ZSHHA HI71E {3t 7|&E dAEZHS
Fig. 363} o] 3319 2d#S AA3II o= Fig 377 o] §3ash wd
2 FA4std U A gAY 2 HEE ¥ EdES A
Nodes 338,1447}, Elements 185,5387] & TAl&}e] Table 169 YERH AT

)

H

0

i
o
£

E3 XIS Y3 FAFZHAES Mobile Water Monitore] AM&Z791
Barol| Al 9 BarZbA1Y A4S FollA 7Y FRAACE FHokg o R
< 9 BardlM Y FAMYEEAS SiHEZHCE ARSI WA fEslA
&35t 9 Baroll A9 XS Tl AME AHS FrE-7E AN A (Fluid-Structure
Analysis)S 534 FZ3]4 0l Fig. 383 7EL°] BAXHACE FAHn. 7]
AAZAE Table 159 o] AEsIYTE T3k, Mobile Water Monitor®] ZHgs =
AT ol 3= Support Leg® 47 AAHS Fig. 399 #2o] 143t

Support Legol Ad& 7] M7 A A &3 SUS304°™, old Ha &4
B = Table 170 YER)SATH

Table 15 Boundary Conditions for Flow-Structural Analysis of Mobile
Water Monitor

Boundary condition items Conditions
Perssure 9 bar at inside of pipe line
Support Leg Fixed 4—Support Leg
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Fig. 36 Mobile Water Monitor 3D Model for
Structural Analysis

Fig. 37 Finite Element Model of Mobile Water

Monitor
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Table 16 Finite Element Model Information of Mobile Water Monitor

Category Nodes Elements

Mesh 338,144 185,538

0.90551 Max
Os0522
070433

010318
0.0028897 Min

Fig. 38 Boundary Conditions of Mobile Water Monitor at
9bar
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[ Fixed Suppont

Fig. 39 Fixed Boundary Condition of Mobile Water Monitor

Table 17 Properties of SUS304

Collection @ kmou

: Tensile Strength, | Tensile Strength, ) ,
) Density ) ) Poisson's
Material (ke/m’] Yield Ultimate Ratio
s [MPal [MPal
SUS304 8,000 215 505 0.29




A 4 B Water Mist Lance 9+2 3

4.1 Water Mist Lance #E 3|4

41.1 Water Mist Lance ZE3]4 A=

Fig. 402 Water Mist Lance Model 1(F 5% ¢¥ =
10 mm)e] AZBAS}e] WE BE5H 71E5S HE UG-

B S Ao A Arst A Water Mist LanceE 25 m/se] 2=
Aol HWA FE3s W AH oY HHY #AFH Water Mist Lanced]
HES FdstaA silen, dFdAe A% SEAIR 0.02%0]th 0.09%°]
Z" ol B Y= $£kolH 0.01%241 Model 13 ZH|ojY ¥Ho| 3o
2H-g3t7] AlZketal 0.011% HieHo = 13k Mol Hojd w&3telt). 0.02
2 & ¥ Model 1°] HdHolY #HES #3314 Xslal =3t ol o)
FAA U2 ZFolth

Fig. 41 ~ Fig. 432 ZHo]Y #HHI Model 1°] 435 FE 9 EHFS

ot AU AIE Agt o5 #FFeAET FHE el jow,

Fig. 44 ~ Fig. 45 552 & Z1Ho]4 #H™ 3 Model 1

FHE 17—}5}%11*1 Uet k. AgolY B FESHS BRI A%

ZE HAW ol = Al AEolY ¥Ho] WY HA

Lance AHA|= 6} 8 olste] o] #gste] WFo] WAHA gk wE o
P

o
Water Mist Lance AT &9 £24o] glar, AE oY

o

= A7l HRE e =
HHs #Eete dos FHIA RIoenz JARE SEWAE AA}
FARE Aoz Al
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Fig. 47 ~ Fig. 49 ZAH|Y H
g2amde] AJEE Yella 9low, Fig. 50 ~ 512 $EZAZ Ag Ag oY
W3 Model 29 Hd
Aot Hqdn F=

3
Mist Lance AHA= &2 o]stz HFPHo]

R
= ["-1]1

it
o

7} 15 mm)9] #FSHATE YEMNATE Model 13 Zo] 0.02x3t 314& F
Aok, 00112 Hul-e=Ho] TAst= w1teln, 0.02% MODEL 39
GRFo] Adoly HHAE #ET Egs HE A

Fig. 53 ~ Fig. 55= ZH| o] B W3 Model 3°] T=3AS o o5 Fgh
247d9 HFHE Yehfal 9o, Fig 56 ~ 57 FE2%E 23 AH oY
HH 3 Model 32 JaREo] ds= A 571882 A4Foz YEY
At AT FEE 8] HHOY #HEE JAFAEE Hlojv o] A
31990, Water Mist Lance ARl FE-52 o|stz HIP o] WA R L7
] ol B AFgA EHZ 3= Water Mist Lance 3 F&Eo] A7 A3

[e]
7} 175 mm)9] #FSEATS HEH AT Model 13 o] 00233t 314 &
S, 0.011%0 HgFo] TAsE =3+, 0.02%°] MODEL 49]

Aun o] Aroly YU BEF EHe Uehgnh

o
)
o
AvS

Fig. 59 ~ Fig. 61 % b
Ardol A Yehl 1o, Fig 62 ~ 632 FEZAFRE Q13 Ad oY

Q 21
HHZ Model 49 HeRid HAs= HAdl 57HES AAdFo=z Yeh
A ] A

o
o siddn =2 Jd AuEolY #HHe ARGEE Blojy do
o
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o
i

X

EXZ 3= Water Mist Lance I FEo] HAA 7} FAIL3 A=
It

np2| 9t o 2 Fig. 64 Water Mist Lance Model 5(H T 98 R4S 3l
FEol Zdolrt 20 mm)Y FFETHEATS YEHISH, Model 1,29 #Ho]
0.011% AHo] FE <=37tolH, 0.012%°] MODEL 59| ¢sf Ag|o]ly ®wo]

oll

TS

gd BES Uit

Fig. 65 ~ Fig. 67> ZE°]Y W37 Model 57} TE3RAS W F3Fas
ndo] §iolH, Fig 68 ~ Fig. 69= T=42A=Z e oy ¥w3 Model 59
Jerdo] wgd g4 T2 <ldl olso 483 Hdl & 1713}

2)
st UER AT sl AT dE oY ¥R 1%
A9, Water Mist Lance Model 5+ 5@‘?} FEo] QA7 =
19F 3AEHES Hlojy A o] dAEenz gF Aes FHA X
St Ao 2 FTsS .

N

w2} 4, Water Mist Lance= 7} A3E3 s dZ23E Wil Model 30] ¥ A
oA 71 Ajet Ao E FAISFHT

=718 02 Water Mist Lance] Z+ gl st 57148 A= Table 189
A2l sl ot
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RS 0.005 &
T e e T [ pe—
J s
000 & 001 &
[P p——— [EFp—— p—
J 4
DLl = 0.02 =
e —p - Ty
a i

Fig. 40 Penetration Response Behavior of Water Mist
Lance Model 1

Fig. 41 Penetration Response Behavior of Water Mist Lance Model 1
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Fig. 42 Penetration Response Behavior of Container 1

Fig. 43 DPenetration Response Behavior of Water Mist Lance 1
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Time-  0.011

Effective Stress {v-m)
2.280e+08
2.052a+08 :I
1.824e4+08 |
1.596e 08 _
1.368a+00 _
1.140e+08
9,120+07 jj
6.840e+07 _|
4.560e+07 __
2. 280e+07 :l
0. 000e+-00

Fig. 44

Max. Equivalent Stress of Container 1

Effective Stress [v-mj
2. 280e+08
2.052e+08 :I
1824508 |
1.5960+08 _
1.3682+08
11400508
%.120e+07 ||
5.8402+07 _
A560e+07

2.280e+07 ]
D.000e-00 _|

Fig. 45 Max. Equivalent Stress of Water Mist Lance 1
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S,

LS.O¥HA kegward deck by LS. ProFost

¥

L5-OfHA keyrvard deck by LS-Prefaost
Time - 2.00e8859

wh

RIS

. ooL &

LS.07HA koyword deck by LS. Frefase
Tima-  G@0a

wh

L 5.D¥NA keyword deck by LS Prefost
..... pre—

3

0011 =

002 =

LS.DY¥ELA heyword dock by LS ProPast
Time 8001

LS-DYNA keyward deck by LS Profast
Tima-  oaz

Fig. 46 Penetration Response Behavior of Water Mist
Lance Model 2

Fig. 47 Penetration Response Behavior of Water Mist Lance Model 2
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Fig. 48 Penetration Response Behavior of Container 2

_DYNA keyword deck by L5 -PrePost

Fig. 49 Penetration Response Behavior of Water Mist Lance 2
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L5-D¥MNA keyword deck by L5-PrePost
Time=  0.014

Fringe Levels
2.2860e+08
2.052e+08
1.824e+08 _|
1.596e+08 _
1.3682:08 _
1.140e+08 _
9.120e+07 _l H
6.8402=07
4.560e+0T
2.280e+0T
0.0002+00 _|

Fig. 50 Max. Equivalent Stress of Container 2

L5-DYMA keyword deck by LS-PrePost
B Time = 0.011

92

Fringe Levels
2.280e+08
2.062e+03
1.824e+08 _|
1.596e+08 _
1.3682:08 _
1.140e+08 __
9.120e+07 _l 4
6.540e=07 _
4.560e+07T
2.280e+07
0.000e+00 _|

Fig. 51 Max. Equivalent Stress of Water Mist Lance 2

- 91
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Fig. 52 Penetration Response Behavior of Water Mist
Lance Model 3

Fig. 53 Penetration Response Behavior of Water Mist Lance
Model 3

Collection @ kmou



Fig. 54 Penetration Response Behavior of Container 3

Fig. 55 Penetration Response Behavior of Water Mist Lance 3
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Time = 0.011

Effeciive Stress (v-m)

2.280e+08
2.0529-*08:5
1.824e+08 _|
1.596e+08 _
1.368e+08 _
1.140e+08 _|
9.120e+07 _|
6.840e+07 _|
4.560e+0T
2.2809+0?:I
0.000e+00

Fig. 56 Max. Equivalent Stress of Container 3

Time = 0.011

Effeciive Stress [v-m]

2.280e+08
2.052e+08
1.824e+08 _|
1.596e+08 _
1.368e+08 _
1.140e+08 _|
9.120e+07 _
6.840e+07 _|
4.560e+07
2.280e+07 :I
0.000e+00

Fig. 57 Max. Equivalent Stress of Water Mist Lance 3
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0.= R 0005 =

| L5.0VNA keyword deck iy LS-PraPaost L5 DVNA kel deck by LS PrePast

| o=k wk

Sopooe &E= - os e e - T ¢ 1 1 ) =S

LSOV keerond <duck by LS-PrePast L5-DVMA kemrared ddusch by LS PrePost

wh wh

o011 &= B R 9 00z &

LS.OVNAL eyemiond dduck ly LS.Prepast e Merentl dek b S Pt

Fig. 58 Penetration Response Behavior of Water Mist
Lance Model 4

Fig. 59 Penetration Response Behavior of Water Mist Lance Model 4
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Fig. 60 Penetration Response Behavior of Container 4

DYMNA keyword deck by LS5 -PrePost

Fig. 61 Penetration Response Behavior of Water Mist Lance 4
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LS -DYNA keyword deck by L5 -PrePost
Time = 0.013

Fringe Levels
2.280e+038
2.052e+03
1.524e+038 _|
1.596e+08 _
1.368e+08 _
1.1402+08 _
9.120e+07 _,EJ
G.640e+0T .
4.560e+07 __ |
2.280e+07T
0.000e+00 _|

Fig. 62 Max. Equivalent Stress of Container 4

LS -DYNA keyword deck by LS5 -PrePost
ime = 0.011

Fringe Levels
2.280e+08
2.052e+08
1.524e+038 _|
1.596e+08 _
1.368e+08 _
1.140e+08 _|
9.120e+07 _EJ
G.540e+07 .
4.560e+07 ___
2.280e+07
0.000e+00 _|

Fig. 63 Max. Equivalent Stress of Water Mist Lance 4
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Fig. 64 Penetration Response Behavior of Water Mist
Lance Model 5

Fig. 65 Penetration Response Behavior of Water Mist Lance
Model 5
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Fig. 66 Penetration Response Behavior of Container 5

Time = 0014

Fig. 67 Penetration Response Behavior of Water Mist Lance 5
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Time = 0.011

Effective Siress [v-m)
2. 7280e+08
2.052e+08 :l
1.87de+08 |
1.596e+08
1.3680+08
1.1400+08 |
01200407 |
6.8400+07 |
4560007
2.280e I—E}T:I
0.000e 00

Fig. 68 Max. Equivalent Stress of Container 5

ETISCIVE SWESE (v-m)
2.280e+08
7.05%e+08
1.624e+08 |
1.596a+08 _
1.368e+08
1.140e+08 |
9.120e+07 _

6.840a+07 |

4.560e+07
2.280a+07

0.000e+00 _|

Fig. 69 Max. Equivalent Stress of Water Mist Lance 5
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Table 18 Analysis Results of Equivalent Stress

Collection @ kmou

Division Model 1 | Model 2 | Model 3 | Model 4 | Model 5
Maximum | Container | 272.0 303.2 369.4 402.4 612.6
Equivalent
Stress(MPa) | Lance 139.1 162.1 1484 211.4 330.6
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4.2 Water Mist Lance 454 3¥

421 Water Mist Lance A% 2 A543

ok Heo] AFAMAN AHE nfgo =z Y 39 FAFO=Z Fig. 707 o] Water
Mist Lance(Piercing =% X 3h)E, Water Mist Lance’} Z1H] O]Lﬂ E‘ﬂ Hes 489
g F U=EF WG WS Fig. 713 2o] A s A& A 4
st Fig. 72 ~ Fig. 733 o] #& HLEE @’\]6}93‘:}- *%"E]Q A=
Table 19 YERAIT.

Water Mist Lance HIZE ofgf o} e X2 HAASH o 1 &S Fig 74
oF Zo] Yehf At

1 Ad oy 3 A|7F HASHH Water Mist Lance

2 3™ E o3t st Aol ¥l EHNA AT B4

3 Water Mist Lance’} 7+ S A EF|=X
o] 8-3}o] Water Mist Lance’} 7+ <&

il
[Py
ok
lols
>
o
[-40
(i,

T A g
4 ZAdgoly Yo FE3 FHS 0T Water Mist LanceE 7ol 53

5 Water Mist Lanced] &&o]& F1 Zte] WiunE do] BALE A ZF

.6 Water Mist Lanced 43} A7} 3 Aol HA=E 4+ JIE=E HAHs] =4

- 102 —
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Piercing Mozzle
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Pipe

Cock Valve
Handle

Nipple

Hose Connector

Fig. 70 Schematic Diagram of Water Mist Lance Including

70

60

Piercing Nozzle

400

Fig. 71 Schematic Diagram of Hammer for Water Mist
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Fig. 73 Picture of Flow Test For Water Mist Lance Nozzle
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Fig. 74  Picture of Hammer Penetration Test

Table 19 Test Results of Water Mist Lance

Max. Throw Spray

K-Factor Inlez’;i;ess. Working Press. Flo(‘lN nlf)ate Length Angle
(bar) P (m) €)
30 5 16 67 6 60

Collection @ kmou
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A 5 & Mobile Water Monitor & 723}

5.1 Mobile Water Monitor 5% 3f A

511 &8 XA Nozzle Orifice T+73 3314 Z23}
=

Mobile Water Monitor 7 4= A9l 4 Bar ~ 9 Bar7}A] ZF Nozzle
Orificedl] W& #5314 s|4Z274E Fig. 75 ~ Fig. 800 YelH ATt

Mobile Water Monitore] #AFaF 2 EALAZ ] 3k 4EE s 23S 2y
B Fig. 759 YEbH ne} Zo] 9 59% 4 bar, Nozzle Orifice 31 mm(A)
ol 4 EAFEF 65.78 m'/h, EAFAZ 365 m, 30 mm(B)ol A EAFEF 63.42 m'/h,
FAFAE 38 m, 29 mm(C)dl A A 61.51 m'/h, +AFAE] 40.1 m, 28 mm(D)
o ] EAFF 56.3 m'/h, EAIAE 405 mZ ARFE AT

ol At FEH) F29] “fEF Q= WHA Ash §5 Vol me)

4
= F2d WE Ao 2 Nozzle Orifice & 7Ao] 74T we} BEALHO]

gt

7FAadeE o]fE AW 4 duh T3 TU dHA Nozzle Orifice 273 9]
AaGel wet {452 F7isHAl FHa, 4 (3.55)¢ et BAMAYE soldte
AoE AW F U

ek, 4H 4 bardll A SOLASHEFOlA Q78 A HR(EAHF 60 m'/h,
BEAFAE 40 m)E WSt A9 Nozzle Orifice= Fig. 75(C) Ao} 20|
BAFF 6051 m'/h, EAFAE 401 mE 7FA= 29 mmE 4 AT

Fig. 76> Y47¢= 5 bar, Nozzle Orifice 28 mm(A)ol A FAFF 64.34 m'/h,
EAMAY 408 m, 27 mm(B)el Al EAMF 60.18 m'/h, EAAZ] 41.6 m, 26 mm(Q)
AN EAFF 57.71 m'/h, EAFAE 423 m, 25 mm(D)ol A A 53.12 m'/h,
BEAFAE 437 m=Z ALtE Aoty 5 barolA AHEFH ERE WSS
Nozzle Orificex Fig. 76(B) 239} Zo] FAE 60.18 m'/h, +AFAE 41.6 mE
7HA= 27 mmE 314 5 AT}

il
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Fig. 772 478 6 bar, Nozzle Orifice 26 mm(A)oll A FAME 64.43 m'/h,
AMAE 442 m, 25 mm(B)oll A A 61.22 m'/h, #AFAE] 44.8 m, 24 mm(C)
off 5 AN 56.69 m'/h, TAFAR 45.6 m, 23 mm(D)ol A A 52.02 m'/h,
EARAY 465 m=E ALME Aol 6 bardld FEFE ERE ST
Nozzle Orificex= Fig. 77(B) A%} o] &AM 61.22 m'/h, #AFAE 44.8
E 7R+ 25 mmE 345 Yo

Oft
rr

=

Fig. 782 Y7¢= 7 bar, Nozzle Orifice 26 mm(A)ol A FAFF 66.67 m'/h,
TAFAR 44.7 m, 25 mm(B)ol A EAMF 63.37 m'/h, AFAE] 45 m, 24 mm(C)
AN EALFF 60.68 m'/h, EAFAZ 46 m, 23 mm(D)olA EALEF 5521 m'/h,
TALAE 474 mE AXE Aot 7 bardlA AHH HIXE UEIE
Nozzle Orifice= Fig. 78(C) A2} o] FAME 60.68 m'/h, FALAE] 46 mE
7= 24 mm=E 3% ST}

Fig. 79— 472 8 bar, Nozzle Orifice 24 mm(A)ol| A FALE 64.87 m'/h,
FAMAR 473 m, 23 mm(B)ol| A AR 61.55 m'/h, #AFAR] 49.6 m, 22 mm(C)
ol BA e 5742 m'/h, EARAE 501 m, 21 mm(D)ol A EAFF 5227 m'/h,
BEAlAE 513 mz A" ZAFolth 8 bardlA AHH EZRE wEdhe
Nozzle Orificex= Fig. 79(B) Z2#}e} o] FAFF 6155 m'/h, FAFAE 49.6 m
£ 7HA= 23 mm=E &4 =

Fig. 80914 Y472 9 bar, Nozzle Orifice 24 mm(A)o| A FALE 68.81 m'/h,
FEALA 495 m, 23 mm(B)oll A EAEE 64.21 m'/h, EAFAZ 50.6 m, 22 mm(C)
AN BAFEF 61.77 m'/h, EAFAE 514 m, 21 mm(D) A EAFF 5740 m'/h,
TAAY 529 m=E ALtE A3olrt. 9 bardlA AHEEH HRE DS
Nozzle Orificex= Fig. 80(C) A9} o] #ANRF 61.77 m'/h, FAFAE 514 m
£ 7HA= 22 mm=E &4 =

o] o] A:}E Table 20 ~ Table 259 A&t

A, B AFA A b ek w

Nozzle Orificed® AAEI T BAIAZYE ©531H, 4AslEgE 85 J71E

o] W& Nozzle Orifice™d
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Ars & F JE BAES 2 HE AEg zolm, 29| Nozzle Orifice
A 7L 4 Barol A 29 mm, 5 Barol A 27 mm, 6 Barol A 25 mm, 7 Barol| A 24
mm, 8 Baroll A 23 mm, 9 Barol] A 22 mm©o]|t}.

rir
jihd

S

ol# T Ay} e AFAA do] siAnE ARz dIdFAS

Az, dedde AAlste] s dxtel wlalstait.
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(A) Nozzle Orifice : 31 mm

water.Velocity
Volume 1

2.706e+001

2.030e+001

1.353e+001
- 6.765e+000 A
\
< P
0.0006+000 36.5m
[mst-1]
EAAY : 36.5 m 27 % 65.78 m*/h

(B) Nozzle Orifice : 30 mm

water.Velocity
Volume 1

2.806e+001

2.105e+001
1.403e+001

[ 7.016e+000

0.000e+000 38m
[mst1]

BEAFAZ 38 m ZT 9% : 63.42 m’/h
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(©) Nozzle Orifice : 29 mm

water.Velocity
Volume 1

2.907e+001

2.180e+001

1.453e+001

< —

0.000e+000 40.1m
[msh-1]

BEAMAY : 40.1 m 27 %% : 60.51 m’/h

(D) Nozzle Orifice : 28 mm

water.Velocity
Volume 1

3.167e+001

- 2.376e+001

- 1.584e+001

7.919e+000

0.000e+000
[m s7-1]

EAFAE : 405 m ZF %% : 56.30 m/h

Fig. 75 The Throw Length by Nozzle Orifice Diameter at 4 bar
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(A) Nozzle Orifice : 28 mm

water.Velocity
Volume 1

3.514e+001

2.635e+001

1.757e+001

H 8.784e+000

0.000e+000
e 40.8m

EAMAY : 40.8 m E3 §% : 64.34 m’h

(B) Nozzle Orifice : 27 mm

water.Velocity
Volume 1

3.614e+001

2.711e+001

1.807e+001

H 9.036e+000

0.000e+000
[m s*-1]

EALAZ : 41.6 m ZF 8% : 60.18 m*/h
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(©) Nozzle Orifice : 26 mm

water.Velocity
Volume 1

3.715e+001

2.786e+001

1.857e+001

 9.287e+000

0.000e+000
[m s*-1]

BEAAY 423 m EF $% : 57.71 m’/h

(D) Nozzle Orifice : 25 mm

water.Velocity
Volume 1

3.765e+001

2.824e+001

1.882e+001

9.412e+000

A
v

0.000e+000 43.7m
[m s*-1]

EALAY @ 43.7 m ZF 8% : 53.12 m*h

Fig. 76 The Throw Length by Nozzle Orifice Diameter at 5 bar
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(A) Nozzle Orifice : 26 mm

water.Velocity
Volume 1

3.876e+001

2.907e+001

1.938e+001

9.689e+000

0.000e+000 44.2m
[m s*1]

BEAIAY : 442 m 3§ : 64.43 m’h

(B) Nozzle Orifice : 25 mm

water.Velocity
Volume 1

4.087e+001

3.065e+001

| 2.043e+001

[ 1.022e+001

0.000e+000 44.8m
[m s*-1]

EALAE : 448 m Z2F 8% : 61.22 m’h
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(C) Nozzle Orifice : 24 mm

water.Velocity
Volume 1

4.267e+001

3.200e+001

2.134e+001

1.067e+001

0.000e+000 45.6m
[m s*-1]

BEALAG : 456 m E£F $% : 56.69 m’/h

(D) Nozzle Orifice : 23 mm

water.Velocity
Volume 1

4.462e+001

3.347e+001

{ 223164001

I 1.116e+001

0.000e+000 46.5m
[msh-1]

EALAY : 46.5 m Z2F 8% : 52.02 m*h

Fig. 77 The Throw Length by Nozzle Orifice Diameter at 6 bar
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(A) Nozzle Orifice : 26 mm

water.Velocity
Volume 1

4,067e+001

3.050e+001

2.033e+001

1.017e+001

0.000e+000 44.7m
[m s*-1]

BEAMAG : 447 m EF $% : 66.67 m’/h

(B) Nozzle Orifice : 25 mm

water.Velocity
Volume 1

4.207e+001

3.155e+001

2.103e+001

1.052e+001

0.000e+000 45m
[m s*-1]

EALAY : 45.0 m ZF 8% : 63.37 m’/h

- 115 —

Collection @ kmou



(C) Nozzle Orifice : 24 mm

water.Velocity
Volume 1

4.317e+001

3.238e+001

2.159e+001

1.079e+001

'
v

0.000e+000 46m
[m s*-1]

EAAY : 46.0 m : 60.68 m®h

e
-
Jo
off

(D) Nozzle Orifice : 23 mm

water.Velocity
Volume 1

4.718e+001

3.539e+001

2.359e+001

1.180e+001

F 3

0.000e+000 47.4m
[ms*1]

EALAE 474 m ZF 8% : 55.21 m*h

Fig. 78 The Throw Length by Nozzle Orifice Diameter at 7 bar
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(A) Nozzle Orifice : 24 mm

water Velocity
Volume 1

4.618e+001

3.464e+001

2.309e+001

1.155e+001

r

0.000e+000 47.3m
[ms*-1]

. 64.87 m®h

BEAMAE 473 m

e
-
Jo
off

(B) Nozzle Orifice : 23 mm

water.Velocity
Volume 1

4,778e+001

3.584e+001

2.389e+001

1 1.195e+001

0.000e+000 49.6m
[m s*-1]

EALAE : 49.6 m : 61.55 m°/h

e
-
=
ot
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(©) Nozzle Orifice : 22 mm

water.Velocity
Volume 1

4.818e+001

3.614e+001

2.409e+001

1.205e+001

0.000e+000 50.1m
[m s"-1]

: 57.42 m®/h

e
-
Jo
off

EAMAE : 50.1 m

(D) Nozzle Orifice : 21 mm

water.Velocity
Volume 1

l 4.889e+001

3.667e+001

H 2.444e+001

1.222e+001
I <
0.000e+000 51.3m

[msh-1]

EALAZ : 51.3 m Z2F 8% : 52.27 m’h

Fig. 79 The Throw Length by Nozzle Orifice Diameter at 8 bar
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(A) Nozzle Orifice : 24 mm

water Velocity
Volume 1

4.769e+001

3.577e+001

2.384e+001

1.192e+001

0.000e+000 49.5m
[m s*-1]

EAMAY 495 m EF $% : 68.81 m’/h

(B) Nozzle Orifice : 23 mm

water.Velocity
Volume 1

4.835e+001

3.626e+001

2.418e+001

1.209e+001

v

0.000e+000
- 50.6m

EALAE : 50.6 m Z2F 8% : 64.21 m*h
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(©) Nozzle Orifice : 22 mm

water.Velocity
Volume 1

5.020e+001

3.765e+001

2.510e+001

1.256e+001

0.000e+000 51.4m
[m s-1]

: 61.77 m®h

EALAE 514 m

e
-
Jo
off

(D) Nozzle Orifice : 21 mm

water.Velocity
Volume 1

5.100e+001

3.825e+001

2.550e+001

r 1.275e+001

0.000e+000 52.9m
[msh1]

EALAZ 529 m Z2F 8% : 57.40 m*/h

Fig. 80 The Throw Length by Nozzle Orifice Diameter at 9 bar
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Table 20 The Throw Length & Flow Rate by Nozzle Orifice at 4 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m?/h] [deg] [m]
31 4 65.78 35 36.5
30 4 63.42 35 38.0
29 4 60.51 35 40.1
28 4 56.30 35 40.5

Table 21 The Throw Length & Flow Rate by Nozzle Orifice at 5 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m?/n] [deg] [m]
28 5 64.34 35 40.8
27 9 60.18 35 41.6
26 5 57.71 35 42.3
25 5 i T 35 43.7

Table 22 The Throw Length & Flow Rate by Nozzle Orifice at 6 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m?®/h] [deg] [m]
26 6 64.43 35 44 .2
25 6 61.22 35 448
24 6 56.69 35 45.6
23 6 52.02 35 46.5
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Table 23 The Throw Length & Flow Rate by Nozzle Orifice at 7 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m?*/n] [deg] [m]
26 7 66.67 35 44.7
25 7 63.37 35 45.0
24 7 60.68 35 46.0
23 7 55.21 35 47 4

Table 24 The Throw Length & Flow Rate by Nozzle Orifice at 8 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m?/h] [deg] [m]
24 3 64.87 35 47.3
23 3 61.55 35 49.6
22 8 57.42 35 50.1
21 8 52.27 35 51.3

Table 25 The Throw Length & Flow Rate by Nozzle Orifice at 9 bar

Nozzle Orifice | Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Length
[mm] [bar] [m*/n] [deg] [m]
24 9 68.81 35 49.5
23 9 64.21 35 50.6
22 9 61.77 35 51.4
21 9 57.40 35 52.9
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512 BAMA = W& FAFHA do] {3l 23

Mobile Water Monitor®] #14 ZF AMGE7} 35°% A9, #AME 52 94
g% 7] 203 dx Aol QI 2EAS A dHststA "k o]
=9 2 Alzkel Agol meEk WEtelA a AT Egs Holr] il
43 E 7HEsted sids ST

7 fr A E2E 283 vl

—~~

Fig. 812 ®AlE A9 X ul(velocity gradient)ES A1Zt3}e 13 o|t),

BAAE olH ABF els vEo ale AFoD AT SETHE

71Fo 2 BAMAYE xRd AS 44 =& AFAA ZHoldA fFEo] sl
et Agl=3m =40m, 4 cm =44 m, 5 cm = 42 mE =& AFEAY

—‘—l
N
)
N
-
N
N
ol
[N
32
4 w»

Zol 4 cmoll A E9 FAF 2 Colgl st BEALAF Y tek &) A
AME Fig 828 FalA4 BWe #93 4 Uvh Fig 82 Fig. 819 ail
o]
o

g
o
=
#71E vebdth @R, Wz, aew

71202 3 BAMAZ S FAESE] T
gHdMe 77 w-Z740] 3 cm, 4 cm, 5 cm® ZAdo|th

olH3 A= TS AYH {FEFY Syt deste A4S ¢ststr] At
EXoF, oA WIAA e fFE5E HHssHr] Ad AXEH BEA =59
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BT AA7 405300 Pa (= 4 atm)®} YRS B 4 cmolM 7 S
TS HArh
Fig. 81, Fig. 829} o] &4

5 74 gelo] gt R WA= of

3

o
APy
Y
=
N,
M
lo
it
M
>
X
AL
gl
EH
ot
i
o,
o

5 me W2 9o 24 = FHjvt
Uehhe g9do] At A AdFe SEFuloAY BAMARE o] 998
71202 ®&d Aotk T HARE o]#d ok 15 me I FoM % bE e
A oF 5 mY F WolMe A3 FAEEr AT VA FA SR
AR At "7 FU1E FEESA Bt a8y AA &s=EoA
HAME = B9 EF2 Fig. 833 Zo] &F 1 ~ 2 m A9 932 Y}y
7o, olE % SEHlE E83tY BEAIAZE YEHE AL dAdFo|x] 2

Mobile Water Monitord] 4L Qs+ t7]1e EZ71E A YJst EArd
Jorvs ez 3 449 27t Basty. 287 Wil Fig 845

53t A4 AA E&(volume fraction)S 7|FS 2 EALAZE TA] YER

4
®

Fig. 84914 #AAZY = =& AFAAY Z°] 3 em = 44 m(Fig. 84a), 4 cm
= 47 m(Fig. 84b), 5 cm = 45 m(Fig. 84c)°]al, 919} FA3A EAMAYE &<
371 452 Fig. 855 F3) a#l=z2 Yehdrh £ 7S Yeld Fig 859
PRI7IAIZ £ AA BEEE UE dHdME = FFAAY Zo] 4 am
oA BAMAEZE 7Hd AA YEbwtth %3 Fig. 85, Fig. 8594 co gHo =
& A Zol oF 1 ~ 2 m F9l ZA FHl(gradient)’} YEFGERE A

Hel £ S &83 ARt oL daFolg & 5 Aok

- 124 -

Collection @ kmou



]

e Em

=,

Fig. 81 Fluid Velocity Gradient of Stabilizer(a: 3 cm, b:

4 cm, ¢ 5 cm) at a 35° Throw Angle

Collection @ kmou
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25 S

20 1

15 -

Velocity

10 +

;1 e O —— S O
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance

Fig. 82 Fluid Velocity Graph of Each Stabilizer at 35° Throw Angle

Fig. 83 Throw Picture of Mobile Water Monitor
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Wate Volame Fracion
Zodmioair a

Caoni
1. 000w =000
I. BT Ae-001
.94 Ta-001

BA21e-001

T ERSe-001
7. 3eRa-001
85428001

6. 3 15e-0011
{57 1

Wader, Volumn Fracion
Ceonbour 1

Winbes Vokime Frachon
Contour 1

be

0000 i

Fig. 84 Water Volume Fraction of Each Stabilizer( a: 3
cm, b: 4 cm, ¢ 5 cm) at 35° Throw Angle
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0.15 4

8 —3cm
S 0104 ——4cm
& ——5¢m
=
[1h]
£
=
(o]
=
]
= 0.05 4
=

0.00 —r r 1 1 rr 1T "1t °rT1T  Jifrrr-rrrrr-rrri

0 a 10 15 20 25 30 35 40 B35 50 55 60 65 70
Distance
—» 4—C

Fig. 86 Water Volume Fraction Graph of Each Stabilizer at 35°
Throw Angle
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5122 90° BAlA4x 9] AL

Mobile Water Monitor®] 314 F &AM E7F 90°%1 45, BAMHE &2 &9
of o3t t7] 23 Tx AolE s B B Ae £ FHE=E

ststAl "ot o] 3 =9 F4S HAAY Hos #AEYd FE5HA Eo o
Al xR g Ad o] AAstAl A&shr] wioll AJRte] Agel wheE 4AH e ¥
B 7} thFstAl WstetE 2 BAZAAHE 7HA s e FaskAT

1) fA £=& &&3 v

BAZEES PPoE F AWNRFAS FAsh 5O RAZEY A4 v}
ANAE Fig 865 T3l LAE Y FETHE AZait SETHE

UER) AT Fig. 872 Fig. 862 DA

AE Yetdn. o] DALS =5 7 $49 Fado0H. 449 ZFAA 2ol
3,4,5cm o weh ZAAA, WA, T2ja dedow ST

2) 9 A E&S EEY v

35° BEAMZE 9l FUEA 90° BALZAES] Ao, Fig 888 T3 F5o AA
& (volume fraction)S 7|2 ¥AMAZE tA] YERNSlH. Fig. 880l A
Mobile Water Monitor®] #AMAZ = =& AFAAS Zo] 3 cm = 25 m(Fig.
88a), 4 cm = 26 m(Fig. 88b), 5 cm = 25 m(Fig. 88c)C& e}

TAAEE FA87] 4== Fig. 898 Tl A A &3 B2
HAZ agzs el 35° BAMA RS FUEHAl 00°RAMA ] B¢, 9
AA FEE U XM E = BFAAY 2ol 4 amollA EAAE 7L
714 2 Ao Z YR

- 129 -

Collection @ kmou



£
LN
~N
I
T

i ,,,,,111,-1,WWWWWWWM
T

4 cm, ¢ 5 cm) at a 90° Throw Angle
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Fig. 86 Fluid Velocity Gradient of Stabilizer(a: 3 cm, b:
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25

Velocity [m/s]

Distance [m]

Fig. 87 Fluid Velocity Graph of Each Stabilizer at 90° Throw Angle
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1, Sasees : mmmmwwmmwm
m.lm. m Mmm? T..“ 1@%.?%1@
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Fig. 88 Water Volume Fraction of Each Stabilizer( a: 3
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Water volume fraction

Distance [m]

Fig. 89 Water Volume Fraction Graph of Each Stabilizer at 90°
Throw Angle
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5.2 Mobile Water Monitor T+%3]4

<
S

S,
o
5
I

=

<
o)

=3
=
0

=

-
=
oft
el
2
-
BN
ol
1%

T2UAALE =ol7] fa 71E€ 3 mmold FAE 4 mmE WG A%
A7 8-S Fig. 920 HH&S Fig. 939l HERH AT
Mobile Water Monitor9] <Fd-&& to] A= #E HEo HESL
AerA R e RS 8l HRES 3 oo E HAEA
= &gty FAM Yk wkgo]l =JA AEstal, dHES =o|A HHA
Support Leg® FAI7} S7FE olT= #dl vid 55 A A sfoksta A E5H 7}
F7Fste A7 e F o AHEE 22 HASAT. =, HHE 3o)
Mobile Water Monitor #=2 7} B3#F9] §8§H S 7|+ H
7HARE 5183tk v o], Support Lege 7IES
THA R &8st o m| o]t
oly g fH FE-Fx AFMAS Tl FsltAoketal, A FEEZE
.
2

139l ANSYS WorkBenchE AlM-g-3lo] 84S

Kl
W
=
aS)
8s)
S
=
—
D
aQ

718 249 (Support Leg F7 3 mm)Z 7 2 (Support Leg 77 4 mm)e°l
e s Ady 712 Rl Hd $¥ 113.650 MPa, ¢H3& 1.892& Table
263 o] ALMEALL, WA oM HY) &3 81.565 MPa, ¢HH& 2.6360 =
Table 273 o] AMHAT. f18F 2o Fxa Ao whet 7|2 2da WA
ol tete] FxeHHAE Hrte] BE AFEH AAVIEd wHSsie RdE ¥

1=8

td

i

e
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113.65 Max
101.02

0.0033555 Min

A &9 A A A : Support Leg | Ao ¥ : 113.650 MPa

Fig. 90 Structural Analysis Results of the Basic Model (Stress)

15 Max

-

! 18918 Min
o]

HAa A& 2A A A : Support Leg A okAE : 1.892

Fig. 91 Structural Analysis Results of the Basic Model (Safety Factor)
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81363 Max
72.502

63.44

34.377

45.314

38.252

27.189

1s8.126

0.0637
0.00097508 Min

HA &9 A XA : Support Leg | A &3 : 81.565 MPa

Fig. 92 Structural Analysis Result of Shape Change Model (Stress)

15 Max

10

26339 Min
o}

[

HA okAE ¥FE : Support Leg HAa AL ¢ 2.636

Fig. 93 Structural Analysis Result of Shape Change Model (Safety Factor)
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Table 26 Structural Analysis Result of Basic Model

Part Stress [MPa] Safety Factor Results
Elbow 62.783 3.425 OK
Inlet Connector 43.150 4.983 OK
Nozzle Connector 4.382 15.000 OK
Bearing 27.823 7.7127 OK
Base Plate 45.553 4.720 OK
Support Leg 113.650 1.892 X
Table 27 Structural Analysis Result of Shape Change Model
Part Stress [MPa] | Safety Factor Result
Elbow 62.573 7.766 OK
Inlet Connector 43.038 4.995 OK
Nozzle Connector 4.3821 15.000 OK
Bearing 27.684 3.436 OK
Base Plate 40.992 5.245 OK
Support Leg 81.565 2.636 OK
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5.3 Mobile Water Monitor A &4 g

5.3.1 Mobile Water Monitor& Nozzle A%}

713 Nozzle Edo] thst a2 2HE HY3t] Nozzle Orifice 274
Z+ZF 22 mm, 23 mm, 234 mm, 24 mm, 25 mm, 269 mm, 27 mm, 28 mm,
29 mm, 30 mm=z &t 1070 A 28R}

Soltsturt #9sta A= “AT|FAHAWHE T)Ee ALAE | HAXEHo U=
=, Az o4
Nozzled| W3t #ZAT 58 43 A3

o, YA e Tls ALAEY AxHo] gl Hide 125A%0 ®bd,
Nozzle¢] X2 Mobile Water Monitord 2748 50A~65A°|2 =, Mobile
Water Monitor& & 7]&9] wj#S A4 = 7 v Jig(125A—50A)E
A Zste] Nozzled gt F@ATE SA A

5311. FZFAF A4 7l AT

Qo3 fRATe 242 5o AHL 0 bardl A 10 barkA EAHo=
4 e F7N713, B 0 bar 7K EAHOR FHS FRAAWA FHLS
AZstel FIAF KS ASHT

= H o X
FEATE U Aottt A ASE HFo2HH AN f¥As K
= =2 o

dHE A & G Al wlg A HEsEHE A & 5 e, ol A
A2 gt A e} f#A o] w82 7HResponse Time)e] x}olol] 93 Row A=
Ans AEIHREA 2~3% JEo] WEAIZE Zo|7t EAFTE RS & 5 UG

ol st HALHoE =AY HE FRFAFE A= 7S
Filteringslo] 5% < ZZ Fig. 94(d) ~ Fig. 103(d)g} 2o] ¢

% T }\}\}}\1:]_

o
Jo
of
X
3
|4
=
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@ressure(bar) at 22mer

(Flowmeter(m“ /h) at 22mm>

942 (bar)-22mm

Flowrate{mA3/h}-22mm

CRNANFRREAEENRASEGEANRARELS

GRKERAERARRNN

a. Pressure

( K-Factor at 22mm )

b. Flow rate

QK-FaCtor at 22mm >

K-22mm

K-22mm
a0
A MWWMM”’“
50

ARAAzennERRAE A RaNNrERleRrAARERAEARARANARRAARRRIARARAARBEAGR

p—

c. Flow coefficient

Fig.

d. Flow coefficient(Filtering)

94 Measurement Results Using Prototype(Nozzle Orifice Dia. 22mm)
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(Flowmeter(m“ /h) at 23mm>

@ressure(bar) at 23mm>

Flowrate(mA3/a)-23mm

9+2(bar)-23mm

nsmoacsTasanog

~~~~~~~~~~~~~ 2 SEERAAYARE0eEESnanRRRssaeN e alaaaa ] T gk 2 SE4HNRAMNGERES I BARARERRRRERRARRR
a. Pressure b. Flow rate
( K-factor at 23mm ) < K-Factor at 23mm )
K-23mm K-23mm
E:nmq::sg;ﬁefa;é?;;;;gaz
an R §848RH AL EE I ATARANE I ARRERERARRRS

c. Flow coefficient d. Flow coefficient(Filtering)

Fig. 95 Measurement Results Using Prototype(Nozzle Orifice Dia. 23mm)
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@ressure(bar) at 23.4mnD @lowmeter(m“ /h) at 23.4mrr>

42 (bar)-23.4mm Flowrate(m3/h)-23.4mm

CANARZANTIRANEEIANTAEANIREIAAANNYRLRARTRARASERARRARAEEE [ 7o R p e enegaannata0aRaRn AR NRRERIRNARARASINAIAAAEAS

a. Pressure b. Flow rate

<K-fact0r at 23.4mm ) (K-factor at 23.4mm>

K-23.4mm K-23.4mm
5 s
50
-
50
WWMM'WMMW
50
)
0
0
0
P
J AR RR YR IRRE A AN A NG ARA R RRIRARECRARASANNHERERER
“eYNARE 3 PEERER —

c. Flow coefficient d. Flow coefficient(Filtering)

Fig. 96 Measurement Results Using Prototype(Nozzle Orifice Dia. 23.4mm)
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@ressure(bar) at 24mn>

CFlowmeter(m’ /h) at 24rnm>

9F2(bar)-24mm

Flowrate(mA3/a)-24mm

a. Pressure

( K-factor at 24mm)

b. Flow rate

C K-factor at 24mm )

K-24mm

K-24mm

c. Flow coefficient

d. Flow coefficient(Filtering)

Fig. 97 Measurement Results Using Prototype(Nozzle Orifice Dia. 24mm)
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@ressure(bar) at 25mnD

(Flowmeter(m“ /h) at 25mm>

9F24(bar)-25mm

Flowrate(mA3/a)-25mm

a. Pressure

( K-factor at 25mm)

b. Flow rate

C K-factor at 25mm )

K-25mm

EHNTASERERAREARARARR

K-25mm

c. Flow coefficient

Fig. 98 Measurement Results Using Prototype(Nozzle Orifice Dia. 25mm)
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d. Flow coefficient(Filtering)
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(Pressure(bar) at 26.9mm>

@lowmeter(m“ /h) at 26.9mrr>

OF2(bar)-26.9mm

Flowrate(mA3/h)-26.9mm

a. Pressure

(K-factor at 26.9mm )

b. Flow rate

( K-factor at 26.9mm )

K-26.9mm

EERRARREAARRARY

K-26.9mm
500
3 WWFWWMMW
)
=0
e
150
0
RURA

c. Flow coefficient

d. Flow coefficient(Filtering)

Fig. 99 Measurement Results Using Prototype(Nozzle Orifice Dia. 26.9mm)
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@ressure(bar) at 27mn> CFlowmeter(m’ /h) at 27rnm>

042 (bar)-27mm Flowrate(mA3/a)-27mm
NFERTDEEEE L ga583 B9G558KEa543RRRERRARAERRANAREE | T nARgeacsr REH53 G45AARSEUGECAAFEAARANAERARARRRRAAEAE
a. Pressure b. Flow rate

( K-factor at 27mm C K-factor at 27mm )

K-27mm K-27mm

w0 500
a0 WWMMM
o

)
550
20
150
1w

IRRAR

c. Flow coefficient d. Flow coefficient(Filtering)

Fig. 100 Measurement Results Using Prototype(Nozzle Orifice Dia. 27mm)
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@ressure(bar) at 28mn> <Flowmeter(m’ /h) at 28mm)

042 (bar)-28mm Flowrate(mA3/n)-28mm
2 RREe 8348585855 CEERTRR sffnacRRsse ® BEEAYANIIRARARILIAGAE
a. Pressure b. Flow rate
( K-factor at 28mm < K-factor at 28mm )
K-28mm K-28mm

131520 2427 3033 35 39 42 4648 52 55 5B 61 54 68 71 7477 B0 8 85 83 & 55 98 101104107 110115116 113122 115 128 131 138 140 143146 152155

p—

c. Flow coefficient d. Flow coefficient(Filtering)

Fig. 101 Measurement Results Using Prototype(Nozzle Orifice Dia. 28mm)
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@ressure(bar) at 29mn>

CFlowmeter(m’ /h) at 29mm>

9+2(bar)-29mm

Flowrate(mA3/a)-29mm

L L TR PR EEL PR ET- P PR TR PR

a. Pressure

( K-factor at 29mm

b. Flow rate

< K-factor at 29mm >

K-29mm

K-29mm
600
@ WWWMMA
0
10

p—

c. Flow coefficient

d. Flow coefficient(Filtering)

Fig. 102 Measurement Results Using Prototype(Nozzle Orifice Dia. 29mm)
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@ressure(bar) at 30mn> CFlowmeter(m’ /h) at 30mm>

0424 (bar)-30mm Flowrate(mA3/h)-30mm
a. Pressure b. Flow rate
( K-factor at 30mm ) < K-factor at 30mm )
K-30mm K-30mm
c. Flow coefficient d. Flow coefficient(Filtering)

Fig. 103 Measurement Results Using Prototype(Nozzle Orifice Dia. 30mm)
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1070 ¢) Nozzleol ™3 Fig. 94(d) ~ Fig. 103(d)¢} #°] Filtering ¥ FZASF
Charts $Hd3tar, MAo] d= 9ol g F3AF Baas 3T Nozzled]
FHAFE AQsE o, 1 A% Table 283 2T}

Table 282 ©]&3lo F&AGT 9 Orifice DiameterE 712} X5 % Y
T EY Fig. 1049 22 AAE A& F Qo AFAAE 5
Ik AL ¢ 5 A

T

3l ChartE

W AIAS R2o] 0.9984Z A w]$ & 4
AP A A 2AES Nozzle?

)

webd, B =FolME Fig 1049 YEhY JE

FFAGF A Ve = YA
o] wa} Table 299} #o] B =Fox Ex=g

?1(4~9 bar)el td+ 2} Nozzle Orifice Dia. &

2,
A,
o
)
)
n
£
AN
N
o, F—TN
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y=0.0378x + 9.9258, R*=0.9984

Nozzle Diameter

Fig. 104 Nozzle Flow Coefficient Estimation Criteria

Table 28 Nozzle Prototype’s Flow Coefficient Based on Measurement Results

Orifice Diameter(mm) A (K)
22.0 316
23.0 343.8
23.4 359.7
24.0 378.4
25.0 396.7
26.9 449.3
27.0 449.3
28.0 478
29.0 504
30.0 531

Table 29 Nozzle Orifice Dia. Using The Flow Coefficient Prediction Standard

Q(lpm) P(bar) | K(Q/P0.5) A B D D'
1000 9.0 333.3333 0.0378 9.9258 22.5258 22.6
1000 8.0 353.5534 0.0378 9.9258 23.29012 23.3
1000 7.0 377.9645 0.0378 9.9258 24.21286 24.3
1000 6.0 408.2483 0.0378 9.9258 25.35759 25.4
1000 5.0 447.2136 0.0378 9.9258 26.83047 26.9
1000 4.0 500.0000 0.0378 9.9258 28.8258 28.9
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5.3.1.2. Mobile Water Monitor A& @ A5 2AF

Mobile Water Monitord F8& FAZL Nozzle, Spray Shield, Elbow,
Bearing, Locking Device, Inlet Connection, Supporto]™, AsHddS A3l 2
TAAZ gk AAE vl' S 2 Mobile Water MonitorE #| 25} 93t

g, 2z A7%E Fig 1059 o] 4% A Wo]ge TWPAAFE Locking
DeviceZ Locking BoltE Z-&3tAoy, A54d T FAY 5o o3 3+

= A o

Momentd HI3| Locking Bolt®] Locking Load”} Zthe= £A|H- o] A=,
o] Fig. 1067} #°] Locking Pad® 73} Mobile Water Monitorg A2}

Skt

Fig. 105 1st Prototype Design(Locking Fig. 106 2nd Prototype Design
Bolt Application) (Locking Pad Application)

Fig. 107> 1%} Prototype R 5= UWEIRloH, A7
o] Je 2 AAsFH Y. TS Mobile Water Monitor &4 7} NozzleZ F-E -n-iﬂ
A Al B EE g o] o3 dolxAY o] &= As WAEY] #st A
1] Deck Plate®] Support Leg Fi-¢] kAo 2 n4E F J=F 39T
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< YERA AT

Fig. 107 1st Prototype of Mobile

Water Monitor

e

oy o

Table 30 Results of Horizontal Throw Length Measurement Using Prototype

Nozzle Model Inlet Pressure | Flow Rate | Ditch. Angle | Ditch. Distance

(bar) (m3/h) (deg.) (m)
N—4 4 60 35 47
N=5 1 53.7 35 49.4
N6 4 49 35 51.1
N=7 1 45.4 35 51.6
N=8 1 42.4 35 51.8
N-9 4 40 35 52.2
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Fig. 109 Spray Performance Test of Mobile Water Monitor
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a. Lateral direction

y

3l |
| =
,.:/ :V

b. Longitudinal direction

Fig. 110 Horizontal Throw Length Measurement
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5.3.2 Mobile Water Monitor 35 A dFEAIAE 2 EA=9])

5.3.2.1 Mobile Water Monitor 12} 54 g

L
o
[

Fig. 111 ¥ Fig. 1120 13} Prototype A5 A¥S EZHS YERNS
&%, AR 9 BAMARE 1dety HZE HES 74, A3
3} At

2 A3}, 3 bar ~ 7 bar7tA| TestE Z P3RS+ Mobile Water Monitor2]
Hj o] k& WEkS A9 AHA Jvde FE2EQ
(Thrust Force)® 3|7 EHEZ} WA H& @go] goen, o2 s =
Hol| bHo 2 IAHAT7I7F A B2 FAF 0] AU

o
it
>

J
=

gatA, 13} ASAIS vlE O 2 Mobile Water Monitor®& Hose % Hose

Connector Typeg WH73sle] 23} A5AdS AA 5T
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Fig. 111 Setting of 1st Prototype Mobile Water Monitor

Fig. 112 Performance Test of 1st Prototype Mobile Water Monitor
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5.3.2.2 Mobile Water Monitor 23} A 54 F

Fig. 113 ® Fig. 114° 23} 4543 5 Hehidoh 13 4434
TRHA R HE e, SAE B SAMAEE 3128t Test-BedE TS

AT},

I A, Hx ggo] &27FH A Mobile Water Monitore] FAdel sk &
A 7F Be= A gho} Operator’} Mobile Water Monitor -]
Aeddol P

webA, 13, 221 s dd

i
o
rlo
ox
fu}
=2
X

NE AFE vlgto g 7|E AAd 93] A2 Mobile
Water Monitores #2903 BolgAde ity oty s o], wjde] 12
W73, Support Leg®] ¥-dw7 | 287 5 RdES Has & 5

A=% AEAsA 33 dedds FAsAG
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Fig. 113 Setting of 2nd Prototype Mobile Water Monitor

Fig. 114 Performance Test of 2nd Prototype Mobile Water Monitor
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5.3.2.3 Mobile Water Monitor A4 W73 % 33 A4S
1z}, 221 52385 53] Mobile Water Monitor®] T4 &, €9°] EALE=
FEo] f1Zo g HAAH oA EAFPE FHES BAste nulg FEAA

249 F4 FEo] 42 F AEFE HAE HUS HA HASAT.

Fig. 115+ 1, 22} A543 S 53 #A" FAHES /A3t AAS Mobile
Water Monitor®] 3D 22L& el 1th Mobile Water Monitor= = 4] Valve
o™, Valve Part= FA7F FUEo] 73t
o3 ¥ Support Partl X A A|st= A&
FHE HQIth 3% Prototype A2 #fa AA W7 ¥ Mobile Water Monitor 9]
Valve Part®} Support Part®] 33 AEsty AA HeEe JAAstAh
e a8 B BFEE Eol7] Asted AZF2 Bolt B Stopper Pin &
zdlo X AstH e, 4% F Ball Bearing= 283l Fx2ES FH
AHrEA WA ¢ Aoy, As fAle st skFo] M wol #H&-s)
FHE st 2dy 3 s S asAdn.

Fig. 116°|+= A7 W7 ¥ Mobile Water Monitor®] 384 EE-S LY
At f3te A 2do] AFR-E Nodeol 7N+ 178,81570°]1, Elementd] 74+&
214,70670 1™, Table 31 443 YERHUTE. Mobile Water Monitorol] A%
AN E = SUS316LelH A g Tk S 7|AIA AFE E4-S Table 329 YEL
WAt

Fig. 117 ~ Fig. 118°] Mobile Water Monitorell #-8%® 134 AAZ1S YE
R

Mobile Water Monitor= Valve Partol] ] & ®AFstS] 3hA] A A] ALg
HH, & BAIS 95t dFREE 529 dZEF 9o, Support 32
Support Leg Pino] A el gso] AZddt. metr 29 ddH=
F29 4F W AREE FESIFon, dA 9 A A== Support Leg Pin
9] W ARrEE &

Fig. 119+ Mobile Water Monitor 3}% ZAA X7 UeRH 1]t Valve

rlo

e

F

1
A
I
i
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Parte] Wioll 25 FA7F A= Wbol 2838 Working Pressure®] il
G 24 bar(FrEdHel 150% AAE HE)E skl e APst
A Inletol A 24 barg &3 FA9 ols Wakd wel = A -"43}04

Olt

Aol AAHoz Hadte AFS Ho

—_—

i Ak Fx2E AP E IHE B
Wako] Wsto]l 24 bar ZHE-Stohal 7HA st siAlS et

Fig. 120 ~ Fig. 1259 Mobile Water Monitorgl sl A 2345 Yehl Ao
Mobile Water Monitord] o] W¥ S 247 mm=Z FXEY F Zold H|3}H
HgE HYo|mg FRePHA AY TS FA e AoE AdEHH, HY
€82 oF 1547 MPao] TAsIHoH, 3E-&Eo] 205 MPaXth wtomz
Mobile Water Monitor= 7% 0 2 <Aty o)

Z} PartE = 3| AxtE AESHH Valve Partd HW HI L 247 mmo|H,
=0 TAMEHA o] 2§38k Spray Shield Stem} Cock F-#olA T3
A2 o 1547 MPao] Pipe WHA FEZ 3t ZWE 3}
AR o, F]&32Ho] 2056 MPa Rt Yo 22 Valve Part= X3 o=
StAs Ao 7 FohE

Support Part®] Hdl W2 052 mmo|™H, Valve PartE LG3I= 9] XA
HAslH, Valve Partell Weho] A8t sk FHo osty Ao W3 ol
ety Aol §8S oF 1289 MPa°] Support Part Sh-2] R X|FZoA &
A5, Valve Part F2 ol o3l HAst= P oste] Sf=o] HAY3HH
o] YA}
9k Support Part®] &-8-82o] 205 MPakt} WO E 2 Support Parte
o2 otdsttta FATHTY. Mobile Water Monitor®] Z+ Partol] ti3sh
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i

Fig. 115 3D Modeling of Mobile Water

Monitor

Fig. 116 Finite Element Model of Mobile Water Monitor
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Table 31 Nodes & Elements of Mobile Water Monitor

Category Node Element
Mesh 178,815 214,706
Table 33 Analysis Result Summary
Maximum Maximum Yield
Part deformation stress stress Evaluation
(mm) (MPa) (MPa)
Mobile Valrvte 9.47 154.7 205 OK
monitor bp 0.52 128.9 205 OK
part
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Test Pressure: 24 bar
.: Fixed Support

K,

Fig. 117 Fixed Support of Mobile Water Monitor

- 164 —

Collection @ kmou



Test Pressure: 24 bar
I:l : Displacement

Fig. 118 Boundary Condition of Mobile Water Monitor

Test Pressure: 24 bar
. Pressure: 2.4MPa

Fig. 119 Load Condition of Mobile Water Monitor
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Test Pressure: 24 bar

Total Deformation
Unit: mm

24733 Max
21985
15237

1 6489
1374
10892
QB2443
054962
027481

0 Min

Fig. 120 Max. Deformation of Mobile Water Monitor

Test Pressure: 24 bar

Equivalent(von-Mises) Stress
Unit: MPa

1547 Max
137 .52
12033
10315
85968

68 78S

31 802
34410

17 236
00533178 Min

Fig. 121 Max. Equivalent Stress of Mobile Water Monitor
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Test Pressure: 24 bar

Valve Part Deformation
Unit: mm

24733 Max
22491
2025

1 8008
15766
1.3525
11283
080414
06799
045581 Min

Fig. 122 Max. Deformation of Mobile Water Monitor Valve
Part

Test Pressure; 24 bar

Valve Part Equivalent(von-Mises) /
Stress /
Unit: MPa

154.7 Max
13752
12033
10315

85 068
68785
51.60¢
419
17.236
0.0533178 Min

Fig. 123 Max. Equivalent Stress of Mobile Water Monitor Valve Part
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Test Pressure: 24 bar

Support Part Deformation
Unit: mm

0.51923 Max
046154
040385
034615
(028846
023017
Q17308
Q11538
Q057692
0 Min

Fig. 124 Max. Deformation of Mobile Water Monitor
Support Part

Test Pressure: 24 bar

Support Part Equivalent(von-Mises)
Stress 7
Unit: MPa g

128,89 Max
11457
10026
83044
71629
57384
429099
28684
14368
0,054686 Min

Fig. 125 Max. Equivalent Stress of Mobile Water Monitor Support Part
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Fig. 126 Setting of 3rd Prototype Mobile Water Monitor

Fig. 127 Performance Test of 3rd Prototype Mobile Water Monitor
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5.3.2.4 Mobile Water Monitor 3= 4543

H$s7] 98iAl HE Prototyper= Support Leg 3Tt F-i-o] Magnetics

Bzste] HAES s, 2 23 o] SFrte 22 o) AY dojR|=

Valve®} dAF o2 AZH 7]E Prototypeol| Al Valveoll A @& TAAIZE
=

AE 82lo] & & Jval Adst Valve B AYAZH 2™ 10K 50A 714
Valves #&& F J=F A& sttt

HE AP 71E Testod} 22 WHOZ Fig 128 ~ Fig. 1303 ﬂo] Z
3J3tH o™, Support Legel Magnetics F-2h3to = HA¥AFR o A a3&

AT e R

Table 33 HE A5 Fo] A&E Mobile Water Monitor® ARz

)
barol A 6 bar7tA] EAFAE ® BEALEo]E =4 3E Performance data©]th.

Table 34= 7|& &5 ZAH oY 4vte] Ads YeEpf AT 21,900 TEU
ZAe|oly dube] AS- it ZH oy 10k(Tier)7HA] AAE 4 o, s A
Fol= 31.7 mo|th. E3h Lashing Bridgew Z1H| o] 3©@¢] Folo lom, o
Lashing BridgeZ%-E ZH oY HAD7HA] Fole 21 melth. &8HE2+= 90 m'/h
A E7E AAEo] ot Aoy TRLEIAAY ARl dHolvuE ide
2 AN A5 AH dEHoHY A= HPA Al A Lashing Bridges A
stH, 7heHl Abgo]l T & Ja HAIAd 2 ~ 3 Tiers FololA 2 A
A= ZHO|HYE Lashing Wire =& Lashmg Rod 5& o]& vt 4+ 9%
AXE FREo|th AAF BH5S Fig 1310 VeIt

SOLASE ofof] whe} B AFoA] #|2+3k Mobile Water Monitor 4 SetsS
Aol B X|& ¢ Table 3394 A= 30°, U7U= 4 barolA 62.7 m'/hY
BEAMHS 7FX 22 2508 m'/he AstEE &5 FUIE HA=E St} ole
Table 29l 4] UNITORji: 2] Mobile Water Monitor #AH+& 80 m'/hE 7|5Fo &
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F7F Bz &3 320 m/h7 BLE ©] Mobile Water Monitor”7}
UNITORjit: Aol B3] 21% 7} 124 =+ Atk

(IS

A

ol

ot

i)
o
N

X 33 9] Mobile Water Monitor
Ve HASE 4 ueE HoA &= mjgo]
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Fig. 128 Setting of Final Prototype Mobile Water Monitor

- 172 —

Collection @ kmou



Fig. 129 Performance Test of Final Prototype Mobile Water Monitor
(33° spray distance test)

Fig. 130 Performance Test of Final Prototype Mobile Water Monitor
(90° spray hight test)
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ITAL FLORIDA
TRIESTE

Fig. 131 Picture of Lashing Bridge(up, cargotec) and Accident(down,

in.printerest.com)
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Table 33 Performance Data of Mobile Water Monitor

Angle | Pressure | Flow Rate | Max. Hight Max. Ditch. Length
() | (ba) | (wh) (m) (m)
3 54.3 7 33
4 62.7 40
30°
5 70.1 45
6 76.8 10 48
3 54.3 9 39
4 62.7 12 42
40°
5 70.1 14 45
6 76.8 16 48
3 54.3 12 30
4 62.7 15 34
50°
5 70.1 19 35
6 76.8 21 40
3 54.3 13 25
4 62.7 18 30
60°
5 70.1 22 33
6 76.8 26 39
3 54.3 19 22
4 62.7 23 26
70°
5 70.1 26 31
6 76.8 29 35
3 54.3 19 8
4 62.7 23 10
80°
5 70.1 27 12
6 76.8 32 13
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Table 34 Specification of Container Ship in Operation

1@ KMo

Container 6,900TEU | 10,400TEU | 16,400TEU | 21,900TEU
Capacity
Ship’s dimension | 259 x 42.8 | 318 x 482 | 382 x 53.5 | 412 x 58.6
(LBP/B/D) x 24.8 x 27.3 x 29.9 x 33.1
Tiers of containers
on deck 8 9 10 11
Height of top tier
container from 23.5 26.5 29.2 31.7
upper deck
Tiers of lashing
bridge 1 2 3 3
Height of top tier
container from 18.4 18.4 18.4 21.0
lashing bridge top
Fire Pump Capacity Om'/h x | 90m'/h x | 90m'/h x | 90m'/h x
— 90m x 90m X 100m x 100m x
(7] <) 2 sets 2 sets 2 sets 2 sets
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5.3.2.5 Mobile Water Monitor A543 A3 334 A3 vw

o]
R
&S Tl 4 eme] A FAAVE HA3E YRS E135ta, o] uHE
B0 2 Mobile Water MonitorE A Ztste] AF5AIS S
AaAAbd A3 stol o B A| P (Preliminary test)®] 402 XqPEHJom 1
A3+ Table 355 &3 &AE 4
S AArEAAS §ole] 35° BAM A BEAFAZ = 47 mE AAME A

o A4 APNME 3384 41 mZ 6 me o7t YAt AN o)) d

o 3
o} 26 mz F %2 FLSFUG. °o]HT 90° TAAE

Avke APRANN BAZGEY ok UYL B ohizh AANA A
d

Lo

Mobile Water Monitor®] FEs|AL FEALAY o]
Hl Alg el Aol AFH F3F(Flow rate)ol] et 2 A|Ztgste] B 4
ST 2YHERE =& 79 HE F5H =29 9GS &8s (5.2)%

Lol EF F42 T3 AAGT

i

A7 Q € #% V £ =& 279 H#F 5, A £ =F 9wzl

- 177 —

Collection @ kmou



Table 35 Preliminary Test Result Table of Mobile Water Monitor

Category Case 1. Case 2.
Nozzle Model N—-4 N—-4
Inlet Press. 4.0 bar 4.0 bar

Flow Rate 62.7 m'/h 63.8 m'/h

Profection Angle 33.8° 90°
Profection Distance 41 m 26 m
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7 WEo] o A"l ¥l tigk s dss FHAZ
(Conicity) &8 711 Ag &9 Zol7} 2 10mm, 12.5mm, 15mm, 17.5mm,

o
20mm¢] 5744 w9 thate] BEAL ST

o

A2 15mm E ol A Piercing Nozzle 542 o] gla, A= ol o
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4
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15mm E2L 7|50 =2 Water Mist LanceE A &3] AFAT L A S}

L}. Mobile Water Monitor= FAF+& 60m'/h, #AFAZ 40mo|’de] 57
T UESIe = gy AV, FAMEE HAHY AFAA do] W BAY
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2 B9, BAAE 3, 000 24004 At BAADE 2E ARAA Lol
AN E 35°Q1 AF dem(EAFAE] 47m), BAMFE 90°%) B dem(EAF

Ag 26m) =2 AL AFAA 2ol dem7t 7 A3 Ao w Adsiin.

3 U522 Mobile Water Monitor T+22FA4 BE712 3}, Valve part(TZF
)9l Spray Shield Stem¥} Cock H#¢lolA Hd HE 247mm, F=Z YF
A ZEZ WASE RHWE 93 HLH 154.7MPac] AR o1,
5828 205MPakth 2o} Valve Partes FxAH o= obAd Aoz Hu
Stk HE3H Support Part(A|A]F-3E)Y 74-¢- Valve Parts 1A st= A
ol Hd] W3 052mm, Support Part 3}F9 A|X|Fxo|A Ho &
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TEHORE AT ALE AdEAY.
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