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£ AFoM = 442 09 FLOW-3DE ©1831 75 453719 HEE Axst 71Z3ue] 8y @i
A7) Y5t FA AR DL F-La19ct 712982 2 Drifi-flux ZEE ARSH] 7)1 X2 AE a3 URE4]
& st 71249 AL A AYAF el DA E B4 Tt 8 7| W] ufE 7] EAute] A
59 F9 {5700 dist 25 EAL BAEg AFH o R ARY ABAS 3ol H L SRS o] 85}
7\ ¥ 5 Aslel ufE Hol 5 9 57 {5l digh BANS AESISY o 7 4452 u, = 1.164(20)", A
o 2§52 w, = 1.391(20,)°¢] AN 2 ARKE 5 ot Hd) 98 75 2717 Hd) 4 /& 27]|E5n o
16.3% 2 Uepksd] ol 994 W3 50] 4= ¥elx] 55 o 2 Hgd o ouix] &4of e o= wEn),

Abstract — In this study, using FLOW-3D, a commercial program, a numerical analysis model was applied to
reproduce the hydraulic phenomenon of the bubble curtain induced by the release of compressed air underwater.
Air-liquid interaction and turbulent flow analysis were performed using the air entrainment model and the drift-
flux model, and sensitivity analysis was performed on the empirical coefficient for bubble curtain analysis. In addi-
tion, the behavior of bubble curtain according to water depth and bubble release and hydraulic characteristics of
external flow were analyzed. Finally, a relational expression for the maximum horizontal and vertical flow velocity
according to the change in the amount of bubble release was derived using the numerical model to which the selected
empirical value was applied. The maximum horizontal flow velocity can be suggested by the relational expression of
u,= 1.164(g0,)"* and the maximum vertical flow velocity w,,= 1.391(gQ,)"". The magnitude of the maximum hori-
zontal flow velocity was about 16.3% smaller than the maximum vertical flow velocity, which is considered to be the
effect of energy loss when the vertical flow is turned from the water surface to the horizontal direction.

Keywords: Bubble curtain(”7] 7 2}), Air-liquid interaction(”] ¥-& %2}, Turbulent flow analysis(‘H7314),
Computational fluid dynamics(32H3] %I 8}), Sensitivity analysis(R17H< #4])
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SR,
Fo ¢EF719 HEE o]Fo7 7| X (Bubble curtain)®] gEAo g 3 58 AA o 7 = PR S iEsiE
FH K BE ATE AV U EL TS ;R BFOEREH BIEY] fF AT(Taylor[1955]; Bulson[1961];
Bulson[1963]; Bulson[1968]; Brevik[1976]; Jang et al.[2020]), &
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o) H|7] £2] 511 (Schladow[1992]), FZA1 AL T SiAFFALE
D i 2% A Al o] HA= A gAY 7150 E A%
2 HE 2+ A2]A| B35 (Fannelop and Sjoen[19807), A4
o] 3} (Lock-channelyZ 3 94 3] #7H(Abraham and
Burgh [1962]), 3% ¥ 3k WZ ¥R J2]1 E9E wohe ¥
FAIE o]FA7]= WeH(Riess and Fannelop[1995]) 5¢] St}

TR 7o) FEHE ol2e) Wk 7] AFEAM Taylor[1955]
7% TEEHe 7139 3R 359 4o 9719 AF ol
e fAFEE QAR FF o] o]E2 AT #4eE A
77} A8 5 21 tHBrevik and Kristiansen[2002]). Kobus[1968]+
7123Ete] Aol disf A 4 2ds A43sie] 54 2.0, 43,
104 melM AFS 3L 7|2 E] 54 S5 2919 (Profile)S
7H§-2~ ¥-3(Gaussian distribution)Z. 57 8}3t}t. Z12] 3L Bulson
[1961]; [1963]; [1968F> 7| XA eke] 2% E5F2] AR dhf2
A A=A Ho 4 10 mellA] 7| E FFL g3l =8
9 559 )& S4% I =9 A4 T g AP E
EAS b=

SEA|RE 7123 e] FelFo| 1 FAIER] 2E-S A% AA| 2L
Aedhs 7120 g8l fEsE 71FERY TR0 REY X F
T AR uj7ds Ale)e] AFE BAE AP Aol 8
ot oepr] g2 A7Alse] 7123 AR 9 {53l
U)X 9GS AAR-A S 8 (Computational fluid dynamical
methody2 53 ¥ AT-E FA8 oY A7 71249 9
IR 99049 Ad AEEE= ohi &S AAol). ot
% BEHe 453719 FAHA AlEHelAE B A AW
37] A3ME AL BARR SAE A% F& F=F 74,
7132} U] Z} /g (Phase)e] &%, 7]E] tfgh W] ¥4 54
23z} Ao PR 5 4 oR|g] Ade] AEF oo} gt}

wepx] 2 AFelaE ANGAINE 8- Z2 79 FLOW-3DE
o] 83} Fig. 13} 0] 7% 453719 HEE A= 7|23
uho] Fgjeha] FAAE AMs] 13 A S TEkA 5
o} 53] AA FEiEde] APA T A8 A A ZhelA
8T7HE APAFE 2 Vs FYE B =Sl A
T2 71E AY A} v mgo 2y 4 nde NS A
ZFtaAl ik, HF2 0w 759 TR REE o]83)o] 7]
I e nE 7| xR AT SAS #Astn 71 xR F
A {53l dist Eigkd A4S V)X BESE Al 59 8
AXoE AEgoen 7|¥gwos fTd o 579 4lA]
Y 288 A% T3] 7= GAJQAE ARkt §d.

2. M= 2 ghy

21 mesyoi=

Kobus[1968F= 71 Z3ue] tf§t A4 4 2 243} 7]
X F5-49(Air source)?] o] 2.0, 43 m ZAM RHAHE +
Pioict. 8 &5 T2uIL 1A BT BMFo 2N £

UEE 7|ER o]Fojzl 7)) vl 73] Z|E FFEe
ZRE 53 $0(ztz)d wEt AFFH o= F71HE T
o7, Z= 7)|X TR ERE FAAL, 2= A4 7)1Z T
ol 7P ¥5-4(Virtual source)e] Ze]e]th(Fig. 1).

©]% Ditmars and Cederwall[1974}> &4 38 7| 7)% 0] &
vlgo 2 52 AeeA 7|9 B &3 £58 A 13
ok 4 A $5 L 7122 Q% B3 7)2e] F3E] Ue
&0 Kobus®] ARZAYs} FUG Z2ug 7o 24 7)
E SO QT A F FAHAMY Lo vEddla 7Y
3o AP E(Rate of entrainment)S ThH33} Zo] H L33t

o =2oaw,, (€)]
4714, o= E2] Fe]3 A3 A (Entrainment parameter) o
0.1¢] gro= dAsicha 7HgsT

A A () 5T 84 £X AL F A9 A
Ao 2HE AEHY. T8 Zlo] ZhAd WE 7|29 BFL 7]
FAEe] #8E I/ & iR Z1E3E] A5 Uiy 20
(Core)ellgt 7137} EAEHE= R 0 2 viehdt). 71248 gA451=
88 dpiirEA 7] X 50 V| s} 7| E3Eke] MA| Z Alo]g)
H]E(Schmidt number, A= 3¥7])°]] th3fl Fannelrop and Sjeren[1980]}
Milgram[1983} % o 71=49ke] 7 4=0.6~0.8%] HHE 7}
A AE A dBE o7t 7k AF g &S T
Hozie A v} 92l F U2 BolFt). 71230
71 338 oy MH L w2 A0 Pk oe o)
7129 FYo= g Eo] U gz Ao 4 3t

o 1/n
. = PO 3] @
A7IA, pi= 71ES EE, pzyr= 98 Zololtt. AT &9 3
S 7129 WP SL2ATE nsh ojy th|S
(Polytropic index) n 12] k& 712t}

Fannelop et al.[1991]°] A3t 34 {52 7% 559 3=
(Scaling) "I7N5=9) W 359 3 WSS AXlsl=vl AH8E
g et 78 £x9] AR B 7)1 FR T4 Ux BXE
o3 ol 7ke-A BE = Yepdith

w(x,2) = w,.,(z)exp(‘j—g-z) ©)
pu=p(52) = [pu=p(Nexa(35) @

A71A, wx, 2§ x, z AN E] 5 5, w20 FBHCE
HE £l 2149 7| ¥A4Te) T4 &5, b 7R Z o,
= 29 U5, plx, 2)< x, z A NN LE, p)E 3 ado =2
B 0] 222 YEolr}.

Ay EdolA 7128 e s ZF Ao 53 5
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Fig. 1. The bubble curtain geometry and flow variables.

i;' Qa  Airquantity measured at atmospheric pressure

i

LM
& 7o : Virtual source

Table 1. The formula for horizontal flow induced by the bubble curtain

Author(s) Max. horizontal velocity Layer thickness of the Max. horizontal flow
Taylor [1955] Uy max = 1.9(20)"° D = 0.28H
Abraham [1962] U max = 1.2(20)" D =025H
_ 13 g _ H
Bulson [1968] Uy max = 1.46(g0Q,) 7| 1 +F D = 032H;In| 1 +}-{—
; - 13y o Y _
Kurihara [1965] Uy mae = 1.994(20,) [ 1 +I~;'- D = 0.303(H,+H)In| 1 +}—,{-
#u,, o Maximum horizontal flow velocity at water surface (m/s), D: Flow bed thickness at maximum horizontal flow velocity (m), g:

Gravitational acceleration (m/s%), Q,: Air release per unit width (m*/s/m), H: Depth of the air source from the water surface (m), H,: the

height of the water column in the atmosphere (m).

Fol =€t o] A% 250 &AL w7\ ¥ Jgos A
2 o) o] H43ho] ofifx] £4& 793 Andreopoulos
et al.[1986)). °15 T3l FFolA WEHE 7129 FFF 2Y
of|M 45 35 Ale] 2] Aol #jF A= Taylorf1955); Bulson[1961];
Abraham and Burgh[1962]; Kurihara[1965]] <]siA] 2187 & o]
£74 A7} 850} Taylor[19557F AA & 41248 B3 E 7}
Q3] 9 2F WL Fig 139 2o o] Z2ule A=
AZE £ T2 7 50149 71X el e
7% 55 dig 71€ 7AES] 483 #AAS Table 141 3
2J8l3int.

2.2 £X[6HA D
2 AT £F 4FT Y HER feHE 71EAEe] g

87 & AP A% A LdE 4§ I= FLOW-3D
S ARSI

AR5l 229] RANS(Reynolds Averaged Navier-Stokes) 37
212 RNG k- G752 43 ZE 78 A% 1 (Finite Volume
method)yS AME3le] FRF 02 AXtE B 50UA] 8 o
T AR o2 Z17}9] =573 2] (Transport equation)]] £]8}e] 2
I ¥}t RANS W43 ASgal s 7o = G 99 3
A3l FA% A 9T Hasct. T3 T LdeiA
=2 fA1e] A 9 A 998 A E8(Free surface)yS AA
317] Y181 VOF(Volume of fluid) 'S, 75 d3€ 3712
skl Akelz] f181e] b5 371 A% (Turbulent air entrainment)
% Drift-flux £3-& F 83}, o714, 37] 48 222 At 4
2pct 22 7|29 A 452, Drift-flux A XA o)

=0
==
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F JEE 718t utgE $A3(Carrier phase)el] #4HE
(Dispersed) ¥7] 9& 128t} o) At Axte] F71E Qs
EANIA A ARE 278K AR A 98 749
AN FXFN mdE A 835}7] olafE Aol ARgToEHN
A A AlEFelAde] 7FsA

2.2.1 A4

2 a7l Hed TR Rl 72 ae A% 5l &5
F BEE wigaie Al 71xsk HIgEA W fiAlE
2]et A% 3 RANS W42 o533 2t

Ou; _

Pox, = &)
ou; ) 8 (0u; By

P " PUax, = Tan PNt “axj(axj ¥ ax,) . ©

71A, p= A9 EE, v ARHTEA NN ZH8FH=1,23; x,
3% D2E F5 UE, £ AR g TSR, e 48, e Y
A% (dynamic viscosity) 18]3L §;i= Kronecker delta® i=; %71
oA 1, i=j 2204 00l

2 A5-9] CFD #ll4e]] ALE-E RANS HA42 -5 A1zt 3
T3 AT £5, B &9, BF 898 F)2 ANt 314
7 RANS 320 2 GFE AXtel] feiMe doles= 43
ASsfof gt AR HaapdelA BAS drElelEs= 38 A
) IS AAEE 5HE 0 2 2 (closed) S EME F7H
Q1 W] A dhy] wEelt. E AT RNG k- i &
28 A L35 golE= $9E ARt

222 4% BY

g sl s gl E5EE 9 BAsk 2Et
I EFS 250t} o) HolE= 4 F wl #F el 24
She 2HA2] EQMAL S015A ¥ o2 719 959 A4
o= yephde}, 23y A5 dlzale) sia Al Aok Q1)
Uy o 2 Wi WEe] BE d4S 983 FREske 21 7}
A 9t 28R E B fF YA ¢F 29 713t
Ol Reg A9 4= g gl

£ AT E 55 FFE94 €53719 fYoE sk
HFE AAeE) S5k RNG k-8 22 FE4315EH, ole
Navier-stokes 782 °f| #7871 3}(Renormalization) 71H-& 285141
H Z2 7EE 5 339EF Yl 5 3lt(Yakhot ef al.[1992]).
B AFeA dsiAel 3-89 RNG k- 292 543 e
E 97 EFUA () 24 (e 22 REFEC] k] 3
#3ke 2] f =2 Aktdct HdEiE Bl S5EAs
WA ddsked 9ed 3R 534 Alro)e o
7} o] Aejdt.

kz

L C“-S_ Q)

714, C= 0.085010h by B S FATAIC e e R
Al Agtehs 2ol 258842 AR 00 7R &
AEE BY R EEANYAR 00 7ok 8. 21739 o] &
2 I3 g A vEYFH o F 3R T34 ASv id
o ol2%t AAAR] FARAIE A7) fste] Ao BF i
Agelx Hx 88 9F A TS} Ze] Fosle] et

_ 3 B2
&7, min C“»j% TLEN ®)

714, TLENS A dF 4l 7glolnt. 0| F¥3 Aoz
EA#E ARE 5 A3 R 223389 Al (computed)
Z7& o) g3l Al Fzhe] O TLENS AXFE 4 Qi 9]
23 At oA G5 Fo] 8 AlZk 29 813k Kolmogorov
TEE 7|9ko = 831 A3k F4:9)30| € (Rapid distortion theory)S-
7]¥ko 2 $H(Isfahani and Brethour[2009]). W7 Zo] L A} 7
2] st aFekd v o) st
Lo = 7006, Ly o, = 0864F

S ©

R
L =6, L = 225 (10)

oJ71A, vie B8A Aol Se dolE= 399 JF HEEY
710t} 9] Aol FolR Ao WE Ui Hol= A (8)elA
TLENS thAlIgtt.

TLENE & A4 999 do| @9 Aofshs HTS k=
B AoE 7|xgeke] 25 fde] gl 45 g Fel
A5 7125 e &% 9 1% T2 uelo] Ajgo] APdT
A9} 71 AABHES 2 At AIzPE A U5t ZolE Ak
371 g AFESHe Al (computed) 200 =2 AA331T)

223 71¥93 9 Drift-flux 22

SN2 7122 4389 37] Qe FALL} B
oA AE@E Y} B9 AT B ESR @R e o
WAg, ofu P B8E BAYEH EE S ARE e
Ui W8] A7 sl 3719 vy thest o) Aeje.

’P—P
dV:CairAs 2 ‘P :

A7IA, C= BA wiidseln z+ Axle| ol ol 3
7% drie EREY AXE Ui 9L AL 55 FFE
s A& aEjsle] ERES] U v 2] At

p=(1-C)p,+Cp, (12)

oJ7|A, C BE ARA Aike 439 37] v]golct, =8t ¥
717} 3=} 54 FA39) 718 AT 7PERic) webA
71¥= £9 S0l Adse F8E A43 ol Drift-flux
22 24310 B3 F7] A(phase) Alo]9) At £57} Akte
o}, f-4-3RH(particle), #-3-7] L (air bubble) 18|37 L=} o

(1D
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fA-fAlS] EHEZ TAE R8N Z 39 BEES A7)
& 5 55 7= olEd £k Aol Uk xo|= s
EF YT A2 717 wlizel wAgt

Drift-flux Z @M= 2+ A& Alo]] A $5-2 YUAke} 2
EASARTE ASAE ZAE ¢ Qo &, e 4 5 1
5240 FAE ANE Fart glorR ANEES U F Y
o} EZZE TAbfA A k= g0l shhs dde]x o
£ shh=s BAMelH, ol= 45301 A4 A 93 &7
Aol okar ZHg sk F AR FAY BgEA fE el g
V-u=0% For}, THES M5 T ARY AFES FA
F2 BN, d&4doM e £e9) Ao £58 242} 4, o,
2 o). of7)A, o}l AL = <5 (continuous phase), &=
T4Pd(dispersed phase)?] -2 LERd.

A SEE 7 A9 SR FEIER olY L i
AR &l gt FRE 7R S}, F74e] 2 VI A=
Z TAENT 29 AAT wiz} lckar 8351, ofw|e] gl
£5t a3 Zo] A4 5 3itk(Brethour and Hirt[2009)).

. @F{pcﬁ— Py

A7WA, ¥, = (1-Fy/n = B 7] A4, K= D&57A U2l &
] |u s 7HIE O IRl aiF 94, p = Fp, +(1-F)p, &
AF7VE dxelth. 7h A% fA oA 2ol A )
£x9] 712Hd ol 2 YAl digt FEATE tS3 2ot

13)

12,
PR

o714, Cpe 7129 FEAF, RE B YA W09, 4=
A o= JFEE QA dHFo|t

A ERE0 A& go| 383 A G2 AL RN &
e ¥ AR 9% 9 At o) AR AgsiA| itk uh
2hA AR 45 A-8-& 121317] 18] Richardson-Zaki A3
A A4a) o] FPAL SETE &8 g Ao E 1}
ERd = i}

u =y max(0.5,9°

K= %Jatp,:.c(qD U+

i (14)

(15)

o714, A% ¢(=C.. Ly= Richardson-Zaki AIF(C )8 £, Fo.
2 Aoldr}, 249 FAgke B E Drift-fluxs AXsR=d) 2835k
oA 7129 FHUL F71¢) B9 YR AR Qg 7Y
of 2J3te] F712) xrt B9 Hre] Hlsle] FAE Q= FF
ol F7)9] He sl ap/azd] = APt Uuky
o= B2 7)o Ao mE ¥ Ao]2 gelx|s 5o
w2} B AgS A, Tela 7)E0] Age 7S Bl
3 TR Qs A== 9T fe 71918
TElMe 71 58 e 2 RSS2 3
Ql 3e] #3-& A 4= oo}, $HS(Weber number)= A%

Bt Al 295 iRl 92 278 e ts3t 29
7ol

(16)

071, o= 71E ZAANA ] EaFH R 0.073 kg/sec’®]
& 712t} o9} HAFet 0] 29] Levich[1962]°]] 2J3lo] A|kE e
o QAo F- g HPE YAte] EA# = (Capillary
pressure)}t & o]FH tha o] GO E Fodr)

We = %(i—ﬂm an
9 A2 dUe T RS YA 2719 o) dF 3§
(1 =put)H GFEE AR w)OE 2718 4= Slch(Batchelor
[1951]).

18] 31 71821 $(Capillary numbery= A2 Alo]A] 9= F
FA2 A=s} ¥ Al 9] 271E Yehdie A
FoH v} o] Fejdnt.

C0=M
o

(18)
714, pE A5AHE)Y A4 ASFE 0.001 kg/m/sec] S
7Ht}. B AFeHE £5M £58 7RE 712 B% Y &
dslo] UA AWF(e,,) 2 7HFE#E (Ca, )T IIESFE
4 A F7HE FHEs

224 ARt 29 2 Az A4

FX| AR ZR1e) A EE CFD RagoA B =7t o7
= F2 Wlolg. dnbF o R Azl =9 97 FA|EA A
Eo)He T3 7]|Foln AFEE Alst. a9 & ANt A
74 A A7 27)F AAsHs RS PEL AvFes 2 47
2 ANFee] Pl £8] 228 w71x]) EojUrie Aot 1
o|F F71H9l Azle] 7] A e dijo] JFL FA) gk

B A7) At 992 Fig 29} o] 7|238e] fA4] ZES
A5 $1510] 23k AAZ PASEISILE 712 T34 ke
5 Az} N5 A2AFoH ojRie] Al A FaE v
A FEZ Ast 22EHE AZME 2EEIRT. A7 37 v
& 71¥3 3 £59] H|EE Fig. 30 vepded 1 25,
Aze] 7171 wilg- ARA ek S £5604e 9 2
2 @2 ZloF et B AT 71239 S464 9
Eex2ue] B¥ AME 1Esle] 71X FFY FHAY Ax,
Az B AAIIE 001 mE AF AP dHges 2 A
Tl ARE F ARG 88,2207, AR 2715 0.010<Ax<0.120
m, Ay=Az=0.010 me|t}. Ax AA}27]9] ¢ EE2Q1 FA]5
A& F3P517] S8 7HFRE Agdlen 7|X IR 71EL
F +0.5m 999 FAAE v YA 3515
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20.0m

y-dir : dy =0.01m, Nt=1

L] Kobus[1968]

Grid size = 0.0075 m
| — — Grid size = 0.0100 m
———- Grid size = 0.0200 m

Grid size = 0.0400 m

—-—- Grid size = 0,1000 m

Distance above air source, z (m)

04
Centerline velocity, wm (m/s)

0.2 0.6

Fig. 3. Centerline velocity (w,,) versus distance above air source (z)
for different grid size at 0, =180 LPM.

ZA 23L& B Al T8 A8t X, 2 X, BAE
2 4 (outflow), ¥, ¥,.o0E 13 27 (Symmetric), Z,;, >
H ZZ(Wall)22 Non-slip £7%, Z,.&= 48 7 (Pressure,
1 atm)° 2 AA351%0t}.

Table 2. Numerical model variables for sensitivity analysis

Grid information for mesh block

x-dir : 0.009 < dx < 0.119 m, Nt = 401

z-dir : 0.009 < dx < 0.010 m, Nt = 220

Boundary condition
Xmin and Xmax : Outflow (zero gradient)

Ymin and Ymax : Symmetric (shear slip zero)

Total number of cells : 88,220

Zmin : Wall (no slip)
Zmax : Pressure (Stagnation)
3.4 % oF

3.1 29 HEAIS W AU MY

B Aol FA1s 2o vIzEE ¥-412 913 Kobus[1968]1)
Fe] A% A7) vy A5 Kobus[1968]2] AL Z 1.0 m,
Zo] 100 m, 54 2.0 m8] =0l & F7] 0.1 em, & 74 100 cm®)
ke Ax)sle] 71 353 180, 372, 600 LPM(liter per minute))
W3lo] wel 7|2 TN F59] Azl BE L IFEeE
HE 4 £0](08, 1.1, 1.4 mpelH Y F% T299L A Fsiy
T2 W3 SRR 229 )2 /MIEEEeERE A
7} HoJAFE HPA 0w Frlshe AR ekt A% 2]
UAE AL 7|xgue] FHH $5w,) 2718 T4 o= HE
x W8] 5 #4: B TS H)walgic}.

2z} ZRAS Asll e UAx 3142 $13) Table 28} 20)
AR s R84 AlEECIAE a8 712 |48
9l Drifi-flux 22& 245 X34 mejslor sk ARAs
7t ARl 718 dES FAFsHs AFAF(C,), TAH 3
o2 7P3h= 7129 FEAIR(C,), 7] 71E T7](d), EFZE
BEA A &% F7]¢) 7]938R= Richardson-zaki AF2HFA A
o] AT A(C), LA AT (He,,) D DA 7122 F(Ca,,)

o—_— Air entrainment Drift-flux Turbulent

C.. c d, (m) e We,,, Ca,, TLEN (m) .
S01~503 0.1~0.8 0.47 0.010 1.00 1.60 1.0 computed 1.429
504~509 0.8 0.05~2.00 0.010 1.00 1.60 1.0 computed 1.429
510~811 0.8 0.47 0.005~0.020 1.000 1.60 1.0 computed 1.429
S12~816 0.8 0.47 0.010 0.01~10.00 1.60 1.0 computed 1.429
S$17~820 0.8 0.47 0.010 1.00 0.10~1000.0 1.0 computed 1.429
521~826 0.8 0.47 0.010 1.00 1.60 1.0 0.002~0.200 1.429
§27~828 0.8 0.47 0.010 1.00 1.60 1.0 computed 0.10~10.0
§529~834 0.8 0.47 0.010 1.00 1000 1.0~10.0 computed 1.429
$35~840 0.8 0.47 0.010 1.00 1000~14000 7.0 computed 1.429
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o}, Ageke AW 501~5282] 3 I7IEF 180 LPMO]
oA HEE v Z 2 vypise] RikE JE$E, 529534
F718&30] 372 LPM 2L o] 9A e 2] J&FE,
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Table 3. Numerical model variables for sensitivity analysis
Aiir entrainment Drift-fl Turbulent
Airflow rate O, s o &
Caur Cp d, (m) Ci We,., Ca,, TLEN (m) Cu
180 LPM 0.8 0.47 0.01 0.05 1000 1.0 computed 1.429
372 LPM 0.8 0.47 0.01 0.05 3000 1.5 computed 1.429
600 LPM 0.8 0.47 0.01 0.05 14000 7.0 computed 1.429

® 180 LPM (Kobus[1968])

m 372 LPM (Kobus[1968])

4 600 LPM (Kobus[1968])
—— 180 LPM (this study)
——— 372 LPM (this study)

°°°°°°° 600 LPM (this study)

Distance above air source, z (m)
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Fig. 15. Centerline velocity (w,,) versus distance above air source
(z) for different airflow rate (Q,).
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