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Liquid Slug Part
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Bubbles
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Wake Part

Liquid Slug Part

Gas-Liquid-Solid Three-Phase Slug Flow

D=20.9mm dg=2.96mm p ¢=2640kg/m>

<J >=0.450m/s, <] ;>=0.502m/s, <] ¢>=0.0115m/s

<a >=0.378, <a>=0.601, <a ¢>=0.0210

A

Quter Wall
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Gas-Liquid-Solid Three-Phase Slug Flow

D=30.6mm dg=4.17mm p (=2400kg/m>

<J >=0.402m/s, <J | >=0.502m/s, <J ¢>=0.00465m/s

<a >=0.330, <a>=0.632, <a ¢>=0.00884

o

Inner Wall Inner Wall
X A % A
Outer Wall Outer Wall
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Gas-Liquid-Solid Three-Phase Slug Flow

D=30.6mm dg=4.17mm p ¢=2400kg/m3

<J >=0311m/s, <J [>=0.502m/s, < J ¢>=0.0198m/s

<a >=0.263, <a 1 >=0.600, <a ¢>=0.0373

Inner Wall

QOuter Wall Quter Wall
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#3 -1 BEENTORERFNHE

Mean Diameter, d  [mm] 1.14 2.57 4.17 2.96
Standard Deviation of d ¢ [mm] 0.0744 | 0.101 0.230 0.109
Spheroidicity [%] 2.81 6.02 5.20 5.73
Material Aluminum Ceramics Aluminum
Density, o S[kg/m“’] 2270 2380 2400 2640
Terminal Settling Velocity, V ¢ .[m/s] 0.148 | 0.306 | 0.432 0.375
Particle Reynolds Number, R e . [-] 170 792 1820 1120

Drag Cocfficient, C g, [-] 0.866 | 0.498

0.409 0.453

#3-2 ®—)RUT#HxT

Pump(a) Pump(b) Pump(c)
Model 2NE30OA 2NE30OA 2NE20A
Stator Direction Vertical Horizontal Horizontal
Pumping Rate [[0.2~7.2m%/ 02~72m%*h | 0.1~1.0m3h
Discharge Pressure| 1 0kg/cm? 1 0kg/cm? 1 0kg/cm?
Maker ’

Heishin Engineering and Equipment Co. Ltd.

#3-3 AANT7U—arFLyHYHEL

Model PO—-2.2UTA
Maximum Pressure 8. 5kg/cm?
Maximum Air Rate 14.1m%h

Type of Operation Automatic Unloader Type

Maker Hitachi Co. Ltd.




#3 -4 FHEER, ENERETERROD, dq

D (mm)

20. 30.6 50.4

1.14 (Ceramic) O O O

d (mm) 2.57 (Ceramic) O O O
4.17 (Ceramic) O O
2.96 (Aluminum) O O

F3 -5 KHMEER, EIRETERONEHH

0. 0.196~0.549

<J > 0, 0.285~0.899 m/s <ag>
<J . > 0.388~0.982 m/s <a > 0.440~0.804
<] > 0. 0.00429~0.0601 m/s <a > 0. 0.00530~0.0721
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_Alr Separator

alve No,4

Valve No,3
(2way)

Graduated
Cylinder

Measuring Section
for Slug Characteristics

Quick Closing

o magnetic

I ¥gﬁﬁrﬁ____ Lo Feeder
g }-Quick 19 Wire
b Closing Mesh
Valve No.2
b (2way)
A Gggsgure W8S
Critical
o Flow Nozzle
. {/Compressor
W:Water
S:Solid
ATAIr
D Ly L, L, Lg Ly
(mm) (mm) (mm) {mm) {mm) {mm)
20. 9 9820 | 853 | 3599 | 2002 | 2020
30. 6 0065 974 3583 | 2003 | 2002
50,4 | 9954 | 1138 | 3443 | 2003 | 1995
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Porous Pipe

D=20.9,30.6,50. 4mm

2
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WireMesh

Excess Water to
Mohno Pump {b)
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Quick-Closing
Valve

Liquid

Microscope

Solid

Quick-Closing
Valve

Quick Quick

Closing
Valve No.4

8967
8397
7296
S877

7098

Quick
Closing
Valve No.2

Quick
Closing
Valve No.2

YYYYY

Quick Closing
Vaive No.1

let

Quick Closing
Valve No.1

(2) D=20.9mm (b) D=30.6mm () D=50.4mm
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Flow

Air Drainage
R

Water

Vinyl Tube

E—>
1o Manometer
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Pressure Chamber
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Water Level
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From Pressure Tap P1 P2
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<]J T>—<aG>ﬁIZ]J;0)/\°5_7—‘/

(@D=209mm, d (=2.57mm

(b)D=30.6mm, d  =4.17mm

<J > 0.30 0.45 0.60 <Js> 030 0.40 0.50
<] L> <]J L> |
0.50 I [ | 0.40 | [ [
0.70 I | | 0.50 | | |
0.90 I I A% 0.60 I | |
#4-2 <) p>—<a >BHEDONRXF—2

(@D=20.9mm, d =2.57mm

(b)D=30.6mm,  d =4.17mm

<Js> 0.30 0.45 0.60 <Js> 0.30 0.40 0.50
<] L> <] L>
0.50 [ A% I 0.40 I I I\
0.70 | | A% 0.50 I Vv I
0.90 | [ | 0.60 | | I

#£4-3 <] >V EBEEDNY—

(@D=209mm, d =2.57mm

(b)D=30.6mm, d (=4.17mm"

<Js> 0.30 0.45 0.60 <J > 0.30 0.40 0.50
<] L> <] L>
0.50 | | [ 0.40 I I I
0.70 I [ [ 0.50 | [ I
0.90 I | A% 0.60 | [ [
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(@D=209mm, d  =2.57mm

F4-4 <] >-V BREDORY—

(b)D=30.6mm, d  =4.17mm

<J.> 0.30 0.45 0.60 <J > 0.30 0.40 0.50
<]J L> <]J L>
0.50 | V il 0.40 I M&V
0.70 I [ \Y% 0.50 \Y &IV
0.90 [ | | 0.60 I il
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i [
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5 l L} I T I T
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(@) D =20.9mm, d ¢=2.57mm, p ¢=2380kg/m* (b) D =30.6mm, d ¢=4.17mm, p ¢=2400kg/m’
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3 (dP/dz),/ 3 <dr> | Ly

(@) D =20.9mm, d {=2.57mm, p {=2380kg/m’
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0 :0.50
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0 :9(dP/d2)ry 9 <dt> | oy
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0.4 0.5 0.6 0.7
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(b) D =30.6mm, d ¢=4.17mm, p {=2400kg/m’
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04 05 0.6 0.7
<Jdr> (M/8)

(@) D =20.9mm, d ¢=2.57mm, p ¢=2380kg/m* (b) D =30.6mm, d =4.17mm, p =2400kg/m’
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3 (dP/dz)y/ 9 <> |
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60 l T ' L l T ' L] I L)
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D=20.9mm dg=2.57mm p g=2380kg/m®

i <Jg>=0m/s
Liquid-Solid Two-Phase Flow
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N \\ a:0.70
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L
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a :0.50
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(b) D =30.6mm. d (=4.17mm. p {=2400kg/m’
B4—-108 ENLDEABRTOEIMEL<T >OMLE (EHR A

3 (dP/dZ)ey 8 <dr> | o

0.7

40 T T T T T T
| D=306mm dg=4.17mm P g=2400kg/m’ |
<Jg>=0m/s  Liquld-Solld Two-Phase Flow
_ T
i <Jg>=0.005m/ / o |
_ 0.010m/s ]
20 0.020m/!
X <Jp> (m/s) |
s :0.50
R 0:0.60 ]
o :9(dP/d2)py 3 <dr> | >
- o :0(dP/d2)ry 8 <dr> | s> 1
—._——'/’m
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0.4 0.5 0.6 0.7
<Jr> (M/8)

(@) D =20.9mm, d ¢=2.57mm, p ¢=2380kg/m’ (b) D =30.6mm, d 3=4.17mm, p ;=2400kg/m’
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8 (dP/dz)/ 3 <Jr> | ey csor

8 (dP/dz)/ 8 <dr> | e cso>
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Gas-Liquid- .Tﬂ:e.e -Phase Slug Flow
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3
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(b) D =30.6mm, d =4.17mm, p (=2400kg/m’
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D=209mm dg=2.57mm p g=2380kg/m>
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f%/

8 (dP/dz)/ 8 <dr> | ey <se>

o
i

o :9(dP/dZ)y/d <d7> | <Js>,<do> ©0.50
o 8 (dP/d2W 0 <dr> | (yor,cda> 4 :0.70
0 :9 (dP/d2)ry 3 <dr> | <l <da> 0:0.90

|~ Gas-Liquid-Solid Three-Phase Slug Flow |

<Jy> (m/s).]

0.00 0.01 0.02

<Jg> (m/s)

8 I T T T T T T T T T |
D=30.6mm dg=4.17mm p g=2400kg/m?

Gas-Liquld-Solid Three-Phase Siug Flow

<Jp> (m/s)
- e :0 (dP/dz)y/ 3 <Jy> | Jar,<Jo> ©:040 —
o 3 (dP/d2)H/ 3 <dp> | (yss o> & 0.50
0 : 9 (dP/dz)gy/ 9 <J1'> | ‘J., <Ja> 00 60

L <Jg>=0.40m/s -]

_4 I 1 i i 1 ' ] i
0.00 0. 01 0. 02

<Jg> (M/s)

(@) D=20.9mm, d ¢=2.57mm, p ¢=2380kg/m* (b) D =30.6mm, d (=4.17mm, p (=2400kg/m’
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D=20.9mm dg=2.57mm p =2380kg/m>
% L <Jg>=0.010m/s 4
.Q- Gas-Liquld-Solld Three-Phase Slug Flow
v - i
7o S -
v \Om/
® | <Jg>=0.30m/s 0.45m/s  O. s J
3
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s
® <J > (m/s)
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" Gas-Liquid-Solid Three-Phase Slug Flow
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0 :9(dP/d2) 3 <dr> | ch> ciss & 0.50
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(@) D =20.9mm, d ¢=2.57mm, p (=2380kg/m’ (b) D =30.6mm, d ¢=4.17mm, p {=2400kg/m’
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.§ Gas-Liquid-Solid Three-Phase Slug Flow
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D=30.6mm dg=4.17mm p g=2400kg/m>

| <Jg>=0.40m/s J
Gas-Liquid-Solid Three-Phase Slug Flow

<Ji > (m/s) |
0:0.40
a:0.50
0:0.60
@Sﬁ\ﬁ
- o :9(dP/dz)y/ 8 <dr> | wJio<ds> b
o 3 (dP/dD)W/ 0 <> | (>, <ls>
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0 :3(dP/d2)py 3 <Jv> | <ji>,<de>
|
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<Jg> (M/s)

(@) D =20.9mm, d ¢=2.57mm, p (=2380kg/m* (b) D =30.6mm, d (=4.17mm, p (=2400kg/m’
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8 (dP/dz)y/ 3 <dp> | sr s
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<Jg>=0.010m/s 7
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— <Ji > (m/s)
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Gas-Liquid-Solld Three-Phase Slug Flow
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19 (dP/d2)y/ @ <d1> | (yas,ci> © 10.50

®
o 13 (dP/dZ)y/ 9 <d1> | ha>,ch> & 070 |
0 : 3 (dP/d2)ry/ @ <dv> | <ya»,<h» 0:0.90
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- D=30.6mm dg=4.17mm p g=2400kg/m?
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(b) D =30.6mm, d ¢=4.17mm, p {=2400kg/m’
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8 (dP/dz)y/ 8 <dr> | y s

8 (dP/dz)y/ 8 <dr> | po.csp
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| D=209mm dg=2.57mm pg=2380kg/m® | D=30.6mm dg=4.17mm p g=2400kg/m>
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| Gas-Liquid_Sol ~-Phase Slug Flow | 3 Gas-Liquld-Solid Three-Phase Slug Flow
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©
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)
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(8) D =20.9mm, d (=2.57mm, p (=2380kg/m* (b) D =30.6mm. d j=4.17mm. p {=2400kg/m’
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20 | Gas-Liquid-Solid Three-Phase Slug Flow' _| g Gas-Liquid-Solid Three-Phase Slug Flow
|3
20 - v 40 0—0—0._ -
(<3 ~ ~
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(@) D =20.9mm, d ¢=2.57mm, p ¢=2380kg/m’ (b) D =30.6mm, d ¢=4.17mm, p ¢=2400kg/m’
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FEOEDE

#5-1 #HE-HE- - EHE - cXNVFHLERICESSHEFEHLTO
SR AR 5 T IROAIERE RO R

(@)D =20.9mm
slope ordinate coefficient of correlation r
a :<J >—V plane 1.14 0.0883 0.988
b : <MT>——WI; plane 1.06 212 0.927
¢ : <P >—K} plane 1.18 126 0.978
d : <E,>—T,, plane 1.23 47.1 0.956
e : U, —V, plane 1.01 0.376 0.881
f :U,—Vg plane 1.01 0.375 0.881
g : U, —Vg plane 1.01 0.375 0.881
(b) D=30.6mm
slo ordinate coefficient of correlation r
a : <] >—V; plane 1.09 0.145 0.969
b : <M;>—WY, plane 0.993 263 0.787
¢ : <P >—K plane 1.13 171 0.946
d:<E>—T; plane 1.21 60.9 0.978
e : U, —Vg plane 0.757 0.660 0.716
f:U,—V plane 0.758 0.659 0.716
g : U, —V, plane 0.759 0.658 0.717
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#£5-1 H%#E- -HE - BHE - - XNVFPLEBICEISHFFELTO
S AR T 7 HROUER R OBFRER

(c)D=50.4mm
" slope ordinate coefficient of correlation r
a :<J;>=V; plane 116 | 0140 0.963
b : <M;>—W!, plane 0.948 425 0.734
¢ : <P,>—K plane 1.31 179 0.938
d: <E T>——’—r—z plane 1.43 48.7 0.972
e : Um—V“G plane 1.01 0.573 0.724
f:U, —V‘é plane 1.01 0.572 0.725
g : U, ,—V; plane 1.01 0.570 0.726
#£5-2 WEBFRHECIVBEXPORILIMEERICLS
KK X T 7 IROKHEREBHEREIC BT 2%t E
(a) D=20.9mm
Estimation Method S 04%) DDH%) n+ ID{(%) n- Dx(%)
[ Center Veloc. planca | 101 521 536 114 509 8 525
Center Veloc. plane b 1.00 5.55 536 105 5.22 91 5.56
Center Veloc. planec || 1.01 543 559 106 532 90 547
Center Veloc. planed | 0.999 582 557 100 6.06 96 5.81
Center Veloc. planee | 1.01 580 593 104 571 92  5.83
Center Veloc. planef | 1.01 580 592 106 573 90  5.83
Center Veloc. planeg | 1.01 579 590 106 574 90 5.83
Weighted Center Vol. | 1.02 576 634 116 503 80 5.84
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*5-2 WMEBFRHCIOBEAVPREIHEREICLS

KA R T IO RAERICHT 5 &

(b) D=30.6mm

Estimation Method S 0s(%) IDH%) n+ 1ID{(%) n- IDX(%)
Center Veloc. plane a 1.00 6.10 6.52 107 569 117 5.69
Center Veloc. plane b || 0.997 6.65 6.27 111 697 113 6.63
Center Veloc. plane ¢ 1.00 6.66 670 110 6.14 114 642
Center Veloc. planed || 0.994 7.06 686 101 713 123 7.01
Center Veloc. planee || 0.993 7.45 7.54 96 728 128 739
Center Veloc. plane f || 0.993 7.44 7.61 94 722 130 7.39
Center Veloc. plane g || 0.993 7.44 7.60 94 722 130 7.38
Weighted Center Vol. 1.02 6.32 7.35 125 5.00 99 6.42
(¢) D=50.4mm
Estimation Method S 04(%) IDH%) n+ [ID«(%) n- ID*(%)
Center Veloc. plane a || 0.999 5.95 5.91 65 5.98 67 5.98
Center Veloc. plane b | 0.993 6.92 6.78 62 6.96 70 6.88
Center Veloc. planec || 0.990 6.68 5.73 62 7.29 70 6.61
Center Veloc. planed [ 0.994 706 686 101 7.13 123 7.01
Center Veloc. planee | 0.989 6.95 6.06 60 7.49 72 6.88
Center Veloc. plane f || 0.989 7.01 6.43 59 7.31 73 6.93
Center Veloc. plane g | 0.990 6.99 6.50 59 7.24 73 6.92
Weighted Center Vol. 1.05 9.19 10.8 98 5.49 34  9.67
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#5—-2 WMEBRGICLHHERINRITIMERIZLS
S[B RS TROKAERBHEE I B 2 5HE
(d) FNNZ X BAEMH. D=27.6mm

Estimation Method S g4 (%) IDH%) n+ ID(%) n- IDE(%)
Center Veloc. planea || 0.987 122  9.59 20 14.1 20 120
Center Veloc. planeb || 0.954 18.0 14.7 18 19.2 22 172
Center Veloc. plane ¢ || 0.866 33.0 809 19 373 21  28.6
Center Veloc. planed | 0.585 829 6.16 2 49.5 38 485
Center Veloc. plane e | 0.904 20.6 6.78 14 221 26 18.6
Center Veloc. plane f | 0.905 205 6.81 13 22.1 27 18.6
Center Veloc. plane g || 0.905 20.5 6.80 13 22.0 27 185
Weighted Center Vol. | 0.997 7.16 7.00 18 7.25 22 714

#%5—3 ATOWHBEI&GZ2HERPIZIY AN IEBEREERICLS
KM RS FIROKIEERMEE ISR ) TR
(a) D=20.9mm

Estimation Method S 04(%) IDH%) n+ 1ID«(%) n- IDX(%)
Akagawa 0.990 6.06 5.82 83 6.27 113 6.09
Bankoff 0.872 5.82 1.67 3 139 193 138
Hughmark 0.925 5.41 3.14 11 921 185 898
Zuber-Findlay 0.916 5.18 2.54 7 9.84 189 9.68
Smith 1.01 6.26 623 105 6.26 91 6.25
Kawanishi et al. 0.920 5.18 3.00 7 943 189 9.27
Ishii-Kataoka 0.883 5.08 0.550 1 125 195 125
Sylvester 0.985 5.39 4.39 82 6.19 114 551
Orell-Rembrand 0.977 5.75 4.88 66 6.60 130 6.07
Local Relative Veloc. Model | 1.02 5.44 631 117 4.82 79 5.76
Sadatomi et al. Modified 1.12 11.9 135 187 345 9 13.2
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#5—-3 ZETOWMBRGLEHEXNPICH AN/CEREREEEREICLS
KUK RS JROKHERRMEE I K iR
(b) D=30.6mm

Estimation Method S 04(%) IDH%) nt ID-(%)
Akagawa 0.989 7.86 7.96
Bankoff 0.881 6.69 2.10 5 134 219 133
Hughmark 0.938 6.29 3.73 34 916 190 8.6
Zuber-Findlay 0.902 6.11 3.32 6 11.3 218 11.2
Smith 1.00 7.83 833 106 733 118 7.82
Kawanishi et al. 0.907 6.10 . 3.25 8 11.0 216 108
Ishii-Kataoka 0.888 6.24 2.48 4 126 220 125
Sylvester 0.987 6.14 5.97 90 633 134 6.19
Orell-Rembrand 0.980 7.91 8.04 84 799 140 8.01
Local Relative Veloc. Model || 1.01 6.19 707 118 538 106 6.33
Sadatomi et al. Modified 1.11 112 127 203 246 21 124
(¢) D=50.4mm
Estimation Method || S 0s(%) ID+H%) n+ ID«(%) n- IDX(%)
Akagawa 1.09 628 119 123 3.49 9 11.5
Bankoff 0.975 6.32 5.90 41 6.97 91 6.66
Hughmark 1.04 6.15 8.21 93 4.74 39 7.35
Zuber-Findlay 0.953 595 4.06 27 8.00 105 7.36
Smith 1.11 645 135 124 3.25 8 13.1
Kawanishi et al. 0.886 6.03 0.601 2 12.7 130 12.6
Ishii-Kataoka 0.972 592 4.60 44 7.11 88 6.39
Sylvester 1.07 6.19 10.1 108 3.92 24 932
Orell-Rembrand 1.09 6.56 116 119 4.90 13 11.2
Local Relative Veloc. Model | 1.01 6.32 7.06 71 5.70 61 6.47
Sadatomi et al. Modified 1.17 160 188 131 0.35 1 18.7
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#5—-3 2TORHBHRHLHERNPIZIH) AN EBEREELRIZXS
K[ RS FROSAGBEBREIC LI 28R
(d) FNic X BHEME. D=27.6mm

Estimation Method S 04(%) IDH%) n+ ID(%) n- IDE(%)
Akagawa 1.01 9.82 123 17 7.60 23 990
Bankoff 0.820 254 232 1 21.1 39 208
Hughmark 0.872 18.5 1.80 2 16.5 38 16.1
Zuber-Findlay 0.846 20.8 - - 17.6 40 176
Smith 0.960 102 7.67 12 10.5 26 9.75
Kawanishi et al. 0.851 20.3 - - 17.3 40 173
Ishii-Kataoka 0.869 17.6  4.77 2 15.7 38 153
Sylvester 0.924 16.0 104 9 159 31 148
Orell-Rembrand 0.946 9.86 6.36 8 9.92 32 932
Local Relative Veloc. Moddl || 0.964 12.7 104 16 134 24 123
Sadatomi et al. Modified 0.936 275 124 19 375 21 258

#5-4 MEERTOEFICE B ER MO
WEOERBRDREHREY |, Ol

D(mm) d (mm) p  (kg/m) H, H,/H, V;Hm@
209 1.14 2270 1.10 2.71 -0.146
20.9 2.57 2380 0.930 5.64 -0.272
20.9 2.96 2640 1.02 4.32 -0.288
20.9 4,17 2400 1.07 2.27 -0.315
30.6 1.14 2270 1.07 2.11 -0.130
30.6 2.57 2380 1.15 4.19 -0.374
30.6 2.96 2640 1.23 3.65 -0.352
30.6 4.17 2400 1.06 1.79 -0.336
50.4 1.14 2270 1.10 498 -0.154
50.4 2.57 2380 0.800 16.5 -0.240
50.4 2.96 2640 0.986 5.10 -0.354
50.4 4.17 2400 0.640 18.1 -0.224
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#5-5 H¥-HE- -EBE - txX)VFPOLERICESCHEFRLETOD
K A O EE ORI R
(D=209mm, d  =2.96mm, p (=2640kg/m’)

slope ordinate  coefficient of correlation r

a :<J;>—Vg plane 1.16 -0.357 0.962

b : <MT>—W§ plane 1.16 -357 0.962

c:<P> —K’; plane 0.974 -161 0.980

d:<E > f; plane 0.924 -50.2 0.985

e : U, —V plane 1.13 -0.322 0.965

f:U, —v‘s’ plane 1.15 -0.344 0.963

g : U, — V¢ plane 1.16 -0.358 0.962

#£5—-6 MEFHICKIEEANRITLIHEEICLS
B MO B ARG RER LT SHER
(a) FERICXDUEM, 21 2 %4,
D =20.9mm~50.4mm, d  =1.14~4.17mm

Estimation Method S g4(%) IDH%) n+ ID«(%) n- ID*(%)
Center Veloc. plane a 1.01 13.6 13.8 642 122 592 13.6
Center Veloc. plane b 1.00 12.3 12.7 615 11.7 619 122
Center Veloc. plane ¢ 1.03 21.2 25,5 852 112 363 21.2
Center Veloc. plane d 1.14 35.6 46.3 825 11.0 368 352
Center Veloc. plane e 1.01 15.0 17.0 681 125 549 150
Center Veloc. plane f || 1.01 12.3 126 599 119 635 123
Center Veloc. plane g || 0.999 11.9 120 605 11.8 629 119
Weighted Center Vol. || 1.01 10.0 104 666 993 542 10.2
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#5-6 WMEFRHFICIVEEANRLEIEFEEICLS
K RO EHREBRIER IR SHE R
(b) ERESOICKBHEM, D=26mm, d =6.12mm

Estimation Method

| Center Veloc. planc a
Center Veloc. plane b
Center Veloc. plane ¢
Center Veloc. plane d
Center Veloc. plane e
Center Veloc. plane f
Center Veloc. plane g
Weighted Center Vol.

S 0y%) %) n+ ID(%) n- D*(%)
0977 783 558 7 889 10 17.70
0.954 877  3.70 989 12 8.55
0998 110 136 8 810 9  11.0

114 148 196 7 726 10 149
105 100 112 12 595 4 102
0979 806 625 6 873 11 795
0978 705 481 6 782 11 691
101 656 103 6 309 11  6.60

(c¢) FMAESPIZ L BHEM. D=302mm, d =0.98mm, 1.89mm

Estimation Method S 04(%) IDH%) nt+ ID(%) n- IDx(%)
Center Veloc. plane a 1.00 8.03 6.87 25 9.27 20 8.02
Center Veloc. plane b 1.00 8.02 6.81 25 9.30 20 8.01
Center Veloc. plane ¢ 1.00 9.13 9.35 22 8.93 23 9.14
Center Veloc. plane d 1.01 14.6 19.5 20 8.94 25 14.6
Center Veloc. plane € 1.00 8.00 6.73 25 9.32 20 7.99
Center Veloc. plane f 1.01 8.08 7.18 27 9.79 18 8.09
Center Veloc. plane g 1.00 8.00 6.78 25 9.29 20 7.99
Weighted Center Vol. 1.00 8.01 7.13 24 8.90 21 8.00
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£5-7 2TORBEHERERTICIMD AN RRREEHIC LS
e A D E AR R I LI 3o 1) B $EHR
(a) FERICEDHTME. 21 2%#H.
D =20.9mm~50.4mm, d  =1.14~4.17mm

Estimation Method S 0y%) IDH%) n+ ID%) n- ID+(%)
Newitt et al. 120 209 311 1047 11.7 187 29.0
Toda et al. 206 404 472 874 110 242 418
Govier-Aziz 0959 149 134 479 166 755 15.4
Engelmann 132 772 1008 471 373 87 834
Ohashi et al. 158 224 281 812 193 392 231
Dedegil,Weber 114 171 228 1037 155 196 21.8
Kitahara et al. 1.05 206 239 706 170 528 213
Sadatomi et al. 0.847 141 811 158 221 1076 208
D-FModel with Susp. || 1.01 102 109 640 949 594 103
Lo ReltiveVeloc. Modd | 0.995 115 117 583 113 651 11.5

(b) EHESIC X BHAEM, D=26mm, d =6.12mm

Estimation Method S 04(%) IDH%) n+ ID{(%) n- IDX(%)
Newitt et al.

Toda et al. 1.11 19.9 28.0 11 1.19 6 28.0
Govier-Aziz 1.21 8.05 225 14 - - 22.5
Engelmann 1.50 79.2 93.5 17 - - 93.5
Ohashi et al. 1.86 42.0 95.3 14 - - 95.3
Dedegil, Weber | 1.39 15.9 42.1 15 - - 42.1
Kitahara et al. 1.09 4.99 10.8 16 1.94 1 10.5
Sadatomi et al. 1.08 11.8 15.1 16 0.307 1 14.6
D-F Model with Sﬁsp. 1.02 4.53 6.25 10 2.73 7 5.11
Local Relative Veloc.Moddl || 1.06 11.8 15.9 9 6.11 5 13.3
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£5-7 ETOWBRGEZHEAPICR) ANIHBERERKIZLS
B ARG D B AR IR IS 51 S RET R
(c) MESH?IZ X BHEM. D=302mm, d =0.98mm, 1.89mm

Estimation Method S g4(%) IDH(%) nt ID(%) n- IDx(%)
Newitt et al. 1.14 8.05 16.5 44  0.820 1 16.3
Toda et al. 1.11 18.6 26.0 31 3.45 14 21.6
Govier-Aziz 1.02 6.84 802 26 552 19 7.08
Engelmann 1.04 10.1 140 24 5.10 21 10.8
Ohashi et al. 1.03 6.76 778 31 5.82 14  7.23
Dedegil, Weber 1.13 7.87 154 44 512 15.3
Kitahara et al. 1.15 9.25 17.7 43 5.43 2 17.3
Sadatomi et al. 0.938 6.47 3.79 10 9.95 35 8.96
D-F Model with Susp. || 1.00 8.99 986 22 808 22 899
Local Relative Veloc. Modd || 1.10 10.9 16.3 36 6.69 9 12.9

£5-8 [M_MRS7FROBRE - [iakmENBETHREICE) SHEE

(a) D=20.9mm

Estimation Method L S 0y% IDH% 1+ ID{%) n- ID=(%)
Lockhart-Martinelli 0.788 158 113 7 250 167 246 |
Akagawa 0.816 175 833 18 244 156 233
Sylvester 2.27 16.7 132 174 - - 133
Orell-Rembrand 0.490 17.8 - - 51.8 174 51.8
(b) D=30.6mm
Estimation Method “ S o0y% DH% n+ ID(%) n DD ﬂ
Lockhart-Martinelli 0.864 29.6  41.1 26 257 122 290
Akagawa 0960 369 534 42 253 106 35.6
Sylvester 3.35 16.7 263 148 - - 263
Orell-Rembrand 0581 27.6 213 5 455 143 449
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#5-8 SKHBTHRXTIIROBE - [UakEIBRTHEICELIT 5HHE
(¢) D=50.8mm

Estimation Method S 0s(%) IDH%) n+ ID{(%) n- IDE(%)
Lockhart-Martinelli 0.786 483 502 24 41.5 83 43.6
Akagawa 0.792 48.8 52.6 23 41.2 84 43.9
Sylvester 4.55 48.9 419 107 - - 419
Orell-Rembrand 0.617 49.0 51.6 8 48.6 99 48.8

F£5-9 BERMHROBRBEAMETHEICET) SH%EHE
(LRI X BHEM. 21 244, D=209mm~504mm, d =1.14~4.17mm)

Estimation Method S 0y%) IDH%) n+ ID{(%) n- ID*(%)
Durand 0884 277 153 196 307 704 28.1
Newitt et al. 0.860 274 160 225 303 675 274
Oedjoe-Buchanan 0.857 275 159 221 304 679 276
Engelmann 0905 282 185 339 313 S61 272
Kitahara et al. 133 321 590 738 114 162 53.6
Sadatomi et al. .0.875 275 154 278 309 622 27.1
Proposed Method 1.05 251 370 537 122 363 276
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0.0 0.4 0.6 0.8
<dy>(m/s)
(b)

1 v I v ) i Ll
D=30.6mm dg=4.17mm p 4=2400kg/m*
Liquid-Solld Two-Phase Flow

041 === :Engelmann
<J,>=0.70m/s
3 Y 4
E < >=0.60m/s ’_,:;:f;;
i <J,>=0.50m/s s E::,'a.,.
§ 57
=02 . . =]
i 7 <Js>=° /‘5‘<J,>=0.010m/8
<J>(m/s)
- s :0.50
. = :0.60
,,,,,,, *:0.70
0.0 1 N | " | " N
: 0.4 0.6 0.8
<Jy>(m/s)
(d)

K5—29 EE_MEEOBEEEIRETHEER
(D=30.6mm, d ¢ =4.17mm, p (=2400kg/m’)



(dP/dz)(kPa/m)

T v T M T v T T T ) T j !
D=30.6mm dg=fi.17mm p 4=2400kg/m’ D=30.6mm dg=4.17mm P 4=2400kg/m*
Liquid-Solid Two-Phase Flow
0.4 === :Sadatoml et al.
3 ]
s <J>=0.60nVs ‘4{%
% <J >=0,50m/s i
_— a 0 .
'H | Iy ! il .
50.2 ™ _‘,/:\-’_9'('
T luo-ogosomsd| o5 <Je=0010mis
<J >(m/s)
4 :0.50
= :0.60
P * :0.70
0.0 ' 1 L 1 ] 1 . 0.0 L \ I . 1 . L \
) 0.4 0.6 0.8 " 0.4 0.6 0.8
<dy>(m/s) <dy>(m/s)
(e) (f)

T T T T T T T T
D=30.6mm dg=4.17mm p 4=2400kg/m®

Liquid-Solid Two-Phase Flow
Proposed method__|

0.4} zzz== :based on d,/D,Vg/V|
and <ag>
E <J>=0.50m/s
E <>
-
pd
go.z N [
T | e\
<d>(m/s)
4 :0.50
= :0.60
¢ :0.70
1 " 1 N | . . .
0.0 0.4 L )
<dy>(m/s)
(g)

K5—-29 [EHRABOBREEIMRETHESR
(D=30.6mm, d g =4.17mm, p (=2400kg/m’)
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FO6FEDK

#6—1 KFHEHIZETAOREROBE. Y1 SAHBEGRE r
(D=20.9mm, d (=2.96mm, p (=2640 kg/m°)
plane a b c d e f g h
slope(gas) 1.02 0930 1.15 121 0.893 0911 0924 1.12
ordinate(gas) || 0.222 325 148 43.8 0.467 0.444 0.427 0.196
r (gas) 0.947 0.903 0979 0.990 0.879 0.880 0.881 0.973
slope(solid) {| 1.19 1.13 0993 0942 117 119 120 1.19
ordinate(solid}{-0.496 -217 -114 -36.2 -0.332 -0.355 -0.371 -0.366
r (solid) 0.908 0.944 0973 0.982 0.941 0.936 0.933 0.930
#6 -2 KRFHIZKTHEHEEBHEORNE
(D, d 02100 A EbE. T— 7 $(1386)
plane a b c d e f g h
S (gas) 101 100 101 ;101 101 101 101 1.01
o (B)(gas) | 537 546 574 601 640 639 638 6.12
S (liquid) 1.00 0999 0996 0.994 0.991 0.991 0.991 0.995
o (%) (liquid) | 3.06 317 332 347 373 373 373 355
S (solid) 0982 1.01 1.00 0.999 0.988 0.988 0.989 0.991
o (%)(solid) | 128 111 107 109 113 113 113 113
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#6 -3 [EJBMRZI7ROCHEERERICEIT 5% E

Estimation Method S 04(%) IDH%) n+

[ Sadatomi etal. 102 783 971 780
Weber-Dedegil 1.01  7.86 920 595
Toda et al. 0952 7.68 672 331
Gas+L-S Model 103 781 992 801
DiftFixModelwihSwsp. | 1.05 605  9.01 1090
LoclRektive Veloc Model | 1.00 623 657 659

ID-(%)

n- ID*+(%)
6.00 606 8.29
6.53 584 7.99
9.30 1019 8.74
5.77 585 8.42
4.16 296 8.22
590 684 6.23

#6 -4 BIKHBMHRAS THROBHEBRHERIZ KT SRR

Estimation Method
Sadatomi et al.
Weber-Dedegil

Toda et al.

Gas+L-S Model

Drift Fux Model with Susp.
Local Relative Veloc. Model

S
1.00
1.00
0.986

0.991
0.976
1.00

0 (%) IDH%) n+

4.38 4.65 660
4.40 4.60 569
9.09 421 688
4.31 416 567
3.48 277 318
3.42 330 684

ID-(%)
411
4.19
12.2
4.50
4.51
3.54

n- IDx(%)
726 4.38
610 4.40
662 9.07
819 4.36
1068 3.48
659 3.42

£6—-5 HEKB=MRATIROBEHEERERICEIT 2HHE

Estimation Method

S 0(%) IDH%) n+ ID{%) n- ID+(%)
Sadatomi et al. 0.872 13.1 104 163 179 1223 172
Weber-Dedegil 1.07 120 165 835 892 344 147
Toda et al. 212 957 233 1335 462 15 232
Gas+L-S Model 1.06 124 164 907 941 479 144
Dift FixModdwihSusp. || 0.954 132 12.8 448 136 938 134
LocalReltive Veloc. Model || 0.998 123 131 634 115 709 123
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#6-6 [ERE=MRAS7ROBRBENKTHEICE T SHKHE

Estimation Method S 0 (%) IDH(%) n+ ID(%) n- ID*(%)
Kato et al. 1.60 394 87.0 1124 284 100 83.8
Toda-Sadatomi 2.74 45.0 198 1216  65.1 8 198
Toda et al. 1.89 1620 3130 1162 294 62 3050
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yd Input parameters and fluid properties
<JG>, <JL>, ds), D, dS’ Ps»

Pa UG P P g

Set temporary value of gas volume fraction
<OG>mp=<J>/ (<Ig>+<I>+<Ig>)

-
>t =</ <AG>mp)
Jg>' = <>/ (1 - <0g>imp)
D= D(1 - <0g>mp)™*
Calculate <0g> " using a liquid-solid
volume fraction correlation

*
<O yp= <Og>y (1 - <0G>g,)

> = <Jp> /(1 - <og>y)
d>* = <>/ (1 - <0g>yp)
D*=D (1 - <°'S>tmp)0'5
Calculate <ag>,,,* using a gas-liquid

<OG>new™ <aG>ncw# a- <aS>m\P)

<0G> = <OG>pew
<0g>= <(!s>mp

<oy >=1-<ag>-<ag>
End

glation |

<aG>tmp= <0.G>“cw

(a) 7g—F+— p
K6 —1 Weber-DedegilD fkiZ & 3 B K A OBAGBROHE
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Applying L-S
Correlation

<Os>mp

SOANNANNARRNNARRDRRRNNNY

Applying G-L
Correlation
OG> o=

<0G>mp2| Applying L-S
Correlation

<ag>

Applying L-S
Correlation

(b) BE&K



-~ Input parameters and fluid properties
dg>, <Jy>, <Jg>, D, dg, pg,

Pg WG Py P> e
1

Set temporary value of <ag>"

<0g>" = <Jg>/ (<I >+<Ig>)
|-
di > <>+ <dp>
J = <J>
PL < pp +(Ps- PL)<C>" 1y
Calculate <0g>,, using a gas-liquid

volume fraction correlation
|

> = <>/ (1 - <ag>)
dg>" = <dg>/ (1 - <0G>1mp)
D* = D(1 - <tg>p)"
Calculate <ag>" ., using a liquid-solid
volume fraction correlation

<og>" mp= <ag>" Lo

<og>"  converged?

<AG> = OG>y
<ag> = <og>’ o (1 - <ag>)
<o >=1-<0g>-<ag>

End

(a) 79—F %»— b

AR NN RN RN TR R R RN AR R R R R AR R N R A N R AR RN

Applying G-L
Correlation

<0G imp,1

Applying L-S
Correlation

<aS>‘ncw=

-]

<og> .tmp,2

1

Applying G-L
Correlation

.
<O§> pew™

.
<0§> tmp a1

1

lying G-L
[elation

Applying L-S
Correlation

AVERRT AUANAAY AR AR AT AR TEETEHURGUVEERRRE. AT UL RO

(b) #E&K

K6—2 KE-ERRESERETMCLSBEQBEHROSHEEROKE
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1.0 T T a I - T T I ' ]
dg(mm) D (mm)
i <0 g>=0.28~0.32 o :1.14 0 :209 i
A 257 o :30.6
& :2.96 e :504
é'; 0.8 n v A Q v 417 —
N i A
-
v
0.6
— :Calculated by
i presented correlation i
0.4 ] ] i ] 1 | ] | 1 ]
"0 0.02 0.04 0.06 0.08 0.10
<dg> *
K6—3 KK _MHRTIHEPOEEN FHOEEERBEIRE
2.0 L e i R A
15 -
%
& 1.0f -
| <JL>f*/<JT> |
05L D=20.9mm i ©:0.533 ¢ :0.231 i
- (dg/D=0.142) A :0.317 e :0.213
L ds=2.96mm v :0.287 a :0.182
0 :0.256 -
1 I 1 I L I 1 I 1 I 1
0 0.02 0.04 0.06 0.08 0.10
<Ug> *

K6—4 KENEKR_MEPTOBRMEOIH/NNT A -
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0.8 L L L 1 r U T T T l 7 T T T
—— :Calculated by presented correlation A -~ a, i
06 N
i ]
)
= 04 -
- D (mm) dg(mm) |
0.2} 0:209 o0:1.14 _
) ® :30.6 A :2.57
e :504 0:4.17
S | A | 1 J N | | J— | - | 4‘ - | | i | —l
0 0.20 0.40
<dqa G>#
(a) EEH=ARS 7 HOP!
0-12 ! I Ll l ¥ I ¥ l 1
o
_— ted lati -
0.10} :Calculated by presented correiation .
0.08 _
*
J ——
> 0.06
— D (mm) ds(mm) -
0.04 o :(20.9) 0°1.14
@ 306 A 257
0.02} e :504 O :4.17 a
| I L I [ I 1 I 1
0 0.02 0.04 0.06 0.08 0.10
*
<dg>

(b) B =HRT I HOP
K6 —5 RFHEHEEEFIVCEIELRBEHRT 7 HOBRBORR
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Input parameters and fluid properties
dg>, <Jp>, <Jg>, D, dg, pg,

Pc Rgs pI) 100 g

Set temporary value of <og>yy,

<0'S>tmp = /3 S

Set temporary value of <og>
<0G mp= B

tmp

|<

<Og>* iy = <o.s>tmp/(1-<aG>‘mp)

# -
<0G>" imp= <aG>tmp/(1-<as>tmp)
I

V=<1 >/(1-<0G> g < O5>tmp)
|
Calculate ¢ {*,Vg*and V
|

<0G>pew = <J6>/Vg

<ag> converged? <0G tmp= <OG>new |

No
‘ Yes

Calculate ¢ *,Vy" and Vg
|

<Ug>pey, = <Ig>/Vg

<og> converged? <05 1mp™= <05 new
No

Yes

<0.G>= <0'G>new

<0.S> = <(ls>new

<oy >=1-<0g>- <0ag>
End

(¢c) 7a—F v — b
M6—5 RFAMENEEETIVCEIBEK[BREHRS VIROBEBOHE
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—x —x

T 1 T | 1600 —  — T T —
[o]
2.0|-—,o :Gas Phase ° —,0 Gas Phase
————— a :Solid Phase l - & :Solid Phase o ]
, 8 &
re ] N’g‘ e ]
£ . 3
= X
T>¢n - 800 =
e 10 — 1=
> ¥ !
1 .
i
- ' Gas-Liquid-Soiid Three-Phase Siug Flow | ' Gas-Liquid-Solid Three-Phase Slug Flow }
D=20.9mm, dg=2.96mm, p 5=2640kg/m> D=20.9mm, dg=2.96mm, p g=2640kg/m®
| I | 1 | L L L 1 1 | I T
0.0 0.8 1.2 1.6 200 800 1200
<Jp> (m/s) <Mr> (kg/(m?s))
(a) (b)
1 L T T 1 T 1600 — —— — v
- — 0 :Gas Phase ° % 3 ——,0 :Gas Phase
..... a :Solid Phase o o - —--,& :Solid Phase ° % 1
h o s
L ° /'/
_ 1600 . = o3 .
? ) NE 5 o] //
| ] & o S /,
£ < | o " w
] | gawL o © Aal .
~ L é O€ H '/A A &
Q_ T}i”. PYS &
- 1 W I 4 l
g 800 49 s pane
I 1 a
5o /. ! — a —
g .
S8
r .~ Gas-Liquid-Solid Three-Phase Slug Flow - f Gas-Liquid-Solid Three-Phase Slug Flow W
“ D=20.9mm, dg=2.96mm, p g=2640kg/m’ A D=20.9mm, dg=2.96mm, p g=2640kg/m?
0 1 [ 1 [ L \ L L -
400 800 1200 1600 0 500 1000 1500
<Pr> (kg(m/s)/(m?s)) <E7> (kg(m?/s%)/(m?s))

(c) (d)
M6—-6 BERE=HMRS7HOLFEETOEH (D=209mm, d =2.96mm)
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T | T T . T T 1 T T
2.0 L—— ,0 :Gas Phase 2.0—-——,o :Gas Phase o
----- ,5 :Solid Phase -4 :Solid Phase
w )
E E .
1 ¥ _
& . 1.
IS 53
.
A ]
[ Gas-Liquid-Solid Three—Phase Slug Flow L Gas-Liquid-Solld Three-Phase Siug Flow
D=20.9mm, dg=2.96mm, p g=2640kg/m® T D=20.9mm, dg=2.96mm, P g=2640kg/m>
1 1 | | | .| . | 1 1
005 12 16 003 12 16
Un (m/s) ' Up (m/s)
(e) (f)
{<d>+<dg>)/(1-< a g>) (M/s)
0.8 1.2
T T T o T
2.0 — — o :Gas Phase —,0 :Gas Phase
..... 'a :Solid Phase % [ -, :Solid Phase d1.6
Q
E aol
,/'/ — _— ~
’& /
, . o I
» v 1.2
» - —1.
E ] 7_'\_" >
!s>m o I E
: It 1.0 1 = 1 %
> A i
1 5
i y Jo.8
N 2.0
> y Gas-Liquid-Solid
d T N a%“ a Three-Phasa Slug Flow _|
A
Gas-Liquid-Solid Three-Phase Siug Flow | WGN D=20.9mm, dg=2.96mm,
D=20.9mm, dg=2.96mm, p g=2640kg/m> @ P g=2640kg/m’
I 1 N R | | 2 B I PR . 0.4
0.0 0.8 1.2 1.6 2 4
U (MV/s) (< >+<dg>)/{<a >(1-<ag>)} (M/s)

(g) (h)
R6—6 BERKE=MHRSI7HROLEEHETOERE (D=209mm, d =2.96mm)
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0.6 1

T j L] I I‘I L I LI t LI 1 L T L —I L] j L] I L
D=20.9mm Gas-Liquid Two-Phase Flow
L dg=2.57mm HL+G -
s e (G)+L
P s=2380kg/m <Jg>=0m/s
05 _ 0.020 ﬂ
<Jg>=0m/s .
- gg;g . <Jg>=0m/s -
0,050 0.010
0.4} Js>=0m/s
0.010
<Jg>=0m/s %o.ozo
X 0.010 0.050"
0.020 .
0.050
7,03 0.60m/s _
o
v
I T
<Jp >=0.50m/s
0.2~ Jg>=0.30m/ )
0.70m/s “a>=00mas
. < >(m/s) 0.90m/s ]
0 :0.50
A :0.70
0.1 - g :0.90 Three-Phase Flow —
(L-S)+G
T (G-S)+L
- Center Velocity, plane a2 @ (G-1)+8 -
0.0 U IS NS SN NRUN SRR RN S UN RS U R R
0.5 1.0 15
<J>(m/s)

(a) sitRRRER

R6—~7 Filia (<J >~Vi <J>—VORE) £HVERICLS
SHAGHRAEFFER (D=209mm, d (=2.57mm, p (=2380kg/m’)
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1.0——

T L] ' L ' L] —' ﬁl ) l . | l L l ) ] 1 l L§ l LI
D=20.9mm Gas-Liquid Two-Phase Flow
- dg=2.57mm {L)+G ]
p g=2380kg/m3 ® :Gas-Liquid Two-Phase Slug Flow ~—~ " HG)+L
0.9 O :Gas-Liquid-Solid Three-Phase Slug Flow
[ — - -—1
Center Velocity, plane a
- <Jg>=0m/s .
0':(1):0 <Jg>=0m/s
8 0.010
08
L <Jg>=0m/s
0.010
0.020
A_10'7 - 0.050
o]
Vol
<dg>=0.30m/s
0.6
05 pd Three-Phase Flow —
<Jg>=0m/s, <J| >=0.50m/s :(L-S)+G
| o-(:;gzo ______ G rs
X | — (G-L)+S
0.60m/s 0.050
o411 . 1 . I N INVRE RO NS U TR BN R
05 1.0 1.5
<Jr>(m/s)
(b) WHERER

R6~7 FEa (<J>=Ve <J>=VIFE) &AVIHERRIC LS
BHGERERER (D=209mm, d =2.57mm, p (=2380kg/m’)
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0.20 l B 4 l o f l ¥ I f ‘r 1 l i I L l b ' 1 ' T l T I H
L D=20.9mm <J >(m/s)
dg=2.57mm O :0.50
B _ A :0.70
ps-2380kg/m3 O :g_;o Three-Phase Flow
i (L-S)+G
1 — :(G-S)+L
16 :(G-L)+S
5 e :Gas-Liquid Two-Phase Slug Flow
o :Gas-Liquid-Solid Three-Phase Slug Flow
: Center Velocity, plane a
0.12 <Jg>=0.050m/s
A R <Jg>=0.30m/s
n <Jg>=0.45m/s
3 " <J|_>=o.50m/s[ <J >=0.70m/s
0.08}-
I <J >=0.90m/s
<Jg>=0.60m/s
| <Jg>=0.020m/s
0.04
-
ooob—L——1 v § v o[ §ig g g1,
0.5 1 1.5

(c) EHkER
B6-7 FiHa (<] >V <Jp>—VOFERE) AAULHERICLS
EZHGREBHEMSLR (D=209mm, d=2.57mm, p (=2380kg/m’)
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0-6 | L | T T T | T T T I T T T | T I T I ) | T |
D=20.9mm Gas-Liquid Two-Phase Flow
- dg=2.57mm (L+G ]
P —— :(G)+L
p g=2380kg/m <Jee0.050m/s <Js>=0m/s
n $ 0.02 0.010 i
0.5 0,010\ 0.020
<Jg>=0.050m/s g&\\ .
041
Jg>=0.
NG
0.01
A03F
O
\"
<J| >=0.50m/s
0.2
- <J>(m/s) 0.90m/s .
0 :0.50
A :0.70
0.1 O :0.90 Three-Phase Flow -
’ ((L-S)+G
e . L mm—— (G-S)+L
- Center Velocity, plane b ... H{G-L)+S -
YR IR (U NN U NUR NS NS SN SN ST SR
0.0 0.5 1.0 15
<J>(m/s)

(a) AR
R6—8 FED (<M>—Wg, <M>—WIFHE) &ML S
EMAEEBHELER (D=209mm, d =2.57mm, p (=2380kg/m®)
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1.0

I L _I L) " | J l ) ] 1 I ) ] L I L] 1 ¥ l L —' | | LJ
D=20.9mm Gas-Liquid Two-Phase Flow
L dg=2.57mm (L)+G .
p g=2380kg/m? ® :Gas-Liquid Two-Phase Slug Flow ~ ~ ~ HG)+L
0.9 O :Gas-Liquid-Solid Three-Phase Slug Flow
Center Velocity, plane b
- <Jg>=0m/s T
<Jg>=0m/s
0.010
0.8}
L <Jg>=0m/s
0.010
0.020
AO.71 0.050
o
v
<lg>=0.30m/s
0l6 [
i
05 > Three-Phase Fiow -
<Jg>=0m/ . N\JL>=0.50m/s :(L~S)+G
o'(::gzo A (G-ShL
- VeV LlamEma ceeesessennaes (G_L)+s 1
0.60m/s - 0.050
04 ——L 1 . | N IR (U IR NI RS N R S S
0.5 1.0 15
<Jr>(m/s)
(b) HHEER

BI6—8 SFEb (<Mp>—Wy. <Mp>—WLFE) %A HEREIC LS

AR BH AR (D=209mm, d =2.57mm, o =2380kg/m’)
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0.20

l ¥ ' ¥ I ¥ l ¥ I 1) I ¥ ' L) l ) l ) l ¥ ‘ ¥
L D=20.9mm <J>(m/s)
ds=2.57mm 0 :0.50
- o
P 5=2380kg/m’ o g;g Three-Phase Flow
i (L-S)+G
I (G-S)+L
.16~ (G-L)+S
5 e :Gas-Llquid Two-Phase Slug Flow
o :Gas-Liquid-Solid Three-Phase Slug Flow
- Center Velocity, plane b
0.12- <Jg>=0.050m/s
A B <Jg>=0.30m/s
» <Jg>=0.45m/s
3 A <J; >=0.70m/s
0.08 -
i <J>=0.90m/s
L <Jg>=0.60m/s
0.04
0.00—
0 0.5 1.5

<Jr>(m/s)

(c) BEffamER
B6—8 FHEb (<M>—Wg, <Mp>—WFE) ERVHERRICLS
FZHBERMEERESE (D=209mm, d =2.57mm, p  =2380kg/m’)
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0.6 I T I T I T I ] I | I ] ' | I ] I T I ] I

D=20.9mm Gas-Liquid Two-Phase Flow
L dg=2.57mm H(L)+G §
3 e (G)+L
P 5=2380kg/m <J5>=0.050m/s <Jg>=0m/s
0.5 0.02 0.010 |
: 0.010\ 0.020
<Jg>=0.050m/s k 0.050
i 0.02 p- ‘ <Jg>=0m/s .
0.010
0.020
0.4 <Jg>=0m/s
0.050 =S 0.010
<Jg>=0.050m/s /0.020
I 0.02 L 50,0507
0 l. ~
- 0.60m/s _|
750.3 \\\
o :
v : e~
i W/ 0.45m/s y
<J >=0.50m/s 7 |
0.2 !
‘ 0.70m/s <JG>=0.30m/s
B <J>(m/s) 0.90m/s 1
0 :0.50
A :0.70
01 O :0.90 Three-Phase Flow -
(L-S)+G
e e m——— {(G-S)+L
- Center Velocity, plane ¢ =~ ... HG-L)+S A
oo—~L——L . 1 . 1 . | . P I PR RN RN BT N
0.5 1.0 1.5
<J>(m/s)

(a) KHAERER

B6—-9 F¥ific (<Pp>—K5 <P>—KFE) FMUVHEERICLS

BB BHREEE (D=209mm, d =2.57mm, p  =2380kg/m")
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<a, >

1.0

09

0.5

0.4

1 L j L j 1 ' L] 1 14 I | —l L ' LI ] 1 l 1 I LJ ] ]
D=20.9mm Gas-Liquid Two-Phase Flow
L dg=2.57mm H(L+G i
p §=2380kg/m° ® :Gas-Liquid Two-Phase Slug Flow ~ HG)+L
O :Gas-Liquid-Solid Three-Phase Slug Flow
- ] 1
Center Velocity, plane ¢
B <Jg>=0m/s n
<Jg>=0m/s
<Jg>=0m/s -
0.050 _|
J
0. 90m/s
B N Three-Phase Flow
<dg>=0m/s / /. NgdL>=0.50m/s {(L-S)+G
0-?320 N :(G-S)+L
B . 050 000000 e (G-L)+S .
0.60m/s 0.050
IR NI (RN N A R (U RN T R SR R
05 1.0 1.5
<Jy>(m/s)

(b) BoAIERR
B6—-9 SPEic (<P;>-KJ <P >—KSEE) £MAHERICLS
FAERBHERAER (D=209mm, d  =2.57mm, p ,=2380kg/m’)
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0-20 | I | ¥ | ¥ | ¥ | T I 7 | 1 | T I T | T | ¥ | T

5 D=20.9mm <J>(m/s)
ds=2.57mm O :0.50
B = 3 A :0.70
| Ps=2380kg/m O :0.90 Three-Phase Flow
{(L-S)+G
L e—— (G-S)+L
o6 s
L e :Gas-Liquid Two-Phase Slug Flow
o :Gas-Liquid-Solid Three-Phase Slug Flow
i Center Velocity, plane c
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£8-1 KB HAZ7RORKSEHR I OB 5T

(a) RKaRZX
Estimation Method S 0 s(%) IDH%) nt ID-(%) n- IDX(%)
Street-Tek 0.929 15.2 15.9 5 15.8 15 15.8
Akagawa-Sakaguchi [ 1.01 10.8 13.7 8 8.57 12 10.9
Hatakeyama-Noda 1.23 22.9 38.0 18 10.3 2 36.2
Sylvester 5.87 156 156 20 - - 156
Presented Correlation || 1.00 4.33 5.38 15 3.75 5 5.02

(b) KRfARI LR /a=—y PEIDK

Estimation Method S o ¢(%) IDH%) n+ ID(%) n- ID*x(%)
Sato et al. 0.812 19.9 1.28 4 27.7 16 24.8
Orell-Rembrand 0.835 18.8 1.85 6 23.8 14 17.3
Presented Correlation || 1.02 3.84 5.40 11 2.19 9 4.28

#8 -2 FEK[BMRTITRORKIEFHESOHREICHT SR

Estimation Method S o4(%) IDH%) nt ID-(%) n- ID*(%)

1.01 7.66 8.23 51 7.15 46 7.74

Presented Correlation
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%£8-3 S ARSTHDOT A 7 H— WK S 7B

RIXOHERITEIT HHE
Estimation Method S 0 s(%) IDH%) n+ ID-(%) n- IDX(%)
Sylvester 3.24 13.0 228 20 - - 228
Hatakeyama-Noda 1.22 13.0 273 19 4.60 1 26.7
Sato et al. 1.44 30.9 67.9 17 2.54 3 62.6
Orell-Rembrand 1.77 27.4 702 20 - - 70.2
Presented Correlation| 1.01 5.60 60.6 11 5.27 9 5.72

#8 -4 BEEBE-MHRASIHOTU A 7H—BEXS5 7
EXO#HAEICHBIT A HKEHE

Estimation Method || S 0(%) DDH%) n+ ID<%) n- ID+(%)

Presented Correlation " 1.03 8.53 10.2 66 7.40 40 9.26

#8—5 KM _AMRTIHRORKELAFEEOHBRIE T SRR

Estimation Method S o (%) ID+(%) nt ID-(%) n- IDX(%)
Nicklin et al. 1.01 1.54 2.05 13 1.19 7 1.79
Akagawa-Sakaguchi || 0.900 3.32 - - 10.4 20 10.4
lida-Atsuura 0.828 6.35 - - 18.0 20 18.0
Fernandes et al. 1.07 1.53 7.55 20 - - 7.55
Presented Correlation || 0.999 0.803 1.12 6 0.638 14 0.811

#8-6 BEXKBEMRTIIRORKJIELAREOHREICL T D4R

Estimation Method " S 0 (%) IDH%) nt ID(%) n- ID*(%)

Presented Correlation || 0.998  1.95 1.65 53 223 53 196
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XKB-T [B MR THRORKISHHEROMRIIL T SR

Estimation Method S 0 %) IDH%) n+ ID{%) n- ID=(%)
Akagawa-Sakaguchi | 1.02  5.12  5.76 6 472 3 543
Presented Correlation | 1.00  2.56  3.81 3 162 6 257

#8 -8 MEXBMRT I MORIEHRBEROERIZEKIT 5#itE

Estimation Method || S 0% IDH%) n+ ID<%) n- ID*(%)
Presented Correlation || 0.978  4.01 276 8 511 17 449
£8-9 KHE_HMHASTHKDOT A4 7E—WBEXS TEHD
SHGEBBOWMEICLIT KR
Estimation Method “ S 0(%) IDH%) n+ ID{(%) n- ID*(%)
Presented Correlation || 1.00  5.85 728 4 443 5 587

#8-10 BERHE=MRS IOV =17 H—BHEXZ 7O
S[UBRBEROKEIZKIT 2R

| Estimation Method || S

0 (%) IDH%)

Presented Correlation || 1.05

6.27

8.56

37

n+

ID-(%)

n-

ID +(%)

4.49

9

7.93

#8—-11 KBHMHRTITRORT JRABOHEIZR T SHEE
Estimation Method S 0 s(%) ID+(%) nt ID-(%) n- ID*+(%)
Akagawa 0.556 23.3 - - 46.3 18 46.3
Presented Correlation | 1.01 3.47 3.73 13 3.79 5 3.74
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#£8—-12 RBERKHB=MHMASTTHORS ZEABOMEIZELIT 2HETE

Estimation Method

Presented Correlation

o(%) IDH%) n+ ID{%) n- D=(%)
697 863 63 538 43 748
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KEIS L FEEV, OB (8-33) 1
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£9-3 BEMREDO<] >—<a >BRED/H—2

(@D=20.9mm, d (=2.57mm

(b)D=30.6mm, d (=4.17mm

<J s> 0.30 0.45 0.60 \ <J > 0.30 0.40 0.50
<] L> <] L>
0.50 I I [ 0.40 I I I
0.70 | I | 0.50 I | A%
0.90 I 1 I 0.60 I | I
#9-4 BEKHKEEMRIITMETIVICESWIHERICES
BAAEREE IR %R
Phase S o (%) IDH%) n+ ID(%) n- IDXx(%)
Gas 0.993 6.09 6.19 596 6.02 790 6.09
Liquid 1.01 3.37 3.59 806 3.19 580 3.43
Solid 1.02 12.4 15.6 687 10.4 699 127
#9-5 [EKHEEMRATIIMETINCESWIHERICES
SHEHETHEICK ) 285 E
Pressure Gradients S 0 4(%) IDH(%) n+ ID-(%) n- ID*(%)
Tortal 1.01 3.24 4.16 642 2.18 582 3.37
Gravitational 1.01 4.07 4.61 674 3.48 550 4.14
Frictional + Bubble tail|| 1.07 31.2 42.0 644 22.1 580 34.1
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d(}>7 <JL>7 D’ p(p l‘-(}: pl) U'L? g

Input parameters and fluid propertics

Input gas volume fraction for gas-liquid

<O imp™ US> new

two-phase slug flow, <og,>
1

Set temporary value of <O imp

<Og>np= <JJ>/(<A:'>+<J L >+<J S>)

Set temporary value of <og>yy,

<OG>imp= <J>/(<Ig>+<I >+<ig>)

|-—

Calculate lengths, Ly, L, and Ly
by Eqs.(8-12), (8-21) and (8-22)

1

Calculate <ag>y, by Eq.(8-43)

Calculate <0G>pew bY
Eqs.(7-18) and (7-19)

<og> converged?

<0G 1mp™ <OG”new

|

Calculate <ag>|; by Eq.(7-18)

Calculate <oy >y, by Eq(7-17)

T—

|

Calculate <ag>y by Eq.(7-26)

Calculate <oig>y,; by Egs.(7-16) and (7-22)

1

1

Calculate <ag>) by Eq.(7-33)

Calculate V|, and Vg, by Eq.(7-20)
T

1

Calculate <oy >, ; by Eq.(7-28)

Calculate <ay >, by Eq.(7-16)

1

|

Calculate <og>,; by Eq.(7-29) ]

Calculate <ag>, by Eq.(7-27)

1

[

Calculate V| by Eq.(7-31)
m|

Calculate <ag>,,. by Eq.(7-25)

Calculate Vg, by Eq.(7-32)

|

1

Calculate V, by Eq.(8-33)
|

Calculate VGbc s Vcwc , VLwc
and Vg, by Eq.(7-24)

Calculate <ag>,,, by Eqs(7-16), (7-21)
and (7-22)

]

|

Calculate <ag>,.,, by Eq.(7-19)

(7-17), (8-55) and (8-53)

Calculate Vi,V and Vg, by Egs.

]

Calculate V g, by Eq.(7-20)

[

| Caleulate Vi, by Eq(7-30)

B9 —1
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<ag> converged?

<(],G>= <QG>

hew

<Ug> = <Ug>pew

Calculate <oy > by Eq.(7-15)
End

B&H AR S FHRETIVICE S HEEOZIICE T 5 FAGRHR, FHF
B, FHMOBEIHCCERNE L L TOEHEERBEREN2O70—-F +—




(a) [FAARR

0.6 I ¥ I T '7 L I L I ¥ I ¥ I ] I 1 I 1 I L) ' 1 I 1
D=20.9mm Gas-Liquid Two-Phase Flow
- ds=2.57mm (L)+G A
————— (G)+L
p §=2380kg/m> @)+
05} <Jg>=0m/s <Jg>=0m/s |
0.010
o.ozo& 0.010
\ 0.020
B 0.050 \; . 0.050 <Jg>=0m/s .
p " "\ 0-010
<Jdg>=0m/s R
0, 0.020
04 0.010 \ TN A -
0.020 3. % N oo% Dy i
] 0.050 %6 0.020
™ = i
Jg>=Omys . S \;.\0.050
A 0.3l 0.010-, $ 0.60m/s _
o 0.020 —*x8X y
v 0.050 gAY
]
i Ml / 0.45m/s T
<J; >=0.50m/s &/ ’:':'3:;}\ 1
0-2 [~ L . 9 r:‘... ha
0.70m/s <JG>=0.30my/s
- <JL>(m/s) 0.90m/s .
0 :0.50
A :0.70
0.1 a :0.90 Three-Phase Flow -
(L-S)+G
—————— (G-S)+L
- e (G=L)+S
0.04||I-I||J||.IJI.J..I.I.
0.5 1.0 15
<J>(m/s)

92 BEKHEAMRS ZHRETINCES HEERIC L 5 SARRBERORERRER

(D=209mm, d ¢ =2.57mm, o 4=2380kg/m’)
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1.0—T—T1—

p g=2380kg/m°

0.010
0.020
i 0.050 <Jg>=0m/s |
AO.71
-l
o |
v
B <Jg>=0.30m/s .
0.6 0.90m/s
i 0.45m/s P2 0.70m/s i
<Js>=0m/05// -0
05 0.01 <J >=0.50m/s Three-Phase Flow
0.60m/s 0‘?)2:50 H(L-S)+G
' e (G-SHL
T ———— (G-L)+S -

0.4 I DT DR T DU SRS DU DU NN ST DS N SR

L '[ L) [ L l ] l T [ | J j R T . ' T I 1
D=20.9mm Gas-Liquid Two-Phase Flow
L dg=2.57mm (L)+G .
————— {G)+L

® :Gas-Liquid Two-Phase Slug Flow
0 :Gas-Liquid-Solid Three-Phase Slug Flow

<Jg>=0m/s

<Jg>=0my/s
0.010

0.5

1.0 1.5
<Jr>(m/s)

(b) HAEEREHR
KO -2 EXRBESHZRSZVHREFMCES BRI X 3E5HREROBREER
(D=209mm, d =2.57mm, p 4=2380kg/m’)
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0.20

0.16

0.12

o <dg>

.08

0.04

0.00

T L I 14 I | I L r L I Li I L I L I L j L l ) r T
| dg=2.57mm 0 :0.50
- 3 A :0.70 7
P 5=2380kg/m O :0.90 Three-Phase Flow
i :(L-S)+G 7
—————— (G-S)+L _
[ (G-L)+S
5 ¢ :Gas-Liquid Two-Phase Slug Flow .
o :Gas-Liquld-Solid Three-Phase Slug Flow
- -
u -
<Jg>=0.30m/s
|
B <Jg>=0.050m/s
i <J>=0.50m/s
| <Jg>=0.020m/s
L <Jg>=0.010m/s
[ I
0.5

(c¢) FEAERER
K9 -2 BESK=MRIIMETIMIETSHEREIZEX 5 & HAEBBOMELR
(D=209mm, d ¢ =2.57mm, p =2380kg/m’)
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<ag>

0.6

! ’ ! ' ' ' ! ' ' ' ! ' GLs-Liquid Two-Phase Flow
D=30.6mm (L)+G
d¢g=417/0m - T———- (G)+L
P §=2400kg/m’ <Jg>=0m/s
B gg?g <Jg>=0m/s 7
0.020 - om/s
\\\. .
<Jg>=0m/s ' '
0.005
0.4} 0 01N‘ ety
0.02 \ 0.010
YOI v 0.020
S ooe .. T 0.50m/s
0.010— "~} : '
— 0.020 : -
<J >=0.40m/s <Jg>=0.30m/s
0.50m/s J
0.2+ 0.60m/s
<J>(m/s)
0 :0.40
A :0.50
. Three-Phase Flow
— 0 :0.80 (L-S)+G
—————— (G-S)+L
............ (G-L)+S
| TR M T DR (R U T R N N
0.0 05 1.0
<J>(m/s)
(a) SAHERSR
K9 -3 BERHESHRSVHEFIMCES BRI L 3R EERBOHERE

(D=30.6mm, d(=4.17mm, p (=2400kg/m’)
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<a;>

L0 e S B S B S L B—

D=30.6mm (L+G
ds=4.17mm * :Gas-Liquid Two-Phase Slug Flow ~~ " HG)+L
P s=240°kg/m3 O :Gas-Liquid-Solid Three-Phase Slug Flow
<Jg>=0m/s
<Jg>=0m/.
Jg>=0m/s
0.8 0.005 <Js>=0m/

Gls—LiquId Two-Phase Flow

<Jg>=0m/s
- 0.005 5 |
0.02 \ //0.010
<Jg>=0.30m/s g 0020
”¢ Ll - \
06 ]
0.60m/s
0.50m/s <J >=0.40m/s Three-Phase Flow
| (L-S)+G
—————— (G-S)+L
............ (G-L)+S
| A | i I )
04 l 1 ] ! | 1 | 1 | 1 ] 1
0.5 1.0
<Jr>(m/s)

(b) HWHERR
K9 — 3 RBESKKSHRSIHRETFINCES S REERIC X5 FHEHBOMRERER
(D=30.6mm, d ¢=4.17mm, p 4=2400kg/m’)
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0.20

0.16

0.12

0.04

0.00

K9 —3 HERHKSMRTZHETFINCES BRI L BB MEREROREER

I T I L I L) I T '7 1 l 1 l L I L '
L D=30.6mm <J_>(m/s)
dg=4.17mm 0 :0.40
. Three-Phase Flow ]
= 3 A :0.50
i P s=2400kg/m O :0.60 (L-5)+G
—————— (G-S)+L
| s J(Gi=L)+S
e :Gas-Liquid Two-Phase Slug Flow
| o :Gas-Liquid-Solid Three-Phase Slug Flow
E <Jg>=0.30m/s _
L <J >=0.50m/s
— <dg>=0.40m/s -
<Jg>=0.020m/s
i S <J >=0.60m/s

L Ja>=0.50m/s
<J|>=0.40m/s <Ja>=0.50m/s  _
| <Jg>=0.010m/s -
<Jg>=0.005m/s J '
IR N B | N
0.5

<Jr>(m/s)
(c) EHEER

(D=30.6mm, d =4.17mm, p §=2400kg/m”)
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LA DL L EL A EL A I B LA BN L BN B
sl P=209mm ds=2.57mm o §=2380kg/m® ;. _0.45m/s,<Js>=0.05m/s _|
| ¢ :Gas-Liquid Two-Phase Slug Flow <Jg>=0. 45m/s,<Js>..0m/s |

| O :Gas-Liquid-Solid Three-Phase Slug Flow B

1.6 i |—<J-|-> 7

_ / 7
E1oL
E12

-l -
> [
<]
> r
0.8 p
= . =0 = <Jg>=0.45m/s, :
L~ J 0050m/s e
0.4f =T 116
N Vs -
0.0 ———1— 1.2

— P . <Jg>=0.45my/s,

- <J1>=0.70m/s,<Jg>=0.050m/s< . 2 <Jg>=0.010m/s _
";,‘0.8 y— <J>=0. 70m/s,<Js>,-0'010m/s 0 it _J 0.8
E s <Jp>(m/s)
> [ 0 :0.50
> Fe s :0.70

04 o :0.90 0.4

B ]

L ]

P 1 1 4 4 | ® 1 ‘ A * 1 \ ._l L * | L 0.0
0.0 0.5 1.0 1.5

<Jr>(m/s)

M9 —4 BAESMRSFHEFIVCES BRI 3ERTFAREORTHER
( D=20.9mm, d S=2,57mm\ 0 S=2380kg/m3)
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| ! 1 ' I ! | ! | ! { !
20 D=30.6mm dg=4.17mm P g=2400kg/m>

o :Gas-Liquid Two-Phase Slug Flow
O :Gas-Liquid-Solid Three-Phase Slug Flow

1.6

VG VL(_IP/ S)
[\

L
-

0.8

<Jg>=0.40m/s,

e /”1
04—

,,,,, <Jg>=0m/s

0.0

<J|.>=0.50m/s,
' <Jsr=0.91m/s .

<Jg>=0.40m/s,<Jg>=0.020m/s
<Jg>=0.40m/s,<Jg>=0m/s

I T T T T T
<Jg>=0.30, 0.40, 0.50m/s

V|=<JT>

<Jg>=0.40m/s; >~
<Jg>=0,020m/s 4

<Jg>=0.40m/s,
<Jg>=0.010m/s

\_ls T

<Jp>(m/s)
0 :0.40
a 050
0O :0.60 —

0.5

0.7

K9 —5 RKMBSHRS ZHETFIMIES BRI X 28 EFHEEOREER
(D=306mm\ d S=4.17mm\ 0 S=2400kg/m3)
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12.0 [ LN I T ' ¥ F L | | I 1 | | | L § l L 1 ) ‘[ R ‘ *
i D=20.9mm dg=2.57mm p g=2380kg/m> e
100 —-—— " ) i
<JL>=0.90m/s o <Jg>=0.30m/s
J>=070m/s =z H__.--
i <> /s A _ .H" : <Jg>=0.45m/s -
<J|>=0.50m/s N e =~
s 7, 0.60
VI~ = J o i - S
8.0 <Jg>=0.020m/s - e m/s -
<Jg>=0.010m/s B 3
E | <Jg>=0.005m/s :
=0m/s(G—-
g | T o
o <vs>=0.010m/ Js>=0.005m/s
> 6.0 F‘ <Jdg>=0.005m/s \ S>—_- m
:'_ <Jg>=0m/s(G-L <Jg>=0m/s(G-L)
N .
L 5 <Js>=0.010m/s; A
% <Jg>=0.005m/s
~ 0 i <Jg>=0m/s(G-L) — - — - :Liquid Single Phase Flow
4. -
e :Gas-Liquid Two-Phase Slug Flow Lines, ():kept constant, +:moved
- O :Gas-Liquid-Solid Three-Phase Slug Flow . ;—— H<dp>)+<dg> .
© :0.50 G-L______ H<dg>)+<d>
<J >(m/s) A :0.70 H<d>,<dg>)+<dg>
20 0 :.90 G-L-8 {E——m——= i(<dg>,<dg>)+<d > —
Y N - :(<JG>!<JL>)+<JS>
R -
oo —t—L + 1 . | ISR IR RRN RTINS ST N N T N T B
0.6 0.8 1.0 1.2 14 16
<J>(m/s)
(a) &FESBET

K9-6 BESK=MRIIMETIMIEISHEREILEL & HESM T OHEER
(D=209mm, d =2.57mm, p S=2380kg/m3)
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12.0 r ) l LI r | r - l L ] 1} r L ' T ' L l L ' I I ¥
N D=20.9mm dg=2.57mm p g=2380kg/m?> |
- Liquid Single Phase Flow -
w00 _-MaudSinglePhaseFlow -
8 <J>=0.90m/s ]
<dy >=0.70m/s
8.0l <J >=0.50m/s e <J@>=0.30mMV/s
) <Jg>=0.020m/s
<Jg>=0.010M/8- S RAX T ANNNL XN oassT <Jg>=0.45m/s
— Jg>=0.005m/s
E F = > _ ~<dg>=|
S <Jg>=0m/s(G-L. B.60m/s
o <Jg>=0.020m/!
= 6.0 <Jg>=0.010 -
x <Jg>=0.005m/s s )
3 | <ls>=0m/s(G-L) . 37' * 0.005m/s \ |
% <Jg>=0.005m/s <Jg>=0m/s(G-L)
~ a0k <dg>=0m/s(G-L)
B =
2.0 -
0.0 | U IR (S U TN ST RN NI NS SRR R N
0.6 0.8 1.0 1.2 14 1.6
<JT>(M/ S)

(b) EBHICKSENET

M9 -6 BELKHEARTIHETINCESCHERICISRENRT ORERR

(D=209mm, d ¢ =2.57mm, p S=2380kg/m3)
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1.6

-t
N

(dP/d2), (kPa/m)
o
™

0.4

0.0

1T 7T 7171 717 "1 71
e :Gas-Liquid Two-Phase Slug Flow

0 :Gas-Liquid-Solid Three-Phase Slug Flow G-L<
0 :0.50
<J>(m/s) A :0.70 G—L-Sé —————

O :0.90

D=20.9mm dg=2.57mm p 5=2380kg/m°

<Jg>=0.020m/s |

L - T .Liquid Single Phasé Flow
Lines, ( ):kept constant, +:moved

(<dp>)+<dg>
H<dg>)+<d >
H<dL><dg>)+<dg> |
H(<dsg>,<dg>)+<d >
:(<JG>,<J|_>)+<)!”5>

0.010m/s—

0.005m/s —

om/s(G-L)¥

e o 0:45m/s

_<Jg>=0.30m/s .
// N
IR NI NS RSN (SN S NNNNUN (NS NN SN SR ST S N

0.6 0.8 10 1.2 14 1.6

<J>(m/s)

(c) B L KiagImE /IR T O/

M9 —6 RBRKE=MRSIRETFIMIESCHERICLIZZENRTOHRERLR

(D=209mm, d ¢ =2.57mm, p (=2380kg/m’)
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12.0

10.0

ot
(=]

(dP/dz); (kPa/m)
(2]
o

s
o

2.0

0.0

| D=30.6mm dg=4.17mm p g=2400kg/m°> -

<J >=0.40m/s
i <J (B =0.50m/s <J|_>=0 60m/s ’

<Js>=0.020m/s ; X S <Jg>=0. 30m/s

. - | L~
— e - s

<Jg>=0.010m/s <~ N S _’ <Jg>=0.40m/s
L <Jg>=0.005m/s — \\ S /: 4 ‘::— <JG>=0.50
oy o -\ G>=4.

o —‘ > Q
‘{ \~ 2 , m/s

<Jg>=0m/s(G~ l‘.) ' e ” p ‘ <
N 5>=0.020m/s % <l ' <Jg>=0.02m/s.
<Jg>=0. 010% =0.020m s’./ , <dg>=0.01m/s

. <Jg>=0.005m/s
<Js>=0.005m/s"_, . _0.010m/s <Js>=0m/s(G-L)
I <Jg>=0M/S(G-L)  <Jg>=0.005m/s ]

<Jg>=0m/s(G-L)

— - — - :Liquid Single Phase Flow
e :Gas-Liquid Two-Phase Slug Flow Lines, ():kept constant, +:moved
- 0 :Gas-Liquid-Solid Three-Phase Slug Flow — ¢ H(<d>)<dg> 1
0 :0.40 G-L______ H<dg>)+<d >

<J>(m/s) A :0.50
[~ 0 :0.60 G-L-S

(<dL>y<dg>)+<dg>
H<dg>,<dg>)+<d >
- edg>,<dL>)+<dg>

(a) £2ESET

K9 -7 BEKBEEAHRTTRETICESSHEREICISEENRETOREEER

(D=30.6mm, d =4.17mm, o (=2400kg/m’)
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12.0

10.0

©
(=]

(dP/dz), (kPa/m)
o
=)

»
(=]

2.0

0.0

<J >=0.60m/s
<J >=0.50m/s

<Jg>=0.010m/s
<Jg>=0.005m/s

<Jg>=0.50
m/s

I

<Jg>=0.01 ' i . l’/ <Jg>=0. 02m/s
= <J >=0.01m/s
<Js> 0.00 m S>'° 01 om /s S

<Jg>=0.005m/s |

<Js>_0m/s(G 0)

D=30.6mm dg=4.17mm p g=2400kg/m> —

0.8
<J>(m/s)

(b) EINTXBENET

H9-7 BERKESHRS ZIHEFIVCESHEERICKSKENETORRRER

(D=30.6mm, d =4.17mm, p 4=2400kg/m")
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1.4

1.2

1.0

ot
®

(dP/d2), (kPa/m)
=]
o

0.4

0.2

0.0

' | r L] l L j L r L I Ll j L I r L li L B
— - — - :Liquid Single Phase Flow
-~ e :Gas-Liquid Two-Phase Slug Flow . . 1
o :Gas-Liquid-Solid Three-Phase Siug Flow Lines, ():kept constant, +:moved
- 0 :0.40 _ \—/—— <dpo)4<dg>
<Jy>(m/s) A :0.50 G-L______ H(<dg>)+<d > T
O :0.60 H<dL>,<dg>)+<dg>
- G_L_sé ————— H{<dg>,<dg>)+<d > T
H<dg>,<d>)+<dg>
| -
D=30.6mm dg=4.17mm p s=2400kg/m3
R i
A -
- ﬁ: -
i f
- <Jg>=0.020m/s
i 0.010m/s
0.005m/s :
omis(G-L)—==" [  |= 0.40m/s
I __.—"7 <Jg>=0.30m/s 0-40mM/s 0.50m/s ]
\/ _
S TR RN RS R RN RN T ST PR R
04 0.6 0.8 10 1.2
<Jr>(m/s)

(c) EE L QUakImE N T O

K9 -7 BESESHRS/MEFINCES BRI X HEER T OREHER

(D=30.6mm, d =4.17mm, p 4=2400kg/m")
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0-6 L ] T T —
. D=20.9, 30.6, 50.4mm 2 -
. ..' °.o
) [ ]
° B >’ L ° -
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.g (o4 s=6.09% o
‘(;; N v ®es _
w  § 0
A L]
0 [ )
o P
v n -
0.2 Number of data: 1386
[ ds=1.14, 2.57, 2.96, 4.17mm |
p §=2270, 2380, 2640, 2400kg/m>
' 1 X ! .
0 0.2 0.4 0.6
< ag> Measured
(a) SHEESR
L] ' 1 ] l L) | T I L]
D=20.9, 30.6, 50.4mm
0.8} -
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QJ L]
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v
- Number of data:1386 -
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(b) WAHEER
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0.08 . . . . . .
D=20.9, 30.6, 50.4mm ]
.O
- . .... . . —
o o Ao ’.‘
o | s=1.02 S A ]
g 0g=12.4% . "-f'.
:.3 Y ’:‘? .
wd 0-04 — ".o % o .
A
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o - K s .
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t’ ) Number of data: 1386
L]
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p §=2270, 2380, 2640, 2400kg/m>
A | i | A
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< ag> Measured
(c) EMERR
K9-8 KRHEBBOMERLRELIMEEROEENILE
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E
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&
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- 0 g=3.24% >
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3
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(a) 2EHIET
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(dP/dz)y Estimated (kPa/m)

(dP/d2)g; Estimated (kPa/m)

B9 -9 HHEARTOMREMETENERROTERNLE

T L l T l L
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| ?
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4 6 8
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0 1
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(c) BEME S ST SIKE T ORI
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Gas-Liquid-Solid Three-Phase Slug Flow
D=20.9mm dg=2.57mm p g=2380kg/m3

<Qy>ig
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A 08 oo Jo.08
3 | <Jg>=0.45m/s <o e ;
o <Jg>=0.010m/s _ __<£———" ] 2
¢ (7]
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% 04T H0.04
A
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v

(a) FHICHITSBHMEBERNICXT V2= y MEHOEHREREE

2.0 T T v T T T T T T
Gas-Liquid-Solid Three-Phase Slug Flow
| D=20.9mm dg=2.57mm p g=2380kg/m° --
L <Jg>=0.45m/s  YbIVabe
<Jg>=0.010my/s -
—
xd
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> S e
~ - ot —
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> T /Vsm A
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