creative
commons

C O M O N § D

OI2Xt= otele =2HE 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAH OHE 082 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

™ B

—_
~

T o g R

W — o N

J—.
o x°

(R0 %o %0 oF Uo

BB BE

MK




e

=
iy

PR B KEABE

oA TER}

B A

20134 21



o] Mie LB MHLEMY fmce = s
201247 121

SRpgel TEL AREEMr le agiEe

FhELEAEK AN AE W El
% B __ & 15 El
% B gl # El

PR EL RS K

20124 121



Air—-Water Two-Phase Vertical Upward
Flow Regime Identification with

Cross-sectional Visualization

Yeong Jun Jang

(Supervised by professor Sin Kim)

A thesis submitted in partial fulfillment of the requirement

for the degree of Master of Engineering
2012. 12.

This thesis has been examined and approved.

Thesis director, Sin Kim, Prof. of Nuclear and Energy Engineering

(Name and Signature)

Department of Nuclear & Energy Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



It
>

LIST OF FIGURES :oeeeerreeeerremsuieiiiiiiiiiiiii i i
SUMMALRY ceeeeeerreremmmtetoiiiiii v
Q g]: ....................................................................................................................... vi
I }\-] B 1
I, O] Z A HZ coovverrrerrmiiii s 3
1. Taite]l FEL T o 3

2. MaAshima TGl coooeermi 21

I ./.]:7_(} .f?ri /\31-5-‘:4' ............................................................................................ 33
1. A1) FEFR] eeeeereeeenee 33
1) :":751] /15__] gy{]: ......................................................................................... 33

2) 1% TR ] woevereerneennenententet et 35

3) TWIre—1NESh SENSOL *+rreressrreresserrrnaseemtuianttti e 36

2. A B ZA T} e 37



37

el
Nd
oo
Q!

38

- 45

)

- 47



LIST OF FIGURES

Fig., 1. AT A] G55 OFA] oo 3
Fig. 2. B-37], W74 50 cm$ FA A A %5 2] Tiatel B e 11
Fig. 3. &-&7], W74 3.0 cm?! & #ANA fF& 2 A=, Tiatel ZE e 14
Fig. 4. S8 TLF 7] BF T30 crrrerreeremessesssi st 16
Fig. 5. Mishima 22 7]HF GZ0F 2] A I o 28
Fig. 6. 7| EFo A S THFZ Q] O] HJ AL crrrmrrrmremmsmsisisnisisisi s 28
Fig. 7. € 2700 A HFZ Q] Z O] HJTL srrrrererrerressmssissieisisis s 29
Fig. 8. HFoll A BAFTFE Y F O] HJIL st 30
Fig. 9. Govier and Aziz (1972) 223} Mishima E @ H] DL oo, 30
Fig. 10. Duckler and Taitel (1977) X 23} Mishima E @ H] 1L e 31
Fig. 11. Taitel et al. (1980) == ¥} Mishima G H] DL sereeeeeee 32
Fig. 12, 2R TF A8 AJAL oo 33
Fig. 13. AT BHAE AlA i) 34
Fig. 14. TLETFI TR oo 35
Fig. 15. WMS9} 1% IS A8 3F AT v 36
Fig. 16. Taitel 227} Mishima Z DT AF] & e 37

Fig. 17. A}t 7149 2H7] %27t 272 40 m/s, 0.1 m/solal 11 7hd e}
AT} (2), WMS Z T} (D) reeeveeereesesessesmssssssississisisi s 38
Fig. 18. 4A¢t 71Ale] 2r7] £%=7F 242F 0.1 m/s, 0.1 m/s, 115 7hdlet 23t

(@), WIMS AT} () wrerereeeerereseessssssmsesttiti sttt 39



Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

19.

20.

21.

22.

23.

24.

24.

A9t 7Ae] Bry] &=7F ZbZE 01 m/s, 2 m/s, g Fhee A

(a), WMS 78331} () weeereseresmrtii e 40
j}-@goﬂ 1:H§_L WMS ©H o]n]x] .................................................................. 41
Nukol] A 9] T TE A Q] e 42

A et 7IA ] 2R7] =7 2H2F 0.1 m/s, 148 m/s, 14 Fhve 4

_Tr/]_ (a)’ WMS gjr/]. (b) .................................................................................. 42
A9 A5 vtgo® v WA 3.0 ecm FAT frE P E e 43
& BT Taitel T TFO] H] G crovererrssersssressinessiesssenissesisesis s 44
& R Mishima F S TFO] H] L reereessersssmeisnsssseissseisssisessiseinns A4



Nomenclature

O R
XX
00 100

e
m° m°

o N

A A AR ©
o~
XX W N
o8 oF 60 Lo A

2] 18] Aol
(terminal film velocity)

=

<

o] kK- (nose)d A
#2717} 5 7] o] A ]

Z=

ZH(wall friction factor)

hya
O

|

Y 7]L

P

1
Ar o
= A

X0 —

N
B

B o) Mo Ap A KR

Py

Greek Symbols



Subscripts

oF

00

mwo

z._-

)

—_

fite)

mr W

Gl <

1) i

af o

;O% ‘7A|

at

il

) o

m zlo A

?%ﬂ N

Il i)

ey v

O ~y =

ﬂzégoégz

T 0 ® ® R LR

FEH TN T )T
~

Vi



of

ke
T

-

71 BT, i s &

aeal =

]

A
=

2 Y =

@t

% %2 (flow pattern) == % 9 (flow regime)©] &}

Nro

—

+
Mﬁ

+

)
RK

o

%

30 mme] W

RS

O
RS

L

Taitel?} Mishima?d &

A

=
=

il arss 7hvet

S

g 9

741 3}

k

;.OO

il

e

)A
3r

=
=

3] Wire-mesh sensor

g 9

—
10

X

"
=)
&

X

™

—~
fi%e)

TR

Vii



SUMMARY

Two-phase flow is often observed in various engineering fields such as the
core and the steam generator of the nuclear power plant, petroleum transport.
In the case that there are differences in velocities and properties of two
phases, various flow structures occur according to channel configurations. The
flow structures which are frequently observed are called flow patterns or flow
regimes. Since the flow regime identification has very important roles in
system designs and safety analyses, a number of theoretical and experimental
researches have been performed. This study has been motivated to draw an
appropriate flow regime map by identifying flow patterns in a vertical upward
pipe with 30 mm. For this, theoretical backgrounds have been studied and
experiments have been performed. As theoretical backgrounds, flow regime
models by Taitel et al. and by Mishima and Ishii have been adopted. In
experiments, a high-speed camera and a wire-mesh sensor have been
employed for axial and cross—sectional visualizations, respectively. On the
whole, experimental observations well match theoretical models despite some

mismatches near the transition boundaries.
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22 7NE7F FAA 7IEI AATEE AL VIERESEH SYaFRe] ol

a=0.3 (41)

- zYafolA Asme] ol

SelaFolA AFEY Hole AA el dd F 7|FgEC] 4L 7IE 9
Ho] 7lFERT E5 W FAST T 78T S 2Rl AFEL Aot
DSt A, 1 725 dEE wWdEa 39 S 7|2 gFEe A
q 81 7IEe] Bl 7] AlAen ok AR Fig. 45 iR Al vt
Z ¢+ ZFSH(friction pressure drop)oll 71913k body accelerationg L@ &l B,

9 7 A9 53 WEFo]l A vt o

L

5 (al)* = Apgh (42)

A7|A U, 71E A FEolil pe Ful1 71xe] - (nose)d] AElolth

£ 712 gH-H(nose)d Aold | Fst= T V] TES
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a(h)= V2gh2olp, (43)
V29hNp/p,+ (G —1)Ug+0.354/ ApgD/p,

91e] A3} e},

ol71M €22 BE Hkol td WAL Aol BoAHd A 2

ApgD

Pr

(44)

AN U PRy SRS

o~

ol

oS3 V2] Hels

z+7] 913)], Mishima
o} Ishie €82 7| +49

2

ko]l 3t & & (force balance) WA AL # &

sttt 93 ¥ mh#(wall friction)s E3ebe

(45)

% (terminal film velocity)®] i,

g8k ZlFEolth ¥ nmbE AAK(wall friction factor) f

f _ O [ (1 - asb) ULSZ)D } "
e/

4
- (46)
2
A (46)S A (45)e] A EA HW = (A (45)9 9= & A= ”ff )
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Ust — (1 _QSb)(1+Trf,)/(2—771,) D% (47)

£ —m pL 1/(m—2)
U, ApgD

s

o] ®th WW Aol gt T8 aE nydy] Wil o7IAE 99 Ae W
FotAl= Fe=rh F7lE, A (W6)2 Yol HEHA @ £ sl TE &

©7b 0] Htka Aeke & vk AA oblm G A fFEo| AL Y

o §l71 Wil o 7ML stk 4 42 ol frs el ud v

o
ri
ry
X
il

o

|83t &3 e g or W 5= gl

A
U= G Us+0.35 ZjD (48)
. ayUge— Us
Ust - 1_a8b (49)
AnHon 9o A5e AdaA HW g A3 )
. 3/ —-m 1/(m—2)
j+(1—ay,) (2=m)[3C,(D/U) " (p,/ ApgD)| (
Q= 50)

G, Uy +0.35+/(2pgD/py)

o714 WF ' U3 m=02, C, =0.0462% 7R3 DA -9 &
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( ApgDB )1/18
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ANpgD )
Pr

e e pge olgard A G2e ¥ & ATk
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Us+0.75ab

“sb T G U, +0.35b+ 0.75ab (85)
a5l ARz Mol dal el et Ht 7T Ee] €91 7IxE 9
o 7leERt w& W LR TPEEY] wel Mol Ve e 2

G —1)U,+0.35/(ApgD/ 0
a21—0.813{ G L (209 gpL) } (56)
Us+0.75/(2pgD/p,) (2pgD?/ pyu,)
B3 o] ofst HAA fFA dEiA = tdeiAl g3 2ol g 4 9t

= /
=, (ApgDppuy)’" =3 olch,

of Aole] U 71Ee ol F Al e uAUZEE FHRste] AuH AT
() 2 /£ et 52E A GojolAe o,
WMol o5 & B o4F e B,

% 2t % gl g R aA AUz g tee @

11—«
[1—!—75(1—04) Pe
a+ | ——= 2 1¢

\/E Pr

ApgD1—a)
0.015p,

(57)
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o] 7] A,

Uos == 0)Us= Uss (58)
Upg =02 ®l, At Ae] o5 208 AgaiA Hd thg3) 2o] A}
= ApgD 1.25{ 11—« }1/2
Vs Pa ¢ o051+ —a)] (59)

g Afeld BAFRe ol NEL thgat ol TAbE & vk

A
Pa

B
k]
o
=2,
=
=
)
lo,
e
oflt
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ot
2
o,
il

jq 0.2
K= ! =N
agap |t 61)
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o714 K= Kutateladze numbere] il N, ;2 th3&3} )

N, = % [PLU YN ]1/2 (62)

[e)
e Y HE

A= 7kA1 €] Mishima R&el tfgh o] 7ol oste] {5 ¥4 A=Es A4S
%th Fig. 55 W74 30mm(E# 254 mm), 25C, Aol A e f% 44 Axg
dolty. M=o AR Ax 4 (Do 9&] 5% 7IEFAAM S8 FrEe FHol
E UEdTh AR A= E-3714e B4l wep wgt. SYaFENE
AFe] Hol= 2 G2 HEH IS F v AXH BE & 3=tk AA9 7
A 27t = A EHIFE A 6D ASskE AR Dol o&) AgtE
A8 DEUY 7|Ae] L7t =5 o, OA S2las =WEe dddel o B

do kA 8 E25FE 3EE ¢ s Aelnh adu g9 AdA = 03~

il

0784 7l&Eo] ek 7ol SdF=e] Hol= 4 (60)l sl 58 7H
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Averaged liquid fraction: 0.79172
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