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Counter-Current Flow Limitation in Vertical Pipes and a Pressurizer Surge Line
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Abstract In our serial studies, we derived Wallis type correlations for counter-current flow
limitation (CCFL)in vertical pipes by using existing CCFL data. The characteristic length of w
= DU/ (where D and L respectively denote the diameter and the Laplace capillary length)
in the dimensionless velocity was different depending on the limiting location, and our results
indicated that CCFL-L at the sharp-edged lower end, CCFL-U at the sharp-edged upper end,
and CCFL-P inside vertical pipes are respectively expressed by #=0(w=D),=1(w=1L), and
S = 05(w = D*L%). We also evaluated effects of fluid properties on CCFL in vertical pipes by
using existing CCFL data. The most effective fluid properties is the liquid viscosity, and so we
expressed the slope m and constant C, in the Wallis type correlation with the viscosity ratio of
gas and liquid ( /1) . We classified three regions for effects of u/u, on m and C and we obtained
exponent functions of u /u, for m and C in the case of the small x, (room-temperature to high-
temperature water)for CCFL-L and CCFL-U except CCFL-P without high-temperature CCFL
data. We evaluated CCFL characteristics in a pressurizer surge line with the sharp-edged upper
end, and we derived a Wallis type correlation with # = 1(w = L), the slope of m = 0.94, and the
constant of C, = 1.24 * 0.1.

Keywords pressurizer surge line, vertical pipe, counter-current flow limitation (CCFL), CCFL correlation,
characteristic length
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FIRICX D TE S, 225 - 7)) YKBBTIE,
U/t D Cyy DS BEDS AR BE ORI BT & m~
DFBEPIRE CEREHEBICXSTES. 2%,
K, ARREEZ ) &) VKW, W) k) YK
WO 3HIMICK S TE L., ZOFMRELD, e
B CHCCFL 7 — % % T 74 2 S A SR
TERWIEDWHSITH 5.

BI10IC R T @B Cp & A Fem % K, KRR 7))
) VKB, RIRES ) k) VKB O 3 I
T EATHR/ANZ I T g/, DI E KD
7z RO zug/w DB E W TCCFLT — %
ML 72 ue/m OFREBAECTHEIIE L 72 CCFL-L
% B1112, CCFL-U#% [¥1212, CCFL-P% X131
ARY. 11 ®CCFL-L & 412 CCFL-U i % i K
25 E KO Z R L, X130 CCFL-P I i
EZ ) ) VKB OERERT. K11 ~1312R
F CCFL 7 — # 125t L T/ 3 i % v € Wallis
MOMBN 1) OABLm & EZ8C &Ko7z
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09 O P,19mm (13) '.’ ' | - 1 -——-Eq. (14)
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08 o ro ] ’;.: 15
] .
: OOO © 9 A Steam- ~
Ve Water s_p
0.7 o (@) o) \\A/I 1 ;—- 1 o
g Air-Glycerol A Air-Water ?
0.6 R Y]
] X 05 f
0.5 Ll Ll Ll Ll
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 0 N
/]
Ho/HL 0 02 04 06 08 1
0.4 *1/2
25 A L,20mm (20 . (W /B )"K,
A L, 20mm {1516 ] 12 o/, DIBBIECCHIIE L 72 CCFL-U
D & U, 20mm (20) ]
2 ¢ U 19mm (26) ]
o | O RAImm 09 7yp, & AW (3
s e P 18mm () ] 18T O A-G33% (13
' o | i + A-G50% (13)
o ;A . 1.6 s A AGBO% (13)
| O@ @] I: ° lA ] L A A-G70% (13)
. (@] | ! ] ~ 4 r X A-G75% (13)
Air-Glycerol o ! ! \?\;etam 1 ; I B AEG (13
A A \\ A " ater : - 1 2 | O A-W (28)
0.5 \ & ] 2 X AW (29)
A 1 o O
Air-Water ] 2 1 * g?;
0 R R R T T T B ST R S SRR T N o? 08 I - Eq. (15)
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 "Q Tl
/] Q8 L
Ha/H £, 00 dCos= £0.15
BU10 /sy BSEEL Cp & BB m A2 ST Y D oo4 b
(L: CCFL-L, U: CCFL-U, P: CCFL-P) i
0'2 1 1 1 1 1 1 1 1 1 1 1 1
13 0 02 04 06 08 1 12 14 1.6
' X Air-Water (15) J 1zpigf / 0.07
O 0.1MPa (16) - (Wolk)
1.2 X 0.6 MPa (20) BI13  ue/p DR ECCTHIIE L 72 CCFL-P
O 1.1 MPa (20) (A: air, EG: ethylene glycol, G: glycerol, W: water)
1.1 A 1.6 MPa (20)
+ 2.1 MPa (20) .
1 & 4.1 MPa (20) & +226(ug fu )P I
A ROSA/LSTF (18) .
0.9 ——Eq. (13) =(1.2£0.05)-(ug /u,)""* (CCFL-L) (13)
dC,=+0.05
0.8 K2 +2.13(pg )P K
0.7 =(1.98+0.19)- (g /u, ) (CCFL-U) (14)
X
0.6 L L . .
0 0.1 0.2 0.3 0.4 Jg'?+0.900""?
0.15( J *\1/2 *
(M ) >() =(1.58+0.15) (g /u, )" /D™ (CCFL-P) (15)

11 uo/w OIEBIAFCCHIIE L 72 CCFL-L®
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1 HlCm & ERCATH 2 WA EO 28 @
Liquid Water Low concentration glycerol High concentration glycerol
CCFL-L(p=0) m = 226 (ug/u) *® m =074 (ug /1) *™ N/A
56<D'<19 Cy = (12 +0.05) (ug/p) ™™ Cy = 0.78 (ug/py,) *®
CCFL-U (B =1) m =213 (pe/p) ™
7<D'<51 Cy = (198 = 0.19) (pg/p) ™ N/A N/A
CCFL-P (= 05) N/A m =090 m =011 (ug/w) ¥
6.6<D'<38 Cos = (158 £ 0.15) (ug/u ) ™ | Cp5 = 087

KN(13) ~(15) 1 Fu LW L/72CCFLT— % 2°%
HRENLFIIH L TER L2 D TH S, o
IR % &4 CCFLAHMAX OA B m & w8 C 1203
B DREE R IR, FHI OB R I8
WMEDOmBLLIZC ORMMNHKES. CCFL-PIC
KT B - KT —=FIERY7-5 7w,

1112 7% L 72CCFL-L T %, Ilyukhinb® &
Yonomoto & ¥ & THIEMEOAHEAK X <, K (13)
IZROSAIV/LSTE 7 — % ™ L o —FHE .
EDOFRIZH S N ThRWA, FEERSEE &g ik
DOMEICEDEDNG. L7255 T, SGIEEED
CCFL #FAifi 12 13 Kusunoki 5 " 12 & 5 :(6) o fdi i
BHEIEL, KW RY Y —7 Ty VT THCCFL
A2 E A (13) O 2 HE2E 3 5. Fele 5 FEERTHI
EEDOHEDR E VL EH ), FHlT RIS LT
WY AR A BET 2UEND 5.

M1212/R L72CCFL-UICHE T A EHE S DHMIX
EAEK300 mmOMEZRYT — Y ENOBEHTH %
B, DREIIEFE20 mm TORMZEMEIZFE O T
B0, X(4) o KROFNOBEHEIIBH S 2 THhW

X 131278 L 72 CCFL-P & X (15) I3 g 7)) &
) VKRB OFIRIHTHEOTHY, (15 %
MEE QRS ARITIHFEH T 25 2 LI TE W,
71 ®CCFL-LT Cy & mlZxt 3 % ue/u, D EA
ZALT 5 O L HBRIC, A - KR Tl ue/w, DI
AR (15) LB W REMEATR & {, ZA - KFEERIC
L DRV UETH 5.

5. MEHY—ETOCCFL

Takeuchi 5 © 1, AP600 D HITE 24— V45 % f
S LCHRME, e, SiET VAR TOCCFL%
FEAM L, fEFHA DY 1 EELL LTI SR IE A T T K
wEAHIR N5 &Rtz 72, AP600 D
/NBEE SR EE 1 APEX % F W 72 FRUINGE BT 4 ED A 5
JeHi (LOCA) BEFEEBICB VT, hERE LA
) ANVDIENBRE» LSRR L WE L, Nt

WO KA & ¥ T K& % K& T CCFL % 3
L7z, 51k, ZOAPEXTF—% & KIOEOEFEN
CCFLIZx 4 5 &8 C = 1.79 £ ki L, APEX 57—
Z13 Cx = L5IZI WV EFHI© L7243, CCFLAMIRI;
RRELTVAWV., 22T, EH#5Y 13, MaEs
BCTOCCFLLSEED Y ¥y —7 Ty IV LimTO
CCFLZ It L, MERY— V& 233 % CCFLAM
B & 38 L 72,
ZHONVHHL TV DH8PE - FHigmra— §
RELAP5 CTI3i(1) ~(4) T S 1L 5 CCFLAHEY
AMEH XN THBY, RELAP5/MOD32 T3z (3)
DB BIOXNDDmMEC, # ANTH. LizhsT,
RELAP5/MOD3.2 T il 3 %5 CCFLAH B X TId ik
PRIV D BL I C, DAMEDN S +dC, 125D,
JEPEERNT CRERTRNTIC & 0 RS S DR % JFAli L
w5 (33>.

51. $AEE L% TOCCFL

LW IMEHROY Y —T Ty Y RIS
% CCFL D5k 57— % % JIWw T CCFLAHE X % &
L7

K +0.90K,"* =1.4+0.2 (16)

X16) EERkT—F LDk % KI4IZRT.
h D01 MPa” i3 22 - KR TH Y, Doivn " &
Richter 1M 6 12k L= @M E R LT 5. “I1R”
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BH2ER - IRGEMTEME L7, BRIRFE 7 OVEN R
H L 72 5 R O A B XU E £ 140 mm £ TO
725 - REBTF— 5% hpoBBERTEY, K
FIHEAT 5 EETKREIMET L, SiREEDORE
R KRICEAT 5 AR mHBIEEEEITREL &
2™ Tyukhin Y 13, D =20, 30 mm TOHEZ,-
KF—¥Thb. “1~8MPa"™ AL TORM®
ZZM L T 03~1.6 MPa" O MED 1115 % FoR
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X 0.1MPa *a

X 0.1MPa *b

+ 0.3-1.6MPa *c

A 1-8MPa *c

® APEX *d
---------- 1R, 300mm, 0.1MPa
Eq. (16)

1.5

0 PR R S S S R S
0 0.5 1 1.5
’q-*1/2

14 SREAS Lo CCFL oM & A & @
(*a Doi et al."” | *b Richter ™, '
*¢ Ilyukhin et al.®" , *d Takeuchi et al."®’)
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MEEHY —VEOELIESY mmTH Y, CCFLIZ
H/NE BT LOCA B F2 5k LS S M-l E T dh
%. CCFLMIE T3 ERRZEE R BT O DK
EWe, T 2EHREDIEL b AN S DS
K& 25,

52. ZETKAREDHFIRLAE

& — V8 O BUIEAE & SEE L To
CCFLAMED I & [M1517R 7. MRS DRk,

2 i —T
T T Lt T
1.5 'L l,,/l l
i
S 1 H!

CCFL-U, Egq. (7)

- === Inclined pipe*
3 *Murase et al. (12)
05
O I I I I 1 I I I I 1 I I I I 1 I I I I
0 50 100 150 200
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B15 MmEHY -V EOMEHE LHEE LmTo
CCFL o ki
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B 1R LEREEOMERY — VEOMMHE
1065 L2284 cd 5. st o34 % CCFL
HBERIE, —WROCRHR & ZRITHATIC & > TR 72
%%%#~ﬁ?é€@m%ﬁ#%ibtwm.w
EFHE I3 2 IERTEO R ER S IEw =D TH
D, R(5)E T Cy = 056 £ 0.035 % C \2ZH (Cy
= (056 £0035) D) LTHI/RL7Z. $EFO L
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300 mm Tl&, 01~7 MPa TOMEXITIEEEIZD
110~19012 % %. D" = 110~ 190 ® &i P T I3,
RS X 0 ST B CEBCAVINE L, il
O LU TH T RREAHBRINS.

WBEE I

53. MESHY—EDCCFL

K (16) L MEZRY — P EOHM/NE T VIERRIC X
% CCFLHIEM & DI # X116 (12773, Futatsugi
59 X B HEBIZ1/104i /N E 7OV (EA£30 mm)
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MECHD, s ofi/he T VERIZE S CCFL
WEAE SR E Ko 2 L kR THE D,

K2 +094K"2 =1240.1 (17)

SR O LIRS B AP (16) & I B4 — V%
Difi/INE T VA S 2 MBI (17) 1213 IR 2 A 2

L N — Eq. (16)
I O  APEX *a
<& D=30mm *b
Eq. (17)
1 -
§
05
0 1 1 1
0 0.5 1 1.5

*1/2
KL

16 HIIE##H— Y4 o CCFL i >
(*a: Takeuchi et al."”, b: Futatsugi et al.”)
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X (17) TR CCFLEB DO RN S 2K 8 % (=
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6. EE
6.1. $AEE CTH CCFL

B ® TlRR72E912, Ry ML ZOKEFR
IEZRY — D8 OERME 18 LTIk 7 v
12X 5 —RIGEIE CCCFLEZMHE X PHMITE 5.
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RN, BRIRFEEF VI X 5 — G & b IS E R
MTEZRRICESTVARWE, Zow, il
BTOCCFLIX, RPTHRR7-X ) ICEBRT— 51
S CHBRITEEL Tw 5 )s, FEREECNE
FHFEZE 2 MEMOHEDKE S ATEN S K E
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FYRXQIIBITLIRERSIwIHRLY, HEOE
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B0 W To CCFL-UIZDWTIE, IS5l 5
M X IR ITHEED AWNEL b EENTD
CCFLPCTH% P ARMEDHIR I NS Z & 127% 505
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METEETH 5.

6.2. fESRY—EBETHCCFL

IERS—VE T, KISIRLAELHIZ,
HEO L CTHETKRESHEI NS, LarLl, X
16 /R L7 & 91T, MESRY — Y EOM/NET IV
ZHWFEEIZ X 5 CCFLF— % T3 CCFL-U X b
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B ok 5 &, 22 k7 — 2 13 (17) £ K(16)
DIIZ>THED, RAETFTTOEL - kF—5 @
3 (17) OTFTHREICEV. TS DOPZA8 @A
TOMEMS® % & TEM S h s HERIER17)
L MR RS, R(17) &) AR, SR E
7B, Yu 5%, KiEE RO & ) H#EA
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EL % (BTKRBENEMT ). TOL) %75
BT — Y MHEOAEEN A I NG 72D, kT —
% 2 CCFL A BN RS LTI L5200 70 H T R
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7. £&EH

AHTIE, SRS TOCCFLY Y L e g4 —
D TOCCFLY Y 12wt AR ARSI
BIF D ELERIZOWTHA L.

MEAETIE, EWE THOBRIZEY V¥ —
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