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A Review of the Study on Counter-Current Flow Limitation
at the Lower End of Heat Transfer Tubes in a Steam Generator
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Abstract This paper reviews the study on counter-current flow limitation (CCFL)at the
lower end of heat transfer tubes in a steam generator (SG). Reflux cooling by a SG is expected to
be one of the core cooling means when an accident occurs in a pressurized water reactor (PWR).
However, in the reflux condensation, steam and condensed water form counter-current flows,
and CCFL can occur in the upflow side of the heat transfer tubes or in the hot leg. Many CCFL
experiments in vertical pipes have been conducted and CCFL correlations have been derived
using Wallis parameters. However, the previous studies evaluating the shape of the vertical pipe
and the effects of the fluid properties on CCFL characteristics were limited, and their applicability
to the actual conditions is not clear. Therefore, in this study, in order to improve reliability of
the CCFL correlations for the lower end of the heat transfer tubes in a SG and reduce their
uncertainty, we derived the CCFL correlation that can be applied to actual pressures in the
range of 0.1 to 7 MPa and we also derived its uncertainty. In addition, we derived the Wallis type
CCFL correlation (J(f,”2 + mJ" = C)using these data, because the Wallis type CCFL correlation
was used in the RELAP5/MOD 3 code.
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ER L7289, AFETHWET S, 01 ~ 7
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X/ L, ERT—BEENTVAZ MR
5, BURTIZ AR = — X132y, JUHLoBLT
A O AL U 72 AR B X o 4 & AR A Lkt
T LA RIS 2 TIE R L, HaiiEs £
PHEoTwa, EELHIE, SREESRTETOTF—5
BERONTWD Z s, ZRICHNT R —HIEE S
VT L Z AT 5.

FERAHBI X 0 UL 2 53l 53 & L CCFDIC
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k-w SSTHLIEE T I % FH\ T SGHN DM UG48 % i
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BLPHEE TWmICB IS CCFLOKEY I 2 L —
va vEiTw, P =01~7 MPa® CCFL44: % &
fiti L 72",
MILWCREND X2, P=1~T7 MPad#ipH
BB ENCHT B CCFLEE o @I, kw
SSTHLIEE 70V & it € 7 IVIkF UM 2R L7z
7%, ROSA-IV/LSTF 7 — % ™ & 133 o 11 2 7R
L7z, LALads, BEEEiR»rD, EBo#u
FEEFARICY v — T2y VEET HEMEE TR
CCFL ¥ — % 13 ROSA-IV/LSTF ¥ — % I 5N %
NG, BIRTIRWTNOMEDIIE L2 H T
THZELIIHEETHS. Lz >T, P>1 MPa®
B TWICBIT 5 CCFLICH T A28y I 2L —
va ORI 5 720121, g L3
LEEESRE COERT -y 2R354 2 L, &
5% ARV ETH 5.

0.6 —©—Laminar(SW)
1 Laminar(AW)
r —S—k-w SST(SW)
0.5\ —7—k- w SST(AW)
| ROSA-V/LSTF (14)
0.4
E\. 0.3
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0.1|- 35-50sec
0 M Rt | MR AT | Lol
1072 10" 1 10

Pressure(MPa)

K11 J," kB o (J)7 =06)
(A 225, S #&A, W K)

%72, CCFLOITEFT N D% L ZBRIRFEIZHED
CHDTHAHIEND, FHFHOIIBRRMET VI
o A 2 VTR & AR P AE AT CCFL
B RIZTHBICOWTHRE LAY, B2,
BRI E 7 M HD { —HHIET A 9 2 A
BRRBAIZOWTHRE L2, ThETIRESIT
WA AR TORMEM L CCFLF — % % ik L,
ZOM TR ETLMENE LT, DTFIORTAA
KO TH 5 Bharathan et al."™® oMK % %
EL7. ZLT, FMEfEEL CCFLF— % 28& { —3
T 5ADMIEMZ R D, AR e/, (= 0.002
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~0044) LERITTEED (= 56~187) % #iiFHE
ELTHWT, 2.4(ﬂG/ﬂL)020 R ERELAMBERE
EH L7

ﬁ={0m”+15”%—aya¢ay%}

x2.4(ug [, ) DO (6)

ZZT, ald KA FRTH L. H LM
J:é?rﬁfﬁﬂi e+ 005 ORI TR EM E —F L
CEL, BI203RT &) ICEIREE DS - K
;ﬁkﬂ?‘%nfﬁfﬁ . kT — & Lo MmN &R
L, BiREFECREFELPMET L. BiEE
DL - KRICHEITT 113K, FROMBTH 5
Bharathan et al. DX Z KA FRF7— 2 (2HKD
WTHET BLENDH D L horz

q(6)P=O1 MPa
0.8 B Rty Eq.(6), P=1 MPa
- q@)ksmm
i q.(6), P=7 MPa
o ROSAAS F (P=1 MPa) (14)
0.7 A ROSAILSTF (P=3 MPa) (14)
0 ROSALSTF (P=7 MPa) (14)

12 CCFLAFMEA~DH T o

F 72, A S " 13 Tyukhin et al® 12Xk 5D =
20 mm, & JJP = 06~41 MPa< ®»CCFLill %
BT 5 XEAT L, WA MEHEE O
CCFLIC KT EII O W TR L2k 5, &0k
Ml pe/u, % 5B R TEE L, WallisHH B ol
WIEHE LTHEmE BEBCE u/u, DR T
blL7z. HEHEOSONGIEBT B us/u, DR (ue/
m%ﬁ{ﬁ%mw@w%mwfcwlf—a%
P 223, HES VY ofllEE E BRI
ﬁU? @%%*ﬁf@MﬁAW/mﬂw-y

IR L —5 L7225 Ilyukhin et al. ™
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CTCCFLF— % % B8 L7234, %500 o
£l & Ilyukhin et al. ™ OWEMEE 1T L —FK L7
7%, ROSA-IV/LSTE 7 — % " L O —FH 38 h 5 7.
PibERBE 2, S " 3RS oM U
T® CCFL-L % & 3~ % 35 & 12 13 ROSA-IV/LSTF
F—=sZEHLTRB) D LLERG) 2T
ERHERL TN D,

I & @ (& CCFL AR O E R C = 05~0912%
B LT, SBLOCA %%} % & L 7= K8 &S AT % 92
i L7455, BRRM B A i (Peak Cladding
Temperature: PCT) ~D3EZ13:#200C & 7 - 7-.
FHHSIZEN L2 Wallis® CCFLH B K (5) o &
BC =071~081 & 0IL< LEREEMT (C =
0.675, 0.825) %L, KA -7z ZORE,
PCT OARFED S DB % — M 8722 & &
ALz Zhi b, ARiFZEICEB VT Wallis# CCFL
MG 28 L2 ET, YETTZYF b
AT IC BT 5 AREFE S % KIFIARIR S ¢ 5 2 L5 T
X7

6. &

REFFETIE, AAFBEBRHNOBUTE LIZITH
CEAED = 20 mm T Pty ¥ — 7Ly T OFHE
BEHWT, 25 - K% &5 - 701 VKE
W%, KOBIFIZESR, - SuflKR % v C CCFL 2Bk
#f7o72. LT, 01 ~ 7 MPa#iPHICHAITX
LU T MBS CCFLABR & 2 DAHE D
SEREMLZ 251, HEH@r oI Tn
% RELAP5/MOD3 2 — F Ti&, Wallis®! &> CCFL
MR U2 +m"? =0 PHVLERTWS720,
WUFEORMERZITV, ZhonF—2 2w
T Wallis B CCFLAMHBAZEM L7z, DM, &
MEcHLNRmr T Lol
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WA FFOFERE U CTIICCFLLAEL 5
LEZLND.

2. CCFL-LTE, SRS, L#y v 7 KAiL
J OSTHIEL Y 1 X CCFLAR I B R e B % 11T
S,

3. 2R KR, RUEA - KRICBWT Wallis
NG A =% (Jg, J;) TCCFLARM:Z a3
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HONVHEYTHDHZ L R L7,

4. SGORTEIE B R E SIS, T (/) T
20" (u/w,) ' D3 WEETHET CCFLA
R & L7, CCFLERC 13 1.04 005
L), AEE,E £005 11, 3,7 MPa TD
ROSA-IV/LSTF F—% # &Ltk sT—4% %
ZiIzasE L.

5. 01 ~7 MPa % Ci#i il T& % Wallis#! CCFL
R 2 EW L7z, & mi%088, CCFL&E
¥C1x076 £005TH-7-.

VLE, 3 L7- CCFLARBE=E, FEp Ui
LHWATE, WEHENIC L AAHEL S ZILIHTE B
EEZOND.
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