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Abstract

Departure from nucleate boiling (DNB, Departure from Nucleate Boiling) design basis is used to
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ensure that DNB does not occur on fuel rods under condition I and condition II. However, 95/95
principle is used in DNB design basis, so that the expected number of fuel rods experiencing DNB
may still be greater than 1, even if the core meets DNB design basis under a specific condition. In
order to verify that the expected number of fuel rods experiencing DNB in core which meets DNB
design basis under condition I and condition II is less than 1, a new statistical methodology for
calculating the expected number of fuel rods experiencing DNB under condition I and condition II
is established. And a typical condition II of CPR1000 unit is analyzed with this methodology. The
result shows that the expected number of fuel rods experiencing DNB under this typical condition
is less than 1, which means that DNB does not occur in core from a statistical point of view.

Keywords
DNB, Statistical Methodology, Fuel Rod

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

TE S HER T K A veit b, O TR ORHES i) 22tk fEBCE B 2 —E TN, b
7 DNB Bit . fEIEW AT BATHRAS Db i b S8 PR i s s R AR AR S (L TR0, BRI
R K A DNB [FIHER 27078 95%, I BAT 95%I) BA= FL (AR 95/95 I [1]. #EMiFRHE DNB Bl
%1+ H DNBR (Departure from Nucleate Boiling Ratio) % i1-FRAE o

HATS T 1L IR0, A IREHE S /) DNBR KT DNBR 30 BRAE BT AT A A HE S5 2 DNB it
#EN . BT DNB Bt HENIZE FE 1 95/95 JF I, 43RBT ) 52 /)» DNBR #%3it DNBR B¢ it FR{E R,
XARBAEVER R TE 95% B A5 BT TR A HIE 5% MM % 2 K 4 DNB. 4208 2 [ B AL T 5%
BT A% PR Th 2} (AR R 1 52/s DNBR #2312 DNBR W IHRIER), 7E 95% B A5 H KT T, ST RAE
DNB #RRHEHCR KA IA T RE R T 1, BIMGETH 2441 BE A R HERSATI SR 7T ek 4= DNB.

FERKHEZ it TR M, VRO, 2P HES K L DNB (VR 8 2] [3]. AL
ST, VR T T HER A A DNB FIBREHE I B T30, #ES 1 TR ORE K 2E DNB #E51)
A, EAL T I I RTHHES KA DNB REHBRECRE MGt 22t HOE. eAh, ASCRAR ST IR BEo%
£, &%) CPR1000 A% HJ H— AN MY I1 SR M TIUBEAT 7087, A 7 iZ 00 P HER T & 2= DNB HIA
BHESE R EE DT 1.
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2) ff FHES I T K ) F BB AR 7 o % L0 R HE O & AL AR S T ¥ 55 /)N DNBR;

3) MG IR 95% EAE FE /K N BRI R i /) DNBR 4b % 7E DNB RS

4) THEHES TR A DNB B RHE SR 1 3 2
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2.2. DNB #iFEiH
WK FLSE DNBR LA 2, W4 2z (TLAVSALLRER:

CHE,
z==r ey
Forre SRS )15 S HIT % B (CHF, Critical Heat Flux): /2 SE R AR 25 B
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1) HESSThE,
2) — [l 7
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o = \/Giivéa(aé%:f: + Oy + O @)

Holts opponnn & CHF RANMBIIIRMER: o RETIIFER: 0, RBESHIRRIER
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1) DA UL TS MO A T8, SRR AT M0 A B MBS E2E, SR TS 7 1
J7EEBEHLAE I 1 (140 1000) 1448 T 4041 GHi 1 T30)

2) FEFERS I T TN AR LS 5E TOURSS | B BIHLAE B n A LAY/ DNBR;

3) AT %I CHF XRIARHEIE, 25 2 SRR n A THLH /N DNBR DA F 5k
fHEIE:

DNBR . = DNBR x| 1, + 0. xC | (5)

ﬁ#:mmR%%ME&Iﬁ%%¢mmRﬁﬁ@:%ﬁ%ﬂ&%ifh%¥ﬁﬁ,amﬁmﬁcm
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)=z’ (15)
H1(14)20A(15) 3 7]
P(DNB) = ﬁ L];f ¢ 7d (16)
H1(9) AT i :
#. = 1 xDNBR (17)
FA7) AN (16)3 AT 15
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YR EAES, 29— M PRRI R 2R 1 1) Bt /)y DNBR B (F A% S8 R 2 I, K e N (18) 2B A - 40xt
I PR M AR R A A 3R THT & 2 DNB [

IS N R IRARL R R 5 /N DNBR (B E R, HEOTTH A DNB Bk S E 1 A 2 E
E(DNB) ik 1R

E(DNB)=> P (DNB) (19)

Horb i IREEERI S5, P (DNB) A4Sy i MRHE & £ DNB 3.
3. MBI T RO

ARSCERXT CPR1000 4% HL S 19— AN T MU b T 00, 321080 2 R T2 v 8 1 iR i &k
‘£ DNB R RHES R .
3.1. BITSHRAHEE

EEU A TR 1. TR LA P AER B EH Til. 1Z LREIT S5 & 1 iR,

Table 1. Operating conditions of typical condition

1. BT REITEH

— [H] 8% JE J1(MPa) RPV A I E(C) AAXF TR AT TR E A A0 S B
15.5 294.5 1.2 1.0 6.5%

AT SHUR 3 AT R BRI 5 BE G R 35 2 FiR .

Table 2. Distribution type and uncertainty of thermal parameters

®2. RISHNNHRIHERE

SRR pagiEutl AK€ Nl
HEThE BT 2.0% 1.22%
—[El% 7 Sl i) 0.069 MPa 0.040 MPa
RPV A LIA 56 BT 1.11°C 0.68°C
W di T # OB TE R 7 E&5 AT 4.0% 2.43%
AR T Pl R B4R 2.1% 1.28%
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Figure 1. Fuel rod census
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Figure 2. Expected number of fuel rods experiencing DNB
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