Nuclear Science and Technology ZRl%2 51K, 2016, 4(2), 33-40 Hans )i
Published Online April 2016 in Hans. http://www.hanspub.org/journal/nst
http://dx.doi.org/10.12677/nst.2016.42005

Evaluation Study of the PWR DNB Model in
the RETRAN-3D Code

Jiange Liu?, Yisong Hul, Jinhong Zhang?, Xiaohua Jiang!

'China Nuclear Power Technology Research Institute, Shenzhen Guangdong
2Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai

Email: kk12357890@126.com
Received: Apr. 9th, 2016; accepted: Apr. 21% 2016; published: Apr. 27th, 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The paper separately chooses four critical heat flux correlations in the RETRAN-3D code which is
used for Pressurized Water Reactor (PWR) Departure Nucleate Boring (DNB) calculation. Based
on the international 5 x 5 pressurized water reactor fuel assembly critical heat flux experimental
data used for input thermal parameters, 35 total experimental cases with widely pressure range of
high, middle, low pressure are calculated to obtain the Minimum DNBR (MDNBR) results. The re-
sults of RETRAN-3D code are compared with the basically exactly value from sub-channel code
FLICAIII-F. The calculation accuracy of the W-3, B&W-2, MacBeth and Bowring formula in a wide
range of pressure is specially analyzed. The results show that, the accuracy of the W-3 formula in a
wide range of pressure is better than the other three formulas, and its results are most close to the
sub-channel code results in the high and middle pressure range. It is acceptable for B&W-2 for-
mula in the high and middle pressure range, but the deviation in the high pressure is big and es-
pecially bigger in low pressure. The MacBeth formula is proper for low pressure, not for high and
middle pressure range. The Bowring formula can be used in high and middle pressure range, not
in low pressure. The final conclusion is that, during the PWR core MDNBR calculation using
RETRAN-3D code in the relatively wide pressure range, the preference critical heat flux model is
W-3 formula.
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. REEBEARTE, AERETREMRK, TEKRETMREEX; MacBethAXESKETERE N
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RETRAN-3D#E/F, W-3A, B&W-2AFA, MacBeth A3, Bowring A

1. 518

FEKHEIZAT 522 A, HEC B /M 251 9k 15 L (MDNBR) B2 22 W R A2 15 AR Wb s i 7
HIREESE, N T HETE E RS L FE b 8 MDNBR 150, & 485 #TF2 7 (0: RELAP5.RETRAN.THEMIS
L) LA BRI TP FE A B R, MY BRI 2 THI 114 S R FAGAL 2 B 5 11 A I 55 5 1)
RS MTRGEFTE, & T RN EAEEEE R R, AT AR 2L B IE R 5 1)
R TT V5, AR S R AR PR AR5 22— AN Ol #UE E FoRiE4T MDNBR iH5, XA RE A 1
TRTE R AR RIS, (A AT AENBON R SF i HE HEES MDNBR BIEAFIR AN, HAE—Ef2 R L33
AT, W1 RETRAN F2/7[1]-[5]. 7EIX LSRR ip AR 24T Ttk £ b ok R 3047 MDNBR 15, x4
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Table 1. CHF correlation and its experimental data base

%% 1. CHF XA K LIS BUEE A

CHF %R A4 BE N SR Hed i
q=1(p, G, x, h) p = (6.895~16.55) MPa
1 - 2
NN s AR TE IR py RRIDE G A1 x G = (1360-6782) kg/(m"s)
W3 XRAL 1] S YR A IR, AT i B D= 00061 D o0 TE) m
p = (13.790~16.547)MPa
q=1(p, G, x, h) G = (8.78~46.8)kg/(m>s)
B&W-2 X R [6] I AR g /2R 7T py RERRE G, X = —0.03~+0.2
TIRE X B h MG AR d = (0.00508~0.0127) m
L=1.8288m

X <0 p = (0.1~13.8)MPa
G = (13.6~841.0)kg/(m?s)

a="fi(p, G, x h), (x<0) d (0.003~0.01)m
. q="F(p, G, x h), (x>0) L =0.15~3.12m
MacBeth XA [10] WGP  RIEH po SRR G x>0 : p = (0.103) MPa
B . K 0 A R G = (14.0-5750.0) kg/(m"s)
d = (0.001~0.0239) m
L = 0.0254~0.86 m
q= f(Py d, Gv X, h) ~ p= (02"‘190) MPa ,
Bowring 2% A [10] I R EE q =677 py SRR d. G= (53:6-(%1)1532693&5I<)gr/§m s)
Table 2. PSBT rod-bundle configurations for calculation
5% 2. BTSN PSBT BERHTESH
S5 EAET
AT B5 B6 B7
P YIRS IEaY o= g5 5x5, 25 5x5, 25 5%5, 24

Jin#AvE 71 B 42 (mm) 9.50 9.50 9.50

I ot B (mm) 12.60 12.60 12.60

VLI P 5 B (mm) 64.9 64.9 64.9

A ) I P B (mm) 3658 3658 3658
R TR A A A A B

B[ ThER oA 2 A BI5) o347 RIZIIAT RIZIIAT
TR IR E NS B4 H 71218 71218 71218
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T HUSPERF SR SEI8 T, R, B5. B6 Al B7 AEHE LA 12 4~ 114 124y, RGEN
6l : 4.0~17.0 MPa, Jii & i &6 : 1.0~12.0 kg/s, IN#AI)ZTEH 1.0~4.0 MW, A KGR El 100~310C.
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LG E A A TE AFA-2G. AFA-3G. AFA-XL. 7 3AN S P E A VRAR 2211 AFA-3G 25 17 x 17 kL1
AR 1572 A T E RS s 1) Bl BT R . ASCHER A FLICAIII-F 1H5 DNBR I, RH
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Figure 1. Curve: calculation nodes diagram of RETRAN-3D
code for fuel assembly (A, B, C)
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Figure 2. Curve: calculation sub-channels diagram of FLICAIII-F code for fuel assembly (A, B, C)
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¥ 35 AN LHLIE — 2 3 A X B8 BE AT Ge vt o i SREUSME ARy 22, BB 1.00 ARty
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(1) W-3 AUrH 5 H AR 55 FEAME N 1.08, brifk 7 2528 27.0%:

(2) B&W-2 Uit H A i 25 BE 514 0.99, FrifE T 224 86.4%:;

(3) MacBeth 2 2Ui 5 H A i 23 B2 9B O 1.83, AxitE Ty %9 81.9%:

(4) Bowring 2 st HAE A 25 B2 318 9 1.06, ArifE )y 254 68.1%.
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Table 3. MDNBR results comparison for B5 assembly
5% 3. B5 4Hf4 MDNBR i+ B4 RELER

: . RETRAN-3D RETRAN-3D RETRAN-3D RETRAN-3D FLICAINI-F
RIS W-3 240 B&W-2 A7 MacBeth A3 Bowring A 3% FCMG Az
1 1.597 2547 5.295 0.434 1.714
2 1.322 2.358 5.219 0.440 1.594
3 1.929 2.386 4.675 0.903 1.896
4 1.651 2155 4.491 0.453 1.774
5 1.289 1.195 5.016 0570 1.593
6 1.648 1.069 6.254 1.082 1.823
7 3373 1.366 5.190 2.692 2.040
8 3.144 0.472 4.993 2185 1.911
9 7.988 8.816 7.683 11.525 4151
10 2.705 0537 1.804 3.896 2.634
11 2.662 0.017 1.596 3.846 2551
12 6.890 16.821 5.084 19.557 6.573

Table 4. MDNBR results comparison for B6 assembly
7% 4. B6 ¢Af+ MDNBR i+ &£ RELE

e RETRAN-3D RETRAN-3D RETRAN-3D RETRAN-3D FLICAIII-F

RIS W-3 AR B&W-2 A3t MacBeth 7 3% Bowring 23t FCMG /3t
13 2,011 2.377 4011 1.159 1.820
14 1.759 2.286 3.904 0.527 1674
15 2.853 2,048 4,917 2,502 2.447
16 2,698 2.807 4875 2113 2.299
17 2558 2.480 3.724 2347 2,039
18 2.465 2.307 3677 2186 1931
19 2798 1805 4045 2932 2.009
20 5.929 8.505 5.551 8.221 6.201
21 5.738 8.251 5,529 8.221 5.603
2 5.079 12,040 3.896 14.060 8.002
23 5.020 12.124 3.849 14272 7.664

Table 5. MDNBR results comparison for B7 assembly
3% 5. B7 “AfF MDNBR i+ B4R LR

. i RETRAN-3D RETRAN-3D RETRAN-3D RETRAN-3D FLICAIII-F
RIS W-3 Az B&W-2 AR MacBeth 23 Bowring A2 FCMG AR

24 1772 2.221 3.775 0.586 1.797

25 1.540 2.142 3.688 0.381 1.664

26 1.987 2.443 4.268 0.744 2.051

27 1.719 2311 4235 0574 1.901

28 1523 1.746 3.039 0.472 1.580

29 1.821 1.651 3.012 1.373 1.788

30 2.712 2.324 3.731 2.823 2.196

31 2517 ~2.402 3.677 2.453 1.912

32 5.385 7.594 5.130 7.434 4586

33 5.242 7.369 5.125 7.438 4.178

34 1.587 -0.701 1.466 2.265 2.037

35 1534 ~4.088 1.314 2.244 1.917
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Figure 3. Curve: comparison of MDNBR relative departure degree
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A
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