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Outline

+ Liquid metal / tube bundle data review

+ Liquid metal / tube bundle correlation review

+ Analysis of correlation quality for predicting the data
+ Application of the correlations to ELSY conditions

+ Recommendation and conclusion
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m» Test data: Nusselt vs Pe

45 [T
Maresca, x=1.75
Graber, x=1.25 &
40 Gréber, x=1.6 &
R S &
Graber, x=1.95 ¢ &
35 Borishanski, x=1.1 f:
Borishanski, x=1.2 s o &%o
Borishanski, x=1.3 ?ﬁj &fw
30 Borishanski, x=1.4 Lol 837,
Borishanski, x=1.5 o i«z:fc )/
o Zhukov, x=1.25 > %, %‘éﬁ ,
é . Zhukov, x=1.28 LY O
R I AT
5 Zhukov, x=1.34 RN ;gff/ h
= Zhukov, x=1.46 .0%% L
% <4 g% i o *&o% o /
a 20 W%ﬁy P qu e o 8 ©/
2 x e || o M,
&% B8 ey o
[ /
* ¢j gﬁ@w ol ok T;Q*J‘:*:@-ﬁ% 4
15 og o < ‘:”%0 o % | b ]
%o . 88 999 g{f&/ 2] 3&39 d
o o G % Gran P8P [o g Bm, o7
k & ©lx o X 6%% s
1 B y
10 - %/EM%T% oG] —
-7 ]
a *B: nz D@ty m:zoﬁ ° . 050 0c” o
* SRR S PR Yk
sk o O (6] (o]
5 ta+ b Peco ° 815 /O’ug |4
o - - o
0
100 1000

Peclet number

HeLiMeRT Workshop, April 20-22, 2009



PAUL SCHERRER INSTITHY

-] -

Test data: Nusselt vs x
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Correlations

Name Correlation Pe X
Dwyer Nu =0.93+10.81x - 2.01x* +0.0252x " (yPe)"* A 70...10% | 1.375..2.2
Friedland Nu =7.0+3.8x""" +0.027x"" (yPe)"* A 0...10 1.3...10
Maresca Nu =6.66+3.126x +1.184x* + 0.0155(yPe)"* A 70...104 13..3.0
. 2
Subbotin Nu = 0.58(£x2 — )" pe™® /A | 400...4000 1.1...1.5
T
2
Ushakov Nu = 7.55x—‘—2+ 0'024 L pepssoiss A | 0..4000 | 13..2.0
X X
Nu =24.15log(-8.12+12.76x — 3.65x *) +
, .| +0.0174(1-e " ™)B,
Bornishanski AN 30...2000 1.1...1.5
0, Pe < 200
where B= 05
(Pe—200)"", Pe=200
Graber Nu = 0.25+6.2x +(0.032x — 0.007)Pe" *" 74 A | 110..4000 | 1.25...1.95
Zhukov Nu = 7.55x — 14x > + 0.007Ppe” t++0-246% O 10...2500 12...15
New Nu = 0.047(1— e >0 (Pe?™ 1 250) S| 305000 | 11.195
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Calculation

Nu measured versus Nu calculated
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Calculation

Nu measured versus Nu calculated
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Nu measured versus Nu calculated
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Nu measured versus Nu calculated
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Nu measured versus Nu calculated
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Analysis of quality of correlations

Absolute error for each data point €, = Nu" — Nu;j

Mean absolute error
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Analysis of quality of correlations
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TRAC analysis of correlations in ELSY conditions
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Conclusions

+ Only tube bundle data considered

+ No “dirty” fluid data considered:

+ Influence of oxide layer = direct simulation
+ Not enough data to see A / L1 difference
+ Ushakov correlation recommended

+ Published in Nuclear Engineering and Design, 239, pp. 680-687 (2009)
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