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Structure optimization and thermal-hydraulic analysis
of primary heat exchanger of a lead-based reactor

WANG Guimei, CHEN Hongli

(School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230027, China)

Abstract: The primary heat exchanger is a key heat transfer component for lead-based reactors, which
directly affects the economy and security of the reactor. Here, based on the model of heat exchanger of a
lead-based natural circulation reactor, the influences of the tube length, outer diameter, wall thickness and
tube pitch on the thermal-hydraulic analyses were discussed. JF factor was used to evaluate the
comprehensive performance of the heat exchanger, on the basis of which, the best structure parameter
A1B2C1D2 was determined by using CR and SN factor. The results show that tube length makes a
greatest contribution to comprehensive performance, and the influence of tube pitch is almost
negligible.

Key words: lead-based reactor; primary heat exchanger; thermal-hydraulic analysis; JF factor

WS HHA:2013-12-26 ;18 B H#1:2014-03-07

EETE P E R B ST T RHE L 5T(XDA03040000) % 1.

TEE R T 40,1988 A i+, BFF )« e b HE A T K 12243 1. E-mail . gmeiwang(@ mail. ustc. edu. cn
BWAESE FRLW 1+ /#$%. E-mail: hlchenl @ustc. edu. cn



1008 W E A A K S SR

F 44 %

0 5l

WASET S A 4 e AR Cln BT 5 5 4, T PR 2
OB ¥ 20 B R HE RO g BK 3l I e A R S
(accelerator driven sub-critical system, ADS) i F
BA R4 b2 PR Be L R K J) 2 P B RN 22 42
P, B BR 5 DUAR A% B8 R 40 1Y 2R R .
Br b TE 7 I 5 25 o o M MR A i AR B R 3
FERE R I N NI E NS S R (EEA R e v
M5 2 T 1 Ml A% H il R 5 AT R = AR

T i R RS S T S 0 M 1Y) OC B AL R AR L
F2 52 e S M R 22 T kS e A k. BRI B R BN HE
Wt 2 ok A 7o A5 A I R B IR
EEN P EEDY U2 BEWNAEE UK
B AR R F R 2 BA PR B
SR ML

R PR R e IAAE T 4 ) ) B R A 5 M e AT A
S s P BE B 52 e A L A SCRL AR R 2 B s 1
P L IR OR e A% R RE-ADS 18 A8 R 587 B B
Y 0 BN HET B T e R S B ST X G AR B I
JE LM do BEJE o IR P X 4 J5 i gE AT T
KI3 Bt se Itk JF B o1k ik CR M F- 3
{5 M H SIN G =5 3 25V BB DE A7 1A 45 21 5 11 1Y it
WAE G SR
1 BEFEITHEXERITERZ

AR BB Y S BOR I H AR LN R
2 koji FH WA I A AT KM Bt S 8
IR AT AR T AR T BB T e
1.1 f&#itE

DL AR i WSS T A kg LA L 8 B T A6 2050 S
SUIN R ) e

Q= KAAL, (D
K Q/ (W« s7H) e e B i AT K/(W -
m 7« K™Y DU AR A8 SR O SEUE 1 S AL JA R 4G
A/m?® Sy LU B AR Ry B B A RO A AR, A=
nrd, L, Horfr, L/m R E A ROK I, d,/m Ry 34
BAME s A,/ °C i X BT 2 1R 22

SR RBRH AKX
1

Tl

K = (2)
1de  doy [do), 1
h d. +2A1“{diJ+hg+RF
P,/ (Wem 2« K D, h)/(Wem?« K)o

S R B B A B Hs KA X I e A R G A (W
m e KOO g He PR BE S RL I T R A
316L AW d,/m. di/m 73 5l 2 e £8 A8 S48 A0
3R/ (m® « K« W) {5305 #BH.
L2 MWRMBRREITE

TR A Bk v 05 A e PR A SR TR] 3L 2l o B A T
55 WA < J A M LSRR AR T A 2 Y e R R A
R0 PRI R T 908 25 T < Js A A9OR A [ O 3l 10 4% Kok

ZAHEFTHISITE.
Y EME Y Nu Be 2560 =
Nu = A-+0.014Pe™* (3)

J4. 5, Pe < 1000;
A=<5.4—9X10 "Pe, 1000 << Pe << 2000
3.6, Pe=2000.

AN ¥ R K A R BRSNSl N kA
AHAE L R B A K Y Nu 80055k F Dittus-Boelter
P th A 22 0 20 2 R T TR EE R R A AR YR R AR
KR A A

Nu = 0. 023Re"® Pri* €9
Xf e R HO TR A R
~ Nus A
h = —d (5
K, h/ (W e m™ « CORXT I RE: Prhy

TR B Pe MR TR A A/ (W e m™' «CT1)
A TR d/m oK ) HAR.
1.3 BHERIMNERETE

PRl 5 B A 0 % 0 500 7 ds Ay i e TP e A A

A R Darcy 23 3T 50 BRI T R 45 I

AP:j‘dL%" 6)

Ao d./m R R E Y B E AR L/m R AR IR
ERE s o/ (kg « m™*) S U A %5 B2, IR 35 1 B2
ER e MR s o/(m « s7) MKW EEs £ R
Darcy-Weisbach JE 8 2 ¥, & 5 Wi (4 (19 3 8h o4 I
AR 32 P 00 8 8 TUART IR | % T R A B 4
H=A K.
1.4 JFHAEF

TR 32 2R R AT P S e i A Rt
REFAFGOUT B IGE ) 2 FAT 5 1Y 8 L AL
TESEAT B AR S5 A BETE I A B AT AT RE /N Y 45 A
(—[m] B% P 450D AR 45 2 7T RE 22 Y % 4 (e fAv i)

BBl 5T 25— @ e JE iR Iy
AR TR EOW PR B T SR L i SRR 11 4



% 12 #

A5 R B 3 E B B A M ARAL R K S o A 1009

R T F R0k 2 Br e A v g s STk 12 15k A
JF P75 1 R 3T Aol 34 A 25 8 R 45 4 RS

T AR 1 R A 5 i S
Xt #E, JF P&l
. K/Ko
E= (AP/AP)YE e
XL K/(W e m™ « KON EEMAEEGAP/Pa

JEFERUR s T fibs o Fon it 52 i AR SCIVIE R
Hit S AR LR 1.
®1 BARLEHSBHSRITE
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Fig. 1 Schematic diagram of main heat exchanger
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