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Effect of Non-Uniform Inflow on the Internal Flow and Performance
of the Reactor Coolant Pump in CAP1400 System
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Abstract: In CAP1400 reactor coolant system, because the lower header of steam generator and
the reactor coolant pump are directly connected, non-uniform inflow is generated at the pump in-
let and impacts the internal flow of the pump. By full-scale three-dimensional CFD simulation
based on shear stress transport model, numerical calculation of the lower header-pump combined
model is conducted to analyze the formation mechanism of non-uniform inflow in the lower header
of steam generator and investigate the effect of non-uniform inflow on the internal flow and hy-
draulic performance of the pump. The results show that non-uniform inflow is mainly caused by

the asymmetric structure of the lower header and the flow separation at suddenly reduced section.
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Under the design flow rate conditions, the non-uniform inflow leads to a 6. 0% and 5. 1% de-
crease in head and a 7. 2% and 6. 6% decrease in efficiency for the left and right pumps, respec-
tively. Under the condition of 0.5 to 1. 2 times design flow rate, the performance decrease is pos-
itively correlated with flow rate. In addition, non-uniform inflow presents a stable structure with
uneven axial velocity distribution and secondary flow, and the inflows of the left and right impel-
lers have different swirl distortion characteristics and axial velocity distribution. The swirl distor-
tion at the impeller inlet causes changes in the inlet impulse angle. Compared with uniform in-
flow, the impulse angle in the middle of the blade of the left and right impellers changes in the
opposite direction, while the impulse angle at the blade top increases and the angle at the blade
root decreases. The flow fluctuations in the flow channels of the left and right impellers increase
by three times and twice respectively due to the uneven axial velocity at the impeller inlet, leading
to degraded operational stability of the reactor coolant pump.
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557 %

distortion

A% B2 1% HE VA B 5] G R IR O 3 58 1B S % L ol
— [ % rpr o RO 0 R O — 11 R o G 15 A L B
25 Ay M e v R ek R R SR R S 1 A O B B A0 AR
PR A 2 98 1 2 G (R A X el 2 e kA 4 & G 2
WIVER o A% 32 32 A6 B0 E Ve 70 [l fig v 067 T 2815k
A R RIS IO HE 22 8] L 3 S v 050 0 34 O sh 4R L B
F L M AU R G A R R R
“IEfESh T B A B 2S ) g L LG
M 25 BT A B A R Ge ik B b e g i 5
5= CAP1400 I N HER AR R & 1 B
AL B ERARGEER R AR SR EREZ R E
P AT T AL BU T U B I L A
BRI ZE R RS FREERE . &4
HE T B E LS A PN S B A% R L A%
ESE UNEF NS IS SIS PN F SRR N u
RPN B A I s RS A A A L R M % T s AT ]
S e, Wit LR TR ERE BT
Jis 2 7 A AR Y S A TS T 2

2 HF & i 3

AR WEA

Bl 1 CAP1400 4% 5 R e #57 R 5
Fig. 1 CAP1400 reactor coolant system
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Table 1 Parameters of the CAP1400 RCP model pump
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Fig. 2 Structural diagram of the reactor coolant pump and

lower header of steam generator in CAP1400 system

2 BUEITE

AR ANSYS CEX B4 %t 5 45 0 ik 17
BAE SR AR 20K 2 3 T BR AR R SR i i 2 4k =
4 Navier-Stokes J5 2, I R B ISR F SST kw
T SRR St A PN T e B R Bl (A B 3D I 4K
B WERR R 5 A U A P BE B R i
B 1 4% o 30 B X FH BE TRT bR IO A B, Ra ST
AR e SR LR 45 7 A TR 5 R T D T S B I R E
Z N HRE G BEAS T HR RS e TR

T CAP1400 78 % #5 Hh 34 5] % a4 B T 12 606
R U B M S 9T 2 R4S A5 FAVE 1) i i 0 T 4K
B5) I B Sl R Y BT DR = R A
FUR R 3l ) 35 50 3 8l T SR A B O U 0. 2 MPa,
MR 293 K, 045 € s i i, 40 353 0. 5Qu ~
1.2Qq TEFIN 8 AN T 0. WA i e 4 K %
BN 336. 7 ps, BRI R 48 i 4 3°, — Lt 20 A~
JEVI 39 IS WA 0 5 S A S R D o R A A
PR 1) BRI SR A7 I 25 43 AT AR A 5k TR R R K

WA A0S R IR HE NUMECA K7 %
Az BT e it 25 K Ak R A i R R RS S 2 0 R
O 750 o) A i it o B T A ST DA% JO ik, O 4 B T S
— R A B E R 0. 01 mm, IR IERET YT /)
T 1., HAF AR H ICEM RS A= i T 2k 47
K] 53, Forb R R S AR S W 5T R SRR R 4y S
75 T A A% W 52 T SR FH A8 Ry P B A 1 25 4
TR A DU TH AR R4S o 6 s & R 3 58 A A I A
A J0 AT 35900 L SRR 2 T R A5 A R A
T R % N 1] 3 BT




42 [ 7 .

%57 %

NI 4

AL E

T R

-4 ot o
&3 A% T i 2 A A R A% Rl 43
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ant pump and lower header of steam generator
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Fig. 5 Hydraulic test bench for reactor coolant pump
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Fig. 7 Velocity and streamline distribution in lower header

and inlet of reactor coolant pump

3.2 EHAANFRXNEERMEEZ T

Bl 8 IR AT Tk =gk, o
DLA AR S A0 S 8O 5 0 3 B RO &
FEfG. e TO T, ZM % EENH TR
6.0 GUE TR 7. 2%, A% ERNH BT
5. 1% R TR 6. 6% it T TRMN T AIF 5%
HPEREIE ZhE . WL, ZZ LR T E 7 AJEH S A
VAT AZ FE A BTN T 220 M R T R

T3 A B I TG K, R ARG T R
BERETIN . X0 B AR B A AR A% E R
ST T 4 5 K

e 6 H A A R TR 5 R v e il 2 T LA
), 58 R XFRI T i = 2509 77 2R AR 35 51 AT 2
A0 A 0 52 7 2 1 5% W 5 S A T S 2 O 2 1 BB T B
B KT AT ZE . X U6 B AR [R) 1 F 1 == S5 M 7E A
AW ZE N = A R A [A) 8 A 250 T 25 4 ) A%
25 N I K P R P A AS TR R B A S




44 [ 7 .

%57 %

0.30 - 90
0.27 -—

. :.\_\. 480

RN, I
R\

A
021 e
M: 460 =
0.18  »?
450
0.15
TRy AR T AR laxn
0.12 ==Ky -5 N3, 28 —0— My, JE95INIR, K

A= Ky ARSI, A5 I My, SN, F

0.09

L L L L L
05 06 07 08 09 10 11 12
i A=

B8 AN A AN i A% 2 5 Mg 4
Fig. 8 Performance curves of reactor coolant pump under

different inflow conditions

3.3 EHANRXHBNOFRESI
3.3.1 et AvH&RESH

ARSI AT IR — A 3 A
Z0 58 Tl 1) T R A O A s BN 9 B

0, X
Yl

(DM EHRE

|
40 47 55 62 70 77 84 92 99 107 114
7 (m-st)

(b ZEMrt4e A0

(o) fifunt4e A0
B9 ARS8 5T A G 58 A 1T A2 B il ) S P R AS 0 A

Fig. 9 Transient distribution of axial velocity at impeller inlet

under non-uniform inflow
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Fig. 10 Description of the left impeller inlet swirl distortion
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Fig. 11 Description of the right impeller inlet swirl distortion
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