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Abstract: To improve the operation stability and construction economy of the seawater circulating
pump in nuclear power plant, the elbow inlet channel of the seawater circulating pump was optimized based
on CFD numerical simulation. Taken the inlet flow path of a domestic nuclear power plant as the research
object, a new coordinate system was established. The functional relationship among parameters of the el-
bow flow path control was obtained by theoretical deduction. According to performance evaluation indexes
of the flow channel, the influence of the four main parameters of the elbow inlet channel on its hydraulic

performance has been studied by numerical simulation. Meanwhile, the optimized elbow inlet channel was
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verified by experiment. The results show that under the design flow rate, the average flow velocity at the

outlet of the optimized flow channel is increased by 0.026 m/s, and the uniformity of flow velocity distribu-

tion is reduced by 0.13%, and the average flow angle is increased by 0.034°, and the hydraulic loss de-

creases by 11.2%. It can be seen that the elbow channel optimization design method proposed in this paper

is fast and reliable, and has the advantages of good outlet flow pattern and small hydraulic loss. It can

provide a favorable reference value for the establishment of the project.

Keywords: seawater circulating pump for nuclear power plant; elbow inlet channel; numerical

simulation; model test; hydraulic performance
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Tab.1 Geometric parameter range of elbow inlet channel
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Tab.2 Main design parameters of elbow inlet channel
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Tab. 3 Calculation results of hydraulic perforance evaluation
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Tab. 4 Test results of hydraulic loss in flow channel

KI5 fm
o Ve IS
0.8 12 10
0.9 15 14
1.0 18 16
1.1 22 19
1.2 25 22
1.4 38 34
6

1) SR IRHE It 8 2 i B LAk BT, d vy 4
B 2, HE5 H IRV 00 50 T4 3 R AR A vk, I LA
b5 o6 E N HEAZ LT R I A B R T R
D7 &, AdaiiE AR T 0.026 mys, iR
O3 A 551 BERRAIR 0.13%, K -2 £ BE 4 55 0.034°,
IR IR AR 11.2%.

2) 38 3 BSEAADL A0 T 0, S K B TR )
ARAk, R T S i B VAR, X A
UK IR AR K5 0, i1 E 7K 7 1A AR f b AN
5] ox B A B 1 K, DT AILZH M BE R R

3) A SCHEST B AR B A AR bR R AT B AE O
X I A A BT B AR A A5 By, [R]E Xt
B ) R i i ek R T S S

& £ X W

[1] shAe N REFE AR B A & i, R T i
BEMER. BT PRiE: GB 50265—2022[S]. Jbat:
Hh LR Rk, 2022.

Ministry of Housing and Urban-Rural Development of
the People's Republic of China, State Administration for
Market Regulation. Standard for pumping station design:
GB 50265—2022[S]. Beijing: China Planning Press, 2022.

[2] 2% SR, TR ML 2 #7755 Sy — [l B X A% 2 2%
WA AU RV B S e (30, HEVE HLAR T AR 27 4, 2023,
41(10): 973 — 980.

.L1Y B, ZHANG F ,GUO Y L, et al. Influence of re-
actor primary circuit on inflow characteristics of reactor
coolant pump impeller[J]. Journal of Drainage and Irriga-
tion Machinery Engineering, 2023, 41(10): 973 — 980.

[31) A B, 2 57415, 55 FFICAGER A uli iy b A
KEFF A [I]. HEVEMLME TR 22 42, 2023, 41(11):
1119 — 1126.

WANG W S, ZHEN J, GUO J W, et al. Optimization
of rectification for forebay and suction chamber of parallel
circulation pump station [J]. Journal of Drainage and Irriga-
tion Machinery Engineering, 2023, 41(11): 1119-— 126.

(4] KBV Sy, K3 R T G FR KL s K i 1
TG : DL/T 5489—2014[S]. dt5t: = i Jy i e,
2014.

National Energy Bureau of the People's Republic of
China. Code for inlet channel design of circulating water
pump house in thermal power plant: DL/T 5489—2014[S].
Beijing: China Electric Power Press, 2014.

(5] Fli Ak, kA= . 2 R K Tl ALt K o Bt
[M]. JE5T: APIEDKAK AL, 1997: 60 — 62.

LU L G, ZHANG R T. Optimal hydraulic design of
intake channel of pumping station[M]. Beijing: China Wa-
ter & Power Press, 1997: 60 — 62.

[6] KM L. BARAEEAR T (M. Jbmt: TR
#t, 1995: 351 — 352.

GUAN X F. Handbook of modern pump technology
[M]. Beijing: Aerospace Press, 1995: 351 — 352.

(7] e B R AR 8, FEL A5 RO K il %
P S B K T PR RE RS2 [T]. HERE HLAR T AR 4 4,
2023,41(11): 1111 —1118.

GAO CC,GAO Y X, DONG X U, et al. Influence of
main control parameters of skip-shaped water inlet channel
on hydraulic performance[J]. Journal of Drainage and Ir-
rigation Machinery Engineering, 2023, 41(11): 1111 -
1118.

(8] fitr . I TE HEAK B AT 2 (0] VoA B
Az, 1986(1): 41 — 48,

CHU X. Numerical method for analyzing suction con-
duit of large pumping station[J]. Journal of Jiangsu Agri-
cultural College, 1986(1): 41 — 48.

(9] T, 27, XBARTE, &, B AR IE Tk i
TSR L] JRARPLIK, 2009, 37(12): 19 - 22.

SHI W, LI Y J, DENG D S, et al. Optimum hydraulic
design and model test for elbow inlet passage[J]. Fluid Ma-
chinery, 2009, 37(12): 19 — 22.


http://dx.doi.org/10.3969/j.issn.1005-0329.2009.12.005
http://dx.doi.org/10.3969/j.issn.1005-0329.2009.12.005
http://dx.doi.org/10.3969/j.issn.1005-0329.2009.12.005
http://dx.doi.org/10.3969/j.issn.1005-0329.2009.12.005

88 (RN = = QRS )

2024 4

[10] #E 7, 5K %, 457, 45, 55T CFD iy 245
SRS I TE KB K T3 PERE R SZ M B 5 (7], v e Ry
JKHIKHL, 2020(12): 57 - 61.

DONG L, ZHANG L P, LI N, et al. Study on the in-
fluence of main control parameters on hydraulic perform-
ance of elbow inlet based on CFD[J]. China Rural Water
and Hydropower, 2020(12): 57 — 61.

[11] BEART™, W8, SRITF, 45, kB IIE N R
ARG 7 T 5T (1], HEE LA, 2005, 23(3): 17 —
9.

—_

LUL G, LENG Y, WU K P, et al. Study on method
for model test of flow pattern in suction box of pumping
station[J]. Drainage and Irrigation Machinery, 2005,
23(3): 17 - 19.

[12] AW, EhE i, XU, 45, Sl Rk Es AT 0%
T #EK B K JPERE R [T]. AL AL 24, 2016,
47(2): 15 -21.

YANG F, XIE C L, LIU C, et al. Influence of axial-
flow pumping system operating conditions on hydraulic
performance of elbow inlet conduit[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2016, 47(2):
15-21.

[13] K3ty 2227, J5L00E, 25, B KR IE K T4k
s EH A (0], HERENUR T 222412, 2016, 34(10):
860 — 866.

ZHANG C,LIY J, IANG HY, et al. Numerical sim-
ulation and experiment of optimum hydraulic design for el-
bow inlet passage[J]. Journal of Drainage and Irrigation
Machinery Engineering, 2016, 34(10): 860 — 866.

[14] XL, £55 5, Aok, 55, W% o3 xf 29 2
IR IVERETTS0RE BE B 520 (7). PEAR 22740 (FAR
Bl 7), 2021, 40(3): 83 — 89.

LIUZY, WANG XY, DU Y F, et al. Research on the
influence of grid division on the hydraulic performance cal-

culation accuracy of multistage centrifugal pump[J]. Journ-

S-S S SIS S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S-S

(L3S 26 )

[15] PRADEEP P, WEI P. Heuristic approach for ar-
rival management of aircraft in on-demand urban air mobil-
ity[J]. Journal of Aerospace Information Systems, 2020:
1-12.

[16] F& AT 28 23 vh 52 i 48 BN (EB/OL] [2023-

al of Xihua University (Natural Science Edition), 2021,
40(3): 83 — 89.

[15] LI Y J, WANG F J. Numerical investigation of
performance of an axial-flow pump with inducer[J]. Journ-
al of Hydrodynamics, 2007, 19(6): 705 — 711.

[16] JAFARZADEH B, HAJARI A, ALISHAHI M M,
et al. The flow simulation of a low-specific-speed high-
speed centrifugal pump[J]. Applied Mathematical Model-
ling, 2011, 35(1): 242 — 249.

[17] BEIEA:, Mrdz, MbZ, 25, A% sl s 2L Rk
AN HAERE R Z A [T]. PEAE R 2224 (SRR 2R,
2022, 41(4):32 - 37.

TAN Z S, CHEN Y, LIN B, et al. The effect of blade
wear on the performance of essential service water pumps
in nuclear power stations[J]. Journal of Xihua University
(Natural Science Edition), 2022, 41(4): 32 — 37.

(18] 4, B8R, XUTERE, 45, J6 T = 4ER AL
B IR 3 B KR T P A B [T v B AR AN KR K
2019(9): 129 — 132.

XIE H, LI Z, LIU D X, et al. Numerical simulation
and optimation design of elbow inlet channel of Liugang
pumping station[J]. China Rural Water and Hydropower,
2019(9): 129 — 132.

(197 X3 AF, WL, XU, 45, Sz Rt 5 4 il N
B o R KRR [T). AR, 2016, 44(3):
1-5.

ZHAO H R, YANG F, LIU C, et al. Analysis on the
Vortex flows and Vortex suppression schemes of cube-type
inlet passage for pumping system[J]. Fluid Machinery,
2016, 44(3): 1 - 5.

(207 HISE BT . A% F, il 3 /KA P12 HE /K U 3 1 g I 5
(1), TREHARBESY, 2021, 6(16): 1 - 5.

ZHENG H X. Experimental study on inlet channel of
seawater circulating pump in nuclear power plant[J]. Me-
tallurgical Collections, 2021, 6(16): 1 — 5.

(FAES 48 T A 4k)

06-20].https://www.gov.cn/zhengce/2022-11/03/
content 5717885.htm.

Civil aviation air traffic management rules[EB/
OL][2023-06-20].https://www.gov.cn/zhengce/2022-
11/03/content_5717885.htm.

(FrfES 48 2 4])


http://dx.doi.org/10.3969/j.issn.1007-2284.2020.12.010
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.12.010
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.12.010
http://dx.doi.org/10.3969/j.issn.1007-2284.2020.12.010
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.02.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.02.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.02.002
http://dx.doi.org/10.3969/j.issn.1674-8530.15.0232
http://dx.doi.org/10.3969/j.issn.1674-8530.15.0232
http://dx.doi.org/10.3969/j.issn.1674-8530.15.0232
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.12198/j.issn.1673-159X.3572
http://dx.doi.org/10.1016/S1001-6058(08)60007-4
http://dx.doi.org/10.1016/S1001-6058(08)60007-4
http://dx.doi.org/10.1016/j.apm.2010.05.021
http://dx.doi.org/10.1016/j.apm.2010.05.021
http://dx.doi.org/10.1016/j.apm.2010.05.021
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.12198/j.issn.1673-159X.4279
http://dx.doi.org/10.3969/j.issn.1007-2284.2019.09.025
http://dx.doi.org/10.3969/j.issn.1007-2284.2019.09.025
http://dx.doi.org/10.3969/j.issn.1671-3818.2021.16.001
http://dx.doi.org/10.3969/j.issn.1671-3818.2021.16.001
http://dx.doi.org/10.3969/j.issn.1671-3818.2021.16.001

	1 肘形流道优化设计
	1.1 进水流道数学模型的建立
	1.2 模型选取及建立

	2 数值模拟计算方法
	2.1 模型网格生成
	2.2 控制方程和边界条件

	3 主要控制参数对流道性能的影响
	3.1 流道性能评判指标
	3.2 叶轮中心高度Hw的影响
	3.3 喉管高度Hk的影响
	3.4 直锥段高度Hz的影响
	3.5 直锥段收缩角γ的影响

	4 优化前后方案对比
	4.1 肘形流道内流场分析
	4.2 模拟计算结果分析

	5 模型试验验证
	5.1 试验台搭建
	5.2 试验结果分析

	6 结论
	参考文献

