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Design of Spatially Curved Bottom Nozzle of Fuel Assembly based on
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Abstract: To address the inherent design contradiction among the three primary functions of a nuclear fuel assembly bottom
nozzle—debris filtration, coolant flow capacity, and structural load-bearing—this paper proposes an integrated functional-
structural design featuring a spatially curved filtration channel. Leveraging the integral forming advantages of additive manu-
facturing technology and employing the TRIZ methodology through technical contradiction analysis and inventive prin-
ciples, the proposed design transforms conventional planar filtration into a spatially curved swept-rib structure, achieving
functional integration of debris filtration and structural support. Based on this concept, five swept-function models—expo-
nential, polynomial, Bezier, linear, and sinusoidal—were selected to construct representative structural units of the bottom
nozzle. Comparative analyses were conducted on debris filtration efficiency, coolant flow performance, and structural
strength. Numerical results indicate that the designed bottom nozzle exhibits excellent debris filtration performance, with a
maximum filtration efficiency of 93.3%. Specifically, the Bezier and linear models achieve a filtration efficiency of 96.7%
for elongated debris. Regarding coolant flow performance, the Bezier and sinusoidal models reduce pressure drop by ap-

proximately 29% compared to the polynomial model. Differences in structural strength among the five models are negli-
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gible, suggesting that the curved geometry has a limited impact on load-bearing capacity. Based on a comprehensive multi-

performance evaluation, the Bezier curve swept model demonstrates the most balanced performance across debris filtration,

coolant flow capacity, and structural strength, making it the optimal design. This study validates the feasibility of integrating

additive manufacturing with innovative design methodologies for the development of key structural components in nuclear

fuel assemblies and provides a reference for the design and engineering application of high-performance bottom nozzles.
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Fig. 1 The bottom nozzle segmentation principle
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Fig. 4 Preliminary design of nuclear fuel bottom nozzle based on addi-

tive manufacturing
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Fig. 5 mechanical analysis results of typical bottom nozzle element

(unit:mm)
23 RGO
FET A BRARFRTE X 25 BT T 8 JRE 45 44 BT
TE R HI) I 7 0 B LA 25 FRUASE Y 1) 4 3 50) It
PEREVEA TR LLPEHY o

T o3 M B e B T HA ARk iy L R 57 )



92 FIgHK

P URZE R BT R EIFA TR I S mys, 1R O R
B, Py JE AR A R X s O X RRE T, R A
VA AR AIE B0 3 THT T O BE 1T, TR BT Y Standard
k—e i,

B E AL R A 6 R . Tk
PN CERE SRR ¢ ENNE % iU Sy
R 1 S AR 3850 5 1 i e ) 2 [ B e e A
FH, D1 ZEIR A FINIE sZ A AR5 L H AR AR Y 25 4 3t
RH BEARG , e B8 X B i R 0 22 i XA 7Y ] [ 1K 24
29%. X RIS A By B A A, % T 4544
T BH A4 B B AR Y
24 RYHIRSH

R TR ras R n 5Lk b R A BRI
BULR G B BT MR BT 8 )8 S 1k
UETF R T EUEAL T o BUE BRI I T A% L ik
S HE 18] B LS B N R, B A% A A R
LA YL NEYERE . TES YIRS, R AE
A SR FR A RS T, AT A R R O i
A KRS S04 PP A S DR A5 7 1 3R Wi e 1 0
R B LS T AR XA AR ) S5
1E g, B S B S A R R RS R Y S T eI
SRR IR TR ISR

S TR S Y o Fr 25 R ANk 1 s, Ll s
Yy U AL R UL IR 7, APl 2 R SR W A il T 45 4
BN 8 I U A5 A8 B A R AF ) S ek g
fiE , BB A A S ) 5 IR AR HE A5 8 1ok 90% , R ) i
X F A TR S ), B A% S R A D8, DL ZE R BT
L MR T4 A ) (N ) 2k i8Rk
[ 1K 96.7%

A IR 3 B RO T T, 2 AR 7R > 22 10 A
HU> D1 S IR AR RS 5 B> T 5K AR A
2.5 EMEIETIZATES

KRB T 457 A8 3222 ] 3161 . 304L 45 i
SRS  ZEZ PN G W AFFER A
T )T 458 R P i, A Framatome ) 316L AN T 45
JAE PP A% AR 45 10 3T6L NS A T 45 1361145, Rk
ARSCAS RV A T A8 R FE AL R} D T Y B A 1
i AT

12 AN 0 B T R AR R 2EL A T 48 e

2026 4F

wm

Velocily Magritude
180201
1620401
14401
1260401
108401
8982400
71800
539¢+00
3592400
1802400
0.00e400

Ll

()W A1

(b)Ji I 1534

35000

30000+

25000
£ 200001
e
£ 15,000
10000

il s NEER R R4
Fmy

(o) T LR L RRT LY
El6 TEEARATHEERIFNNER

Fig. 6 Fluid analysis results of typical bottom nozzle element
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Table 1 Debris filtration efficiency of typical bottom nozzle element
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Fig. 7 Debris filtration analysis results of typical bottom nozzle element
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