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Influence of the pitch-to-diameter ratio on the circumferential non-uniformity

of annular fuel outer temperature distribution

ZENG Fulin TANG Mao ZHAO Pengcheng XIANG Zhaocai

(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract  [Background] The annular fuel has a closely arranged structure, and the coolant flow at both the gap
between the stringers and the near wall surface is small, which is unfavorable to the coolant mixing between the
subchannels and the uniform circumferential temperature distribution. [Purpose] This study aims to explore the
effect of the ratio of gate spacing to gate diameter on the distribution of temperature along the circumference
direction. [Methods] Based on the software code ANSYS FLUENT, a computational fluid dynamics (CFD) analysis
model for annular fuel assemblies was established. Then, the calculations in hydromechanics and the numerical
simulation using operating parameters of typical pressurized water reactor (PWR) were performed to analyze the
coolant flow and heat transfer characteristic when the annular fuels in square or hexagonal arrangement under
different grid ratios. The circumferential non-uniformity of annular fuel outer temperature distribution was
investigated under circumstances of various pitch-to-diameter ratio. [Results] Computational results show that an

appropriate increase of grid ratio is beneficial to the uniform circumferential temperature distribution of stringers.
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The appropriate grid ratio of square component is between 1.07 and 1.09, and the non-uniformity of circumferential

temperature distribution of triangle component is slightly lower than that of square component. Therefore, the

appropriate grid ratio is between 1.06 and 1.09. [Conclusions] The temperature distribution at the bar gap is

improved most obviously by increasing the grid ratio and the improvement in the near surface takes the second. The

results of this study provide a reference for the subsequent optimization design of the grid ratio of annular fuel.
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Fig.1 Cross-section of the fuel rod bundle (a) Square component, (b) Hexagonal component
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Table 1 Ring fuel geometry design parameters

JUA R~} 28 Geometric dimension parameters

#{H Numeric value / mm

WAL5E 42 Inner diameter of the internal cladding
WAL5E 42 Outer diameter of the internal cladding
PRRLESER N 4% Fuel pellet inner diameter
PRELE L AME Fuel pellet outer diameter

AMILFE 1% Inner diameter of the outer cladding
HMULFEHME Outer diameter of the outer cladding
HRONAKSE Effective heating length

8.33
9.48
9.60
13.75
13.88
15.52
1000

Corner Channel

Edge Channel

Center Channel

Fig.2 Component computing area of fuel assembly
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Fig.3 Mesh partitioning of the components
(a) Square component, (b) Hexagonal component
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Table 2 Physical properties of the material

[ERE AR (20
Interval Fuel pellet Cladding
#1k} Material AR B4 Zr-4 54
Helium UO, sintered Zr-4 alloy
uranium dioxide
2% Density / kg'm™  2.54 10 460 6512
TR 0.24 426 16.74
Thermal conductivity
/W+(m-K)™"
EREES 5191 307 328
Specific heat capacity
/71 (kg'K)"
Zh ) Viscosity / Pars  3.78x
107

*3 BHERETEH

Table 3 Operating parameters for a single fuel rod model

2 A

Parameter The parameter value
BB T H L Th 74.3

Average line power density of fuel rods

/kW-m™

N 567.87

Temperature at the entrance / K
22 It 7 Reference pressure / MPa 15.5
L Total traffic / kg-s™ 0.783 57
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Fig.4 The central channel temperature of a square component distributed along the circumference
(a) 0.25 m from the entrance, (b) 0.50 m from the entrance, (c) 0.75 m from the entrance
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Fig.6 The side channel temperature of a square component distributed along the circumference
(a) 0.25 m from the entrance, (b) 0.50 m from the entrance, (c) 0.75 m from the entrance
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Fig.8 Angular channel temperature of a square component distributed along the circumference
(a) 0.25 m from the entrance, (b) 0.50 m from the entrance, (c) 0.75 m from the entrance
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Fig.10 Central channel temperature of a hexagonal component distributed along the circumference
(a) 0.25 m from the entrance, (b) 0.50 m from the entrance, (c) 0.75 m from the entrance
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Fig.11 Side channel temperature of a hexagonal component distributed along the circumference
(a) 0.25 m from the entrance, (b) 0.50 m from the entrance, (c) 0.75 m from the entrance
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