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Abstract [Background] Labyrinth throttle can greatly reduce pressure in a short distance and reduce fluid noise
and vibration, hence is widely used in engineering fields such as nuclear power to control and adjust the flow,
pressure and velocity of coolant fluid, ensuring the safety and stability of nuclear power plant system. Because the
thermal hydraulic parameters of the reactor are often adjusted during design and operation, the pressure drop required
to be achieved through the labyrinth throttle will also be adjusted. The local resistance coefficient of labyrinth throttle

is determined by many factors, including the number of baffles (), the distance between baffles (d) and the ratio of
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baffle height to pipe diameter (C). At present, the relationship between the local resistance coefficient of labyrinth
throttle and these factors is not clear. [Purpose] This study aims to investigate the specific impact of geometric
parameters on the local resistance coefficient, offering insights for the design of labyrinth throttling components.
[Methods] Firstly, the labyrinth throttling parts with baffle height of 60 mm, baffle spacing of 15 mm, thickness of
10 mm and number of 20 were taken as the research object for mesh independence analysis. Subsequently, several
throttles with different parameters were designed, and the distribution of flow velocity and pressure and the change of
pressure drop inside the labyrinth throttle were studied. Then, according to the central composite design, 15 throttles
with different parameters were designed and their local resistance coefficients were calculated using computational
fluid dynamics software FLUENT. Finally, the independent effect and mutual effect of different parameter changes
on the local resistance coefficient were calculated, and the specific influence of geometric parameters on the local
resistance coefficient was obtained. [Results] The calculation results show that when the inlet mass flow rate is
constant, the local resistance coefficient is mainly related to the ratio of baffle height to pipe diameter and the number
of baffles. The ratio of baffle height to pipe diameter plays a major role, and the baffle spacing has little effect on the
local resistance coefficient. The independent effect factors of the labyrinth throttle’ s geometric parameters are M(C)=
67.275 03, M(n)=17.482 66, and M(d)=-0.592 72, while the mutual effect factors are /(n,C)=12.617 24, I(d,C)=
7.769 52, and I(n, d) =0.102 1. [Conclusions] Simulation results of this study demonstrate that the primary
considerations should be the influences of the ratio of baffle height to pipe diameter and the number of baffles when
designing a labyrinth throttle for liquid lead-bismuth flow to adjust its local resistance coefficient, providing a certain

reference value for the optimization design and engineering application of labyrinth throttling parts in lead bismuth

circuit.

Key words Labyrinth throttle, Local resistance coefficient, Numerical simulation, Central composite design
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Fig.1 Schematic diagram of labyrinth throttle™
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experimental circuit

1.2 HERE

AR FH R E SLRAA 7 22 B4 FLUENT
JEBEFRUSLES , B R G 4l , K SCAHERE
AL, SRAR AR H T FE A

%Hv-pﬁ):o (1)

%pﬁz—vp ~[VepP ][V (7 +79) ] + pg2)

o p RARE L 5 ¢ RIS BT (8] 5 VA2 P38 B s 7
7O 53 & R LR E VB R T 5 g F2 H TR FE

FE CFD BLAUl — R F LA 5 it 37 A5 284 SR e
FIRASE B TR, EFEAAE k- B B ke
1% 7Y | Realizable k-¢ 1% % | Spalart-Allmaras (S-A )5
RN 77 85 Y) A% ¥ B Y (Stress Shear Transport
model, SST) . A X H] 0 1% $% Realizable k-¢ 1571 ,
Sh6 S 5 AU [l i A AT X L

k-e FRIHE I D7 AR a0 R

ok

9 9 9 1,
— +— N=—lu+= + G, +
ar (PR + 50 (phu) ax, [(# o ) ax]} Gy

G,—pe—Y,+S (3)

0D () "’[(u + “)38} +

ox; o, ) ox,

“)

2
pC\Se - pCy——— + €, 2 C.G, + 5,
k+ ve

k2T BN e NI REFERE : G A T
S 57 T P Ao FEE 1 7 A R R B B 5 G B TIE PR
A TR TR B0 BE 5 Y, 7 AT R 4 i U D ik 3 2 T et
BEEHCEI TR s O C, R HE 00, 20 A2 ke
(R VAL B R 2 S, 2 P i R B 7 AR U
I A MNIR I o

TR L e VH RN

u=pC, )

ﬁ*:cp%ﬁ'ﬁo

B, N O3 BN B I A
PSR R 7320 5 A BETHI U 58 SR G T T 7% BE
Mo RAHYERAE 320 °C,9.27 kg-s I 4E R, it
N IR H B AR ADL ) B TR EL Re 267 9740 WA HY
BVE S VT B T RN TR R S A
“aph, AE R LS, B (D~ MR FEE
FEE (RO FBN I FHEE (K (7))

p=11065 - 1293T (6)
o p AR B kg-m” s TRIRE K.
n=494x10"- exp(%;,'l) (7)

ey ARSI IR L  Pas.
1.3 WX ARSI A

PR % Kl 43 3 i ICEM 344 56 B, SR A AR S i 4k
WX A B T 1 S FRAE BE TR AL AR 1 5 JZ A 2 S, B
2B N 0.063 mme. 1YL AR DX 38 1 A% AT i 1 3
Fiw .

PLES AR =5 5 60 mm $44% (8] #E 15 mm. 4 & 20
(2K B BT A 78 A A A AR R RS L R

020603-3



B . T O B A BRTHEAR IR B R R AT 5T

°

7+(%)
=
/
3 AR R
Fig.3 Schematic diagram of throttle grid
BEAT WA BUSZ A 23 B, WA S HU AR 1, 45 R a0 & 4 0250l T
PR . IR B %8 360 5N , 45 S 2 3 H 1R oass]
I8 I s B n AR A s T A S DR AR SCE % 360 £ o0257]
TiFR SR NS B i el
£1 BiEsY e
Table 1 Mesh parameter 5 \
£0254
PR s B 4 R A kg RS & o
Grid number / 10° Full LAN grid size s
0.9 2 0.252 N
1.72 1.5 0.251 ; A 5 : 4 5 p
2.4 1.25 Number of Grids / 10°
3.6 1
4.6 0.9 B4 RS
6.0 0.8 Fig.4 Mesh independence analysis

14 AEImRRERITELE

ASCE St AT 13k RS st 4 1 A Bk
K. T REHE, LR MK BB
BRI, JE0 P 2 18] SE 3 S 80T 1 AU
Fetheo NORAESCI S5 R AHERATE , 7K T3 AR DL e =5
i A2 J LT BB ARSI ARAUNE 26 AR o SBR[ i (14 A

BEUNE 5 PR

SEIG T T AE R R R A S O AR 2. TR
JUARTARABLE: , S 56 755 JAL 1 5 6 (e 5 v ) ek o 7Y
WAL ZH e 2 — 8. TR E A K
WL AN T I 246 ) B PR A Bk 0 R 2 R
YK IR R SRR R R i i DR SR 7 1) R TR

020603-4



% AR

2026, 49: 020603

Large Flowmeter

— .
——————— T
V2 °
=
Flow to Air Small Flowmeter
Cooling Secondary Side

Tower
Electrical Heater

\f Cold Water Inlet
el v
ﬁ It& = <P /;P |\j\‘ @ =

Heat Exchanger

Major Loop

Small Flowmeter

Bypass °
=1 O / TVl I ® |
| i -
- e "
ot™ % T ™ -
JV2 JV1 arge Flowmeter

5 KSERmREIEIREE
Fig.5 Diagram of water experimental circuit
HOHE , S8l 7 ig SRR AL S SRR . TR T AR
(ROVENTCENSHL, [k TR T SR IR EE
P

®2 TRHESH
Table 2 Throttle parameters
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Table 3 Hydraulic parameters of throttling element
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Table 5 Geometric parameters for central composite design
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