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Abstract Background: Pebble bed fluoride-salt cooled high temperature reactor (PB-FHR) is a kind of Generation
IV reactor. Three-dimensional thermal hydraulic code of reactor core is expected to simulate cases with complex
spatial effect for PB-FHR but takes very heavy time-consuming. Graphics processing unit (GPU) contains numerous
computing cores, thus can be used to efficiently accelerate numerical calculation if applied properly. Purpose: This
study aims to develop a GPU-accelerated thermal-hydraulic code (GATH) for PB-FHR core. Methods: Thermal
non-equilibrium porous media theory is adopted to build the reactor core physical model. Efficient iterative
algorithms are researched and implemented on GPU. A PB-FHR core model is built for thermal hydraulic analysis
with GATH. Simulation results are compared with ANSYS CFX software to verify GATH code and the GPU
acceleration performance is analyzed. Results: The results between GATH and CFX are in good agreement. The

speedup ratio of GATH can reach 8.39 times. Conclusion: The physical model and calculation method adopted in
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GATH code are right. The GPU accelerating methods proposed in this paper can efficiently accelerate thermal

hydraulic simulation.

Key words PB-FHR, GPU-accelerated, Thermal hydraulic, Thermal non-equilibrium porous media
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Fig.5 Reactor core model of PB-FHR.
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Fig.6 Temperature distribution of solid phase (a) and coolant (b) in reactor core.
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Fig.7 Radial temperature distribution of solid phase (a) and coolant (b) in reactor core.
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Fig.8 Radial velocity (a) and pressure (b) distribution of coolant in reactor core.
950 915 — —
(a) ozt 910 (b) i i T
940 T . DO B
B 905 -
3 i - i
()] [ NS - TPSNI——; 900 ; P i
| ~ -CFX
= 9| CFX i = ; : :/' GATH
=~ 3 GATH &~ 890 d—ye ;
910 |- r,{". S e S ST 285 /
il 7 880 o
F 875 |
870 : :
80 0 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0
Zim Zim

B O i M a) R4 K)ol 55 i 43 A

Fig.9 Axial temperature distribution of solid phase (a) and coolant phase (b) in reactor core.
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Fig.10 Axial velocity (a) and pressure (b) distribution of coolant in reactor core.
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GAMG Ak BEAEE SR A R 016 1E J7 B AN #1571
BEJTREI USRI 2 /b T POLYN TliAbFRAT
s ISR AR KD . (B GAMG Tl
Aib R E SR A LA By TS ) B T R B LG
POLYN TiAbH#I LS . GAMG FiAb PRV K hnid
Lt iy Ik 10 5o Ry T AT SRR AR FE S b, 2
FPNAE ] GAMG TRANEE S0 SR fft s 5 1E 7 RE &
AHFNEEE TR, Wi POLYN TiAbBEA& v K fi#
HAb A HE 7 R

% 2 POLYN FAbhI2 & AR
Table 2 Elapsed time of POLYN preconditioning method.

JikE IEAREL CPU SKAFZSHFEIS GPU K4 FET IR b
Equation Iteration Elapsed time of CPU  Elapsed time of GPU  Speedup
number solver / ms solver / ms ratio

POLYN [ A JF Solid temperature 4 1000.87 4933 20.29

A B Coolant temperature 259 75910.60 4312.42 17.60

B Velocity 5 1871.55 93.30 20.06

JE 7J Pressure 2104 615 106.00 34 906.20 17.62

iU Bl € Turbulent kinetic energy 10 3246.93 183.73 17.67

T VL FERL Turbulent dissipation rate 1 327.42 17.87 18.32
GAMG  [#{&if /% Solid temperature 4 3 600.97 838.24 430

A B Coolant temperature 25 8856.38 1185.11 7.47

B Velocity 5 3820.29 778.83 491

F&JJ Pressure 94 27 066.50 2508.69 10.79

it sl BE Turbulent kinetic energy 9 4750.75 855.35 5.55

T VLFERL Turbulent dissipation rate 1 2754.09 628.76 438

W B34, ] GAMG Fitab PSR
fifp s 3 E 5 R K e KGR T R, A POLYN

TR B RARIAD BT RE, FFGeot T AR A%
Hea R BRI A, et I R 107
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FEKE: GPU I ERIR U ER VA E1 i HE 3 TR BRI

FERBITHE . B s DU A B RERT . 4528
w11 poR, I PR R I 8.39 5. FE M AL
RN, AIIRATAE S RD, B S ] A
BORLRB, DRt s Ll R A I Bl T s A 1) 48
K, AIFHATAES G2, I LR TFARH R, A%
B IA—E MBS, GPU M S A, s
L AR,

Speedup Ratio

0
4010 2.0=10°  4.0<10°  6.0<10° 8.0=10°  1.0x107
Mesh Quantity

11 AR ECR GPU Jinig b4
Fig.11 Speedup ratio vs. mesh quantity.
it —AUE GPU i zetE, K GATH
P CEX MRS TK vt SREn 34T 70125
(1%t o GATH 5 CFX #4011 PB-FHR HEUS 2K
AT ) P 0 s B (449 455), PSRRI SR AR ] )
WeSIOHEN (et 22/ T 1070, AR BRI 22/
F 107, CEX XM 473505, GATH X GPU
FHAT U5 7 20 GATH #EAT 35 IRAMEAR 5 45 S8k,
SFERT 46.25 55 CFX HHT 30 IRAMEAS 45 RISk,
MFERT 139.88s. Klt, GPU gL H 3.02 fi%.

5 £5E

AT VR AR 1071, W T GPU inid
(1) PB-FHR 5544 TOKIHEE, RHFERCTT 2 5L
S0 SRS IR S N7 ME OS]k 5 ) S /A HIFRI R ) BB A
KH SIMPLEC SiZsKfliidn Mk J13, 5INZAL
S IR i AR TR ASLAUL R AR AR TR AR BSOS, ST
T4 GPU L midig 51 CG. BICGSTAB K fi# 54
%5 POLYN. GAMG TikbHE5y:. KA GATH £
J7%t PB-FHR BT T HEL I K 4001, FF5 1A
THELRAR ) 22 CFX TS 45 kAT 7 X b, ]
IHPELH 208 T GPU [N i fig

LW 1) GATH #2575 CFX 45 3 2= 1R
/IN; 2) POLYN FiiAb2E[) CG f BICGSTAB &)
18 20 524 GPU LR, GAMG TiAbEE 1)
CG J BICGSTAB 534 7[ 1A 10 f5 2411 GPU Jinid
tb#e; 3) Al —SksREA R R T R A AN A B E
AR, KM GAMG AL VLKAl Ik 118 1E 77

T B A HIFEL R 5 B2 >R POLYN Flikb #5775k
fil A3 7 FE A 15 GATH R 5 38 A 1433 T ot
s 4) GATH F& /3 3R 1 i v e B 5 9 A% £ i
WK, mEBETAA, ek 8.39 f511 GPU i
MR, WLl S5 SUER T GATH F2/7 rh 4 B
RIRR SR ERYE, BRI GPU I Jy
IR AR THHES R K W v EReR, ks
oK PB-FHR HESBevh S et T A RF B .
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