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Mercedes-AMG PETRONAS F1 Team (CFD aerodynamicist)
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Annual Meeting of the APS Division of Fluid Dynamics

* Quantum Algorithms for Fluid Flows (2021)

* Quantum Computing for Fluids (2022)

+ Quantum Computing (2023)

+ Quantum Computing for Fluids (2024) + 2HFDEF 1 > RA/)\A 7— RFRICEHT 2 HEK
+ Quantum Computing for Fluids (2025)

35th Parallel CFD International Conference 2024
* Quantum Computing for CFD Applications

1st International Conference on Applied Quantum Methods in Computational Science and Engineering
(AQMCSE) 2025
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10) Tt _m_ 1 /r E({x;}) = Z Z Qijxixj’ x; € {0,1}
i
10) e —— 1 o+ 1
X =
|0) _m_ 0 ' 2 AIVIETIV(-10r1)
|0) 1 \ E({o;}) = thﬂi"‘ ZJijaiaj, o, e {-1,1}
~ i i<j
< SREETEDOIEE (N7 ML ETTINER) - HAEbEREICEL
« IBM: 1121 qubits + D-wave: 5000 qubits
Riken: 64 qubits NEC: Vector Annealing (300,000 qubits)
lonQ: 32 qubits Fujitsu: Digital Annealer (100,000 qubits)

Toshiba: SQBM+ (10,000,000 qubits)

List of quantum processors: https://en.wikipedia.org/wiki/List of quantum processors
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https://newsroom.ibm.com/media-quantum-innovation?I=10&o0=100#gallery_gallery_0:21596
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Products Solutions Sectors Learn Build Company Get Started @

Advantage? System: Our
Most Advanced and
Performant Quantum
Computer

The Advantage2™ system is now generally available via the Leap™ quantum
cloud service and for on-premises installation. This annealing quantum
computer is a powerful and energy-efficient system capable of solving
computationally complex problems in business and science.

2abejuenp@®@

2=be e np@®

https://www.dwavequantum.com/solutions-and-products/systems/

Simulated (quantum) annealing solvers

Y7 FIXSTaRS Amplify $C22 Aurora Forum

o L ) R ) Aurora Vector Annealing to Solve Social Issues and
ompatible with all available quantum annealing/Ising solvers, mathematical d 3
optimization solvers, and gate-based quantum computers Acceleration by NEC's Supercomputer, SX-Aurora TSUBASA

Quantum Computing P e _{,;/ =

Platfo rm ’_§hinta;o MOMOSE, Ph.D. (D'\rector)§

Quantum Computing Busl;‘ness Depggtment
Advanced Platform Division
NEC Corporation

TOSHIBA Global
5 @ crange  Q Search
FUJITSU

TOP Services and Solutions News Corporate Information Industries v Services \/ Insight Fujitsu Uvance Sustainability Technology v  Careers About Fujitsu

The world's first Quantum-Inspired
technology

S QB M+ Fujitsu Digital

Annealer

Quantum-Inspired Optimization Solutions

A unique way to break the limits of the world.

What is SQBM+ ?
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AIVTEFIL (1 0r 1) 1 QUBOEZFIL (0 or 1)
o; +
E{o) = Y hoi+ Y Joo, o€l-1+1} 2 o E(x)= > D 0y, x€1{0.1)
i i<j i J

TR EF 7 =—VU VI xBAWcRAETE

BREDE

» N. Ray, T. Banerjee, B. Nadiga, and S. Karra
On the viability of quantum annealers to solve fluid flows
Frontiers in Mechanical Engineering, 8, (2022) 906696

RFSE (LGA: lattice gas automata)

Y. Kuya, K. Komatsu, K. Yonaga, and H. Kobayashi
Quantum annealing-based algorithm for lattice gas automata
Computers & Fluids, 274 (2024) 106238

ARY NVE
+ D. O’Malley and V. V. Vesselinov

Tog. jl: A high-level programming language for D-Wave machines based on Julia
2016 IEEE High Performance Extreme Computing Conference (HPEC), 1-7

» J. D. D. Rodriguez, A. P. Perez, E. |. Fernandez, and A. J. J. Valera
A quantum annealing approach to fluid dynamics problems solving Navier-Stokes equations
2024 9th International Conference on Smart and Sustainable Technologies (SpliTech) 1-6

» K. Takagi, N. Moriya, S. Aoki, K. Endo, M. Muramatsu, and K. Fukagata

Implementation of spectral methods on ising machines: toward flow simulations on quantum annealers
Fluid Dynamics Research 56 (2024) 061401
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QUBOEFIL: E(x}) =) ) Opxx. x € {01}

i

2 2 2
E({x}) = (cp - Zx;> + <cp" - u,.x;> + (cpv - v,x{)

BERE EARERERT nAHMEENERT

qaLGA (EF7 =—Y 2 JIc & 3 18FKEFE) DQUBODIEE

QUBOEFIL: E(x}) =) Y Opxx. x € {01}

i

E({x}}) = [— Y2 xx+ Y D1 -x;x;) [— Y200 xixi 4 TN - xx
i i i i

BERRE EAFEEERTE

+ [— Z 2CP"y; - xix{ + 2 Z ViV - xl’x]’] + 4 le-xi’xi’
i i i

EEERERE SEMmElRE X! # x; (1 = 0.37)
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qaLGA Ray et al., Front. Mech. Eng., 8 (2022) 906696
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Y. Kuya, K. Komatsu, K. Yonaga, and H. Kobayashi,
Quantum annealing-based algorithm for lattice gas automata,
Computers & Fluids, Vol. 274, 2024,p. 106238
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NEIDIERETE
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107 o i
0.8] | — =T
s 00T 0@ OFNBENS P | - BFFI—ULITIYOT T AL N ORTEREIZ20us
™ 0.4] BR%E L imIc ORI L W) A BBOBETE Y MASEA SN TLAE,
02! PISEAASIC B 5 TETBREIRZ b 54 )
00—
0.0020406081012141.6 Asaga, T., and Kuya, Y.,

ulug, Obtaining converged flow solutions using quantum annealing (under 2nd review)
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RHB —> QPOHSEN (ENEL) EEFEST 32
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Factorization machine (FM)
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BRKEE@ED b RILBRERERD-ODORELHM/ 2 —VRAE

Investigation on tunnel entrance hood to reduce micro-pressure wave of high-speed train

O AR, KHI, I B U4 %5/5 1) | [ RT 1, yamauchi_yuka@khi.co.jp:
EFRGTE, KHI, I B WA H5 R ) [T 1, ueno_yosuke@khi.co.jp:
M B/E R, KGE, IR RA ) [IFFHT 2, tajima_atsushi-kge@corp.khi.co.jp:
2 ST, KHI, I8 B & H5 ) | IRFBT 1, yasuda_hidemasa@khi.co.jp:
e 2 KRB, KRM # 7 Se o X Fn | LI 2-1-18, sasaki_takashi@khi.co.jp:
Yuka Yamauchi, Kawasaki Heavy Industries, Ltd., 1, Kawasaki-cho, Kakamigahara, Gifu
Yosuke Ueno, Kawasaki Heavy Industries, Ltd., 1, Kawasaki-cho, Kakamigahara, Gifu
Atsushi Tajima, Kawaju Gifu Engineering co., Ltd., 2, Kawasaki-cho, Kakamigahara, Gifu
Hidemasa Yasuda, Kawasaki Heavy Industries, Ltd., 1, Kawasaki-cho, Kakamigahara, Gifu Fig.1 efSET® (environmentally friendly Super Express Train).
Takashi Sasaki, Kawasaki Railcar Manufacturing Co., Ltd., 2-1-18, Wadayama-dori, Hyogo-ku, Kobe

|

—

Tunnel entrance

Observation point \

Traveling direction of train Tunnel entrance hood
80m —> —
\ 0000O0OO0OO0OO0T111
— 50550580500

Fig.5 Opening/Closing pattem of tunnel entrance hood window

Fig.3 Tunnnel entrance hood and tunnel (ER) RROFP TQANMEDLN T WS DT TIEARL

BhLBl: QAT Zw V1R U Ag#E L
B ERI%1 1T RIS, 568 Dt ARFRFERFMFEER (2013) VI-036
211 = 2048 D DEEERBELEE
N RILAOICE T ZRREDDEICKED, HMKERDIEBEZ S
CFDIC & D42/ —> % @i
MFOERZ &Rt LU C3DRIT 2 E RRENARN THBERICH D1 & WD EITHERICHE > TINY —V %RE

YN dp/dt_max 8.802
Rank BEIRIEFERA/ [kPa/sec] 8874
1 7.459 8.888
2 7.489 8.963
3 7.562 9.082
4 7.612 9.140
5 7.758 9.209
6 7.815 9.255
7 7.836 9.291
8 7.956 9.395
9 7.980 9532
10 8.057 9.737
11 8.210 9.754
12 8.281 9.817
13 8.281 9.891 Tunnel entranc
14 8.370 9.984 Traveling direction of train Tunnel entrance hood
15 8.425 10.103 = -
16 8.468 10.271
17 8.542 10.510 00000000 111
18 8619 10.847 _| 0oooo0oo0og
19 8.621 11277 l
20 8.728 Fig.5 Opening/Closing pattem of tunnel entrance hood window
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BILfl: QA7 Z v Iy I AFE(L

- FOEBIE11EFT

« 211 = 20488 D DG TR BELFEE
s MYRILAAIBIFZRAEADRICED, MKERDEBINE % i
- CFDIT & D 42)8% —> % &4
- THOZEREL 3D 2 ERRKEAGEN TN ZERICH D, & WD ETHIT TR > TY —V ERE

Rank BEE TR 2—>

dp/dt_max
[kPa/sec]

© oo N G WN —

1

— ek ek etk et — -

1.1

7.459

— k| — -

—b—h.—k—k

—L—L—L.—L—L—L—L

—L—L.—L

L
O T S e O S e e Gy

L

—t | — | — | —

7.489
7.562
7.612
7.758
7.815
7.836
7.956
7.980
8.057
8.210
8.281
8.281
8.370

*FEAIIS, 2568 [ RKFESERFMAESR (2013) VI-036

QA7 S v IRy U ARBEILEER
[10100101101] dp/dt = 6.67335

c RBRICEMT S NN T =2 ED D
BENCHREKDERIRZ R

. B U 2o ORISR A RO

(CER) QAY A7 )LIE1[E D

BIH: QAT 5 Iy U AgiE1L

Rank EE TR 2—>

dp/dt_max
[kPa/sec]

© oo NO G WN =

7.459
7.489
7.562
7.612
7.758
7.815
7.836
7.956
7.980
8.057
8.210
8.281
8.281
8.370

QA7 T v Iy U ARBEILEER

[10100101101]

dpldt = 6.67335

QUBOETIL: E({x}) = )| ) Oy, x € {01}
i
QUBOTFIQ,; (B E{EFAE) DfE

]
5 0.4
3

= 4 0.2

3

KO

c

c 6 0.0

§ 7

[e]

o 8 0.2
9
10 -0.4
11

123 456 7 8 9 1011
Column index (j)

BWO, KX ULTY, = IOBERICE({xHRNE<ED
- 3%HB, 6%B, 9BFBZRAKICHITD LRV
- 2B LIFHZRRICHITBEVWADRL
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ZHRIRT v IRy I ARiEk 32

E({x)}) = Z Z 0, x € {0,1) CFD (immersed boundary method) |
IIIIIIII\IIIIIIIIIIIIIII l/

EER \ P
BUEETE
B AR A: X, NL—ZY0F—%:x &E({x;})

X —e.g.)C,LID
fART—%

EF7=—U>7 0, DHER (~ 0;)

E(x) =) Y O e.q) BENR,
i

Factorization machine (FM)

HEH X L 7=QUBOTTAI: Ql.j

AT v Iy ¥ AgREL
______________________________ \ﬂ. L/D = 0.8581

0.7 . -
064 ) 1 -

0.9

0.8

0.5 .-. .. . . .
0.4 . . ) h : ’ . ) \
034" 1 \
0.1 — =~
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S5{THZE: 2D temporally developing jet

1K
= EHE

Gourianov, Exploiting the structure of turbulence with tensor networks, PhD thesis (2022)
Gourianov et al., A quantum-inspired approach to exploit turbulence structures, Nature Computational Science, 2 (2022)

$c1{THHZS: 3D Taylor-Green vortex
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