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Numerical simulation of Marangoni convection in a shallow rectangular

cavity with a linear solutal boundary condition

ZHANG dJiangao

Graduate School of Engineering Science, Osaka University

1 Introduction

Marangoni convection usually occurs in a liquid
layer with a free surface driven by the variation of
free surface tension due to temperature gradients
or concentration gradient. This convection has
been of interest to researchers due to its rich
dynamical features and its wide existence in
nature and industrial processes, such as
oceanography, droplets, thin-film coatings, and
crystal growth.

Numerous fruitful research findings on
Marangoni convection have been reported [1-3].
However, most of the studies only considered the
pure thermal Marangoni effect, while the solutal
Marangoni convection plays an important role in
coating and crystal growth. To the best of our
knowledge, there are few works focused on the
solutal Marangoni flow. It would be an interesting
phenomenon to investigate since it occurs in some
processes. In this work, we perform a series of
three-dimensional numerical simulations to study
pure solutal Marangoni convection in a shallow
rectangular cavity to shed further light on flow

characteristics and flow pattern transition.

2 Numerical method

We consider a cavity filled with fluid, as shown
in Fig. 1. The top boundary is the free surface,
while the other boundaries are the cavity walls.
The Cartesian coordinate system is adopted. The
length, width, and depth of the cavity are L, L, and

0.1Z, respectively. High and low concentration

6 - Academic Center for Computing and Media Studies, Kyoto University

values, C, and C}, are set at the four boundary
corners, and the linear solutal boundary condition
is applied, as shown in Fig. 1(b).

The governing equations of the fluid flow in the

cavity are written in dimensionless forms:

Continuity: V-¥V=0 (1)
Momentum! aa—V +V -VV =-VP+V¥ (©
T
Mass transport: gﬂ +V .-VO = —LVZQD 3
T c

The dimensionless concentrations is defined as ®
=(C- O)Chy- C), rand Pare the dimensionless
time and pressure. .Sc = D/vis the Schmidt number,
where v is the dynamic viscosity and D is the
diffusion coefficient of working fluid. In this
study, calculation has been performed for the fluid
with Se=10.

(2) 3D view  C,

X
(b) top view C Linearly decrease C
h —> ‘1
2 g
3 AE
- Top view =
2\ | &
: g
= [
Ty 3 z
» -
X G < Gy

Linearly decrease

Fig. 1 The computational domain and the

boundary conditions.



3 Results and discussion

When the Marangoni number is relatively small,
the solutal Marangoni convection is steady state,
which is called the basic flow hereafter. Figure 2
shows the streamlines and the iso-concentration
lines of the typical basic flow at Sc = 10. The
surface fluid flows from the high concentration
spot (A) to the low concentration spot (C) with a
certain curvature, and then returns back near the
bottom due to the mass conservation, as shown in
the internal field of Fig. 2(a). The Schmidt number
of the working fluid in the present study is much
larger than unity. It means that the relative
contribution of the advective mechanism is more
dominant than that of the diffusion. Thus, the
mass transfer is greatly sensitive to the flow region
and the iso-concentration lines are drastically
distorted on the free surface, as shown in Fig. 2(b).

\

(a) streamlines of the internal field (left) and

boundaries (right)

Y

L.

(b) iso-concentration lines on the top free surface
Fig. 2 A typical snapshot of the streamlines (a) and

concentration field (b) of the basic flow.

Figure 3 shows the concentration and velocity
distributions along the AB and CD diagonals at

different solutal Marangoni numbers. The

positions of AB and CD lines are shown in Fig. 2(b).

Large concentration drops appear near the
boundary corners due to the low mass diffusivity
so that the concentration gradient in the middle

part of the cavity is smaller than that of the

FHAR HEHR AT« 7Yy — 2EFEFAL (3] Vol.21 No.1 (Dec.2022) - 7

corners, as seen in Fig. 3(a). Also, as the solutal

Marangoni number becomes larger, the
concentration drops increase, and the solutal
Marangoni effect enhances, resulting in a stronger
fluid flow. Furthermore, every peak of the curves

in Fig. 3(b) coincides with each vortex-center

position.
(@ 10
0.8}
0.6}
S
0.4}
02F — Ma=25x10%  ---- Ma=2.5x10° \
: —— Ma=5x10* e Ma=5x10%
ool — Ma =1x10* ---- Ma=1x10
b.OO 025 050 075 1.00 1.25
AB (or CD)
) — Ma=25x10° ---- Ma=2.5x10°
600 _— Ma=5x10°  ---—- Ma=5x10°
—— Ma=1x10* ---- Ma=1x10*
400
o

200

000 025 050 075 100 125
AB (or CD)

Fig. 3 Distributions of concentration ® (a) and

velocity U (b) along the diagonals on the free
surface.

4 Conclusion

The basic flow is steady state and the flow
structure remains symmetric along the diagonals.
Large concentration drops appear in the vicinity of
the boundary corners so that the effect of solutal
Marangoni in the middle part of the free surface is
weaker than at the corners, which greatly affect

the flow structure in the whole system.
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T-tBuPh

Figure 2. Molecular structures of porphyrin dyes.

2 EREER

21 RILT 1) L EFROME L KBTS
BERTAM

AT 4V a3 T-Ph, T-BuPh @ THF H1CO
WX AZ N V% Figure 3 1R 7, ZAL5 2 DD
BRI EALENRL, BFERRIEAL
T EHEL O e SITOHHERA R B A 5 2 T
T ENoirolz, I, ARIEEOR B A (ER
L. BAMERERI 21T o7& 2 A, faFE LT
T-Ph & T-BuPh % H\ 7=t /L OSBRI
XTI T36%, 743%E7eoT=, ZHUT, Bk
HEOBEBINPMERTHZ L TRILFZ - Ry
7 AR OWEF BRG] S 4L, SCEARGR
DR EZORR -T2 EZBND,



w

£/10° M1 cm™
= N
e [4)] N (42}

o
&)

%0 400 500 600 700 800
Wavelength / nm

Figure 3. UV/vis absorption spectra of T-Ph (solid line)

and T-/BuPh (dashed line) in THF.
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Figure 4. Selected Kohn—Sham orbitals for (a) T-Ph, and
(b) T-BuPh obtained by DFT calculations with the
B3LYP/6-31G(d) level. To simplify the calculations,
octyl and octyloxy groups on the meso-aryl groups were

replaced with methyl and methoxy groups, respectively.
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Numerical investigation for hydrodynamic characterization of orbitally

shaken bioreactor in a suspension cell culture

WANG Liya

Graduate School of Engineering Science, Osaka University

1 Introduction

Orbitally shaken bioreactor (OSR) is one of the
most frequently utilized bioreactor for the
cultivation of stem cells, because they are
manageable and easy-to-operate. However, the
common OSR hardly meets the anticipated
demands since cells migrate to the center and
bottom of the tank due to the “Einstein's tea leaf
paradox” [1,2]. It is well-known that the selection
of a suitable bioreactor is especially important for
biomedical and biotechnological development.
Thus, a novel structure and geometry
improvement of OSR is urgently developed.

Nowadays, many researchers have made great
efforts to facilitate the innovation of culture
bioreactors for laboratory studies and industrial
applications. Horiguchi et al. developed a novel
disposable bioreactor with an O-shaped dish and
an O-shaped bag, neither of which contains a
central region. The cells, therefore, are prevented
from gathering at the bottom center region. In
their experiment study, the cell aggregates can
grow in the newly designed tank with similar
diameter to aggregates without the evidence of
necrotic cores. Because the O-shaped bioreactor
could provide sufficient oxygen to the cell
Furthermore, Zhu et al

investigated the effect the ratio between the inner

aggregates [3].

diameter and outer diameter on the flow field,
mass transfer and shear stress in the hollow OSR
using numerical simulation. They suggested that
the diameter ratio should be kept lower to achieve

high oxygen transfer rate [4]. However, the effects
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of cells behavior, shaking velocity and shaking
radius still need for clarification. To this end, the
numerical investigations on the OSR with a
hollow wall are further carried out by
investigating the oxygen supply ability, cells
suspension amount and shear stress at various

operational conditions.

2 Numerical method

The bioreactor rotates in an orbital manner.
Therefore, the coordinates of the hollow vessel
center is expressed as Eq. (1). The bioreactor
which does not contain a central region is
illustrated in Figure 1. The outer diameter of the
tank is 84 mm and the tank height is 42 mm. The
culture medium is assumed as water and its
height keeps a fixed value 15 mm. The ratio of the
inner diameter and outer diameter, shaking
velocity (@), and shaking radius (%) are the crucial
variables, which play a key role in the hollow
orbitally shaken bioreactor.
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Fig. 1 Numerical simulation domain and shaking

trajectory.
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The governing equations for the liquid phase
(air and water) are the Naiver Stokes equations.
In the multi-phase configuration, continuous
species transfer (CST) method that is analogous to
the VOF model, can be used to catch the oxygen

concentration (O) in each phase [5], written as:

E+v-(Cv) =V-(DVQ) V- (D Ha:’(’ll_a) Ca) @

The percentage of afloat particles can be
expressed by a nondimensional parameter. Here,
we introduce the suspension ratio /s defined as:
Ps=Ns/Na 3
where Mg is the number of floating particles, and
N is the total number of particles.

The shear stress acting on the particles is an
essential factor to qualify the condition of cell
Applying Stokes’

approximation for flow around a sphere, the

suspension culture.
magnitude of shear stress over the surface of a
spherical particle can be estimated in the following

form:

2 —_
7| = M 1)
p

3 Results and discussion

The oxygen mass transfer capability including is
a crucial factor in the design, optimization and
scale-up of the cell culture process. The results
calculated using Equation (2) for two
configurations are given in Figure 2. Results
present a conspicuous distinction between these
two cases. It is evident that the highest oxygen
concentration 1is observed at the gas-liquid
interface in both bioreactors. However, it also
should be noted that the concentration is relatively
poorer (blue region) at the central region for the
conventional bioreactor. This is because the
absence of the inner wall makes it easier for the
flow to become turbulent. Consequently, it can be
stated that the new bioreactor design introduced
here optimizes the culture condition, particularly

enhancing the oxygen mass transfer.
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0.2
E 0.0
Fig. 2 Oxygen concentration distribution at a
vertical cross section for the hollow bioreactor
(upper panel) and conventional bioreactor (lower
panel)

To get a comprehensive understanding of the
new bioreactor, the suspension ratio (£) and shear
stress (|T|) are further quantitatively evaluated.
It is found that the suspension ratio is greatly

increased without the increasing of the shear

stress, which is highly expected.

4 Conclusion

Generally, the new bioreactor design developed
here would offer a better process environment for
sustaining adequate oxygen supply as well as
suspension ability in the cell culture processing.
This confirms that the bioreactor designed without
an inner wall can be considered as a better
candidate for iPS cell cultivation.
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Figure 1. Chemical structure of ALGDA and adhesive

strength evaluated by tensile tests (experimental values).
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FHEEY . 1972 IO TOELIREEEE A
(Direct Numerical Simulation, DNS)23T/o#u [1]. &t
FREMERE D FIRIZEN T DX LA )V R DL
RDFRA DIV TS (B, [2] 3]s

ELIED DNS (2 CIXEMBER S A T
HIRIZBNTE, 77—V =AY MUWEOTE A
FHENEEE « EROME N DR D/RT A —~ A%
Bz, EHETEE LTHYLL TG, ZOANT K
IR FUREHE I 9 5 355E . Navier-Stokes 20D
RN EEHE L 720 . —ITITEEA T K
JVENHER END, BeAT NUVETIIIEEEZ
WERZEICREA L, 77— 2SR U CRER AT
Vo TDTZDEEARY NVEORE 2 A MImEiE~
— ) 4% #f(Fast Fourier Transform, FFT)?D =2 A k &
&L 725, LA L FFT IXEF IR AVED T-0I2i%
FEI O E (all-to-all (5 21 9)ASNEE & 7
V. RO ) — RIS DSBS & OIS F R T
ITEE 2 A bR T KRB LD 0 135
Re BOIEBRIZIBWCRAIZRRE & 7o o> T D (Filx
£, [41,[3]). ZZTFFT OWFHLERIE, MPI 7
OEABHIZY DAY EPKEIWVINEEGF L7225,
VIFREERT:, AT ER TR ORI FO2EE
R & Uit Tnd A—_—a v
2 —|Z8IT % flat MPI Z483E L7356 1IMPI 7’1
T A5 720 O PR EFHE (GFLOPS) & A €V &
(GBYDIAEZALZ R LT D, FHRFE 4R
13 2000 ) E ClEIAREFE(E L@ HPC2500) T
ol AHERATE LBME DA 75
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(FX U —XFX1, FX10, FX100 T} FX1000) %A
LTWHDITx L, FHEBRFIEx86 XA T DA T
A B (T2K, Cray XE6, XC40, KT 2023 4513
DELL C6620)23E A ST D, — ALK
7 M AAFIRE(SX U — X; SX-9, SX-ACE, SX-Aurora
TSUBASA)NEA S TV D DM TI 5,

103',,,,_,,,_,,,_,,,_,,,4

E SX-Aurora TSUBASA

© I 8X9° gx.ACE AT

= 102> . ialaaviad 4

S £ w4 o]

% E AT E

s A

= 1 L
10" & Ao

© E r__‘-;:‘/" ¢ --*--Kyoto U. E

F ~~*--Nagoya U.

--=-- Tohoku U. ]

1%0Hux““x““x““x““
000 2005 2010 2015 2020 2025

year
(a) BEEmIEHFLHE /core
2
107 ML B R B
E = 3
[ ..
L, 10'L F§l e ]
‘5 £ HPC2500 - \\\ “m---m ]
2 P-4 . FX10 ]
[aa) [ The--—-ela XC40 Dell {
© ool TK XEB6 "I
F ----Kyoto U. FX100 FX1000
r~—*--Nagoya U. 1
[ --®--Tohoku U.
18-1Huxuuxuuxuuxuu
000 2005 2010 2015 2020 2025
year
(b) A€ U &/core

K1 K, AR BRI A— S~
Vo — XTI HEERE R - AE Y &BOZYE,
(AR /core, (b) AE Y &/core

BN 212, K 1@IRT Lo Ica 74720
OFEFIEREIIHMN UFH T TODITR LUFX v ) —X
KON SX VU —RADAE Y EFgMERICH D Z &
DON5L(K 1)), —HEEKRFO T AT M
EEMREZ A SO0, A BT EICRN



TWDZ EDPHERTE D, DF U ELRO KK DNS
[ZBWTIE, E OB FX KNS o U —RIZxf
LTx86 # A 7L DENHNLTND T & AmEd
%

& Z AWML TR R AT A 7« 72
B —D AT I A(Cray XC40) &G & L, EE B
AR M AGHIFHEREE ECRR%E LT & 7-BEE AL
B3O KHE DNS =2— K [5] [6] DB K O D
e kA ik 2 SRS E 2 S0 L7z,

2 DNS O— FOHBE

2.1 ﬂ%&d‘éﬁﬁ.ﬁiﬁ_ _

_
~_—dP/dx =const. -

T

JVEZR L, BETEET A (2)IC 2 YHRSEE L 7E00TE
%%, RFfEAE /013 Fractional step 1A FE D & |
JE/TEIT Euler [2fifls, OO 2 WHEE
Adams-Bashforth EZE T 5, EZEH TS
ATV iR, 3 FExA1THIfiEA(Tri-Diagonal
Matrix Algorithm, TDMA)IZ J % [ECHEfi#0 % H S
b, W TEEFEFIL, xy HA~D 2 KoL~
— U S WA Y z S5~ TDMA & 725, FFT
(22T FFTW3.0 OZRIRZ VY, 22731 T3
Cray =22 731 Z &R LT,

2.3 TSIk

transpose transpose

= 0 e ey ) L - Z o nm
3 > o b s
. Iy T ne e s
h - g 1200
transpose transpose

"(ra) y-z (real space) (b} x-z (Fourier space) (c} =y (Fourier space in TDMA)

|:| Xy communicator I:l yz communicator

2 T LRIV & DEERE A

AWFFE T 2 (R THCHE LT v v
WAERRET 5, ANRERG T, FRSHE) LA
RS JEIBE RSN E T T & | BEfi(z=0,
2h, h:F v > VBN 233V VT no-slip S35 7
Ehd, Mo 5 R IEERE TR O
Navier-Stokes =& Hi i TH Y | AR R X,
z SO, 5, Wk N EBE TR LTS P &
2%, T EMEIRAT~ITHHECH D Z L %
RLTWD, FAVGOBREN & LT x Hlanl—iE
DIES AL (=F=u/h, usBEHBEESE D) 2359, 1E-
THENGOIE T A =2 THD LA JIVAEIE,
BERPESOHNE (1) & F v o R HEIR () IC &> TR
TE S5 (=Re=u:h/ v, vEREMERRED,

ARTREN X EER D TG TR 5 IF—HREL
DI 7 =JViitE LCTEIBIVTE Y 1987 4]
TP DNS [7]1M Tz (x, y FNZ 77— = A~
7 ’Vik, z J5IAC Chebyshev-tau 15), ZDF v
VD DNS IR J71%D DNS [1],[2], [Bl12 kb
R RIRE S RY | FHR X NS HITEKR
T2,

2.2 BERUEFE

BERUETEE LT xy HAILT7—Y = A7 K
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3 2 o E

PERE S sEEGEDEE LT BIYIEHRIC
RIETE DI I 3@ T y LTz Fa~D 2
VoL EI 2w %, Ll y 7o FFT KOY
z J3T0~0> TDMA (IFEEIT A~ DEE & 721 |
1ERDITiE (4], [8] TITMF IR ANED 120D y F7
8] FFT KEZIE y—ox ~O45EMROZEH (1% 3(b)2H)
O z 5716 TDMA BRI Z1E z—y ~O55E 025 5 (1X]
3()VEATIMENH D, DF VIEE 3 Ry, HHME
TH6IHLE T 5 & 1step 72 V) . x—y ~DiiL[E % 9 [A],
z-y, y—z DEREZ 1Rl y—x ~OHLEZ 9 [BHT 5
LT D, ZOEEIISEESFEI A 2= —H
T all-to-all i (a2a)lZ L 1T 5, Hit- THL
D> DNS (23515 2 FHRIRFH DR T Z ORAREIC &
HIEREAN D S Z L1272 D [4],[8].

AT ZOEES A SRR 5702
710> TDMA (2% L, shift (5 & x,y Hla~oDA4—3
— 7 v AR DWIHCFE 9 z#EH L. zoy,y—z
DL Z [T 5, —J5 FFT R0 x—y, y—x ~Diis
EIIEL L 70 D3, Z D43y E710) (xy_communicator,
3 Z)AEEES ) — NIZEV Y THZ Lick
V(s AR &K S 5, Cray XC40 @ Cray
Aries+Dragonfly %> hU—2 VAT ADOYAIE, 4
J— RREEE ) — R e b,



2.4 a2a BIEDERIE

A DNS ==— R Cl&, FFT BFD x—y, y—x ~Dit 18
[ a2a NFEAET D, ZNEIHI D201, ]
BEBEOA—NT v T EHEANLTND, BANIC
1L xy J7A FFT 13 z FIA~RSIZ T s Z L b,
z J31) 1 Wi @ a2a & 20 z A% FFT % (A
(2T L a2a BfE DA > TD, ZOFET
OpenMP #REZ VTN D,

3 thREFHESEHF

3.1 BRITEER

BBRHRGTR & L TIRE L TV ARIESMT x y, 2
JFIAIZ 14400, 13824,5760 45 CThH D | MEAEY
13 150TB 2 %9 %, A7 A A(camphor2) Tl
421920 / — R(AE Y & 160TB) CEIWET HHIT
&Y. xy_communicator (= 88 /yE|, z J5Ih] 480 4y
E| 4 MPI 7'tz 2|2 3 50 OpenMP AL v K%
9% (88x480x3=126,720 = 7), (ALY AT A
A TIEZOMWHRTOFHNITE 722, ST
KL LTz HITHE N USRI E LT, 728
BEDTD | KR E KRR L TE LB FASERT
& % | (Fugaku) R KA ERABK & —
Oakforest-PACS(OFP) COFA TR 43 1 1R T,

F1 FEUKRTOIITRM

T HADEAITERD ) — REEEEET 5 Z &0
TERWEZD, 204 ) — FHNEEHS 7 — NIk
BINDHEE L Z ) TRWEENRT 4 MMTRA
L. MEEHH B TRE AL o7,

4 PEREFHERGR

# 2 SR TOMERETHIR R © camphor2

FFT/a2a# | #node | #mpi | #mpi # elapse

—RT 7 Xy 7 AP [s]
HY 8 88 2 3 1842
L 8 88 2 3 2056

7 2 (2l 5% % VT 100step 7 OFREEIRE
F L 7o famisE] (wall-time) 279, FFT & a2a DA
— T T WA, 184[s/stepl 2 ET 5, F
72 FFT & a2a OA—/37 » 2L V) 200 FHORE
RYERI RIS SN TS Z L NHERTE 5,

3 (TP ZERT TR ) (Fugaku) BORORAE
AR % —O0akforest-PACS(OFP) % i\ 7= /K
R COMERRZ T,

#*3 UK TORERR

system | #node | #mpi | #mpi | # s/step
Xy Z AP

OFP 1920 88 480 3 18.1

Fugaku 5760 192 480 3 4.8

system | #node | #mpi | #mpi | # #core

Fugaku | 8640 144 720 4 3.2

Xy Z AP
Camphor2 | 1920 88 480 3 | 126,720
OFP 1920 88 480 3 | 126,720
Fugaku | 5760 192 480 3 | 276480
Fugaku | 8640 144 720 4 | 414,720

3.2 HREITNR

AT I A(Cray XC40 8 / — K/528 2 7)Zxige L
LC. xy,z J7AIZ 14400, 13824, 24 k&7 4
%, FEIHYENT xy_communicator |Z 88 4y, z J5TH]
(2 2 4yE& LA MPI 7 & A2 3 50D OpenMP %
Ly R&fdiE L7-(88x2x3=528 =2177), Z DA

Xy_communicator PN a2a %4 /— R &R0 E
Pttt/ — RCOFATEBEL TV D, HL, v R
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OFP &L AT LA TIERY NU—T VAT AN
& 72 5 T OB FIFHRRE O HLff 72 bl I 3R &
PP D03, & 2 OffGIRRTRIES -7 18[s/step]
CIREREDOTH D Z EDMERTE 5, BYLFARTE
Ao & 1BV TIE, 8640 / — KT 3.2[s/step]
JHEHEE  516[TFLOPS] COREMNARETH Y |
5760 /— K& DMz L0 B Lzilgibih=ix
9% &R TVD, TEiE) TOIATHHRIIIRIERE
D 18RFEETH Y, T AT OFP CTOER ML
ZRAEL 5 & $992[TFLOPS| & 725, Z AU3E M
RED 1.6%|\TAHS 35, 7245 OFP Tl RHIL HPC F
¥LUUIZLY 8192 /— R&EMH L COFHEL T
E LT, Jila a0 A L R EYSENL R -
WX vt lipoTLEST,




5 EnEfbnREt

ADNS 21— RDE 572 5 bz B e L., FEEH
T a2a |2 X % a2a R OREHE, MP1 7' & ABCED
FEBEF MRS L7203, BIBRPE CARNZSR RIS
BTz, ZOBRRIZFEER T z F1Ad MPI
7at A% 480 FEEE(480 / — R) W5 72, TDMA
DRl b EEE 225703, SR TITE~2 /—F
TdHDH72 TDMA RN OWTG IR E 7> T
WRNWZ ENRENWEEZZBIND, F7-ZivadHm
T DI Y ) — FERAEEST Z LW ETH
. AROBGHTEL 8 / — F) TIIREECcH -7,
6 FLHLSERDRE

ARFSECIL, BEMmELTE S O F IR E e
a— N2 2 R AT A A (camphor2) ©
DOVERERHT & F2htE L 72, ERELHROD DNS 123U T,
NEC/SX > U —X&HHNXE Td/FX oV —ADi
RBNEHTHT2, 7S DAT Y BHVIE
<, AT YV OAEY BROFERIEEL DT A
{22 Xeon Phi ~<— A Camphor2 & D73 &g
THIENMBESN(K 1 &), FEFEa— %
=323V C % Camphor2 & [A] U Xeon Phi %
FAND SRR AR - # —Qakforest-PACS |2
BT, BMEFIIEET &) (FX1000 FH24)12PT
W 2 FATREDBE HND Z & PR TE Tl (#
3 2M), FHECRFEOUM T A7 4 (DELLC6620) (2
FVTld Camphor2 L [FSFEDO 2T {7V DAEY &
DR SNDTETH DT, ADNS =— RVHZ)
(ZEWET 2 TREMED RV,

— SRR AT TR REITATRE ) — B
MDD /NS MABNTWNDHTZOHEED
PRODUCTION RUN (IFATTE ¥ F SIThRITH
fifL 7o TLE D Z & AVEETH 5 (Camphor2 T
13421920 / — RIZR L, &Ry a 71dmix128 /
— RLAFIHTERVY), S%IIAHIICESx, S
572 % KRB L & mdi bz 83 5 72 3D D AR
MEDORE, & HITIEZEREED PRODUCTION RUN %3
ITCELBREORR B EIELE X HD,

AR - AR IR AAMNERA T 4 TR 2 —
& DILFEWTE (BEEAVAIZE) 12k FEhE Lz, #Yk
SFRFSEHT NE ) A RV =3NS, HPCI /A SRR (ID:
hp210125)IZ & D fEffk SN 2ERAFIH L 172,
F I ARSI IRE ARG R PR BV [ K 2 0F5E8)
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JI—EROER-HE

AT L AEBERKR

1) PRSFEEICHE D —EXMRIEB IOV AT A T A EERAERDL

(20215108 ~ 202243 A )

TR P—E A RIE VAT BE T AREEFE AR
TRSFBRAG B IR H—E A FR H R PRSTIRSHI[] PEEESEAE A IR ‘ P—EREBAR | ZTURHHN]
2022/12/02 9:00 | 2022/12/02 14:00 5.00 7L
2022/03/05 6:00 | 2022/03/07 9:00 51.00
2022/03/30 9:00 | 2021/03/31 24:00 39.00
2) P—E RN
PR w7
T[] SLER 21| AT CPU sy | =N
e REHIh] IRFHIh] LSl J—R¥ | RIRE
10 A 744.00 66,087 378,923 | 74,112,416 | 61,047,462 17943 | 803 %
11 A 720.00 58,052 340,178 | 66,744,907 | 60,079,010 17970 | 783 %
12 A 744.00 104,339 361,725 | 75,090,388 | 63,162,220 17981 | 828 %
1A 744.00 87,189 320,878 | 73,046,361 | 54,796,703 17994 | 793 %
2 A 672.00 88,311 271,140 | 64,812,314 | 47,165,309 17981 | 796 %
3A 654.00 97,807 207,969 | 62,517,789 | 45,850,338 17050 | 709 %
H 4,278.00 501,785 1,880,812 | 416,324,175 | 332,101,042 17820 | 785 %
J — FRIH=R
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
10H 114 12H 1H 24 3/

® (AW = ARHFLERTHRx A =75
® CEHJE) , — N = R ONRAED / — NED H I (10 SRt o 77 —4 L0 FHiH)
® /—FRIMER = Bl — NSHd 22 a 797805/ — FOEE
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DRTLBEERT (20214108 ~ 2022438 )

1) PRSFEEICHE D —EXMRIEB IOV AT A T A EERAERDL

PSP Y —e2RIE SAT LH T AREESARIL
PRTBRAG H IR T —E A5 A IR PRAFIRFTHIN] PSR AR ‘ P—EAHPAARE | XU
2022/12/02 9:00 2022/12/02 14:00 5.00 7oL
2022/03/05 6:00 2022/03/07 9:00 51.00
2022/03/30 9:00 2021/03/31 24:00 39.00
2) P—ERRH
P 77
T[] SLER 21| AT CPU sy | =N
iR IEFflh] I [h] IfA[h] /=R | R
10 A 744.00 109,110 509,050 13,358,964 10,408,289 8079 | 66.7 %
114 720.00 135,180 921,764 13,768,690 11,345,109 8078 | 673 %
12 A 744.00 95,017 652,116 14,258,013 11,249,362 8078 | 703 %
1 744.00 136,636 809,456 14,688,547 11,116,104 8079 | 718 %
2 A 672.00 153,039 634,854 13,198,992 10,890,750 8080 | 703 %
3 654.00 101,477 355,201 12,944,393 10,920,315 7879 | 661 %
i 4,278.00 730,459 3,882,440 82,217,598 65,929,928 8046 | 688 %
J — R
100%
90%
80%

70%
60%
50%
40%
30%
20%
10%

0%

104 114 12H 14 2H 3H

o [HANHH = ARHEERExSA =T
® CEHJE) , — N = R ONRAED / — NED H I (10 SRt o 77 —4 L0 FHiH)
® /—FRIMER = Bl — NSHd 22 a 797805/ — FOEE
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O RT L CEBERR R

1) PRSFEEICHE D —EXMRIEB IOV AT A T A EERAERDL

(20215108 ~ 202243 A )

TR P—E A RIE VAT BE T AREEFE AR
TRSFBRAG B IR H—E A FR H R PRSTIRSHI[] PEEESEAE A IR ‘ P—EREBAR | ZTURHHN]
2022/12/02 9:00 | 2022/12/02 14:00 5.00 7L
2022/03/05 6:00 | 2022/03/07 9:00 51.00
2022/03/30 9:00 | 2021/03/31 24:00 39.00
2) P—E RN
PR w7
T[] SLER 21| AT CPU sy | =N
e REHIh] IRFHIh] LSl J—R¥ | RIRE
10 A 744.00 6,017 22,211 368,371 207,114 160 | 608 %
11 A 720.00 8,581 28,686 383,286 262,904 160 | 673 %
12 A 744.00 2,550 43,474 341,437 213,482 160 | 582 %
1A 744.00 2,554 39,770 250,922 153,604 160 | 538 %
2 A 672.00 1,403 31,093 426,882 300,515 160 | 596 %
3A 654.00 3,936 31,659 321,845 167,326 158 | 559 %
H 4,278.00 25,041 196,893 2,092,742 1,304,944 160 | 592 %
/— FRISR
100%
90%
80%
70%
60%
50%
- I I I I
30%
20%
10%
0%
10H 114 12H 1H 24 3/

o [HANHH = ARHEERExSA =T
® CEHJE) , — N = R ONRAED / — NED H I (10 SRt o 77 —4 L0 FHiH)
® /—FRIMER = Bl — NIoHd 22 a 70378 T0 %/ — FOEIE
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AFl X—N—2E1—59IRTLA

X5 Rt —ER
BllEEISEiEE
1-2 | 517 | wur YZFL| K F YT LA il By I ol
TR - AR 12,600 A/ B HE B&®A0.5/— RHEZH((1123 7. 5126BXE"J) x0.5) 1 0.2 -
4T =% 100, 000 P/ A HE B]AR2/—RBEH((1123 7. 128GBEEXE)) X2) 168 8.0 -
Yy 5478 =% 100, 000 P/ B HE B]A2/—REH((11237, 5126BXEJ) x2) 168 8.0 -
54 7C =% 100, 000 P/ C HE B]A1/—REH((11237., 2048GBXE!) x1) 168 8.0 -
547G AR 100, 000 A/ G HE BRAIGPUEZ ((160 77, 128GBXE ') +1GPU) X 1) 168 8.0 -
F4 TN | B/Em 80, 000 P/ @R 1/ —R((11237, 128GBEEXE) X1) 168 6.4 2
4 A1 | Sv/em | 200,000 F/E A 85 1/—R((11237, 128GBEEXE) X1) 336 16.0 4
Y4 TN | Ve 240, 000 A/ B 2/—R((11237. 128GBEEXE) X2) 336 19.2 6
54 FA3 | &wIV/Em 300, 000 F/& 5B 1/—R((11237., 128GBEEXE")) X 1) 336 16.0 4
54 B0 | w8 88, 000 A/ Bk 1/—R((1123 7. 5126BXE) X1) 168 6.4 2
S—TF Y4 TB1 | mIVEm 220,000 A/5 8 BT 1/—R((1123 7. 5126BXE) X1) 336 16.0 4
Y4 TB2 | mIVEm 264,000 A/ B 2/—R((11237, 5126BXE)) x2) 336 19.2 6
54 B3 | ®IV/Em 330, 000 F/& 5B 1./—R((1123 7. 512BXE") X1) 336 16.0 4
5470 | wI)v/Em 96, 000 A/ C Bk 1/—R((1123 7. 2048GBXE'))X1) 168 6.4 2
4 FC1 | S/sem | 240,000 F/E 8’5 1/ —R((11237, 2048GBXEJ) X 1) 336 16.0 4
54760 | wv/Em 64,000 A/ 6 @Bk 1GPUC(16 7. 128GBXE'J +1GPU) X 1) 168 6.4 2
54761 | &wIv/Em 320, 000 A/ Bk 2GPU((16 77, 128GBXE ') +1GPU) X 2) 336 32.0 8
ST |— EE:IJ\L 80, 000 F/ABE(TR) A e 8./ — t~‘:((112:|7\ 1286B%%’£><-EU)><8) 168 - -
KRBT ST SEhNEfT 20, 000 FB/AE(TE) 2/—R((11237. 128GBEEXE) x2) - -
- =) 88, 000 F/E(TH) 8 s 8./ —R((11237. 512GBXE")) x8) 168 - -
SEANELL 22,000 F/AE(TR) 2/—R((11237, 5126BXE!)) x2) - -
— = 660, 000 A/ 2/—R((11237, 5126BXEJ)) x2) 32.0 8
BRIS25 | 94T BHNEAL 330, 000 A/ B } 1./—R((1123 7. 5126BXE") X1) ) 16.0 4
RKBEANL—Y 10,000 F/& RKBEZASL—IBREIBOBMICDE
A=Y ERA L= 10,000 FA/& EEZ N L—IURE2BOEMICDE
FYRD—URL—T 5,000 A/& FY D=2 L—IRBITBOBMIC DT
AL A —ER 20, 000 M/ AEEY I B LUCTURA NI T PDISA LI RICDE
f"%E

I FASELET, FEBRM (KEEY 3 73-23EEM) THRELTVD, £, RERRTHD,
N=VFNA=2, IN—FI=AXIE[AT F AR -2 EERENSFAEHEBT A ROEERFTHAEZKRTT5540
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