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Figure 1. Molecular structures of porphyrins.
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Figure 2. UV-vis absorption spectra of ZnPTD (solid
line) and LDDI1 (dashed line) in ethanol/toluene (v/v =
1/1).
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Figure 3. Selected molecular orbital diagrams for (a)
ZnPTD and (b) LDDI1 obtained by DFT calculations
with B3LYP/6-31G(d). To simplify the calculations,
alkyl chains on the diarylamino groups were replaced
with methyl ones, and dodecyloxy groups on the

phenyl groups were replaced with methoxy ones.
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3 RESULTS & DISCUSSION
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# 1 SFHEEA(meV)DHERR

Dimer Model | Ours | Hsu’s
Pentacene 50.19 | 14.75
TIPS-P 23.52 | 43.83

DTP 6.12 | 821
DBTP 0.082 | 0.054

DBP 0.001 | 0.023

DPP 0.072 | 0.087

Tetracene 17.09 | 11.38
Ruburene 0.014 | 0.012

DTT 2.686 | 20.7
F1MH A F L 6,13-di(2-thieny) T F &
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BATERLDFEIR & FEFERER O S EARFHE ORI
HL7, 9. SR E LT, 8ifsCliilish
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X @Ay —ok., o sz
1 (B — & AR Uiz, Fio, TR
LT, Y7 R =T VoA Pl o TH
B AT E LB TS 2 2B L, =
DHFNE RO HSOEFRHADZ N ZIUTIR D
G99 L LN HOMNS%E, ZEOFAEICK L
THT2 72T v — FOFEFRITE DV TERIR LT,
B 1L, 2D 0F 8 IEORHYL, L UG
S FHHDORANLIDO AT v a7 T haHKT,

re

Time Time ~ Time ~ Time
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1 SEERICRULV=FI
@QBEBDA TR FEE, DEERDI TR MEE, (©
HARKLEET ST, ()RR EEST 55, B
BERIHDRARY b OJ S LlSEEH . Htdhh EiRE.
BNNNT—FKRT,

IS OWTER, 3 K OMERE AR 2 —>7 D,
EFE=ABIOAS VY7 H Lo TERL, INE
FERBNE DR L T B BRORIEE) 2 fMRI 12
Lo TEHIL 7z, &2 Tojilz—FET 28715
FHNETay sl L, ERAART 10 Ty s
MR L7z, IMRI 2264555 EDOKIEENT —
Z\kk & I T Z N2 72 T, LLFOFIET
MVPA ffHr 247> 72,



3 MRRAE

HBHRFEDTu v (eg 7uv7 1) RN
feCOT |y 7 THRAF LI MG T — % &
T, 573V O (eg. HifaXTE L dhift
BUE) 2@l L CWDEEORMIEBN 2535 X 9
2 av Ea—2 70l MEMTE ST (7
a—XOIER), Z0 LT, SRR L7 7
w7 (eg. 7uv7 1) CTHEGLMEGRT—4
BT A—=FICANL, FEHISEL AT OFf
BINELLATZ 200 E 90 (e.g. FEBHZHiA/MhHR
BB ABIE L COZBROMIEEN 7 — 2723, IEL<
BiAMRME L HESNDNE I D) BT AT
%o IHIZ, TARMFIHWD T 1 v 7 & AR
2T, ZNZE 10FEDIEL (eg. 7mv 7 1, 7
oy 2 7 myZ 10), 7Ry ZIBITb
THNEERERD D, ZO X I RFE LT A N
BFRNFREBERAFROWM G 2RI L TWDHEEZ
LDHEL 7o/ NE(Region of Interest, RODIZ
*fLTHTV, FRTIEZERO @ < 72 DA PR L
7z ROI & LT, 2R3 2 T4
&L AR 2SI R S b h —
ELL EO@WMEZ R Uiz, #555(Cuneus), BRI
(Precuneus), WIRTEAEI(Medial Frontal Gyrus,
MFQG). H.0M%[EI(Post Central Gyrus, PCG) %%
& LT2(X 2), FRZIEAFR O < 72 D a3 T
X, SO AT Y OREERRT 272D D
WORRBFINTNDEEZBND,

4 HER

AWFFETIE, FHEHNEZ OV A AR g,
BRI DWW T RS ) IR TR S D
LR AT o0z, Fin, FEBHIIIHREV)
FIPRBIERREORIESE), 7 A MREZ IR (AL
EHEONGEE 2 VD VAEL U T 1 [l7 a—F

1 7 LRI IR (A RS O TS,

T A MRV (V) AL 2 D TR ) 2 T
D AV Fa—F 4 v 7O ERA T, Filko
ROI 231 5 MVPA O PHIEARZ X 2 1R T,
Fx VA LUB0%) LD b A RICEVIESE R
RULT=OE, AHDEEIV-A, BSR4
B & A4 EIA-V, RENAZESED . AR
GHlA] & ZEHURIRI(VEA, Bifa/ih#)) T - 72,
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2 MVPA FIEEH

ERITASS & EROFR. TRISHARM/EF & thig
HEDOHFBE T HIEEFE, LH [FEFBK. RHITHE
FEROFBRERT

HULZRINZ < DM T CRIVEEREL R LT
ZEDD, O TR R O S
DSBS C B SN TV D ATREMER S D, £
7o, RIS DR OREE (REn/Feies, S/
HIRR) 12> THEAR D ERD AR B O IES
T Ly D ORESCPRIRTEAE] O IR b filg
ICE o TR S TWEZ EnD, BBIICELR
DR IERM OO & & | RSO X S
IR R OB O o & Tk, Bed
AT =X LPEE L TWDATHEMEDR S 5,

SE3H

1. Parise, C.V. and Spence, C., Audiovisual
crossmodal correspondences and sound
symbolism: a study using the implicit
association test. Experimental Brain
Research, 2012. 220(3-4): p. 319-333.

2. Man, K., et al., Sight and sound converge to
form modality-invariant representations in
temporoparietal  cortex.  Journal  of
Neuroscience, 2012. 32(47): p. 16629-16636.
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1 BE

ARETIE, SRICHEABEIZ B T B B D = RG]
FkE T ORMEE O MU 72, TOMEE EHET ) v
GO Siegel ball IZ & & N5 R HI#LEE HlIZE > TH
nds.

2 EAME/N—T7F

N—=27DT)IT—R E#iE, TIVIT—RKRWRIER
D#E (2,) I TEHRI MDA ND&E fITHL T,
TDR—=27 ¥ BN (f)(z) = SN f(an)/N 1, B
RN — co THEMPEE [ f du iZIRT 2L 0D £EDTH
5. HU, pl3NFEROAZHRALETH L. Fxid, 4
JIRAEEIC DD REDOBRDEHEE @l X w5 2 n
TIE % FHEe REL - (1, 2.

EHABB w: R — [0,00) & fERES ATHETHD (0,1)
Tw>0, TNUNTw=025ELEDLTFT5. ATT
&, Rz

exp ( =y ), forte (0,1
wp(t) = P (wir) 01
0, for ¢ ¢ (0,1).

E93. INEMHNT f OBEASEN—107F WBy
% WBY (f)(z) == S0 ) v flzn) & EFETS. AL,
meZE%%%%S?@é.ﬁﬁ%afﬁCWT,U@é
LETRUAMEE B 5 0 BAMEE LT, BICETOR
EEMABE, EEOBREmIZNLT, $5 Cn>0
PHEEL T, [WB (f)(2) — [ fdp| < CuN~™ TH2 Z
EARIND [2, 3]

3 XTI/ VER
Ushiki (2016) [4] £ 2&ICEET ) V54 Hyp: C2 —
C? ((a,p) € C?)

(2)

)20
Y B(y* + a) — B,

128515 Siegel ballZ §iR/z. ZITNTAR ak B%,
a =2cosfcosp—cos? g, B=cosf+isind & HdHHTZ
295, Hyp ODARFIRIZ, y. = cosb £ (cosd — cos @)
THEMN, y. =cosp DHIZEHL T p=coso+ising
LgdL, ZORFMUIBITD Y ALTHDOEAHIE G
L BuTHhY, TORAIZO+o and 6 — ¢ (mod 2m)
Thd. NTAX%E (0 = 0.664,¢ = 2.032) & FHEL,
HIHAME (20,90) = (—0.500 + 0.126i, —0.387 — 0.1631)
EULALTIIB/ONLIWEZ ZHTDH. Yz W
U0 K 1IZRT. ERIE 2 OEHE BiHBE H
WL 72bDT, ARIEENKRFEEE (r,,r_2) & 4
wLlk.ZZTor = ¢mmwumy+m%2?
Hb. THEN, Rex,Imz) = (—0.4,0) &5 T
(T, Tn—2) = (0.14,0.145) 25 GHHEIL 7= L%
20/ k), (FHE)IZRULAE. 2hd DEELD
N—2a 7 ¥k EAMNEN—0 7 Fy (WB &b
T WBy) IZ&oTHEHETLE, N = 10° DA —
A —DHEREDLEIC 4 EEEORORERED
WETHEZEREZ AEdTd IRVl OL2HD0
o] #ix 20 1% 0.42908172657574982523291062605231270
THY, 2hiF 0 = (0 + ¢))2mr =
0.42908172657574982523291062605229878, £ 5  —
Fiold, 0.64680568872546264456474361434588417
THY, pp —  pe = 20 /27 =
0.64680568872546264456474361434589842 12 = 1 T
N3LHIDREET L TWd. ZORENS DD LD
(235 A7z — D O MRS A E) 5L E A I BV T
WbEDD, TOMEAEAEDHTHEINTINDS Z &I
FERU 72V 5. &EB, I OMEOREELE kD /N—1
7 ¥y BN T35 720121, NP REOHEREE HT5.

4 FE&D

ARTIE, TOVIT—R R DFRIZBIT D &M EE
T2 OIS NS N—T 7 EEgE R Y
BOBGEIIEEMAI D NTEEEAENN—O7

WK FEEA T« 7Yy — LEXRFAR [55H] Vol.16 No.1 (Jan.2018) - 19
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1: (a) (Rex,Imz) FHANDOHEDHE. (b) FH
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2: (a) BHHO (Rex,Imz) = (-0.4,0) »
5 A7z AEZEA (K 1(a) 2 X). (b) B 440D

(T, Tn_2) = (0.14,0.145) 26 A HEZAL (K 1(b)
ZHIE).  (c) (a) DAEEDEANE N—0 7 F

3 (WB and WBa) @ p;y NOPE (pp =
9)/2m =

WB2) @ p1 — po NOPK (p1 — p2 =
0.64680568872546264456474361434589842).
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0 +
0.42908172657574982523291062605229878).
(d) (b) DAEZEMOEAMNE /N—0 7 F¥ (WB and
202w =

SR HWT, HEL ) VEBRO2 Rt FuEE 2
FEFD2 RKITHEIZH L -8 F OEiEl%E GHHEL 2.
LT, BoNz2 DOMEERE BEEOAE ROEAHE
DFDERE R 7-.

5 HiEE

ARCTHWZERT )V BERIZEL T, 5H#RZEDO T
HEERAEIZEBL L THORW W, B BITE 9.

S 3R

[1] S. Das, C. B. Dock, Y. Saiki, M. Salgado-Flores,
E. Sander, J. Wu and J. A. Yorke. Measuring
quasiperiodicity, Europhysics Letters 114, 40005.

[2] S. Das, Y. Saiki, E. Sander and J. A. Yorke. Quan-
titative quasiperiodicity, Nonlinearity , accepted for
publication in Nonlinearity, arXiv:1601.06051.

[3] S. Das and J. A. Yorke. Super convergence of er-
godic averages for quasiperiodic orbits, preprint,
arXiv:1506.06810.

[4] S. Ushiki. Abundance of Siegel balls in a family
of Hénon maps, 2016, http://www.math.h.kyoto-
w.ac.jp/ “ushiki/papers/AbundanceArt.pdf

[5] S. Das, Y. Saiki, E. Sander and J. A. Yorke. Solving
the Babylonian Problem of quasiperiodic rotation
rates, preprint, arXiv:1706.02595.
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1 FU&®IC

AE) —HEETILE I, HEDAL Yy FE
A ZHHT2BOMDROTH S, ZOHDY PR
DD L WHDTH LA, 2, HHAL v N
PHEAEVZMAL TWBEE, o ALy Fi3%
DHHAZRELZINBE E Vo725 DTH B5E1TF
WHEDRNHEDS T3> T LE D, ZD7d, BlfE, %<
DAVE2L—=FT—FXT7F ¥ urs73IvI5
WL LAY —~HEET VAL TS, L
L, XEVEHEET LD TES L, HED
ALy Ik a2 #EEFEICL ) IE 2T
YV EDOFT =% DB HIITL £ 9 AIREEDH D |
FERE LTIELWEMEMTb R wole 2 W
L2, ZZEFTOWLITELRWIZLTSH, 7o
772 DEBICAEDRVY LB AEY —HEE T
ZRHALZZZEICED, BHLARWEE 21T 70
I LETATIeNEOTLEIAMNSDH B,
DD, EOXE)HEETNVERMAT 201340
HMORE TR 77600 Y)RTIEDIL—F
F7OMEEZEZTEY, Hr 2V —HEET L
BRDOHLENTVBEEVRI LD TIERV, AT,
HHEAEY)—HBUEFL—oFF2HELTEZIT
BHIELwEwidnTldkwn,

S, HHODFFE L TwE XY —HEEF L
AT ENDET IV McSPIN DX 574 %
BRZT7 (1), ETAMRELIZ, 7TV XL
JanbrarnEreF)ryrsLcEesnssus g
L (BEFIWEMEND) %, ZDOZEEORFENITESR
ZITH)ZETHMAETZ LI 70y 7 LBGREFIED
—OTHD, ETNMREREZZOFEEL VS, W
D% DETIMVEERIZQ 2 VAT —HEET
WaRERBLTORWED, Wi wAE) ~EHEET
WL T3 BROGHERE Lo 7'a 75 LGk

REARE PIHEHAX T« 7>y — LENAHAR 53] Vol.16 No.1 (Jan.2018) - 21

PINETITIHI I EVBTE R Do T,

AV —HEETNVE AN ENDET VAR
DEAFEITIZ VD W 2 IREBBEFEDOEAL & v ) D D
%, ZHZHETFIIHEIR. AHSNEETFTILDE
BOAL Yy F3E EIFond bDTHNIL, £A
Ly ROFEGTTEMEDFTIA v 7ick-TE
JRENBIRIEDB DA IHIKIE, Vb 2R
REBAMEZIZSATVS, ISIKENZLIZ, ©
20 AEY) —EHEEFVIIIECREIFRE SN G o
HEH}EHARTLIEDH 270, EVEREDEK
BFESICARLYLETH S, S, ZDREBIEHED
HLREZ BT 2 -0 0mElhE t 2 —Y 2T 4
JABRREL, ZOIFEEL i E T 7,

2 RATF—YRElLEUVA-FTUY
TJHIHE 2 —UVXT 4V TR

WBEWAEY —HEEF LD FTIIHHoE >
BOBEPH A ) —=T7 L THNSE Z E23H
5, RSN XE) —BHEET V2T L
T, AJRE I A DREFOEE DRI 2 @I
DT, 2o z2hiea (RAT7—YEEE) LT
I ZEIC X DIREEOEIZIT ). AT — Vit
ZIEL 2 DR LD 7 0 DEEEIT- 72 [3].

F7. ETVRED T RED D> TH b 2—
VAT 4 7BRIZEWT, x€)-HEET V2%
L7 TUREICREDY A=) v 7, Kz, )
F=F) v T ENDIMEDEDOIIRICEH Lzt 2 —
VAT Ay P ATHS, VA=) v 7% %
L. Z0DFEE LD 72 0 DEERE T 72 2],

R o770 75 A3 fTa—F—xYaL
73 av 73 Y AL Chicken, Staccato, Stopless
Ths, AEY—HEETFVITER—EM (). F—



# 1. 27—V REbosh

without stages with stages mem net mem. time
MCM algorithm loop state memory time state | memory time ratio ratio | ratio
(K) ‘ (MB) ‘ (sec.) (K) (MB) ‘ (sec.) (%) (%) (%)
- 1] v 108 8,595 132 | v 23 908 8 10.6 8.8 6.2
chicken 2 | v [ 2,506 546,038 8,637 | v 534 24,960 433 1.6 15 5.0
TSO TV 141 14,918 236 | v 26 1,032 11 6.0 5.8 a7
staccato 2 | v [3,888 [ 1,007,491 | 16,022 | v 733 13,432 735 1.0 3.9 1.6
T v 90 28,183 378 | v 14 1,404 19 5.0 4.4 5.0
stopless 2| v 564 564,635 7,705 | v 87 18,885 585 3.3 3.3 7.6
- T v 308 25,208 430 | v 65 1,652 28 6.6 5.9 6.6
chicken 2 | x [1,136 264,857 | 4,248 | x 237 12,190 227 1.6 15 5.3
PSO T[] v 143 15,166 243 | v 26 1,032 11 6.8 5.7 a7
staccato 2 | v [ 4,020 | 1,144,602 | 16,975 | v 751 44,920 768 3.9 3.9 15
T v 177 55,210 833 | v 30 2,520 46 4.6 43 5.5
stopless 2 | x 45 45,416 630 | x 8 2,148 41 4.7 14 6.6
£ 2: VA=) v JHIHORNH
algo- M the original the 1-local the singular global the increasing the decreasing
rithm C mem. time mem. time mem. time mem. time mem. time
M ‘ (MB) ‘ (sec.) ‘ (MB) ‘ (sec.) ‘ (MB) (sec.) ‘ (MB) (sec.) ‘ (MB) (sec.)
chicken |S]| v| 26522 369.69 | v 26522 768.32 | v| 26522 929.13 | v 26522 367.57 | v| 26522 379.39
T| v| 48163 709.24 | v| 48163 | 1333.47 | v| 48163 | 1372.40 | v| 48163 707.45 | v| 48163 712.32
P| x| 29328 455.63 | x| 19240 300.38 | x| 8586 | 175.73 | x| 29328 456.79 | x| 29662 460.57
R| | — — | — — | x| 9792 | 194.73 | — — — | — —
staccato |S| v| 51050 697.99 | v| 51050 | 1443.83 | v| 51050 | 1756.46 | v| 51050 697.98 | V| 51050 | 696.74
T| v| 82596 | 1198.35 | v| 82596 | 2365.73 | v/| 82596 | 2391.03 | v| 82596 | 1197.39 | v| 82590 | 1202.74
P| v| 84669 | 1243.83 | v| 84669 | 2432.60 | v| 84669 | 2463.15 | v| 84669 | 1238.68 | v| 84663 | 1245.15
R 1 P J— | J— P 1 P — | — J— 1 J— —
stopless |S| v| 24361 43872 | V| 24487 037.88 | | 24361 | 1407.18 | v| 24361 457.30 | | 24361 | 386.11
T| v| 37472 658.28 | v/| 37472 | 1349.94 | v| 37472 | 1755.94 | v| 37472 715.72 | v| 37472 | 636.66
P| x| 2543 42.64 | x| 1934 33.18 | x| 1653 38.54 | x| 2543 39.40 | x| 2409 39.94
R| x| 15330 262.49 | x| 11309 193.97 | x| 1669 35.61 | x| 15330 264.55 | x| 15129 249.82
INVANTA=F 7 (TSO £7213 T)., =% T Ldrolr =AY 79 VA MAERYA =%
WA NP A—=%V v (PSO £7213P). VIv7y Y v 7 RIZBIT S Staccato DEFIDREZ T TH -

AMAERYA=FVY T (R) THD,

£ 1132 T = RELORZE R T 720 DEED
MR TH D, (3] DELHZEIH - AL 72 bDTH 5,
WENRDT —ZITEWTH AT fHifE - LR
EHITWEL TS, WH, ZDL) kFEEEZITo
75 E0mEic X 28651k, XY ARICEDHE
BRDS5ET Ly — Aok 28 9 % & EHhigos
5619580 XHITENITREINDG Z LS\,
A, 1.5 TB E Iy IEFIcRE XY 2 HT
DHERFEA— R —a v Ea—F > AT L C ZHH
TAHRZEICLD EDL bnBEL 22BN T
Z TN 72,

#2133V A=Y v THIBOMNRZ R T I-0DIHE
BoORRTH Y, 2] ORLEZGIH - AL 72 b DT
Hb, £1 LAY HHEPIITREICE VDR S
N3DIE, NS ODDOEBROMICEFT LRI D
Ak ez 2 & & McSPIN OEREDSUGE SN 2 &
L&k 2, ZOFEBRTIIAMTIIAMRL TV 5H%L
Dy —RA%EH-> 77 dIAH AT % 128 GB IZHIR
L. 202827583 E2Tb0o7, X€Y
FRICK DV A—=%Y » Flfl%#H LT bRis
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Voo TDT—ADIRE R KRFEA—IN—a L E 2 —
AT L CICKDFHERZITW, 207 —AITiE
KRB L R\, DFE D, VA=Y v 7O
RN TH B 2 L EHERL 72,

W

& ST

1] T. Abe and T. Maeda. A general model check-
ing framework for various memory consistency
models. In Proc. of HIPS, pages 332-341, 2014.
https://bitbucket.org/abet/mcspin/.

T. Abe, T. Ugawa, and T. Maeda. Reordering
control approaches to state explosion in model
checking with memory consistency models. In
Proc. of VSTTE, 2017. To appear.

T. Abe, T. Ugawa, T. Maeda, and K. Mat-
sumoto. Reducing state explosion for software
model checking with relaxed memory consis-
tency models. In Proc. of SETTA, volume 9984
of LNCS, pages 118-135, 2016.
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LR TAEwHER
(AVERIE VR SNIC 4 o S <2 A 2

FRALR

1 FUsIC

RGE DOPERIL L 72572 2011 FEHHAKRES IS
BXL CTlE, fERDOHIE TS S 2L — a v THil
BRI S et o o B ENC X B HEEIR, 8
H - OB H S S, HOBE) &Y o FR
FEbT DA DR C BRIk S e, 2Dk IR
FIBAT 2720102, 1RF L~V OB 7 B B iR
DI NPT 72 2 ERAHTEE 7V IC X 2 IR
TR RE M DB I S N T B, KRR
TRES) % Ko 2 REN 22 PEfE < b 2 Rk
AHL, EGEHROSM6 28k L LTo, K
D1 DRGVEZ S § 3 72 & DEAERVENE T35 % $2
FL I 61, EROBMEMENEREZ T 7. Wi
PSETEN O FLb 12 13 =K JG Navier-Stokes 7% H
Vv, EEbEREIAE UCEMEEE (DEM) TRET
%, F1z, KE TR OMHEERAENTICIZLZELER
WA 1) 223

2 HEREFE

2.1 Hagen Poisuille X IC X % ¥ B4 %
AE

— AR EDS —EICEE o R VwIE= 2 — b Ui
O, O A — RERIR 2 B § 2 238
HY, OFHRBEZRTEOMICE S REE
BEEAT ) BB D 5D, 2D L) BHEITAZ D
DL, % OFHEROH CTHERERI DA TH 5. Hfl
fEbTIC X BRMEIE DG, ED X BHIERTH->
Th, 2 AHRICRETE, ED &I RHlEk
HEMWTH, OFAEEZHRICGRETS LT

K BAE BT

VAR AV BB ORI L s, AWET
&, HEREEERT o HIEJE BT H % Hagen-Poiseuille
DR Z H», FEEARNOEIEY S 2L —> a v
Z2IT9 I ko THEAMiREERGE L L TOEWIE
BTEORIEZ HE T 5 k2 RET 5. Lk
DIRAL I AR DE N DR DRI T 2
L—yavzEmL T, ZOBMLHIZE W TERN
DIND T 7 a7 22 E X RIS L,
Z Dfi% LU T 127”8 § Hagen-Poiseuille ZUZfUAT %
LT, Kitkz1E5.
mriP,

8Q

BRI EEES S 2L — 3 v TlE, ANEM:
ELTK () oA P, ZBEFIRE L THAT
NS 20TARELZRINTEIE3TES, L
Do TR TIX, AR P, ZERICZ I
THEBOMN 21T\, $5T 2 BAERGENE 1 2
HLTEBRANTOFEmE Q 285 L, X (1) 25
HERE 2 EET 5.

(1)

M:

3 RHEERIE D7 & DEUERETF %

3.1 ZECBEREEREIC X STABIAER
FRART

AHIFZE T IR 10D DA FLERENT & L THER
875 (Finite Cover Method, DA FCM) % £H 7
%. FCM 3G RIEFEE (FEM) &80, HEN
IR E G DBR DT 2 L 2R T 5720
Z OBFULIE Z IEMEICEE L iz ko 5 2 &
DURETH . AWFFETIE, —ROMAEIFRERES

RERZE ZMERA T« 72>y — 2EHEFBR A Vol.16 No.1 (Jan.2018)

-23



DR B 2 EAEEE L THwE Z L1293, =
KIGH A D Khd Ikt L T SUPG/PSPG i
[2] ZWH L, LELERGELIC X 2T 217> 7.

3.2 TWOEIFIKRETY VT

AW TIZ, WARNIZEIT 2 LR % ik i hs
HHOE L LTEHT2b00, BET513E
DREIZRZVHDEREL, MlfkE LTHEK)
ZEIZT B, RNTTRIE L UC, BT - R RER R
DEZ TGS AT Z 23351 (Distinct Element
Method PAKE, DEM) 2#H$ 2. LibOTZRICE
LCliE, BEFERCBWTHWSNTE LR
Fehiftse &Mz, RMRR T2 R akkEE LT
ETULT 5.

4 BEHERERR

TR OBFER EREOFEE IO OWTHL IS T
57-®lz, AR P, %-10.0[Pa/m] IZFEE L, K
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Fig. 1 The schematic image of a liquid bridge
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Fig. 3 The time series of X shape structure
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Numerical investigation of the effect of

hydrogel surface shape on drag performance in turbulent flow

STOYANOVA Petya Valentinova

PNTNE NS

HLRE TR

Direct numerical simulation of turbulent channel flow with varying slip velocity on the

walls was performed in order to investigate the drag reducing properties of hydrogel paints

with rough surfaces. It was found that, as long as the water trapping effect persist, surfaces

with higher mean peak-to-valley roughness can reduce drag better than smoother surfaces.

1 Introduction

In maritime transportation more than half
of the total resistance is due to frictional drag,
resulting in great losses for the shipping
industry. Recently novel bioinspired hydrogel
paints have been developed to meet the present
requirements of non-toxicity. It was also found
that hydrogel coatings can reduce the frictional
resistance while still possessing hydrodynamic
roughness. In order to take full advantage of
that property the mechanism by which
hydrogel paints influence the turbulent drag
should be investigated. Shimada et al [1] have
suggested that hydrogels trap water in the
dimples of the rough surface. This work
presents a parametric study, where the water
trapping effect is modeled as a local slip velocity
boundary condition on a flat wall in direct
numerical simulations (DNS) of turbulent

channel flow.

2 Numerical method

The governing equations of the flow are
the incompressible Navier - Stokes equations

and the continuity equation, solved for constant
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flow rate in a turbulent channel flow with
infinitely-long parallel plates.

To simulate the effect of hydrogel
roughness the velocity is considered at the
plane at the levels of the tips of the dimples of
wavy roughness such as the one shown in Fig.
la. The following Navier slip boundary
conditions [2] were applied symmetrically to
the flat channel wall:

, w =1_@ )

" Oy

wall

where u; and w, are the slip velocities in the

streamwise and spanwise direction,
respectively, and /. and [, are the slip lengths.

The latter were varied via filtering functions:

1 2
f. _5{1+COS(/1_X x]}, (@)
f.= %{l-i-cos(i—i[ z]} 3

L.l =f.f1 (€Y
to achieve the spatially changing slip velocity
(Fig. 1b) corresponding to the spatially varying
depth of the rough surface. Iy corresponds to the

maximum depth of the valleys.



Streamwise flow

@ => —>

Water trap

......................

Local slip wall

Fig. 1 Schematic (a) the water trap effect by
rough hydrogel surface and (b) the local

slip model.

The governing equations were discretized
using 21 order finite difference method. For the
temporal integration of the convective and
viscous terms 3 order Runge-Kutta and
Crank-Nicolson are wused, respectively. A
computational domain of size 41§ X 26 X 2mH
and 128 x 150 x 128 grid points was used in the
streamwise (%), wall-normal () and spanwise

directions (2), respectively. The simulations
were performed at Re=U5/v=4200 or

Re, =u, 6/v =180, where U, is the centerline

velocity, ¢ is the channel half height, v is the

kinematic viscosity and u, is the friction

velocity for no slip channel flow. In order to
investigate how the size and height of the
dimples affect the turbulent vortex structure
near the wall we varied the reference slip
length, and the streamwise and spanwise
wavelengths as shown in Table 1. Hereafter,

superscript “+” denotes quantities normalized

by u, and v.

Table 1. Parameters used in the DNS of

turbulent channel flow.

Parameter Value

Reference slip length, b* 0.9,1.8,3.6
Streamwise wavelength, A+ 275, 368, 550, 735, 1100
Spanwise wavelength, 1.+ 50, 183
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3 Results

The drag reduction ratio (DR) was defined

slip )

as-
(— dpldx|,, )— (— dp/ dx
Cdp/ad, ., )

where — dp/dx| nostip and — dp/dx| ap are the

mean pressure gradients under no-slip and slip

DR[%)] = x100 (5)

conditions, respectively.

In the simulations the wavelength was
chosen to be of the order of the turbulent
structures in order to investigate the
interaction between the varying slip velocity
and turbulence. The effect of the different slip
conditions on the drag reduction ratio is shown
in Fig. 2. For the smallest slip length Ii* = 0.9
the drag reduction is about 1%, it rises to ~ 2%
for Iyt = 1.8 and varies from 3.3% up to 5.2% for
the largest slip length Iyt = 3.6. At the two small
slip lengths the DR depends on the combination
of streamwise and spanwise wavelengths and
for the same slip length the difference between
two wavelength combinations can be as high as
~ 1%. This correlation, however, is mostly lost
at it = 3.6, where the DR increases with the
increase of slip length. A possible explanation
for this phenomenon might be the reduced
surface-vortex interaction at larger slip lengths,
then the no-slip areas act merely as obstacles
that disturb the near-wall flow. The larger
wavelength correspond to more gradual and
less frequent disturbances leading to lower
friction.

Figure 3a shows the mean streamwise
velocity as function of the channel width for no
slip and a slip case with it = 3.6, 1,* = 550, A,;* =
50. As a result of the surface slip pattern the
velocity 1s decreased everywhere in the channel.
It also leads to reduced root mean square (rms)
velocity fluctuations (Fig 3b).

To investigate the effect on the vortical

structures the isosurfaces of the second



invariant of the velocity gradient tensor:

Nt Mt ®)

are plotted in Fig. 4. It can be seen from Fig. 4a
and Fig. 4b that the slip conditions led to
smaller number of vortices, but that the size of
the structures was increased, ie. under slip

conditions the vortices are stabilized.

in all cases and it decreased with increasing
slip length, reaching up to 5 % reduction. It was
found that for the small slip lengths the drag
reduction depends strongly on the combination
of wavelengths, but that the interaction
between the different wavelengths is mostly
lost for high slip lengths. Then the drag

decreases with the increase in wavelength size.

Finally, it was found that the slip conditions led

- o I’ N | to more stable vortical structures of lower
wr e | =09 Ai:io intensity. The results from this research imply
g l W/ | 2::;:2 i that, as long as the surface can trap water
% ZZ : : b0 "z: _;1_3.3 effectively, roughness with larger mean
1.0 _ | ;gj S18 - peak-to-valley height is better at reducing drag.
0.0 R R T SR R () No slip case

0 200 400 600 800 1000 1200
+
A"

Fig. 2 Dependence of the drag reduction on the 0.32

surface parameters.

20 ;

(a)

-0.32
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-0.32

+ + +
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Fig. 4 Isosurfaces of the second invariant Q=
0.55 (in blue) for (a) no slip case and (b)
slip case Ip*=0.9, 1," = 550, 1,;* = 50. In the
plane: streamwise velocity fluctuations,

u.

Fig. 3 Comparison of the (a) velocity profiles
and (b) root mean square (rms) velocity

fluctuations for no slip and slip case.
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Sampling using Temperature Accelerated and Replica-

Exchange Molecular Dynamics(MuSTAR MD) [1]
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Y 2 IERARZH -T2,

L oVe(xt,z)  OWe(x%,2)
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3 fEm
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RISNTER TR IRREOD MR, B, F72i 3

SEMEEEEZ R T IOCRD, if_\
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% (Figure 1),
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e

Figure 1. Molecular structures of MYOPc (M = Ti, V)
(left) and TPC (right).
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Moo, T, fEiiEdE R LTS 1,2 12

BIH{MVOPC)] ) ¥ A~ —HDOERVFE T
A A<—NOERVFEFD 10 4530 1 LLFTHY, &
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FINEL TN EN 30Tz,

BEA 1, 2 D UV-vis-NIR A~ZMVARIELTZEZ
A PSRN A 3 BIIES D — 5 C
0.85 eV (T H IR BUNIS VT, F, BkbaR
ZRIELTZEZA, (TIVOPC? ) [ IZBW T Jks =
—123 K ORGREHFEAER, F2, [(VVOPc™) T
(2T Jifks = —105.0 K, Jolks = —15.2 K D S5H
PR EAER N RS DTz,

ZZTHSR 1,2 OEFIREBZALNICT
CAM-B3LYP/cc-pVTZ/cc-pVDZ L)L T, Cay KR
PED[MOPC]’, Coy XIFRMED [MOPc]™, [(MOPc) ]
(M =Ti, V) IZ DV CERRIIENT 21 7572, [TiOPc]’,
[TiOPc]". [(TiOPc) |, D71 T4 T #iiH ., &+ A
U A e A2 L1210 | [(TIOPe) |, D4k
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F7eoH, [(TIVOPC? ) Ll IR FIRREZ SR F 9%
(Figure 2) ,

Energy / eV

Figure 2. (a) Calculated [(TiOPc)™], dimer. Monomers
are highlighted in red and blue. (b) Calculated spin
density. (c) Energy diagram for the frontier Kohn—
Sham orbitals of the 'A state. The lines in red and blue
are ascribed to the orbital levels mainly contributed by
monomers in red and blue, respectively. HO, SO, and
LU in red and blue indicate the highest occupied, singly
occupied, and the lowest unoccupied orbitals of
monomers shown in red and blue, respectively. The

a-orbitals are shown on the right side.
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BRI CHDHZEN 7~ 7= (Figure 3) , [VOPc],
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53 TR ERIFE BAER ., [VOPC] 12D\ T J =
—23 K D531 NIGREEM R BAE-A A DALz,
T7a0B, 2 BA[(VOPO) L IR\ T, 4 FRICIE
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Figure 3. (a) The observed UV-vis-NIR spectrum of 1
in KBr. Calculated spectra of (b) the 'A state in
[(TiOPc) ], dimer, (c) the 2B; state in [TiOPc]™~
monomer, and (d) the 'A; state in [TiOPc]° monomer.
The SO — SO, SO — LU, and HO — LU charge

transfer transitions are indicated as red lines.
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THRBEEO LK EOHEFEITMREVIRLEZ -
TW5. T b OREREZZRIIHIET 5120,
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X, I HOAKRKEEOTTHEEERY R L O
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FAR T DRI T L EA LA BRI, M OB H) -
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. WHEEOART v 7T AEEIZE D MPLIZXL S
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T H728, JRFLH T ORI HIEM OMT T, %
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2 TAADBUEREWF &
2.1 HRHEE

A IRYFEE (1] (FCM) 1, IEBEE e pe QM
& RN 72 & D & W ERGEIR QF A ST L
TEFHTH. LT, FCM TIZEREFHEE (FEM)
BT DR O bV, TG L 72 5 B
fEYEE & 13N 72 PU S50 (Partition of Unity) % Jiii 7=
FUTEIREEL (LLF, PU EARIE) 2308
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BAEAT 5. PEEKICIE, PUEAREEE OREIC
X0 RERL S A D IR BIES — RN A 7= 3R 0
EEOBEBIEEZFHATE 50, AT, EHHE
DI ERMNT A =L L LTHNDZ EIZT 5.
AHFFECTIE, FCM OMEREFR ORI E LTI
| ROWERESRZZ NS Z LI2T5. £ LT, s
BMUIEECED 2 L5 DT, ABFZEICEBIT 5 FCM
DOYFEEFEL, SIRAIC FEM IZBT 5 1 kO IUEA
HIRES LS iz b0t 7%, 72721, FCM TIdiji
KOBFFIRNITAEEM DN HFEL T KL, ko
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22 FRICEAT 5EHKE

AWFZE TR D HEGRERE, JEEMSRE RIS
$51F % Navier-Stokes D iEH) HFFEF & Hf =N CLLT D
LorizEkxEns.

p@3+qu—Q—Vwmmm=0 (1)

ot

V-ou=0 )
ZIT, plFEBE, widitEH~7 by, pl3ES], £
IR Fv, oS TIT IV Th A, Eiz,
Newton iR 2K E L, MAKANZIZKRNZHW 5.

o = —pl +2ue(u) 3)
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0 h
Iel fwh~p(i+uh~Vuh—f)dQ
Qr 81‘
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1
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Nel
+ Z TeomV - WOV - 0 dQ
e=1 o8

+ fﬁ(uh—ﬁh)-whzo (5)
Fﬁ’

Z 2T, QF 13 Navier-Stokes SR DY FRGESEL, u”,
PiE, ENEGEEE L IE D OARRESRITLI, wh, ¢!
X, FhEruES) R L AU k9D AR
OB, plE~F AT 4 —EE, eI AT 4 —
ERECTORHETH L. BEHETHDHEH 4,5 HIT
HRILICERINDOIANERETH LD, BEHRD
L OfEIR QF TORSyORMERD. TIT, el
BREF, ng BRI THDH. Fiz, F4HTH
WO L TR EA MY SUPG H, LU+
IRB A BT 572D PSPGHTH Y, 5 HIL
A 3R 1w OFAE R Z E M % [ 5 72 o O E B i
(Shock-Capturing) ¥ [4], ~~F /L7 ¢ HIFHEERE TR
LT Dirichet BEER &M 2 BES S 72 fHmL
bDTHD. £72, Tape Tpsper Teomt (£, TXT
BENNTA—HTH 5.

2.4 Phase-field i % F UL\ - R E T

ARWFIECTIE, WHEEEOBHE B R E IR A2 R
THVEMNEND DT80, EHEA v =%z Buler
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BFEED 1 5T 5 Phase-field (52 ELHT 5 Z &1C
3 %. Phase-field ¥5CTIE, WU RTIRIFHRITE
IE & 417z Allen-Cahn RUR i 7 230 [5] A< 2 & C
HHRFEMEZRET 5.

o¢ _€y. _
E + u-V¢_6V 6(Vo) - F,), (6)
Vo
Fo= (1 - )~
o1 =D

ZIT, el IBEE, §IIRmEEOREETHD.
7, ¢ 13 Phase-field Z5a&K L, UL THNIL00,
RETHL10, BRRm L THIUL05%2LDH
DETH. FLT, FHERBICBITDMEOEE p &8
PEEREL 13, WRIR OK) LXK (ZER) DEE pi, pe
&REVERREC 1, g, Phase-field B2 ¢ % FI TR
DEITRKDBND.

p=p19+pg(1—¢) @)
u=me+pg(l-¢) (®)

2 (6) 12Kk LT, SUPG {EIZE S BEAARE
FREEEAL, BIr21T-o 5. sELuvEdkic
DWTIE, R [6] ZB MRS LTz 0.

3 BEOHIERMTFIE
31 ENEREZEAVLAIGESR

ERELR 2 O D BRI EESRIE [7] TiE, BREESR &l
92 2 & THRMRARE T V2 KRBT 5 2 L3]
RETHD. ZoLx, HRZHRT 2ERERN TN
ZIEBNCHEAREE 21T > TR Y, EKREHR I LIZE
LS AT HEfb R & B ) O 1A WA O FOICEA
TR T D Z L TRAOER 2 RH L T D.
Thbb, WRESR g OBE.LIZET 5 REOEE) )7
e <.

d

T =¥, ©)
dLwy)

= =M, (10)

ZIT, mg THIROEE, v (ZHHEDOHE~Z K
WV, LITEME—A L T Vb, wo WERIHED 455
R ML THD. BOIIERT 5 ) Fy LOE— A
>N M (IR ZAERL T 2 BRELER i 1TkF L CHEfil L
TWD TN TOHERICEHT DM O L LTLL
TOXIIZEXZTTESD.

F,= ) (F,+F,) (11)
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k Cohesive model

1: Cohesive model (Z & 5 DEM [I{&E 7 /L D fE

MgzszxFQ (12)

IOLE, x; HEREFR | OFLELE, x, ZRKOE
DL LTN=(x;+rm) —X, ChD. 8, rlx
ERESE | O08, ndEKESR | OFL DL T
DEREFOE LA & MDD IERF ORI T F v
Thb. £z, AT, EREZ AT T VO£
EIZOAEE L, FHRARMZEBL WD, Jitko
REERIZIE, 7 +—F =4y (W) #EAL
TW5.

KO Mo, FEHAT v 7 n ERRIAT v 7 n+ 1
CBT DRIEDEENY bvE Ve, vitt b5 L,

vitl = Vi + (Fg/mg)At (13)

LB, ZIZT, AU ETH D, F e,
K (10) 5, BEAT v T n EHEAT v T n+l1C
BUBREOREESY b % off, ot LT 5L,

n+1 n -1 -1, n n
W = o+ (I M - I ol X LA (14)

L%, Fio, MRELONEFEEE x, OFETE, W
ROMEEN 7 M ZRAWTRIUT LY T4 5.

x;t =X+ ViAL (15)

8

3.2 Cohesive model [T & BHEIEDFKIF

AR CIE, B-117T X912, MRET Vo
ZVETER 72 A8 & L C, Z Dhi% Cohesive model
ERWTCHEAE T2 2 & CERE 2 RBLT 5. ARUF
#2C v 7= Cohesive model (%, ZHEXE W8 D
Thy, RATREIND.
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EDT=, BRERH X (16) # W2 ET ML E1T-
T3,

4 BIEREHTHI

BAEMRHTH & LC, HET v 7 O AE R
fEfT & T, RO a 7T Mg ElicBNT, JE
A5 Cdh - 7= DEM OFFHEIZxT LT, DEM OFHE T
AWy 7B EfEksElT 562 L TMPLIZLE D
WHNIFHENEE L 2o 72, K-3(a) [RTHRVE v 7
ANETat y HIZE D Y THNLMEEEFR L T
%, ZOFETIE, E-3(b) 1RT L9 ICEE S e
iZon, MIRERENMFEL Z LiIcky, £F ok vy
Dr— RNT U ZAREL 70, WHIERET LTV
oo SHEEOT v 7T AEELTHE, B-3(e)(d) 1R
FTEOIE, MEREREZUETSEOIC vy 7%
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L7, 2018, MKREROERIKEIZEDDET
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JI—EROER-HE

DRTLAEEIRR (20165108 ~ 20174538 )

1) BRSBTS P—EXRIERB L OV AT A X 7 VREERAERTL

PRETHERICHS T — e AR SAT DH Y REEFE R

PRSTBAAG R P —EXFBH Ay PRI B A Y —EXFBH AR s )
2016/10/01  0:00 | 2016/10/03 9:00 57.00 2016/11/22 1512 | 2016/11/22 1846 357
2016/10/10  6:30 | 2016/10/12 9:45 51.25 2017/01/21  0:25 | 2017/01/22  21:15 44.83
2016/11/07  9:00 | 2016/11/08 9:30 24.50 2017/01/23  15:30 | 2017/01/23 1628 097
2016/12/06  9:00 | 2016/12/06  18:00 9.00 2017/02/06 853 | 2017/02/06  10:00 112
2016/12/19  9:00 | 2016/12/27  10:00 193.00 2017/02/07  12:30 | 2017/02/08  12:00 23.50
2017/03/27  9:00 | 2017/04/01 0:00 111:00 2017/03/07  20:32 | 2017/03/08 9:40 13.13
2017/03/15  2:36 | 2017/03/15  15:00 12.40

2) Y—ERRR

P—t v
AR fu B LA CPU SR | R
(h T | W) | RN (5300 () J—F¥c | R

10 H 692.75 16,485 30,992 12,416,000 8,738,750 14995 | 21 %

11 H 692.50 15,192 58,473 21,149,300 14,375,800 15772 | 30 %

12/} 542.00 28,102 68,279 17,676,300 12,430,700 16304 | 37 %

1H 698.20 43,034 | 183,775 40,817,900 24,715,500 17704 | 53 %

2 A 647.38 37,557 | 105,909 43,118,300 29,644,300 17836 | 62 %

3/ 605.83 89,115 | 155,250 44,271,800 27,890,000 17330 | 55 %

3 | 387866 | 229,485 | 602,677 | 179,449,600 | 117,795,050 16657 | 43 %

J— R

100%
90%
80%
70%
60%

50%
40%
30%
20%
s
0% . T . T T
10 11H 12H 1H 24 34

o [HAWHH = AFHEGERHx A = 7))
o IREEh ) — RN = IR ONIREED / — RO H Y (10 /Ry 7° ) v 75 —4 X0 EiH)
® /— FRIH=R = B#Eh/ — Nk 5V a 7083 rancns /— Kol
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OARATLBEEIKN (20065108 ~ 201743 8 )

1) BRSHERIZHES P—EXRIERB L OV AT A X7 VREERAERTL

PR O —E 2 IKIE VAT B RES AR

PRATBAE H ik H—E A FEBH A I PRI PR A B RS —E AR A RE 27 ARHIh]
2016/10/01 0:00 | 2016/10/03 9:00 57.00 2016/11/22  15:12 | 2016/11/22 18:46 357
2016/10/10 6:30 | 2016/10/12 9:45 51.25 2017/01/08  14:00 | 2017/01/08 16:25 242
2016/11/07 9:00 | 2016/11/08 9:30 24,50 2017/01/21 025 | 2017/01/22 21:15 44.83
2016/12/19 9:00 | 2016/12/27 10:00 193.00 2017/01/23  15:30 | 2017/01/23 16:28 097
2017/03/27 9:00 | 2017/04/01 0:00 111:00 2017/01/31  20:40 | 2017/02/01 5:30 8.83
2017/02/20  21:00 | 2017/02/21 9:15 12.25

2017/03/13  0:00 | 2017/03/13 22:00 22.00

2017/03/15  2:36 | 2017/03/15 15:00 12.40

2) y—ERRN

Y-t T

A | g ST s cPU RS | -k

th] ¥ | W RHH][h] WA | —FEC | R
10 H 635.75 36,467 280,113 2,514,810 2,014,580 5858 | 49 %
11 H 695.50 42,320 491,993 3,841,410 3,295,640 5888 | 58 %
12 A 551.00 61,283 443,578 3,314,070 2,725,630 6460 | 54 %
1H 692.45 89,628 481,289 | 10,063,000 8,072,530 8092 | 45 %
2 A 654.25 | 174,571 584,524 9,578,440 8,187,060 8393 |46 %
3 596.00 | 194,598 473,067 | 9,177,120 | 7,862,150 8071 |35 %
& | 382495 | 598,867 | 2,754,564 | 38,488,850 | 32,157,590 7127 | 48 %

¥ 10-12 HIZIAS AT A 1-3 HIZHS AT 2O

L E
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0% T T T T T
104 114 121 1H 2H 3H

® (AW = AFHRRERHx A = 7))
® ) — N = IR ONREED ) — D H ¥ (10 HfERoY 7Y o 77 —5 L0 i)
® /— PRI = B/ — NICHd 52 a 7RF-IT78 T 5%/ — ROES

FHAE FMIEEA T« 7Yy — 2ELFEABEIR K] Vol.16 No.1 (Jan.2018) - 7 1



1) BRSHERIZHES V—ERXRIERB L OV AT A X T VREERAERI

VAT L CEERRIR

(2016 F10 A ~ 201743 8 )

PR O —E 2 IKIE AT AT AREFE R
TRSTBRAA H IR? T—E AR A TRSTIRFHh) PSR ARG P —E R FEBH A 20 R[]
2016/10/01 0:00 | 2016/10/03 9:00 57.00 2016/11/22 1512 2016/11/22  18:46 357
2016/10/10 6:30 | 2016/10/12 9:45 51.25 2017/01/21 0:25 2017/01/22  21:15 4483
2016/11/07 9:00 | 2016/11/08 9:30 2450 2017/01/23 1530 2017/01/23  16:28 0.97
2016/12/19 9:00 | 2016/12/27 10:00 193.00 2017/01/31  20:40 2017/02/01  5:30 8.83
2017/03/27 9:00 | 2017/04/01 0:00 111:00 2017/03/15 2:36 2017/03/15  15:00 12.40
2) P—ERRNR
e Sy F
AR | g | A CPU | FiREE)y | /—F
(h] ¥ | W) | BRI | RN | —RER | R
104 | 63575 | 300 | 3201 | 22979 | 19,848 1222 %
11)] | 69550 | 612 | 11,138 | 64,146 | 59,756 128 |34 %
12 5] | 55100 | 1,406 | 5152 | 31,921 | 25625 27|22 %
1 | 69487 | 1,623 | 12,882 | 88604 | 47,019 148 | 15 %
27 | 66650 | 925 | 58977 | 121,068 | 151,266 60| 9 %
37 | 61800 | 601 | 3471 | 44928 | 30486 53| 5 %
7t | 386162 | 5467 | 94,821 | 373,647 | 333,999 140 | 18 %

¥ 10-12 HIZIAY AT A, 13 IS AT OB,

1
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J— R

101 111 121 14 251 3

® [SAWFH] = AFHEOERHx A 2T 4)
® HBEN  — N = IR ONREED / — R¥Eod A (10 R 7Y v 75 —& J 0 Bi)
® —FHIHZR = Bl — FITeT %Y a 7RI-ITENTWDS ) — FOEIL
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DRATLDEERIRIR (20164108 ~ 2017538 )

1) RSFHEECHE S P —EAMRIERB L OV AT A T UEERARN

PR O —E 2 IKIE AT AT AREFE R
TRSTBRAA H IR? P AFBA HEE TRSTIRFHh) PEETEAE ARG B AHH Ak 20 R[]
2016/10/01 0:00 | 2016/10/03 9:00 57.00 7L
2016/10/10 6:30 | 2016/10/12 9:45 51.25
2016/11/07 9:00 | 2016/11/08 9:30 24.50

2) y—ERRA

Pt ST

AR | | HA CPU | HREE) | /R

[h] T | MR | MR | MR | —REC | AR
10 A 635.75 5,744 35,486 2,910,210 | 191,477 4156 | 39 %
11 H 695.50 5,959 45,929 4,534,940 | 117,787 4159 | 55 %
12 A 465.00 | 10,439 33,125 2,937,660 | 199,382 4160 | 58 %
14 0.00 0 0 0 0 0 0 %
2 A 0.00 0 0 0 0 0 0 %
3H 0.00 0 0 0 0 0 0 %
&t | 1796.25 | 22,142 | 114,541 | 10,382,810 | 508,646 2079 | 25 %

X VAT AFEHIA, VAT ADIT12 BE S > TH—ERKIE

J— FRIAH
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0% T T T T T )
104 114 124 1H 2H 3H

o (HAWHHE = ARtEEERHEx A =T )
o IR/ — N = IR ONCRRED / — R A (10 3RS 7' o 77 —5 L) HiH)
® /— R = B/ — NS 52 a 7RF-TSN T 5%/ — ROEE
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DRATLEBEIRR (20164108 ~ 201743 8 )

1) RSHEECHE S P—EAMRIERB LV AT A T UEERARN

PR O —E 2 IKIE VAT DT REER R
PRSTBRAA H IR P AFBA HEE PRSI ] PEETEAE ARG F—EAFHE H R 20 R[]
2016/10/01 0:00 | 2016/10/03 9:00 57.00 2017/01/08 215 2017/01/08  15:40 1342
2016/10/10 6:30 | 2016/10/12 9:45 51.25
2016/11/07 9:00 | 2016/11/08 9:30 24.50
2016/12/19 9:00 | 2016/12/22 10:00 73.00
2017/03/30 9:00 | 2017/04/01 0:00 39.00

2) P—ERRA

P—t T

AR | o | A cPU | THEEE) | R

h g | BN | WEEIN | REEIND | o—REC | RDEER
10 H 635.75 627 3,759 1,420,300 22,752 2998 | 71 %
114 69550 | 2,690 | 11,305 | 1,648370 | 37,664 2904 | 81 %
12 H 671.00 2,604 26,646 1,818,630 61,915 3561 | 66 %
1H 685.75 2,635 54,161 2,593,210 91,561 4812 | 74 %
2 H 67200 | 1,006 | 21,164 | 1,088230 | 24,537 4812 [ 33 %
3H 705.00 3,923 67,195 2,342,000 82,688 4811 | 65 %
7t | 4065.00 | 13,485 | 184,230 | 10,910,740 | 321,118 3983 | 65 %

J — PRI =R

100%
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80%

70%
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40%
30%
20%
10%
0% . T . . .
10H 11H 12H 1H 21 3H

® ([LAIHA = GEHFRERFIx S 2T
o [HEN  — N = IR ONYREED / — R A (10 kRt 7V v 75 —% 30 Bi)
® /— R = B/ — RT3V a 708378 TW5 /) — RS
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A1 R—/IN—aVE1—3VRT L

RB#y—EX
FAEEEE - > "
a—2x 547 | wuk SRFL| SNyF SRTLER iereial Ena] . 0
TR - LS 12,600 F/4 B XEF BAR1/—FHE%((36a7 . 128GBAE!) x 1) 1 0.2
BALTA LS 100,000 F/4 A HE | BK4/—FHEH(68T7. 16+96GBAE!)) x 4) 2.0
=Tl 51478 #A | 100,000 A/% B #£E | &mKR4/—FHZI(@637 . 128GBAE) X 4) 168 2.0
A47C A 100,000 /% c #E | BKR1/—FEH(7237. 3072GBAE!) X 1) 2.0
BA4TE A 100,000 F/4 E #E [BRA2/—FHEH((1037. 32GBAE!)+ IMIC) X 2) 20
B/ 230,000 F/% 4/—R((6837 . 16+96GBAE!)) x 4) 16.0 8
FATA EANEL| 115,000 A/4 &% 2/—F((6827. 16+96GBAE!)) X 2) 8.0 4
&/ 276,000 F/% 3 8/—R((6807. 16+96GBAE!)) X 8) 19.2 16
FATR ] 69000 A/E AR R (eea7. 16-960BAT ) X 2) 28| 4
&N 690,000 F/% 8/—F((6807. 16+96GBAE!)) X 8) 32.0 16
FATAS SBANEfL| 345,000 FH/F kil 4/—R (6837, 16+96GBAE!)) x 4) 16.0 8
B/ 240,000 FA/% 4/—R((36a7 . 128GBAE!)) x 4) 16.0 8
54781 SBANEfI| 120,000 FA/E &% 2/—K((3627. 128GBAE!)) x 2) 8.0 4
=/ 288,000 A/ B 8/—K((3607 . 128GBAE!)) x 8) 19.2 16
54782 SBANEfAL| 72,000 A/E B |RERE 2/—KR((3627. 128GBAE!)) X 2) 4.8 4
N &/ 720,000 A/ 8/—NK((3607 . 128GBAE!)) X 8) 32.0 16
=7 54783 EANEf| 360,000 A/4 il 4/—KR((3607 . 128GBAE!)) X 4) 336 16.0 8
&/ 150,000 F/4 1/—F (7237 . 3072GBAEY) x 1) 16.0 8
s17c1 EemE | 150,000 A/ o &% 1/—F((7237. 3072GBAE!)) x 1) 16.0 8
=/ 180,000 F1/4 B 2/—KR((72a7 . 3072GBAE!)) X 2) 19.2 16
54702 AR 90,000 A/4E RHER 1/—F((7237. 3072GBAE!)) x 1) 9.6 [
S4TE B/ 280,000 /4 B 4/—R((1007 . 32GBAE!J+ 1MIC) X 4) 16.0 8
SBANEf| 140,000 FH/%E 2/—R((1037 . 32GBAE!)+ 1MIC) X 2) 8.0 4
=/ 336,000 A/ B 8/—R((1007 . 32GBAE!J+ 1MIC) X 8) 19.2 16
#qTE2 AR 84,000 A/ E|RER 2/—R((10a7 . 32GBAE!J+ 1MIC) X 2) 438 4
S4FE3 =/ 840,000 A/ . 8/—R((1007 . 32GBAE!J+ 1MIC) X 8) 32.0 16
BmE S| 420,000 A/E 4/—R((1007 . 32GBAE!J+ 1MIC) X 4) 16.0 8
&/ 23,000 A/:8(78) 8/—NK((687. 16+96GBAE!)) x 8)
FATA SBANEAL| 11,500 A/AEGA) A kil 4/—R (6837, 16+96GBAE!)) x 4)
B/ 24,000 F1/58(78) 8/—K((3607 . 128GBAE!)) x 8)
B <
KigEsaT 5478 SBANEAI| 12,000 A/AEGA) kil 4/—K((3607 . 128GBAE!)) X 4) 168 B
84TC R/ 15,000 F/BOED| o 2/—R (7237, 3072GBAE!)) X 2)
BN 7,500 F/:878) 1/—F(7237. 3072GBAE!)) x 1)
B/ 28,000 F1/58(78) 8/—R((1007 . 32GBAE!J+ 1MIC) X 8)
S4TE EemEs| 14,000 AETR) E kil 4/—R((1007 . 32GBAE!J+ 1MIC) X 4)

- =/ 720,000 A/4 B 8/—F((3607 . 128GBAE!)) X 8) _ 320 16
HRIS2S SBANEfI| 360,000 FH/F B 4/—KR((3607 . 128GBAE!)) x 4) 16.0 8
AL—U R 2B 10,000 F/4 AL—CRE10TBDBINIZDE
SAtEVAY—ER 20,000 F1/4 ALY TR (AVSENVI/DLE LU TV RRARI 7 D151V RIZDE
e

1.

FIAAEEL, FEREMTHEELTNS, £ BERRTHD, N—VFILI—R JIL—TIA—IARXFERIFREI—R%,
FERPHILHREMRT S5 RVEERPTHRER T I H5AOFAAIEEAL, LRERPOFARBEE12TRULE.
FAABERCTHEE T HEDEL, 100ARGICIHBMNHIIHE X, IOAEMEMIERAATHELDET D,

7. ARPALHAZMRT S EARVARTTHAZRTIEEER. ThTN1 ADFIALET %,

REHEHATLOLTOFAEE, LRROY—EXDM, ROY—ERERITEHIENTES,
1) RHFYoa9—ER
2) O, REFHERS XTLNREST S —EX, #BEDOFIA

LERROKRESITa—R ANL—CREEBMN., SAEVRAY—ERDBEIZIE, R—/A—aVE1—43  RTFLDFAETHS
ZEDNRETHD,

T#5): HFHTIVOLI—FRT—EDOHEZRRERBFITHINRNITF— DR 72— T %75,
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M2l EERBIKRICBVTRHME L) OHEERSERINDLSICBER 7T D21—) 0T ETS,
Fie, BEKRICLS T RBED 120 EERAERINDICEERIT .

T8 BBRRCESTREREOHEERISERSINDICLERIT 5.

A= REIFN\VIT VT B (RRTREED1/DEELD,
TIN—TaA—ZARVERISRAII—ADOFNAEEZS (LFAEHI-YE4EE5000M%EETHLTEMTES,
RS - B0 E B I A

MR R IEFERICE T HEE TELRFEARBRFEOBEICET ORBIEIZH 28 NSE A TEDHEMEND,)

DB, TOMBEATY I —T2—RY—EREFARETIHEOFAAIBLEIE. AIR1IHETI5ED15EDEELT S,
BE. MAABEMNELEISOFARBENDIZEILI00A., £EE1505A%B A 5B E(E. 1505AEICI00AETOFAERD S,
A=Y ASEDREET D,

8.

R/RaVEEY—ER

FHHEERAT AT 28— DRA—/"—aVE1—FL AT LEBREEEICTKY 2RITE TR OMBBAFE Y —N\EEHET D

56. TEEORBEAZXISILOET S,

AEAR FAEIEE FAGEEE A
KA 11,300 /8 KABHARDEES—N\EDERESN 1kWIZDE
T4 13,200 /8 EARNARDHES—N\EDERESN 1kWIZDE

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




AlzR2 PAIVEL—EV AT L

X5 FARIBEE L
RBY—N\RATAVTH—ER

36,000 . £ xS —/NIZDFE

%
1. FAKIBLHEIL KRERTTHD.

ERROREY—/INRRTAU T Y —ERZF AT 5=0121F R—/S—a Ea1—8YRT L
DFREBETHHI L,

3. HRBEH—NIZBEIYBTEVRATLERIEX,. CPU:2a7 . A E!):4GB. T4R%:100GBTH5,
4. REY—/VRRTAVTH—ERITENT, TROKEEEXILITLITRYCPU, AEY,
TARDEEET HIEMNTED,
X5 FARAAEEE ==Ly}
CPUEE 3,000 . & 2a7IZDE(wAR8ATET)
AEYEE 3,000 £ 4AGBIZDE(HZAN64GBET)
TARYEE 6,000, £ 100GBIZDZF(Fx K 1,000GB%E T)
5.

FARIBLEL, HZFEUGANCEFIAET) OFAICKHLTHFEELTEET . FE
BN FAZERIRY HERICIXARITISCTRET S,

FEPAS HMEEAT « 7y — LELRFMIR K] Vol.16 No.1 (Jan.2018) = 77




X R A
T3 R—/N—OVE21—FVRTL

SRF L SRF LER REEM | AP o, | mmams
8/—F(6837 . 16+96GBATE!)) x 8) 336 19.2 16 1,104,000 F/£
A 12/—K(6837 . 16+96GBAE!)) X 12) 336 28.8 24 1,656,000 /£
16/—K (6807, 16+96GBAE!)) X 16) 336 384 32 2,208,000 M/4
8/—K(3607. 128GBAE!)) X 8) 336 19.2 16 1,152,000 /£
B 12/—R(36a7 . 128GBAE!)) x 12) 336 28.8 24 1,728,000 /£
16/—K (3607, 128GBAE!)) x 16) 336 384 32 2,304,000 M/4
2/—R (7237, 3072GBAE!)) X 2) 336 19.2 16 720,000 M/
C 3/—NK (7237 . 3072GBAE!) x 3) 336 28.8 24 1,080,000 /£
4/)—R (7237, 3072GBAE!)) x 4) 336 384 32 1,440,000 /%
8/—K(1007 . 32GBAE!)+ 1MIC) X 8) 336 19.2 16 1,344,000 /%
E 12/—R(1037 . 32GBAE!)+ 1MIC) X 12) 336 28.8 24 2,016,000 MH/4
16/—R(1037 . 32GBAE!)+ 1MIC) X 16) 336 384 32 2,688,000 /4

£
1. FIAABEE. FEEMTHEELTNS, - BERTTHS, /A—VFILa—R T )L—Ta—AXZ
BRVSAD—R%E. FERPMLFAZRET EERVEERTTHREZR T IS5 FAAIHE
BT, LEERPOFAEEEZ12TRLZR, FIAARERLTEHI SO EL. 100K IH A H
IHEE I0HEMERIEAATILDET B, )
BE. ARPNLCHAZFAGETABARVARPTHRERTIHEEE. ThENTADFALT S,

2. AAL—CBREBRNVITYTBB(BRATRBEDNDI/)EEL,

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



LEXFEFAIRLEH - Vol.15(2016)#2H X

[&BEE]
VOL. 15, NO. L B FETUNTE0T7D T oottt eee e eeasee e e eesessessssenesseesseseasessseenseasasesasenes 1-1
VOL. 15, NO. 2 T FETUNTEDTZD T ettt eee e eee e eeeasee e et seeseesssesesseeaseseasessseensesasesasenes 2-1

[ R—/8\—a > EFa—4H—E RB]

AR T L B BRI TTA R ettt e et e et e st sse et st seseeeee st seaseseeeeneanes 1-3
PFrA— 3i—a ' a—4 Camphor2 DX T =2 G ... 1-15
(A SEERT]

The 35th JSST Annual Conference (JSST2016) BRI .o v et ee e ee e e e e e e eeseeeeeeen 1-20

[R—\—aVE1—2 HXEREHE CEFHREREMZ) PIRHE]

TNEPIREN~ T > T SO A T = R LTI oo sssss s snsnessnns 2-3
ELUTRAR BRI X 2 F CARRR EABE O BEENTIEI (.ooveveoee et ssss s sene 26
ARER RS~ & 10 LIS REM ATy 7 OIS & FE RS ORI ..o 2-9
INAF T 4 IV IFRRATBIT D ZIRTETET IVORETE oot 2-11
MIRMEL A T2 7 AD AL TE IR covveoeveeeeeeveee et saneens 2-14
BN & B D FEARRME DI oo 2-16
57 TR A B R U 72 S E IRV OB URIBZIEE <. cooo e 2-18
JEPARA A B RE LTz HZ AR~ T & T =SSR BRI oo 2-21
w77 v MVECE W HZ WEENIRE 22~ 5 o 3 =St O $dE it

B IO N S L L L GO 2-23

PH = R R TR R L - A — b= B UAERRTE & U K D IRy HREE T L oK ..2-25

HAFEAMAREEHEERCOFR) DBMTEEN T T 2 L3 B 2 e reesssesssssssssssssnssssnsnens 2-29
HAMEET VA W, EEREE L T2 I I BIT DT et essessineees 2-31
F 7 m— RS I0T 5 Hlimod A1 THERERRT

— R 0 — BRI D T T TELE D R 7 TR D EE BT, 2-34

[T075 LEEL£RHRHRE]

IFICATRESRIENC L D822 7 ) — P OKRBBAHE D I 2 L =33 Ui 2-36
HERTRIA N L DAEED) ORISR 2 B8 LTSS TEASE RN ovvvoee e esessssesssssensssens 2-41
PEFEAEREOZE MR & BB TR « 22/ N2 — U ATBE T DT s 2-45
(A s 2 RFREAT AR ISR O EEIES S = L — 3 v ) ([T 57 07T AEE L......... 2-48
ELyHE = — N GKNET ~OEBFRITEE DI ...t ssesessssessesesssanes 2-52

[R—"—a 2 E1—5 £RPARGIE (KBRAEER) PIRHE]

HEEATIKIZIS T D LGS 2 a3 2 BT X< OBEFERREI oot 2-56
[ A 2 RBEMETAT AR SR OBEEEUE S S 2 L—3 3 ) (BT R 2-60

R 2IHERA T« 7>y — LEFFAMAR [53%H] Vol.16 No.1 (Jan.2018) - 79



RESNERE]
SC16 Z IRk

............................................................................................................................................... 2-64
[U—E XMDERER - #E]

D e g R A A BY  x  O 1-22
AN =R S S AN R oS/ OO 1-27
AR U B 2 —H VAT DORBERILE B A DFIIRIL e 2-65
Yo —FIRINC L DIFTEREE (TR 27 FEBLE) oo ssns s 2-71

[&#]
RIS AT DR EFIE BIZR e 1-28,2-74
AEIEFEF UL + Vol.14(2015)f H Kk

................................................................................................. 1-31
a8 S 1)L s YA = & N e 1-33,2-77
[¥mE&EikEC]

TIEEAZETN BT ettt st e et e s se st st ee e e e sesese s se e eaeenenesene e 1-34,2-78

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



— Y—EXFHOE-HDOEH—E —

1. R—N—aVEa1—48YRTL KR+
T A7 A A camphor.kudpe.kyoto-u.ac.jp
® A7 A B-C:laurel. kudpc.kyoto-u.ac.jp
> VAT LB (SAS FIHEF) : sas.kudpc.kyoto-u.ac.jp
® A7 A E:camellia.kudpc.kyoto-u.ac.jp
¥ R A P ~OEEHG L SSH(Secure SHell) $EFEFED A, /XA T — REBFEIT A ]

2. BULEbhtg & UVIK
o [HMBEEHEOR—L—
http://[www.iimc.kyoto-u.ac.jp/

® HHHERAT 4 T LA —DR— L=
http://www.media.kyoto-u.ac.jp/

& X— N—arVta—HF VAT AIHETIMNEDEE
> RIS S22 BWE b
[FRRFEXE L7 —]
E-mail : zenkoku-kyo@media.kyoto-u.ac.jp / Tel : 075-753-7424
URL: http://www.iimc.kyoto-u.ac.jp/ja/services/comp/

> VAT LAOFIH 7 EHAR WG R
[R—r—a v B a—F 1 v TH#H]
E-mail : consult@kudpc.kyoto-u.ac.jp / Tel : 075-753-7426

URL: http://www.iimc.kyoto-u.ac.jp/ja/services/comp/contact.html

WK FHEEA T« 7y — LEXREAAR [55H] Vol.16 No.1 (Jan.2018) - 81



SR

o———

C

W e %

No. 1 DFEFINPEL 72> TLEWE LAY, FFENIZNo. 2 OFFIL TELTEY £97. No. 2 Tl 2017
10 H LKW ARaroh 7V A7 A B/C ClEZBIG LIoS—R hy 77 (FiEA FL—) 123
TOHREZTEL TEBY ET. BHOEKREETHY, OOV LWE ZALH D £9728, 2 %<

FHTENULT 7 ANT 7 EAMRBE RE S BGETE LR D H Y T DT, TBBITL TNV

FAUTE BENVET
(AR
FIRFAMANERA T« 7 o2 —2EIEERAMUAHR Vol 16, No. 1
20184 1A 30H %f7
SRR =
WS ARG @A T 4 TR 2 — R =1 (k)
SERERIF IR SR VA (AR
FEATHE  T606-8501  HUADII/E R FHAHT VISEIEZIN ZENE!
FERFANERAT 4 TR 2 — REA HHhsE R S5t
Academic Center for Computing and Media Studies ]
Kyoto University
Tel. 075-753-7400
http://www.media.kyoto-u.ac.jp/
FIRIET T 616-8102 HUARMTA A XRZRAR - BT 21-10 FMTHA v 8 HA
RS o—— (TATV RT 4 THFLTH)

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



REKFE FMERAT 75— EEHREF AR[EIR] Vol.16, No.1 2017

>
B
[HEEE]
- Vol.16, No.1 SDFTICH > T 484

(R—=N\—2Y 21— 2 HFAMRHE EFRREZRHZ) ARRE]
- RADFBEBICH T 2ENKICKE LEWEEFRDKEEESRSEMEREREADHE. ... W EFR

- HHEBEEE D FIMROEE & EFEEDREBIC K A EMA A BN DRF A L ISy
- ELFAED BRI C K 5 B SR LA E D EEBIHEIR A =40
- Singlet Fission HEAEADEFLFEHE REE(AM) =F ki 25 EHER ...
- BEREERREEEREEST T IV ERWBEEYEE 7 VORMETARERICE D IRAE e = IE—
- IPSHIRE B EDRBLE B & LI BRI F 2 BN KEHE
- KRR K 2R DI E T A B EF
CBEETER) T ARBTO—T 1 VI K BRERBIBISD A H = X LD &8 BT
- BRTTEBHEEIC ST B EEFEIEE DR FA GhE
AT —BRETIVEEELEETIVEERRORE L EW
- ERCEARRDOEUERMERE A IDE 2B BN, RO AT, FHE TS
- BTV MVEIRIR R BV HOBRAERIBEZER & > O 25RO BT

—RRTRIGZICHIT HBEEER DR E — ST 8F0
AT ANZBRICHT B2y N T — TR NN

- Numerical investigation of the effect of hydrogel surface shape on drag performance in turbulent flow
STOYANOVA Petya Valentinova

- MUSTARMD ICE D 22\ BIBER(LDBER T X)L+ —BESAEF EDIEIL T oo NS
cBRENRICEDBBEETIVCELSHHB IV T U — bDO3RTTRIES S 2L =2 3 Y i GELSREIN
* DFIEEE - B ORERRES K URMCIRAEICBI T S IRRBVART ThEF &
- RARRIN00F/ EFRESFTBEGIFOBATIEERFERR LA T I 0 AV IVN—FF HET A
- BRI EZ RISDFTELFIC K 2 28R AR
ERDERICETT BIE S DE DEBEHIRET oo NS IRE AO BT, &8 BN, TH BT
* [RSFMITIE T DR FRBELARDERIEEICRE T 2R HH Bk
BBEEET —2ZBVOREE KUEMEEIC ST 27 | [RRMB DB FEDRHE. .../ WE KR, F1H B
- BRER D > 2 > La_2(SO_4)_3fERPCHIT DI T v XILDHER £ FNe7
- LT & DEfE A O IRIEFEN DB ERET

~BBEFE—EEYAEREFRZE B L e S REER R HE#HR
- EREEREERCEONEZNEME & HEEEORA BE RA
CBRFRL A/ VBB DEROFRAENNITKTS B BEDE RIS DE HiEE St
3RXTTEIR b= AROEENEN TERARN R—

(7075 LEE{tXEEERRRE]
- BIRHHK~ L BARREREIRETERT O — RO EL

~EB BT ICBED =R b, WHMEDIRET~ A 50, A EX
L ERIC K B REEEENEE R L RS RIE R AT = EN
(F—ERADER - #E]

c 2—=/N—=a2E31—2Y AT LOBFRERT
CSRAOVE 1 =2V AT LDOY—E IR

[&#]
- RBEEEREY X 7 LR EEES Bk
- SEEEFBMRALR - Vol.15Q2016) 5Bk
cH—ERFBEDHDER—E

(#RsRi&EC]
- fREEIREC. BT

Cover : Designed by TANI Takushi / T&T Design Lab. (Jan,2018)



