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Reproduction of flow field by computational fluid dynamics (the first report)

Shikoku Research Institute, Inc., Energy Engineering Department

Miyuki Ogawaguchi, Kenji Sugimoto

Abstract

The pipe wall thinning phenomenon due to flow-accelerated corrosion (FAC) sometimes occurs in carbon steel
piping in power plants. In accordance with the pipe wall thinning management rules established by the Japan
Society of Mechanical Engineers (JSME), the wall thinning is conservatively controlled by measuring wall
thickness using ultrasonic waves. However, for locations where wall thickness measurement is difficult, such as
under reinforcement plates, it is desirable to predict the distribution of wall thinning. In this paper, we report on a
case study of backward-facing step flow simulation using computational fluid dynamics (CFD), which was
conducted prior to the prediction of wall thinning by FAC.

The CFD simulation reproduced qualitative flow fields such as the recirculation region that occurs between the
separation and reattachment points and the velocity recovery downstream. The reattachment length, mean
velocity distribution, and turbulent kinetic energy distribution were compared with experimental data. The
reattachment length in the analysis was within the range of the experimental values. The mean velocity and
turbulent kinetic energy distributions were found to be in good agreement with the experimental data, both

quantitatively and qualitatively.
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Technology of inspection of piping over thermal insulation and examples of field applications

Shikoku Research Institute, Inc., Energy Engineering Department

Akira Kisei

Abstract

In order to prevent problems, inspections of thermal insulation piping are generally conducted by dismantling the
insulation and visually inspecting the exterior surface or measuring the remaining wall thickness at representative
locations with an ultrasonic thickness gauge.

However, in order to inspect a lot of piping in a thermal power plant, dismantling and restoring the insulation
requires a great deal of work, time, and cost.

On the other hand, companies that handle nondestructive inspection services have developed technology that
enables inspection of piping over thermal insulation, but there are few examples of its application at the thermal
power plant of Shikoku Electric Power Co, Inc.

This paper reports on an experimental inspection of piping at a thermal power plant using the technology that
enables inspection over thermal insulation, and on the evaluation of the practicality and inspection accuracy of the

technology.
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Development of wearable device for visualization of hydrogen flame by passive infrared spectroscopy

Shikoku Research Institute, Inc., Electronics and Agricultural technology Department
Masakazu Ogita
Kyushu Keisokki Co.,Ltd., New business project team

Takemi Tanaka

Abstract

Flames caused by hydrogen gas ignition are invisible. At sites where hydrogen gas is used, UV sensors are used to
monitor the hydrogen flame, however it has been pointed out that the location of the hydrogen flame cannot be
identified, or false positives is happening. From a safety standpoint, it is appropriate for the operator to be able to
check the location of the hydrogen flame hands-free. Therefore, the authors developed a wearable device to visualize

the hydrogen flame in a hands-free manner. This paper reports the details of the development.
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Ventilation behavior changes by employing environmental monitoring system for elementary schools

Shikoku Electric Power Co., Inc., Civil & Architectural Department
Yuichiro Amano and Kentaro Matsuda
Shikoku Research Institute, Inc., Civil Engineering Department
Ryohei Fujii
Yonden Consultants, Inc., Architectural Department

Kengo Horioka and Takayuki Inoue

Abstract

Experiments and questionnaires were conducted at an elementary school to determine the effect of environment
monitoring system on ventilation behavior. The LED lamp display according to the carbon dioxide concentration
served as a criterion for decision-making on ventilation behavior, and the percentage of carbon dioxide
concentrations exceeding the standard (1,000 ppm) decreased for many classrooms. Alternatively, in some
classrooms, excessive ventilation was fixed, and the thermal environment was also improved. Moreover, the
children’s involvement in opening windows for ventilation increased. In addition to, we report on measurement
results of indoor environment obtained in classrooms employing air to air total heat exchanger at an elementary
school. The indoor air environment in the classrooms is sufficiently also utilising cross ventilation with opening
windows. Moreover, measurement of the ventilation systems' air flow rate of before and after cleaning including at

other schools are operated.
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(2720, W RN S AL RS, CO IREE D
ERICERNT-EEZ BN D,

(2) CO,REMNFELETERZRLE-HE
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I LT, HIM OO CO, I L D 1 A A 700
~900ppm FEE & iy <, HIMOO@ TIX LED 7
7O RITIRBUZ IS U TERBIT 21T 9 X 912178
NEALTWSD, 1, 000ppn BEBENETFTLTWS
ZENDL YL, WIR@LIEEIL LED 7 2 7 O mUT IR
CTHZATEIN R OGN b D LRSS,

(3) CO,REICHEEEMNRLELTVVEVEE

Y UToR 4 HEOFFE R A K 13 17T, W
THNOHELHMO@O TIE LED 7 > 7 & 5478
OHWRHEL LT T v — MK Th -
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WWEVEBRERKELLZ DO EEZEZON D, #
MO S HIB@IZ 2T T COy J B HME T A & 7R
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5. &R

FHED I T ANEBREN CO, RET — X %%
AT, BEFOBRIEB IR A7 220
THMT LT, RGO FE T O F Q 13 SHASE
OEFERAE (AR L Y E AV THEESRMEE LTH
L, fEZRE D COMEHRIZHE S Y0 CO.MEH &
HEXTHLA -1 BLIOX3-2 2\, KE
EHRII O T — 2 2B, INER 1 FEED
LOFEL TN 12F, HEZ30FHELT
HRLEREELRE LI,

Peo, = 1.601 x 107*(60.63 X A, X Met X C, X C;) 3-1
Ap = 0.007246 x W 0425 x {0725 3-2

7272 L, Peo,:CO-MEH R [m¥h], Ay A E A Im2, Wik [kgl,
H:Y Rleml, Met:= 3 /L% —RE=H, C 4 FEMHRE(18~29 mitt
BEREHERISSE T2 00), CERARE (B 1.00 %k 0.73)

FRBRASE TENOEYHRERD 5 72
WIZH 3-3 D Wells-Riley =5/ V& H iz, Bl
B S cEflanF v o L ADRYZEET 5 R EE I
ONTOT—ZFHREL TV RWNWEE X, FHEF
(21X REHVA IC L B T Vv 2 HRICBE 3 2 ek & & B+
FAME Y ER W, BAERITR 341k vRD
Teo 7ok, BEEMIITEI L OFEYOEE BT
LTWa,

Ipqt

P = 1—exp<—7) 3-3

R=Px(x—-1) 3-4
772U, PR, FEYE%IA], preukiknd/s),
¢E T ¥4 B[quanta/s], &RFHEM[s],
QMR ns], RN, xfefEH N

X 18~20 IZE NI 1T D HA4E T L D CO R E
Z, K21 1K W, &0 BAEER O E A,
F 2 A HIMIC B 2 B R L OB AR %
AT, [¥18~20 K0, WO H@IZh T TaE
172 CO. ¥R FE 23 1, 000ppm (Z 7T 9~ 2 8 7] 23 e 52
No, ZHIEXLED 7> 708N X BT
OHIBA L & AR BIRENTE 22 s, 07
ST OMETH S 1, 000ppm & HUEIZHIR 3T H
nNTWiiew Bz bhbd, X 21 BLOE 2 &
v, ETOHM CHAELEN 1 ZKEL FREI-T
WD Z LD, YRR EoBRITHaricithn
TWhEEZLND, LEN-T, HAEEREIE
Eo—o2k L THAREZEIF(LT D2 LT, EN
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BREE & RO XX —HEEOE L 5 FERIC
FETLHEEZERLND, ok, AWFETILLED 7
> AT OB % 1, 000ppm 38 X T 1, 500ppm & L
TWeZ &b, COREEMN 1, 000ppm % 5512 % B
RN T T eEZxohsh, flxiE
1,300ppm % F M OBME & 35 2 & TEBTIZHE
TOHITEMEREZMT Z ENHEBNESICTETH
LHEEZBND,
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% DL OBFEOBYES LORAER (5 MEO, hk: WHO, % : MEe)
2 WM Z & OB FAE OGRS L OHAER (£ - HIH0O, Tk #H0O, : W
2 1 2 3 4 5 6 ALL R 1 2 3 4 5 6 ALL AR 1 2 3 4 5 6 ALL
o S S
QUM o | 16 | Laos | 2067 | 193 | 2am | 1oss QAL o3y | rags | 170 | 1950 | 158 | 209 | 1 QA g | w2 | s | s | s | s | e
Ave Ave Ave
o 5 S
Q}[Z"ax‘] 20987 | 66266 | 7412 | 73225 | 49780 | 14263 | 73225 QL‘]::‘" 4047 | 1747 | 7718 | 6340 | 13,128 | 16288 | 16288 Qh‘;‘“ax/“' 5760 | 4670 | 10084 | 4362 | 8514 | 7482 | 10084
oh 5 -
R 121 161 597 19 | 358 121 QUmA] gy 453 | sss | od8 335 338 7 QIR ]y a6 | o3 | 687 s60 | 786 | 476
Min Min Min
P[%]Ave | 02 02 03 0.1 03 02 02 P[%]Ave | 03 02 02 01 02 02 02 P[%]Ave | 02 02 02 02 02 0l 02
P [%o]Max 0.5 1.7 13 03 1.1 06 1.7 P [%]Max 27 04 03 03 0.6 06 27 P [%6]Max 04 04 03 03 04 03 04
P[%]Min | 00 00 00 00 00 00 00 P[%|Min | 01 00 00 00 00 00 00 P[%]Min | 00 00 00 00 00 00 00
R[JAve | 005 007 | 008 | 003 007 006 006 R[JAve | 007 006 | 005 004 006 005 0.06 R[JAve | 005 007 | 006 | 005 006 005 005
R[IMax | 013 053 | 040 | o010 034 0.19 053 REIMax | 070 013 0.11 009 017 020 0.70 R[Max | 011 013 | ol 009 0.10 009 013
R[Min | 000 000 | 001 000 0.00 000 000 R[IMin | 001 001 001 001 000 000 000 R[IMin | 001 001 001 001 001 001 001
249 238 179 189 24 262 1341 n 131 143 93 114 140 142 763 n 59 63 41 63 63 63 352
—1FE —254% 3E4E A4FE ——5FE ——6FE
FRTOBRIAITHERICE I SRIARER -
6. B /MFETD BZERICEAT SR
6.1 ERHIE -
- E
g
=13 {5 1000
X E# O 202249 A1 H~10 A 14 H |
o
38
2 ) - — N o =ru . 500
& L, 9 H 14 EI@ ’fﬁ&; LED 7/7 %pX%Lﬁ_o
]

LED #/RDOAMEIZ X 25 BB R ORI & 4TENE
KOEREZFTMT 5720, OWHEA « LED £RE
(202249 H 1 H~9 H 14 H), @QWEH * LED %
A (202249 H 15 H~10 H 2 H), @®WEE -
LED /"4 (2022 4210 H 3 H~10 H 14 H) & L,
FEFEIZB T 20~ N o E 1 MO
ERER A 22~24 \R T, RHAARI S, FIREREE
HAEEUETH D 1,500ppm B X D 2 & 135h LI
mole, MEAOHMOEQ% i L7223, 0.
FEICR & 727513 8 < LED 12 X 2 AATEVE 130
WTERDPoT, BWEODABEDEDH->T-Q L O
Z b4 % & Y COL IR FEIX @ D 5 A3 200ppm A |
K< 2polz, OIXFHEI & HEEZELE LR
TS TR EZEA LIRS D,
BEGODEQDHIIC I T REAT WL & 551
SHTWEZ ERMERINTWVWAA 1,000ppm LA
FIZR BB L Z o270, TEEHEOHRKAT
ORI A A LT,

£72, %7 T AOHEOHEE K L CTEM LT
7 U — T, B FIORIXFICAEICT S &
WO FEROEETR b BV, BE LTl O R — L
TR NRE L, S— & BEICE T T
AREBHETDEOBRRMTHDL Z LR bhoT,
RT U RONT E EEEET BBV T, K
FAE (1, 2448) L (8, 444) 13EAEN
fheRy, HR—EORLMHITIEN L - T
WHOIZXE L, EFE (5, 64-4) TiX, LED @
WPz X0 WENEBRHTZFEMML TWD LW [E
BETholo, 2O OREFIZE Y, LED KR 1TH)
ERO—BERo>TNDZ ENRBENT,
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22 CO.JREEHERS (W 5A - LED % : 9/5-12)
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23 CO.REHER (WMEHA - LEDA : 9/19-25)
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WEE s g
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—s5FE —6FE

2000

1500

1000

€O, [ppm]

500
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B ORI B L OERIT 2,4, 6 £ 0D
SEEEXIG L L, 72, HABLAE 10 0L 1
DO, 74 0H— - L A2 FOFROZHIIAT
STWARW, REXS ¥ 7T v—7— NE&E: (A
KA )~ 7 AE) TR A (SA), WA T (RA)
FACEHIIL, BRI L7z, F£7z, sMFofsR O, HE
KT DWW T BRI A fERR L7z (K 25) , RIFHIA
BOEZHIED 7 4 N H— L DR L A
NEfR LA, T4 NE—FFT a—7 O
SR OMME, AV e ETIRIEMAELRET
Holz, REGHT L AL MEIT 4 F =)
L7c7e®, il L 0 EEELIDIRAT H 2 & TH
Y REPMFELTHDIRIETH -7 (4 26),



INFARIC BT ABREE T =AU Y VAT MDA L ARG TEVE RICE T A%

HEifE, RHENORAZHIEOME NS, K
T AN =R T 4V — AL, REREET
PR Z W B AKIENEZATVY, HoMh S T
EHLZ, =LAy MIT g v&— L RERICA T A
LDESN LI, 7TV TCREDO ZHEHRE LN,
f bR TS| L, TEfm R B S L7z (I 27, 28),
EfATGOREA2 K 3 ICE & DD, IEMETORE
X, BREFEE - 860m*/h okt L, SRR, HEKR
BLHITH 40~80%E & ERIIR VB TH B
ZEMbND,

B4 29 ([ZAH O R EHIEDERD 7 4 L& —fhd
TERATH OB - eRE & & ERRTO B &3 L
THEREITH) ZLic L EotER (FNE)
R, AR - HESURE LIS IE R AT O B 3
INSWVIEETE R L 2R KREVEHIICH 5,
faXUREIZ B LC, JEHATEE 2 200 m’/h & F[E]
L%, 7 A NE—MOERIZE Y 50 m*/h Pk
DEEDOHEMMB S 57— A b b oz, PEREREIC
B L C, B AlaE 258 200 m*/h DA 250~450
m’/h OEEIEINNED D r—AbH o7z,

L Lens, ERpiEEN/NE NS DO THIE
RBEOWMA/ NS N —ABFE LT, 72, 24
ABEITARREN L L, W2 4, 6 FFAFETIE
PR ED FNZ LW )& T %2R L TR
0, TR O MBSO AR N D FEM e A 7 =
ALDBRNEEND, BIZ, 74 VZ— DR
FED T TR, AL OWMANRELR
M7 ENCA 2 Y Je E3EaE U CB ARG IS T
Mo TEY, RIS e ib i 4 e U7 R,
JA B % SO%FEEMMEE DL Z LN TE D,
NHEENMET LTS —ERE L TRB I,
PFERIS, BEEOT 4 NVH— - L A MNERR
PATONTZT20, KR THE LTSN OH=EICE
WTh, SHREAEREZERT 5,

-
—

6.3 fMDERMERICHITIRKAFRBOKRFAE
IR, BTEX bN R T, RELH
MK DRI Z < B b D, BRI,
RS R B  B D 2 WAV RIREE R B,
R E DR LW TIZB W THE = R L X —0iE 21
BREOREICHEETDHZENDN->TWVD, L
L, REtER ORI 2R R A BB LUEMA Lz -
BAETYH, BREOA LT FUANRTE TR
BAIIIME THRE Lz X o, BAERICLS

— 27 —

HBRIMVs—

25 EEHE -
SMTHITL AL

BRI

X 26

BEE
BRERMER T 4 N H —FHE ORI

X 27 JEHRDL

B 28 TR AT O 7 A L5 — -

SRR G S A ffERB AR
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e

BB =XV VAT ADEAICLAIER

TRV T S5

ZEREBR L D AL BA  fF I & D = 1L —3H
BEOWMERMIEENH D, ZOD, o

PR R BT D REA LS @%%%E%ﬁoto
SHEE Lz CHPERIE, £ 84D RCEDOK 4
HY, Ky NRIO R WEE (pﬂd‘ﬂ% :

410m*/h X 2 &, EMEE  RIERREE 500m°/h + &
§91EHS 300m°/h - &) ML TVD, ZOFKE
ZERERAE D 7 4 )V 2 — iR TR ER L TW D8,
PRI D A 7 2 AEHITZ T LR EE L T
WRW, T g LB =L LAY ORI E K 30 12
AT, TOHEELBRHREBEH L TWDZ &0,
FRICHER (RA) IO 7 4 V2 —TlX, Fa—7 1
DOEAVIZED T 4 NVH—DORENEER I NI,
2, T AV RIZONWTH 7 4 v Z—[EEOM
ENR Iz, B (SA) M7 42 —i2o
WTCTHA YRR EIC X DHENER I N,
IO, HFEDNERT LHENS, A~F D6
BEZT X LREH LUBAERELZTo0E Z
A, GREER - 55EER, REHL - I ERR DKL A
BOEICBNT, BRI THRK 20%FE, HEKl
TR TO%FEE DD 3R S 7z (R 4),
AR, B /INFRERICERESTICEL DERZE
BHETEBL T VX — - =L A FOA%EIX
RIES N TWAH Z L, Sk, BEEHAZFh
LK EOF M AT O TETH D (K31),
7 3 WEimAig coREZE{L

B | 2w E&E[m’/h]  FEHEES60[m’/h]
| e Am EE 15E CEE
- = EimE | BintE | sime | Btk | siwel | eink
SAD 280 290 183 184 187 217
EEE
. SA® 205 244 150 230 70 188
=%
)3 BFF 485 534 333 414 257 405
(58) RAD 135 163 176 416 105 420

RA®@ 135 163 190 454 122 485
2 a% 270 326 366 870 227 905

o3 SAD | 325 343 132 217 182 248

wR
o SA®@ | 235 278 123 265 70 206

¥==§
AR &5 560 621 255 482 252 454
(&) g RAD | 150 187 195 490 120 496
“ra@ | 152 190 213 544 135 577

P64 —

&t | 302 377 408 | 1034 | 255 | 1073
SAD | 283 305 176 186 218 227

B
., SA@ | 205 225 195 210 141 176

==}
Ag &5t | 488 530 371 396 359 403
(3) RAD | 130 155 382 386 355 378

HER
| rRA@ | 135 156 404 420 412 434

P64 —

=il &3t | 265 311 786 806 767 812
BR SAD | 321 360 204 216 260 245

SA@ 236 261 218 237 172 188
RE &F 557 621 422 453 432 433
(C:3) RA® 150 176 440 453 438 445
_. | RA® 153 178 482 495 495 511
AFt 303 354 922 948 933 956

28

= 4 JE Ao R &

EiR | RE A&[m?/h]
L\E >3 Eu'ﬁj =-%
FHik | mE A B C D E F
SAD | 280 280 275 250 330 260
FcEt
“ | sa@ | 260 330 280 245 315 280
Rg —
BE A5t | 540 610 555 495 645 540
(33) . RAD | 100 240 105 95 245 95
“Ra@ | 110 | 50 | 75 | 9 | 235 | s5
g
= A3t | 210 290 180 190 480 180
it _ | sA@ | 425 450 440 390 535 410
fas
e SA@ | 430 515 445 385 530 430
y--§
P~ AF 855 965 885 775 | 1065 | 840
(G:3) RAD | 155 375 200 150 395 150
R
s RA® | 160 85 135 150 380 125
¥=-§
&5t | 315 460 335 300 775 275
e SAD | 270 300 285 255 350 260
" sa@ | 270 | 340 | 280 | 235 | 340 | 270
Bg —
AE A5t | 540 640 565 490 690 530
(89) RAD | 95 280 150 110 265 115
R
s RA® | 105 70 105 90 245 85
y--§
@ A5t | 200 350 255 200 510 200
f SAQD | 440 460 420 385 540 410
fEs
A SA@ | 420 520 440 380 525 420
=:N
BAE &5t | 860 980 860 765 | 1065 | 830
(58) e RAD | 160 435 245 165 430 180
“|ra@| 165 | 120 | 185 | 160 | 390 | 140
Bg

a3t | 325 555 430 325 820 320

W s
X 30 JE iAo RI
(74 NE—, H:xZ L AL])

X 31 {Hm % ORI

(74 NE—, H:xZ L AL])

1. BHYIZ

BRI R 2 A LTV A INERE D # R
REE=X VIV AT AEHEANL, Hilan)
T 1 IV AFAT P81 24 H OB TR D FEREF

TEITO & & HIT CO EEIZIN U7z LED 7> 7D
P AR ATENC M iﬁ‘%%%*ﬁ?ﬁbf:o *7z,

IR R G 2 5 B /N OBE D 2R
®%ﬁ%mﬁﬁékwﬁ%®$%?%:5)y7
ATV, FICHBES LTI 4 L2 =Sk
VLIRS & 8 5 i m 2 i L 7=, [AER ORI A %
CFEBICIB N T S FE M L7,
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BONTHEZUTICE LD D,

1) MR ZA L2V A/NERIZEWTIE, COo,
TEREIZIG U7z LED 7 0 7D pdT %47 9 Bild s
TEICEMTOBEE (ERBAL, EEIRI B A
mE) BRIV, HEIT K 5 T COp RN
1, 000ppm % AIET 5T — X NE L FIE LT,

2) LED 727128V CORED ML EIT oIz &
A, BEEICBWTHGATEOHWEREL L
THWHEND X HIiT7 o572, 1,000ppm, 1, 500ppm
FREE LTIy ToaEELSED L, £<
DT CO LAY 1, 000ppm % il 9~ 2 HA A3
W LT,
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Study on adjustment of electricity supply and demand by building services

- Assessment of the availability of storage type hot water supply system as a DR resource -

Shikoku Research Institute, Inc., Civil Engineering Department
Ryohei Fujii
Shikoku Electric Power Co., Inc., Civil & Architectural Department

Yuichiro Amano

Abstract

BT
i3

Demand Response (DR) is a concept that changes the pattern of consumer demand for electricity, depending on

supply. It is expected to play a role in the further expansion of renewable energies and the stabilization of electricity

supply and demand. Batteries and generator equipment are considered the most important resources, but we think

that building services can be used.

This paper focus on the evaluation of availability of hot water supply system as a DR resource, including an actual

measurement result of hot water supply demand and heat loss.
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