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Hydrogen Flame Visualization Technique Using an Image Transmission Method

Shikoku Research Institute, Inc., Electronics Technology Department

Hirofumi Miki, Ayako Hoshino,Masakazu Ogita,Yuji Ichikawa,

Sachiyo Sugimoto,and Ippei Asahi
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Because hydrogen flame cannot be seen in an ordinary condition, a flame detector that reacts to ultraviolet

emitted from the center of hydrogen flame is provided at sites handling hydrogen. The detector is a sensor to detect

the presence of flame and give an alarm. However, it cannot identify the position of fire occurrence or ignition, nor

grasp the behavior of flame. In addition, because it reacts to all light components within the detection wavelength

region, such as direct sunlight, reflected light and welding sparks, an error alarm (false detection, malfunction) often

occurs, which is a big problem in operating and managing hydrogen stations.

Considering these conditions, we developed a method to visualize hydrogen flame. It takes images, using a

dedicated camera, of strong light emissions in a specific wavelength region that was newly found by spectrometry of

hydrogen flame, and visualizes hydrogen flame through image processing. In addition, we proposed that hydrogen

flame judgment conditions be superposed to detect hydrogen flame with high reliability.

In order to transmit the images taken in the area where the occurrence of hydrogen flame is anticipated to a safe

area, we also developed an image transmission technique composed of optical parts and an image fiber only.



IRARIE AT & D 7R SR K e D ATt i

1. [XC&IC

IRFE KRR, ARG RIS TN N T2 D
RBTDZENTET . KFEAT—T a7k
R A2 D ML, B4 - RZIEE & LT,
WHABRBMEEZ Y —L L THW D KRB
NExEINTND,

WEEREER T, KR DREE DDA RITK
ST HZ LI Ko TKRFBREKEOH B4 N5 F B
ThHY . KROZFEFLEKNEREZEET L Z
ENTHIRAR W= | A KALE DR E KR ZE T O
iR, O8N hr— L BIC X 5 BLHEHLIZ Z fa
BNTWD, tha=—X L L THExI e 22 2 PEN
RKOBNTND W, RAEDTE L ZBRIZ,
SIS b — VBN HBAD Z LT, 4
PEREAR OBLE N D RWICHER H 5, Lid, %
SMERAR AN E DRRFNERIR DR < | B T AN E
Lo KB EROEEE AL 2 EIC b IS T 5720 5
St rth—L LTIEMETH > TH, Kk
ELTERREETH 2 ERINZ W,

ORI REFITES, EEHELIL, =R LF—
G FEEOKEAS L T THEE R LERR
Bl | FEHBR KT KRGO B~ & Ak
D—->L LT, 5miESsD 2cm FEE DO/ K JK
MTHDHZ EEH LN LT,

A TIX, BRI N T X 7o KB AR DD
BELNDERINNEA A= T 7 AN (LT
aATHT 7 A ) TIPBRRIBAARE L TR T
% BBRE TR X D872 72k FEK O AL
Bl &2 /83 %,

2. KFRXKDAHRIE

2.1 KEXRKORK

KRS KA VIR D THRARME MK < | B IZ AR
TARREPRZD Z L3 CHEETH Y . &M,
TENREEOORKEMRT D L3k
LIl E 72wy (B1),

= i
-l

®1 KREKROMEM

DD, AR RACKTFE T A DRBEZ KL D
KR LRI, W, RRHP CKRBRTZETHA
PRYETT AR BET D56, OHZ VI /VOFN
(o) @i KREK DR GRS . &
ARG AN S U CTAR LI FEBORE (R
Sot) NI D, KFBRROEBENEH L VO
1. KFRRIIT AT N N2 TH
%o OHZ VANDFRNITKRDOHLE T,
ZOEMTEEARLKDOBRNEPBES N, EE
L 7o KFER D DR (B B S b,
2.2 ARALFE
KRR DD FH BB ERIET RN % |
HFT7 4 VF—TEHL TR HTZ itk T
KRFERRERIT D Z ENHERD, 2, BRIET
AU 5 @il AR LD K JE L DAV S AU THE
% L CREMISORNAZ T D70, Z OFE
FEBRMT2ZLI2E0 ., KRITDOWRE A5 %
Bumifg b2 Z LRk D, — L BRBEIC L o T
KRNPHIEFE LN D EIEAKERDORE AT M v
DR RERICE— 7 a2 AT 5 2 &1
FHIUE, SMELE L TORBROFIEN/ NS, B
DEIRKELR DRI AT R DGRV RO
ZiRB LTk d 5 2 & TH KK AHEABIZRT
BChd, EHEDIX. FHON AT EZHWTKHE
KRDDFEE BN D ST RO N2 FIHEGR & L
T A, 26 ORBEG 2 BHAE L 72%, &
R (ATHER) ICERGDYE D FEO@EAIC
E0, KFEAKEAHIELLTHWD (B2),

*KFRRAOFER

EARFETOIS L
ESETOI 5

=] . =
B2 KRKRABIEOEKRFE

23 BRIGET HKEMEE

KK DRI L 7= P R E R 7
DITRF KR DG HCHREZATV, 42 1,350~
1,500nm DU RS EEIIT = K Z KD R H
FEANGFET L2 2 /AM L (B3), ZivE
TEHOLIL, 40 (B2 1F 309nm) T ARAM
S (1 Z21F 950nm) g E DKFEKEINHIEE D



IRARIE AT & D 7R SR K e D ATt i

NWOREM RO L | YR ERRITTET 2
FIONEHRBSE L, 2D OBRGEER O 7257 G
T 5 2 Lok 0 KFEAREO AL E T
LCTWe, B3Iz iud Lo, mAllEIC &
S THTAZ M U 72 R SEECIE, Sil AR &K D
FEICTREE SR Z VD IZxt L TR D358

DINENZ EHEEZ | TTIROERNE AT %
FANT 5m iz )7 D7k FE K J O g akip 4 9k L 7=,
Z OFER . WU R RO INF T 4 2 —F ]
WAL, ANEL E L CO KRB0 B E PR T 5 7=
D DBME G D UENARETH D Z &3

&R ole, RBHBRORRN G| EIRAER
DFET DAL IR 2 D R A - i 32 7
74 F—fERE LT, bR 1,450nm, N
K 50nm  CEENE 25nm) # @& L=, Mi% 7
S NNE—F WA Z LICLY . EIRAKER DB %
FATE IR T DRI ORB N AIRETH D Z &

ZREE LT,

3500 4

— KIS (3852 5)

3000 —&0.3L/min
’5 ——7K30.5L/min
g 2500 —F1.0L/min
= S-S FRIERT
> 2000 2015.04.08 15:30~
2 (AN 2 @9)
L 1500
s
@
£ 1000
©
w

500

0 - - - + + } | ]
900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength [nm]
N B sz o
M3 KBEKEERBEDRRY bILEHE
X

3. KRAKHEEHDERIE
KRR, A RIS RN - i@
HOWRBTIIHBTE T, KELEZLARMELT X
O 4O B 11T, R E L LTk
DFENANTE E DT 7 SN RO T D Sz
ENHREINTWD, YEZmEERIL, REXE D
A2 B D b FRRAIR RO 2T ORI T 5
ZEnb, AL LTRESETH- T
bR EE & L TIRREECH 2 F M2, P
HKFBAT— 3 Tk, BB - RREMEN KR
AT —va v OEERSOBREBRT D720,
KFEAT—va VOREE - EEENS, BRE -
FRENEZ L7 W EiRE O R ENEAT 3 Rk 5T

Wh, ZOXDREFIES, SWEEEZLIT
KEFEKRKERMT D ENTEDL LD, FEHEDLIT
KRFERFHERFEORBICEREL TS, OF
V. ERAKZER O BRN AT RIS EE G L LT
%5 “EBHE. & KEPOEEEINS0HT
AN AL AV —EE L LTIEX
% METHES OmHESRGEEMIZ T L E2LT
KFEKFKEHETDEZ T THD (B4), MFD
“RACHIE R LT, R EG A LT 5 R
T, HEBR TR SN ES0EB (FL—27
—/VIE{§) % 256 OFEFRE A DL C LT 2B,
KFBRRAE Y AT LDKF kK &L TR
2 W SE OMRENE =2 —HHEE (480%x640) (245
DLEE (%) Thbd, BUTOT — X WLBIFIET
IE. S ZR T EIINELE ) A X7 EITRK T
DA b AR E L CTHET 2B FEICEE I
DI, KRHEEmEREEY RELSRET D Z &34+
HLOFBEWETDLZ LICORN LD, W2
EERETDHHLEND D,

[ BHSHIE ]
‘ TECEHKER = ARPITEER (RHE) }7

UESHIE] AND

KRS
‘ SETNFARAEL SRR |7

K4 KIRARHEFGEDEEL

4. EREGEFE
4.1 BHIE %I

BUT D@ AL T, JEMEKRF AT —
3 DT 4 AXRY— I & EEE L KFE KK
MHFEELNLIEN LR T 2 FIELZHVE
IKFEKRRIEADFREREZBEL TW5D,

T 4 AR Y —FOE Eas ORI, Kb fE
BRI D mEWMER K (V' — 2 2) IZS T B0,
WL IRNICER B T 5 BRI, AE R 2D
SO B 8 7e & OB RS IS A 2R N ISR L 7
FAUE e B, M7, U RKFE KR & R
e U CHEFICH Z D72 012i%, THERBR Y k&
FEOBESNDIE CTOBEENGHTH D,

INOOHEFEERAE LR, BH5 51, Big
SISO R BBk TR ERAT DICE -T2,
42 BEREEAR

W HRIT, A A= T 7 AN (wAF a7k
Ty AN) LT, PIEKROERT — 2 &I



IRARIE AT & D 7R SR K e D ATt i

Pt Ik E < FIETH Y B L v X)
EEBAREES (4 A=V 7 74 3) | #jfgE6 (CCD
T AT) KOEGALEEES (XY 3) O 4-DODHE
MDD o HEIEHED & IG5 DT T 50 i D 7»
THER SN CTEHR Y BT SIX NN
7= DBEIE N A ETH D,
(1) S|AER

KT KD % AL T D 72 I 2 51T, 55t
M5 & U CORENE & AKRFRED BT DR

NHETH DN, WEHENAKE LHENL WD 2D,

W REEEENETL S (B5) , L X
ERET L ET, ZoEEEEICER LT L L
RO CINEETH D Z LIRS, ML XTH
Je U= E AR ST RSN D i RIS e
HPREEERLE (K6) .

ottt 0

BB A= TP )R- b

EFRINE RS A=TT 70— b

50

X6 StEB

(2) EfRImEED

A— NS TH D KRR DA A —T 7
7 A NERHWTHERBREZAT - oS5, 'R 2
X DRI B EE GO b T A NOKT
DR E L YRLEE D R & 7 2 M BT L
Lice A A=V T 7 A%, 2 DaTIZAH L
B FELIIHOBE TEEINDLZ LITEL
V. BBEEEZARRE T D, [BET DO RN
E< 2L, arr o B wN CHET a7
WESNhG LRV, ary T A FOETZ2HKT
B, T T, Bl h AR AREHIESWTaT

R Z LK S B 72 R IE DA A= 7 7
ANZRIE LT, BUE LI RN EX IR D A A —
DT rANT, Ay T A POETREESNAT
BY . ERACE RO & 2R L RIgEE T
BT RELERE (B7),

(b) HRZLEKER
B3 %7 20,000
EFRNREEEZEOIY FSR MRS

(a) 2*—HiZEG
Bl %%k 50,000
X 7

(3) ‘BEE

HADOA A=V 7 7 A4 NTE LA L
AR, K7 V2 —% 4 LT CCD # A
T CIRBT O E o TVD (K8), A
T AZEDGmD Z & IR AT bR
FpME2Y 950~1,700nm, #R{§5E 123 InGaAs D i
Rz ATV D, LIl L5 icHLEER
1,450nm. /N2 Rl@2y 50nm DYG2E 7 4 L X —
(BPF) (2X v, 1,425~1,475nm (% 5 2RI
W) ORI EERNTH LN TED,

092 245~ (LPF)

X8 wI&EH

43 ERETILORTLORE

FETZ, 5m =G5 I E T DN KFE KK &
D CCD A7 CHffg L UTHA, MG L
BB OBRGE G A RS b 5 FiEEZHAWT
AT 2 FIEORIMEERIEL T D, Z0OMK
AEAERICHE S & FEHMEA AT T 7 AN\



IRARIE AT & D 7R SR K e D ATt i

MAEHDELBBRIETXOEMET LU AT L
abefEL (B9),

9 ERAETILVATFLOERK

5. RAETILHICKSHER

5.1 EIERKT D57 4tk

BANGFHO T, KFEAT— g o ~OHANE
E SN D BRAHEN 2 CICHEEH I D AT (T
THIR oNa P oN— R F R R
) LARFBAEOSHMEEFEM LI (B10),
BT, 7 7R OFmEICE LzY) 7L o 4
—DRFHEFFICEIT 5 HFATHY . FhD
KRG 2 o el BT 2 Z LIk D DTkt L
T, KBREOFEIENPMUFNGIZHEETHZ L%
BEL., SO Y v X —BAKRER A2 KFEK
ZAZxk LCiE 300ms, RHRATICKR L CTix 8ms 12
BE LTz, JEEHREIL Y v v & — B R B A
THEBZ TR, B, WET — ¥ O % H
AR T2, SHBENEY A LU CHET —% D

ik e -7,
5,000
BERT (\D7Y)  —[EHRT (%)
1| —EERT (B —EMEAT (7
— EBRIT (8) [E§R)T (1)
4,000 ||~ KNS (st/min)  ——KFRNH (101/min)
— JKENH (15L/min)

1 | RS : 8ms(KFEMAE300ms)
BIETERE : 5m

3,000 +

Intensity(counts)
!

2,000 +

ERERIEE —

PV

f
1300

1,000 +

QQQQ%%
e

t
1500

t
1200 1400 1600

Wavelength(nm)

10 [EERLTDDAEFIEG

53 s O FEST RF ] 2 B 38 94003, I B g i duk
DK FE KR DFESCTRE T BIERAT D FE T T

NN E L | FHERAT DI K FE K IE DI %
HEE L TIRADEDOHNELE 2V ED, FFIC, [\
AT &L AKRFKRRDxH L o XL Bic—E
BRI S5 A 121, AR B C il 2 X1
L2 ENEELLS, BREOBENBERIND,
5.2 KFERXDRE
(1) EREHTTOERE

FERET NVEEE AWTENSGME T O 5miE; O
WokFAkKERELEZ (B11), A A—V7
7 A ASOBEFEEIL, FIHOEH 2 100,000pix, TR
S 28 20,000pix T, &Rt d 3m Th 5,
o “KREFEREMEL &% ARORK TRR
ENDESEER (7L —2 47— ViEfg) % 256
DS A LT ML L2, EAET LM
KFEKRKE L THET 2/ EFEETH Y | WHE
il 0 28 HL, [EFEE 256 2NA & 70D, MEZBIMEN
INEVIEE, KFE AR E LTI DN A<
A U K& XDKKERE LIZGE, BES/NI D
1E &R O AL IR & W, FEEIRE D/ &
UWVBUINK SR K26 & AL T D1 M a% B 2 /)
SLEHETDIIERMTH D, KRFREMED 4
DEGETERT, FBEED 40 D546 DG
TN —E D NSV DIXZ DD TH D, il

KEAARE NRFREME : 4 NRFORRME : 40
0.7L/min
1.0L/min
0=1.00L/min
1.5L/min
0=1.5L/min
2.0L/min
0=2.0L/min
11 KRKREOKREGER (BERIKRE)




IRARIE AT & D 7R SR K e D ATt i

H LR, EHETAHEAEZHWT, 5m O Rk ERRE 2
PAT 2em 1F EO/IKFERKOREGE, ©F DK
FBREOAENAIRETH D Z L 2T 5 2
ENTET,
(2) BNAEHTTO®RE

5m D HEREERREEZ LLCL BRI O 72D DR
NR—THENTZKONSHAET D KT KK EE
METAHECHRE L (12, 13), 4 A—
T ANDEEL IMICEFE L-LIS, ER
DHARRIT DO BARB R LR L TH D, kKK
TREMEN 510 DL Y ICHEENRRVICH/AEWN
BaZid, K72 ENELEOEEBNEE L 72 D
728 B ERBEICIE U2 g 7 B O e E 2 B
ThbH, ZOBFRGBRERDO B E LI Tl & 135 272
VNS, Bm D HERR BEEE A LLC 2em FRE ORUINK SR
KR ERAT D2 0ICiE, kK FREMmE LT,
OEFETAONZETHD LMWL,

S IENAFTRENR

(K%E)

L/min
(=20mm)

SEK KBtoRS) o

toumn | SHELE (KIBXORSD) oz
(=2 KEVHEEET.

REVHRIKET,

SEK CKBtoRE) ozEn
REVHEEET.

Lsymin | SHELE CREBEORST) oA
REVHEEET.

SEK KERORS) osazs
REVHBEET.

SHELE CKBEORS) oszh
AEVHRHET.

B12 KFERKDREGEHR (B/IMEE)

() ZYED=ESE

PRIE BT D 2 B PE & WREE - RHlI S 72012,

o
HAENO —AICEHET VAT A ETHIRO%E
SN ERIR IR R R & B i L. Pk 29 4 6 A e
SRIE10 HETO 138 HMICHE D 7 4 —/L KT
DFEFERR AT o7, ERET VT AT AT,
A EF 316 Bl M E I H S < KK EBRENH

2= AENNEIRE
KB 0 0

0.7L/mi

1.0L/min

(=25mm)

1.5L/min

(=50mm)

2.0L/min

(=65mm)

B13 KEXXRDBREZRER (BSHiEE)

HoTeb DO ATNOEE & b [FIREIZERIMR TR
HMENTWERN-T-, ZORESE. BmRmEEIL,
Ko 80 Mz L CEMET VY AT LT
FErTho7Z &nd (R4, BIFHI
DFZYENEIES N L E > TS TRV,

6. F&H

WL LA A=V T 7 A RNDOH TR I
5 “EBARE ST AR L KFKREO5IEH
TENS & o THT7IC U U 7 5 0 R R D 5R
HENEHFHON AT TRIET 2 FIEEZHND Z
SR Y . EVERMEALIT, ET 0 bR
KA & ALY D Bdfr &2 Sk S ¥ Tz,

(R EE]

AWFGEREFE D —EBIE, Ak 26~29 4% NEDO
RBEF AT FEDO —BR L L TTbiL
bDOTHD 2. T AT BIfR A
FLCEEA TR OBEERT 5,

[BZ&3ik]

1) BRBEBLG o R MRSt A— 24k, Frm
2 o BB - PERIE— )

KR DG HFFHA & DI (RS 152
ST #— = HE—B - HAREREL

T

)

- -
0 = —

2)



WIEES, MWEREVFEET
WFFesAsR 1 0 8 (2018486 H )
7—13~2—Y

AbyTHR—ILERIVNRSD Bt R IZ & B FHERIMFZI R O

VU E R A RFIERT e 3405 F BRI i
U ERA S BFZERT PE 30 A BT
BRI A AR FETT P Yt T B AT

¥F—U—R: ALy F—n Key Words :  stop hole
I 57 fatigue
EEAIER crack arrest

ke Flia

A IERL
LG EI /-

Evaluation of Fatigue Crack Suppression Effect by Combining Stop Hole Method and Bolting

Shikoku Research Institute, Inc., Industrial Application Technology Department

Toshiharu Matsusa, Masazumi Iwata and Shinji Noguchi

Abstract

In recent years, fatigue crack propagation events are prominent due to aging of structures. Therefore, the fatigue

crack propagation rate and the characteristics of the progress path were clarified. Also, the relationship between

crack opening displacement and load stress was calculated. These results are expected to be useful for estimating

the cause of fatigue fracture.

The "stop hole method" is considered to be able to arrest crack propagation. It has already been applied as a life

extension method. We examined the effectiveness of this method. As a result, by simultaneously using bolt

tightening, crack propagation could be further arrested. In order to ensure the effectiveness of the combined method,

the optimum thickness of the washer shape was examined.
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Development of measuring equipment for coal volume using laser scanning

Shikoku Research Institute, Inc., Energy Engineering Department
Yoshiyuki Takahashi, Manabu Miyazaki
Shikoku Electric Power Co., Inc. Thermal Power Division

Hideki Tamura, Shoji Katagami, Shigeki Imagawa

Abstract
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In general, a huge volume of coal in a silo is measured by several microwave level meters and managed at a coal-

fired power plant. However, since the shape of coal in a silo is complicated, a highly accurate measuring equipment

is required. Therefore, we developed an equipment to measure coal volume in a silo using laser scanning.

The equipment automatically starts measurement at a set time every night, and can visualize the three-dimensional

shape of coal in the silo.
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The new residential services with Virtual Power Plant technology (the 3rd report)

Shikoku Research Institute, Inc., Industry Application Technology Dept.

Yasunobu Tada

Abstract

The Virtual Power Plant(VPP) technologies that control many home devices remotely are in development for
effective utilization and home use of solar photovoltaic generation.

We studied the concrete means to realize the VPP services. We proposed the methods to expect the generation
kilowatts of photovoltaic cells and the demand kilowatts of houses using the past records of generation and demand
kilowatts and the data of weather forecast. We proposed the methods to plan the operation programs of the hot
water storage type water heaters (heat pump water heaters) and the Storage batteries of houses.

We studied the operation methods to manage both the home economy and the contribution to power supply and

demand adjustments.
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The test result of the alternative lithium-ion battery for lead-acid battery
Shikoku Research Institute, Inc., Industry Application Technology Dept.

Yasunobu Tada

Abstract

The alternative lithium-ion battery for lead-acid batteries was on the market recently. Float charging was
available for the alternative lithium-ion battery like lead-acid batteries.

We tested the alternative lithium-ion battery for the use of power failure compensations. We examined the
discharge capacity of the batteries in various use conditions.

We evaluated that the alternative lithium-ion battery had equal or higher performance than lead-acid batteries.
On the other hand, the alternative lithium-ion battery consumed power for the battery control system, the
remaining capacity of it reduced rapidly.

The reduction rate of the discharge capacity of the float charging alternative lithium-ion battery was larger than
the reduction rate of the discharge capacity of the charging storage alternative lithium-ion battery. The predicting

life of the float charging alternative lithium-ion battery was 7 or 8 years, it was very shorter than expected.
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Study on Countermeasure Technique for the Powdery Scales Brought over into the OT Operation Boilers

- Evaluation of the water quality improvement effect of low-pressure heater drain system by the corrosion test -

Shikoku Research Institute, Inc., Department of Chemical and Biological Technologies

Tsuyoshi Yamaji and Seitoku Namba

Abstract

In recent years, OT operation boilers have produced powdery scales which accumulate on the inner surface of the
evaporation tubes and cause temperature rise of the metal. The main cause of the occurrence of the powdery scale
is the increase in the iron concentration in the low-pressure heater drain water. Since low-pressure heater drainage
system generates corrosion due to low dissolved oxygen concentration and low pH, various techniques for reducing
the iron concentration recovered in the feed-water from the drainage system have been proposed.

In this study, the corrosion test of the materials constituting the power plant was immersed in low-pressure
heater drain water at 120 ° C for several weeks and the corrosion resistance due to the difference in material and
the difference in water quality was evaluated. Increasing the dissolved oxygen or pH showed higher corrosion
resistance than ordinary heater drain water and showed extremely high corrosion resistance when both dissolved
oxygen and pH were increased.

Based on the results of this research, we plan to consider application of cost effective countermeasure technique

such as closing the low pressure heater vent valve of the actual plant.
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