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Feasibility Study on a Project for Hydrogen Production
by Solar Energy at Sea and for Its Transport

(1st Report: Study on the Structural and Hydrodynamical
Properties of the Raft)

By
Hisayoshi ENpo, Makoto KaN, Shigeo OumaTsu,
Kenji YaMARAWA, Susumu KAN and Kenji WATANABE

Abstract

The study had been started from the review!® of “Plan of Ocean Raft System for Hydrogen
Economy P which was proposed by Ohta®> and Veziroglu in 1977. The project was for hydrogen
production with solar energy on a huge raft floating on the South Pacific Ocean and for transport
of liquefied hydrogen.

Since their raft system was found to have some fatal defects in hydrodynamical and structural
characteristics, ‘an alternative plan of new raft system was proposed in which those defects are
improved.

In these papers (three reports will continue after this), authors carried out the feasibility study
on the total plan only from technical view point. Economical view point was excluded here.

In the first report, a new raft system is proposed as an alternative one. After natural con-
dition such as wave, current and wind of the concerned area (8°S, 138°W) was surveyed, en-
vironmental force was estimated and the behavior of the raft was investigated both analytically
and experimentally. Detail design of each structural members was conducted under consideration
of the structural response for the load mentioned.

The new raft system proved to be efficient for collecting solar energy and to be superior in
hydrodynamical and structural characteristics.
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5.1 BRFT XS5 IDTH B, COBREOhLE
BB EOHMDOED Y ORERDF—T, EMIzkAT
Fb¥® 2T EHBTHTE 5,

KM=T/2+a*[AT+(N—-1)p212T - (5.1)
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Jel &, DERBNEWRET S D0MEOEE a &
ZFOLEDOERKEOEE Wi d3RLTH 5B, ThiTXk
3¢ GM BHERIETEEEERR V. HEOFEEK
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HACBET 5L EOMMERZRK ks L ORMIZEL
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E=kpxks (5.2)
LEELT k 235 L, MWETHS kp & ks & T
MR LS - C, FEMREO»E D d/6=0.7 (d:
B, b: M OmERE, b/d=1l.4) BEXCTH
PRETEBL L (®-5.3) 28, LORIDEED
BUEERETT B, MT MF(M->0) D 27T
AERORT VY v VB ERE BT L2225,
AHBEOKIME %% E (5.2) TEbTC LitizER
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CE5FH) OFFHEITE (MhiEAREARH
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k=ky (5.3)
LTI e oo LOREFTORBITDOVTIX
118k 2. KRR LIBRTH B2, H-A.12 B
5X5, BELLBHHFRO 121 KB OBE dfb=
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AERBELTIEIZLSTH S,

M 17 M FloPREEIFIOFHE « O/AERLT

FiekLs & & O BHE ka) X
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bid | Ke Ks
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= {pglraX(KTieFT1+ ¢ ET1—1). F(Kay|K
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T—F 4V D TERDICTER, KEH Fo, #HHE
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5.1 KIS HESFHEO 2D DBISEE

2rali F G Cr

0 1.000 0 0

0.1 0.999 0.025 0.005
0.2 0.995 0.050 0.036
0.4 0.980 0.099 0.250
0.6 0.956 0.146 0.621
0.8 0.922 0.190 0.911
1.0 0.880 0.230 0.997
1.2 0.831 0.266 0.957
1.4 0.774 0.296 0.908
1.6 0.712 0.321 0.905
1.8 0.646 0.340 0.927
2.0 0.577 0.353 0.941
2.5 0.398 0.357 0.934
3.0 0.226 0.324 0.949
3.5 0.079 0.262 0.951
4.0 —0.033 0.182 0.959
5.0 —0.131 0.019 0.966
10.0 0.008 - 0.050 0.983
o 0.000 0.000 1.000
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V =5941 V. =5640
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G TR T IS 2 5 Th, KRB
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BB AT 2Bkt celtEcx 5,
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S sin p sin— }/sm lJ
(5.11)

BI-5.12 @7 —7 ¢+ v/ LOMENE (BHE) o

“+2cos

20r-
(€x,€2)=(Fx,Fz) I pgeviT
V=TOTAL VOLUME

1.0

05

— 2nal;A
B-5.12 121 KK OWEAEES (B R)
(270)
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WCZ DR THELLBITH 5, IHESHEMEIR O
ELVEIABITED/n DLz B Y — 7 538 b
h, TOEZEMAROEEELL KBS, Fofto
LT A TRAMBIRTHD S - T, ELMkicE S
B R VNS BB LB D,

BIRRT] R oW ChaEiRIE K o BIRgAE Fk i
X U T Havelock! 2 X o CTRATEZ Dh T3,

R|Zpgpram— B (2D
CR—R/Sng a= nz(Ka)sngo{l— (Kay }
1
*UiKap+ Yi(KaP) Ji(Kay+ YA KaY)
(5.12)

ERNTEEOEPWE A TREVOTHIEEK
OFEIMALTH, VRIS EE LTiRse
HTHBVELIZBWTHS5, (5.12) R Cr ©
ELFHECERIEBET s L SERiFELs0
T R-5.1 WRLTHL, HERERT2ERND
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x 10 méjsec (ki 27°C, ¥K), Wik V="1koot,

FI#EE% d=19.1m & LC Reynolds $id 1.1x 107
BETH 525, 2 koHEOHNEEE LT Coe
=0.7%2%Y, d/2T%0.3 : L<itERopEL»ED
F 3 WILBERE ks=0.80, JE k=3~7x10"% &
U CHEBIEGE k=1.43 25 L, ¥J1%% Co
=Cpex ksx kr,=0.8 #RFAT 5. HELTHICOWT
ik, MRCEAFMOESIC X 5T REEZE D
bjd (55~6) THHFE XL TI W, ih & FHTHRD
B3l X 5 F iz, 2FARE2WCOREDOER
F'®53% v, Reynolds ik 10° BLFTH 523, [

Reynolds % Ree 132 CTWADTINEZEERL T 5,
X-5.13 T X hif b/d=5 (X-5.13 Tix s/d=4) ©
BE, %BEMED Cp 1% Reynolds #iz X & F B
Ho Cp £EDED, #BOMER Re T TR
BEMAEO 1/3 BECHEI LTV, —F Re Bl ko
Reynolds $,ci% 8/d=5 BERLLLHEMAKED Cp &
HOMED Cp DEBRELL-TLBXIEHZD,
Reynolds D FEIZ K E W& T 5, Wb 5 RRiBHE R,
TESRBEPITOVCIL, FBREENTZHEEIL
TH%) Reynolds #& EFERE{TR - T35,

FRIC X EEEARED Co BABEELLCHwER
#HoMED Co EdEVREREZLCVERENVWE S
CHhzb, BEIL bld>4 BETIX b/d T X 5%FHE
D Cp DELBPEVES ThH Do UEDF — 2 B

2> 5 Reynolds 43 10" BED & 2 A2 HET DD
ML H 5P, —HZ DX 5 %EV Reynolds Tt
FTRTCOMHEAREERBROWNICAD, Eicbld>3
BEECTRTHMRIBELTLESDDEELT, F
BIEE L7 Co 25 2 L LCHREROFHE &
B5e o THRIEROBRITICDH A T, FHEIH
K3, BARTASI Y 12V =Y a VRZFAY
— I OFHBICES LT, THzEE L Co 265
PDET 5,

6. LORBELBMERE LORH

o LR « EEREERC OV TEREME OBHAS
FEBLEVE S, BEoOWTRERGTEEEE
OHIRZEE L CLONE - BEREEHE Ui,

£hgEe LI ERM oM E LTk T v I 4%
AVhZ L X VEERBEEIPHTE L L.

6.1 EXREBELTOXHESE

6.1.1 HRBoRE

EHROMEE LT, M-6.1 KRT X5 BIRE fHh=
0.3ecm 7N IFREFV S, FEOREIIL, £-6.1
D@ DX S EHEELE L=100cm CEBFRIT
BT 5. 5Lz OB & OEEHRITOIE L=
10m ¢ %-6.1 © @ OWREHE T 5HEE (he=3m)
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x-6.1 HHEBHOTEEME
type No, @ ® ®
->|blé éibk__’F > b < |+~
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3|5k leasl| Legsl
h=40t|h=40t h=100t
b=15tjb= 7t | (€M)ib=50t
mater, Aluminium Steel Wire
aitow. | 1000 kgsen?| 1000|2100

Fig 100m ofikiEs (COLLECTOR) % i+
Do COWMITEHEEDOEX 100m Y b OHBTER o &
THE, p=250ton/(100m) &ixovn, HEMENE, &
TR IR £ T (U. GIRD) L i
#7 (L. GIRD) @ Liz## bh TREBXh TS,

ENFEOHESOFEERI L 2 HHNEHREH D
FHEEE, SRCHINE CREE T A BREhEN
2, WIHE (R-Sv L=100m THHHIC X b THXh,
TW5) THRRD X 5 fE%R Uiz,

%jﬂ:%;} ...... 65cm, %j{f’iﬁﬁ+ ...... 1_2°
FRBFISJ] o ----625 kg/om?

ERBPKREL, COEETIEIRIEIESDLDS 4m
DEFhTLESBTES, LELEHRRED L, &
BB IEARE RIZRB S 50T, WEKICHTD -
TZOERERIEL THL T itk )z OfE% Lk
T3, %@@@ﬂﬁvgéﬁmfwkomfm64
HicihR5,

6.1.2 LT & ek

T (U. GIRD) & 3ot (P) b2, k5L 48
& (FOCAL BOILER) %3 % CW5RIIT, ek
DHECEFSLEVIDE T3, L, ot

CRBECHERERERT VIO £-6.10 ok

OHMERCE D LT 5, LfHICIIEREEED
3HbD 53% LEHMFLHOHERHEIN TV S,
EREHTOTERL, DT OBRFER? D h=4m & Uiz,
LEEDOHERMFIC X 5 BT OZW LIS OBKER
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DTFDED,
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EREAS VR, ERFROZEH TH DO TERE
RS B E,

TR L LTk £-6.10 OMELA VS D
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LA B SN O EIE, L TKES
[JCATA FTEL XS CHEE Lico ZOBE, i
HI TRV BE 2 A U kB0 1 23MEE L
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EBixt+4Thoi

6.2 LifH# &
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6.2 DXSIKELY 50m OB I CHRTFEELLL
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H-6.2 oSS (B m)

TWh, TREH10m &L s FORERD D, £
CTHEFRR X v THEIh T3,

6.2.1 PR KT X BHTOHER

HIEEE & LCRIRA NI X D kS R ARE 2T
50T, WIRNANEZEE L CREITT_ETH S, UT
k,w%%ﬁ%ﬁwém%ﬁwmﬁ@ﬁ%&%Tw/
o
FRTHRE LTWB X 5 hE R REDR GRS
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-6.3 WHETIC X HEOER

BT, BOREITID 2 %EE L COELETH
FE—AV P EMNEHE L.
RO, BEETEANT ARz ES
LTHRD BT 5, 20x &5k €-6.3 DX 5k 1K
TLETNELTRIESI CERTE D,
1) FAREBKRCERT 5K OFE
FROEHNTLICHRIN TR Y, »OWICT
ZIFROTHIIEH TS L T5 L, AEEK o, ¥
£ 2 0FAlEPRRVWT, ¥ [ FEHOMBERERTM
D BEEBREINIRDO X > RS,
Fi=A cos (wt—e—2G—1)nlf2}  (6.1)
A ERREREOWIRES OFIE, A=(As, Ay,
A
Fy=(fas, fys, i)
Sty fui; ZENLNILHEGN T OKEF RS, BEF
B)5%2%
fuis WIRBIIC X B ARERE TO #F -2V
b

e ABRHICHT BEBES OfikEzE, e=(ex, €y, &)
DX BEERER K-6.3 DX ST m ALA
TW5 L&, MEFHZERTIE, FHRELERCE
QPmEHINERR TEDE B .

Edt O

m
Froany= ZlFi 6.2)
i=

7o LT  HEBNIAHIE — A v MIRKAT
b do

Mssa= 3 fyi—fus-(m—=i)-]

(6.2) BEELDBE (5.11) RE& &b, LOEEH
SHEGIN K-5.12 TH 5, 5-3FHTHATWH XS,
e B PaE v, BESHERE! © Un(n
) KRBT AHENINE VW, £ T, B
OEBEZWERT 5LV EE» LML L EFEH
REHCEH AN ZRR TELT 5, RS Inic
FFT 2B C 2>V TIREGERT 5,

(6.3)

G . G-
0 G iaaan
i Tn :nﬂ |m
fz n }g: N+l ! f'z m—
|
fx n | fx n#l ! fx m
Fi=F;— Faoun/m (6.4) .

Fi=(Fai, Fi)

ERECRVTIE, BB 3705 HER IR
HTHY, BHROEIC X - TETHHETITIEEN
DAMI/PAEZ W E LTEESh TR Y, Bk
BN Foowy ORMHERENLELVIOLLT,
FORN2EAAERECEECHRIE LD D TH
bo WHMEINIORNEHEFTHIES L 5ELNT
HICX - TETHEENEELRY 558, (6.4 R
O 2 HIZ X OIEIEOKRE SHH 1 EHD Um BUTF
THDHDT, m PREVHEIEGHFEC DR
I/,

HOHIBNE— 2V P ZOWTH[ERIBET %,
(5.9) RERENTVB X ST, —IRENTIE fu ld fz &
RIFEAIFIEE Lo ERFBETHHEL LTV SE-6.6
ERTBERRC 2OV (6.9) ROBEEZFELTHD
&, WOKFEFEHOERESFH® 97% DLEEHHTH
b0 £TT, fy BRNTELT 5,

fﬂ=fz‘50

So; fz OFAEVEFEDKEED? S DRE

(6.5) &% (6.3) RiTfkAL, Ebic F; oftbic
(6.4) R X » TEBEEXNE Fi 2fv5L,

(6.5)

m .
Mpotany= — .Zlfzi‘(m —i)l (6.6)
i=

wemEfEL LRV EEEL, ERoE-—2 VT
OR N ZHEREOMBICHS T 5 &, fu
X (6.4) RRAL > TRO LS THEINS,
Fyi=Fyi— Mgowny/m 6.7)

PhoBEr Xy, BOEE - KF - #H () Bh
FNFROFEDHOH Y HFVRENEDT, IS
DEERAREL 150
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