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Development of Nuclear Ship Engineering Simulation S¥stem (NESSY)

Tsuyoshi KUSUNOKI, Masahike KYOUYA, Teruc TAKAHASHT
Hideo KOBAYASHI, Kouii HASHIDATE® and Masa-aki OCHIAT

Office of Nuclear Ship Research and Development
Japan ATomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 14, 1993)

NESSY has been developed for design studies of advanced marine

reactors as a part of nuclear ship research and development since 1987.

Engineering simulation model of the Mutsu, which is the first nuclear

ship in Japan, was completed in March of 1993. 1In this report we con-

centrate on detail description of softwares for Mutsu modeling.

The aims of development of NESSY are as feollows;

@ Assessment and confirmation on plant performance of an advanced marine

@

reactor in each step of nuclear ship design
Development of abnomaly diagnosis system and operator support system as
a part of enhanced automization study, and study of human interface
with hardware

The characteristics of NESSY are the followings.
Total engineering simulation system simulate simultaneously ship
motiong, propulslon system bghavior, and nuclear plant behavior under
given weather and sea conditions.
Models based on physical theory as far as possible.
The simulator has high extensibility and flexibility. It is able to
apply to other reactors, as the simulation model consists of the part
of basic model and the part of plant data which are easy to change.

After completion of Mutsu modeling, we are planning to utilize this

system as one of design toels for an advanced marine reactor.

* Mitsubishi Atomic Energy Industries, Ltd.
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3.4.10 Mtk E7F I
KVE;V“Vﬁy?x?AKﬁﬂbt%WﬂmﬁﬁjmfﬁA@W@ﬁ\&
BEE%btﬁbfééo%wmmfmﬁiAméﬁmﬁnm®&&mmﬁbr
WA, ABETEREADIRL T oS AFRCTREFIRICS] ¥ alb— Y
S VAFILDIERELIEANT - 2E LD
FﬁOJmﬁaﬁwﬁﬁm\%mﬁﬂ%%ﬁ%-%%ﬂﬁﬁmﬂémm%nﬁ
d%\%&LNK%LK%%ﬁﬁﬁﬁﬁﬁ%ﬁibto:@ﬁ%ﬁﬂT@ﬁ&O
FAEEEL T S,
@DEEP TK(OYiIE KB KM ET %,
@No.1 B¥T OR RES.X.TR P H K Z BT,
@FOTIZ85% & 3 5%,
@BY > T RTHKET S,
OB ABRIELATFELATHHRRKREGAZ0I10,032TONE F 5o
B LI ANTF— s FHARKDODVWTUTIREEZFRT,

(1) WEEBRT—74
AEEBMUERBETORBEE 7 » AV ERI LD FT,

(2) BB FMELEHTERET 7 AV
ﬁﬂﬁ?iﬁ_@f%’ﬁ%ﬁﬁ%’ﬂﬁﬂ*iﬁiﬂ@f‘ﬁ%ﬁ%'@ﬁﬁ%éntfufﬁA%Fﬁb\fi%ﬂ#k
BOETFOM (o OBRMNBEFMEIHEEEREY 7 1ML HE &N
A FEIAWBLTT,

(3) MENAREFHE T v 1V
%%ﬂ%ﬁﬁ%ﬁw‘%%@%ﬁﬂ%%?@&ﬁﬁ%ﬁ%&ﬁu&ofﬁéh
b3 < A 1 A

¥y = 90 deg ~ 180 deg ~ 270 deg D& &

y = 1.0-00.5-0.2(a/L)}+ 1 cosx |
y = 0 deg~90 deg, 270 deg ~ 360deg D & &

y = 1.0
IIT. A #E (m) . L:#E (m)

(4) ToRSHEHWFEHET 7 1L
Tm&ﬁiﬁﬁﬁm\ﬂ%%ﬁ%%%@ﬁﬁﬁ%%fﬁEbtfw&%%ﬁb
to7D45®&K§E%%HﬁM%®ﬁﬁf—ﬁ%EEbfﬁmbto

() HdMRERKET 741
%%ﬁﬁﬁﬁﬁﬁw\%%ﬁ%ﬂﬁ%%f@ﬁﬁm%ﬁ%&ﬁt&ofﬁén
AT E RO .
¥ = 90 deg ~ 180 deg ~ 270 deg D& &
Cw = 1.0 — 0.754 - |COSz| . g ~0.634-3/L
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y = 0 deg~90 deg, 270 deg ~ 360deg D & =
Cv = 1.0
ST, A HEE (m) . L:#E&E (m)

(6) MBIERET » 1)
BMEEREF -3, RHBENHAATREEICEESORIEERT-FEH L

THRENAFEREEEEZRE L7,

(7) ##E - FHELT 7 A
ERABIIFIIEANEBE RN ESEHEEIN LT ARTREEITISIAHEI S

BEamELREELLTREL

(8) BB EHHMBEHET 7 11
MEESHEMEXORFICE S0/,

(9) BENBRET » 1V
MEEDHIEMBSORFTICE TV,

(1 0) FHEAEPRERENEE Y » 1V
A PR E MO EEEARFEIT. R L2NWFTEE TAH MR P EAW

modtE4 2T 07 >4 EERKRL .
(1 1) AP RERADFET v 141V

BT RERAOGETEREH I, E3 4L BT TFTTRGETHARUHE S RER
ho#HRBEETOT v 4L EERL
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#3424 EFOM TEo] FVESTRE (RF/HERHERNE)

I 5 Weignt | L.C.G. | Moment (i-m) KG Homent ]
ten ° (t) {m) ATt Fore {m) (t-m) | {t-m)
+ | No.l Cargo Hold 12 | -42.23 507 6.50 78 1
# | No.2 Cargo Held -28.56 0 0
No.3 Carge Held 81 43.13 345 . 9.20 74
Sum 20 345 507 152
& | No.8 F.O.T (P&S) 85 80 23,40 1,872 0.68 5h 408
B No.7 F.O.T. {P&S) 85 275 | 87.23 110,238 2.86 787 334
M { No.9 F.O.T. (P&S3 85 153 47.17 | 1,217 5.48 991 410
F.0.5ett.T (P 85 25| 40.08 1,163 11.78 342 31
[ No.8 F.0.T. (PeS) | 85 157 | _42.60 | 6,688 4.71 749 285
Aux. Gen.F.0.8erv.T. 85 141 40.02 560 11.80 185 4
Sum 708 27,738 3,088 1.459
7 [ No.1 BY. or Res.FHT {P&S) 100 168 | -41.57 6,984 1.83 3187 121
A | No.2 Fr.¥.T. (P&S) 0 0] -27.34 4] 0 .
Deep tank (c) 100 135 | -28.56 3,856 3.11 420
Deep tank {PLS) 100 525 | —27.68 14,512 3.25 1,706
Cooling H.T 100 17 51.72 879 3.40 58
No.1l UP. Dist.¥.T. (S )| 100 28 | 38.61 [ 1,08] 11.75 329 5
No.2 UP. Dist.¥.T. (5) 100 31 40.10 1,243 11,78 365 32
Ne.5 Low. Dist.¥W.T. (P&S) i 100 83| 17.81 1,478 0.66 55 7 388
Sum 987 4,681 | 25,352 3,261 54T
2% | Fore Peak Tank [ 0 0] -52.57 4.82
=5 {Ho.1 BY. or Res.F#T. (P&S) 0 01-41.57 2.84
Z | No.4 B.H.T. (P&S) 0 01 -5.90 0.72 0
b | Bilge T. (P&S) 20 20| 29.81 536 0.41 8 0
7K Sum 20 596 8 0
= | Emerg.¥.Res.T. {C) 100 133 | ~16,46 2,189 0.75 100 0
F | Emerg.¥.T. 100 100 | -B.28 6826 4.55 455
47 | Dead Weight 10 12.97 130 5.94 59 54
Sum 243 130 ] 2,815 614 54|
Provision 15| —-16.44 247 6.08 91
Constant 104 1.95 203 §.09 B41
Dead Weight 1,978 33,450 | 28,674 7,114 2,080
Light Weight 7,835 8.32 | 50,148 7.73 | 61,338
Displacement 83,842 | 28,921
10,032 5.47 hd,921 §.92 | 69,384 2,008
do 577 [ TkM  (nm) 8.43 Max. Bending moment in tm
Draft df 5.43 | KG (m) 6.82 still] water at Fr.
{m) da 7.94 | GM (m) 1.5] Max. Shearing force in t
dn 6.74 | GGo (m) 0.21 still water at Fr.
Trim {m) 250 | Gok  (m) i.30
MTC (t-m) £29.79 | L.C.C.(m) 5.47
TPC [ 18.71 | LCB {m) 2.22
1/0 (%) 183 LCF (m) 3.43
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#3425 M &K E B 7 » A4 w

F—4 % B T8 & Bl
< Loa (m) 130,000 ||k EIFEE@IREETH
R Lep (n) 116.000 Ar (n?) 319.000
jisined B () 19.028 || KEE - imiA
A RhE Bmax (m) 19.028 AL (n?) 1324.00
BIE D (m) 13.500 TOXTHEE Dp o (m) 4,100
BMERS Dror g,400 TaNZEwF Pp (m) 3.177
BIK d (o) 6.725 | &I E THRY
B ¢ (deg) 0.000 gp (m) 2.460
B UL z  (m) 2.510 T B OXEE xp  (n) -55.540
HEk B A (ton)| 10032.0 JOAFIIE DzEEE zp () 2.500
BKEHE Sa  (m?) 2748.00 fEs e h () 5.300
HARER Ca (non) 0.683 || AEHE b (m) 3.375
EOUE LCG (m} -5.470 || BEIE OxEBIE xz  (n) -58.000
BELET KG  (m) 6.810 || FEEDBE 2z (n) 2.950
BV E GH  (a) 1.310 [ {IRBEIE OB EE Ts  (sec) 1.000
RIZEH T¢ (sec) 13.300 | RAIRFEEREE
BIECEMBETERRE & max (deg/sec) 3.000
% e (non) 0.2300 || ®mAFES 8 max (deg) 45.000
HEBIE T/ Ler P-Miguvk i<y € (non) 5.000
k'yy(non) 0.2190 || 2-FAayt r¥ev C-  (sec) 50.000
B IRIREIEE  Ler B AR5 B O ] WA 1 1R
k'zz(non) 0.2190 Ar{deg/sec) 0.050
FIEIEEIF /R FyFAVMT O 5 {deg) 1.0
k'xx (non) 0.3000
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% 3.4.26 A PRAESICEREG RSN (172

fin i WAE 8" B B =
Fn [ Vs (knot) x (deg) A/L ] w (rad/sec) | hv(n)
12 430 13 M 20 B
0.000 0.000 0 0.2 1.630 2.32
0.025 1.638 15 0.3 1.331 (hw/L=
0.050 3.278 30 0.4 1.152 1/50)
0.075 4,917 45 0.5 1.031
0.100 5.555 50 0.6 0.941
0.125 8.185 5 0.7 0.871
0.150 9.834 a0 0.8 0.815
0.175 11.473 105 0.9 0.758
0.200 13.112 120 1.0 0.729
0.225 14.751 135 1.1 0.685
0.250C 16. 389 150 1.2 0.665
0.278 18.028 165 - 1.3 0.639
180 1.4 0.616
1.6 0.576
2.0 0.515
2.5 0.4581
3.0 0.421
3.5 0.390
4.0 0.364
5.0 0.326
#3.4.26 AR WAEEIDEREEGERMN (272
BignERRE i LS
Keto Fn Vs (knot)
0.23 0.175 —~ 0.275 11.475 ~ 18.028
0.18 0.15 9.834
0.14 0 ~ 0.125 0 ~  8.185

—171—




JAERI-M 93223

3427 ARAEPEITEIMREGT ERT

HEDSY =0
8 E B B A EE B oE
Fn Vs (knot) | x (deg) Tv {sec) Hy (m)
8 HH 7 B 8 B
0.05 3.278 0 4 2.32
0.10 6.557 30 6 (hw/L=1/50)
0.15 8.835 50 8
0.175 11.474 30 10
0.20 13.113 120 1Z
0.225 14,753 150 14
0.25 16.-382 180 16
0.275 18.031 18

& 34.28 ANRRIEHREERDREGT SRR

HEUVSY =1
B E HHE e "
Fn Vs (knct) | x (des) Tv (sec) Hv (m)
8§ 3 T HE3H 8 HE
0.0 0.0 0 4 2.32
30 & (hw/L=1/50)
60
90 10
120 12
150 14
180 16
18
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4. B b b I

DLE. AV S abv—FDA—Fg 7B LUV 7Py T7R2VTHANT, $
K7 bW 2 T7k2VTIE EAETF VB IOV P EFLVORABTZHACR
IRV A _
LB EAMAFEMR X (Narine Reactor X) RHAMROIEY — V& LTER
T 500K BERIT o TWFHETH 5,
BaEMRZ. EEOEEOREAAFL LT,
® MRXKREBATHIEERAYVALIATORIRERIE =T VLD
EAE 7N ORE

@ vialv—sA0Av Ty POFHA2HERL. RHEBGFIURGE
ENnBEy TS5 v rF—F ANy AT LDER

® Lilalv—vaVvRBEREAAULTIABHRTELL). 7 PRE
F2RA—=vaVvERITEFT =T OFRK
ARoOBZHNER2hLE LESE,r S EROREFTCOMEEIH, &
SmAaRsoKGER, - RAHKRFESXFORFFARRIBRE
WHOBEHELET AT A=Y a VEEBERNTELLILT 5,

T SEBEIEHEE, ROLIUMAEHEHEZF > TY 5,

@® MRXOBBO—-THEKEDHFAROBMESRHEE T VERDEIER
=7 OREE

® BHEEMRYIab—-PE2I0FVEVISIRE—TVYAVYI—T 12— 2R

CESD LERETENA VY 25000 ORKBEHR~RKE O

DO « B L0, MR BBB» > 0RREBET—HLTHEAD Y
T LV — Y ELTOHMEZHIFIELIZZATH S

'('

WMEHRGE TV E2R—ZE LAY — vy OEAR LY, BB TEH
LT AHRE s HEORTR S UPHREMN, i M TREBROFNITEMR
AL D,

By ialb—2TiR, FlARE —KpdkoBERRITOoLREBETE, &
BiWValhF—9p2vialb—3F AV Ty P TE3HENRD S, Liﬁ@;ﬁc:\
THSEEOMREHBONT SV b F— 7 ANV ZRF22ERLANZERL
T H5HFECH LN, CHLOF— FRBVHYFEY -1 TH5B5CAD (Computer-
aided Design) Y A7 AORAFBHO—>TH B, Lo T, wEMAFHF
WL, CADY 27 a,onuE, BR T EBEHEZERY L2V -5 R
DADNE, ATy POFMAEBRIIEMNTER, TR INLODCADT—
YOBEVHR E - T YT LHMENHUBERBE TP T UME Iy TR
MEBRETHRITRLLTAES D, SOMFEHHTZI LbAMETS D,

V2

T

s
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BEe/MELEHE —HHEEAMAFC >V TR, EROSHREFILL, 2
CORT S B LIUMERETORT GMHRH, CHARS LK) 0FH
ILBHBEEH»SBITLTHBERIDRERBE L VAL,
kR, By 27 2Rk KEHEBRERVAS, LORANT Y I a2 —2 o LTE
MLTw TR SROUBHMAFRIMAOBNRE TS 5,

A S

BFABI ST v 3alb—Yar s YAFLE BFAB 2] O
ILL—A¢LTERL. BEREGOZ 1 BREORBEEERL £, BBRI6 3 FICASTE
FESIA L TRIE. BOFEADIIEE, ZBANS > TI W22 N TERE, K
BB R R T EIIN AT, ChODHALADEEETLTIORNS,

EERTESS (ESE  MHBESFEEAATRE (48) ) HEEgsriE=
(HEE  EEIRESAERIE) T, REEBRRUVEREHIIETITETALE
ELTWAEE, ChICESWTETOMI Y Z 7 d - 3alb—bal VA
FLOEAHBEFLEERLE L, £7-. AEESOBEEEMNTE BER T E
B KRR ASEHE) T, £ 32—y YATLOEFRRBEDHEICIDON
7. BAOBRREEEE LS, DULEFADETAIEMNEEOAAILELBHT IR
ETHDET,

A Ial—Sar. VRAFLICE. SEEE IKEER) . BEFAR @K .
LEER (ZWeN) AE0-BET0O520E OMEREF RN THIET,
BT ZRSEEYEED. UTNLEA L vialb—Yar s VAT LELTOESE
I L AR OEEE-RAOBENARAIIELEIYERS L LT ET,
Ao Ialb—ane AT AE, EHRYIF L - ARES. RFFIFES
EOFARIDBIICENERE 2 I LN TEE L, BEHFILED. BAELTE
WRECDHRILBHEWAELET,
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BE«/DELER —4HEBEMAF>VTE, EROFEEFTLL, 2
CURTEBLUCMERBETORT BB HR, THMARS LUHEE) 0F5
ERBHBEIPORHFLTBIEHIOVRERBFFELVR 5,

Tk, By 27 2 REHEBRENVAS, FORANNR Y I ab—5 o LTE
MLTVCER, SROURMAFEHNEORNRE TS 5,

A 2

EFART LU T s v alb—Yay s YAFLE BFLBR D] OV
ILab—2ELTERAEL. BREFROS 1EEOB ﬁ%éﬂutokﬂ63ﬁv154
AEA L TLIE. BCOFADIIEE, THANH->TI IV EDIENTERL, K
B AR T AL M AT, CNEDHLADEHEEZLTILEND,

MEFFARPEES (EEE  YHNEFESEHATHE (X8 ) HrEyEMEs
(Br&f @ BEE ﬁ%?k%ﬁ?)f L HARERRURESEEN T 3R ETEAER
ELTWwREE, ZhICETVWTEF j]ﬂQIPV:TEJ LG ialb—a v A
FLOEARHSEFLEERLE LA, £7-. BEESOBEEEMEE: BER &
B APRASHE) T, AV 3ab—2ar . YATLOEFIFRBEDHEIIOL
. RBAOEHEEEE LS, BEAETODETAEMEEOHAINECEHT IR
ETHOET,

AT al—ar e VATLICE. DEET (BHER) | EEIAR BRI .
LERBE (E&aEET) 7 t®:;§I®nﬂ®y<@EﬂnﬁZxﬁ"ﬁﬂﬁé hTEUET.
BElD L FRASEEGEES, UTILEA L s ialb-v3 S AT LE L TOREE
A0 L AR OTBE—NROHANLBRARLLYBHBLETET .

AL Ialb—Yar e YATAIR, BEBYIT LY a2 - AERFH. BFFEIFE
EORRESDBAICLNER A2 e TEE L, BEEMLED. BRELTR

L\j:_%< 0)/]/? uif:_%’;:;gﬂ‘b\f: L/a:ra_o
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