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Establishment of Large Scale Analysis Environment for
Turbo Machinery using Refiner

By Shigeyuki Tomimatsu, Yoshinobu Yamade, Yuichi Hirokawa and Noriaki Nishikawa

In order to conduct a product development of turbo machinery continuously and developmentally,
an approach using LES (Large Eddy Simulation) should be one of the mainstream, because
it is already essential to utilize CFD (Computational Fluid Dynamics) using RANS (Reynolds
Averaged Navier-Stokes Simulation) in industrial field.

For example, in recent years, the demand of a high-efficiency and low-noise jet fan is getting
larger and larger for environmental concerns. However, in order to simulate the noise reduction
of the jet fan with high accuracy, which needs the high performance computing technique using
a super computer such as the Earth Simulator. Thus, the purpose of this study is to establish the
high performance computing environment and method which provides a seamless connection
between a calculator, such as a PC cluster, in a company and the super computer such as the

Earth Simulator.

1. I XC&IC

2 — R DA MERERR G T OB IC BT, CFDIZRE
ICRRBEARARIZ Y — )V D—D L7555 T\ 5%, HERMEH]
WHNTWBRANSIE K BT ClE, Pz R T 7 Vb
SRAETHENEZDOTIIXIZIEARNAEETH -T2, TN
W UC. LESIC K 2 T T3 22158 & O TN AT RE
1%, KR fRIT 21T 9 I3 ZER A iRhe 2 BT 208
YUND BT HeIRENKEIRINCED . PCYTIRARGZET
3EREHAFE OB THEFHINICT 2 b 58 5 2 Lid
FIERATREIC 7R % &0 5 HEND %,

AW BN T, FITICIESCERRE A AT T A R A
BOTDDMEFE T4/ N— g VR I 2L —
YavV 7 bz T OMEMEY) TaYc s T
& Ni7zFrontFlow/blue’ i 7z, FrontFlow/blueld HiER
VIal—ARBEEDA—IN—OV ¥ 2 —Z TOBKMEFE
MECH BV T b7 TH O, D2 S 5 S TR

k ARG IRIEHARAIE ok kORI FE A
P22 THIERS 2 2 L— X FEZEMRIR R 71 75 L) Rl
AR 5 &pp.123-130Icfgfii E N7z & D% —fhNEE - E1E
L7z,

WS NIZFAEE 2 WY, F 7z, FrontFlow/blueld X v
¥ aFBIBEEE (Refiner) DFEIENTETLTWVS, LIk
Mo T, TORAY T amyEIGEZRHL T, 2ElEoDO
AT 2B TIVIC K B ZRENDPCY T ARILE
DAV a—&, DEBO R Y Y 2 TTIVIC K BN %
A—8—a V¥ a— XTI AR, BITEEOm LB XU
KBUERIT RO RAT NS, K. P EIEG
DAY 2T IV ORI 2 RN TEMT 5 L
KXo T Ay a i DF v 7. NSO F v
D 75 e KBUERT O FATRICITS TEMTE. Thb
DEPRNC K 2 KBURENTIA TR D T 5 — % M) K9 %
TEWTES,

Z T T, A TEEREIFO A Y ¥ 2T )V H
WM R ALNDPCY 5 X 2 T, HaEI%RD A
YV aETINVEROEEN T ZH#IERY 2 2 L—X TfTo T
%o TOXIICTBHT LT, RENDIYEa—RLH
By al—2DE5 KB A——avEa—&ET—1
L RICDinE, Z— KM ORE I FIFREBIC BV Tk
BN KIFRERRT AT 2 BINAINT F—< Y AAVE a—
T4V UEREE - TEDRERTEZ L EZ D, AT



Ay ¥ AT EIRREZ R U 7o 2 — RBIIOR BUSRAT BR S D A

Vv b7 7RG LT T o el L 28BS O
THEB 2T S

2. FBIFNRELUAE

B 1 ICARMETHRIT SR E LieY 2y b7 7 V2R
T BRI KD, TOHEDY 2w b7 7 35K
OEFE, T—v VT B—X, E—AEETHREINT
W5, ££3630 mm T, &atEERA TOWR#EIE35 m/s.
[AlfiZd %2 930 min ' TH B,

E2icPxy b7 7 VOMETIVERT, BITET
VAL SEENFE ClE, Yy b7 7 YOROK10

JrzvbhTIrYv
Fig.1 Jet fan

By

(@

(@)

BEBEMKM Vol.37 No.l (2013)

EOMERMZHRITITH D, o, BIENSFEET 5 iE
Bl DB 2RIk T 2 L zHNE LT, irET VI
KNy 77 E LTV 2y b7 7 VOORKD &K
ERBREFFOMME R AL V2T iz, a¥. AWZETIE
Vv b7 7 VEEED ORNGICEH L TWA D,
RN ETIVEE—ZBXUTE—2REZEIKLIZET IV
LT3,

R 3ICHATICHER L2 Ay Y a BTN ERT Ay a
ETNWEAERT BICHIzoT, Yoy 8T 7V ONTE
T D RAAL Y Tixbb, AL, B, H
FHRIC 8 UTee AL, O Z#R R e LTHD )

B2 frETIV
Fig.2 Analysis model

BEL

Rotor

3 AyvaETIV
Fig.3 Mesh model

_4_



EHALHR Vol.37 No.l1 (2013)

W, Bz EiRR E LTI D o 7o HiniEiE. A
ERTHI2.1 X 10°%, BERESTHI2.5 X 10°% HIFTETRI2.7 X
10°CH O, BEHISEIINTIXI0°TH S, K, &7
DFAA NI U TONEREZRZEH LT3, Bk
T DELIREE FUE 2 GRS L TR g B 7ol #i3JE DI
EADE & U TR DM IR Ay ¥ 2 ZER L T
b0 T—I VT BRUNTKETEEREEREOFER
FRENZN, ARWZETIE T NS ORI OFL I RE X
g Lixuwv, o, AL & @35S, 7256 CIcBizit e
HITE e ORNICZ A —/N—t FEBZRRIT, &5 R AA
VEITRIKS BREEERD X IICETY VI LT 5,
fighric AU 7zFrontFlow/blueld, Wi, ZeRicnf LT
“ROKERAT B5AREREDI—FTH L, FHOD
RN ClE, 77Uy RATF—)LETIVE LTHEREZ <
JVVRAF—ETNWBIXUCEAF Iy I AIY VA
F—E T )V MM LI EMEELESEN 2 2 E 1T 5
Too E, EHEZ R ) ¥ AF—F TV X B M Tl
AR AV Y AF =028 Ulz, EB R OfE
K7 o207« )by vigze, B OREICE
&~ v B 7 Jifi L 7z Fractional-Stepit & Z W Z U
Wz,

BiStseft & UTid, AHBEFIC35 m/sOsfEE—E D
WA 252 T HABYUTIZ /] 0 3B X Utraction-

Ry
oy ‘*‘&:* RIS
. A% #ﬂ S

% A
)

AW )
NN AN
RO
§‘§."‘ﬁ‘§

Ay ¥ a IR P U fo 22— BSOS AT BR B O R

freeDIRFRSEM 72, BEMICIENE D 75 L OERSE 72 5 2
Teo TNODOEREZMOE L, F)1BXTHE 0 Z
S & UCEEMN 20510 2 £ TREZITO. 155
NT-fFTRE S % & &1 L CFrontFlow/blue D &5 AT 1%
e W CEEE Tl T > T

EHIT. KO @z fEREZ A9 HLESIRMT 2175 T2
DIT, HRHEIREFEIS.8X10'D Ay ¥ 2 &7 )72 VT
WiziTolze TORA Y ¥ aTT I, HiROFRE MEGY
7.3X 100D X ¥ 2 5 )UK L CFrontFlow/blue®
T AF—HEERER T AT Lick D, HEIMICES N
7B DTH2, 5B, VITAVEDAY T 2ET
Wik, V774 VIO Ry ¥ a7 IV 8 GO iz
HI BT Lichb, AT 7 A UHIDAY Y 2 ET
WV T 7 A VHBEDRAY Y 1 ET IV EZTNEIURT,

BB, VT 7A VDAY Y 2 TT )W
HNDPCY T AR ZHNTITWV, VT 74 V%D A Y
VATV EROEBITE RS 2 2 L—2% VT
7o T3,

3. MR

B 51 B3 O O L BE, NT LOXHTES) 2
AL LN ZRd, aryEZ—KidXKmEZ, HH.
FREOORANIFRIMZ TN ThEL T, ThEORICEY

Q’Q"Q‘t OO

(@)

V77 A VG

(a) Before refining

(b)

V77 A %
(b) After refining
B4 AvyaETIVOLIE
Fig.4 Comparison between mesh models



Ay ¥ a f5 IR B U fo 22— BSOS AT BR B O R EEARE Vol37 No.l (2013)

(@ wik&T v TP w9 B IR (O > SNV N7 AN a1 51 s 0 7]
(@) Pathlines near tip of leading edge (b) Pathlines near midspan of leading edge

Soudn Pressure [Pa]

40

5 KIS L

Fig.5 Surface pressure and pathlines

= FFB-LES : SSM
= FFB-LES : DSM

Time [ms]

@ Yz b77h51ImEFNETOEE
(@) Sound pressure at 1m upstream position from jet fan

90
—o= FFB-LES : SSM
80 —o— FFB-LES : DSM |
= 70 1 S o= (rol
3
]
—
& 60
70 S N S (N R
v
40 2
0 1 2 3 4

Fregency [kHz]

(b) FHELALE RO %
(b) Relationship between SPL and frequency
6 BEE Tl
Fig.6 Noise prediction

_6_



EHALHR Vol.37 No.l1 (2013)

T. HOOKMEEOE FHlZER L ziinz, K
ORANZEFEmE A EE L fin sz heTngd, &,
INHORIE, VI 7 A VEIDA Y Y aETIVEMERL
TRONTIHERTH %,

K 5@iciB0 T, BHEDOKHITR LRI Mo
PR DEEN TV D, ChuE, BEm Lok -
THERIEINTVEREEZENS, LIEA > T HF Y
TR OIRZEEL., & BzifdT5 T 2ick>T
Vv b7 7 VOMBENET S ENARERC LR
BLTWa,

7o, B5DICENT, FREOHIETH I NI
TR IER LTV B T bbb, N5 OEBIZE)

Ay ¥ a IR P U fo 22— BSOS AT BR B O R

S FRANCAE L TWAD, Yoy b7 7 VOIR
IRERAEHET B LICKD TNSOfERRZ D EE S
TENTENR, Vv b7 7 Y OPRESEEIC DR %,
oo B FRSVEREOTRPIMRIEEHE T & FmE
BCHELC &SRRz ES T D, v FANVE
FEOFILIREMRE T 25 R LTWEVWEF R %,

& 6 (Bt & TR0 REZ /R, TNDDORICHENT,
BEOERBELUOY—A—RBEEAYTY Y AF—ET
)L (SSM : Standard Smagorinsky Model) 1< & % fifhid
RKOSEONEEELXUELELNVO FRIRRZ, R~
BORMBLUEY—H—F XA F IV IZAYIY VA
F—E 7 )V (DSM : Dynamic Smagoringky Model) I

@ V771
(@) Before refining

b)) VI7AU%
(b) After refining

B®7 #EHBIUNT LOEEET)

Fig.7 Surface pressure on rotors and hub

_7_



Ay ¥ AT EIRREZ R U 7o 2 — RBIIOR BUSRAT BR S D A

XBTHERD SO NI BB XUEE LNV 2 TN
ZHURd, B, TNSORRIZY 7 7 A Vi OLESf#
WiEROSEETRHILIZEDTH S,

Ké6@icyry 77 h5 Eifl mOAIETOEL
R REIDYREET I ON T EHEZ < T VA F—
ETINERAF IV IARTY) VAF—ETIICKBR
Fif B SR L NS EICDOTHEENDIA S NS D,
HIEORAME & FIMEIZIZIEFRCTH D, 2EMICKE
ASEARIEYZNEY gRAq AN

B 6 (i & L)L & A OMGREZ RS, XA F
Ty AR TN YAF—ETIVIC K BN RN H1H5
NBELN)VE, BEEZ I Y AF—ET)IVICL D
RN SELONZZENX D EDTNTRKENT DD
%o TN, RS EEEGEEK THHE T B,

B 7icEEeNT LoXRETE 72 R"d, TIN50
BRI ZNTNV T 7 AV T 7 A HBEDAY Y2
ETNVZHOCTHRONIHRTHS, VI 74 %D
A ¥ 2T IV W TRIT U TAS SRS S Rl
S, VI 7 A VRIDE DK ik L T A E T
BTETWBTENDND, LI >T. NAINT F—
RURAAVEa—T 4 720 E T LIc&> T, #i
LRIV DZ—REWMTH > TEETEBEHRA S D
HETH B EZENEY, L LAENS, CZOT e
FEam O BICIZHEIR ZMANRBETH %,

4. HHYIC

HEHHERO M 3V icEE e LTHh SN S
Vv b7 7 MBI UTREEASY Y Y AF—ET
NWEBEICEAFIvIARI) VAF—FTINICKD
LESfitit 217 > CHIFE b OWNIZIT DOV THRET L. 5
BHTYZIT> T,

% 7z, FrontFlow/blue® V) 7 7 A4 F—RER FIV T
FIREED Ay ¥ 2 ZfFl L, VI 7 A VitV T 7 A
BD Ay ¥ aTTIE RO TN USRS 5K

BB Vol37 No.l (2013)

JFEJ iz b, Wit Lize V7 7 A4 V%D A Y T2 E
TINC X BERMEN T, VI 7 A VHIDZFNLD &
Mz TAETHBTETED, NANT =<V
aV¥a—T g 7RV EZ Lick>T, #HL
NIVDZ— R TH > TEHEIRERZILZ S T L hn]
HETH B EHARMBE Nz,

<EEE>

AfFZEIE P2 VRSB A B Se bt S iRt
HEFHE THIERS S o L— 2 ISR 70 75 L) O
Vv hT 7 UhSRETHIEEDY I AL — g
BRUPEM22EER T 7T L Ay > 2 5 EIRE
R U Tz 22— RSO B R AT ER R DR D—BRe L
11> 72,

FrontFlow/blueld SCHREE R IRITIHAR MR D 72 &
OWFZERARE T4/ RX=ya Vi Ial—rary7y
T 2 7 OGRS Y bO—BRE LT, Hi
K2E EPERAIZEAT TR I NI D TH %,

CTICRELTHEZERLE T,

<BEW>

(1) SCERLAA RIRITER R D 72 D DU [/ N—
VavEBYIal—ya vV T MU T OWERFE) R—L
N — I, http://www.ciss.iis.u-tokyo.acjp/riss/. (2013/5/10
7R X)

(2) Yoshinobu Yamade, Chisachi Kato, Hayato Shimizu, Takahiro
Nishioka, “LARGE EDDY SIMULATION AND ACOUSTICAL
ANALYSIS FOR PREDICTION OF AEROACOUSTICS NOISE
RADIATED FROM AN AXIAL-FLOW FAN” , Proc. FEDSM2006,
paper #FEDSM2006-98303, Miami, 2006.

(3) Chisachi Kato, et al, “Numerical prediction of sound gen-

erated from flows with a low Mach number” , Computers &

Fluids, Volume 36, Issue 1, Pages 53-68, 2007.

<EEBN>

EANETT  20034FE Atk, RV 7 | EJARE TS K U AR E AR O
WILBAFICHE S, BUE, HAffoeAnige 7L — 7 T
Bl Wt (U5 Hifit GEHEHRr).



BEEMFER  Vol37 No.l (2013)

NbFL FV 1 REFRRITERKER Y

NhFL FY YRR IRERAKR YT

-

AT BES

Circulating Water Pumps for Nghi Sonl Thermal Power Plant (Vietnam)

By Hisao Morishita

Recently DMW supplied circulating water pumps (CWP) to Nghi Son Power Plant, Vietnam.
While conforming to user requirements, by capitalizing on years of experience, pump weight is
successfully reduced by adopting the lighter axial flow type discharge bowl. After confirming the
performance of the pump at our shop, the installation at the site was completed safely. The ouline

is introduced below.
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CVV-S:PVC-S TNDICATE] L4~20 mADC 4~20 mADC[TINDICATE CVV-S:PVC-S
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Fig.4 P&I diagram
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BIRUEMNEMOEEEOMEZTTV, WINE R
HFRERICHE T LTz

4. BbYlic
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Mainline Pumps for Multiproduct Transfer Pipeline of BPCL (India)

By Tomohide Furusawa and Hideaki Asakawa

DMW delivered 4 units of Mainline Pump to M/s BPCL/India. These pumps are equipped for Kota-
Piyala Pipeline Project, 2 units are installed in IP-3 pump station and 2 units are for Bharatpur
pump station. Pump type is axially split, horizontal shaft and multistage type, i.e. API 610 standard

type BBS.

DMW agreed to guarantee the top-level pump efficiency specified by the client, pump
characteristics in mechanical and hydraulic were checked and confirmed during FAT. Low life
cycle cost, High Reliability and Easy Maintenance are features of DMW pump.

1. ECHIT

Alal. A > R OEY AT dH %Bharat Petroleum
Corporation Ltd. (BPCL) [jiFic, BEE/SA 7 A >~
DRI H 7z BKotah B = 2 — 7V =TSO Eith ¢
» BPiyalax TLESN=)VF TS aXx s b bTUA
T7— I TIA VAT I (A=D1 TZA VI
FIR 2R Z Y] 0 B 2 TRl 2 45, AT 1Y
W=t ZERT1ICRT) DAL YTA VR T2ZHL,
THHRZSE T LD THNT %,

2. HlEOWE

fek, BPCL#LIE A > FHIERD C A5 TR L 72
BRR7Z 81 75 4 22 LT, JEEDKotak TRém L.
Kota’n 5 & HICILERICIE BT 7 Tk L Tz, T4,
Za—7 U —ZZHuh &9 B A T ORI O FTFEM
i E > THOBPCLALE + T v V#inkic AR 2 fikzh i
BNBNA T T4 K B0 IO B Z 2729,
RIWVFTORT b« b T URT 77— 80T T A V72t
A UTzo YRy TR ENTRA T 514 2 DIP-3%
KX UBharatpurlCg&iE SN AR Ta1=w FThH 5,

ARV Ta=y IRV T =&, sliliGIHLEE
EAAL Y TA YR THIE#E (Unit Control Panel, LA
BUCPE g9 ), B/ Y1 il 14  (Common Drive
Logic Panel, DA#%CDLEWET ), o >78—Z 4 (Variable
Frequency Drive Panel, DA#EVFD & W& ). Bk 2L

AT T4 = b
Fig.1 Pipeline route

X1

it (Vibration Monitor), #% il 4 1 #i2 (Local Control
Station, DLTZLCSENET) MO I N, B 1ICRT
[P-33% & UBharatpur® 2 7 iRy TAT7—> 3 > (L4
%PSEMST) 1T, BA 2=y FREIN, AT TA
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NlzE 2, MRZRE3IRT,
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Table 1 Specifications of Mainline Pump

1 %« ICEY BRI BB R v T
- . API6 10414 Type BB3
I 1 %3A250 mm X H:H L 200 mm
B 4 7R
Hi V| 3000 kW (1 > 73— ZilfH)
i 1925~2 985 min "
i3 = AV AR AT 7 4 — )Vl
i3 it 5~45 °C
it R I A 22.1 MPa
= B 45 (2H+2H)
2 RV T TIGERIRYAMEL
Fig.2 Outline view of Mainline Pump during FAT e
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Fig.3 Constitution of Mainline Pump
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Fig.5 Air cooling system for buffer liquid of Plan 52
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Fig.6 System configuration chart
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Fig.9 Image of power supply switch circuit
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Vertical Mixed Flow Pump for Ship
By Ryuji lida

The vertical mixed flow pump is applied for sea water lifting in FPSO (Floating Production,
Storage and Offloading System). FPSO is applied as the most popular system when gas and oil
are produced on the ocean. The configuration of the pump was studied and optimized for stability
and maintenance at site and corrosive — resistance materials were taken into consideration for sea
water application. This paper introduces the outline about the pump.

1. EC&IC 2. K7k

FPSO (Floating Production, Storage and Offloading 2012MFICII A LT R 7 DAt bk K O EHR G O 44
System : VFAAHEREGI « A R A ERFRRT AR 0D 1. HER1ITRT,
PELRTCH - HRZEREL, ThEMARCHB L, %>

P x£1 KU Tk
A=ANBBILZATS R CH 2. Table 1 Pump specifications
C @FPSO‘(\\Ci\ g&{ﬁ@“{%fﬂ E H"JB(; U\ j‘/( }I/%i& ﬂ% I\‘; ﬁﬁﬂ]fﬂ'?}ﬁlﬁ.\/j
ThHikA LT %O R OREHNTHEAT % KDHL L% 450 mm
IKE & U TR ZERA EFTEHEO.,  USH/KEUKER o LR 1870 m*/h
YTHACENTV S, R 105m
. o o " e e e 20 o Ll 15ap] 800 kW
C OHPKBUKR Y T ORRE LT, SRR Y 7 W & —
STE I OA RS R Y TR ERHWSENTE O, Yt SRS —FHRF LA
2004 F UL DOAR Y THBELTCETED, BHIET =y CHIRT VLA
30GBEMA LTV S, N —MHAT > LA
R . o n KT EZ #130 m
PURIZ, HKBUKR > 7 ULTHOWSNTW S IR P m P
R TOREIZ DOV THNT %,
JEEX

ADER | PR 3. K7D &

- Sl ARV TE, RO DI K2R TORNB I
Dz, Ry T eRzminof (@2) &L L&, il
%z L NICEIBY 505 (Caisson) WICERE L IR
LTV, RYTETEM3I0mEERE %%, B3
WKARKR Y TOIERZR 410K Y T2 R T,

PaKE OBEFTIC X5 R — b (Centralizer) 7Z&%F,

o o WEDRBIC & B RO E P IRIIHRIC & XL L 7o
D L. BSIRT &SI K TR EF L, IRIR

1 FPSODRESIN gL, S5y £— FOREEREL TV 5.
Fig.1 FPSO model F . PHOBEIC XD AMENT & RS < RIS A
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K [N/m] :Spring modulus

i m [kg] :Mass
o
‘T L El [N-m2] :Stiffness
TRRY S il 1N ;ﬁM
®2 FPSOsME" :M
Fig.2 View of FPSO ‘*" e
-t
MOTOR : 1
| ,
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| CAISSON
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Fig.5 Vibration analysis
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Fig.3 Outline drawing of pump
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Fig.6 FEM analysis
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4. BvYlc
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Remote Supervisory Control System
for Drainage Facilities in Maruyama-River Water System

By Kosuke Takahashi and Miho Takahashi

Maruyama-River is located in North Hyogo. We updated the remote supervisory control system
for drainage facilities in Maruyama-River water system which “MLIT Kinki Regional Development
Bureau, Toyooka Office of River and National Highways” has managed.

This paper introduces the outline of the remote supervisory control system for drainage pumps

and sluice gates.
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Fig. 1 Constitution of the remote supervisory control system
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Blowers for Kosuge Water Reclamation Center of Bureau
of Sewerage Tokyo Metropolitan Government

By Jun Nakayama and Tomonori Nakamachi

Kosuge Water Reclamation Center is located in Northern area of Tokyo, and the center has
treated sewage in district of Katsushika-ku and a part of Adachi-ku. A lot of blowers are installed
here. The optimal design of the arrangement in apparatus of a blower main part, force feed
equipment, an electric motor, etc. was performed, and “AM-Turbo” which realized miniaturization
of installation area as it is efficient was produced commercially. This reports on the outline of this

water Reclamation Center as follows.
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Fig. 1 Plane view of blowers
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Nakayama Pumping Station for Funabashi City

By Takashi Tashiro

In Nakayama Pumping Station located in Funabashi City of Chiba Prefecture, 3 sets of the
drainage pump are installed. The existing pumps were used for more than 40 years and
considerably decrepit with it old age. Accordingly, the old pumps were replaced by newly
remodeled 1 200 mm discharge diameter from 1 350 mm. In order to reduce the weight of the
pump unit, steel plate type casing is used.

1. IZC&IC T Ulze URICRY TR O EZ T %,
FHEEARRETIAR P LXK 3 2 R > T, W
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Fig. 1 Location map of Nakayama pumping station Fig.2 View of installed pump
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L& 246 m®/min
H 71 230 kW
i e Wk
&2 MKRYTHERRE
Table 2 Material of pump
s i % [
e A N )b SS400
LR YL $S400
i 7K = SS400
L5 I O s 0 N
CREBA — (k) 55400
A o R T SCS10
r=v 54 F SCS10
ES iify SuS420]2
3—-2 RUT0EELEH

B 3 ICHKR Y TOMNEX. B4 ICHiKkAR > Tz
R, RYTORMIE, RDEEBOTH 5,

Ry TG — IR DR > T2 R L, 2
PR LGRS 2 A U T BRI A B TERE L T
W5,

FELGEE - SR Y TR L TB D, MR R Y
1 350 mmicx Uy S E Ry 71181 200 mm
Lo, RYTHEOMEHZX > T\ 5,

W, WAKPEKRY T D —v v 7 RhE k8
(FC250) W—TH B M. Ry TEHEDIIKD 28,
HHE (SS400) ZHRHAL TV 5,

MLV, DO NIPE. BEEGZ KB L L.,
HEROKEZK > T\,

kg LR > T R TR

B = AR A B

7o

AL

HEHLFE (REBINZ T TA)

MkAR> T

3 KR THAEIK
Fig.3 Outline drawing of pump

RYTATA 2ol F L5 Lickh, Ry
TR EEEZES L. HREOEHZXK > T05,

oA Fs K ORI O RIS, 2 B D EEET
YRATBHMEE L, AT F 2V ANDm 2K ->Tnb,

AVRIBROT =2 2T T4 F MR, TR, i
FEMEICENT: AT > LA (SCS10) Z# M L.
i AMEZ2 1 E LTV 5,

HEPREIC IS, K TIERAR O S Y Y A —)b
ZREML. MAMZR ELTWS,



kg LR > T R TR

K4 [NKRYThE
Fig.4 View of pump

BB Vol37 No.l (2013)

4. BvYIc

DUE AR > T 0 kR > 7 Oz i U e,
Zlal, BSEAED B A EOEIRD 2D, B4 TRz R
fil., —EDHRMEENT, ThhD, FREIOERER
VITHEHLHENZLEET LN THRENS, 5kEED
BERROM A = — XN B A % Wiz 7t 27 CH
%o

BOOIC, ARHOMITITY D THREHNTEL £
G TR R 7 B N BAFR D ERRICE LA L B X
ED

<BEXH>
(1) fipfEti F—L—  http//www.city.funabashi.chibajp

<EERBN>
H 5020048 A k. TS, SR > 7 ORRGEHEEBICHEE,
BUE. KIIBEWERETE KB — 17V —7



BEHALHM Vol37 No.l (2013)

CTTCHEHLTVET

CCCEHERELTVWET
— 2012 ®RBN—

1. RV7
1-1 BHRELIHEHERE EHFEKKY 75
(1) Mz

AR E AR LA At e iE L. LF
JUDF BT S MR L TREE N, 518
€5 AN SEMAMEE Nz (B’1),

(@) R

© Ry 7o KPESZIC 7Y ZEEA A, s
ke A XMk TH S,

@ HiKSORERIE. 25 mmEZERY T 2 5 & ATk
IC X %240 LOEZER Y THOHIKIEE > > )V T
%

® BHETHETEHZH. BUKEE UCr#=xo 3L
ENRRIE T N,

(3) fhkk

FI££500 mmAilRHA R > 7' X 2 &5

29.97 m*/minx 3.9 mx 30 kW X 456 min

B1 K TRERDN

1—2 WPEHERREFEHARRY 75

(1) M

MEOMEIE, WNZ L, B SIKENFEEL Tzl
B, HOKEZEH L Lizh, KREL L UTHKER
MO 217> TV 5, IEFEOFT LD EEHD, —
SUSRZKDRAVAR, IRKICHT B EMENE < a->T

Wao MRVTHIE, phE T RHMBHIX ONKZ EH
BARUKT 2Tz dIc R I NG TH D, 201343
HICRY 75672 AL (B2, B3),

(2) %

KR Y T Oiliszid. HokaUkh 3 Lz 285 LT
W3, TEKICIE BRI % PEERILES O IR 248 S 728,
FHIcLa/I—Th%, £z, 3. 45KV T3S
THRIEZ R L T 5,

(3) fhhk

No.l, 25K>7

12500 mmyZflipHA R > 7 X 2 &5 (FEIFEERE))

24 m*/min < 15.5 m <90 kWX 1 180 min

No.3. 45K

X2 HEEeS

®3 Ry TREIRN




CCTCIEHLTVET

BB Vol.37 No.l (2013)

leedeeoedog)oglogloelocloeloclrelerelredeedredredredeedeeoc)oelogloclocloclocloclrelecleedredredredredeedoeloc)oelogeloclocloc

%1 650 mmSE TR TRRR R > 7 x 265 (F
A5 — ERE)

360 m*/minx 15.5 mx 1 300 kW X 300 min ™"
No.55HRY T

H#£1 650 mmiZliphfiR > 7x 1/ (FAx2—e YV
D))

360 m*/minx 15.5 mx 1 300 kWX 300 min '

1-3 LBRIKE HLRBEER RRVTH
(1) A

AL IR T DR 7 % i o s 3D
. HokigEs (No.25H8) DOBUE, #inkds KON (BF
PR OWE) =110, 201343 Hicse Lz (K4),
THEOMEIE, £500 mmaZfliRhmiR > 7 (IR
1 & flBIE 1 X KX UBEXGE N (Yot) 1 XTh 5,
2) R
KPS Iy 7 Az & U, ilEEE I oK
=)V RV K EAREE Uz,

M UBEEBICNA S ARE 2 2 S L7 2 Llc &
D, W10 HOEEILZITS T EMNTE %,

(3) Ak

No.25Hk K> 7

112500 mmazifighn AR > 7 (I8 (7 ¢ — Bk
BENED) X 16

0.65 m*/minX 4.4 mXx48 kW X630 min '

E4 Ky TRERR

1—4 REBR|DOZEH] KXFHEKRY TIHRKEIK
R T5&lE

(1) M

D% USSP O HE IR WVICALE L, 2005

3 H 1 HIC SHTRS (IHEDCHT « [H-HHT « [H—54F)
NEHLTTERALINIO 500 ANDHITH %, AR
TG RGO ICH O EE IR D52 R
& o THOKABE & 72 Z M O T L R IR DBE, 1=2/KIC
X2V FEORBROX R E LT, BRI S
NIk TdH . 20134 3 HICNo.2M7K R > 7 =
WL (B5),

(2) R

A DORKHEKR Y TITE AT ) 2 —RY THER
HENTHBO, RYTRRAZ ) 2 —ilEEHH18 mT,
A3 ICTREIN TV 5,

(3) fEk

F1££2 900 mmA 7 ) 2 —RY X 1H (F4—¥l
1B ERE)

176.4 m*/min X 7.6 mx 350 kWX 26 min

E5 Kr7Hes

1—-5 HREHTKER EFERVTF

(1) W=

SEOERER Y TN B HRKICRE T N TV B A DK
RYTHITHO, 20134 3 AL TLEMiER > THICT
BHINTWEMN, 20134 4 A SRR THT
DFETHIENC GEA TN TV 5,

KR Y T OREEHIEE 46T BFELZRKR
V7 3 5ikEOMEEN 72X % HINT20134E 3 AR
TH (BHEE LS z& Tl (B6),

(2) Kt

RYTORBE LTI TEROKFEIZIHN L TEN
it EREE AT 2WCE T 2 v 7 A2 7% FRA U 7 i
HIKZ A T OFATRME (458 BB E RS #ARRR

O XN XS XN XSG XS XIS XS XIS XIT RS XY XS XY XS XY X XY XS XIT XS XY XN XY XN XS XS XIS XS XS XS XSS XTI XY XS XTSRRI ST



B Vol.37 No.l (2013)

CTTCHEHLTVET

legdeedredeedeedec)ee)og oo locloelecIeeleedredredredredredeedeeoc)oe)ogloeloedoclocleeleleleeldredredeedeedeedeeoc)oe) o

VT THB,

20114 3 HICHMAA LT ZAR Y T E %A Y TN
KR T 18- 25LFAORT, TORALTDRY &
U CRIRKIIFRDOMAFREE T o Tz,

Fiz, 201245 H22HICHHZE LTe Bl A A U —
MES 5 PENICH B T LB ARV THIORETH %,

(3) fhkk

F1£81 650 mmSEfTieh (4d) TR RS b
WARYT X 15 (GEHEEKE)

385 m®*/minX9 mx 790 kWX 265 min

6 RV TRIEIRN

1—-6 REEHENEMERR FAtEIKES
(1) Mz
AHE D 3 % 1 S RIS T A A it A AT D 5
1 kmNFEICNIE G 2 A%, S0 25K C A Ml X & ki 7z
W 22T 2565 DT 2 WL IR o Tz, AL H - T
FENERTHRIBLRY TH LMK THE5T, msEN—
ZLTLE -,
UL, B HIH D 72 D1 i HEK B O HEBERIE A
WETHO ., ERFEED20114 8 HIIZFEEKIC LS
2 5B XU 3 SlETENC X 2 I62EIHET TV, Sl
EEBEHBEERE L RS EARIBE T2 (B7.
8),
(2) Rt
O HEETEEEL, R T 2HfEZ203 m7 v S
L7z
@ IHREIHTIE SR 1 /I Xk 2 FEh#izTh - 7z
M. RO Tz EE LB, ok, . R
D KUKAGETO B 21T 72,

® HHOfFEERIC, B2 THHALSEA R T
Hote, T, A RS EEEA—-XZ TR LT,

@ RV TEEKE S KT EZER Y T O 7K OFG7K
&, FEREUKEUKZ FIH L TW e KE D EN 28
IKEIKICZEE U Tz,

() fhAk

No.2 5k R 7

L1500 mmazfili Rk > 7" (M8 (7«0 — ¥ L%

BIEKED X 1&
0.65 m*/minx 4.4 mx 48 kW X630 min

7 KU TEIRRR

E8 Ky THEIHIKIA

1-7 ®HR (V7z—F) EBVLRYT

(1)

19854EIC 7 U = — b DAIMEFLISWA LTe A 5 A
YRV T 2HREICDOWT, Sl 2 Bl 2 B O HE 2

legdeedeedeedecoc)oc)oglogelocloclocleceeleelredredredredeedeeoc)oc)oc)ogloclocdoclocleclocloclecldredredoedeedeedoc)oc)oc) o



CCTCIEHLTVET

BB Vol.37 No.l (2013)

ZIEL, 201248 HICMIA L7z,

198541C 2 BEMEi#s 4 B A U7 BIR R > 7 R 7%
GHEEEN TV D, MIAZSEEERE L, Sl
L, 41 B50DO0% kT,

FEERFIC BT, BE AR Y T DI TRMWEREE K
57D, BRmETmEDRNK S I L DERZZY
Teo UD U HERIAAD S RRC254EL EAFSRLTED .
FHCE—RICDW TR, BEEREEX— A —D S BHEFRE
TIVFEWEL TN E NS T ETHo e, FHlELG
DEFEHTRIGT BT & ol TRONMERT —
TIVOEIREZR DY Z T LIIFFICHEE LT,

SEMA LR TIE, 5% EFERD % 3 B2IERAH
TETHSEM-> TS,

(2) F

AR (VL) BOA VI 4 T atk AR T T
HERRIC A A = H)V > — )3 U T Tl Fr oA HLER 0
i« ISR Y T TH S,

(3) fhkk

16 xX6inch VL A >S4 VRV T X 15 (B
G0

760 US gpmx326ftx 121.1hpx2 972 min~' (K 9)

[1f#2x3inch VL. A >S4 VR I X 15 (Ei
G0

201 US gpm < 24 1ftx 15.4hpx2 957 min~' (K10)

B9 6Xx6inch 12T A >Ry ThE

K10 2X3inch 1>V FA >R THE

1—8 LNT/GSPCPLQP 73w b7#+—L
(1) Mz
Larsen&Turbrothid 1 > FiRAKFOHR DT LD
THEOTTY 7 SDOEPCERZELTZ,
&I DGujarat State Petroleum Corporation (GSPC)
EA Y RE - 7Y% T— FNBUFARIS % D72 R
HLTHD, HWe—DMBIFDIIAEST 54 AV, HAZ
HTH 2, KRV TR ZMA LTGSPC-PLQP T Z v
P74 —LiE. E¥r A8 b L25~30 kmic (i
I 5 AR A T a7 - TSy P T — LT,
GSPCHBHRT 2 WD LTIy F T+ —LThHB, 5
[A], 24#kiESea Water Pump/x & 22315 7%2—FE#HA LTz,
(2 %t
Sea Water Pump¥ & U'Utility Water Pumpld A —73—
THAT LA (S32760F X TASTM A890 6A) Z 4%
M L7,
TSI x R TE, R TUWGA < Uil 7
FaLb—2ZRE L, EIIRIERESRZH L TV,
(B fhAk
* [1#£50 X 40 mm Cooling Water Circulation Pump
X 26
25 m*/hX 72 mx 15 kWX 3 000 min '
* [1f£100 % 100 mm Hot Qil Circulation Pump X 2 &5
113 m*/hX 74 mx37 kWX 3 000 min~"
* [1£%350% 250 mm Coolant Circulation Pump X 3 &
1210 m*/hx37 mx 170 kWx 1 500 min '
* [11£80% 50 mm Intermediate HP KOD Pump X 2 &
25 m*/hx32 mx7.5 kWX 1 500 min~'
* [1£%80% 50 mm Potable Water Pump X 2 {5
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35 m*/hx120 mx 37 kW x 3 000 min ™" RIED W NI IR OOz, T4 —8IbL Y
* [1f%40 % 25 mm Lean Glycol Booster Pump X 4 5 DV RkiE LT 2HEE L o> TV,
6.7 m*/hx55 mx 7.5 kWx3 000 min (3) fk
* [[1£%2-1/8 X 4inch Skimmer Condensate Pump X 2 & ORULERIFKAR > T
10 m*/h X 143.64 kg/cm?G X 55 kW X 1 450 min™' F2700 mmyZERHRR > 7' X 36 (EBIFEKE)
* [1£%2-5/8 X 5inch Condensate Pump X 3 {5 4 400 m*/h*31 mx500 kWX 1 000 min~" (&12)
18 m*/hx 139.6 kg/cm?G X 75 kWX 1 480 min™" WL K
* [1%50> 50 mm Skimmer Condensate Booster OB XMERR> 7 (B13, E14)
PumpXx 2 & F1££600 mmyzZ i AR AR > T x 2 & (EHF%+
10 m*/hx 18 mx 3.7 kWx 1 500 min ™" VA G ) U N 1))

* [1%3inch Utility Water Pump X 2 5
56 m°/hX 140 mx 45 kW x 3 000 min "'
* [1#%450 mm Sea Water Lift Pump X 3 &
2 052 m*/hx87 mx700 kWx 1 500 min~ " (E11)
* [1#%1-5/8 X 3inch Lean Glycol Circulation Pump X
413

5.1 m®/hx1 302 mXx 30 kW X 296 min "
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3600 m*/hx 105 mX1 480 kW1 000 min "
R K
ORIV =Ry 7
F1£2200 mmyZElIRHRR > 7% 2 &5 (EEIFEEREH)
330 m*/hxX52 mXx75 kWX 1 500 min~ !
WRE gk
OWg/KERRAILAR Y T
%100 mmyZ il oA Z B R X 25 (FE
BIERS))
75 m*/hxX53 mx22 kWX 1 500 min "’
LU= U173
1—10 MODEC OSX 3 FPSOMRIFiBKEUIKKR > 7
(1) A
OSX#L M 0SX-3 FPSOWE., 7' F V)bifih > R A gk
Waikiki Pero Inga (V4 FFX11 « 1 2/ 77) (i
KHWENS, Ay x 7 MEREHVLCCR v h—7%
FPSOICiET % & DT, BGdEfRDOFPSOGHE 10/ L
VO FERES). HELS5 /N L LV OKALEE « [+ ARE
BIUH30H LIV Ol ERE ) 2R . GatiIe0
AHTy b OFREEHZIER L. KEN110 mDE Rtk
HMEN3, RifFKEUKRY 71 EiliR i ek Oasas
ZHUKS 2Tz DR@ICHHEN S,
(2)
FPSORN D i FERICRRIEE N B RV T TAR—AD
HIREA 5Tl OA R R > 7 (VDF Type) Z 1 Lz,

R TD FIcMotorZiRZ DI AT LW TEBHT LMD
RSN AR—RICRY T 2RET B3 287 Ma
Wate Ulzo MEEMHESEZERL CTHisk, 7r— >
JHZMAT YL AZHEHLTWS (E15),

B15 ARy 7Rk

3) Ak
[1££500 mm X 300 mmOZ#lifiEAR Y 7 X 3 &
2250 m3/h X110 mx950 kW x 1 200 min™"

2. EREE
21 JIIBETEMNRT ARHAREER
EEEFEFR ARV s NE MRV

(1) A

JorsEmAgdEE, Bo, EROBEIY /
U, EEA = SKMRIUAF =I5 TH AR & PR
EEEC, BB E & DN B RERNTO kmD @& B EER
B TH D, FHEDNAZ DR ZIH> TS, THENEST
HTH5,

AIENL\EEERS 1T, 2 DOKRINICH D 22 ERI13.7 km
Thbd, FH24FETIH24HICHE L, #RMICH B\
K LICE TEN 5 T 5,

FOENL \EGEES S, M, JUED 2 b ¥ 3 UIC A i
ZHRT TN 5,

(2) %

PEEMICIEY oy b7 7 VHAREIN TV, A
EINCT, ERNEMERE IR R 572, Hito
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oY XTI v hTT7V3E
X 12

JVE b > 20V FS 2 ke
YUY X Yy M T 7V 6HD, EEEX 1R FH
X 12

o g x 1200 FHI

®16 P

2—2 AMHMARER ERAIEESHEFR
FHMEF IV - FF 2RIV

(1) A

EE 105 E R E, W79 2 EE 105 D58
ZIRIET 575 L. I8 S ABEREZ FF OB O o H B E
SHER S U TR E N/ER TH D T ORRFRILER]
ML T EHZ2 i & LIRS A3 Bis f s & LTt
LTV B 4Eh I B Uy IR IR s oD 5 72 ik
TR LR D PFEEDRFOFHIE - LA & B
FEONEHE, HIOTEMLZSdR L. KIoREeRINICIZRL
INE B EGE, SN E B FEE R & — 1k & 7R > T
EHAGER Y T — T 2 ERY 2 BELER TH D, T
DIz T Z OHR LICE S N/zFEH/H k> )bl 504
m -« HiF k%1 925 mD DD k x Ui 3
LTIz b7 7 UK 3HDDORESNT (E17),

(2) Kt

U EG#H35 m/sO i JEER D oy BT 7 TR
&SR ZHH L TEBO., ARG TIcr—> >
TINAT Y VAT BIHCENTAETH 2,

(3) fhkx
BFrr AL 250 mmY =y F 7 7 Y (EE
HED X35

43 m*/s X35 m/sX50 kWX 1200 min~ ! ([d#)

FHH b3V 1030 mmY ey b7 7Y (&
JEHRD) X 35

29 m%/s X35 m/s X33 kWX 1 800 min~! ([F])

17 Yz }*71 SRR EIRI

2—-3 =BT MKt TAFPROJECT
(1) ML
2 2 )V A 2 2 HRIE A KBRS > - F O E
W, Tuv., Ry T =2 E TSR I T
Al TV BT VDT /AR —IVHFED
JRZRERL TS > FTh %,
(2) %
%P@I)\i%ﬁﬁﬁm 7 ARV AR Y HREO T2, ik
MWD —4ATE L 5%, FRCENREDT 7 IicDNT
&, RS E LT EEMEZ AT Y LA 3K
WE U, H o — 2SRRI PRI 2 RRE LT,
@) fthk
{>GRANULATOR SCRUBBER EXHAUST FAN
#16 FAOP-CNM-SNON X 1 15
6 619 m*/minx630 mmAq x990 kW1 000 min '
A  Humid Air
<>FIRST COOLER FLUIDIZATION AIR FAN
#14 FAOP-CNM-VNOG X 1 &
3 233 m*/minx 450 mmAq>x380 kW 1 000 min
&UA  Humid Air
<>FINAL COOLER FLUIDIZATION AIR FAN
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#9 FAOP-CNM-VNOG X 1 &
1 906 m*/min>x520 mmAqx240 kW x 1 000 min~"
A : Humid Air

<{>COOLER SCRUBBER EXHAUST FAN
#14 FAOP-CNM-SNOG X 1 &
5 718 m*/min* 380 mmAq*630 kWX 1 000 min~"
&K - Humid Air

{RECIRCULATION BLOWER
[14£250/250 BTSP-CNM-SNON X 1 5
73 m*/min X 8 300 mmAq X< 180 kW 3 000 min '
&4k © Air + Recycle Gas

{>COOLING WATER PUMP FOR NH3 & UTILITY
PLANT
48X 40inch DF-S-GTX 1 5 (X18)
12 500 m*/hx40 mx1 750 kW X590 min ' i -
¥ifk © Cooling Water 18 Cooling water pump
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LRkEEHNCHEML TV 5,

(XHE#E 70

£1 KUk
VEN B LR R BEIEH D B
SRR 7 [1#£650 mm VPFC-M  7lilipHAR > 7 4270 t/h 35m 560 kW 3fH
NIRRT [1££450 mm VPFC-M  S7#liflgiR > 7 1 500 t/h 105 m 630 kW 28
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TAVTAD2DDIN T —IMNbb, 2T 7— WFcE 2, %Y. BhABEBROEENE - TREH -
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K1 I—EJ1 XbarIhvrsvh K2 S—ErofiE
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32" X 24" DF-S-M
32" X24" DF-S-GT

GS E&C WHUKERY T | 32" X24" DF-S-M 6 500 m*/h 487 m HHIK 1 150 kW 16

Petrofac WHIUKRY 7 6 500 m*/h 48.7m HHIK 1 150 kW 6
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