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Binary Cycle Power Generation System for Hot Water

O, y b SRy
SiEFE" WHEAE" mE R am
Kazuo TAKAHASHI Haruyuki MATSUDA

Dr. Ryo FUJISAWA  Masayoshi MATSUMURA  Yutaka NARUKAWA

-

Wi E%"? BRI e

Shigeto ADACHI

The small-scale binary cycle power generation system is needed for the practical use of renewable
energy (heat of the earth and biomass) or waste thermal energy (the unused thermal energy of a
factory). Microbinary MB-70H has been developed at Kobe Steel as a small-scale binary-cycle power
generation system (in the 60kW class of sending end output). The semi-hermetic screw power
generator has been adopted in this system. This paper reports the test results for the system.
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Fig. 1 Binary cycle power generation system MB-70H for hot water
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Fig.2 Flow diagram of binary cycle power generation system for
hot water
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Fig.3 Feature of semi-hermetic screw power generator

F1 TEEHBMAHFC245fad Pk
Table1 Properties of HFC245fa

HFC-245fa
Chemical formula CF;CH,CHF,
Molecular weight kg/kmol 134
Boiling point temperature[101.325kPa] °c 14.9
Boiling point pressure[25°C] kPa 149
Dencity (25°C. Saturated liquid) kg/m’ 1339
Dencity (25°C.. Saturated gas) kg/m® 8.55
Latent heat of vaporization kl/kg 190.9
Ozone depletion potential(ODP)(CFC-11=1) |- 0
Global warming potential(GWP)(CO,=1) - 950
Temp. C Jr Evaporator Superhdator
Thw in
Tme out | —,
Tmsl o "
Thw out Evaporation I Supef heating
Medium Pms1=f(Tms1)
Tmsl:Saturated temperature in evaporator
Tme in Pms1:Saturated pressure in evaporator
| I | >

Qe Q[kW]
a) Relationship between Qe and temperature distribution

in evaporator and superheater
Pms2=f(Tms2)

Tme in Tms2:Saturated temperature in condenser
Pms2:Saturated pressure in condenser

Temp. °C 4  Medium

Tew out Condensation Sub-cooling
Tms2 |[$=—N
Tmc out O

fewin Cooling water N

Qc  Q[kW]
b) Relationship between Qc and temperature distribution
in condenser
4 BN OB Qe, Qe & IR i
Fig. 4 Relationship between Q and temperature distribution in
heat exchanger

Pressure4 hp he
Evaporator ; Super hegter
P[kPa] @' (Evapordtion) l i (Superhegting)
Pmsl L } 3
2 ! . 1 (
! Saturation !
Pump AN curve (gas) ! !
(Compression) 7Saturation ,' Exlpander

_,~' curve (1q) (E:xpansion)

Pms2 — & L = i Y el
! l."’ g Condenger ‘%’
e he (Condensation) Ly

Enthalpy h[kJ/kg]

5 K¥ AT LOVEBEARDOP-hfRX

Fig.5 P-h diagram of medium for this system
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Fig. 6 Test equipment of binary cycle power generation system
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Heat input of hot water : Qe !
Heat output of cooling water : Qc
Generating end output : We
Sending end output T We’
Power consumption of system : W1
Ratio of We’ to Qe M =We'/Qe X 100=5.36%
K7 =AVF—1nF A
Fig.7 Energy balance
Hot water flow rate=75t/h,
Cooling water flow rate=120t/h
B Thwin= 95C(exp.) A Thwin=90Cexp.)
&  Thw in= 80C(exp.) ® Thwin=70C(exp.)
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Fig. 8 Relationship between water temp. (Thw in, Tcw in) and
sending end output We'
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Hot water flow rate=75t/h, Cooling water flow rate=120t/h,
Cooling water temp. Tew in=27~29C
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Fig. 9 Relationship between Hot water temp., Thw in, and We' and
Men
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Table 2 Specification of Microbinary MB-70H

Microbinary MB-70H

Maximum generating end output 72kW

Maximum sending end output 60kW

Power generator IPM synchronous generator
Standard screw rotor speed 5,500rpm

Power voltage 200V/400V

Medium HFC245fa

Design pressure 0.97MPaG

Heat source 70~95°C Hot water
Expander Screw expander

Medium pump Canned motor pump
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Medium Pump for Binary Cycle Generation
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EREZ* amw B AT
Dr. Shoji YOSHIMURA Shigeto ADACHI

/NEEVEE
Haruyuki MATSUDA

The medium pump is an important piece of equipment in binary cycle generation. The medium pump
pressurizes the medium, raising it from expander discharge pressure to expander suction pressure.
However, the medium is of low viscosity and poor lubricity. There are, therefore, few suitable pumps
for small size binary cycle generation. We developed a medium pump using screw compressor
technology. This pump was installed in a binary cycle generation system. It has been confirmed that
the developed pump is more than twice as efficient as a conventional pump.
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Kobe Steel has developed a new steam-driven oil-free air compressor, "Emeraude-SD." The machine
can be used effectively with the conventional steam that is widely used in industry, in spite of its
small flow, low pressure, and flow rate variations. This paper introduces new product that has been
developed using oil-free air compressor technology and screw expander technology.
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Table 1 Specifications of Emeraude-SD

Type SD770L—HR
Free air delivery (m3/min) 7.9
Discharge air pressure (MPaG) 0.7
Supply steam pressure (MPaG) 0.85
Exhaust steam pressure (MPaG) 0.40
Differential pressure (MPa) 0.45
Steam flow (t/h) 2.5
Thermal recycle output of water (kW) 78.8
Dimensions (mm) 2,080 1,200 X 1,500
Weight (kg) 1,440
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T ] T T T K2 EARAY v MR
Exhaust port Table 2 Calculation of introduction merit
Ps T Conventional Emeraude-SD
Type FE770W SD770L-HR
@
- - Shaft power
3 W) 54.5 55
w
© Free air delivery
- Y 7.7 7.7
n P, Pst stage - (m*min)
Power of compressor /
Steam consumption 60 114
AN — (EW)
N R i Thermal recycl
! Inletpbrt ! ermal recycle output o
. Vi ! (W) s
Vi Vs V: Vi Emission factor of :
Volume ratio carbon diogide. 0.555kg-CO2/kWh | 2.23kg-CO2/Nm?
5 ZESUTA % (2 Beb) OIRIEARN Annual operation time
Fig. 5 Indicator diagram of two-stage air compressor ) 8,000 8,000
_— Opemt&n)g costs 5,735,000 625,000
Steam 3
3 Carbon dioxide
Hot water emission 266 17
—_— LCT— (t/year)
Filter | Compressor :'{j{j' =p % Condition : using city gas-fired boiler
(1st stage) $%Steam consumption include leak steam from the axis.
B 313A lower heating value : 40.6MJ/Nm®, Boiler efficiency : 96%
— ¥Electricity rate:¥12/kWh, 13A gas rate:¥80/m?
o %"Thermal recycle output” = "Heat of compression" + "Heat of leak steam"
£
i | = BAYy FREOBA, T Y=Y 7 TR M BV TR
Blow valve Blow, . TN
- el I D SLL5H (Wl A#989%) DWW, % 72COHMEHIHTI1E
ad| Cold water AR T -
Control valve 55'3&5249 ]\ “/ (EUYEE$%94%) mﬁu?ﬁﬁ)%ﬁf g ;n)o
Drive side Lead side
®6 Rk I =x 20— FSDIF, /M, KIE»DiEEH)
Fie: 6 System diagram I BAEAMAML, S 5RDETANLF—LCO,

PR OHIBIZH T E 2mTH 5o Bid 5%k,

3. TAO—FSDOBACEDETXDRORGB o o 230 1 < SRR FHC X 2 7

ZZTIR, ZLOLYTHERK7T - ZAPIIERBEINT BASE 2 D TV & 720,
WAIREFOE L LT A u— RSDEZEEL, WTE
o % X @

1) >~ 4H - 3 - ~ N A
Wi ST ) CRRB) L7227 3 > 7 L 3 O 2 1) RREEBHEA. 2 U — > T3 LF—. 2009, Vol18, No.l, p52.56.

[REWAFDZR T A V~EAT HH6 (R7) 2E 2 5D 2)  ZEIMIZ A R&DAIF BUERHR. 2009, Vol59, No.3, p.24-28.

CDEEDEBEIANEERELERER2IRT, W 3)  BANEE. R&DA A BEIH . 2009, Vol59, No.3, p.29-32.

lﬂjj @ﬁﬂéﬂ%’i%@iﬂﬁIT Ty 7P Ly _H_ k. @Ltﬁbz s 4 ) AR EEE . AT AV F—. 2007, Vol.59, No.8, p.110.
Reducing valve

4

Water tank
—
I | t t &£ ¢t ¢t Coldwater il Electric compressor
Hot water

R7 YA7L70—
Fig. 7 System flow
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FEATURE : Energy Machinery and Equipment
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Micro Steam Recovery Compressor "MSRC™" for Energy-saving in Boiler
Systems

ELEEH™ eI

Shinya ONOE Hideaki KUWABARA

Steam is used in a wide range of applications in many industries. The flash steam, which is generated
at near atmospheric pressure from the condensate water after being used in the process, is released
into the atmosphere without being recovered. Kobe Steel has developed the micro steam recovery
compressor "MSRC™" to use the flash steam effectively. This paper describes "MSRC," which makes it
possible to utilize the flash steam with high efficiency in a boiler system.

AN E =1ES, WIRRRILPIEO 7= DIRBR R A A D
PR 2 IR T 2 2 E AWK LN TS, F
72, AR RIRAT A e EOLA BB ORBIC LD, &%
B BT AN F—ORHARDENTEY, EHERT
BAEZ AN —EHOTENRE > TV,

EN - ESA D TE  OFEETIE, BBERRS F12X
o THER I NIKERLS, BHECmeh, 728, KA,
VaRE, VSR EOMRAVHBR TS TwS, B11C
PRBER R A TR L 72BR AT 20 EN L 70—
ZRT o AT THERINBERITRERIC L ) L8R
FEHCHFHE I8, THNoLETae ATl SR
bo THXYATHHINZZRIZIFLYERD), FLY
Y OWTHEDDRREINEZETT Ty v 2 BRADH
E$pV, FLY I Y ZNOFL VIidKRS F#KkE LT
SN, FUERELTHHIN TS, FEL
7Ty Y aBERIEIRKRITHENTWDE 2 ENRL v, Z
D78, FA TN L 7ALE BB OB % 5K
A S NTICEEICHETON TV LD HIRTDH 5,

22T, UHMEET S A7 Y 2O 2 X —

X Process

4

Reducing valve

ol kb Flash

steam J

i o
Boiler |

X1 NEERAA 7 ORENZ 70—

Fig. 1 Typical process flow of micro once-through boiler

A& LT, AMCHE STV AR WK Z T OF i
DHHHERE L THET S Z LT E BL/NEDOZERTEHM
BAZ RS L7z MERDESIEMBRIIAE Y — R L2 7%
., INEROHEZIH L TIIRHRDE L THATE 2h
o7z LL, SNBSS LEREMBEEZ R A 7 AT
MIHVBZ EIZED, FREL, oA b THEK
ZEL - HAETLIENTE S, T2, REWLRELSE
NEMETHTT 2 L 3ELDNOEE R T HETDH
5,

ARTIE, 20114E X 0 Fi7- (2 eI & AR L 72N
FIEHEE TMSRC™ ™ (Micro Steam Recovery Compressor) |
WZDOWTHRMNT %o

1. MSRCD > ) — XH&RK

MSRCIZ &, %= D 7% 5 MSRC37L & MSRC160L D
ZODETANSL (B2), TNEhONEHEEL,
AF—rarF Ly EIPMERE, T4 13—%, %
A, YRy 7R, BXOHEERIC L - TR S
nTtwsd (B3),

INHDOETFNVIE, F1IIRLEZLH12002~010MPaG

[MSRC37L]

[MSRC160L]
2 MSRCo4}#
Fig.2 Appearance of MSRC

i) MSRCIE BHDRHETH 5o
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Outlet pipe Inlet pipe Inverter

Gear box IPM motor
[MSRC160L]
3 MSRC® i
Fig. 3 Inside view of MSRC

Steam compressor
[MSRC37L]

% 1 MSRCOALAR
Table 1 Specifications of MSRC
[Mode! MSRC37L MSRC160L
Suction pressure MPaG 0.02~0.10 0.05~0.10
Discharge pressure MPaG 0.2~0.5 03~08
Maximum differential pressure MPaG 0.45 0.75
Discharge steam flow rate kg/h 240~420 912~1363
|Motor output kW 42 160
Maximum power consumption kW 47 182
Power voltage v 200/220 400/440
Power Frequency Hz 50/60
Width mm 1,800 2,604
Di ion Depth mm 1.198 1.355
Hight mm 1.503 2,005
|Weight kg 1.400 2.700
.. |Temperature c 80~95

::J;::‘“ Water flow rate L/min 0 [ o05~as
Utility Basic pressure MPaG 0.05~0.2

Cooling water of lubricating oil L/min 22~ ‘ A0~

Instrument air L/min 160 ‘ 300
Installation location Indoor / Outdoor

DIREXR G A 7T ATHE SN 502~08MPaGE T
HET LIS > TEY, 400kg/hF TOHER=ITH
L CTIZMSRC37L%%, 1,360kg/h ¥ To#E& =I5 LTl
MSRCI60L2S%H i LT %o

2. MSRC O

2.1 Y 2AFLDOEKEFE

TH7av A% ECRETLHESA N L VA RAELD
THEBLTETSE 75y VoK, L7 a2
7o ECMHH SN BORTEARIL, HYREOBT AL F
—EFoTWAIZ b6, ThETIdEE LTH
N 5 PACFIHT 5 Z & DR EEE - 72,

ZZT, K45 EMSRCTHORDIY ¥ V¥ —Z{L%
Zz, RMalZeoMaMzRd, —HINKRA 7 THER
R SE LA, 20C DK E BT A TI59C @
FIFK E TE - 2KFEE 5B 2 L2 & o5 TEHOS5MPaG
DKFEREE> T D (B OKRMBEH) . —FHMSRCT
iE, VoZZAMHSNERD FL U oEL2KED
7Ty Y aBERRMHEAOKIERER, Bl 2
0.05MPaGD S % 7 1 & A JF JJ05MPaG ¥ TH AT §
5 (Mg, Zoizd, KA 5 THIHESA &
BT BGEICHR, BEROFFOIAVF—D ) Lo
B, BIXUOBPTOHALSZ2LENI TN LD
MSRCTIZ®IFE L <, PO XA M TLH T ot Az
RAEPETHIENTE D,

2.2 MSRCAZv hDiE

MSRCOZAMM %R 5 12773 MSRCIE, HLEE i %

Saturated Dry saturated
water "Vaper pressure 0.5MPaG|| steam

159°C] ""“"“ﬁ ________ ’

112%¢||=" """ f"'
/

/

d
v
Sensible
/ Heat !
a4k.J/k§ 671kd/ ke

Enthalpy (kd/kg)

4 FA 5 EMSRCHOL Y ¥V E—Z{LoaX
Fig. 4 Conceptual diagram of enthalpy change of water in the boiler
and MSRC

||Vaper pressure 0.05MPaG ||

Temperature (°C)

&
<

Latent.
Heat

1
'
|
r
1
'
|
'
'
'
'
|
'
'
'
'
'
'
I
'
'
'

'
2,694kJ/ kg| 2.756kd/ké

Process steam |-|

Discharge | Suction
steam flow " steam flow

Screw Control
: || compressor console
Drain motor
separator
Water injection
pump ==
Check valve Inverter

5 MSRCO®##IX
Fig. 5 System diagram of MSRC
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A=A L CHEEEZHBEIN TS, 2072
B, FEHEICH L CHRIKIBRETE, MOBMTLR
RILHEREEMTEDL LI RETH S, T/, ik
T5 L5912, KERLILHMET 5 8B THAET 5 LM%
WHT 5 72O iR K Z AN LTB Y, 2%
LENLWIEHKSETA VIEHREINLEZEEZ O
Ho INEBRELTTO L AICHMAIER 2T 2 HY
»H, FLyesSL—%2Z#%ELTWA,
2.2.1 SRIPMEEMEE A > N—FICLZREHE

MSRCIZ, A7) 2 @RI PIDHIE (Proportional
Integral and Derivative control) Z#RH L TEBY, 7
Tv a7 TRETLERBEOELIZAE b THGA
T % — IR ZAT) T LW TE S0 A7) 2D
iz O FPHIE =D DEF IV E H1210~100% T
D, MEREEEFB IS L TWA 2 EAYERTH S,
2.2.2 fEtakmES

JEARRN DZE R DR, Z5% LA T 5 B LA 2L
KXo THEiE &b, BlZIE, EH005MPaGOFELR %
Wk, H77050MPaG ¥ TR S & 54, 112TC
TWear F N7z fafZE 503 H260C £ T LA T 5, —7,
JEARR O T — & [/ LI IR RN R BRI 2 PR 5 2 055
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EEAEELTBY, BRI T —F L —%
=V VI EMT D) AT BH L, TDID, b
BRI K 2 L, EMiftou -y r—3 v s
EHEHL TS, 7z, JEMBRNICHS S Wz mifbKig,
JEMEEIC X ) — AT B 2 & H S, AU S
BICHEAF N LD b, BRI TRAN10%m$
bo OFN, EMBO-FEEAL LTHIPRL TS S
LR TH B,

3. MSRCO14AE

MSRC37L# & O'MSRCI60LO Mg 2 Z £k 2,
R 3IIRT . MERORNE Y — RXBELJIEMETIE, &R
EABAL/WIZR Y, RIET0% ZER 55D L H 57,
MSRCAM R & LT 2258 1 t/hiiite T3 § %
TN TELR . —J, MSRCTIZA 7 ) a XLtk %
BIILTEY, o—5F 1HEY ) FIZ-ERFHORRE
WA GHEED @ B0 ZD7280, F2, KIIWRTIHIZ
Lt/hELF OAKRTOMR L AR ZEMT A 2 LA°
T& %o F7z, EMHEROBOAEI AN 72 512 LWkt
ARADEEDPRES %0, HARE & 72 0 (ZEME DA
DLEELAROWIMNT 2, £/, HHEDEWAE ED
JED17 (EMIZEE) ML %25 28T, Wk b5
EOBML, X0 AR ERED TR L b

%+ 2 MSRC37LOM:RE
Table 2 Performance of MSRC37L

Discharge .
Suction pressure (MPaG)
pressure
(MPaG) 0.02 0.05 0.10
@ 211.2 294.2 429.4
0.20 @ 213.1 300.0 433.2
® 27.3 27.8 28.6
@D 150.5 228.3 354.7
0.50 @ 173.7 254.4 376.6
(©) 45.0 45.3 45.7
@ |[Suction steam flow (kg/h)
(@ |Discharge steam flow (kg/h)
@ |Maximum power consumption (kW)

% 3 MSRCI60L D E
Table 3 Performance of MSRC160L

Discharge .
Suction pressure (MPaG)
pressure
(MPaG) 0.05 0.08 0.10
Q) 908 1177 1355
0.40 @ 980 1247 1424
(©) 112 119 124
Q) 841 1107 1282
0.50 ) 927 1190 1364
@ 126 132 136
@ 752 1007 1175
0.80 @ 880 1131 1297
) 169 173 175
(D |Suction steam flow (kg/h)
(2 |Discharge steam flow (kg/h)
@ [Maximum power consumption (kW)

4 BEABBEFBAXY v FAEB

MSRCO#E A Fif 2R 6 12773, MSRCE AR D ¥ A
TATU—=IRDEBY THD, A4 FTHEKSN-Z
SIEMERICTHIEEN F THE SN, 77X A2 TH
B LI EINS, B EbN AR L, FL
YE VIR END, RLYO—Ed 7 5 v ¥ 2785
ELTREARANTBEN, RO DOFL VIR A FHikeE
LTHAMINS,

MSRCZEA L72¥E, FL v & v 7 h b RE~H
SNTWET Ty vaZEZKEMSRCTHINL, HAEL
TR RIRTZENTE S, F41E, MSRCEAKF
DORFNRZAE L 725D TH D, RELNAIL,
LA T04MPaG, ZAIELS2TC THELAZMHL TV S
TUaX AL FL Bl Eh, 20 FL ¥ $0.05MPaG
T79 v va L THELUZEERSZMSRC37LCHIY -
AL, 70X ANHETLIHATH S, MSRCTHA
LA EFROER Y W AEERL FTER LY
BB RR L RBEIC X VAT ACOME, BXO
MSRCTHE ¥ 2B & BB IIEVIRET 5COE%E
KDz MADEMNA) v MERD, EREBREN %
6,000/ &35 &, BB O HIBAEIX592)7 H1/4E, CO,
OFEHHIREIX159t/4E & V) R RS WFFCTE %,

Before introduction

. Range of
__ application
L)

Water

injection

6 MSRCEAIZL LKA 7T AT A 70—0D%4t
Fig. 6 Flow of boiler system before and after introducing MSRC
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% 4 MSRCHE AR H O RFAE R
Table 4 Estimated merit of introduction of MSRC

Steam flow rate kg/hour 3,100
Flash rate % 7.7
Suction pressure MPaG 0.05
Discharge pressure MPaG 0.4
Discharge steam flow rate kg/hour 260
Power consumption kW 41.7
Annual operating time hour/year 6,000
Merit for one year thcusal;(;gz;] 5,922
CO; reduction ton/year 159

TV =MSRCIZ, ERIAMINTLHIFATE Zho7
721, RETICET S LT 22 M 0K w24
%, fRI A N THOFHGEO SV AESICHET S 2 L
NTEL, Mzl RevEncd), BorL¥—L
COPEH 2 D KIFHIR IR DB HRa & 7o TV b,
Wtkid, MSRCO¥E K #XAHZ LT, MEREREHESL X
DCOMIPEICEIR L TV & 72\,

2 £ X #

1) WIHE bov¥ryy - 2oy 7) 2y fRseAELE T
o AREHAN. 1M, BT AV E— & v ¥ —, 2005, p.220-221.

2) BN BIAINF— BIALF—t ¥ —, 2012 Vol64,
No., p.38-40.
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Development and Approach to Future Market of the Eco-Radial Steam
Turbine Generator

2T TI)

%

N
Osamu MATSUTANI

Atsushi YOSHIDA

Eco-Radial, the new model of a radial turbine power generation system for steam pressure less than
0.98MPaG, has been developed and brought to market. Such measures as downsizing, reducing the
number of parts, and reducing the machining time have reduced the original manufacturing cost by
50%. This paper introduces the development of the new model and our future approach to the market.

FEATURE : Energy Machinery and Equipment

FANE =YL, 19344F 12 22500 Bk 25 1 0 FE U 38 4 T
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W H ACEDL T, Bia e AWHIBTE 5 IENH
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POUFFF TV 5,
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%, EHiL7: ARiCTEZa - 5 V7 VORI OM
BBIVSHBOY—7 v MBS ZHAT 5o
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HY, BHIEFS VTV UERHLTWS, A5
TV —E I, WHEEETNEL T3 2 &h 6w
B L OMEHEEh oM A BT E, fliGICy — VPR
B (5 V) Pkl S h7zwm o nis % k3 %
TRk EmAERA R E 2 Y BICS VT
Wy —VE MRy — Yy ol F B2 I8 ES
TIEBT2MHEORERERT KHENEIREE W)

MWiE1) =35 Y7 VB L WEco-RadiallZ 4tk DB EREETH 5

Rriel lurbine Radial lurbine
K1 s —Er&s I 7Ny —E Dl
Fig. 1 Comparison of axial turbine and radial turbine
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& 200
150
100
50
0

5 6 9 10 n

Steam ﬂuw?t/h)
E2 5708 —E ey — ¥y OFEER LK
Fig. 2 Power comparison of Eco-Radial and axial turbine
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Table 1 Specification of Eco-Radial

Eco-Radial (GRT160e)
Inlet condition:
Max. pressure (MPaG) 0.97
Max temperature (‘C) 210
Exit pressure (MPaQ) 0~0.5
Steam flow (t/h) 2.5~10.0
Max. power (kW) 400
Generator type Induce
Size(mm) 1,900%3,5600%1,900
Weight(kg) 3,500
Control system 4 options with inlet valve
(power, inlet pressure,
exit pressure or flow
constant control)
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WTI, R2OIIH)ITHE G T A2 LicLhIhs
RS O T2 % 60 % FEEE KK T & 720
2.3.2 REEICKDH—EHBEDREE

=B I T FBBBIVDY - ) AV
BaR2OIIITHIBLHED 5 — € R Z RGeS
570, FERERWT 7B E 1T 5 72, RO
FMaRIIIRT,

ARG R, TEREHKR L TIRRIT%FRED ¥ —
YRR A T 2 LR TE S (B3), O
RED, TV — FBEOENEIC L % 57 — ¥ R~ DE
WL, BFAHIPH L HIBICE B,

2.3.3 CFDfEMrICL B 4 —E > MHBEDIREE

232D X HIC, F—VEYUIFrFTL— FREBIV
¥ =¥ v AVKEOHRIZ LY, ERIICHFAHPT
EHHDODY =Y UFEOETAHHL 72,

OB % WMET 5 72CFD (Computational Fluid
Dynamics) f##T % 92kt L 720
(1) /7 ZIVBBHEIRICE B 2—EHEAOHE

FHEEWEICBNT, P AVHREERIC L 5y — >~
WEANOEBIDLINTHLIEIHHLTVD, Lo
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DHADETIVET b,

(2) CFDEETIVE LUBEINEY
R RS (BT IVLOFERH) X, F—¥ ¥ AN, ¥
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Table 2 Processing cost comparison with Eco-Radial and original

Number of Number of | Processing
runner blades | nozzles cost
Eco-Radial 11 14 60%
Original 14 26 100%

X3 FA MEESEMS
Table 3 Test condition

Inlet pressure | Inlet temperature Exit pressure
o) (MPap) | TestGas
0.3221 184 0.12 Air
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Table 4 Analysis conditions

Case uico Rotation speed Number of
(rpm) runner blades
Casel 0.7 39,800 14
Case?2 0.6 34,000 14
Case3 0.49 27,200 14
Case4 0.7 39,800 9
Caseb 0.6 34,000 9
Case6 0.49 27,200 9

Number of nozzles : 26 in all cases
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300.00
285.00
270.00
255.00
240.00
225.00
210.00
195.00
130.00
165.00
150.00
135.00
120.00
105.00
90.00
75.00
60.00
45.00
30.00
15.00
0.00

Table 5 Relationship between difference of efficiency ratio and difference of relative velocity profile at runner outlet

UIC0=0.7(Speed: 39,800rpm)
Number of blades: 14

U/C0=0.6(Speed: 34,000rpm)  17/C0=0.49(Speed : 27,200rpm)

Number of blades: 14

o

Number of blades: 14

Low velocity area (separation area)

I ® s I * s * s
U/C0=0.7(Speed: 39,800rpm) U/C0=0.6(Speed: 34,000rpm)  U/C0=0.49(Speed: 27,200rpm)

Number of blades: 9

Number of blades: 9

Number of blades: 9
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Fig. 6 Relative velocity profile near suction meridian surface by CFD analysis
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U/CO | Difference of efficiency | Difference of efficiency | Difference of relative
ratio between 14 blades | ratio between 14 blades | velocity profile between
and 9 blades in measured | and 9 blades in analytical | 14 blades and 9 blades
result result in analytical result

0.7 big big big
0.6 small small small
0.49 small small small
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Manufacturing Technology of Diffusion-bonded Compact Heat Exchanger
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The Diffusion-bonded Compact Heat Exchanger (DCHE) is a compact heat exchanger, and the
demand for it is expected to increase in applications for weight saving or those calling for a compact
plot area, as well as for use in floating plants. Kobe Steel has been working on the development and
establishment of the manufacturing technology of DCHE, which is a compact and high strength micro
channel heat exchanger. Its heat transfer performance has been evaluated by comparing it with the
conventional shell & tube type heat exchanger, and its strength and fatigue have been evaluated using
Kobe Steel's stress analysis technology and fatigue test. This paper introduces the features of DCHE

and the activity involved in its development.
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Table 1 Pressure fluctuation condition

Test 1 Test 2
Test media Water Hydrogen
Temperature of test device 20°c -40°C
Range of pressure fluctuation 86.5MPa 90MPa
Cycle of pressure fluctuation 100,000 cycle | 70,000 cycle
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Microchannel Reactor (Stacked Multi-Channel Reactor: SMCR®) for Bulk

Chemical Industry

N
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Dr. Koji NOISHIKI
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Yasutake MIWA

=EREpE" A

Akira MATSUOKA

The Microchannel Reactor (MCR) has a high thermal performance and rapid mass transfer due to
the small channel size where the reaction takes place; the channel size is smaller than that of the
conventional mixer type reactor. However, the application of MCR is limited to such fields as medicine
and the like, which are high value applications of many types and small productive capacity, due to the
limitation on the flow capacity of MCR. We have therefore developed the stacked multi-channel reactor
(SMCR™) to handle mass production and make it applicable to/in the bulk chemical industry. This
report explains the technology of MCR, the features and the construction of SMCR and the work done

to develop it for commercialization.
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B 72 EOER D PUBHZ IR, B1 D X 9 1T
< Conventional reactor> <MCR>

Heat transfer performance 10 times
Mass transfer performance 100 times

j i Ce: Heat capacity
<Heat transfer> C,AT; << 4 i Tr: Fluid temperature
i t: Diffusion time
i h:Heat transfer coefficient
i : Diffusion coefficient
! d:Hydraulic diameter
i A:flow area

1 BAFORIESE < A4 7 0T ¥ RO
Fig. 1 Comparison between conventional reactor and microchannel
reactor
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<Mass transfer> o< %
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1.2 BEEOMCRDERE
MCRIZ, W% [“~A 20" V7 r5—] LIFiEh5

Flow direction

(Two layers flow) |::>

{ |
| |

(Slug flow)

(1 O O 7]

(Uniform flow)

2 PR N D TR EIRIE O

Fig. 2 Example of flow pattern in microchannel
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Fig. 3 Slug flow in microchannel
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Fig. 4 Structure of ALEX

(Conventional MCR)
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Fig. 5 Basic construction of two dimensional reactor and three
dimensional reactor
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Mixing part

6 SMCRODBIRLHLIH D Fe A 5

Fig. 6 Basic construction of multi-channel SMCR

Outlet of
Fluid A+B

Inlet of
Thermal control
fluid

Outlet of
Thermal control
fluid

Inlet of
Fluid B

7 SMCROWEA A —3
Fig. 7 Inside image of SMCR
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Fig. 8 Microchannel manufactured by chemical etching

Bonded interface | /'I‘I/{, A
N = = ) T =. Z 7

;:2 ﬂj Material: Stainless steel type 304L |
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Fig. 9 Cross-sectional observation of channels and bonded interface
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| @ Study of application |
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Fig.10 Flow of development work for commercialization
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LNG Vaporizer for LNG Re-gasification Terminal
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Kobe Steel is the leading LNG vaporizer supplier in the world. We design and fabricate the "Open
Rack type Vaporizer" (ORV) and "Intermediate Fluid type LNG vaporizer" (IFV) for large scale LNG
receiving terminals. In this paper, we introduce the trends of the present LNG receiving terminal,
features of the LNG vaporizers and the topic of the development of our vaporizer.
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Fig. 1 Image of FSRU in operation'’
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LNG Vaporizers for LNG Satellite Stations
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Natural gas prices are going down around the world due to shale gas production in USA. Electric
power prices in Japan are increasing because all nuclear power stations except the Ohi station have
been shut down. This has recently led, in the industrial field, to an increase in the demand for natural
gas from LNG satellite stations. Kobe Steel has delivered LNG vaporizers to LNG satellite stations. This
paper introduces an outline and the features of LNG vaporizers for LNG satellite stations, from the
points of view of energy conservation and easy access for maintenance and inspection.
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Heavy oil hydrocracking and desulfurization reactors are pressure vessels installed in oil refineries and
operated at high pressure and high temperature to reduce light oil such as gasoline, diesel, etc., from
heavy oil. The main body of a reactor is made from a forged shell ring and the wall thickness is normally
more than 200mm. The weight of the largest class reactor is nearly 2,000tonnes. In 1975, a 13,000tonne
forging press was installed in the Takasago Works of Kobe Steel, which made it possible to supply large
forged shell rings used for reactor bodies. Since 1980, Kobe Steel has been supplying large scale reactors
all over the world. The previous report issued in 2000 describes the technology for constructing and
fabricating reactors; this report describes some reactor-related topics that have come up since 2000.
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Brazed Aluminum Plate-fin Heat Exchanger for LNG Liquefaction Plant

(ALEX®)

Tf&ﬁﬁ%ﬁ

={EEE—RR™'
Kenichiro MITSUHASHI

Since the growing demand for natural gas as a clean natural resource is expected to continue, the
construction of new LNG liquefaction plants is being planned in various parts of the world. The Brazed
Aluminum Plate-fin Heat Exchanger ALEX"™ used in the LNG liquefaction process has excellent
characteristics in both its construction cost and running cost compared with those of the conventional
shell & tube heat exchanger; and it has been used more than 40 years as the heat exchanger most
suitable to complicated low-temperature multi-fluid processes such as those of an air separation plant,
or energy and chemical plant. This paper introduces the advantages that ALEX possesses over
conventional shell & tube heat exchangers. Various special techniques required especially for the heat
exchanger of an LNG liquefaction plant, such as two-phase flow distribution, improvement in mercury
corrosion resistance, and stress analysis, are also explained.
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Air-sourced 90°C Hot Water Supplying Heat Pump, "HEM-90A"
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Kobe Steel has developed the Air-sourced Hot Water Supplying Heat Pump "HEM-90A," which has the
capability of extracting 65-90C of hot water for the heating process of factories dealing with such items
as foods, beverages, automobiles, chemicals, etc. The new developed heat pump is able to realize the
highest energy efficiency as an air-sourced hot water supplying heat pump under circulation heating,
by means of adopting a semi-hermetic two-stage twin-screw compressor modified for high temperature
operation, as well as selecting adequate refrigerants and optimizing the air-sourced evaporator unit. In
this paper, we introduce the features and the performance of our new developed heat pump.

EZDE =R, AW, BEEREOAETHTIE,
MR OBEGRRE, BREL Vo EEKELELTS
Fex e TREPGET 5. INOERAKOBFEE L THE
d, BEBEROTARA SR —F @A EINTE 2D,
WAE, b= MRV TOBAZAUIE EHEEN, b
OREBBEL L CERPERDDODH 5,

AT, 20094E121270°C F Tk & 87K O [A A
W [N 73239y —XHEM ™" -IHR] %,
E 51220104 121390C F Tk & Bk O FIREAERE AT
BeZe "4 =7 3= Y — XHEM-HR90| % {4t 1256
BRrCcramib L, SMAETRICTEHNShTY
BUN, RBGERRIE, B & AR Z RS 5 72
DEVT AT —FIARELEHTE L, LIS, HE
MEE HIIR=20 = FE LTHHT 2L TEDO XY
v NEADE D, BEENENIEZERE VWS
DY AR DO AN NG v AR WA LENRD D,
I—HFZ =AW Xo THEATREONDE T —AbdH o
725

ZFITHEHTIE, b= IRV TDOESLRIEREZNS
R, RARBIRE KRAMSAE R [ 2B/ EFIRAK e —
IR Y 7HEM-90A] ZB% L, 201245 H X b ez
BIG L7z ARTIE, MO Y AT 2AHHZ 1L
W, B HEE Lo wTRAT Y Y,

1. HEM-Q0A D4

1.1 BiE

X112 THEM-90A] @70 —%Z/RT, ERDOEIR
R AR [N A =7 3 =3 — ZAHEM-HR90] TI3,
IR THAKRD 5 OB R OZFER L LT b

Wi 1) HEMIZ B DB EHECH 5o

T, GALL A A2 27 ) 2 NEMBEICTHE L
Befitr | T IBEN A OB A2 K IC S 2 B L 7
5> TWh, GikFERFIEO 720 COP*? 13 IEH 12w < #E
FFC& 275, BN 2% 80 L REGE O R ITG KR E
CAKIRECT—FMICHR T D, BEOHRICL > TIH
BURBDOAENINT VA WD LEDH - 72,

B AU AL 2GR 2 R 3 % 95 2 TORIK &2 W 5
72012, THEM-90A] TIIFAFEE & L TRABHE:
L CHKRAEME R L, 2505 DBEHEED
BB E L TR LETAZET, = RV THA 7L
2 & 2 EIRAKDOARDOBHEAFE L 72 o 720

[HEM-90A | ok, ik, B X Oy 1 72 v
EENENEFT, £2, BIUR2IIRT,

Employing high
compression ratio twin Inverter

screw compressor Electric
T e OOT T power

d
<

Hot water [~
(out) ’

Air
(in)
Heat exchanger

¥ air sourced
(evaporator)

Heating
process

Hot water

(in)

Expansion Ar
valve out)

Heat exchanger
(condenser)

1 HEM-90A® 7 1 —I[¥|
Fig. 1 Flow diagram of HEM-90A

JI7E 2) Coefficient Of Performance : ¥ A 7 A ABIIIHT 5
W, bbb dF—m%s KT HE

RS JEMTRIEEN W - TRV F -3

R=D #7844/ Vol. 63 No. 2 (Sep. 2013) 47



R 1 BB
Table 1 Specification

%z 2 Mg (MERIRE : 25T)
Table 2 Performance (ambient temperature : 25TC)

Dimension (m)

L 2.84xW 1.54xH 2.70

Performance (condition (D)

55765
Hot water temp. (°C)
Heating capacity (kW) | 159.1
Power input (kW) 45.2

Weight (kg) 2,990
Refii ! Mixture of HFC-134a
erngeran and HFC-245fa
Hot
o watertemgerature 65~ 90
at outlet (°C)
Ambient temperature 10~ 40
(C)
Compressor semi-hermetic

two-stage twin-screw

Establishment of efficient refrigerating cycle
by optimal coolant selection

)

Heating COP 35
Performance (condition (2)

8090
Hot water temp. (°C)
Heating capacity (kW) | 176.2
Power input (kW) 62.9
Heating COP 2.8
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Four companies-Kobe Steel, Ltd., Tokyo Electric Power Company, Inc., Chubu Electric Power Co.,
Inc. and The Kansai Electric Power Co., Inc.— have jointly developed two heat-pump-based steam
supply systems: the Steam Glow Heat Pump 120 (SGH120) high efficiency steam supply system with
a steam temperature of 120C and the Steam Glow Heat Pump 165 (SGH165), which enables a steam
temperature of 165C. This is the highest temperature for a heat pump system. The heat pump system,
which is equipped with a newly developed screw compressor (applicable to high compression ratios
and high temperatures) and a compressor motor resistant to high temperatures, uses a refrigerant
suitable for high temperature supply and is a world first for enabling steam supply. Its energy
efficiency of COP3.5 is higher than that achieved by gas boilers.
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Unit type SGH120 SGH165
Steam supply 0.1MPaG 0.6MPaG
c condition 120°C 165C
'% Heat source water (°C) 65 70
% Heating capacity (kW) 370 624
2 Mass flow rate of
& steam supply (th) 0.51 089
COP 3.5 2.5
Heat source water range (°C) 35~65 35~70
Output steam range (MPaG) 0.0~0.1 0.2~0.8
Dimensions (W x D x H) 1,325 x 4,850 x 2,540 | 4,400 x 3,180 % 2,810
Installing weight (kg) 4,000 7.000
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Two-stage Semi-hermetic Ammonia Refrigerator

FaARRE ™

Masashi OKURA Katsuyuki SUZUKI

Kobe Steel has developed a new inverter driven semi-hermetic ammonia screw refrigerator. By
adopting a new control method for linking the compressor speed to the compressor suction pressure,
a 40% greater cooling capacity can be generated at an evaporating temperature of —407C, and 35%
energy saving can be achieved at a 50% partial load compared to that of our conventional refrigerator.
In addition, the semi-hermetic structure prevents ammonia from leaking from the mechanical seal of
the compressor. This machine can be used for a wide range of evaporating temperatures from —30C
to —60C and for applications such as freezing food, process cooling, etc.
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Table 1 Comparison of performance between iZN and conventional machine
Conventional . . )
SHMN Series iZMN Seriez Comparison Femarks
Structure Open type Semi-Hermetic type Mo leakage ammonia
Goali ity (> B0Hz 305 56.2 42% increaze Comparison of 37kW motor
oalng capacity Bi0Hz 473 E62 19% increase CT/ET=40/-40°C
50% Load 85 50 Improved by 35%
Part load %4
art load power (%6)  Longry g a7 70 Tmproved by 17%
Low moise — Lower by 5dB than the conventionals. Gomparison of 37kW motor
Environment Safet _ Remote observation, Foreseeing the trend of operating conditions,
i communication function  isensing the advance warning

K2 PEMT vE=THAE STy T

Table 2 Semi hermetic ammonia screw refrigerator lineup

Saturated temperature Motor normal output (kW)
at suction pressure 24 37 45 74 90 110 125
0~-30°C Single stage [ ] ® [ ] [ ] ® [
-30~-60°C Two stage [ ] [ J [ ] [ @ [ J [ ]
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BRI OANS A 7™ 22/37kW

New Kobelion 22/37kW

HEEsth ™
Takuya OKUTO

For this model change, a new model of Kobelion was developed, attaining the highest amount of
discharge air in the domestic class. The control range for the amount of discharge air and discharge-
pressure in the inverter machine was greatly expanded. In the non-inverter machine, the new model
has enabled the use of just one kind of unit, regardless of a user's installation frequency band (50/60Hz)

and pressure specification.
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NEW PRODUCTS AND NEW TECHNOLOGIES

HAAINTY -9 2 [E#EHE [Emeraude-ALE ]

New Oil-free Air Compressors, "Emeraude-ALE"

——

IE YA
Takayuki HARA

Today, superior energy-saving characteristics are demanded of air compressors, due to increasing
environmental issues. Kobe Steel has developed the oil-free air compressor "Emeraude-ALE" series,
which has superior energy-saving characteristics to meet this need. The concept behind the new
Emeraude-ALE is "the advancement of customer satisfaction" by expanding the lineup of inverter
types, increasing the air discharge flow rate, expanding the discharge pressure range, providing a
compact cabinet, and achieving a "class 0" rating for the cleanliness of the discharged air. This paper
introduces the main features and the key technologies of the newly developed compressors.
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Fig. 1 Appearance of compressor unit

) Main motor
Suction duct

Capacity control valve

20d compressor

Local eontrol

1% compressor
panel

Oil filter

Qil pump motor

Qil cooler
After cooler

Inter cooler
2 RGBS

Fig. 2 Internal structure of compressor unit
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Table 1 Lineup of standard units of new ALE series

A
0.7MPa o o o) 0.7MPa [¢] o) o
120kW | 0.88MPa = = = 200kW | 0.88MPa = - -
1.0MPa = = = 1.0MPa = = =
0.7MPa [e] [e] [e] 0.7MPa e} O e}
132kW | 0.88MPa = = 220kW | 0.88MPa [e] (o] (o]
1.0MPa - - - 1.0MPa - - -
0.7MPa o s} o 0.7MPa ] 0 o
145kW | 088MPa | O o) 8} 250kW | 088MPa [¢] [e) o
1.0MPa - - - 1.0MPa o o o
0.7MPa [e] ] o] 0.7MPa e} e] o]
160kW | 0.88MPa ¢} ) ] 270kW | 0.88MPa o o o
1.0MPa (o) (o] (o) 1.0MPa o [e] o
0.7MPa [e] (o] [e] 0.7MPa - - -
180kW | 0.88MPa ] [e] [e] 290kW | 0.88MPa [e] o o]
1.0MPa o [e) [e) 1.0MPa [¢] o o
>
— Air
— Water

Symbol Item Symbol ftem
C-1_ 1" stage compressor 3SOL |Three-way solencid valve
_C2 |2 stage compressor | VCSOL |Solencid valve for e
CV-1_ |Volumetric regulator valve | A/C SOL|Solenoid valve for AIC
S-1  |Suction silencer V1 [2™ stage discharge air check valve
S-2  |Discharge silencer PT1  [1" stage suction air pressure sensor
S-3 | Blow-off silencer PT2 |1* stage discharge air pressure sensor
H-1  |Inter-cooler PT3  [2™ stage discharge air pressure sensor
H-2  |After-cooler TE1 |T] for 1% stage suction air temperature
F-1  |Suction filter TE2 [Tk le for 1* stage discharge air temperature
SV |Safety valve TE3  [Thermocouple for 2* stage suction air temperature
SHV  [Shuitle valve TE4 [Tk le for 2* stage discharge air

X3 FEiitkr=y PHNOER 70—
Fig. 3 Air flow in compressor unit
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Table 2 Lineup of inverter unit

120kW  132kW  145kW  160kW  180kW  200kW  220kW  250kW  270kW  290kW

0.7MPa (e} * O *
0.88MPa * * * *

( % :new lineup )

£ 3 HMALEOM: 225 &

Table 3 Air discharge rate of new ALE
(m’/min)
0.7MPa 120KW|132KW]|145KW[160KkWV| 180KW|200kW|220KWW|250kW|270kW
New ALE 59Hz | 228 [24.7 [27.3 [29.8 [33.6 | 374 | 39.7 | 45.0 | 49.2
60Hz | 22.1 [245 |27.4 [29.8 [ 339 | 374 |39.7 | 45.0 | 49.3
50Hz | 21.5 [23.8 | 26.3 [ 28.3 [ 327 | 363 | 39.0 | 435 | 48.0
60Hz | 21.8 | 239 | 26.3 [28.3 | 328 | 364 | 39.2 | 43.6 | 48.0
up (%) |2oHz[ 37 [38 |38 |53 [ 28 [aE [ 18 [ a4 [ 26
Gzl 14 [ 25 [42 |68 [ 84 | oy | La || & || a7

0.88MPa___|145KW|160KW/|180KkW|220KW[250KW|270KW|290KW
50Hz | 23.6 | 5.8 | 29.6 | 35.6 | 39.7 | 41.9 | 45.3

New ALE oz [ 23.6 | 26.2 [ 29.5 | 36.8 | 39.9 | 426 | 46.0
ALE  BOMz[21.4 287 |26.3 | 52.7 | 362 | 38.9 | 484
60Hz | 21.7 | 23.8 | 26.3 | 32.8 | 36.3 | 39.1 | 43.6
50Hz| 103 | 8.9 [12.5 | 89 | 9.7 | 7.7 | 4.4
60Hz| 8.8 |10.1 [122 | 9.1 | 9.9 | 8.7 | 55

1.0MPa  |160KkW|180KW|250kW|270KW[290KkW
50Hz | 23.6 | 26.3 | 35.7 | 39.6 | 41.9

New ALE “oohz [ 23.5 | 26.2 | 32.7 | 36.3 | 39.1
ALE | 50Mz|21.4 | 263 [ 827 |62 | 389
60Hz | 23.5 | 26.2 | 85.8 | 9.8 | 42.5

ALE

UP (%)

50Hz | 10.3 | 0.0 9.2 9.4 Ty

WP 60Hz | 8.3 0.0 9.5 9.6 8.7
x4 PFALEDE LK
Table 4 Pressure specifications of new ALE
Pressure New ALE ALE
1.03MPa 1.0MPa UNIT 1.0MPa UNIT
(MAX1.03MPa) ex) 160kW: 21.7m*min
1.0MPa ex) 160kW:23.5m*min
0.93MPa 0.88MPa UNIT

(MAX0.93MPa)

0.88MPa ex) 160kW:26.2m*/min 0.93MPa UNIT
0.75MPa ex) 160kW: 23.8m*min
0.7MPa UNIT
0.7MPa (MAX0.75MPa)
ex) 160kW:29.8m*/min 0.69MPa UNIT
0.68MPa ex) 160kW : 28.3m¥min
2013)
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Fig. 4 Result of FEM stress analysis for gas cooler
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Business Iltems

Iron & Steel Business

Iron and Steel Products : Wire rods, Bars, Plates, Hot-rolled sheets, Cold-rolled sheets, Electrogalvanized sheets,
Hot dip galvanized sheets, Painted sheets, Deformed bars, Pig iron

Steel Castings and forgings : Marine parts (Crankshafts, Engine components, Shafting, Ship hull parts),
Industrial machinery parts (Forgings for molds, Rolls, Bridge parts, Forgings for pressure
vessel), Nuclear parts

Titanium Products : Parts for jet engines and airframes (Forgings, Ring rolling products), Coils, Sheets, Foils,
Plates, Wire rods, Welded tubes, Titanium alloys for high strength applications, corrosion
resistant applications and heat transfer applications, Titanium alloys for motorbikes and
automobiles exhaust systems, golf club heads, architecture and medical appliances

Steel Powders : Atomized steel powders for Sintered parts, Soft magnetic components, Soil and ground water
remediation, Handwarmers, Deoxidizers, Metal injection moldings

Independent Power Producer : Wholesale power supply

Welding Business

Welding Consumables : Covered welding electrodes, flux-cored and solid welding wire for semi-automatic welding,
solid wire and fluxes for submerged arc welding, TIG welding rods, backing materials

Welding Systems : Robot systems for welding steel columns, welding robot systems for construction
machine, offline teaching systems, other welding robots, power sources

High Functional Materials : Filters for deodorization, dehumidification, ozone decomposition, toxic gas absorption,
and oil mist elimination; equipments for deodorization, dehumidification

General : Testing, analysis, inspection, and commissioned research; educational guidance; consulting;
maintenance and inspection of industrial robots, power sources, and machinery

Aluminum & Copper Business
Aluminum and Aluminum Alloy Products : Sheets, strips, plates, shapes, bars, tubes, forgings, castings
Aluminum Secondary Products : Blank and substrates for computer memory disks, pre-coated materials
Aluminum Fabricated Products : Construction materials, electronics and OA equipment drums, automotive parts,

heat exchanger parts, chamber, electrode parts

Copper and Copper Alloys : Sheets, strips, tubes, pipes
Copper Secondary Products : Conductivity pipes, inner grooved tubes for air conditioners, Lead frames
Magnesium castings : Sand mold castings

Machinery Business

Tire and Rubber Machinery : Batch mixers, twin-screw extruders, tire curing presses, tire testing machines, tire &
rubber plant

Plastic Process Machinery : Large-capacity mixing / pelletizing systems, compounding units, twin-screw extruders,
optical fiber processing equipment, wire-coating equipment, injection-molding machines

Advanced Products : Surface modification system (AIP, UBMS), inspection and analysis systems(high-resolution
RBS system)

Compressor : Screw compressors, centrifugal compressors, reciprocating compressors, refrigeration
compressors, heat pomp, radial turbine, standard compressors, micro steam energy generator

Material Forming Machinery : Bar & wire rod rolling mills, blooming & billeting mills, strip rolling mills,
automatic flatness control systems, continuous casting equipment, hot isostatic presses, cold
isostatic presses, various high pressure machinery, metal press machines

Energy : Aluminum brazed plate fin heat exchanger(ALEX), LNG vaporizers(Open rack vaporizers,
Intermediate fluid vaporizer, Hot water vaporizer, Cold water vaporizer, Air-fin vaporizer),
Pressure vessels, Aerospace ground testing equipment,

Engineering Business

New Iron- Coal and Energy : Direct reduction plants, Pelletizing plants, Steel mill waste processing plants, New
ironmaking plants(ITmk3, FASTMELT), Iron ore beneficiation plants, Upgraded brown
coal

Nuclear-CWD : Nuclear plants(radioactive waste processing/disposal), Advanced nuclear equipment,
Spent fuel storage and transport packaging, Power reactor/Reprocessing plant
components, Fuel channels
Chemical weapon destruction(Consulting, search and recovery, Transportation, Storage,
Chemical analysis, Monitoring, Safety management, CWD plant construction and
operation), Detoxification of soil and other materials contaminated with chemical agents,
Destruction of explosive ordnance and persistent toxic substances, Contaminated site
remediation projects

Steel Structure-Sabo : Sabo and Disaster Prevention Products(Steel grid sabo dams, Flaring shaped seawalls),
Cable construction work, Acoustic & vibration absorption systems

Urban Systems : Urban transit system (Mass rapid transit system, Automated guideway transit system,
SKYRAIL, Guideway bus), Platform screen door (PSD), Train stopping place detection
equipment, Clearance envelope measurement equipment, Wireless monitoring, Automatic
train control system, Private finance initiative (PFI) business, Medical information system
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