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Study on Liquid-Metal MHD Power Generation System
- with
Two-Phase Natural Circulation

-Applicability to Fast Reactor Conditions-

Masaki SAITO*
Abstract

Feasibility study of the liquid-metal MHD power generation system combined
with the high-density two'phase natural circulation has been performed for the
applicability to the simple, autonomic energy conversion system of the liquid-metal
cooled fast reactor.

The present system has many promising aspects not only in the energy
conversion process, but also in safety and economical improvements of the
liquid-metal cooled fast reactor. For example, the high cycle efficiency can be
expected because of the similarity of the present cycle to the Ericsson cycle.
Sodium-Water Interaction problem can be excluded by proper combination of the
working fluids. As the economical feature, the present system is so simple that the
liquid-metal main circular pump, the steam turbine generator, and even the steam
generator can be excluded if the thermodynamic working fluid is injected directly
into the high temperature liquid metal MHD working fluid. In addition, the present
system has the potential to be applied to various heat sources including solar
energy because of the high flexibility of the operation temperature.

In the present paper, as the first step of the feasibility study, the cycle analyses
were performed to examine the effects of the main system parameters on the
fundamental characteristics of the system

It is found that the cycle efficiency of the present system is enough competitive
with that of the conventional steam turbine system. It is, however, found that the
cycle efficiency depends strongly on the gas-liquid slip ratio in the two-phase flow
channel. As the conclusions, it is recommended to perform experimental study to
obtain the fundamental data, such as the gas-liquid slip ratio in the high-density
liquid-metal two-phase natural circulation.

This work was performed by Tokyo Institute of Technology under contract with
Japan Nuclear Cycle Development Institute.
*Tokyo Institute of Technology, Research Laboratory for Nuclear Reactors, Associate
Professor
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1 o | ? Wg
] L 12 1
Heat Exchanger

gl -——=

max [======="

I'Heat Return

B 2-2 ¥EERTSHER (1)
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Tmin
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3H A ZIILRITEFIL

FEAT IR FROEBN RIS N EREEN X (Ho0) DipE L FEEREA 2 (Ar) OFBAICD
WTRDEZHIZB N TITo %, E7=, MHD fEBfEE L TiX Pb-Bi 2 v iz,

HIEREE L LTHR D,
EEMEMEA 2 IR ORITEARME, B IEARE S LTH D,
FERRHEME AN A BRI L LTH I,
ERRX
TR - KEThENICE X O, SHESEERMEOHEGIRRE L. BRERL LTS
LIZEEH LS,

ESERKITERTD,

UEDREWC LY, ZHEREMEREREH I RXSBELND,

O =Q]+Qg £ 3-1
g, = Cpn.iz (7, ~ T, )(1-x) 7, 3-2
{Cpgﬂs(rr —T)+ Ly +C o (T, - Tg)}x (condensability)
Q, = ' ‘ ’ . X 3-3
Clese T —T))x {non condensability)

1~2 TOHHEOZ RN F—BEND
lrph Ly B # 3-4
2 P2 P
“R=Ptop U -UD) % 55
'TI = T9 =Tmax Et 3'6
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EaES

RIBRREBIE—EEAPpod. —ERE (T TITDON D,
BEERR, FRRIIERT 2,
REMEIT—ELT 5.

. Pg ZPmax K 3'1
TE ='T; szax ?T:t 3'2
ESHHAIBWT, EREoxL by,
X P % g * 3-3
I-x pp I-a,
SEEHN ALY,
A
n = = :_f-t 3'4
Pe2 RT,
1
U, = U, #* 35
l-a,
: .r:;:_t [=]

ZHROEABRTICL > TEHEABRT 56, BRCI > TRBIZEERTLL S &

T8, MEAMTRSTHITOLEABOKRE, LHEZ T, JHEMTHAE(LT 55HE

(e REREA DR, ZZ TIREAM THICHTEENE L, ZHReETET Y b

o =L 2D T,
xdS, +(1-x)dS, =0 A 31

ZZT,
dS,#0  dS, =0 % 3-2
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SHEBLUBHEINENOEMERLH =V OXHE (KEE) ZddutToE,

d

ds, =
T

as, =2
T

TR A FEERE RIS L i,

dq, = dh, —v,dp
= (cpadT+ v,dp) - v,dp
=¢,dT
;34 L0
dT
dS, = CPI —T‘—'

—F. R\ L TRNEE B eV AREEZBRTL &,

dq, =dh, ~v,dp
R
= ¢,y dT - TdP
X33kY
dar dP
ng = cpg ?—R—P"—

36, 37EXLITITRATRL,

X 33

X 34

X 35

= 36

i 37

X 3-8

X 39
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K39 EM L, BELENOBRIILTOLIIC2D,

1-n

TP " = const. i 3-10

=7 L.

R X ¢
= ad & 3-11

P\ '
T, =T2( J = 3-12

)_Ds:;P. §t3'13

TEHAFELY,

P,
pgS = RT; it 3'14
DR,
1
a, = . # 3-15
1+ —IQSJ,3
< Pn

SRR EAMTIEREME —EL LT,

l-«,
Us=Upn - A, 3-16
1"‘0:3
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FEBMERTN»O, EREXPEHRLT,

(R _Pz)"'_[:{/oga + P (l—a)}gdZ + cogsa;*U;-s - nga'.’.U;?.)

X 3-17
Hos (- U2 - o, (-, U3 =0
R 317 OEDFEIROBESE. p, ) p, L9,
LZ (o, +p,(1-a)lgaz = p, (1~ () g = 3-18
rEL,
H=2,-7, (a)=—é— i’adz * 319

LU, SORFHRA FE{a) ik, ZHRHARORS FRas asDFHL LTELT S

&,

(@) =ﬁ¥l 3 3-20

L7223 > TR 3-17 i,

X

1-a, —l_xst-a-l

X
(Pa —Pz)-i-pm(l—(a))gH+p,1(l—a2)(1_—x5fg +l] 1-a, LS

l1-x
= §-21

WIZ T B2 N F—R Db,
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P _P’J ]_ - ]. 3 1
(I—x){cp,(:@ L)+ 22U —U,;)}+x{cpg(1; -1+ U, —Ugg)}+gH=o

4
® 3-22
31T ER32PE HEUL#RDB L,
] P _P1
U =( 3 _)+p,C A 3-23
A-pB
_H=E{~C—BG%_&)+“CJ . 3-24
g A_p.rB
T,
p. = i~ (@) % 325
X l-a . Sps 41
A:plz(l—aq(—Sf,-l-l] z1-x -1 & 3-26
l-x °° l-ea, Xx
3 S, +1
—-X
=85 +1 :
B=%(1—x)(—-x S}2+1J 17y 1-x -1 R 3-27
l1-x I-a, x §2, +1
- X
C=xcpg(Ta-—T2)+(1—x{c_p,(7;—7"2)+P3“P2J X 3-28
reh
& AN

BE. EAR—ENEEHBEh 5,

SHEDEINRKETERT 5.

FERSNHAOED = ) A F i3, BERRK (FBHRR) KLVBP LT3 b0L
T 5,
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T4=Tio:Ts
P, =Hh, =P

I
1l

1 , 1
7, EpasUB = _z"pergo

BEEREBRTERT S,
BERTIEL (R L¥3,
MEEFEIE—E LT 5,

I;l :Tm

By =R, +pp8H
Upe = Um

MHD $£E#

BEHRERITERT 5.

Va—NMERIIARICEE SR B T 5,

T,
. =B
n: - Um

[ ]

—

SIS
t

MHD #Z# TOENETIL.

1 5
AP yp = (Pn "'Pl:)"'Epm (Un _Urliz)

BB

=X 3-29
X 3-30

# 3-31

i 3-32
X 3-33
X 3-34

3 3-35

# 3-36
=, 3-37

. 3-38
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I-x
W, =0, —— = 3-39
P
¥V a— BRI
ijz(}'_ng)APMID X 3-40
FEEFRRXITIERT S,
CpgT,S (‘TE "“I;) = nregcpg‘l,S(Tﬁl "TS) it 3-41
F =P, A 3-42
P =P A 3-48
1\?1';1%
FEERRIERITERT 5,
o - xLs (condensability) &
= C e (T.~T,) (non condensability) 3
I =1, X 3-45
P, =P, . 3-46
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(condensability)
My Pq
Y211 P\
—I—'RT7 | —1ix (non condensability)
n,1-k 5
(i:EMRBRE .k HEMD)
R THEEINE A~ EN S,
T, (condensability)
ik
=9 (P
T| =% {non condensability)
£
P?' = Pmax
YA I NHE
n= Wg _ Wp

UEDIREFRTIZ, ¥ A 7 LOEKEMEERB70H,
THRAORA FE
TR Y v 7L
R T OIEHEE S
VAT LIERE
VAF LR B M

BT A—FE UTRERT 2T,

N 3-47

L 3-48

X 3-49

N 3-50
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A A U IERIRTER

—fERRA QR A REOEE

X 4-1~4-3 ([CIFBIREZIEEEEM AT R 2 B & & [ 4-14~4-22 (TEREMES 2 %
P ED, ZHIRAOQRA FREY A 7 NVHROBBRTH D, 4 7 VHTTR A FZ)
BT I LaeBo TRAIEDP LTHE, I/ —BENGERLTW, ZhEKkDX
DIWCHHTE D, THARLENCHN T, [BIEEAENOEEZTITRY 2B SEADEL
WL DERL T, BRA FETIREELHEERTAOETDL Y IZ+HIHID T,
KAEBERORE CERWRT 2 Z LRI 2S, —F, A4 FERENVSHORAD
hDIAEADEIER I L, BELTEENATHEA I LT A8BIC AR BERBHENE
X BhARVDT, SREENBRTERR>TL B, T8&. U2 VLHA IA0E
DTRBEL, IV —PRPBETFR TN, B 47, 8 IR LIZHERESEOEEIL.
JEREBREAEANEIHESERZ ZERDD D, ThIERC 7OEFICL 2BERETFTT
BleHTHD,

X 4-13,22 IZ ZFARAQRA FEIIHT 5, ZHRBEMEEH LY OV AT ADEKRHA
TARAF— (MHD B —(Rr7AF)) OEBREFLTW3, B4 FEOLFEE 2410
HAXFAF—ZEML TS, ZRREAHZMEDBREOERRENEZ 51220, B
BErCBERDENBIBLZIEOTHE, LirL, FEEESEZRAVWEES,. BERE
0T LR THARKREE LS HE ARSI LTLE S,

“HESEA Y v IO

B 4-9 [CHEEEHER O, E4-18, 19 ICEBHESEOTIEA Y v 7L YA 2 VEBHED
FRETT, ZHRICED L, FA 7 APTIHICHE RS FROBET, [ER Y v 7Hic
RECHBIND ZLBDND, HEREREDIED BEEELVE LV EERS 50T,
R THABBRA FRIZLDIEERELLRBEDTH D,

Ea Ry MEQYE

B 4-10 2 FEEEMRERED, K 4-20, 21 BDEHEREOE 2 F—R2 Yy FREF A 74
DREDBEETHD, ThiCLd Lt 2 AFRT MAD BELTRICKE EFELTH
5, B, [URDBERODRLERA FERATY A 7 VARICRELEENH D, T3k
EEMERE AN ENEBTE L LSRRy 7OEREHBEEF LD, Lo k&2
ERBHD,
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B E A~ R

RA-1IRUK4-23»04—-250, RVATADOEEF~OHERILETT,
AVAT ML, SERERF - TRLETHLP. TROAROEBEN L TRFEL R
D VAT LABMR (F-EOREBRORAAT, B LS 7 FTRERE) A5 LT,
R 7O RITAREY . ZBMELMNA LTS, E, BEFO ZRAMRICHD =
TAREHRALILGS, ~RGARLOMEER 7 n— v 772 EATHE, —KFHA
MERBRF T HREL 25M ETRERCH TS NakRGEFHE L RAKICHRRTE .
Rht, BEEORE 2R ESH/FTE B,

Eh, MROVATLATHEHED, [IRSBERPHRBTIIH EICRE L,
HTOROEMEFALT, MTUMAEFE~OBEMALTETH D,
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R TR =5 FEERHE A
7! component 1.0 Ar & Pb-Bi

T, = 800K
Tor = 320K
0.6} P.. = 10MPa
P =0.1MPa

Cycle Efficiency (1)

0 0.2 0.4 0.6 0.8 1
Average Void Fraction (« )

4-1 KA FROVA I ABHRE~RIETHE (1) GRHERR. A 7EMKBRY : 5)
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YR Gt
B TGRS = 5 HEEAER
1.0 Ar & Pb-Bi

1 7] component ~
! |

| ' | ! | '

<
o0

&
=)

N
N

¢
b

Cycle Efficiency / Carnot Cycle Efficiency ( n/17 )

=

0 0.2 0.4 0.6 0.8 1
Average Void Fraction (o)

B 4-2 RA FROFA I ABA~RIETHE (2) GEEHR. B 7EHERK: 5)
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A 7 FEARERE = 10 TEREAER

1 component 1 0

<
o)

<
™~

Cycle Efficiency ( 7 )

=
b

0 0.2 0.4 0.6 0.8 1
Average Void Fraction («)

K 4-3 A FEOFA I AVPR~RIFTTES (3) GEEHER., R 7EHEE : 10)
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Y G 7
R FIEMERE =10 e R

1 i colmpone}lt = ].IO : l l l Ar l& P.})"Bl
s
= ARSI
0.8
ks
2 -
i3
o 0.6}
5
2 oal P
504f p
=
% -
£ 02F 5t
[
©

0.8 1

[ L l !
0 0.2 0.4 0.6
Average Void Fraction («)

K 4-4 Ao VROV INVPE~RETEE (4) GEEHR. R 7EREE : 10)



JNC TJ9400 2000-014

T} componen = 1'0
Pregs Step = 00 Ar & Pb
1 I T I T ]

T e = SO0K
- T, = 320K
P_.. = 10MPa
P_. = 0.1MPa

Cycle Efficiency ( 77 )

Y
-y
Gy
L x i

. | . [ . |
0 0.2 0.4 0.6 0. 1
Average Void Fraction (o)

B 4-6 XA FROFAIAHRBA~RITTEE (5) CGRHENR, R 7EMHEE : )
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n =1.0 FRUENER
, Pregs Stap = 00 Ar & Pb-Bi
- = ] ) | ¥ T T I T
50 =
208"
5
5 0.6F
2
g 0.2 |
O : l L I 1 I 1 i 1
0 0.2 04 0.6 0.8 1

K 4-6 R4 FEROHA

Average Void Fraction («)

TNERBARIETHE (6) CEHEMER. RV 7EMEH : o)
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AV o7 Hh=20

7 qnmnonlent = llO

=
N
|

<
~
i

Cycle Efficiency ()

S
b

= 800K
=320K
o = 10MPa
P_.. =0.1MPa

JFEE B EK
5E%
N, oo_&'—'

max
min

T
T
P

2

0

&

| ] | | ]
0.2 0.4 0.6 0.8 1
Average Void Fraction (« )

4-7 By TEBBREOV A 7 AHB~0FE (1)
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o FH — FEEEE R
A2 w7 =20 Ar & Pb-Bi

I ! I [ i

1 n qomnonlent = 11-0

0.8 -
0.6 ~

T, = 800K S\
Ty = 320K N
P max 10MPa

Poun = 0.1MPa \ S

R 1

0 1 1 1 [ 1
0 0.2 0.4 0.6 0.8 1

Average Void Fraction («)

o
ol
I

=
(W
r

Cycle Efficiency / Camnot Cycle Efficiency (n /7 )

K 4-8 RTEEBERBEOTA 7V PE~ORSE (2)
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R FIERGERS = oo FEERE R

n component =1.0 Al’ & Pb-Bl

o o =
= N\ o0

—
b

Cycle Efficiency / Carnot Cycle Efficiency ( n/n )

L = 1 i

-

8 10
Gas-Liquid Slip Ratio, Sf

B 4-9 KEERY v FHOYA I ADE~DORE
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— MHD Generator
== Pump VBT <7
- = Regenerator FHitEE R _
1 Separator Ar & Pb-Bi
] | [ []

ol
=

<
E=)

R > 7 ERMRBEK = oo
Sf=2.0

a =0.2 )
/ Tp = 800K -
‘ Too = 320K

! P,_,.=10MPa
P,_.. = 0.1MPa

. | ; I : l : f '
5 0.6 0.7 0.8 0.9 1
Component Efficiency, 7 component

O

I

= I
N
N

N

N

\

—
b

Cycle Efficiency / Carnot Cycle Efficiency ( n/7n )

O

B 4-10 FarR—Rr  HEQY A I NAPR~OEE
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AV v =20 FEEERE R

71 component — 1.0 Ar & Pb-Bi
- - - . ~ T ' | ' I
£ <ol Tmax = 800K i
£ Tnin = 320K |
% | Ppax = 10MPa 1y
0k P.in = 0.1MPa 0. 1] -
s 30F
5|
= 20f
2
g 10¢
S |
g ‘ T ~ . | | | , | 1
5 % 02 04 06 03 1

Average Void Fraction ( o)

B 4-11 KA FEROBANBICGESHA~OES
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Compressor Power/ Mass Flow Rate , W, (kW/kg/sec)

40

30

20

10

2 v TH=20 FEEEHE R
Tl component — 1.0 Ar & Pb-Bi
! | ' i ! | : | '\'
T nax = 800K |
- T = 320K 7
P . = 10MPa
[ ijn = (0.1MPa |
FEE B3
I 5Ex 1
155
ppp— -

0 02

~ i i |
0.4 0.6 0.8 1
Average Void Fraction ( « )
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Net Output Power/ Mass Flow Rate , Wy (kW/kg/sec)

15

10

20 v =20 FEEENE R
Ar & Pb-Bi
T | I

Y component =1.0

| ! ] ' 1
T o = 800K
T = 320K
P, = 10MPa
P =0.1MPa

JEE B3
- SER

! [ | [ !
0.2 0.4 0.6 0.8 1
Average Void Fraction ( « )

B 4-18 KA FROEREBRKHBHI~OES
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| 7K & Pb-Bi
06 T T I T | T { '
0.5+ -
- A
— 0.4}
>
0o
=
2
o 0.3
&
m -
S 0.21
5‘ i n component =1.0
Tmax = 800K —==Cf=1.0
0.1F Toin=373K  —0" 99
P = 12.3MPa 30
- Py =0.1MPa 4.0 .
0 I ! ) ] 1 ]
0 0.2 0.4 0.6 0.8 1
Average Void Fraction ()
B 4-14 BA FROVA 7 AHEBE~OFE (1) @EH%, Tmin=373K)
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B R
7K & Pb-Bi

Cycle Efficiency / Carnot Cycle Efficiency ( n/7 )

e component =1.0

021 Tmex=800K  ——Sf=10
L7 TON=373K —— 2.0
P =123MPa =—— 3.0
" P_. =0.1MPa 4.0 1
| 1 | : 1 ] '
O0 0.2 0.4 0.6 0.8 1

B 4-16 &4 FROVA 7 VHB~OEE (2) B#HR. Tmin=373K)

Average Void Fraction (o )
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7K & Pb-Bi
0'6 ' ! ! | ! i T I T
0.5
~_ B
=
~ 0.4
P
Q
o
2 03
5 0.3
&
=
5 0.2h VA
(3‘ I 7l component — 1.0 \k |
Tmax = 800K e Qf =1 ()
0.1+ Tmin=320K S X _
Pmax: 12.3MPa 3.0
- Ppin = 0.01MPa 4.0 .
0

3 | L l L | : [ 1
0 0.2 0.4 0.6 0.8 1
Average Void Fraction ()

B 4-16 A FROYA ZAHE~OFE (3) EH%. Tmin=320K)
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Average Void Fraction (o )

AR
7K & Pb-Bi
— 1 ! | ! | ! [ ' I '
&
gO,S B
g 5
5 0.6
S,
O N
:
5 0.4
=
% n component =10
S 0.9 Tmex=800K ~ ——Sf=10 i
S VT T = 320 — 20
© | Ppy=123MPa —— 30 _
t%‘ Puin = 0.0IMPa == 4.0 |
O ] ' 1 l i l 1 I i
0 0.2 0.4 0.6 0.8 1

B 4-17 KA FEOHA 2 VHE~OEE (4) EHEFR. Tmin=320K)
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BTG R
n component = 10 7}( & Pb"Bl
0.6 ) , , . , : .
| Tomax = 800K — o =01 1
0.5F T, = 373K ===a =02 |
Po=123MPa -~ ~a =03
— i P.in = 0.1MPa == =04 |
— 0.4F
e
(]
a
'9 0 3 .......
O o
O \ £ . X "“h%
207 SN
TN
0.1+ v
0 ! | 1 | ' | \
2 4 6 8 10

Gas-Liquid slip ratio, S¢

B 4-18 [UHBMERY v THOFA IARB~OEE (1) (EHFE. Tmin=373K)



JNC TJ9400 2000-014

GEiE R
7K & Pb-Bi
1 T T T I T | T
0.8

&
N

=
o~

n component =1.0

Cycle Efficiency / Carnot Cycle Efficiency ( n/7n ()

| Tom =800k  ___ -0l )
02 Tn;f=373K - o : 8%
| Ph.c=12.3MPa @ 01 ]
P,,=0.1MPa ~ &%
0 L ] ] ] l @ ._1‘ 0.5 i | ]
2 4 6 8 10

Gas-Liquid slip ratio, S¢

B 4-19 KE@AY v TFHOYA I AMB~OEE (2) (BEHFHR. Tmin=373K)
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AR
7K & Pb-Bi
0.5 T | T 1 T ] ] T [ '
0.4
Sy
9 0.3
8 o
kS
=
=02
- 1 component — 1.0
S a =02 7
O === MHD Generator S§f=2.0
0.1k ===Pump Tmax = 800K
= = =Regenerator Tmin = 373K
i ~=====Separator P = 12.3MPa -
P]imn = Ol\{[Pa

L I i ! I | L
8.4 05 06 0.7 08 09 1
Component Efficiency, 7 somponent

B 4-20 HoaVvR—FR 2 MNIROV A 7 ANB~0FE (1) BFHER. Tmin=373K)
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5 ' 7] component 1.0
- o = 6.2

Cycle Efficiency / Camot Cycle Efficiency ( n/n )

Sf=2.0
0.2} MHD Generator  Imax = 800K 4
- - = Pump Toin = 373K
- = =Regenerator Prax = 12.3MPa -
—— Scpagator |, Prin=0.1MPa

02 05 06 07 08 09 1
Component Efficiency, 71 component

B 4-218HERAY v 7HOF A 7 ATE~DEE (2) (R, Tmin=373K)
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Q;, = Input Power / Mass Flow Rate
W, = Generator Output Power / Mass Flow Rate
W = Pump Input Power / Mass Flow Rate
50 T | T | T [ |7J< (gf bTBl
Sn comn ionent i
40 T,.x = 800K -
T =373K
- Pmax = 12.3MPa .
P, = 0.1MPa
o 301 -
8D
=4 i i
=
24 20 s
10f- -
0 0.2 0.4 0.6 0.8 1

Average Void Fraction ()

B 4-22 BA FROBAS., BERXHA. Rrr789h~0BB8EHEFE. Tnin=373K)
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K41 EEF~OEAGH

Condensable Non—Condensable
Water&Pb—Bi) Ar&Pb—Bi)
Heat Source(K) 800 -800
Heat Sink(K) 373 320
Max. Press.(MPa) 12.3 10.0
Min. Press.(MPa) 0.10 0.10
Void Fraction 0.30 0.30
Gas~Lig. Slip Ratio 2.0 20
Press Step - 10
Comp. Efficiency 0.95 0.95
Heat Input Power(MWt) 585 199
MHD Gen. Power{MW) 225 175
Pump Power(MW) 1.14 52.8
Gas Flow Rate(ton/s) 0.142 0.255
Li.q. Flow Rate(ton/s) 50.0 (5m’/s) 50.0(5m°%/s)
Efficiency(%) ' 38.0 422
n/n(% 7.2 70.3
Net Output Power{MWe) 223 84
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Heat Sink ]

e WA TEY

————- Two—Phase Flow
Separator
I-———-=, Pump

AIHX: Advanced Intermediate
Heat Exchanger
EFG : Erectromagnetic Flow Coupler
ASH : Advanced Super-Heater
AE : Advanced Evaporator

N\
o/

Uo[308g MO[{ UMo(Q oseyd-s|[3uls

4 Two—Phase Upper Flow Section

| MHD
Generator

B 4-23 EE~0BHE (1)
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él';—Bi AIHX: Advanced Intermediate Heat Exchanger

e THO~Phase Flow EFC : Erectromagnetic Flow Coupler

I Separatorl

Nuo1y0ag ﬁdjglﬁnoq éseud-a|ﬂu13

4 Two—~Phase Upper Flow Section

! ! Geherator

Regenerative Heat Sink
Heat Exchanger ye
v I e

Pump

B 4-24 FEH~0BHAKL (2)
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e To—Phase Flow

AIHX: Advanced Intermediate Heat Exchanger
EFC : Erectromagnetic Flow Coupler

I Separator!

Separator §

)

uo1}0ag Mo|4 umog aseyd-s|sulg [H

¥ Two-Phase Upper Flow Section_]

2.8U0|1235 MO|{ UMO(Q @seyd-o|3ul

a»I Two—Phase Upper Flow Section

Mixer 3

Mixer HD
e Generator
A MHD
Geherator
Regenerative Pum
Heat Exchanggr i

B 4-25 E#E~OHAE (3)
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BEERESRE SHRE AR MED RE/AOBEF~OBALEZTHT 20, &
EFEAETC. BEERARERTE (k) RUSHERESIEERRE (TALITLHR)
ERWEESOY A 7 AT 2= L, 2&5/2?1»@..“‘—5%?‘@/\"?;4 Z— (FFA FE, K
WAY w7, BarB—3R FOPERE) 0¥ JAOERGERRIZTEBICONT
BT 1T, LT ORBHwE B,
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