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Gas Turbine Power Generation Systenm
Using A Fast Reactor

Akira Otsubo® , Kazuo Haga* , Nobutada Sekiguchi**
ABSTRACT

{Objectivel
Study on the concept of a fast reactor gas turbine cogeneration system used near
a small town, where there are not a large number of engineers, in a cold district
distant from a large city.

[Method]

The population of the small town is supposed 200 to 2000 thousands. The study
was performed on three kinds of plant systems, that is, 100, 50 and 10 MWe’s.

The design of a high temperature fast reactor previously studied for hydrogen
production was used for a primary system. A closed Brayton cycle (CBC) was adopted
for the secondary system to generate electric power. These plant systems have not
the accident occurence possibility of sodium-water reaction since a steam turbine
is not used for electric power generation. Water treatmenf is not necessary, too.

In order that the gas turbine system has high thermal efficiency, the reactor
vessel coolant outlet temperature is desirable to be high. Therefore the
temperature was set to be 650 to 700°C which is considered the highest temperature
attained by steel and nickel alloy structural material. The temperature is higher
than that of usual FBR's by 100 to 150°C. Exhausted heat from the closed Brayton
cycle is used for cogenration like district heating.

[(Resutt]
The following plant systems were found to be possible from the conceptual design
study on the above three kinds of power scale plants.

¥ Frontier Technology Develpoment Section, Technology Development Division,
O-arai Engineering Cenrter
*% Technology Development Division, 0-arai Engineering Cenrter
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100 and 50MWe systems
Both systems adopted two loops for primary system. The former adopted four loops

design and the latter two loops design for the secondary system, respectively. The
reactor coolant temperature was 700°C at the reactor outlets for both systems. An
non-intercooling type compressor was used in the secondary system. The thermal
efficiency of the CBC was about 24%. The scales of the building containing the
secondary system were 3im in width, 40m in depth and 30m in height for the former
and 31m in width, 22m in depth and 30m in height for the latter.
10MWe systiem

A two loops design was abopted for both the primary and the secondary systems of
the plant. The reactor coolant temperature was 650°C at the reactor outlets.

An intercooling type compressor was used in the secondary system. The thermal
efficiency of the CBC was about 24%. The scale of the building containing the
secondary system was 3lm in width, 23m in depth and 30m in height.
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#2.2 A ZAKUN a K

b AkWeRU10AkWe

- —IRRREE
BEFAHANBE 700/570°C
N a K& 3. 40X10° ke/b/ N—7F
c I RRRES
A AR 3. 92X10° kg/b/ V=7
LR 24. 1%
[ HXac#a8hE 101. 2MWt /L —7F
VF2L—s3BmER 106, MWt/ IL—7
TV —STHBEE 106. MWt A—7
1 HkWe
- —IRRREE
BFFEEADRE 650/520C
N a K& 0. 70x10° kg/h/IN—7F
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Heat and mass
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NakREE
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balance in primary loop

JoEE (RFFRZ2)V-7)

404. SMWt

570/700<C

13. 68X 106 kg/h (Fid)
8. 8X10°% kg/b/ NV—7 (EFFHAORN)
3. 4x10°kg/b/ ' W—7 (ITHXH)

TOBE

202. 4MWt
570/700<C

6. 80X 106 kg/h (FFl)
3. 40%Xx108 kg/h/ —7F

TDEE

40. 4 MWt
520/650%C

1. 40x10¢ kg/h (FF)
7. 00Xx105 kg/h/ W—7
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ZRE HE |
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RS  BRABISINV
BARBIAN
HIHEBREHS
ENEHER
BAEREH
EAEE M/ EH
35 R 25T RAE
AW 25T RRE
el ke
A&

Nak/He-Xe
700°C./570°C
440°C /685°C
~2 /20 ata
Alloy~800H
$38.1Xt2.3 nm
570 &
80X 70 nm
$ 960,/ 12%F
¢ 3840/ 4 8%
6. 6 m
24. 5 m
1670 n?
0.13/0.5 kg/cm?
0.86 m
3.94 m
4.2 m

14 m

" = A = i %
B AY I aq WE
- S VA 2 (4) () WIE 1 0FkYe
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EX/75VE 2
g 33 20. 2MWt
fFEmGE (B WD NaK,/He-Xe
EZEE Ef (AO/7##0) 650°C /520°C

W@ (AO/780) 380°C./635°C
ﬁ%Eﬁ (%M/mﬁ) ~2,/20 ata
=#E HH Alloy-800H

R (AEXAR) $38.1X12.3 mm

3 112 & |

Evs (BXEE) 75X 70 nm
EHE BRI #1750/ 1 0%

BABIAN ¢ 1650,/ 2 2 &

AHNEHBES 6. 1 m

FHEHEE 24. 5 m

B {mahmE 290 @2
EH#EELX WA/ ER 0.1.70.4 kg/em?
HiE AR 257 RAE 0.65 m

AT 277 FAE 1.7 m

i EFEe: 2.0 m

HASHEE 11 nm
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#£35 LFa—7E8k Q2.5FkWe,/ L—7)
Recuperator (25MWe1loop)

® H R S -~ w =
ML JV—bh7 4 vE
Z2H /TSR 2 (4) (Y} WX 10X7kVe
RpEHg B 106. 8MWt
fEEhEds (R HE) Re-Xe /He-Xe

EEEE BEH (XOQ/80) 485°C /227°C
EEE (A BO) 440°C /182°C

ERES  (HEN/EEH) 10,20 ata
T4V MR =iV
A VAY 5.3/ inch
T4 VOES 11.55 mm
E#E  EDERESES 1.4 m
B X 5.5 m
B2 mEkiE 2.0 m
EfH% REN/IEEHN | 0.15,/0.07 kg/cn?
BE B 5. 5 m
V& | 2. 0 nm
RITE | 1.4 m
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#3.6 LFaL—sHR 0.57kNe/ V-7

Recuperator (5MWe / loop)

" B 2] =
ik AR 7l N AE |
ER/ TSR 2
REsng & 26. BMWt
fEET&E (Z//HEE) Be-Xe /He-Xe

EEEE HERM (AO/7HQO) 428°C/165°C

EEM (AO/7HO) | 380C.7119C

ERESD (HEHN/EEH) 10,20 ata
74y b 5= ] =i
T4 VO 5.3 inch
TAVORBS 11.95 mm
EHE  AHERSES 1. 35 m
B R X 2.0 m
B iR iR 1.0 m
Effi%k BER/IEEH 0.15.,/0.07 ke/en?
ME B 2.0 m
-] 1. 0 m
H/iTE 1. 35 m
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R®3T TLr-—FHK Q.5AkNe -7

Precooler (25MWe,looDp)

= 24 EE

EDRE
BE

ER (AEXARE)
F2

EyvF (BEXHEX)
BRARIAN
BABaA N
FHEHEEES
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B EAEE
fRR
WP 2T RAE

AEY 2Ty RAE

@38.1Xt2.0 mn
286 &
100X 70 nm
$ 100010
9340034 F
8. 2 m
28. 4 m
870 nm?
0.1,70.5 kg/cm?
0.90 m
3.50 m
3.8 m

15 m

A B A & B &
A ANDANITL NE
B/ 77V h 2 (4) () WIiZ 1L 0FTk¥e
Xy & 73. 1MWt
e (BR/ R 7K/ He-Xe
BEEE TR (AO/HO) 20°C./80°C
FAE (AD/HE) 227°C /50°C
HEEHL (BR/HERD) ~2/20 ata
BaE  HE 21/2Cr—1Mo
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Precooler (bEMWe./ 100D)
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BR NI ANE
B8 /752 2
g 33 P 9. 1MWt
feEnda (ZH/ ) 7k He-Xe
BEERE 6 (AO0/74H0) 26°C /80°C

e (AO/8H0) 185°C,/50°C
EEEH (BR/REHE) ~2/20 ata
=#E HE 21/2Cr—1Mo

ER (AEXHE) ®38.1xt2.0 nm

FH 44 F

EyF (BxXEX) 110x 70 nm
EZ#RE BHRAEIIN ¢ 880,/ 8&

BAREaA N $1540° 3 4 %

AYMEHAREE 6. 7 m

FHR#EER 33. 8 m

B EHREH 180 n?
EAEE BEE EH 0.11,/0.4 kg/cn?
HiE RE 257 FAE 0.78 m

A 277 FARE 1.64 m

MRAE 1.9 m

mE 14 m
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3.9 HABEEOR
Pipe radius for gas

(1) 2. SRkWeDBGOHXFROBEDIE

- F—ErAd 1. 6 m
- F—ErHO 2. 0 m
- 7L 7—3A0 1. 7 m
- TV -5 80 1. 5 m
-avyJueydHO 1. 4 m
- ITHXAO 1. 5 m

(2) 0. 5FkWenBEEOHRREEOORE

- F—-EvAO 34°
- F—-ErHO 36°
- V-3 A0 34°%
-V y—SHO 328
-4y 7—3A0 30°
AUy T—-SHO 30°
-av7uvyy¥Hag 30°
- IHXAO 32¢8

—25—
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£310 Ay r—FH# 0.5FkNe/ V—7)

Intercooler (bMWe/looD)

H H nF &
A ANVANTLNE
ER/T7IVH 2
e 305 - 7. TMWt
feshiies (EH./ M) K./ He-Xe
HEEEE T8 (AO/JHO) 20°C./80C

mE (Ag/®s0) 119°C/50°C
ﬁﬁ:Eb (Z@/ ) ~2 /14 ata
Z#E HH 21/4-1Mo

ER (AEXHE) $34.0Xt2.0 mn

=% 44 &

PusF (EXEHE) 100% 70 mm
BHE BARaA @ 800,/ 8 &

BABaAN ¢ 14001 4 &

ﬁ’}ﬁ'ﬁ%&%ﬁ%é. 6. 68 m

BEHEHREER 30. 4 m

BEYEHEE 140 n2
EHRE B ER 0.1,70.2 kg/em?
BE PEY 2T Y RAE 0.70 m

ABY 27T FARE 1.5 m

il e 1.65 m

EE 10.2 m
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outlet pipe

outlet pipe P 3 § '
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canwn Ee .- -...-...-..-.--.-..-——.-./---—---——-—-.-———-—. -
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$
!
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i p—
j
control drum } 42.6
1 - - I
.-————""_""b' —b—
safety rod — o
length unit: mm
'-'---;;-1
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—"“—l—;——:'" . A
intet pipe inlet pipe é
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Example of Very Small Reactor
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R E T A =5 & LR 2N 2 1 iR d, BENSHNS L, 8RO —7
BERHEOKEWIICBET 5, FEDRBEIREO 5 — L0 ADEERFCOEA. FEfH2. 1
EBEIBOWTEHENE 7 ICHB30T, OB vy Y EfHELET S, T B
HAHBD 5 — B AOREESCOBA. HiEH2. SEE IS W THYRN Y~ 7 12 50T,
COEEa Ty ERRET S,

[Hy REOLEHTH 2 RMOFETHEEROBS BT ORED & Ui,

FEHEIGHE D ¥ — B AQBEERSS COEE : FIBTY%

HFRSHIEO ¥ — B ADBEGS COBRE : FI58 %

2 BESO774ALOFHE GELRIEEED
BEFRERICHOVEAEKEOIMEBEIIRDED Th 5,
C, =0.0907kcal/kg °C
£ =1.66 (C, /Cv DIE)

1) #—EADBES 8 5°COBE (FEhRHEIED
F—EUERLE 7r=zc / (1+Z8) =2.1/1.07=1.96
¥ —E - AQBE=685°C=98K
F—EVHEGNE 7 =0.886
Toe =T:i {1=n2 (1—my U-LEOSLE6 Y} 758K =485C
Lr =C, (T: ~T, ) =18.14kcal/kg
3Ty RERYR e =2.1TH 0., EDESHETS 5,
AOFRBET: = (50+273) =323K
ITVy T OMBHE . =0.838& LicnT
To =T: {1+ (mgc W-88-D/L86 1) /pe} =182C
Le =C» (Ti —T, ) =11,097keal/ke _
F—ErEaryFLy OMOBENHALIOT, bE 23— DEEMNE pux=
0.8X0 L7 - ANBEE I HXAOBREERD 3,
nux= U85—~FL 7 —3 AOBE) / (485—182) =0.85
= (I HXAORE—182) / (485-182) =0.85
TV —3 AQBE=227C, [ HXAOBE=440C
RE-HBETO 774 VERML 1 ITRT S

2) #—Er ADREEHCOFE (FRIBAED
7—EVIgRE 72r =wc / (1+248) =2.3/1.08=213
7 — v AOBRE=635C=908K
F—EVEREIER po =0.886
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To =T: {l-57 (1—7zp O"LEO/LE85} =TIBK=426C

Lr =C, (T:i —T, ) =18.96kcal/kg
Uy BEEEN . =2.3THY, FRGEETS 5,
AOFABET: = (60+273) =323K
ATy v OEBER e =0.838& L2DT

To =T:i {1+ (g " o*WLE-DALEE 13 7pe} =119C

Le=C, (T: =T, ) X2=12.52kcal/kg
F—trlaryuyoHOBENHMELIZOT, VF 2 — 7 OBREMR 7 ax=
0.85LD AL 7= A0BEL I HXAOEEEZRD 5,

nux= U226—7FL 735 AOBRE) / (426—119) =0.85

= (IHXAOBRE-119  (426—119) =0.85

Ty =3 AOBE=165C. I HX AOBRE=380C
KE-HBESO7 74 VERSL 21RY,
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& —2 a3VLxUV—VaryiAFLhA

AVx3xb—=varvYR7LY OFH

AV R =Y a Y YRAFTLER, THEERELTOF+ —ELTV/ VY, HRZUDY,
HARZ—EVIREEZRWTHREERL, TOHBCX->THBE « B8, TEZF o+ XA,
HB5VERBENRGEHFBEN LTBREEZITY, AR VEF-2YRBLSENICHIFET S 2
EEHME LIV RT L] W LEETES,

B2 LICRENE IV 2R V=Y a VERRVATFLADIRLF —~T70—%R]T W,
R AT LTH, EERLBFHROWNFICHEDO L RILF—ZHFRAL TS, E-T,
FERL00, BFHRDEFTISDOA K L THATRERL = R LF—-REBN (REZR) 30,
B (BFIHR) 0TH-7o, CHRUIIHLT, IV 2R b—Ya vy RFLOEAL RER
TRET AREMEENRET 37290, BATRILF 100 LTENN0, SH0RIET
5, COBOBREGEEEZL D LHERY X7 LT (30+40) /(100450) =4T7% TH 2 DIt
LT 3V R b= a v VAFLTIE, (30440)/100 =T0% & 1853, COXHWENED
50}, RV RATLOGERARERERZHEL THY, TITRETIESEFEL
HWWEDEZ R »TWBDY, —FDIV 2R U—Y g v AT LT, BEOEHRE
TEHEWIILHTH B,

CDEIBAV 2R V=V a v Y RATLOBBREELDBEERDEISICEZZ W
a. FEBOHEE (SEK HEX R 2FIATBRC &k;%§l$W#Hﬂ%L§o% H

BIRICHETE 5,

b, HLRNLF-RICLD, BREFREE GUEYE BEEENT, 50128 ORDHHE

HFTE 5,

c. BAFEL— 7B LHIRINE LN RETE, 8 uﬁﬁﬁﬁhiu%%%@

TE50T, BhHxy b7—7 i LREEE~OEEITHETH 5,

d. ZWEHONEIBLUELRLF PRI X > TR AF - TR MERIZ DN B,
e. ZEBRMEZIEBICL, TEEE L COWEERARERAERT EKT BEBED
BRI TE B,

VxR —Ya v VAT LADSER
AT 2RV —Y 3 VY RT LOBERKERR, TORIANOAEL 4DOKHFBIENTE
5, RbhL, BE#LZAF A, BEVAT L, BEIRS R T4, #MEES X FLTH S,
T2 11o& Y R7F LOTHNERESERT,
AV R =Y a VAT LR, CHoBRGEEREHASOEE ik, xFXE
BEXD VAT LREBEZONED, BRI, BHYAFLANGIRD 4 S I N5,
a. By —EVVATL
HAI—~E AT L
Fo =PI URF L
AL I AT A

Ao o
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TR MR- E vV RAFLAERWEIBAD I R — 3 VIZOWTEIFicikEg
T35,

3 HRI—EVYRATFA

HAZ—-E Vv RFLER Bff2. 29 RT X510, HR - Qs EOBRETHR Y
—EUERELTREL, BKEHA AR FITBNT, BEERD 30 IZEAKE UTEIY
L, BFE - BE - BEBELZEINMIIbOTH 3, 27— EBOEWITEREZICHBED,
ORETHEE, FEHRBEE LTERNE LV, IV R b=V a Y VRATLIHRY
—EVERWAHIL, KETREESTFTE A 0N, BIETEEH ToeiBKI,
HAHVIERHSEEEMROLBICAWS N EDHND 5, LML, TOHRS—EVIIRE
HERPMES, BEBBICHANBRE AN (HAEE (BYORFE+BYOBNFE) D/
SVEEHOBYICRS T DRI, '

4 HEEEY S R 7L @

PedL, AR, B, BKO3I-OEEELD, ZOHEICX->TEM 2 IRTENEE:
MEZ N5, BT, #3HdE FERGHOBRNRGEKE b— PR FREMNHEL
b, EX., BKeKIRZBREINS,

HOFHHARLMELTETWS, 2T, HHEOFAZENE LN RSEK

Bz oW TahiR 3,

a. (EEKBINRSGEARE ©

Bk, BAKERE LN T AEGARDORNNOKBERTH 5, ZEAEKTIE, &
KEE (AOL3C—HO8C) , HEPKEE (AO30C~HO3BC) , BKEE (AL
85°C—~HI80°C) Tdh B,

b. BEA RIS R A

1K, BAROED U FBIERKRINEGEKREEBERTH O, BEFOMBITHE
FHRERWTWS, BEH ZIJMEBKICHARTERLI 720, HEF AL ->TIHZE
MARETAHIENTRETH B, RETRFBERARITHNTYS L, ZEAHKT, &
MEBE (12°C—~T7°C) , BAKEE (B5°C—60C) , GEKEE (32°C—-31.57T) TH5,
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FH21 aVrRl—¥ gy AFLOTFEERES
Main components of cogenerationsystem
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Recovering method of

#1122 PREEIA ik

exhausted heat
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