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Evaluation of Heat Exchange Performance for

Intermediate Heat Exchanger in HTTR

Daisuke TOCHIO and Shigeaki NAKAGAWA
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Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received June 8, 2005)

In High Temperature Engineering Test Reactor (HT'TR) of 30MW, the generated heat at
reactor core is finally dissipated at the air-cooler by way of the heat exchangers of the primary
pressurized water cooler and the intermediate heat exchanger (IHX). The heat exchangers
in the main cooling system of HTTR must satisfy two conditions, that is, achievement of
reactor coolant outlet temperature 850°C / 950°C and removal of reactor generated heat.
30MW. Therefore, the heat exchanges have to have the same performance as these in the
design.

In this report, heat exchange performance of the IHX in the main cooling system was
evaluated with the rise-to-power-up test and the in-service operation data. Moreover, the
validity of the IHX thermal-hydraulic design method was confirmed by comparison of

evaluated data with designed value.

Keywords : HTTR, High Temperature Test Operation, 950°C, 30MW, Main Cooling System,

Intermediate Heat Exchanger, Heat Exchange Performance
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1. %%

[l

A A HBEgeET RAF) &R T#R8F 7% (HTTR : High Temperature Engineering Test
Reactor) X, iRV RFEMEMBORES & BEL., BRTRICHET 5 SR ERIFROREE
AWML L THEHATHFERTICERR SN BRPIOBRT RFETHDH D2,

HTTR O EAMHE% Table 1.1 12573, HTTR iRBHIGBIRI TR, Bl I B, BAM
lZA~Y 7 AN R EERT S ERBHA SOMW, FRFFADGHBHRE 395°C O@EBY A TH
%, HTTR O@Gicit, FFFEHGHPHEER 850°C £ TOEKEIR L, 950°C £ TORIR
RBEELH D,

HTTR 1% 1998 4 11 A 10 FICHMEERICE L. 1999 4 9 A2 5 Hh ERRBE B L,
2001 4E 12 A 7 BIZFEFIFH A 30MW, JF4FHH 0 W HBHIREE 850°C &3k L7c 99, 2002 4
3 A 6 BICIIEKERE (RPFEAHMIRE 850°C £ Co#ln) OfAMRESHKIEZRE L,
2003 4E 3 A D bIIEBRY RFOREME EITT 2 AN TR EERRITbh T 5 99,

X 512.2004 4 3 A 31 B2 5 FEFFH 0 HHMREE D 950°C L7225 &iRRBEEGROH ) L5
REFBLEL D, 2004 4E 4 A 19 BIZIZFEFIRHSH 30MW, JET4FH O HEBE 950 °C 2 ERKL
L= 99, EiBHAFEICX Z3BHEEICHOWTI, BECMEORBY ZAERFE (AVR) X
D BEFFEEARBRNICEVT 950°C XER SN TWA 3, HTTR TiThh 72 &E Tid 950°C O
LHMARIFFEABRBABICRY B LELOT, HTTR BZER THSTHH LD TH D,
Z D%, 2004 4E 6 A 24 HICIIFHBERBEE (REFHHPHRE 950°C £ TOER) ORI
EORIEZREG LI,

HTTR OEAHRICBRBEIN TV ABLBERIL, RFF THRAE L SOMW OBEZERB LSO
BT-4F H 0 @ HIB B 850°C /950°C & R T HBHBMEREEZE L T RITHIER LRV, 372
b, HTTR OBABBIIREHEFICRE SN GEANORZRIEESRA SO TORIThIEER D
L JARIR

AT, ZhETTbNERBEGER CIAEECHLONT —F AV TERARICR
BERTVABHBED 5 b #HS (IHX : Intermediate heat exchanger) 2OV TER
BVERE & 304l UT-, 7. BREERICEIT 5 THX OBt RE L OB Z 1TV, REHFICRESh
T BHMERER R SN TV 5B Z L DR KRV THX OBZBIERERHFEOZ LI OV TR
ML,
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2. RlEOBWE

2.1 HTTR OHE
HTTROBHRERH % Fig. 2,117+, HITROFEFFAHGREL, @GR TR 24
HT 2 EGHRM,. RFFELECRFFORBRZRETIHOHRE. REPEHBEBD
JABICERE Lo ARBEIC LY IRE~WEEZHHT S L & HICHBEHRMIC X 5 00EHN
R TERVE I RFERICORETFORBEALZRETIFABOHRBECHRIN S, THH
R IRGHRE & L THREZAHEE (IHX : Intermediate Heat Exchanger) & 1RINEAKS
#1g8 (PPWC : Primary Pressurized Water Cooler) D2 NOEZRBEWHICEBLTEY .
THXD2R ANz 2R G HIGR M & L C2RMEKSHEE (SPWC : Secondary Pressurized Water
Cooler) ZELEL TVW5, JRFFENTRAE LT, Thb0BRZMB2IRE L CREKEIE
KEHBFMBRE SN T DMEKEZSH I (ACL : Air-cooler) & Y K& ~Hi$ 2,
BIE, IHXDO2RGHZRHITTRTAF TRA LI Bdk KRG~ & BT 2MEKBHBR A~ & 2 X
NTWDLD, K, ISTe v R KD KRRERE~ LR T2 2 LAHBEIShTVWS,
HTTROEERIZ I, 20DFTHFH O MHBNREEERE — R L2 0DR/MKNEIEET— FAH B,
JRF17 0 @ AR EEERE — FIZ DWW T, JJ74F H /1 30MW TJE 747 Hi 0 % b B BE A%
850°C & 722 TEMELET— N L. FEFFHNGHMRENI50°C & 2% [HiRREEEE—
FI 35D, ThbDHEEE— FIZOWTIE, IRBHAMBREZELLSESZ L CTRAFHDODAR
AHEEEZRLIE TN D, EERENEET— FiCix, FFFEHI30MWOIIZPPWCHOHT
SOMWORRBZ1T > [HMEE) &, FETFHI30MWORHZ, PPWCT20MW, THXT10MW
DERBEATO [WFEE) 55, HTTRTIIZ N 52 oDEIEE— FAELSbah TRy, &
HE— MILER TER/ BEET— F) 20X 5 1I2EhTw3,

2.2 1KR~Y U LAAHREOBE

Table 2.1 12 1 R~Y & AAHEREOREHEEE, Fig. 2212 1 kA~ Y 7 A AHREOBER % 1
To 1 RAY T LBHREIL. 1| KOAMEBRIETFLEAHTIRBTHY . BIFEEH
HHB. 1K~V U AERE (PGC), IHX, PPWC, 1Kk~ 7 ARERUHER & THRENT
BY. ThoORBIRTFFRATBRNCRBEISATVS,

BUMEE TIE, FOCMAINEERD | KM SR, EHERICEET S —BEETON
ExE->TPPWCIZEDLNS, PPWC THIEK & 855# U TIRIR L 72 57 1 REHH# X, PPWC
SN TV 3AD 1 Rk~Y YABRBICESN S, 1KRA~NY U ABBRCRESKhE 1K
BHMIT, FBELRBONAZER LT ZEETONG LAVEOROBIRG 28 0 BTFEH RS
(BT B, Ei, BMEERICI "ETONE,S IHX NICES 1 KGR O 8 RER B 1k
T 5 BT, PPWC LY HEIEIRD 1 RGHM 234 RREEERBE CTHOTMHRN S HX IZHA
SETVB,

WHEETIE, FOTMBSHEBRD 1 KA T, EARBRICERT S —EE0ONE 4 iE
> TZEHE DR THIE L72%I2 PPWC R IHX IZ 2:1 084 T b5, PPWC THEAK & |
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IHX T2 RGEHK, (NV T L) E8SH L TRIRE 22 o7 1 kGHB 1, PPWC IZ 3 &, THX
T 1 BEHRESN TS 1R~ Y ¥ AERBISEDNS, TREND 1 R~ ¥ AEERCRES
nie 1 RBH L, FBRRBOMALED L TZEETONE LASOROBRTEZEY . —&
AR T AT L% B FARE A BB 5.,

728, PPWC TiiBEER & WHEIRR ISV TRRBAE N R A2 55, PPWC N 1 RGH
MABETARBAZEE L CRRERA LD L LV SRBRREXEE LTS, Z 0.
PPWC 75 1 5k~ Y 7 AEEHE~ & 17 S BE I 1 BEER A & WHEEA S H 5, |

2.3 2R~V U LGHBRHOME

2 KAV U ABHEREIE, WHEERFICEEL. 2 REFAM (NY U L) 2BREETLIRG
HMEHHTIRHETHY., 2R~V UV AHERE (SGC). THX, SPWC, 2 R~V U LARERT
FERETHBRENTVS, ZhLORMBIRFFBMAHRNCREINLTVS,

Table 2.2 |2 2 R~V 7 LG HBREOREHIER, Fig. 2.3 12 2 R~V U AGHRE OB EX 2 7R
T, PRIBGHRSE T 1 ROHET L Y B EZ TR - 2 @IRO 2 REHK X, PRZZHRBICERT
L _HEDODANEZE-> T SPWC IZ#%bN 5, SPWC TIIMEK & BZHEITV, KIRD 2 R
HEHX SGC IZik b s, SGC THE SN 2 RGHM L, SPWC OWNR & SRR %2 #H LT
TEHEORNF LABROROBRRBEZAY ., [HX ~ LT 5, 7ei. IHX OEEESHEA LS
B 1L REFAM D 2 REARHE~BATEOZIET 5 BT, IHX BT 5 2 RBEAM OED
X1 REHMOEA LY bEL R2XHHBPENA TS,

2.4 TP HE (IHX) OHE

THX D&M %4 Fig. 2.4, BB ROEE%Fig. 2.5. IHXO§%EH {14k % Table 2.3I2 N FHR
T, IHXiZ7= TEANY AN af )VEFTRBT A — T ABRKBBTHY, I —ERBEEICR-T
W5, ZEEOHNARMICIE, A4 HIc kY REEB - WHEM AR IT O TW5, THXIZIZ96
EOEBERRIT SN THEY, BOMEMECREShTVS, 35, IHXIKIMERERIET
5 B CRBMBERSRIT N TW5, GERMREROEE 2 Fig. 2.6, Fig. 27107 T, {mRVRHE
BIZTHXNOEEE ORICERY 17 5N TW5b, @E ORTH|BANDEREIBREICLVITThRh
A0, IHXTIHMBRERPER Y T b Tna 2 ik v, BRZBIZ K BEEICMZ TASL
ik a8 ITbh T3,

FOTMREINZEHROIRGHAM I —HEENE 2B > CTHMOLRGEM —EH/ ALl LY
HAL, REEOHMUE EF LA L2REGHM (~Y U AN R) IZXYGHEATIRGHMH
A/ AN EYVPGCIZEAN 5, PGCTHREI N IREGEHMIZ, 1RAHMAD / AV VRIRL

NAOEOBRRIIZHEA L TR EAH LR O THRL, —H/ AL, ZEHENELABTORD
RIRMERTHFIFEENBER~LBRIET 5,

—7F, MESIZRT SN _EENMEDOLWA LIRIBO2RGHMIX, 4RDOFEEIC/HELS
, EBO2KRGHAMALD / AVIZEIND, 2REFHAD ) ZVIZHRA L722RGH L, KR
BRTRAFICHE SN, GRENEZTRLABOMAINTIHX THORBIBR~y FRNIZHUE
oD, ZOFMBO2KEHMIINENEZ LR L, HXEHO2RGHAM —E/ AV XY —HE
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N & TSPWC~ LIBT3,

BUREER I, BT ORENILIHXNICES IRAHNM OB RBR LI+ 5B TS
RRZA VHBRITbN TS, —EHEORKBZ N 2ER O LRGEAM O—BIi%, THXD ZHiF
DERIBE R U CITHXDOIRSBENC R T 1254 RAS A o ~EEPND, 7SA 78R T A i)
NI IRGAMIZIHXD L G IHXHA~RA L, ~Y A af MEBEOAIIZ TR L TYL,
FO%., THROIKRGHM _B ) AVORAIL Y —HEEORABEN~KAL., 1RMEKSHB~E
BT 5,

2.5 1 R/2HRNY U LAERBOBE
IR/ 2R~V U AERBEOWER 2 Fig. 2.8, 1R~V U ABRBOREHEHk% Table 2.412, 2
KAV U AERBOFREH IR % Table 2.5IC EhERT, '
1R/ 2RA~Y U ABRRBIIHEE OCRBEY AMZRBRETHY . LK~Y ¥ ABRRKIT
PPWCIZ3%H. IHXIZIARBINTEY, 2R~V U AFERBIISPWCIZIAREI ATV S, 1
K2R~ U ARRBILE U TH 208, T O ORERSKEL L URERHTIC X 0 Bmtaksn
B2%, LR/ 2KRNY U LABRBIZA VT, B - T8y —v v 7, BE~VR, B8, #
H77v, BHK ¥y b, 74N F R ETHRINATNS,
1R/ 2R~Y U LERBEIE. 1R 2KRGHM DORA~DORREB LT 2720, BREh R CES)
W2y —Y V TNICHAATEEBEARI L > T3, BEWE L A XTI — B ETH Y.
Ty —FNVEIZRRAT A MHIZICE D XFIN TV, PEZEIBEROT AT THY, £
EIIEEEERICII TN TN OE@MZ LB LRVEEL 2o TW5, IbIZ, IR 2KRGHM
DFRLT 72 ERBWIZICTBATE202MHT 27012, BBy — v TRIZIRTZ A VERRITHH
T3, ,
1R/ 2R~ U LAEREIT. BEEKERBIC XY BB ORER &2 #EEAICE X T, EiGRiE
IS U1K 2RGHM ORI R IR L TWVWS, (72, 1R/2K~NY U ABRBIIVEIS
CEKHHENC X 0 1I0LINICEIET 28E & o T3,
jﬁﬁ'lfﬁﬁﬂ#&:limx)ﬁ RUPPWCH1IKRA~Y v LAEREEL S48 . RUSPWCH2KRA~Y U AFF
REZ 15 EEKRT 5, —F, BIMEERICIIPPWCHIKRANY v ARRE %2 36 #HEET 5,



JAERI—Tech 2005—040

3. IHX OERBIER G

3.1 %
AT CIL BT HREE H R B B BT - I L EGAE G R OB E 0 R kI OV TR

RZ5 8,

3.1.1 IHX#EDHE®

BrE L BFARL2ERTIHEE LT, RTFLBNARYEEERT S HikL, RTFL
BHAROMICREIN— T & BRI BB ERESET 5h 5, HTTR TiXHELV— 7 7725 IHX
BRG TR M MEERL AL TS, PRA—TBRASHICEBIIUTOEY ThH

60
O

® ®

FLTRET AESBERY OB AR~OURE, 5 \VIBAIARHLRFFEOHRR
~DOKEFBBEHIET B LR TE B, |
MFAROEARBOEHNEERTIFICEE LEWVWE S CBEORBLEEH L
NTx D,

1 REHROR ST ERORBNEEBIRARICERLARAVE I THZERTE S,
PR E R RMEBOMRET 5 L RNFAREL RS, Z0Z Lid. KKBEKT
THEASN, AT FUADHEENREL 25 L FRENIBHAROBRHARE L 2
%,

3.1.2 IHX ORESRH
FERZ IHX ICER SN HBERMEIILLTO®EY THh D,

NO)

@

©® e

30MW i#izRy, THX 1340 10MW OXBBBEETHZ L, £7-. 30MW EIRRFO3H
BT, GBS OBNRUFEOGRE 7S 7 (BEA) 2 ZEMLTHLERTES L,
THX OFEFEAE AT 5 ) 2R 5545 OMA, EEES) 13RS B 1L
FTBL L biC, EEEER, RELBEEE, RUFSFHCBO TR L RR T,
1 R~Y 7 AROBRERE % 2 K~V 7 AP RUSMB~H ST L,

THX DEIE L IR ESEREOBEST+YRINTE 52 X, L

THX OAKZRFIIRBXELTH L,

LRA~Y T ARTR2 KA~Y 7 AORENC L V. THX OEBEICRERBBINREA LN
rowtasze,

SOMW sEizEr o IHX (BT BEHBEE. 1 IR~V U AH: 10kPa BAT, 2KRk~U U 4
fl :60kPa AT & T5Z L, TNHREIANYVAERBOAEEHALVRDONI-FMHT
5,

PPWC HOIMEERRS 25513 3 [HX FFHR B CHRRIBBIBAMA LRV L 5 1 kKM
RARR ) IVERIT B &,

3.1.3 IHX nEAMES#
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[HX OEAEEIUT OFHIE S B/ EINT-,

O IHX OBZBERIT 1 KOHMBIAMZ. 2 RIBHMBERE2 RN D ZHEHF RO CE
VINT U RFa—TRETE,

@ IHX OEAEHRIT. BREDOERE~D5 S FEAEFIA U GERER 2128
PREA~Y AL VBTG LT 5,

@ IHX OFBERESMIL. REE L RS IFHM L OB BEEEY /N I<T 5
EMAEER =R — NV FER LT 5,

@ IHX ORDOZEMER LDz, FARRIZH > TRRBE K Z-KEBD 1 R~NY 7 5%
FAMRER S L 5, KR 1 R~V ¥ ADEHIZTHX ® PGC THELE
BIZHIBER 1 RNV Y AEHAL Y EL LTHMRGHEZIT S,

® HEBES QKROAHM_E/ AV, 2REAMZE ANV) i3, BUSH, BEH L%
WM TE ARG L4 57 DIixt P BICRET 5,

® SUE, M TH, BERWBA2EONTHEED 251K HREHIZ RV &, RUBKTHRED
ARUE, 1 RGHAMORERBIE R E2BRLTAEK T S Vo HiEL T3,

® IHX O, HEF LBSRICRBET 20X 20 AV HTEEET S, £7o, HIBREOH
HIIFAR O THERICRBT 5 AT ATHET 5,

3.2 (EBAERATI
3.2.1 FREHAR

BEHEBIT 7 T > M REOBBERITIC & 0 RESAERSA Sz, Table 3.11 [HX 0
REHIREZ T, BEHEE2RDDIZH-T, EFHIRENE I F4E Nom BNEHVSLHR
72

¥7-., IHX OFEFE 5T % Table 3.2 12777,

3.2.2 EHFEE

[HX OFrE T, REHERICEZ DN EE AW T HX ORBEHRROEH 2T o 7= %I12. A%
EREFIEH SN, 2B, 22 TR ADEREHITANY VL o VEEER, L5 - FH
HEEWE T 5,

BEFRIILUTORTHEHIH LT3,

%hL;Tln(j_J+th_ ......................................................................... a1
d, : EEEIE (m)
d, : EREAE (n)
h, JRBU (1 R&BHER) BvmgE®R (W/m?-K)
h; R (2 REHMRA) BfmER (W/m?-K)
8 #EME (W/m?-K)
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A, ERAEEEEE (W/m-K)
wiz, EQB.DTHWLN TWABYRERIZ OV TR T 3,

O ARl QKRGEMR) O~Y I3 VEBERRER
FRG (L RBFBRD DA~V A aAf MeBERBRERE LTUTORBHANL RTINS,

ho - b Nuo .................................................................................................. (3.2)
d,

Nuo - Co . Reg.s_ Prf"‘- C (800 < Reo < 7000) ............................................... (3_3)
Nuo =0.83- Re;"“- Prf's-CH .C (7000 < Reo) ....................................................... (3.4
C= f(F My N Mo 'n,'E) .................................................................................. (3.5)

C o HEH, BUEAZER EITKE LA O

Cy D EHESNC L AR ()

C, ' EBERTE. RLEEELURVEEECL 560K ()

d, : BERESNE ()

E . BRREEMRESN R ()

F s BEG (L RGEBRD BMERMIERK ()

h, COBRR (1 R&GEAR) BEEE (W/m?-K)

Nu, : [ (1 &R&GHBR) Nusselt # ()

Pr, : 1®R&GHMH Prandtl 3 ()

Re, : AU (1 k& HBHE) Reynolds 3()

n, : EBERTEC X 5550

m : BBABROICE 5K O

Mo D AR kB RE O

n, ;. BEEREERhFEY s FIC L BHEK ()

A, 1 RGAMBEEE (W/m-K)

Z 2T Eq. GEANY B af ATRICE T 5 AR RS L RIS EERX 012TH Y  Eq. (3.4
X Fishenden-Saunders O 19T 5,

@ MREM QKRGEAHR) OLE - TMEEERMER
FAR (1 RGEHBRD O LR - THEREHRMMEERIUTOERFATHONX WAHANLNT
‘1\60
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A
h, = _ai:_ PN #oreeere e,
S L —
d, D BMEZE (m)
D EREETHRERE (m)
h, D R (L RGHMR) BRER (W/m?-K)
Nu, : AR (1 K&GEHE]) Nusselt $ ()
Pr, : 1%R&GHMR Prandtl £ ()
Re, : JAR Q ®k&GHHA) 2% Reynolds ()
A, 1TRGHMPREE (W/m-K)

@ EHM CRBHMM) ~Y I o VRBERRER

TR (2 KGHME) O~Y 7J/V:'/(/V{”§“M"LB§WEL¥—1‘—J: L CTUTITRT R « PO 1923

AonbhTnag,
A A
Pr TR 0.0615
_ . Pn pese{di] :
(Rei > 2.0 x10* x (di/Dm)O'”) ............ SERE

D, : ~UbrafEHRE (m)
d, . BEREAR (m)
hy o EE QKEHMA) BYmiER (W/m?-K)
Ny, : B QKR&GSHHMM) Nusselt # ()
Pr, : 2®R&HHA Prandtl 3 ()
Re, : &M (2K&HHHMM) Reynolds #()
A : 2RGHMBZEER (W/m-K)

@ BFH 2 REHHAD o B3 - THEEESEVRESR

BRI 2 RGHMR) o L5 - THEGETHRBR é#—ti%?wgl&ﬂ%@‘%%fiﬂﬂ&éﬁt Colburn

DX WERNHLHR TV,
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hl - 3_: Nui ................................................................................................. .(3 10)
Nu. =0.021 ,Re?-S 2 et AT T L LR TR LT LY PP RPPLD (3 11)

d; : BEBRENE (m)

h, DOEW (2 RGAMAD) PEER (W/m®-K)

Ny, : Bf 2 KAHHH) Nusselt # ()

Pr, : 2%R&HMHA Prandtl & ()

Re, : &M (2K&HMMA) Reynolds ()

A; : 2RGHMBEEER (W/m-K)

3.2.3 A= TMmAE R

CAGER LB LR % Table 3.3 1277, &R ELOVLERATRIL 222m2 1%t LT, RE
BEOREAGRIT 244m2 TH Y | FOEDOA~Y v af VpBERENE XX 4.8Tm Thot,
7= :

3.3 ESHBKFME
3.3.1 EREHLAR

BRI T T v P REORBERITIC X Y RESIEZ AV S, AFFHTi Table 3.1 1T
R &N THX OFRFHEREZ FV iz, 28, /7 17V Nom iM=#EH 222m?2 2 H T SR
RAW&METHY . BKE Max iX 2 KEHMBESREK L2V, 2 REAMRIOEARRIRK
IR BEEZOLNDRIETH D,

3.3.2 EHFE
IHX OFEHBERIIUTORTCRH I,

AP = APf + APe + APa .......... S (3.12)

AP : [EH#EK (Pa)
AP, . PEEERAK (Pa)
AP, . $LK - f/MAK (Pa)
AP, : % (Pa)

KiZ, Eq.G.DTHWLRTWAEEARKIZHOWVWTERT D,
@ AR Q®R&EHHR) EHBRK (~) B af MRBAE RO T HEEE O—H)

R (1 REHR) DO~) DA af VEBRERVPTHREZSEO—HOEHBLE LTUTD
K2 HNTW3B,
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AP, =4-C, TI'Y?O'V:‘: ....................................................................................... (3.13)
APe _Ce ,7_20_,‘,3 ............................................................................................. (3 14)

C; : ‘&E%). Reynolds $t/2 LITIKFELfREk ()
C. = HK-M/PEKEEK O
Vo 1 1 REHMFEE (m/s)

: YEK - MEMRKERD DS

LR SLKATHE

: /N M/ Bl
Yo 1 RGHMEER (kg/md)
n : WhEREIR O
AP,  EEEHK (Pa)
AP, : LK - Fi/MAK (Pa)

@ MR 1 RGEGHHR) EAHRE (EREEE R T EREGE O —)
FRf (1 RigHBR) EEEEER T THRESEO—BOENRAKIIUTOXBHAV AT
2,

APf =0'184.Re;l/5.51‘_,_‘y_20_,v§ .......................................................................... (3 15)
APe _Ce Y—O-Vi ............................................................................................. .(3 16)

C, : WK -#/PHEREE O

d, : EEEE (m)

L ;BRI (m)

Re, : %ZflHvA4 /X% O

vV, 1 1 RGHMIGE (m/s)

K - MMRAKERDBBS

PEK - EKAlFGE
/N - MR TIOE

Yo ;1 RGHMHLER (kg/md)

AP, EEBEK (Pa)

AP, . $EK - fi/hEK (Pa)
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@ MRl (1 kwmEHKR) EAHRE (T=27 R
fAf (1 RGHMAD) £7 =27 RABOENBKIIUTOXAHACLATND,

Apf=f.£.y?°.v‘2’ ........................................................................................... (3 17)
AP, =ce b_.vi .............................................................................................. 3 18)
C, JrK - ME/INMARSRE )
d, © o HEERE (m)
f T =2 T AR ()
L figES (m)
Re, EHLA VR ()
Vo 1 REGEF B (m/s) -
LK - M/NMAKRE RO DHE
BEK : BERRATHE
/b - M/ NRTE
Yo 1 RGHMHLER (kg/m3)
AP EEERAL (Pa)
AP, frK - fa/MEK (Pa)

e

@ ‘BRI (2 WEHME) EHBRK (Y I A URBEER)
BRI (2 REHMRA) DO~V N af MEBEROEHEELE L TUTORXBANLATNS,

APf :f£exp(.1ui_‘JY_l h

d

1

R

_ 2 2
AP, = 7,3V —YauVa

2

BENE (m)

BN )

WEEE (m)

~NY v ag v REE (m)

2 RGHMFGE (m/s)

2 WK HM EFRRAIFE (m/s)

2 RGHM FHRMAUFE (m/s)

2 RsHM HLEER (kg/m3)

2 KM EfifILLER (kg/m3)
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Yiz D 2RGHM THRAILER (kg/m?)
AP, . EEBREK (Pa)
AP, JnEE% (Pa)

® BH QRGHAMAD EHEK (B - THEGER)
BH (2 KEHMR) OEER - THEKTBOENERKE LTUTOXBAV LR TV S,

Ly 2
N S L 3.21
A L2V {3.21)
APe = Ce L v? ............................................................................................. .(3 22)
APa = Yi2vi22 _ yﬂvfl ........................................................................................ 3.23)

C. : $rKk-fE/MAKERE O
d; i B FEEKEAR (m)
f D ENERGK O
L ;. WREX (m)
R, : ~UALafiiREE (m)
Vi o 2R&GHMFGE (m/s)
YK - fE/NMAKRERD ZHE
PEK : HEKRATHHE
M/« WG/ B
Vi 2RGHM EFRAITGE (o/s)
Vo @ 2WRAHM THME (/s
Yi : 2RGHMLLER (kg/m?d)
Yir D 2REGHM LRI ER (kg/md)
Yie  2REOHMTHALER (kg/md)
AP, . FEEBHAKR (Pa)
AP, . $LK - §E/MEK (Pa)
AP, : ik (Pa)

® BE (2 RAHHR) EHBEEX (NN
BRI (2 RAHMR) OLS - THEKSTHOENREL LTUTOXBAV LTS,
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d; AR (m)

f PTG F A - —BEBRGR 3K ()

L ;. MBEX (m)

R, : ~VYAhiragf v#liRER (m)
Vv, 2RBHMEE (m/s)

LK - MMRKERD DSBS
BEK : ERRAITHEHE
B/ - MR NRRE
Yi : 2WEBHMELER (kg/md)
AP, . EEEEHEK (Pa)

3.3.3 JEHBLKHmER

EREERR OCERARBREEGERO 1| REFAMRIOEHIRELFMERE Table 3.4 KT Table
3.4QITRT, ELLOEERTE— Fioxt L ThiiERHGF & LTERINESRK (10kPa LLTF)
DR EINDZ LW RSN, LUTIZ, ER - WHEERFOSEENEKE 1 K~NY U LBERE
DRAEREHDOBERETRT,

19kPa (R E B 8N)
+ 9kPa (IHX)
+15kPa (E2 %)
+18kPa(ZDfh, 7NV T7%)
=61kPa
<T9kPa(lR~V U LTEREE I KA ERES))

& BT, ERHEEER O Max, Nom, Min (233 5 R T 2 IRiGEMRIOSE 18 K38 f%5 R & Table
3.5 12, IR BB EESRY O Max, Nom, Min (254§ 2 B Uf 2 WA O E SR 5K 57Hi%% 5 % Table
36T, EboOMEEE— FIZXH L Th, Nom £HFCBVTIIBRERM L L TERENE
11#% (60kPa LITF) MR END Z LARENT, LATIC, B - WHEEROSEEHEX
L 2RAY U LAEREBOFEREAOBFRETRT,

~ 50kPa (IHX)

+ 6kPa (SPWC)

+ 7kPa (Bi%%)

+ 14kPa (£ D fth)

= 77kPa

<108kPa (2%~ v LAERB R KA ERES)
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4. THX O=EMERE D FEM

4.1 E&ET—F O

Table 4.1{Z. THX OHREFMZ1T O OICAWET — 4 8% 53, EiE7—# it HTTR Oifds
T REBERVAT MR EENT -2 27— F AU AT ML VBB L, Sbic,
AR DOREEF % Fig. 4.1 17T, MPOEKFIL Table 4.1 iI2:2 &7 No it Li=b D TH
X

F7c. IHX ORBMEREDFHM 21T 5 DI W EEET — 4 % Table 4.2 1573, A CIt,
2000 ££ 4 A DN ERARA S 2004 £ 7 A OHA LARRG)E CoOEBEM PO ANE
LTS 7:00~7:59 O 1 BEIOME% FEH L I Z 1T o7z, UK., B4 IOV TR
IR TV BABRHFTRELT 5,

4.2 EBF—5 O%BE ,
B7E., HTTR TIRFETHEA DAHMEE # BRI S S - BEEcHELTVh 5, &
DETFHEAD 1 KEHAMHREIX. UTFORIC L Y EFFEADAKMHES EREEZ B L,

(WOUT (A BOUT (v (B) (COUT (i (©) IHX_OUT (~IHX
TRPVIN _ Ther  "Guer + T " Gpe + T Gy + T, -G
He =

G‘;,:’l " G(}’le " (;E’:l " Ggf,‘ Hel Hel .iiivvnrnenecnnneanecnnnns 4.1
T EFFARD AHMRAFHERE (°C)
G : PPWCPGCoa 5 WHMKE (a : A~C) (kg/s)
T’  : PPWCPGCa BH AHMHOIERE (°C)
GIX : IHXPGC HHHMEERE (kg/s)
T IHXPGC #AHHNDIRE (°C)

4.3 THX OfBMERED Rl 1k '
AT BEIITOWOEES b L ICERERER R O ERBEER O THX OR2MERE% 3
flidnZ &L L1918, —fREC, BAHBRBICBIT 2 XBRBROEIIIUTORXBAV SRS,

Q D REBBE (W)

U D BERE (W/m?-K)
A : BRERE (m?)

AT, : AECEHIEEZE (°C)

ARXPO (FBER) x (BRAEH) CIT. UA ERETS) HARRBOGEMELET LD
THY BERZRBICEAOLDOTH S, £ 2 T AHTIE [HX OREMBMEEE UA TiHEiL7,



JAERI—Tech 2005—040

" IHX ® UA 11 Eq4.2)% E L= T ORE AV CEK Lk,

(UA)IHX - Q™ e e ttenaeteeateteeaantaanees et naeaterannreeaeettateesatatraenneernnrraaaannarearn (4.3)

ATHX

(UAy™ . IHX ®» UAW/K)
QU . IHX IZBIT 3 ZHBmEaE (W)
AT . THX okt 2 s EHIRES (°C)

THX (234 2 /BB EEIIUTOXNTE X b S,

ATHX — Ly D e e e (4.4)
Y In(T,/T)

Tl — T}I;*g('OUT —_ T}III;I;(_IN ..................................................................................... 4.5)

T, = TEEXCIN _RIEK OUT et (4.6)

Tag-  : IHXAQD 1 KREHMRE (°C)
Tia-""" ¢ IHXHA 1 K&HMRE (Eq4.D38R) (°C)

THCN . JHX AD 2 RAHFHRE (°C)
TEXOUT . [IHX O 2 KAHFHRE (°C)

¥ 7. IHX TOIXHEEIT THX O 2 KRUIFEENRZITER-7-8 8. +22bb 2 kGHHM» IHX T
ZTRoBEE L, ’

QX = QUX _ CgeGgg(ng_om —T{,‘;‘é‘-‘”) ............................................................ 4.7)
Q™ : THX IC31) 5 5B (W)
Hes : IHX 28T 5 2 RGHMZRE (W)
Che : IHX 2815 2 RGHMEEE J/kgK)

G . IHX 2 WAHMFE /b
TECN . [HXAD 2 KAHMEE (°C)
TEX-OUT . IHX MO 2 KAHBHEE (°C)

4.4 THX O=BMERED MR

FDIZ THX I BT A MBB O 21T > 1=, Fig. 4.2 L RBMBAROFIMBERE LT T, THM
BOEBRIIUTIORT (Pl 1 ROEAHRE) x (1 KRGEHMRFFHADREZ) 2RV,
ZOMIIFLT 1 RGEEAMBZITR-BE, $T2RDOLELTCORBREREZRTHETHY, 0
& THX (231} 2R MBBRITRERH D7D, ZOMEEFEMA LK,
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Gg:lie(Tg:’lv_OUT _ T}?;V-IN) .................................................................................. (4.8)
Gor PO L IRGHM R (kg/s)
Thev-IN D BFFEAQ 1 RGHMRE (Eq. @.D3B) (°C)

TRV-OUT . mriEmn 1 KAHFHRE (°C)

i 1 RGHAMBEERIRRICIVREH LK,

Goe = (G;;x)l +G® + GO + G{i’j{)x 102 vvvverereeereememmunnemuenseemirini e e erertreanaans 4.9)

e

G Al 1 REGHMTER (ke/s)
G, PPWC PGCo 58 1 KRHHMITR (kg/s)
Gix IHXPGC 1KR&GHMTER (kg/s)

Bl 1 REEMHEICELTHREY 2%8MEET VB0, FLEERE — M35 L 2E0HE
M D, WIEEERHCIIE D 1 RAHMRRN 2%E < ATV 5 2 EBSUB L ThH 5,
R R O IR R BSEARIC 35 1T 5 AR & G (TREY-0UT _ TREV-IN) 0 B i 3 #0500 72 4 B
MRdbBHZ LTSN, FU GER(TEY-00 - TRV-N) o4 5 B BIHIEIER & 25 2 LA
FENk, |

KiZ, BoONRRBMEARE AW T IHX © UA O 21T > /=, Fig. 4.3, Fig. 4.4 UA &7~
7. Fig. 4.3 [IEHEER, Fig. 4.4 3 ERBEGRICK T 3EBMEEL R LTS, 28,
UA EFFEAODARPHRE CBE Lz, Zhik, HTTR TIETFA QAR 2 K75 H
A S HEFICHB LTS Z L, RG, BFAFEAD L KGHVHBE X THX © 1 kAT
KRORVIRETHHZ LEOBAIZLY, UA LEFFAD 1| KOHMIBEIBELRBEERD D
LEZLNBDETH S, RPICIEEEEE— FICkT 5 UA ORFHEL G TR,

YH b OEEE— FIZonTh UA ERTFEADARBHREORICITHFIERLH D = & IR
Enfe, £, £EEZEL T UA OEIIZIEELIZR» o T,

4.5 GEEMEREDIREHE L DOl

Wiz, BREHEHICARE U RBWERE & B X Y B D NI RBMERE O B % 1T o 7=, Table 4.3(1).
Table 4.3(2)IZLHEDFER %21, Table 4.3(D)IXIEREEICXH T HIHBOERTHY . Table
4.3 I FMIBRBEERIIT D HBOBRTH D, ‘

REHE L FEEOZET, EREE TIE-9%, BIRRABREE TIX-3%RETHY ., TRENRE
BEOMERE L K< f2 o TV B, RHAFFICEE SN 30MW 2381 5 THX DIEBWEEDTE
FHIZ+8%~10% ThH VD . AHUTIVCHEM SN GEMERRITR I ORBENICH 5 = L 2R
L7, | ,

& 5T IHX OfEBMER IR S AR E SN GIMERESRER S W TV AR RR L, /-,
WAV THX OEBMEEEEFESBRR S THD 2 L 2R LE,
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HACRE SN TV ARZHRBO S LOHRBSEHE (HX) oW TEBMEE TG L,
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ZUMERET LT
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AIFMEEIT O ICHh=Y . IHEFEHETEFABRNEFERTE, PEAHERBKE. JIGE=
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Table 1.1 Major specification of the HTTR

Thermal power ‘ 30MW

Fuel Uranium dioxide (UO2)
235U enrichment 3~10% (average 6%)
Fuel assembly type ‘ Pin-in-block type
Core structure material Graphite

Core height 2.9m

Core diameter 2.3m

Number of main cooling loop 1

Coolant Helium

Primary coolant pressure 4.0MPa

Reactor inlet coolant temperature : 395°C

Reactor outlet coolant temperature 850°C /950°C*

*

Rated operation,”High temperature test operation
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Table 2.1 Major specification of the primary cooling system

Primary coolant Helium gas
Number of loop 1
Heat capacity 30MW

Primary coolant flow rate

(Single-loaded operation)
PPWC : 45.2t/h,/37.0t/h*
(Parallel-loaded operation)
~ PPWC : 29.7t/h,/24.3th"
CIHX  :149th/122th"

Operation pressure 4.0MPa

Reactor inlet coolant temperature 395°C

Reactor outlet coolant temperature 850°C ,/950°C*
Allowable working pressure 4.8MPa

Allowable working temperature

(Cold-side helium) 430°C
(Hot-side helium) 955°C

* Rated operation,”High temperature test operation

Table 2.2 Major specification of the secondary helium cooling system

Secondary coolant Helium gas

Number of loop 1

Heat capacity 10MW

Secondary coolant flow mass rate 12.8t/h,/10.8t/h"

Operation pressure 4.1 MPa

IHX inlet coolant temperature 250°C /240°C*

IHX outlet coolant temperature - 780°C /870°C*

Allowable working pressure 5.1MPa

Allowable working temperature (Cold-side helium) 350°C
(Hot-side helium) 930°C

* Rated operation,/High temperature test operation
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Table 2.3 Major specification of the IHX
Type Vertical helically coiled counter flow type
Number 1
Heat capacity 10MW
Primary coolant flow mass rate 15t/h,/12t/h*
IHX primary coolant temperature (Inlet) 850°C,”950°C*

(Outlet) 390°C

Secondary coolant flow mass rate 14t/h,/12t/h*

THX secondary coolant temperature

(Inlet) 300°C
(Outlet) 775°C ,/860°C *

Number of heat transfer tube 96

Heat transfer tube outer diameter 31.8mm

Heat transfer tube thickness 3.5mm

Heat transfer tube material Hastelloy XR

Hot header and hot duct material Hastelloy XR

Shell outer diameter 2.0m

Total height 11.0m

Outer- and inner-shell material Low-alloy steel

Allowable working pressure (Outer shell) 4.8MPa
(Heat transfer tube) 0.3MPa**
(Outer shelD 430°C

Allowable working temperature

(Heat transfer tube) 955°C

* Rated operation,”High temperature test operation

** Differencial pressure
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Table 2.4 Major specification of the primary gas circulator

IHX PGC PPWC PGC
Type Vertical centrifugal/gas bearing type
Number 1 3
Flow mass rate (maximum) 15t/h for 1 PGC 15t/h for 1 PGC
Head (maximum) 79kPa 108kPa
Allowable working pressure 4.8MPaG 4. 8MPaG
Allowable working temperature 430°C 430°C

Filter type

Sintering material

Motor type

Cage type induction motor

Motor power

190kW 260kW

Number of revolutions

3,000-12,000rpm 3,000-12,000rpm

Frequency converter type

Thyristor-converter

Material

(Casing) Low-alloy steel
(Main shaft) Low-alloy steel
(Filter) Stainless steel

Table 2.5 Major specification of the secondary gas circulator

Type Vertical centrifugal/gas bearing type
Number 1

Flow mass rate (maximum) 15t/h

Head (maximum) 108kPa

Allowable working pressure 4.8MPaG

Allowable working temperature 430°C

Filter type

Sintering material

Motor type

Cage type induction motor

Motor power

190kW

Number of revolutions

3,000-12,000rpm

Frequency converter type

Thyristor-converter

Material

(Casing) Low-alloy steel
(Main shaft) Low-alloy steel
(Filter) Stainless steel
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Table 3.1 Design specification of the IHX

IHX primary coolant temperature (Inlet) 850°C /950°C
(Outlet) 387°C,389°C
ITHX primary coolant flow mass rate 14.9t/h,/12.2t/h
THX secondary coolant temperature (Inlet)
Max :284°C /287°C
Nom : 244°C /273°C
Min :187°C 187°C
(Outlet)
Max : 744°C ,/822°C
Nom : 782°C ,/869°C
_ Min :810°C,900°C
Secondary coolant flow mass rate Max : 15.0t/h,12.8t/h
Nom : 12.82t/h,10.82t/h
Min : 11.1t/h9.6t/h

* Rated operation,”High temperature test operation

Table 3.2 Mayjor specification of the IHX

Heat transfer thbe material

Axial direction

(Material) Hastelloy XR
(Outer diameter) 31.8mm
(Thickness) 3.5mm
(Number) 96

(Pitch)

Radial direction : 47mm

(Layer) 6 layer
Inner shell inner diameter 1352mm
Center tube outer diameter 798mm
Heat transfer enhancement plate thickness 5mm

P 47mm
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Table 3.3 Estimation result of heat transfer area for the ITHX

Heat Connection
transfer tube Overall
tube Upper | Lower
Exchanged heat (kW) 9,535 326 81 9,942
Heat transfer coefficient(W/m?-K)* | (Primary) 708 125 99
(Secondary) | 1,546 | 1,198 | 1,314
Heat transmission coefficient™” (W/m?.K) 4717 121 135
Logarithmic mean temperature difference (K) 93 134 67
Designed heat transfer area (m?) 215 20 9 244
Required minimum heat transfer area (m2)** 222

*  Mean value shows arithmetic mean value at both end of each area.

**

transfer area with 1.1 conveniently.

Table 3.4(1)

Required minimum heat transfer area is estimated by dividing of designed heat

Estimation result of primary coolant pressure loss for the IHX (Rated

operation)
Heat Connection
Annulus | transfer tube | Overall
tube Upper | Lower
Friction loss AP, (kPa) 2.3 3.9 0.0 0.8 7.1
Enlargement-contraction loss AP, (kPa) 1.9 0.1 0.2 2.2
Pressure loss AP (kPa)* 4.2 3.9 0.1 1.0 9.3

* AP =AP, + AP,

Table 3.4(2) Estimation result of primary coolant pressure loss (High temperature test

operation)
Heat Connection
Annulus | transfer tube Overall
tube Upper | Lower
Friction loss AP; (kPa) 1.6 2.8 0.0 0.6 5.0
Enlargement-contraction loss AP, (kPa) 1.4 0.0 0.1 1.5
Pressure loss AP (kPa)* 3.0 2.8 0.0 0.7 6.5

*  AP=AP; +AP,
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Table 3.5(1) Estimation result of secondary coolant pressure loss for the THX (rated

operation, Max)

Heat Connection
transfer tube - Annulus | Overall
tube Upper | Lower
Friction loss AP, (kPa) 1.2 47.0 4.2 6.7 59.1
Enlargement-contraction loss AP, (kPa) 1.5 2.8 4.3
Acceleration loss AP, (kPa) 0.0 2.5 0.0 0.0 2.5
Pressure loss AP (kPa)* 1.2 5.7 49.6 9.5 66.0

* AP =AP; + AP,

Table 3.5(2) Estimation result of secondary coolant pressure loss for the IHX (rated

operation, Nom)

Heat Connection
transfer tube Annulus | Overall
tube Upper | Lower
Friction loss AP, (kPa) 1.0 35.9 2.9 4.9 44.7
Enlargement-contraction loss AP, (kPa) 1.1 2.2 3.2
Acceleration loss AP, (kPa) 0.0 2.2 0.0 0.0 2.2
Pressure loss AP (kPa)* 1.0 40 | 38.0 7.1 50.1

* AP =AP; + AP,

Table 3.5(3)

operation, Min)

Estimation result of secondary coolant pressure loss for the IHX (rated

Heat Connection
transfer tube Annulus | Overall
tube Upper { Lower
Friction loss AP, (kPa) 0.7 27.8 2.1 4.0 34.6
Enlargement-contraction loss AP, (kPa) 0.7 1.7 2.4
Acceleration loss AP, (kPa) 0.0 1.8 0.1 0.0 1.9
Pressure loss AP (kPa)* 0.7 2.8 29.6 5.7 38.8

* AP =AP, + AP,
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Table 3.6(1) Estimation result of secondary coolant pressure loss for the IHX (high

temperature test operation, Max)

Heat Connection
transfer tube Annulus | Overall
tube Upper | Lower
Friction loss AP; (kPa) 375 3.1 5.3 1.0 46.9
Enlargement-contraction loss AP, (kPa) 1.1 2.3 3.3
Acceleration loss AP, (kPa) 2.3 0.1 0.0 0.0 2.4
Pressure loss AP (kPa)* 4.3 39.8 7.5 1.0 52.6

* AP =AP, +AP,

Table 3.6(2). Estimation result of secondary coolant pressure loss for the IHX (high

temperature test operation, Nom)

Heat Connection
transfer tube Annulus | Overall
tube Upper | Lower
Friction loss AP, (kPa) 28.2 2.2 4.0 0.7 35.1
Enlargement-contraction loss AP, (kPa) 0.7 1.7 2.4
Acceleration loss AP, (kPa) 1.8 0.1 0.0 0.0 1.9
Pressure loss AP (kPa)* 29 | 300 | 5.7 0.7 39.3

* AP =AP, + AP,

Table 3.6(3)

temperature test operation, Min)

Estimation result of secondary coolant pressure loss for the IHX (high

Heat Connection
transfer tube Annulus | Overall
tube Upper | Lower
Friction loss AP, (kPa) 23.0 1.6 3.3 0.6 28.5
Enlargement-contraction loss AP, (kPa) 0.5 1.4 - 1.9
Acceleration loss AP, (kPa) 1.6 0.1 0.0 0.0 1.7
Pressure loss AP (kPa)* 2.2 24.6 4.7 0.6 32.0

* AP =AP, +AP,
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Table 4.1 Measurement ‘item by plant data collecting system

No. PID No. Measurement point name
1 24C031 Power range neutron flux (BV)
2 13A130 | Reactor inlet helium temperature (wide-range, D)
3 13A131 Reactor outlet helium temperature (wide-range, D)
4 13A240 PPWC HGC (A) revolution
5 13A403 PPWC outlet helium flow mass rate (A)
6 13A151 PPWC HGC (A) helium inlet temperature
7 13A241 PPWC HGC (B) revolution
8 13A404 PPWC outlet helium flow mass rate (B)
9 " 13A152 PPWC HGC (B) helium inlet temperature
10 13A154~156 PPWC helium temperature Ch. 1~3
11 13A242 PPWC HGC (C) revolution
12 13A405 PPWC outlet helium flow mass rate (C)
13 13A153 PPWC HGC (C) inlet helium temperature
14 13A243 ITHX HGC revolution
15 13A401 IHX outlet helium flow mass rate
16 13A161 IHX HGC inlet temperature
17 13A166~168 [HX outlet helium coolant temperature Ch. 1~3
18 13C086 IHX outlet helium pressure
19 13A411 SPWC outlet helium pressure
20 13A413 Primary-secondary pressure difference
21 13A311 Secondary helium IHX inlet temperature
22 13A312 Secondary helium IHX outlet temperature
23 13A300~302 Secondary helium flow mass rate

Table 4.2 Operation data used in the evaluation of heat exchange performance for the

IHX

Operation name Operation mode Date
Rise-to-power test (1) PT-1P | Rated / Parallel 2000/5/30~6/6
Rise-to-power test (2)-2 | PT-2-2P | Rated / Parallel 2001/2/16~3/1
Rise-to-power test (3) PT-3P High temperature / Parallel | 2001/5/11~5/16, 5/21~6/8
Rise-to-power test (4) PT-4P | Rated / Parallel , 2002/1/25~3/6
In-service operation (1) | RP-1 Rated / Parallel 2002/5/30~6/17
In-service operation (3) | RP-3 Rated / Parallel 2003/5/16~5/21
Rise-to-power test (5) PT-5P | High temperature / Parallel | 2004/6/2~7/2
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Table 4.3(1) Comparison between design value and evaluation one (Rated operation)

Design ‘Evaluation
(PT'4P, 2002.2.28)

Exchanged heat 9,942kW 9,319kW
IHX primary coolant temperature (Inlet) 850°C 829°C

(Outlet) 387°C 383°C
Primary coolant flow mass rate 14.9t/h 149 th
IHX secondary coolant temperature (Inlet) 244°C 249°C

(Outlet) 782°C 751°C
Secondary coolant flow mass rate 12.82t/h 12.92t/h
UA 98.53kW/K 90.54kW/K
Difference ' -8.9%

Table 4.3(2) Comparison between design value and evaluation one (High temperature test

operation)
Design Evaluation

4 (PT-5P, 2004.6.24)
Exchanged heat 9,942kW 9,672kW
ITHX primary coolant temperature (Inlet) 950°C 939°C

(Outlet) 389°C 394°C
Primary coolant flow mass rate 12.2 t/h 12.44 t/h
ITHX secondary coolant temperature (Inlet) 237°C 239°C

(Outlet) 869°C 859°C
Secondary coolant flow mass rate 10.82 t/h 10.81t/h
UA _ 88.14kW/K 84.99kW/K
Difference -3.6%




JAERI—Tech 2005—040

Reactor containment vessel

Vessel cooling system
By u e 2 R

Auxiliary
air-cooler

i ' e S bbb lemaito ool s i LSRR L A NIRRT

PPWC | ¥

g

Auxiliary cooling system Main‘cooling system

IHX : Intermediate heat exchanger
PPWC : Primary pressurized water cooler
PGC : Primary gas circulator

SPWC : Secondary pressurized water cooler
SGC : Secondary gas circulator

AHX : Auxiliary heat exchanger

AGC : Auxiliary gas circulator

Fig. 2.1 The HTTR cooling system
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Fig. 2.2 The HTTR primary cooling system




JAERI-Tech 2005—040

Reactor containment vessel

v,
£
v

SGC

v,
£

v,
.

A

v

PGC

N

v,

to
reactor
and
PPWC

Fig. 2.3 The HTTR sécondary helium cooling system




JAERI—Tech 2005—040

Secondary helium
(to SPWC)

Secondary helium
(from SPWC)

C=> : Primary helium

s : Secondary helium Secondary helium

double nozzle

Secondary He

Inlet nozzle
(to PHGC)
Manhole
Cold header
;':;3;:;5[30“/ > Primary helium
(from PHGC)
™ Inner shell
Central hot
gas duct \ Outer shell
(Center pipe) :
AN
\ Thermal
insulation
~_ Helically-coiled
heat transfer tube
Hot header

Primary helium
(from reactor)

Primary helium
(to reactor)
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