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Evaluation of Heat Exchange Performance for

Primary Pressurized Water Cooler in HTTR
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In High Temperature Engineering Test Reactor (HTTR), the rated thermal power of
30MW, the generated heat at reactor core is ﬁnally dissipated at the air-cooler by way of the
heat exchangers of the primary cooling system, such as the primary pressurized water cooler
(PPWC) and the intermediate heat exchanger (IHX). The heat exchangers in the primary
cooling system are.required the heat exchange performance to remove reactor generated heat
SOMW under the condition of reactor coolant outlet temperature 850°C /950°C. Therefore,
the heat exchénges are required to satisfy the design criteria of heat exchange performance.

In this report, heat exchange performance data of the rise-to-power-up test and the
in-service operation for the PPWC in the main cooling system was evaluated. Moreover, the
evaluated values were compared with the design values, and it is confirmed that PPWC has

the required heat exchange perfbrmance in the design.

Keywords : HTTR, High Temperature Test Operation, 950°C, 30MW, Main Cooling System,
Primary Pressurized Water Cooler, Shell and Tube Orifice Buffle Type

Helium/Water Heat Exchanger, Heat Exchange Performance
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1. S

A AR-T-FI A F A S e (EL7-/14hE) O T¥RBseF (HTTR : High Temperature
Engineering Test Reactor) 3. BHiRAV A IFEHT M O & @ ELE HEO & U CHRTFIEMAX
YEFZeBAR v 7 — @R SN BAYIOBIBRA R IFTH 5 12,
 HTTR OEA(#EE Table 1.11R T, HTTR IRBHT BB T#EL, Wosht o Bén, wEIM

ICAY B R BT B NS S0MW, FUTUFA D MABIREE 395°C OREN 2 IF TH
%, HTTR O@EGICiL, FFEH OGABRED 850°C £ TOEMKER L, 950°C £ TORIR
HREBREIER S 5,

HTTR 1% 1998 4 11 A 10 BICHEERCE Liztk, 1999 4 9 AL LA ERAMARERM L,
2001 4E 12 A 7 HICE TS 3S0MW, [F-74F H 0 W EAREE 850°C % Bk L7z 99, 2002 4
3 A 6 AICiTEkiE: (FEAHMIEE 850°C £ CToiflR) OMMATRESHIEEZ TG LT,
2003 E 3 A M DIEEIRY R FORLM L FIET 5 BN TREMFFERBRMNThH T 5 99,

& 51,2004 45 3 A 31 HHHRFIFHOGBHMREN 950°C & 72 5 EiRRBEEOH N LA
REABIAL D, 2004 4E 4 A 19 BICIIRTFFEHD SOMW, JRFHFH 0¥ ABNE 950°C % &K
L7- 89, @EiBA A L AEEMIBREICSOWTIE, BRICMEOERAT A LR (AVR) IZX
D ETIFEARBNICIOT 950°C R SN T\ 54, HTTR G iz il T 950°C O
BHM 2 B FEEARBNICERY L2 b0 T, HTTR BHRTHH TR LI DTH 5,
Z D%, 20044 6 H 24 BiZidmiEREERE (R FHARHEE 950°C £ COMEE) O FRTHR
EAERKIEZ IS LT,

HTTR O EAHRICEE STV AT, FTFCRE L 30MW O#ERIL DD
B4 Y 1 A IR ELEE 850°C ,/950°C %R HnBWERE L A L TV RITHEZR b2, 772D
. HTTR OBAHERIIFR AT S 2 fEBAN OEEMERR DR S h Qi iz b 72w
8)

AT, ZhE CIfTbh - RBEER MEAEE B b7 — 4 2 AV TELRARICHK
BENTOWIEZHED D D 1 WIEALHR (PPWC : Primary pressurized water cooler) iZ
SWTEBEWERE & THE LT, £, REHFIZEBIT 5 PPWC OEEMERE L O #E T, RETEF
AR SN T AGEWERE AR STV 5 2 & ORER K Y PPWC DEEWERBREIFIEOZ AT
DUWTHREF LT,
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2.1 HTTR O#E

HTTRO B HZ A% % Fig. 2.11257 %, HITROFFFEGHHZRMEIL, @ ERRFCR TR 26
HH 5 LA, B %I TR ORE B R ET 5 MR HIRE, FPFEN RO
JERBEIC BRE L AR IC X0 IRE~WEZHEIT % & & bICHHBIHIRIEIC X 257 LomAIN
DR RV DRI TR ORBEAE R AT B IR AR TR S5, AN
PRI IR HIRRE & L CPRIEAHSE (IHX : Intermediate Heat Exchanger) & 1RMEAA
Higs (PPWC : Primary Pressurized Water Cooler) MD2RRAHDIAAHALS % WHIZALE L TR Y,
THX D20z 20 A A & L C2WMEAL#ZE (SPWC : Secondary Pressurized Water
Cooler) ZFEELTWA, FRAFENTRAE LB, Zh b OB ERE L ChRAEANICIE
KAHIREICERE STV B MEAZESAEE (ACL : Air-cooler) X 9 KG~HKHET 5,

HTE, IHXO 2K B H BT T4 TR LB R KR~ & RECT 2 MR IR & e &
HWTWABR, 33k, ISF R X AARMERM~ LR Z LRFHE STV,

HTTROEHE I, 20D R TFH DS HAHREERE — F L 20D RMHEET— FBH D,
B -4 O A HIB IR E ST — Rz oW Tid, JRFFHF130MW CR-F-4F H 0 /4 ER IR EE A8
850°C L 725 TEMEIRET— K] &, BT FHNARMIEENRIS0°C & 25 HiERBERE—
Kl b, ZhbdbOEEE— FIZoWTiE, IKBHAMKREEZZE(EE 5 Z & THRAFHAGH
PHEE A B X TVWD, F 72 RERREET — Rk, T HI30MWORHIPPWCO AT
SOMWDRRENE1T 5 TBER) &, FRAFHAI30MWORHZ, PPWCT20MW, IHXTIO0MW
ORBALTS [WHEES] Hd %, HTTRTIX ZH 520 DEIEE — FAAEbINTE Y, #
W — NI [EH, BMEEE— F) %0 k5 IcREh T s, |

2.2 1R~V U AEHEIEREOBE

Table 2.1 1 1 kY ¥ AAEIZEOREHERE, Fig. 2.2 17 1 I~ 7 AGHIRR G OMER 477
To 1 WAD U ARHBEE, 1 RARM 2ERSEUFLERET 2RI THY « JRTIEIES
2R Lk~ T ATERK (PGC). THX, PPWC, 1 %RkA~Y 7 AR R OFHEZ ETRM SN T
B, ZhbORMEIETFRMEAENICRESLTVD,

BGEEG O, A OIS NZEIED 1 KGHM N2 E, [EARSCERT 5 _HEDON
% %> T PPWC 2% 5N %, PPWC THEA & BEH# L TIER & 2o 72 1 IREEHMIL, PPWC
SIS TS 3EBD 1R~V VABRBICEOND, 1 RNV VAERB CHEINZZ 1K
BHAE, BB BRBOMNAZFE L T _BEEONE LATOR ORI 28 Y R FIFESB4E
\BT B, £, BIMNEERHIC I ZETONE S IHX NIZE S LRGN O B RFESR 251k
4% BEC, PPWC XV M7 IKED 1 AR % /A S AEERE Th 35720 5 IHX THA
EHTWB,

WHEEE T, LTSN ZEED 1 RGEM L, EARBICHERT 2 _HEEONELE
T T EIEAIGES T U 721812 PPWC R ONHX I 2:1 DEIA T b b, PPWC THIEA & |
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[HX T2 RAHM (Y Dh) LB UTRIER S 2 o7 1 kGHAKIZ. PPWC i 3 &, [HX
1BERIN TS LIRANY UAERBICEDND, TRERLD 1R~V 7Aﬁﬁ5&fﬁré
e 1 RBH L, FBGEHBONREZRE LT HEONE LA ORORKBELEY, &
BT AT LT BICFR TR BRI T 5,

28, PPWC T BMER: b WA EERHZ W TRBBEN R R 503, PPWC ND 1 kGH
MAEAT AMEBEER L CEAERELEAD I LICLVRBRELZEF LTS, T DR,
PPWC 25 1 RAY 7 AEBREE~ L 5 A IS I BEER L WS RN S 5,

2.3 IMEAGHERAEOBEE

IMEAR HIZRfE DR FHIFk % Table 2.212, BEEX % Fig. 2.3 [Z~d, MEAGHZRM 01 1
C RINVEAKGEZ (PPWC) | 2 WINEABHEE (SPWC) | MUEAMELR, IEAZERAHZE (ACL),
IEABREY 7, MEARSLETERENTVS, EAERR FIITH1E2E3DT2H
BB SN TW5, PPWC L SPWC 2 S TV 2B DR 1Rk A 28 L@ Ml 1k
BMEAGHEHHA DIZE 1 EF O R FIFENASRRRSREBES LTV, it\ PPWC A
AEE ORMARBEHERMIIE, EDHRIE LERBIhLTWA,

AL PPWC B L OSPWC ITEAKRBR S ¥ S Z L2k 0 1 RGHM B L 02 KibE

(NY T LAHR) BRHAILE, D% ACL TRERUTHET 28&HETH 5.

PPWC, SPWC TS LI-EAKIZ, MEKDES 2B 2 MEAMERCEDND, £D
#%. MEAKIE ACL B8 LU ACL A RREEIZHE S D, ACL AT 2 MEAGEEL, 0
JEACRE OFlHZ B & U CTERGHzH 0 RERE R & A RARERERICL VFHEILT
W5, ZThbDFRiIE, FORM, MREAFSEEE L BERO K BES N & BT 2%0HMT
BHEEDS 20~80%IZHIB XN T D,

ACL TAHEISN=MEAZK, ACL &S84 NAESNMEA & AW L2 RICIMEAERR 7
THESHh, HOPPWC, SPWCIZkbh 5,

MEAGBHRE L, WHEGRIZ I PPWC B X O SPWC IhEKZEREET 1K, 2KRA
H OHH%EITH, = DB MEKIZPPWC BLOSPWC 12 2:11 DEIATEDND, —F, B
MOEELRFL PPWC [QISIERMEDOMEAZIHR ST 1 RGHAM OBHEIT,

INEAFEERR > 7D iHEEE% Table 2.3 (2, EE % Fig. 2.4 21,

2.4 1WMNEAGHZ (PPWC) OHEE

PPWC 137-THE U FHOY =2 VT v RFa—TRA A - AkBRZHBRBTHY | AT ERE
Iz > TW5, Fig. 2.5 PPWC 01, Fig. 2.6 {2 PPWC &Y 28 E S h /- PGC D E
K. Fig. 2.7 \22{AK, Table 2.4 {2 PPWC DOgkEHIkE%E R,

PPWC TIXERDONY U LH R EMEKRERD e, HRDY = VT ¥ RF 2 — T RIEZ R
DIy TVIREBERBIZRET 5 &, BIRANY U AT ZADOAOEBIZEB W CRFTIZEG IR
DEKICRIZBNRSH D, TDI=H, PPWC TNy ZUROBIRZSBETERE L, KT
WRABKIZ AR DD EEHIELTWS,

%7z, PPWC TiIHl « WHIFEEEROBR#AEZHE > TRY, HiZ PPWC TOREME L &R T

_3_
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IXRA D, 2Ok, PPWC TIHEEE— FICk Y 1 RBAMOHOMELEE L, 1 ROHEH
ﬁéﬁ%%zﬁfé_kfhﬂﬁﬁ%zﬁbfwéo_nkib\%@%%~bfwﬁm%%£
BELTW5,

B4R L 0 M ERO 1 REFMIIZE'EENE L E > CTTHO 1 RGEAM ZEH/ AVE VA
L. BEENEANy VR X Y ihEREs « ER LB LEROMEKICE Y GHISNT, W
BT on 1 WEHME O 2 AV XY PGC ic#Ehi b, PPWC TiXBUM /I 5IEERRF D
BREMEAS B B 7o, BMUHHERS I ERNCER B S s 1 RSEMIH D 2 AV &Y PGC i2HEh
. WFHEEERFC TR RATICRE S he 1 KAk A 2 Xv LY PGC K%, PGC T
BIESHE 1 REHEE, 1 REHM AL 2 XX 0 AR &SRO OBIREIZTRA L TR %
BHURRLTHL, 1 REM B AL Xy —EEFNE ENE ORI ORI 2/ CR-FFE
HEB~L BT 5,

—%5 . MEARFEOMEAAR / XL E VAL, ﬁ@mW%ﬁnrm%én JNEAKH 0
J ANE YT 5,

2.5 1R~V U AERE (PGC) DOREE

PGCO#ER % Fig. 2.8. PGCOFHA% % Table 2.512777,

PGCIIHTLE LRBIE N 2 MBS T H . PPWCIZ3E, THXIZ1ERE S T\ 5, PGC
HATRUEETH LM, TREHORERER L ORBERITC X RIEHLAENRER S, PGCHEA
VG R T — S, Bl ~OIR, BB, BRIT 7 BAKY Yy Sy b T4
B lp TR Eh TN 5,

PGClL., 1REHM DRNA~DRIREBGIET 5728, BEik CVE## L 7 —2 v Z7RNICEIA
hk%%ﬁk&ofwéo%@%k%/«7®$%i*%ﬁﬁf%b\/?*f»%ﬁ&0X7
2 MEZIC LY STV, WESZIIEBNERIOF AEZ CH Y | T EEEERIIXER
TROBZ & Efl LRVEEE 2o TW5, & bIZ, IRBHIH 5 OMKT72 & BEZICBAT %
OEMHEIT DD, By — TR T7 AV ERRIT LN TN,

PGCIE. AR HIEIC L v BB O EEEEZ EHEAICE 2 T, HIRRIBIZE e LRG A
DEBRHRELRHERE LTS, £, PGCILLEILS CEXMHIENC X Y 10 LANICE LT 511
Lo TnNA, ‘ -

W FEEERFH IITHXAPGC R WPPWCHPGC 2 At AR T 5, — 77, BAEERFIZIXTPPWC
FPGCTER M % 3AEIET 5,
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3. PPWC DERBIERF Tk

3.1 #=E .

AETIL PPWC 23R 3T BBICIT o L EEEAE A OFHER L OCEAB KOl O Fikic >

WORRB, B, REEICBIT A PPWC OREH FE#HIUTOLEY THD,

BUMEES & W EER I BT A BB BROEF IR X s BEx Fic ks 2 &5,

BB L IRB L OMGEEH EOBIERZEZ RN T 2H#1E L 15,

CEVE LY U FRI L T35,

1 R EH B OIEA DOFRENC X 0 BEEICRE RIREN A CRVWEE LT 5,

FFRREMES ST 7 ) 2RI 28m%, RRAE UCREgEL 12,

BB P RAES FTREEE L T2, _

PPWC DX FFit, B OBk WINT 5 7=z B & 0 KRB TR Y T 2 38135

&35,

HBERZ BT SR 2 iE 572912, PPWC ORARBIZ A T3 %28R T 5,

EEBICHAT DIEA L . IS N CHEBED & HHT BIEA & MRAT 5O & IET

B Te DI KRB ORI K BAYIR 28T THE 5,

@ FEELRBRBEITO DI, BRO 1L ROEEAMBTRAT HARICXE KL, THORSZ /)
R R EGE A~ E . 20MW BREVH ) ANVALE DN 7 VBB IS IT BB IER U —T7 % |
F I AEEVE FIED U Ny MERIZIE U Ry MERESHAES IEFE 2 5%0T 5,

@ ERENOMEAL BFEGPOWIRIERAREICBN TSR YT 7 —VEEZA L,
Y L7220 K 9 ITEREHT B,

@ ~ATFuA XROV—_A 7V ARBRABPERY T ohsHiEes 45,

SECNONCOROMCNC)

© &

3.2 frEERERHE O

3.2.1 EHIAER

Table 3.1 Z PPWC DX EHIEkES <Y, £/, Table 8.2 I~ PPWC Ot xR, &XE
HARIZT T v b REOBBEMITIC L YV REShWZERAVW O, Thb DRtz =BG
Bn{Tbhi,

3.2.2 iz

PPWC ORatcik. BEHIBEICE 2 HIME, 3 X OGBER R & Ol %60E LT PPWC 0
METRDOBE 21T o 72%IC, PPWC 1 RGHM I DREDOEH 21T\, REHEEICE X b
TwéPmW)lﬁﬁﬂHmnﬁﬁté&Téio BTN, |
BERRIIUTORTEHENRL TS,
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d, GEENE (m)

d; REENE (m)

h, ARl (1 ke HER) #dziESR (W/m? . K)
h; BR OMEAR) BvsiER (W/m?-K)

U #EHWE (W/m?-K)

Ay EEEBREER (W/m-K)

PPWC IZ51) 5 RMBEIT, WAUTTRT X 9 ITRHRBVRIERIC L 2 M L | NIRRT, 2 (R854
BT AT — L EREDOMIZE Z 5.5 FHEBC LD BRMOTI L S5, 70, SHBE T
1REHMAPPWC THEALEBRBLELVWE IR TV, ZhE2RTRTLRRAD L S Ich B,

QPPWC - QU + QE — QT ........................... e RRCRLET PR PSR PIPRPPPPPEPYSYPPRPESYS PR (3-2)

QFYC  : PPWC 2RI AHEE (W)
Qyu D SHREMEEEIC L D BEE (W)
Qe SAMEEMC L AHmBE W)
Qr D L RBAR DR LT BE(W)

SHRBMREIC L D BRHIIKKNTEZA BN D,

QU =U AATL .................................................................................................. Q] 3)
T, - T,
ATL =y ]n(?l‘z /'11‘1) ......................................................................................... (3_4)
T = T}l;;wc,om S EPWOIN i SRS (3.5)
T2 — T}I;:IWC_IN _ TVI;I;’XS-OUT ................................................................................. (3.6)
A : EERE (m?)
Qu D RHEBMEEIC X DB EE (W)

TEEWC-IN . PPWC AR 1 KRAHM (B4 HE (°C)
TEo¥e-0UT . PPWC i 1 RAHAM (B BE (°C)
TEPWC.IN . PPWC ARl MUEAK CEWHHE) HE (°C)
TEEWC-OUT . PPWC i MUEA (EWHHE) HE (°C)

U . BAEFE®E (W/m?-K)
AT, L RHPSIEESE (K)

Y » IREEZEMHIERE O

BB AKXPTHO LN TV D IEEZMIERS v iX Fig. 3.1 THX bR EE2 AV T3, 25,
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FHHCHAVLNTVAAKERILR, . BASEE, BARTEXDRD,

PPWC_IN _ mPPWC_OUT
T, -T

— _Hel 5 SO
R, = TPPWC_OUT _ mPPWC_IN 3.7
Water Water

TPPWC_OUT _ TPPWC_IN

EA = EE?CJN _Tv%i’?-m ...... D R CCRRE L LT EL LT LT R RLEPRELD (3.8)
E, L OREDE ()
Ry s KEERK ()
TEPWC.IN . PPWC A 1 KA CEARE) RE (°C)
TEPWC.OUT . PPWC MO 1 kAT (GBS REE (°C)
TEWCIN . PPWC ADMIEA (B BE (°C)
TIPWC.OUT . PPWC HOAIEA (EWNHHK) BE (°C)

EHIC, S BRI L HBRBIIRKTEZOND,

Q. =5 67x108-A..- Téel_wa ........................................................... (3.9
" . " (]‘/sliner)-'_(]‘/stube)—l .
Ag 1 SLHEHE (n?)
Qr :  AEBMREEIC X B#EE (W)
Taa : FAT—H~NYVLIHTRRE K
T,, : EREMEEEERE K
e A T OBEHE ()
Ebe  BEVEOBEHE ()
1 R&GEH D PPWC THE LBEIZLTOXTEZ b5,
QT =G Cp 'ATHe1 .......................................................................................... (3.10)
C, : 1KREHEB (J/kg-K)
G s 1L RGHMEE (kgls)
Q: c L REBHBBER U2 BE&W)

ATy, : PPWCHIAD 1 RBHAMBEZ K

- i, Eq.G.DFTHW LN TV B IEEEN - BREABMEERICOV TR 5,

© MR (1 BB DRBVE S R
PPWC 133y 7R ORISR AR TR - TR Y, AR (1 AR OEEvE MRS
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KR EZ SN TVWAREEATE R, 22T, BEENBRERNIL, 12 A 7—NET
MERIEIC & 5 ZREERE AV TBREROFMEN T, FBRICEIT 2 aRENBRERI
UFnL3izExbh5%,

h = T PR (3.11)
0 do
v p 0.25 ~
Nu, =C, -C,-0.3290- R08668, Pyp0:36, (Fr—] ..................................................... (3.12)
. T,
p 0.25 :
Nu, = C, - 0.3872 - Re®#2%5. P03, (P_r) .......................................................... (3.13)
rw
p 0.25
Nu, p = C, - 0.2924 - Re®®%!. Pr0%. [P_I'_J ....................................................... (3.14)
: r,
p 0.25
Nu3’4s =C,-0.3058- Re8%91. P036, [P r J ....................................................... (3.15)
rW
p 0.25
Nu,g = C, - 0.1308 - Re073%5 . pp036, [P r J ....................................................... (3.16)
: r,
Re = W g et e e e e et e e e e et en e e e e e eeaned (3.17)
VD
G
u, = S (3.18)
Po (Ds —do Nc) Bp
B, Ry 7 ARG (m)
C, SR DR E4%51(=0.98) ()
C, BB O BEEE1.022) ()
d, BRENE ()
Ds V‘THWV‘]@ (m)
G, 1 RGEH R (kg/s)
h, ERVESN R ESR (W/m® - K)
N, PPWC O = VNI B bW OEEE RS ()

_8_
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Nu . AGEVES Nusselt 5 ()

Nu, : 1BrHIZ#F% Nusselt 3 ()

Nu, . 2BBIZBIT 5 Nusselt # () .
- Nuye :  WFIEEREEO 3,4 B BI85 Nusselt £ ()

Nug,s :  BUEERFO 3,4 BrH (2317 5 Nusselt 3 ()

Nuy,, : BMEERRO 5 B HI231) 5 Nusselt 2 ()

Pr : 1 KHHA D Prandtl 5 ()

Pr, C EEE S BERENREEICIT D 1 G EK O Prandtl 3%()

Re . : Reynolds%k ()

u, c 1 IREEMORFHE (m/s)

Po : 1 RGHMBE (kg/m?)

A D 1 REBHAMBYREER (W/m-K)
Vo D 1 REHHEREREL (m?/s)

@ &R ONEAN) DOEBENBMRER
FHEENBRZERIUILL TIZRT Sider-Tale 2D RSB AV LR TV S,

h. = Nu- }“1 ..............................................................................................
! d
i
p 0.14
r
Nu = 0.023 - Re0-8, Pr1/3_ .................................................................
Pr,
Re = u; - di ...............................................................................................
vy
G

...................................................................................

d; D EEERNE (m)

G, c o IEAFEERE (kgls)

h; . ARBVENEREER (W/m?-K)

N D AREVEARSL O

Nu : {=EVEN Nusselt 3 ()

Pr : JNEK Prandtl % ()

Pr, : (ZEVENBEREIEREIZRT HMEKD Prandtl #()
Re : Reynolds#k ()

w; o IEAONREHE (m/s)
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P : o MEAEE (kg/m?)
A o MEAZREE (W/m-K)
Vi D MEKBIEEMEGREL (m?/s)

3.2.3 BHEETNLV .

Fig. 3.2 IZ3EEF N %&7RT, PPWC % 5 BRICHEI L, ThZhOBT 1 RBEHM OFAITKS
LCERM & FHMIICT T, £ETIEPPWC 245 10 7u vy 7 B L CHET 23HEET
ABBEINTNS, 71y 7 OWHEHIT. 7oy 7 OEHRENMENAVCLNTWS, &t
O, 1 WAEI B X OMEADA DR (TEEVC-IN | TEWOINY [ F13s X O R 52 i
TEBREIT, TRNENOHOBRE (T -, TEwe-0UT) &k st L 2> T5%, Fig 3.3
CEEOT u—F v — b BT, FEORNIUTO®MY Th 2, |

DO Ty, 2RET D, , ,

@ (D)7 vy ORfRAMEEIC L HZHRBARQ, . S B LITHMBEQ,. 1 KN
HM DK LB Q, FTHE T 2,

@ Qu+Qp#Q2BIXDITRS, Qy+Qz=Q; 7% BIEL Ty 8 L O Ty, ZHEE LTRRIC
@iz iEe,

@ PPWC H RMEARE Tanc-"T 2K ET 5,

® . T #IHET 5,

® (1,27uvy70Qy. Qz. QEHET D,

@ Qu+Qp#Q 2 DIFOWRED, Qy+Qe =Qr 2B, Tg, B IV Ty, EHEE LIZKIC

- ®lctEe,
BUSIGERIZ 0T 5 A OBHAICIE, O~ODFEFE T 1 kil Lt 5@,2), 2,1),

(3,1.(3,2).(4,2).(4,1).(6,1). G, 2 DUEF TH T 11 v 7 D L I ERFRE Tg,, ~ They o-0"
B L OMEARE 2HET 5,

©@ WHEERIZT BFHEOHA T, O~QOEHET 1 KEM LR 5@Q,2), (©,1),
3,1, 8,2). 4,2). QDDIE/FTHET vy 7D 1 REHFRE T, ~ T, 3 L CMEK
BT, ~ T ZHEET 5,

@ TS, #TC.. 2OIEDICR D TS = Touer 2 DIE. Torac-OUT ZHeE L - BICOICHE

A e,
@ FHEET

PPWC i3 U F#iiFEREZ AV TNEKDOENLE 2 RAC LTS Z 2D, FHEPIC
TEPYC-OUT (i AR BTN B, i, A BOFMERARRS 2 LIS T, 1 YRk 5%
BThD 2L HbH HERAERSN TS, ShbDT & LY AFEICHT 5 HERNZ<
B, HEEIHEIC S X SHEA NS VEAND Y, ZhbOEH ZEIICRED 5\ IHERT
57 & TRHEAREZEM L, OB MR EIHEC X 2B BATIETH 5,

 DRYBEIC & O B S TEEWC-IN | EEWO.OUT | mEPWCIN | EPWC.OUT . Supike s el L, B
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FHERRZ R L OV A BAICIHMBEREREHE T 5. R L TWRWEEITH, mRERE R
L CHERAZIT,

3.2.4 ZEERFEMR

Fig. 3.4~Fig.3.7 2K #lxE— N2} 5 PPWC IZxt 1 2 BEGROMREEZ T, T Th,
Fig. 3.4 [Z7EHs « BIHG, Fig. 3.5 1UEH - WHIEES, Fig. 3.6 13HIR - BUMEER, Fig. 3.713
R - WHEERIC T B RERTH D, S BIT, FHk A ® Table A.1~Table A.8 I[ZFI 5 &R LT
HEEROMME R R, AMFEREL Y, PPWC HO 1 ROARIRE B L O PPWC H nE
AEBERRFHER AR LTV D e BRENT, £, RREHE Y PPWC 1k} 5 HELRH
R I BRI 2 1k 70m2, W FIEERRRI I 54m2 TH B Z L NR S i,

3.3 JESHRKEHE O
3.3.1 FRFHLAR

WEHLRITZ T T v P 2EOBGEMERITIC X 0 RE S NIER AV b, A Tid Table 3.1
(o ST PPWC O EHEREES X (X Table 3.2 175% &7z PPWC OS5t % W CEHE A
T, £ BEESIZSWTIL Fig. 3.3~Fig. 3.7 (R LZIBRES RV RS AV b,

3.3.2 EHKFIE
@ 1 RGHABMRIESEEK
PPWC @ 1 REBHAMMOEHBFIIUTOXTREHIA TN S,

APE =CE %(‘,E)2 ...................................................................................... (3.24)
APgel - Cgel _72_ (VC)2 ...................................................................................... (3.25)
AP}IIel = Cilel Y -(VI)2 ....................................................................................... (3.26)
2 w12 0.14
AP1361=4 f,-G,-N; g P_(_“lj D G sieecerererereetnieteieteititiestonsnecesstosstnesenasarnss (3.27)
i
AP}]?el - (2.0+O.6-Nw)--;—-(vz)2 D DL L P PR (3.28)
APS :;\'._Ij_,l,(vs)z ...................................................................................... (3.29)
Hel D 2

APh, :  HEKIEK (Pa)
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APS, :  WETRIEZK (Pa)

APL, : EEHICLZHK (Pa)
AP, ¢ EEVEEHEE (Pa)

AP Ry 7 URGIKEE% (Pa)
APS, . HEFHEK (Pa)

CE,  : fRKEREE O

cS, : fEmiAKGRE O

Clha : SEBHEKEK ()

D . ZHEAEAMSER (m)

£, . EEBRRER O

G, . AP LOEEEE (kg/s)
L . “EFEX (m)

N, 27 0

N, L RNy ZAEIREHROESIE )

¥ : WHEE (kg/md)

v D MR O THIHE (m/s)

vP . HERETOEEIFEE (m/s)

v . SEREATOEHFE (m/s)

vs . ZEFMOEEHEE (m/s)

vt o BTETISE (m/s)

A o EEBMRE O

M . KEMEEREL (Pa-s)

My . ERE A REIRE ISR SRR (Pa-s)
EAp LR E BRI &8 5 I X S HIEREK ()

@ MEAMELBK
PPWC OMEAMOENBLEIIUTFORTRIBER TN D,

APE =C§v“er%'("E)2 et n e b ae e 3.3D
APS . =Cr %,(VC)Z .................................................................................. (3.32)
APE  =KCE,. - 32(_ .‘ (VB)2 D TR R IIIIELD (3.33)
AP&:?&-—(IIi%-(VS)Z ...................................................................................... (3.34)
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AP jor
APV(\;Iater
- APG
APV%ater ot
. CEVater
C{’EVater
CgVater
d,

1

K
L
Y

3.3.3 EHBLFMmAER

JERHELK (Pa)

MEdELk (Pa)
=EE 2 Y HHR% (Pa)
CEVEEEIHL (Pa)
B ©)
PERBERRE O

TR AR )
EEENE (m)

HE R ()
EEER S (m)

WER (kg/md
REENOFEIFE (m/s)
Fadite o (m/s)
PRGOS (m/s)
BRI O FEEE (m/s)
FEERE ()

Table 3.3 (C4HMEIEE— FICKHT 5 1 RAKBHIIE & OMEAROEHEKIPARE R EZ 7T
X512, {14 B @ Table B.1~Table B.16 (231 E &6 X OGBS ROFEMEE R T, Ef « B
SRR O IR b A X < . 1 RSHEHAT 13kPa, MEAR T 98kPa Téh- 7243, PGC
CORECHARTHINEMETH 57, S TFICER - BIGEER O 2KEH# % L PGC DFE

REH DBIRZ T

19kPa (R EHEEZRN)
+ 13kPa (PPWC)
+ 12kPa (Bi4E)
+ 81kPa (ZDfth, SN T%)
= 75kPa
<108kPa(PGCHR K H-IERES))

...........................................................................

F7n, EH - WMEERER O SAESRK L EKBERA 7 ORER OBRZ L TIORTS,

98kPa (PPWC)
+ 41kPa(ACL)
+585kPa(BifE. £ nDfit)
=724kPa

..........................................

<822kPa (MEAFEER AR > T I KA FERES)

...............
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4 . PPWC Of=ZWERE D FEAl

4.1 HEET— ¥ OFHH

Table 4.1 2. PPWC OHREFHIi 21T 5 DICAV T —F &R T, #iE7 —4 1L HITR OF
_ G — H RS AT AR SN T — 4 2T — 4 F UV VAT ALK VIR LTz, S HIC,
s R ORE ST % Fig. 4.1107F, BHFORFII Table 4.1 127 SNk NodHiE Lz b DT
5,

% 7-. PPWC OEBMEREDFHE#1T 5 DIV ET — 4 % Table 4.2 IR ¥, ARHEICH
N RS — 2 13 2000 4 4 A O F) ERRB(D) 5 2004 4F 7 A O ERHEBRE)ETOHO
Th B, = OEEEHEFO T:00~7:59 O % AV TIHMEEIT o7, ZHEEE, Bk IOV T
HPCRBEN TV BB CHRETH L & LT

4.2 Mgy —x oA ‘
H7E. HTTR THRETEA DAAHRE & R HAICHE S 87z BEECHE L T2, 2
OETIFAL 1 KAHMEE, STk 0 EFFADBREMES FHREZRH LT,

(AOUT (A (BOUT _((®) (©OUT () IHX_OUT (IHX
TREVIN _ Tor - -G + Taar - Grer + Thiex -Gy + Tha “Goal o 4.1)
He - .

[/N) ® © IHX
Gy + Gy + Goar + G

TRVAN . EAEAD AEHBHEATEERE (°C)

G, . PPWCPGCa B HHHWE (o 1 A~C) (kgls)
TEOUT . PPWCPGCa 54 WEH DIREE (°C)

Gax . IHXPGC #HHbiEE (keg/s)

THXOUT . [HX PGC ##ikHH RiRE (°C)

£7-. PPWC IcRBEh T3 3 AOBERBANICRKIT S 1 KGHMEE (PPWC AR 1
WBHFHEE) XEhEhnENRH Y, BLTFoRick Y PPWC tHA 1 WAHMBAEHRELZRE
HL,

(AIN A (B)IN ®) (OIN ©)
TPPWC.OUT _ Tt - Grer + Thier * Giier + Tt * G

Hel ) ® ©)
Gy + G + G

TERWCOUT . PPWC M 1 RGEIBREA IR (°C)

G . PPWCPGCo B# 1KAHMFER (o : A~C) (kgls)
TN : PPWCPGCa SHAM 1L RBHARE (°C)

X Bic. BUMEEETIX PPWC L 0 - EEO 1 REM OREIIRFIF~ L BRT225, —
ik THX (2381 5 BB L0 7% THX ~ LA S E TS, 2O THXICHALE 1 winH
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MIZTHX SARRFA &Y, —ERNEZE-> CTHTWL (Fabb, LFEERICIT 5
HX A 1 KBAM ORBIH T & 3L HTHS), ZO_RENE LB CTHAERD 1 ki
HbHZ, BEFE LY HTEERD 1 KGN & —EET 1 B TERT 3, 20k, BER
BEIZ PPWC IZHEAT 5 1 IRIGHBNEE IR RO 1 RAHMIEE X 0 8L 23, 22 C, L
Toxiz kY PPWC AD 1 RGHMBE BT A2 L& Lk,

v ) B) ©) By-pass ) RPV_OUT By-pass By-pass
PPWCIN _, (G}m + Gy + Gy —~ Gyl Tier +Gg™ - T
Hel - ) B) ©)
G + Gya + Gy

TEEVCIN . PPWC AD 1 RGHMIRS IR (°C)
G : PPWCPGCo 5# 1KR&GHAMEER (o : A~C) (kg/s)
TREVOUT . RN 1 RAHBHEE (°C)
G ;. IHX A 82 1 RGHMTGE (kels)
. TP @ IHX AR 1RGHBHRE (°C)

7B, WINEERH I A NRAWEPE e LR D720, 2 OXITHEMEERRZ 1T ¢/ < WIiEE
RHZ BB FTRETH 5,

4.3 PPWC DA=EMERE DRl 7 14
AHITIL, BECITOIERE b & ICRIERRERR O PPWC OEEMRELZMET S &
& L7 1318), —fRIVIC, BRI BT 5 B BROFHIIUA T ORI AV LB,

Q D RMREE (W)

U #@EEE (W/m?-K)

A : REERE (m?)
AT, o RBCEERREZE (°C)

A (%ﬁi@%) x (IEEERD) (LLF., UA LRET3) BB HBRBOLGEVERELRT LD
THY, FEBSTHBIIEAREOLOTHD, 2T, A TIX PPWC OEEWERES UA T
+52 %k & Liz, PPWC ® UA X Eq.4.4) %2 Li- IFOR &AWV CER L,

ppwc QO :
(UA) = AT e eeeeeeeieeiaeieteeteet et b et reia st bt et taseeteatsasenarantttnranaannrnns 4.5)
L _
(UAF™° . PPWC @ UA(W/K)
Qe . PPWC 2B 234 E (W)

ATEPWC : PPWC T 2 FHREZE (°C)
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PPWC 2419 5 PR E I FORTE X bh 3,

T, - T,
ATFPWO 22 7 71 eeiiiiieiiei et ettt s s (4.6)
- In(T, /T,)

T1 - TII{’(I:;VC-OUT — TVIGEXS_IN .................................................................................. “.7n
T2 — T}I;EIWC_,IN _TVI:’EZS-OUT T T E T PEIY (48)

TEEWC-IN . PPWC AH 1RAHMEE (Eq.4.3)3H) (°C)

TEEWC.OUT . PPWC tHH 1 KRAHMRE (Eq.4.28/) - (°C)

TEEWCIN . PPWC AD  MEARE (°C)

TERWCOUT . PPWC HiO MEARE (°C)

$7. PPWC TORHEEL, PPWC O 2 REIFEA (NEK) BPZTBRo7HEL Lz,

PPWC __ \PPWC __ ("W PPWC[mPPWC_OUT _ rPPWC_IN } | . ciiieurerunanrncnnnonscscsecssnnnencsanocancses
Q ~ YYWater CP GWater (TWater TWater : ) (4'9)

CY = 29663210 - (Ta, f -2.34836 -10™ - (T4, f +7.30960-10° - (T4, )

(4.10)
1.08128 10° - (T4, f +8.73811-10° - (T4, -3.20910 107 - (T, )+ 4.21915
Tv‘?rxie L= w ............................................................................ (4.11)
QFFWe . PPWC Iz R Hac#si i (W)
Weter . PPWC 2B} AMEAZEE (W)
cv . PPWC I231F BIMEAFH L (J/kg-K)
Ginter . PPWC MEAHE t/h)
TEEWCIN . PPWC AR EARE (°C)
TEEWC.OUT . PPWC HHR MEABEE (°C)
v . PPWC iz B A MEAFEHEE (°C)

4.4 PPWC DEBWEREDFRAMRS R

FH1z PPWC 12317 5 5SS B 0 3E %47 o 72, Fig. 4.2 ICiXBMEERR O PPWC TORH#
# B Fig. 4.3 IC13FHEEER O PPWC TORREMR TR, REFROBRIIU TR OF
D1 RBHMEE) « (RFFHAD 1 RAHMBER) 2AVsZLE Lz, ZOMIFLT
L R RS T Bo B, TRDBIFLTORBRLETIRETHY . ZOMEE PPWCICE
i B ERBEIIREN DD L E LD Th B, '
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Gore (T,‘};V-OUT - ngv_m) .................................................................................. (4.12)
G oo DFD TRGHMRE (ke/s)
Taa - ¢ FEFFAD 1ROEEAMHRE (Eq.(4.2)38) (°C)

TEV-OUT . ETEIMO 1 RAKBHAEE (°C)

I L B R 3 0 B L7

G =Gl + Gy + Gigy — G (B0 EER)
=62 +G®, + GO, + GIX)x1.02 (W FE#)

G : PPWCPGCo 5# 1R&GHAMAR (a : A~C) (kgls)
GlX : THXPGC 1%®&HMFHE (keg/s)
Gurs . [HX SA 82 1 REHM TR (kels)

WHEEERE DAL 1 RHMREICE LT 1 RGHM R Z 2% STV A0, FLEE
Rb— hRF 2 REOBLEN O WFEGRFTITE O 1 KAHMTED 2%% < fih T 5 ARl
BRBENTHENLTH S,

L b ORIV T b AR b G (TREV-0UT _ TRV-IN) o> B I AT 72 AR 8 5 =
LRRENI, UL, BANHEE 2 WHEEECIE, U GRp(TREY-OUT - TREV-IN) iz 4 5 2
BARRS TV, Zhid, BEMERECIIELTO 1 RAHM KRR 2 & PPWC CEASH
THDIIX L, WHHEERHZIIF L TO 1 RGHMEREGE % PPWCIHX=2:1 DA T L
175 72, FLTO 1 RGEHMRIBIZXT 5 PPWC RBBBOBIEGBRR B0 THS,

KIZ, BOENTRHEE L VT PPWC @ UA OFli 217 -7, Fig. 4.4~Fig. 4.7 UA %
RV, Fig. 4.4 138 - BIERR, Fig. 4.5 11ER - WHEER, Fig. 4.6 13%IR - BUMGERE,
Fig. 4.7 I3FE - WHEERRHZBS T AEEMREZ R LTV, 28, UAIREFFEAD 1 KAH
CHHRECEIE L7, Zhid, HTTR TREFFAD 1 RARBHEE 2 R FE IS S W7 B
BECHBE LTS, BIOFREFAFAD 1 RKEHPREX PPWC @ 1 RUFKEEDRE Y IRE
 THHILEOBEICLY, UA LEFFEAR L RGHPNREIIEE2BER DS L EX D
25 THD, BFICIIEERTE— Fioxhd 5 UA ORFHEZ B TRT,

EDOEHRT— FiIZ oW Th UA LRFFEAD 1 KGHMEE ORIZIZHFIBEN D B = & B3R
Shie, Eio, EIRNS CHEH B, EHEAKEERSICONT UABETFT LTV & & 555
iz, Fig. 4.8 12 PT-2-2 O UA 2 E¥#E L UK EIRICBIT 5 UA OZEOBRE(LERT, =0
FREIY, BEERICBITS UAIXPT22 0L D LY 2RBRREEKL 2o TWABER, FBADIESL D
R EERDL L, FHRELR OICRRT HEERFNOELTHY . BEACBOTIR, 2otk
REOELIEFER2 N EB 26N 5, ZORIZOWTH, 5%, M2 PPWC OfEREZ B L,
PPWC ORFEE(DEELFET D2 T ETH D, ,

WiZ, BEERFICXT 5 UA ZHlRT 5 L, B/ miRRBRERS X OB, /W5 T
UA BRZ-TWB, B/ EERBEEGIC OV T, B L - T PPWC IZHiAT 3 kD
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B L RENRR SO TH D, Tz, Bl WFHEERIC OWTIE. &EiRick> T PPWC
NO 1 KEHMOFKEEE TSI ET PPWC NTORRAFEMELEZA TSI LZELEHDT
H5.

723, Fig. 4.5 OEK AMHIERICHBT B UARKDWT, PT22P T1REFHEWUA &72o
TWBH, ZHIBSHEBEDOMRERRICHED LRBHMTEZK 10% ARSI I LITXD, 2
THYHEREDML 22 EIC LB HDTH 2,

4.5 fREVEREDEREHE & LR

Wic, BEBICEELECREREEAIVESNEGREREOLEZIT o7z, Table
4.3~Table 4.6 IZ LB DEER %79, Table 4.3 \LEMHK/BILEE:, Table 4.4 {ZEH. /W Eix,
Table 4.5 V352 Hs,/ BALEIE, Table 4.6 VIEH,/LFHEE, 1HT 2 HBEORKRTH 5.
BIEIEICK T B REHE LA OEZ RS &, 10%EERFRFOEREL VK Z>TNS., &
SR ICEE XN 30MW KBTS EEM AR Y T > PRI EOFME IO EH X
N+10%~10%TH 0 . FEIT BN TEH S NGB RIREHFOGANICERA> THWS &
BES, Loz kD, PPWC OESMARIIREEHICEE S N-HBARNOEREEZF LT
Wb EExmERL,

4.6 BMREROFMR NEE
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ENBMEERIIDNTIE, Eq. G.DZER LXK ZAWTHEE L,

1 =_1__[d_ﬂ.ln(%_0_)+i.$] ....................................................................... (4_14)

o

o IRBVESME (m)

d, : EBREAE (m)

hy, o JEM (URWSHMRD BMRER (W/m?-K)
hy o R (NEARD BURER (W/m?-K)

U BHRE (W/m®-K)

A CREBMRER (W/m-K)

Eq.4.1)H ORBERBITDONTII Eq.B.3) 2L R Lk & AW TFH L 7z,
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A-AT,
T, - T,
AT =- 2 Y (4_ 16
L=V ) )
Tl - TgffVC-OUT _ TVP;II;XZS_IN ................................................................................. (4.17)
T2 = T}I;;WC-IN _ T\gl;XS_OUT ................................................................................. (4. 18)
A D REEE (m?)
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TEEVC-N . PPWC AL 1:R&GHM (ESFE) BE (°C)
TEEWC.OUT . PPWC HHO 1 RGHM (EANFHE) BE (°C)
Towe-IN . PPWC AO JEK CERFHEE) BE (°C)
Terweour . PPWC O MEK (BWNFME) BE (°C)

U L AEWR (W/m? K)
AT, o OATEREE (K)
Y L REERMERE O

Eq. 4.16)F OREEMERKIIY 27 > RF o — THESSHEOES, XX THRON5,
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JR% +1 lnL 1IEEAR ]
At I L St S PP PSPPSR (4.19)

R,-1 ln{(zlEA)—l—RA +yR2 +1]

(2/E,)-1-R, —-yR2 +1

PPWC_IN PPWC_OUT
T - THel

RA - T%EVZ S_OUT _Tv%igf—m ............................................................................... (4_20)
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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 lobp 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

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,”24.3t/h*
IHX :14.9t/h/12.2t/h*

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
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Table 2.2 Major specification of the pressurized water cooling system

Number of loop 1

Heat capacity 30MW

Operation pressure 3.5MPa

Allowable working pressure 4.8MPa

Allowable working temperature 262°C

Pressurized water flow mass rate (Single-loaded operation)

PPWC : 625t/h,/618t/h*
(Parallel-loaded operation)

PPWC : 413t/h,/ 410 t/h*

SPWC : 216t/h,”208 t/h*

*  Rated operation,/High temperature test operation

Table 2.3 Major specification of pressurized water circulation pump

Type 7 Horizontal centrifugal type
"Number _ 2

Pressurized water flow mass rate (maximum) 640t/h

Allowable working pressure 4.8MPa

Allowable working temperature ' 170°C

Motor power | 240kW -
Head 822kPa
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Table 2.4 Major specification of PPWC

Type

Vertical U-tube type

Heat capacity

(Single-loaded operation)  30MW
(Parallel-loaded operation) 20MW

Primary coolant temperature

(Inlet) 850°C ,7950°C*
(Outlet) 395°C

Primary coolant flow rate

(Single-loaded operation)  45t/h,”37t/h*
(Parallel-loaded operation) 30t/h, 24t/h*

Pressurized water temperature

(Inlet) 150°C
(Outlet) 190°C

Pressurized water flow rate

(Single loaded operation)  640t/h,”630t/h*
(Parallel loaded operation) 420t/h

Outer diameter of shell

2.1m

Total height

7.1m

Material of outer and inner shell

Low-alloy steel

Number of heat transfer tube 136
Outer diameter of heat transfer tube 25.4mm
Thickness of heat transfer tube 2.6mm

Material of heat transfer tube

Austenitic stainless steel

Allowable working pressure

4.8MPa (outer shell and heat transfer tube)

Allowable working temperature

(Outer shell) 430°C
(Heat transfer tube) 380°C

*  Rated operation,/High temperature test operation
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Table 2.5 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) 794kPa 1,080kPa
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 reilolutions

3,000-12,000rpm

3,000-12,000rpm

Frequency converter type

Thyristor-converter

Material

(Casing)
(Mai_n shaft)
(Filter)

Low-alloy steel
Low-alloy steel

Stainless steel
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Table 3.1 Design specification of the PPWC

PPWC primary coolant temperature

(Single-loaded operation)
Inlet :843°C#,/942°C#
Outlet : 384°C 387°C*
(Parallel-loaded operation)
Inlet :850°C ,950°C*
Outlet : 388°C 390°C*

PPWC primary coolant inlet pressure

4.0MPa

Primary coolant flow mass rate

| (Single-loaded operétion) 45.2t/h,/37.0t/h*
(Parallel-loaded operation) 29.7t/h,24.3t/h*

PPWC pressurized water temperature

(Single-loaded operation)
Inlet :135°C ,134°C*
Outlet : 175°C /174°C*

(Parallel-loaded operation)
Inlet :135°C,133°C*
Outlet : 175°C /173°C*

PPWC pressurized water inlet pressure

3.6MPa

Pressurized water flow mass rate

(Single-loaded operation) 625t/h,/618t/h*
(Parallel-loaded operation) 413t/h,”410t/h*

Exchanged heat

(Single-loaded operation) 30MW
(Parallel-loaded operation) 20MW

* Rated operation,”High temperature test operation

# This value contains temperature drop by IHX by-pass flow
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Table 3.2 Structural specification

Shell inner diameter 1600mm

Heat transfer tube (Specification) JIS G 3463 SUS 321 TB bending U-tube
' (Outer diameter) 25.4mm

(Thickness) 2.86mm

(Number) 136

Interval of baffle plate | (1st stage) 1120mm
| (2nd stage) 640mm
(3rd stage) 365mm
(4th stage) 365mm
(5th stage) 750mm

Heat transfer area (1st stage) 24.31m?
(2nd stage) 13.89m2
(3rd stage) 7.92m?2
(4th stage) 7.92m?
(5th stage) 16.28m2

Emissivity (Heat transfer tube) 0.44
(Liner) 0.70

Table 3.3 Pressure drop at the PPWC
Primary coolant (Single-loaded operation)  12.96kPa,9.04kPa*
(Parallel-loaded operation) 7.14kPa, 4.93kPa*

Pressurized water | (Single-loaded operation) 97.65kPa,95.59kPa *
(Parallel-loaded operation) 44.57kPa, 43.95kPa*

* Rated operation,High temperature test operation
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Table 4.1 - Measurement item by plant data collecting system.

No. PID Measurement point name Range Accuracy
No. Measurement equipment

1 | 24C031 | Power range neutron flux (BV) 0.0~120.0% | 1.3x107"?
Neutron detector A/nv

2 | 13A130 | Reactor inlet helium temperature D 0~500-°C 0.4
K-type thermocouple class

3 | 13A131 | Reactor outlet helium temperature D 0~1,200°C 0.4
K-type thermocouple class

4 | 13A240 | PPWC HGC (A) revolution 0~15,000rpm +200
Vibro-meter rpm

5 | 13A403 | PPWC outlet helium flow mass rate (A) 0.0~17.0t/h +0.5%
Orifice/Differential pressure transducer

6 | 13A151 | PPWC HGC (A) helium inlet temperature 0~500°C 0.4

' K-type thermocouple class

7 | 18A241 | PPWC HGC (B) revolution 0~15,000rpm +200
Vibro-meter rpm

8 | 13A404 | PPWC outlet helium flow mass rate (B) 0.0~17.0t/h +0.5%
Orifice/Differential pressure-transducer

9 | 13A152 | PPWC HGC (B) helium inlet temperature 0~500°C 0.4
K-type thermocouple class

10 | 13A154 | PPWC helium temperature Ch. 1 0~500°C 0.15
Pt100-type thermocouple class

13A155 | PPWC helium temperature Ch. 2
Pt100-type thermocouple
13A156 | PPWC helium temperature Ch. 3

Pt100-type thermocouple

11 | 13A242 | PPWC HGC (C) revolution 0~15,000rpm +200

_ . Vibro-meter rpm

12 | 13A405 | PPWC outlet helium flow mass rate (C) 0.0~17.0t/h +0.5%
Orifice/Differential pressure transducer

13 | 13A153 | PPWC HGC (C) helium inlet temperature 0~500°C 0.4
K-type thermocouple class

14 | 13C087 | PPWC helium outlet pressure (BV) 0.0~5.0MPa +0.5%

Pressure transducer
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15 | 13A243 | IHX HGC revolution 0~15,000rpm +200
, Vibro-meter rpm
16 | 13A401 | THX helium outlet flow mass rate 0.0~17.0t/h +0.5%
\ Orifice/Differential pressure transducer /
17 | 13A083 | IHX by-pass helium flow mass rate 0.0~1.0t/h +0.5%
Orifice/Differential pressure transducer
18 | 13A132 | IHX by-pass helium temperature 0~500°C 0.4
K-type thermocouple class
19 | 13A161 | IHX HGC inlet temperature 0~500°C 0.4
K-type thermocouple class
20 | 13A166 | IHX helium outlet coolant temperature Ch. 1 0~500°C 0.15
Pt100-type thermocouple class
13A167 | THX helium outlet coolant temperature Ch. 2
Pt100-type thermocouple
13A168 | IHX helium outlet coolant temperature Ch. 3
Pt100-type thermdcouple
21 | 13A356 | PPWC pressurized water inlet pressure 0.0~5.0MPa +0.5%
Pressure transducer '
22 | 13A410 | Primary coolant/Pressurized water differential | 0.0~1.0MPa +0.5%
pressure
Differential pressure transducer
23 | 13A370 | PPWC pressurized water inlet temperature Ch.1 | 50~170°C 0.15
Pt100-type thermocouple class
13A371 | PPWC pressurized water inlet tempverature Ch.2
' Pt100-type thermocouple
13A372 | PPWC pressurized water inlet temperature Ch.3
Pt100-type thermocouple A
24 | 13A376 | PPWC pressurized water outlet temperature (A) | 90~210°C 0.15
0.15 class class
13A377 | PPWC pressurized water outlet temperature‘(B) |
- 0.15 class
13A378 | PPWC pressurized water outlet temperature (C)
0.15 class
25 | 13A400 | PPWC pressurized water flow mass rate 0.0~800.0t/h +0.2%

Orifice/Differential pressure transducer
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26 | 13A350 | PPWC pressurized water flow mass rate Ch.1

0.0~800.0t/h +0.2%

Orifice/Differential pressure transducer

13A351 | PPWC pressurized water flow mass rate Ch.2

Orifice/Differential pressure transducer

13A352 | PPWC pressurized water flow mass rate Ch.3

Orifice/Differential pressure transducer

Table 4.2 Operation date

Operation name Operation mode

Date

Rise-to-power test (1) PT-1S Rated / Single

2000/4/29~5/8, 5/11~5/26

PT-1P Rated / Parallel

2000/5/30~6/6

Rise-to-power test (2)-1 | PT-2-1S | Rated / Single

2000/7/3~7/8

Rise-to-power test (2)-2 | PT-2-2S | Rated / Single

2001/1/29~2/12

PT-2-2P | Rated / Parallel

2001/2/16~3/1

Rise-to-power test (3) PT-3S High temperature / Single

2001/4/14~5/7

PT-3P | High temperature / Parallel

2001/5/11~5/16, 5/21~6/8

Rise-to-power test (4) | PT-4S | Rated / Single

2001/10/23~12/14

PT-4P Rated / Parallel

2002/1/25~3/6

2002/5/30~6/17

In-service operation (1) | RP-1 Rated / Parallel
) RS-1 Rated / Single

2002/6/21~7/1

In-service operation (2) | RS-2 Rated / Single

2003/2/13~3/14

In-service operation (3) | RP-3 Rated / Parallel

2003/5/16~5/21

In-service operation (4) | RS-4 Rated / Single

2003/8/8~8/11

In-service operation (5) | RS-5 Rated / Single

2004/2/3~2/25, 2/29~3/5

Rise-to-power test (5) PT-5S High temperature / Single

2004/3/31~5/1

PT-5P High temperature / Parallel

2004/6/2~7/2
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Table 4.3 Comparison of designed UA with evaluated UA (Rated / Single)

Designed Evaluated
(RS-5, 2004.2.16)
Exchanged heat _ 30,028kW 28,740kW
PPWC primary coolant temperature | (Inlet) 843°C 838°C
(Outlet) 384°C 389°C
Primary coolant flow mass rate 45.2t/h 45.2t/h
PPWC pressurized water temperature | (Inlet) 135°C 107°C
(Outlet) 175°C 145°C
Pressurized water flow mass rate 625t/h 626t/h
UA 70.72kW/K 62.85kW/K

Difference

88.9%

Table 4.4 Comparison of designed UA with evaluated UA (Rated / ParalleD

Designed Evaluated
(RP-1, 2002.6.10)
Exchanged heat 19,842kW 18,986kW
PPWC primary coolant temperature | (Inlet) 850°C 820°C
(Outlet) 388°C 388°C
Primary coolant flow mass rate 29.7t/h 29.7t/h
PPWC pressurized water temperature | (Inlet) 135°C 118°C
(Outlet) 175°C 156°C
Pressurized water flow mass rate 413t/h 415t/h
UA 46.14kW/K 43.40kW/K

Difference

94.1%
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Table 4.5 Comparison of designed UA with Evaluated UA (High temperature / Single)

Designed Evaluated
(PT-58, 2004.4.23)

Exchanged heat 29,671kW 28,605kW
PPWC primary coolant temperature (Inlet) 942°C 934°C
(Outlet) 387°C 391°C
Primary coolant flow mass rate 37.0t/h 37.0t/h
PPWC pressurized water temperature { (Inlet) 134°C 101°C
(Outlet) 174°C 140°C
Pressurized water flow mass rate 618t/h 618t/h

UA 63.97kW/K 57.15kW/K

Difference

89.3%

Table 4.6 Comparison of designed UA with Evaluated UA (High temperature / Parallel)

Designed Evaluated
' (PT-5P, 2004.6.22)
Exchanged heat 19,671kW 19,058kW
PPWC primary coolant temperature | (Inlet) 950°C 940°C
(Outlet) 390°C 389°C
Primary coolant flow mass rate 24.3t/h 24.1t/h
PPWC pressurized water temperature | (Inlet) 133°C 104°C
(Outlet) 173°C 143°C
Pressurized water flow mass rate 410t/h 410t/h
UA 41.85kW/K 38.32kW/k

Difference

91.6%
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Table 4.7 Comparison of designed heat transfer coefficient with evaluated one (Rated /

Single)
i Single-loaded )
Designed Difference
(RS-5, 2004/2/16) ,
In-tube 29,099 W/m? .- K 25,677 W/m? -K -11.8%
Ex-tube 1,329 W/m?-K 1,041 W/m?-K -21.7%

Table 4.8 Comparison of designed heat transfer coefficient with evaluated one (Rated /

Parallel)
) Parallel-loaded )
Designed Difference
(RP-1, 2002/6/10)
In-tube 20,949 W/m* . K 19,343 W/m®*-K -T1.7%
Ex-tube 1,102W/m?-K 906 W/m? - K -17.8%

Table 4.9 Comparison of designed heat transfer coefficient with evaluated one (High

temperature / Single)

Single-loaded

Designed . Difference
(PT-5S, 2004/4/23)
In-tube 28,765 W/m? - K 24,761 W/m?*-K -13.9%
Ex-tube 1,175 W/m?-K 933W/m?-K -20.6%

Table 4.10 Comparison of designed heat transfer coefficient with evaluated one (High

temperature / Parallel)

. Parallel-loaded .
Designed Difference
(PT-5P, 2004/6/22)
In-tube 20,715 W/m*-K 18,137 W/m?* -K -12.4%
Ex-tube 976 W/m® -K 787W/m?* . K -19.4%




JAEA —Technology 2005—006

Reactor containment vessel

Vessel cooling

| A J

r -

system

Auxiliary
air-cooler

Reactor

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

ACL : Air-cooler

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
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Fig. 2.3 The HTTR pressurized water cooling system
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Fig. 2.4 The pressurized water circulation pump



_ inlet nozzle

JAEA —Technology 2005—006

> : Primary He

mm)) : Pressurized water Primary He

(to PGC, Single)

Primary He
(to PGC, Parallel)
Outer shell ~_| >
!
Primary He Baffle plate
(from PGC) L |
Heat transfer
| __— tube
Thermal
insulation
Primary He / Inner shell
(to reactor) Tube sheet
_ Partition plate
Primary He
(from reactor)

Pressurized water

Pressurized water outlet nozzle

N
“N

Pressurized water Pressurized water
(from pump) (to ACL)

Fig. 2.6 Structural diagram of the PPWC
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JAEA —Technology 2005—006

f/\\
.

= =
T e
YW%%MWM? .
-

=

iew of the PPWC

7 Overall v

ig. 2.

F



JAEA —Technology 2005—006

Coolant inlet

Upper casing

Impeller

\ .
Coolant outle Ny Thermal insulator

Journal bearing ‘\\‘r’;
N

Inner casing =y

Lower casing

Cooling water outlet

Main shaft

Journal bearing
Cooling water jacket

Thrust bearing Cooling water inlet

Cooling fan Lower flange

Fig. 2.8 Structural diagram of the primary helium gas circulator
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Table A.1 Design condition for the PPWC (Rated / Single)

Exchanged heat

29.94MW

PPWC primary coolant temperature

(Inlet) 843°C
(Outlet) 384°C

PPWC primary coolant flow mass rate 12.56kg/s

PPWC primary coolant inlet pressure 3.92MPaG

PPWC pressurized water temperature (Inlet) 135°C
(Outlet) 175°C

PPWC pressurized water flow mass rate 173.6kg/s

PPWC pressurized water inlet pressure 3.51MPaG

Heat transfer area 70.3m?

Effective length of heat transfer tube 3.24m

Number of heat transfer tube 136

Heat transfer tube inner diameter 25.4mm

Heat transfer tube outer diameter 19.68mm

Tube pitch (flow direction) - 25mm
(transverse direction) 86.6mm
U-tube bending radius 64mm
Emmisivity (Hasterroy XR) 0.700
(SUS 312 TB)  0.440
Correction factor for tube column 0.0m®*-s-K/J
Banks of heat transfer tube width 175 mm
Number of tubes at center 18
Baffle notching rate 30.000 %
25.232 %
Correction factor for tube column 1.022
Inner shell diameter 1600mm
Allowable tube wall temperature (Inner) 191°C
A (Outer) 277°C
Allowable tube inner-outer wall temperature difference | 109°C
Pressure drop (primary helium)  13.0kPa

(pressurized water) 97.7kPa

Tube inner flow rate

4.50 m/s
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Table A.2 Estimation result of heat transfer performance for the PPWC (Rated / Single)

(€KY (1,2) @1 (2,2) (3,1) G2 | @y (4,2) (5, 5,2
Primary Inlet / Outlet temperature (°C) 843.0 | 730.4 | 730.4 | 642.2 | 590.8 | 543.9 | 642.2 | 590.8 | 543.9 | 514.2 | 514.2 | 487.7 | 463.2 | 440.2 | 487.7 | 463.2 | 440.2 | 410.3 | 410.3 | 384.0
coolant Specific weight (kg/m) 1.820 2.010 2.292 2.166 2.401 - 2.487 2.655 2.571 2.755 2.869
Specific heat (kdJ /kg-K) ‘ 5.193 ‘
Thermal conductivity(W/m-K) ' 0.374 0.350 0.321 0.333 0.311 0.303 0.289 0.296 0.282 0.274
Kinematic viscosity coefficient (x 107° m?/s) . 25.5 21.6 17.3 19.0 16.0 15.1 13.5 14.2 12.7 11.8
Prandtl number (-) 0.645 | 0.642 0.641 0.642 0.641 0.642 - 0.643 0.642 0.644 0.644
Flow passage area (m?) 1.280 : 0.731 0.417 0.417 0.857
Flow rate (m/s) , ' 5.389 4.881 7.490 7.925 12.538 12.102 11.338 11.706 5.318 5.106
Reynolds number (-) A 5369 | 5747 11010 10590 19920 20410 21340 20880 7 10650 10950
Nusselt number (-) ' 77 81 106 103 145 148 152 150 97 99
Heat transfer coefficient (W/m?*-K) 1164 1139 1367 1387 1817 ' 1801 1770 1785 1104 1095
Pressurized | Inlet / Outlet temperature (°C) 135.0 | 144.9 | 167.4 | 1749 | 1149 | 149.0 | 162.9 | 167.4 | 149.0 | 151.6 | 160.6 | 162.9 | 151.6 | 153.6 | 158.5 | 160.6 | 153.6 | 156.2 | 156.2 | 158.5
water Specific weight (kg/m) 927.747 897.738 921.245 903.868 918.130 907.302 915.992 909.518 913.850 911.571
Specific heat (kJ/kg-K) 4.278 4.368 4.296 4.346 4.304 4.335 4.310 4.327 4.316 4.322
Thermal conductivity (W/m-K) 0.690 0.682 0.689 0.685 0.688 0.686 0.688 0.686 0.688 0.687
Kinematic viscosity coefficient (x 10~° m2/s) 0.211 0.176 0.202 0.182 0.198 0.185 0.195 0.187 0.192 *0.190
Prandtl number (-) 1.214 1.012 1.158 1.042 1.134 -+ 1.061 1.118 1.073 1.103 1.087
Flow passage area (x107° m?) 41.37 v
Flow rate (m/s) 4.523 4.674 4555 4.643 4.571 4.625 4.581 4.614 4.592 4.603
Reynolds number (-) - 422000 522600 446000 503300 | 455400 492400 462800 | 485300 470200 478200
Nusselt number (-) 795 877 810 861 820 850 824 843 827 833
Heat transfer coefficient (W/m*-K) 27851 30411 28353 29939 28694 29629 28802 29416 28881 29068
Heat Thermal conductivity (W/m-K) 17.77 17.91 17.59 17.86 17.71 17.75 17.56 17.67 17.35 17.33
transfer In-tube fluid temperature (°C) 139.9 171.1 , 146.9 165.1 150.3 161.8 152.6. 159.6 154.9 157.3
tube In-tube wall temperature (°C) 167.7 191.1 166.9 185.8 - 1723 180.7 169.5 177.2 165.6 166.7
Ex-tube wall temperature (°C) 276.9 276.3 247.9 272.9 261.6 | 260.2 239.2 251.0 210.2 206.0
Ex-tube fluid temperature (°C) ' 786.7 686.3 567.4 616.5 529.0 500.9 451.7 475.4 425.2 397.1
In-tube scale-layer surface temperature (°C) : 167.7 191.1 166.9 185.8 | 172.3 180.7 169.5 177.2 - 165.6 166.7
Overall Heat transmission coefficient (m? - K/W) 9195 908.2 1040.2 1057.9 1284.7 1279.6 1258.9 1269.9 879.3 873.7
Temperature effectiveness (-) ' 0.158 10.156 0.105 0.107 0.075 0.075 0.074 0.074 0.104 0.103
Heat transfer area (m2) 12.15 12.15 6.95 6.95 ' -3.96 3.96 3.96 3.96 8.14 8.14
Total exchanged heat (kW) 7344 5750 3060 3348 1940 1728 | 1499 1598 1950 1716
Heat transfer / Heat radiation(kW) 7280 64 | 5723 27 | 3051 91 3331 15| 1934 51 1724 4| 1496 31 1594 4| 1943 6| 1713 4
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Table A.3 Design condition for the PPWC (Rated / Parallel)

Exchanged heat

19.81MW

PPWC primary coolant temperature

(Inlet) 850°C
(Outlet) 388°C

PPWC primary coolant flow mass rate

8.25kg/s

PPWC primary coolant inlet pressure

3.92MPaG

PPWC pressurized water temperature

(Inlet) 135°C
(Outlet) 175°C

PPWC pressurized water flow mass rate 114.7kg/s
PPWC pressurized water inlet pressure 3.47TMPaG
Heat transfer area 54.0m2
Effective length of heat transfer tube 2.49m

| Number of heat transfer tube 136
Heat transfer tube inner diameter 25.4mm
‘Heat transfer tube outer diameter 19.68mm

Tube pitch

| (flow direction)

25mm

(transverse direction) 86.6mm

U-tube bending radius

64 mm

Emmisivity (Hasterroy XR) 0.700
(SUS312TB) 0.440

Correction factor for tube column 0.0m?*.s-K/J

Banks of heat transfer tube width 175mm

Number of tubes at center 18

Baffle notching rate (Height) 30.000%
(Area)  25.232%

Correction factor for heat transfer tube 1.022

Inner shell diameter 1600mm

Allowable tube wall temperature

(Inner) 192°C
(Outer) 257°C

Allowable tube inner-outer wall temperature difference

86°C

Pressure drop

(primary coolant)

7.1kPa

(pressurized water) 44.6kPa

Tube inner flow rate

2.98m/s
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Table A.4 Estimation result of heat transfer performance for the PPWC (Rated / ParalleD)

(1,1 (1,2) (2,1 (2,2) (3,1 (3,2) (4,1 (4,2) (5,1 (5,2)
Primary Inlet / Outlet temperature (°C) 850.0 | 7154 | 715.4 | 614.3 | 556.1 | 504.6 | 614.3 | 556.1 | 504.6 | 470.0 | 470.0 | 439.8 | 412.5 | 387.8 | 439.8 | 412.5
coolant Specific weight (kg/m) 1.827 2.055 2.397 2.245 253.160 2.643 2.546 2.751 - —
Specific heat (kdJ /kg-K) 5.193
Thermal conductivity(W/m-K) 0.373 0.345 0.311 0.325 0.299 0.290 0.275 0.282 - -
Kinematic viscosity coefficient (x 107 m2/s) 25.3 20.8 16.0 17.9 14.6 13.6 11.9 12.7 — -
Prandtl number (-) 0.645 0.642 0.641 0.641 0.642 0.643 0.644 0.644 - -
Flow passage area (m2) 1.280 0.731 0.417 0.417 '
Flow rate (m/s) 3.528 3.136 4.706 5.025 7.813 7.482 | 6.924 7.189 — -
Reynolds number () 3537 3835 7457 7129 13570 13980 14740 14370 — -
Nusselt number (-) 59 62 83 81 127 129 134 132 — -
Heat transfer coefficient (W/m?-K) 883 860 1040 1059 1525 1509 1480 1494 - —
Pressurized | Inlet/ Outlet temperature (°C) 135.0 | 146.7 | 166.3 | 175.0 | 146.7 | 151.2 | 161.3 | 166.3 | 151.2 | 154.2 | 158.7 | 161.3 | 154.2 | 156.4 | 156.4 | 158.7
water Specific weight (kg/m) 926.890 898.232 919.348 905.198 915.873 909.081 913.488 911.392 — -
Specific heat (kdJ /kg-K) 4.281 4.366 4.301 4.342 4.310 4.328 4.317 4.322 — -
Thermal conductivity (W/m-K) 0.690 0.683 0.689 0.685 0.688 0.686 0.687 0.687 - -
Kinematic viscosity coefficient (x 10~® m2/s) 0.210 0.176 0.199 0.183 0.195 0.187 0.192 0.189 — —
Prandtl number () 1.206 1.014 1.143 1.049 1.117 1.070 1.100 1.086 — -
Flow passage area (x107° m2) - 41.37
Flow rate (m/s) 2.991 3.087 3.016 3.063 3.027 3.050 - 3.035 3.042 — -
Reynolds number (-) 280800 344300 298100 329800 306100 321600 311500 316400 — -
Nusselt number () . 573 629 585 615 594 -607 597 602 - -
Heat transfer coefficient (W/m?-K) 20087 21813 20485 21422 20767 21172 20838 20999 — -
Heat | Thermal conductivity (W/m-K) 17.67 17.79 17.48 17.72 17.63 17.62 17.46 17.54 — —
transfer In-tube fluid temperature (°C) 140.9 170.7 | 149.0 163.8 152.7 160.0 155.3 157.5 - -
tube In-tube wall temperature (°C) 171.0 191.6 169.0 185.3 175.9 179.9 171.8 175.6 - —
Ex-tube wall temperature (°C) 257.0 256.2 2217.7 250.6 244.4 239.9 221.1 230.1 — -
Ex-tube fluid temperature (°C) 782.7 664.9 530.3 585.2 487.3 454.9 400.1 426.1 - -
In-tube scale-layer surface temperature (°C) 171.0 191.6 169.0 185.3 175.9 179.9 171.8 175.6 — —
Overall Heat transmission coefficient (m? - K/W) 7.2 712.2 826.8 842.2 1109.2 1102.0 1083.2 1092.3 - —
Temperature effectiveness () 0.186 0.183 | 0.126 0.128 0.098 0.097 0.095 0.096 — —
Heat transfer area (m?) 12.15 12.15 6.95 6.95 3.96 3.96 3.96 3.96 - -
Total exchanged heat (kW) 5766 4334 2209 2492 1480 1295 1057 1170 - -
Heat transfer / Heat radiation(kW) 5699 67 | 4310 24 | 2201 8| 2478 14 | 1476 41 1292 3| 1055 2| 1166 3
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Table A.5 Design condition for the PPWC (High temperature / Single)

Exchanged heat

29.67TMW

PPWC primary coolant temperature

(Inlet) 942°C
(Outlet) 386°C

PPWC primary coolant flow mass rate

10.28kg/s

PPWC primary coolant inlet pressure

3.92MPaG

PPWC pressurized water temperature

(Inlet) 134°C
(Outlet) 174°C

PPWC pressurized water flow mass rate 171.7kg/s
PPWC pressurized water inlet pressure 3.51MPaG
Heat transfer area 70.3m2
Effective length of heat transfer tube 3.24m
Number of heat transfer tube 136

Heat transfer tube inner diameter 25.4mm
Heat transfer tube outer diameter 19.68mm

Tube pitch

(flow direction)

25mm

(transverse direction) 86.6mm

U-tube bending radius

64 mm

Emmisivity (Hasterroy XR) 0.700
(SUS 312 TB)  0.440

Correction factor for tube column 0.0 m?-s-K/J

Banks of heat transfer tube width 175mm

Number of tubes at center 18

Baffle notching rate (Height) - 30.000%
(Area)  25.232%

Correction factor for heat transfer tube 1.022

Inner shell diameter 1600 mm

Allowable tube wall temperature

(Inner) 191°C
(Outer) 281°C

Allowable tube inner-outer wall temperature difference

112°C

Pressure drop

(primary coolant)

9.0kPa

(pressurized water) 95.5kPa

Tube inner flow rate

4.45m/s

— 67—
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Table A.6 Estimation result of heat transfer performance for the PPWC (High temperature / Single)

1,v (1,2) 2,1 2,2) 3,1 (3,2) (4,1) (4,2) (5,1 (5,2)
Primary Inlet / Outlet temperature (°C) 942.0 | 799.7 | 799.7 | 690.4 | 627.4 | 570.9 | 690.4 | 627.4 | 570.9 | 535.4 | 535.4 | 504.1 | 475.4 | 448.8 | 504.1 | 475.4 | 448.8 | 415.4 | 415.4 | 386.3
coolant Specific weight (kg/m) 1.687 1.894 2.209 2.068 2.331 2.429 2.618 2.524 2.728 2.853
Specific heat (kJ/kg-K) ‘ 5.193
Thermal conductivity(W/m-K) 0.392 0.364 0.329 0.344 0.317 0.308 0.292 0.300 0.284 0.275
Kinematic viscosity coefficient (x 107° m?/s) 29.0 23.8 18.4 20.6 16.8 15.7 13.8 14.7 12.9 12.0
Prandtl number (-) 0.648 0.644 0.641 0.642 0.641 0.642 0.643 0.642 0.643 0.644
Flow passage area (m?) 1.280 0.731 0.417 0.417 0.857
Flow rate (m/s) 4.760 4.239 6.361 6.794 10.570 10.146 9.413 9.764 4.396 4.203
Reynolds number (-) 4171 4517 8785 8397000 15980 16440 17300 16870 8662 8932
Nusselt number () 66 69 92 90 126 129 133 131 84 86
Heat transfer coefficient (W/m? -K) 1038 1012 1219 1240 1610 1594 1563 1578 955 947
Pressurized | Inlet / Outlet temperature (°C) 134.0 | 144.4 | 166.3 | 174.0 | 144.4 | 148.4 | 161.7 | 166.3 | 148.4 | 151.0 | 159.5 | 161.7 | 151.0 | 152.9 | 157.4| 159.5 | 152.9 | 155.3 | 155.3 | 157.4
water Specific weight (kg/m) 928.398 898.750 921.756 905.022 918.663 908.473 916.579 910.534 914.568 912.468
Specific heat (kJ/kg-K) 4.276 4.364 4.294 4.342 4.303 4.330 4.308 4.325 4.314 4.319
Thermal conductivity (W/m-K) 0.690 0.683 0.689 0.685 0.689 0.686 0.688 0.687 0.688 0.687
Kinematic viscosity coefficient (x 107° m2/s) 0.212 0.177 0.202 0.183 0.198 0.186 0.196 0.188 0.193 0.191
Prandtl number (-) 1.221 1.017 1.163 1.048 1.138 1.067 1.122 1.080 1.018 1.093
Flow passage area (x107° m2) | 41.37 ‘
Flow rate (m/s) 4.470 4.617 4.502 4.585 4.517 4.568 4.527 4.557 4.537 4.548
Reynolds number () 414900 513700 437900 494100 448500 483300 455700 476400 462600 469800
Nusselt number (-) 786 867 801 850 811 839 | 814 833 817 822
Heat transfer coefficient (W/m?-K) 27554 30070 28049 29585 28382 29261 28476 29053 28539 28710
Heat Thermal conductivity (W/m-K) 17.80 17.91 17.58 17.85 17.68" 17.72 17.52 17.64 17.30 17.28
transfer . In-tube fluid temperature (°C) 139.2 170.2 146.4 164.0 149.7 160.6 152.0 158.5 154.1 156.4
tube In-tube wall temperature (°C) 168.1 190.6 166.3 185.0 171.4 179.2 168.2 175.6 164.0 164.9
Ex-tube wall temperature (°C) 280.5 - 276.9 246.0 272.5 258.6 256.3 234.3 246.4 204.8 200.7
Ex-tube fluid temperature (°C) 870.8 745.1 599.1 6589 | 553.2 519.8 462.1 489.7 432.1 400.9
In-tube scale-layer surface temperature (°C) 168.1 190.6 166.3 185.0 1714 179.2 168.2 175.6 164.0 164.9
Overall Heat transmission coefficient (m® - K /W) 838.5 825.1 951.5 969.3 1176.9 1170.4 1149.2 1160.3 781.8 - 776.1
Temperature effectiveness (-) 0.174 0.171 0.117 0.119 0.084 0.083 0.082 0.083 0.112 - 0.112
Heat transfer area (m?) - 1216 12.15 6.95 6.95 3.96 3.96 3.96 3.96 8.14 | 8.14
Total exchanged heat (kW) 7596 5832 3015 3365 1892 1674 1419 1531 1783 1555
Heat transfer / Heat radiation(kW) 7505 92 | 5798 34 | 3003 11| 3345 20 | 1886 6 1670 4| 1416 3| 1527 4 | 1776 6| 1550 4

—69~70—
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Table A.7 Design condition for the PPWC (High temperature / Parallel)

Exchanged heat

"19.65MW

PPWC primary coolant temperature

(Inlet) 950°C
(Outlet) 389°C

PPWC primary coolant flow mass rate

6.75kg/s

PPWC primary coolant inlet pressure

3.92MPaG

PPWC pressurized water temperature

(Inlet) 133°C
(Outlet) 173°C

PPWC pressurized water flow mass rate 114.7kg/s
PPWC pressurized water inlet pressure 3.47TMPaG
Heat transfer area 54.0m?
Effective length of heat transfer tube 2.49m
Number of heat transfer tube 136

Heat transfer tube inner diameter 25.4mm
Heat transfer tube outer diameter 19.68mm

Tube pitch (flow direction)
(transverse direction) 86.6mm

U-tube bending radius 64 mm

Emmisivity (Hasterroy XR) 0.700
(SUS 312 TB) 0.440

Correction factor for tube column 0.0 m*.s-K/J

Banks of heat transfer tube width 175mm

Number of tubes at center 18 i

Baffle notching rate (Height) 30.000%
(Area) 25.232%

Correction factor for heat transfer tube 1.022

Inner shell diameter 1600mm

Allowable tube wall temperature

(Inner) 190°C
(Outer) 259°C

Allowable tube inner-outer wall temperature difference

88°C

Pressure drop

(primary coolant)

Tube inner flow rate

2.95m/s

4.9kPa
(pressurized water) 43.9kPa
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Table A.8 Estimation result of heat transfer performance for the PPWC (High temperature / Parallel)

_ (1,1 (1,2) 2,1 2,2) 3,1 3,2) 4,1 (4,2) (5,1 (5,2)
Primary Inlet / Outlet temperature (°C) 950.0 | 780.4 | 780.4 | 656.1 | 585.4 | 524.2 | 656.1 | 585.4 | 524.2 | 483.7 | 483.7 | 448.6 | 417.3 | 389.5 | 448.6 | 417.3
coolant Specific weight (kg/m) 1.695 1.945 2.327 2.156 2.478 - 2.604 2.843 2.725 — —
Specific heat (kdJ/kg-K) 5.193
Thermal conductivity(W/m~K) , 0.391 0.358 0.318 0.334 0.304 0.293 | 0.276 0.284 — —
Kinematic viscosity coefficient (x107° m2/s) 28.7 22.8 16.9 19.2 15.2 13.9 "12.0 12.9 — —
Prandtl number () 0.648 0.643 - 0.641 0.642 0.642 0.643 0.644 | 0.643 — -
Flow passage area (m2) 1.280 0.731 0.417 0.417
Flow rate (m/s) 3.111 2.711 3.967 4.281 6.531 6.216 5.693 5.939 - -
Reynolds number (-) 2749 | 3021 5978 5674 10940 11320 12020 11680 — —
Nusselt number (-) 50 53 72 70 110 113 117 115 — —
Heat transfer coefficient (W/m?®-K) 786 763 926 945 1344 1328 1299 1313 — -
Pressurized | Inlet / Outlet temperature (°C) 133.0- 145.2 | 164.2 | 173.0| 145.2 | 149.6 | 159.2 | 164.2 | 149.6 | 152.5 | 156.7 | 159.2 | 152.5 | 154.5 | 154.5 156.7
water Specific weight (kg/m) 928.458 900.311 920.819 907.348 917.432 910.996 915.160 913.193 — -
Specific heat (kJ /kg-K) 4.276 4.359 4.297 4.334 4.306 4.323 4.312 4.317 — =
Thermal conductivity (W/m-K) 0.690 0.683 0.689 0.686 0.688 0.687 0.688 0.687 - -
Kinematic viscosity coefficient (x 10 m?/s) 0.212 0.178 0.201 0.185 0.197 0.189 0.194 0.191 — —
Prandt]l number () 1.221 1.024 1.155 1.061 1.129 1.083 1.112 1.098 - -
Flow passage area (x107° m?) 41.37
Flow rate (m/s) 2.965 3.058 2.990 3.034 3.001 3.022 3.008 3.015 - -
| Reynolds number (-) 275100 337600 292700 323000 300400 315000 305500 310000 - -
Nusselt number () 567 621 579 608 587 599 589 594 — —
Heat transfer coefficient (W/m?-K) 19870 21577 20262 21176 20535 20919 20593 20749 — -
Heat Thermal conductivity (W/m-K) 17.68 17.77 17.45 17.69 17.58 17.57 17.40 17.48 — —
transfer In-tube fluid temperature (°C) 139.1 168.6 147.4 161.7 151.0 158.0 153.5 155.6 - —
tube In-tube wall temperature (°C) 170.4 189.9 ‘ 167.0 183.3 173.5 177.1 168.9 172.8 - -
Ex-tube wall temperature (°C) 258.6 254.9 224.2 248.1 239.4 234.2 214.8 223.9 — —
Ex-tube fluid temperature (°C) 865.2 718.2- 554.8 620.7 503.9 466.1 403.4 433.0 — -
| In-tube scale-layer surface temperature (°C) 170.4 189.9 167.0 183.3 173.5 177.1 168.9 172.8 — -
Overall Heat transmission coefficient (m?* - K /W) 657.7 644.1 752.1 767.7 1009.1 1000.9 981.6 990.9 — -
Temperature effectiveness () 0.204 0.200 0.139 0.141 ©0.108 0.107 0.105 0.106 — -
Heat transfer area (m?) 12.15 12.15 6.95 6.95 3.96 3.96 3.96 © 3.96 — —
Total exchanged heat (kW) 5945 4359 2146 2477 1421 1229 977 1096 — —
Heat transfer / Heat radiation(kW) 5850 95 | 4329 29 | 2138 9| 2459 17 | 1415 5| 1227 3| 975 2| 1093 3

—73~74—
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Table list in Appendix B

Table B.1 Estimation condition of pressure drop estimation for pressurized water

(RALEA / SINGIE) .....oveeverererenriererereeenreresesssssssnssssesesssasesesesesessssssssssssnssencasasnns

Table B.2 Estimation result of pressure drop for pressurized water (Rated / Single)

Table B.3 Estimation condition of pressure drop estimation for primary helium -

, (RAtEd / SINGIE) ....oeverererrererrerierreeesseeeseeeeseeestesessssssesassesasessssensssssesestesessssesenens
Table B.4 Estimation result of pressure drop for helium (Rated / Single)........ccccceunn...

Table B.5 Estimation condition of pressure drop estimation for pressurized water

(RALEA 7/ PATALIEL) ..eneeeeeeeeeeeereeeeeeereeeeeeseeeeeesseseesssesseessessessesssossessesssssssessasssessesns

Table B.6 Estimation result of pressure drop for pressurized water (Rated / Parallel)

Table B.7 Estimation condition of pressure drop estimation for primary helium

(Rated / ParalleD) ......ccocoevererenrereenereerenens eeretereeeer e oo b erereasresesatesennnesennes
Table B.8 Estimation result of pressure drop for helium (Rated / ParalleD.....................

Table B.9 Estimation condition of pressure drop estimation for pressurized water

(High temperature / SINELE) .......c.cccvceueeievererrreesereseeeeseessssssssssesesesesesesessnseses

Table B.10 Estimation result of pressure drop for pressurized water

(High temperature / SINLe) ........cccveveereverererereseeesesesssssesesesesssssessssssssssasesees

Table B.11 Estimation condition of pressure drop estimation for primary helium

(High temperature / Single) .........cccceveveveeeereeereeesesesesssssssssssesesssssssssssesessssnns

Table B.12 Estimation result of pressure drop for helium

(High temperature / SINGLe) .........ccceeereeererirenrnsersenseseessseesessesesesesssesesesesseses

Table B.13 Estimation condition of pressure drop estimation for pressurized water

(High temperature / Parallel)...........c.cooeereverieineriereiensssssesessesessssesessssssessesssens

Table B.14 Estimation result of pressure drop for pressurized water

(High temperature / Parallel)..........coeueevverereeeereeissresessseseesesesesssssssssssessnsenns

Table B.15 Estimation condition of pressure drop estimation for primary helium

(High temperature, Parallel).........c.ccccoeeieveerenreeesieresessenecssessessssssesesessesensens

Table B.16 Estimation result of pressure drop for helium

(High temperature / Parallel).......ccccoveeereveerrerereeieeeeeeesessesesssesesssessssessssesens
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Table B.1 Estimation condition of pressure drop estimation for pressurized water (Rated /

Single)
Part Estimation condition
Pressurized water inlet nozzle Enlargement loss coefficient | Ciyger 1.0

(Inner diameter=245mm) Specific weight Y 931.93kg/m3

' Flow rate vE 3.95m/s

Heat transfer tube inlet Contraction coefficient Corater 0.5

Specific weight Y 931.93kg/m3

Flow rate ve 4.52m/s

Tube sheet — Baffle 1st stage | Inlet | Friction factor A 0.01447
(Tube length L=1240mm) Specific weight Y 931.93kg/m3

Flow rate vS 4.52m/s

| Outlet | Friction factor A 0.01406
Specific weight Y 893.87kg/ms3

Flow rate vS 4.6Tm/s

Straight heat transfer tube Inlet Friction factor A 0.1447
1st stage Specific weight Y 927.75kg/m3

(Tube length L=1120mm) Flow rate vS 4.52m/s

Outlet | Friction factor A 0.1406

Specific weight Y 897.74kg/m3

, Flow rate VS 4.67m/s

| Straight heat transfer tube Inlet | Friction factor A 0.01438
2nd stage Specific weight Y 921.25kg/m3

(Tube length L=640mm) Flow rate vS 4.56m/s

Outlet | Friction factor A 0.01415
Specific weight 903.87kg/m3

Flow rate vs 4.64m/s

Straight heat transfer tube Inlet Friction factor A 0.01433
3rd stage v Specific weight 918.13kg/m3

(Tube length L=365mm) Flow rate VS 4.57m/s

| Outlet | Friction factor A 0.01420
Specific weight Y 907.30kg/m3

Flow rate vS 4.63m/s

Straight heat transfer tube Inlet Friction factor A 0.01429
4th stage v Specific weight 915.99kg/m3

(Tube length L=365mm) Flow rate vS 4.58m/s
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Outlet | Friction factor 0.01420
Specific weight 909.52kg/m3
Flow rate 4.61m/s
Straight heat transfer tube Inlet Friction factor 0.01429
5th stage Specific weight 913.85kg/m3
(Tube length L=750mm) Flow rate 4.59m/s
Outlet | Friction factor A 0.01424
Specific weight Y 911.57kg/ms3
Flow rate \ 4.60m/s
Takeoff connection for 20MW | Inlet Friction factor A 0.01430
(Tube length L=240mm) Specific weight Y 915.06kg/m3
Flow rate v 4.58m/s
Outlet | Friction factor 0.01420
Specific weight 910.51kg/m3
Flow rate 4.60m/s
Baffle last stage — U tube bending part | Friction factor 0.01430
(Distance=110mm) Heat transfer tube length 110mm
Specific weight 912.64kg/m3
. Flow rate 4.59m/s
U tube bending part Roughness coefficient 1.0
Loss factor 0.467
Specific weight 912.64kg/m3
Flow rate 4.60m/s
Heat transfer tube outlet Enlargement loss coefficient 1.0
‘Specific weight 893.87kg/m3
Flow rate 4.6Tm/s
Pressurized water outlet nozzle Contraction coefficient 0.5
(Inner diameter=245mm) Specific weight 893.87kg/m3
Flow rate 4.12m/s
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Table B.2 Estimation result of pressure drop for pressurized water (Rated / Single)

Part Pressure drop
Pressurized water inlet nozzle AP e 7.28kPa
Heat transfer tube inlet AP ... 4.77kPa
Inlet | APy, | 8.65kPa
Tube sheet — Baffle 1st stage 17.34kPa

Outlet | APy,... | 8.69kPa

Inlet | APJ,.. | 7.81kPa
1st stage S 15.66kPa
' Outlet | APy, | 7.85kPa

Inlet | APS,.. | 4.47kPa
2nd stage S 8.95kPa
Outlet | APy,... | 4.48kPa

, Inlet | APj,.. | 2.55kPa
Straight heat transfer tube | 3rd stage S 5.10kPa
Outlet | APy.... | 2.56kPa

Inlet | APy.... | 2.55kPa
4th stage S 5.10kPa
Outlet | APy,... | 2.55kPa

Inlet | APy,.. | 5.25kPa

5th stage S 4 10.49kPa
Outlet | APy, | 5.24kPa '

) Inlet | APg,.. | 1.67kPa
Takeoff connection for 20MW S 3.35kPa

Outlet | APy, | 1.68kPa
Baffle last stage — U tube bending part APG e 1.54kPa
U tube bending part APy cor 4.51kPa
‘Heat transfer tube outlet AP v 9.77kPa
Pressurized water outlet nozzle AP ex 3.79kPa

Total pressure drop APy, 97.65 Pa
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of pressure drop estimation for primary helium (Rated /

Single)
Part Estimation condition

Double-piping nozzle Enlargement loss coefficient | Cg, 1.0

(Inner tube) Specific weight Y 1.729kg/m3

(Inner diameter=245mm) Flow rate vE 45.66m/s

Impingement baffle Loss factor Ch. 20.0
Specific weight Y. 1.729kg/m3
Flow rate v 5.31m/s

Heat transfer tube Friction factor fs 0.1108

1st stage Flow mass rate - G, 9.81kg/m®-s
Tube column N, 16 ‘
Specific weight Y 1.915kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107° 2.353Pa-s
Viscosity coefficient” u, x107° 0.851Pa-s

Heat transfer tube Friction factor fs 0.0985

2nd stage Flow mass rate G, 17.17kg/m* s
Tube column N, 16
Specific weight Y 2.229kg/ms3
Correction factor EAP 0.7226
Viscosity coefficient ux107® 1.815Pa s
Viscosity coefficient* u, x10° | 0.810Pa-s

Heat transfer tube Friction factor fg 0.0882

3rd stage Flow mass rate G, 30.10kg/m?® s
Tube column N, 16
Specific weight Y 2.444kg/ms3
Correction factor EAP 0.7226
Viscosity coefficient pux107° 1.552Pa-s
Viscosity coefficient” u, x107° 0.811Pa-s

Heat transfer tube Friction factor fg 0.0875

4th stage Flow mass rate G, 30.10kg/m?*-s
Tube column N, 16
Specific weight Y 2.613kg/ms3
Correction factor EAP - 0.7226
Viscosity coefficient pux107° 1.387Pa-s
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Viscosity coefficient* p,x10° | 0.772Pa-s
Heat transfer tube Friction factor fs 0.0985
5th stage Flow mass rate G, 14.65kg/m? s
Tube column N, 16
Specific weight Y 2.812kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107 1.226Pa-s
Viscosity coefficient” p, x107° 0.682Pa-s
Segmental baffle Tubes in segment part N, 0
1st stage Specific weight Y 2.010kg/ms3
Flow rate v? 7.75m/s
Segmental bafﬂe Tubes in segment part N, 0
2nd stage Specific weight Y 2.292kg/m3
Flow rate v 8.99m/s
Segmental baffle Tubes in segment part N, 0
3rd stage Specific weight Y 2.487kg/m3
| Flow rate v? 10.97m/s
Segmental baffle Tubes in segment part N, 0
4th stage Specific weight Y 2.655kg/m3
Flow rate vt 10.28m/s
Segmental baffle Tubes in segment part N, 0
5th stage Specific weight Y 2.869kg/ms3
| Flow rate v 6.64m/s
Primary helium outlet nozzle | Contraction coefficient CS, 0.5
Specific weight Y 2.926kg/m3
Flow rate v© 37.63 m/s
Primary helium inlet nozzle | Enlargement loss coefficient | CE, 1.0
Specific weight Y 2.926kg/m3
_ Flow rate vE 37.63m/s
Double-shell Friction factor A 0.0186
Double-shell length L 3705mm
Equivalent diameter D 190mm
Specific weight Y 2.926kg/m3
Flow rate Ve 7.43m/s
Double-piping nozzle Contraction coefficient Cater 0.5
(Outer tube) Specific weight Y 2.926kg/m3
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Flow rate vC 34.85m/s

* At tube outer wall temperature
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Table B.4 Estimation result of pressure drop for helium (Rated / Single)

Part Pressure drop
Double-piping nozzle (Inner tube) 1.80 kPa
Impingement baffle , 0.49 kPa
Heat transfer tube 1st stage 0.26 kPa

2nd stage 0.62 kPa
3rd stage 1.59 kPa
4th stage 1.49 kPa
5th stage 0.37 kPa
Segmental baffle 1st stage 0.28 kPa
2nd stage 0.43 kPa
3rd stage 0.69 kPa
4th stage 0.65 kPa
5th stage 0.29 kPa
Primary helium outlet nozzle 1.04 kPa
Primé.ry helium inlet nozzle 2.07 kPa
Double-shell 0.03 kPa
Double-piping nozzle (Outer tube) 0.89 kPa
Total 12.96 kPa
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Table B.5 Estimation condition of pressure drop estimation for pressurized water (Rated /

Parallel)
Part Estimation condition
Pressurized water inlet nozzle 7 Enlargement loss coefficient Clater 1.0
(Inner diameter=245mm) | Specific weight Y 931.93kg/m3
Flow rate vE 2.61m/s
Heat transfer tube inlet Contraction coefficient Cater 0.5
Specific weight Y 931.93kg/m3
Flow rate ve 2.99m/s
Tube sheet — Baffle 1st stage | Inlet | Friction factor A 0.01537
(Tube length L=1240mm) Specific weight Y 931.93kg/m3
Flow rate vs 2.99m/s
Outlet | Friction factor A 0.1429
Specific weight Y 893.82kg/m3
Flow rate Vs 3.09m/s
Straight heat transfer tube Inlet | Friction factor A 0.01537
1st stage Speciﬁc weight Y 926.89kg/m3
(Tube length L=1120mm) Flow rate : vS 2.66m/s
Outlet | Friction factor A 0.01492
: Specific weight Y 898.23kg/m3
Flow rate vS 3.09m/s
Straight heat transfer tube Inlet | Friction factor A 0.01523
2nd stage : Speciﬁé weight Y 919.35kg/m3
(Tube length L=640mm) , Flow rate vS 3.02m/s
Outlet | Friction factor A 0.1501
Specific weight Y 905.20kg/m3
Flow rate vS 3.06m/s
Straight heat transfer tube Inlet Friction factor A 0.01519
3r(_i‘ stage Specific weight Y . | 915.87kg/m3
(Tube length L=365mm) ' Flow rate vS 3.03m/s
Outlet | Friction factor A 0.1505
Specific weight | 909.08kg/m3
Flow rate Ve 3.05m/s
Straight heat transfer tube Inlet | Friction factor A 0.01514
4th stage Specific weight 1 913.49kg/m3
(Tube length L=365mm) Flow rate v 3.04m/s
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Outlet | Friction factor A 0.01510
Specific weight Y 911.39kg/m3
Flow rate vs 3.04 m/s
Takeoff connection for 20MW Friction factor A 0.01510
(Tube length L=240mm) Specific weight Y 912.50kg/m3
' Flow rate v vs 3.04m/s
Straight heat transfer tube Friction factor A 0.01510
5th stage Specific weight Y 912.50kg/ms3
(Tube length L=750mm) Flow rate vS 3.04m/s
Baffle last stage — U tube bending part | Friction factor A 0.0151
(Distance=110mm) Heat transfer tube length L 110mm
Specific weight Y 912.50kg/m3
Flow rate vS 3.04m/s
U tube bending part Roughness coefficient K 1.0
Loss factor Coaer 0.501
Specific weight Y 912.50kg/m3
Flow rate N 3.04m/s
Heat transfer tube outlet Enlargement loss coefficient | Cy,... 1.0
Specific weight Y 893.82kg/m3
Flow rate vE 3.09m/s
Pressurized water outlet nozzle Contraction coefficient Cater 0.5
(Inner diameter=245mm) Specific weight Y 893.82kg/m3
| Flow rate v© 2.72m/s
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Table B.6 Estimation result of pressure drop for pressurized water (Rated / Parallel)

Part Pressure drop (kPa)
Pressurized water inlet nozzle APg .o 3.18kPa
Heat transfer tube inlet APS.... 2.08kPa
Inlet | AP§,... | 4.02kPa
Tube sheet — Baffle 1st stage 8.04kPa

Outlet | APS.... | 4.02kPa

Inlet | APj,.. | 3.63kPa
1st stage S 7.26kPa
Outlet | APy,... | 3.63kPa

Inlet | APy,.. | 2.07kPa
2nd stage S 4.14kPa
Outlet | APy,... | 2.07kPa

Inlet | APg,.. | 1.18kPa

Straight heat transfer tube

3rd stage S — 2.36kPa
Outlet | APg,... | 1.18kPa
Inlet | APy,.. | 1.18kPa |
4th stage S 2.36kPa
Outlet | APy,... | 1.18kPa :
Takeoff connection for 20MW APY e 4.85kPa
Straight heat transfer tube (5th stage) APg,...  1.55kPa
Baffle last stage — U tube bending part AP, 0.71kPa
U tube bending part | AP 2.11kPa
Heat transfer tube outlet 4 AP, v 4.26kPa
Pressurized water outlet nozzle AP e 1.66kPa
Total pressure drop APyeier 44.57kPa
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of pressure drop estimation for primary helium (Rated /

Parallel)
Part Estimation condition
Double-piping nozzle Enlargement loss coefficient | Cy, 1.0
(Inner tube) Specific weight Y 1.718kg/m3
(Inner diameter =245mm) Flow rate vE 30.19m/s
Impingement baffle Loss factor CL. 20.0
Specific weight Y 1.718kg/m3
Flow rate v 3.51m/s
Heat transfer tube Friction factor £ 0.1191
1st stage Flow mass rate G, 6.45kg/m?*-s
Tube column N, 16
Specific weight Y 1.941kg/ms3
Correction factor EAP 0.7226
Viscosity coefficient ux107 2.305Pa s
Viscosity coefficient* n,x10° [ 0.800Pa-s
Heat transfer tube Friction factor fy 0.1056
2nd stage Flow mass rate G, 11.28kg/m* s
Tube column N, 16
Specific weight Y 2.321kg/ms3
Correction factor EAP 0.7226
Viscosity coefficient ux107° 1.697Pa-s
Viscosity coefficient* n, x107° | 0.757Pa-s
Heat transfer tube Friction factor fs 0.0944
3rd stage Flow mass rate G, 19.78kg/m?-s
Tube column N, 16
Specific weight Y 2.587kg/m3
Correction factor EAP 0.7226
Viscosity coefficient pux107 1.411Pa-s
Viscosity coefficient* u,x10° | 0.764Pa-s
Heat transfer tube Friction factor fs 0.0935
4th stage Flow mass rate G, 19.78kg/m? s
Tube column N, 16
Specific weight Y. 2.804kg/ms3
Correction factor EAP 0.7226
Viscosity coefficient ux107 1.232Pa-s
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Viscosity coefficient” p, x107° 0.724Pa-s
Takeoff connection for 20MW | Friction factor fs 0.0939
Flow mass rate G, 12.53kg/m? s
Tube column N, 16
Specific weight Y 2.909kg/ms3
Correction factor EAP 0.7022
Viscosity coefficient ux107?® 1.157Pa-s
Viscosity coefficient” u, x107° 1.099Pa s
Segmental baffle Tubes in segment part N, 0
1st stage Specific weight Y 2.055kg/m3
Flow rate v? 4.98m/s
Segmental baffle Tubes in segment part N, 0
2nd stage Specific weight Y 2.397kg/m3
Flow rate v? 5.65m/s
Segmental baffle Tubes in segment part N, 0
3rd stage Specific weight Y 2.643kg/m3
Flow rate v? 6.79m/s
Segmental baffle Tubes in segment part N, 0
4th stage Specific weight Y 2.856kg/m3
Flow rate v’ 6.28m/s
Primary helium outlet nozzle | Contraction coefficient Che 0.5
Specific weight Y 2.909kg/m3
Flow rate ve 52.79m/s
Primary helium inlet nozzle | Enlargement loss coefficient Ck. 1.0
Specific weight Y 2.909kg/m3
Flow rate vE 24.87m/s
Double-shell Friction factor A 0.199
Double-shell length L 3705mm
Equivalent diameter D 0.19mm
Specific weight Y 2.909kg/m3
Flow rate vs 4.91m/s
Double-piping nozzle Contraction coefficient Chrater 0.5
(Outer tube) Specific weight Y 2.909kg/m3
Flow rate ve 23.03m/s

* At tube outer wall temperature
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Table B.8 Estimation result of pressure drop for helium (Rated / Parallel)

Part Pressure drop
Double-piping nozzle (Inner tube) 0.78kPa
Impingement baffle 0.21kPa
Heat transfer tube 1st stage 0.12kPa

2nd stage 0.27kPa

3rd stage 0.70kPa

4th stage 0.64kPa

Takeoff connection for 20MW  0.26kPa
Segmental baffle 1st stage 0.12kPa
2nd stage 0.18kPa

3rd stage 0.28kPa

-4th stage 0.26kPa

Primary helium outlet nozzle 2.03kPa
Primary helium inlet nozzle 0.90kPa
Double-shell 0.01kPa
Double-piping nozzle (Outer tube) 0.39kPa
Total 7.14kPa
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Table B.9 Estimation condition of pressure drop estimation for pressurized water (High

temperature / Single)

Part Estimation condition
Pressurized water inlet nozzle Enlargement loss coefficient Cliater 1.0
(Inner diameter=245mm) Specific weight Y 932.77kg/m3
Flow rate vE 3.90m/s
Heat transfer tube inlet Contraction coefficient Cater 0.5
Specific weight Y 932.77kg/m3
, Flow rate ve 4.47m/s
Tube sheet — Baffle 1st stage | Inlet Friction factor A 0.01451
(Tube length L=1240mm) Specific weight Y 932.77kg/m3
| Flow rate vS 4.47m/s
Outlet | Friction factor A 0.01411
Specific weight Y 894.78kg/m3
Flow rate Vs 4.62m/s
Straight heat transfer tube | Inlet Friction factor | a 0.01451
1st stage » Specific weight Y 928.40kg/m3
(Tube length L=1120mm) Flow rate vS 4.47m/s
Outlet | Friction factor A 0.01411
Specific weight Y 898.75kg/m3 |
Flow rate vS 4.62m/s
Straight heat transfer tube Inlet | Friction factor A 0.01442
2nd stage Specific weight Y 921.76kg/m3
(Tube length 1.=640mm) Flow rate vS 4.50m/s
Outlet | Friction factor A 0.01420
Specific weight Y 905.02kg/m3
Flow rate vS 4.59m/s
Straight heat transfer tube Inlet | Friction factor A 0.01438
3rd stage Specific weight 918.66kg/m3
(Tube length L=365mm) Flow rate vS 4.52m/s
Outlet { Friction factor A 0.01420
Specific weight 908.47kg/m3
Flow rate v° 4.57m/s
Straight heat transfer tube Inlet | Friction factor A 0.01433
4th stage Specific weight 916.58kg/m3
(Tube length L=365mm) Flow rate vS 4.53m/s
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Outlet | Friction factor A 0.01424
Specific weight Y 910.53kg/m3
Flow rate VS 4.56m/s
Straight heat transfer tube Inlet | Friction factor A 0.01429
5th stage Specific weight Y 914.57kg/m3
(Tube length L=750mm) Flow rate vS 4.54m/s
Outlet | Friction factor A 0.01429
Specific weight Y 912.47kg/m3
Flow rate vS 4.55m/s
Takeoff connection for 20MW | Inlet | Friction factor A 0.01430
(Tube length 1=240mm) Specific weight T | 915.69kg/m3
Flow rate vS 4.53m/s
Outlet | Friction factor A 0.0143
Specific weight 1 911.49kg/m3
Flow rate Ve 4.55m/s
Baffle last stage — U tube bending part | Friction factor A 0.0143
(Distance=110mm) Heat transfer tube length L 110mm
Specific weight - Y 913.45kg/m3
Flow rate vS 4.54m/s
U tube bending part Roughness coefficient K 1.0
Loss factor Chater 0.469
Specific weight Y 913.45kg/m3
Flow rate vB 4.54m/s
Heat transfer tube outlet Enlargement loss coefficient | Cy,,.. 1.0
‘Speciﬁc weight | Y 894.78kg/m3
Flow rate vE 4.62m/s
Pressurized water outlet nozzle Contraction coefficient CYoter 0.5
(Inner diameter=245mm) Specific weight Y 894.78kg/m3
Flow rate v° 4.07m/s
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Table B.10 Estimation result of pressure drop for pressurized water (High temperature /

Single)
Part Pressure drop
Pressurized water inlet nozzle 1 APg,... 7.11kPa
Heat transfer tube inlet AP, .o 4.66kPa

Inlet | APg,.. | 8.48kPa
Outlet | APy, | 8.52kPa

Inlet | APS,.. | 7.66kPa |
1st stage S 15.35kPa
Outlet | APS... | 7.69kPa

Inlet | APy, | 4.38kPa
2nd stage S 8.77kPa
Outlet | APg,... | 4.39kPa

_ Inlet | APy,.. | 2.50kPa
Straight heat transfer tube | 3rd stage : S 5.00kPa
Outlet | APg.... | 2.50kPa

Inlet | AP;,.. | 2.50kPa
4th stage S 5.00kPa
Outlet | APy, | 2.50kPa

Inlet | APy,.. | 5.13kPa
5th stage S 10.26kPa
Outlet | APy, | 5.14kPa

Inlet | APy, | 1.64kPa

Tube sheet — Baffle 1st stage 17.00kPa

Takeoff connection for 20MW 3.28kPa
, | Outlet | APy, | 1.64kPa

Baffle last stage — U tube bending part APy,... 1.50kPa

U tube bending part APyt 4.42kPa

Heat transfer tube outlet AP e 9.54kPa

Pressurized water outlet nozzle AP, 3.70kPa

Total pressure drop APyier 95.59kPa
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Table B.11 Estimation condition of pressure drop estimation for primary helium (High

temperature / Single)

Part Estimation condition
Double-piping nozzle Enlargement loss coefficient | Cg, 1.0
(Inner tube) Specific weight Y 1.589kg/m3
(Inner diameter=245mm) Flow rate vE 40.68m/s
Impingement baffle Loss factor Chi 20.0
Specific weight Y 1.589kg/m3
Flow rate v 4.73m/s
Heat transfer tube Friction factor fs - 0.1157
1st stage Flow mass rate G, 8.03kg/m? s
Tube column N, 16
Specific weight Y 1.791kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107 2.641Pa-s
Viscosity coefficient* n,x10®° | 0.856Pa-s
Heat transfer tube Friction factor f 10.1026
2nd stage Flow mass rate G, 14.05kg/m? s
Tube column N, 16
Specific weight Y 2.139kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107 "1.947Pa-s
Viscosity coefficient” p, x10° | 0.807Pa-s
Heat transfer tube Friction factor fs 0.0917
3rd stage A Flow mass rate G, 24.64kg/m?-s
Tube column N, 16
Specific weight Y 2.380kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107® 1.624Pa-s
Viscosity coefficient” B, x10° | 0.802Pa-s
Heat transfer tube Friction factor fs 0.0909
4th stage Flow mass rate G, 24.64kg/m?-s
Tube column N, 16
Specific weight Y 2.571kg/m3
Correction factor EAP 0.7226
Viscosity coefficient pux107° 1.426 Pa -s
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Viscosity coefficient”

p, x107° 0.760Pa s
Heat transfer tube Friction factor fy 0.1021
5th stage Flow mass rate G, 11.99kg/m?*-s
' Tube column N, 16
Specific weight 1 2.791kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107® 1.242Pa-s
Viscosity coefficient” p,, x107° 0.670Pa-s
Segmental baffle Tubes in segment part N, 0
1st stage Specific weight Y 1.894kg/m3
Flow rate v? . 6.73m/s
Segmental baffle Tubes in segment part N, 0
2nd stage Specific weight Y 2.209kg/m3
Flow rate v” 7.64m/s
Segmental baffle Tubes in segment part N, 0
3rd stage Specific weight Y 2.429kg/m3
Flow rate v2 9.20m/s
Segmental baffle Tubes in segment part N, 0
4th stage | Specific weight Y 2.618kg/m3
Flow rate vt 8.54m/s
Segmental baffle Tubes in segment part N, 0
5th stage Specific weight Y 2.853kg/m3
Flow rate v? 5.46m/s
Primary helium outlet nozzle | Contraction coefficient Cg, 0.5
Specific weight Y 2.916kg/m3
Flow rate ve 30.91m/s
Primary helium inlet nozzle | Enlargement loss coefficient Che 1.0
Specific weight Y - 2.916kg/m?
. Flow rate VP 30.91m/s
Double-shell Friction factor A 0.0192
Double-shell length ' L 3705mm
Equivalent diameter D 190mm
Specific weight Y 2.916kg/m3
Flow rate Vo 6.10m/s -
Double-piping nozzle Contraction coefficient Corater 0.5
(Outer tubé) Y 2.916kg/m3

Specific weight
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Flow rate

28.63m/s

*

At tube outer wall temperature
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Table B.12 Estimation result of pressure drop for helium (High temperature / Single)

Part Pressure drop
Double-piping nozzle (Inner tube) 1.31kPa
Impingement baffle 0.36kPa
Heat transfer tube 1st stage 0.19kPa

2nd stage 0.45kPa

3rd stage 1.13kPa

4th stage 1.04kPa

5th stage 0.26kPa

Segmental baffle 1st stage 0.20kPa
2nd stage 0.30kPa

3rd stage 0.47kPa

4th stage 0.44kPa

.| bth stage 0.20kPa

Primary helium outlet nozzle 0.70kPa
Primary helium inlet nozzle 1.39kPa
Double-shell - 0.02kPa
Double-piping nozzle (Outer tube) 0.60kPa
Total 9.04kPa
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Table B.13 Estimation condition of pressure drop estimation for pressurized water (High

temperature / Parallel)

Part Estimation condition
Pressurized water inlet nozzle Enlargement loss coefficient | C,,.. 1.0

(Inner diameter =245mm) Specific weight Y 933.62kg/m3

Flow rate vE 2.59m/s

Heat transfer tube inlet Contraction coefficient Clrater 0.5

‘Specific weight Y 933.62kg/m3

Flow rate ve 2.97m/s

Tube sheet — Baffle 1st stage | Inlet Friction factor A 0.01541
(Tube length L=1240mm) Specific weight Y 933.62kg/m3

‘ | Flow rate vs 2.97m/s

Outlet | Friction factor A 0.01496
Specific weight Y 895.83kg/ms3

Flow rate vS 3.06m/s

Straight heat transfer tube Inlet | Friction factor A 0.01541
1st stage Specific weight Y 928.46kg/m3

(Tube length L=1120mm) Flow rate vS 2.97m/s

Outlet | Friction factor A 0.01496
Specific weight Y 900.31kg/ms3

Flow rate Vo 3.06m/s

Straight heat transfer tube Inlet | Friction factor A 0.01528
2nd stage Specific weight Y 920.82kg/m3

(Tube length L=640mm) Flow rate vS 2.99m/s

‘ Outlet | Friction factor A 0.01505
Specific weight Y 907.35kg/m3

Flow rate Vs 3.03m/s

Straight heat transfer tube Inlet | Friction factor A 0.01519
3rd stage Specific weight 917.43kg/m3

(Tube length L=365mm) Flow rate VS 3.00m/s

Outlet | Friction factor A 0.01510
Specific weight Y 911.00kg/m3

Flow rate vs 3.02m/s

Straight heat transfer tube Inlet Friction factor A 0.01519
4th stage Specific weight Y 915.16kg/m3

(Tube length L=365mm) Flow rate VS 3.01m/s
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Outlet | Friction factor A 0.01514
Specific weight Y 913.19kg/m3
Flow rate vs 3.01m/s
Takeoff connection for 20MW Friction factor A 0.0152
(Tube length L=240mm) Specific weight ¥ 914.24kg/m3
Flow rate v 3.01m/s
Straight heat transfer tube Friction factor A 0.152
5th. stage Specific weight Y 914.24kg/m3
(Tube length L=750mm) Flow rate vS 3.01m/s
Baffle last stage — U tube bending part | Friction factor A 0.0152
(Distance=110mm) | Heat transfer tube length L 110mm
Specific weight Y 914.24kg/m3
Flow rate vS 3.01m/s
U tube bending part Roughness coefficient K. 1.0
Loss factor Craer 0.503
Specific weight Y 914.24kg/m3
Flow rate vP 3.01m/s
Heat transfer tube outlet Enlar.gement loss coefficient | Cy..: 1.0
Specific weight Y '895.83kg/m3
Flow rate Ve 3.06m/s
Pressurized water outlet nozzle Contraction coefficient Corater 0.5
(Inner diameter=245mm) Specific weight Y 895.83kg/m3
Flow rate v© 2.70m/s
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Table B.14 Estimation result of pressure drop for pressurized water (High temperature /

Parallel)
Part Pressure drop
Pressurized water inlet nozzle APv'f,ate, 3.13kPa
Heat transfer tube inlet APS.... 2.05kPa
Inlet | APy,... | 3.96kPa
Tube sheet — Baffle 1st stage 7.93kPa

Outlet | APy, | 3.97kPa
Inlet | APj,.. | 3.58kPa
Outlet | APS,... | 3.58kPa
Inlet | APS,... | 2.04kPa
2nd stage S 4.09kPa
Outlet | APy,... | 2.04kPa
Inlet | APy... | 1.16kPa
3rd stage S 2.33kPa
Outlet | APy,,.. | 1.17kPa

Inlet | APg,.. | 1.17kPa

1st stage 7.16kPa

Straight heat transfer tube

4th stage 2.33kPa
Outlet | AP;,... | 1.17kPa

Takeoff connection for 20MW APg,... 4.79kPa
Straight heat transfer tube (5th stage) APy ior 1.53kPa
Baffle last stage — U tube bending part APy, 0.70kPa
U tube bending part APR, o 2.09kPa
Heat transfer tube outlet APy,... 4.19kPa
Pressurized water outlet nozzle APg,... 1.63kPa
Total pressure drop APyoier 43.95kPa
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temperature, Parallel)

Table B.15 Estimation condition of pressure drop estimation for primary helium (High

Part Estimation condition
Double-piping nozzle Enlargement loss coefficient | Cr, 1.0
(Inner tube) Specific weight Y 1.578kg/m3
(Inner diameter=245mm) Flow rate vE 26.89m/s
Impingement baffle Loss factor Ch. 20.0
Specific weight Y 1.578kg/m3
Flow rate v 3.13m/s
Heat transfer tube Friction factor fs 0.1244
1st stage Flow mass rate G, 5.27kg/m?-s
Tube column N, 16
Specific weight T 1.820kg/m3
Correction factor EAP 0.7226
Viscosity coefficient ux107 2.577Pa-s
Viscosity coefficient* n,x10° |  0.800Pa-s
Heat transfer tube Friction factor fs 0.1098
2nd stage Flow mass rate G, 9.23kg/m”.s
Tube column N, 16
Specific weight Y 2.241kg/m3
Correction factor EAP 0.7226
Viscosity coefficient pux107® 1.801Pa-s
Viscosity coefficient” u,x10° | 0.750Pa-s
Heat transfer tube Friction factor fs 0.0980
3rd stage Flow mass rate G, 16.18kg/m?® s
Tube column N, 16
Specific weight Y 2.541kg/m3
Correction factor EAP 0.7226
Viscosity coefficient pux107° 1.455Pa-s
Viscosity coefficient* p, x10% |  0.751Pa-s
Heat transfer tube Friction factor fs 0.09609
4th stage Flow mass rate G, 16.18kg/m* s
Tube column N, 16
Specific weight v 2.784kg/m3
Correction factor EAP 0.7226
Viscosity coefficient pux107® 1.247Pa-s
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Viscosity coefficient* n, x10® | 0.709Pa-s
Takeoff connection for 20MW | Friction factor fs 0.0973
Flow mass rate G, 10.24kg/m? s
Tube column N, 16
Specific weight Y 2.902kg/m3
Correction factor EAP 0.7022
Viscosity coefficient px107° 1.162Pa s
Viscosity coefficient” u, x107° 1.104Pa-s
Segmental baffle Tubes in segment part N, 0
1st stage Specific weight Y 1.945kg/m3
Flow rate v’ 4.31m/s
Segmental baffle Tubes in segment part N, 0
2nd stage Specific weight Y 2.327kg/m3
Flow rate vZ 4.76m/s
Segmental baffle Tubes in segment part - N, 0
3rd stage Specific weight Y 2.603kg/m3
Flow rate v? 5.64m/s
Segmental baffle Tubes in segment part N, 0
4th stage Specific weight Y 2.843kg/m3
Flow rate - v? 5.16m/s
Primary helium outlet nozzle | Contraction coefficient C% 0.5
Specific weight Y 2.902kg/m3
, Flow rate ve 43.30m/s
Primary helium inlet nozzle | Enlargement loss coefficient | CE, 1.0
Specific weight Y 2.902kg/m3
Flow rate vE 20.40m/s
Double-shell Friction factor A 0.0207
Double-shell length L 3705mm
Equivalent diameter D 190mm
Specific weight Y 2.902kg/m3
Flow rate vS 4.03m/s
Double-piping nozzle Contraction coefficient CY ater 0.5
(Outer tube) Specific weight Y 2.902kg/m3
Flow rate ve 18.89m/s

*

At tube outer wall temperature
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Table B.16 Estimation result of pressure drop for helium (High temperature / Parallel)

Part Pressure drop
Double-piping nozzle (Inner tube) 0.57kPa
Impingement baffle 0.15kPa
Heat transfer tube 1st stage 0.09kPa

2nd stage 0.20kPa
3rd stage 0.49kPa
4th stage 0.45kPa
Takeoff connection for 20MW 0.18kPa
Segmental baffle 1st stage 0.08kPa
2nd stage 0.12kPa
3rd stage 0.19kPa
4th stage 0.17kPa
Primary helium outlet nozzle 1.36kPa
Priniary helium inlet nozzle 0.60kPa
Double-shell 0.01kPa
Double-piping nozzle (Outer tube) 0.26kPa
Total 4.93kPa
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Table list in Appendix C

Table C.1
Table C.2
Table C.3
Table C.4
Table C.5

Table C.6
Table C.7

Table C.8

Evaluation result of in-tube heat transfer coefficient (Rated / Single)
Evaluation result of ex-tube heat transfer coefficient (Rated / Single)
Evaluation result of in-tube heat transfer coefficient (Rated / Parallel)

Evaluation result of ex-tube heat transfer coefficient (Rated operation)

Evaluation result of in-tube heat transfer coefficient

(High temperature / Single) .........cceeeveeeereeerrerenerseseresesessesessesesersosens

Evaluation result of ex-tube heat transfer coefficient

(High temperature / Single) ..........covveeveieeneeerererereessesesssnssssssssssesens

Evaluation result of in-tube heat transfer coefficient

(High temperature / Parallel).......cccoeveeeerererereereesseseeeesesesesenens

Evaluation result of ex-tube heat transfer coefficient

(High temperature / Parallel)............ccccocoevevervnnnnne renessessrinsassnsassassans
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Table C.1 Evaluation result of in-tube heat transfer coefficient (Rated / Single)

Evaluated .
RS5 004/2/16) | 08"
Pressurized water mean temperature ' 126°C
Pressurized water density 939.3kg/m3
Number of heat transfer tube 136
Heat transfer tube inner diameter 19.68mm
Intube pressurized water flow rate 4.47Tm/s
Préséurized water dynamic viscosity coefficient | 0.2320x107® m?/s
Reynolds number 379,419
Prandtl number 1.37
Nusselt number 736.8
Preésurized water thermal conductivity 0.686 W/m-K
Evaluated in-tube heat transfer coefficient 25677W/m? - K | 29099 W/m?-K
Difference | -11.8%
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Table C.2 Evaluation result of ex-tube heat transfer coefficient (Rated / Single)

Evaluated .

RS-5 (2004/2/16) Dosigned
Primary helium inlet / outlet temperature 837°C /389°C
Pressurized water inlet / outlet temperature | 106°C /145°C
Exchanged heat 28,740kW
Logarithmic mean temperature difference 457K
Evaluated UA 62.85kW/K
Water equivalent of primary helium 65.22kW/K
Water equivalent of pressurized water 738.6kW/K
Water equivalent ratio 11.33
Temperature effectiveness 0.05318
Temperature difference correction factor 0.9860
Corrected UA 63.74kW/K
Corrected U 910.6 W/m*-K
Heat transfer tube thermal conductivity 17.29W/m-K
Heat transfer tube inner diameter 19.68mm
Heat transfer tube outer diameter 25.40mm -
Evaluated ex-tube heat transfer coefficient 1041W/m?.K | 1329W/m?®-K
Difference V -21.7% |
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Table C.3 Evaluation result of in-tube heat transfer coefficient (Rated / Parallel)

Evaluated _
(RP-1, 2002/6/10) Dosigned
Pressurized water mean temperature 137°C
Pressurized water density 930.0kg/m3
Number of heat transfer tube 136
Heat transfer tube inner diameter 19.68mm
In-tube pressurized water flow rate 2.99m/s
Pressurized water dynarhic viscosity coefficient | 0.2132x107° m%/s
Reynolds number 276,294
Prandtl number ‘ 1.27
Nusselt number 554.6
Pressurized water thermal conductivity 0.6864W/m-K
Evaluated in-tube heat transfer coefficient 19,343W/m®-K | 20,949 W/m?-K
Difference “71.7%
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Table C.4 Evaluation result of ex-tube heat transfer coefficient (Rated / Parallel)

Evaluated )
(RP-1, 2002/6/10) Designed
Primary helium inlet / outlet temperature 837°C /389°C
Pressurized water inlet / outlet temperature | 106°C /145°C
Exchanged heat 18,986kW
Logarithmic mean temperature difference 437°C
Evaluated UA 43.40kW/K
Water equivalent of primary helium 42.83kW/K
Water equivalent of pressurized water 490.7kW/K
Water equivalent ratio ' 11.46
Temperature effectiveness 0.05485
Temperature difference correction factor 0.9839
Corrected UA 44 11kW/K
Corrected U 816.8W/m®-K
Heat transfer tube thermal conductivity 17.29W/m-K
Heat transfer tube inner diameter 19.68mm
Heat transfer tube outer diameter 25.40mm
Evaluated ex-tube heat transfer coefficient 906 W/m?* - K 1102W/m*-K
Difference -17.8%
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Table C.5 Evaluation result of in-tube heat transfer coefficient (High temperature / Single)

Evaluated
Designed
(PT'5S, 2004/4/23)

Pressurized water mean temperature 120°C
Pressurized water density 944.1kg/m3
Number of heat transfer tube 136
Heat transfer tube inner diameter 19.68mm
In-tube pressurized water flow rate 4.40m/s
Pressurized water dynamic viscosity coefficient | 0.2441x107° m?/s
Reynolds number 348,970
Prandtl number v 1.45
Nusselt number 7114
Pressurized water thermal conductivity 0.6848W/m -K
Evaluated in-tube heat transfer coefficient 24,761 W/m?-K | 28,765 W/m?-K
Difference -13.9%
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Table C.6 Evaluation result of ex-tube heat transfer coefficient (High temperature / Single)

Evaluated )
(PT-5S, 2004/4/23) Dosigned
Primary helium inlet / outlet temperature 837°C /389°C
Pressurized water inlet / outlet temperature § 106°C /145°C
| Exchanged heat 28,605kW
Logarithmic mean temperature difference 501°C
Evaluated UA 57.156kW/K
Water equivalent of primary helium 53.40kW/K
Water equivalent of pressurized water 728.6kW/K
Water equivalent ratio 13.64
Temperature effectiveness : 0.04710
Temperature difference correction factor 0.9855
Corrected UA - 57.99kW/K
Corrected U : 828.43W/m®-K
Heat transfer tube thermal conductivity 17.29W/m - K
Heat transfer tube inner diameter 19.68mm
Heat transfer tube outer diameter 25.40mm
Evaluated ex-tube heat transfer coefficient 933W/m?-K 1175W/m* - K
Difference -20.6%
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Table C.7 Evaluation result of in-tube heat transfer coefficient (High temperature / Parallel)

Evaluated
Designed

(PT-5P, 2004/6/22)
Pressurized water mean temperature 124°C
Pressurized water density 941.2kg/m3
Number of heat transfer tube 136
Heat transfer tube inner diameter 19.68mm
In-tube pressurized water flow rate 2.93m/s
Pressurized water dynamic viscosity coefficient | 0.2365x107¢ m2/s
Reynolds number 243,619
Prandtl number 1.40
Nusselt number 520.6
Pressurized water thermal conductivity 0.6855 W/m-K
Evaluated in-tube heat transfer coefficient 18,137W/m?-K | 20,715W/m?-K
Difference » -12.4%

—115—



JAEA —Technology 2005—006

Table C.8 Evaluation result of ex-tube heat transfer coefficient (High temperature /

Parallel)
Evaluated .
(PT5P, 2004/6/22) | o B
Primary helium inlet / outlet temperature 837°C /389°C |
Pressurized water inlet / outlet temperature | 106°C /145°C
Exchanged heat 19,058kW
Logarithmic mean temperature difference 497°C
Evaluated UA 38.32kW/K
Water equivalent of primary helium 34.70kW/K
Water equivalent of pressurized water 484.01kW/K
Water equivalent ratio 13.95
Temperature effectiveness 0.04708
Temperature difference correction factor 0.9846
Corrected UA 38.92kW/K
Corrected U 720.7W/m? - K
Heat transfer tube thermal conductivity 17.29W/m - K
Heat transfer tube inner diameter 19.68mm
Heat transfer tube outer diameter 25.40mm
Evaluated ex-tube heat transfer coefficient 787Wim?®-K 976 W/m* . K
Difference -19.4%
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