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Evaluation of Heat Exchange Performance for

Air-cooler in HTTR

Daisuke TOCHIO and Shigeaki NAKAGAWA
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In High Temperature Engineering Test Reactor (HT'TR) of 30MW, the generated heat at
reactor core is finally dissipated at the air-cooler (ACL) by way of the heat exchangers of the
primary pressurized water cooler and the intermediate heat exchanger. To remove
generated hear at reactor core and to hold reactor inlet coolant temperature to specified
temperature, heat exchangers in main cooling system of HTTR should have designed heat
exchange performance. -

In this report, heat exchange performance for ACL in main cooling system is evaluated
with previous operation data, and evaluated values are compared with designed value.

Moreover, heat exchange performance at full power operation is estimated for the air
temperature. As the result, ACL has heat exchange performance removing generated heat

at reactor core under the ACL inlet air temperature of 33°C .

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

Air-cooler, Heat Exchange Performance
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1. %

if

A ARRF AR (RHD O SR TR 7R (HTTR : High Temperature Engineering Test
Reactor) 1%, ERV A FEAMNEMBOREL L HEL, HETHCHT 2 R0ERRROER LY
EHH L LUCRFAEEFICER SN BAGOBBY RFCHB 0D,

HTTR DA% Table 1.1 12777, HTTR IIRBHC BRI T REH, BOsEMICBEy, SHM
WA~V O LT REFERT 2 EREMS 30MW, FEFFEADGHMIRE 395°C OEIBT XFTHh
%, HITR OEEICiL, FTFHOBHEES 850°C £ TOEKERL . 950°C £ THOMIE
HREEEYH D,

HTTR i3 1998 4£ 11 B 10 BICHIEERITE L%, 1999 £ 9 AN EARBREZBME L,
2001 48 12 A 7 BIZFEFFH S 30MW, 745 H O % HFHRE 850°C % iEm L= 99, 2002 4F
3 A 6 BiZiiEw sl (R FOHMBE 850°C £ ToEln) OFEHATRESKIEZRIGE L,
2003 F 3 ANGIIRIBT AFORLMEE EIET 2 B TR FRERRNBITTHOIL TV S 96,

S H12,2004 4 3 A 31 B2 LRFFH QG HBHRE D 950°C & 72 2 MR RBEE O 7
ABRZBLEL 7, 2004 45 4 A 19 BIZIIFEFHFEH S 30MW, JF14F H 0% EMIR 950°C % ERL
Lz 99, RN RAFIC L DHHMBEIC OV TIL, BEICMEOFBY X ZEBF (AVR) Kk
D ERFFEHBEBNIZHEVT 950°C BER SN TV A, HTTR TiT b /- E#E Tit 950°C @
HHM R FFEARBIMBICBROH L2 b0 T, HTTR AR THH TR LEBDOTH S,
F D%, 2004 4 6 A 24 BICIXEERBEEE (R GHMIRE 950°C ¥ TOEER) ORI
EAMIEL RS LT, .

HTTR O FHHRICRBE STV 2888313, HTTR OREBFT THRE SN NARBEDOSE
BT T, BFFECTRELEAORAL LORERTFFEADGRMRE 2T E DR EIZHER LT il
ROV, DED | BABRBOLBMRENS AR5 & iEH A 100%ICESENTRFIFARGH
PHREED 395°C 22 T LEW, HEBOBREMDB R b, —F. EVERENEN L 2N
. R OGHMRE 950°C # R TE <25, ZDZ ¢ LIV, EGEHROBIHRERITH
ERFICIRE S N FFN D EBMERE SRR SR TORITIIER bRV, ABTIX, ZHhE T
OERBREGEE MAER TR ONET 2V TELAHRICERB INTHHREZBRIEBD S
b, BFFCRAE L 8% BRI KRS HEECT 2 IEAZERAHEE (ACL: Air-cooler) D=EA

MERERIME L. EBCHRE SR ACL BREFHCER ShGEMRESZE LTV 5 = L ORER
{To7,

C E RFFCRA LERE KR AKET BBRIC, ACL 0 2 KRR & 72 5 AMURE LR T
 FORBICEEYRIETES LEELRRF THY . ARBEOTICH TS ACL OBRBMERES
LT, BHIRGDP L 22 EBOEEGRRMICRT S ACL ORBELHER L T LE
Bdb, £Z T, fHEI L7z ACL ORBMEREZ RICRFFORBOBAIOE LMLV AL 2
BEEONGRECIT 5 ACL ORBEENIC OV TRET 5,
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2. Bim OB

2.1 HTTR OEE

HTTROGHIFE R % % Fig. 2. 1127710, HTTROF FREAHRMIE, B EEER R T F
T 5 EHHRm., R FEILRICRFFORRBEAEZRET 2MBGHERE. R FEEIE
BORAMEICHRE L2 ABEICL Y IRE~WMEEZGRET S & & HICHBIBAREIC L 2P LORK
HORPHTERVWL D REERICORETFORBEZRET OFABOHRME CTHR SN D, E
BHBREITIRGHEE L UCHRBHRSE (HX : Intermediate Heat Exchanger) & 1RNIE
A& HIZ (PPWC : Primary Pressurized Water Cooler) D2FEHDEAZ MR Z WHIZEIE L T
V. THXO2& Mz 2%k i :ik g & L C2EAREGHZS (SPWC : Secondary Pressurized Water
Cooler) #EIE LT3, FETFNTRAE LI, T OETHEREZEH L TREHNITHIIE
AREHBRHICRE SN TV B MEAZEZSHHEE (ACL : Aircooler) X 9 KT~Hi#T 5,

HTTROEHIZIL, 2ODFEFIFH O GAMEEERT— F L2 ORI RELET— FASH
%, FTFFHOBHPREERT — FIZ oW TE, AR HA30MW TR AR H 0 G RPHREE A
850°C & 2% TEMHKEEIRT— N &, FEFFHOBHPNRENS0°C & 723 IERAGELRET—
K1 B3H 5, ZhbOEERET— FIZOWTE, IIRGAMEEREZ (LI EDZ L TRAFHOGH
MBREZELSE VD, EEREAREEE— M2, JEFFHAI30MWORHZPPWCO AT
30MWDBREAZT 5 [BUMER) &, FFFHI30MWORHZ, PPWCT20MW, THXTIOMW
DERBEFTS [WFIEE] 555, HITRTIIZH b2 ODEHE— FSAAAbENTERY | &
5 — NiL@EE [ER/BEiEE— F) FOX 5 IFREh TV 5,

2.2 MEAKGHBRfEOBE

IMEAGHZRE O EHEER%E Table 2.112, BIER % Fig. 2.2 [Z7RY, MEKGEERE Wi 1
WINEABHE (PPWC), 2 KINEAGHE (SPWC) , MEANMERS, MEKZET G HEE (ACL) .
MEABRR 7, MEAKREE THERIATWS, MEKBRR FIEFH1E28DT2E
BREINTW5A, PPWC B LU SPWC IZ8#5 SN TV S EE OIR TR MR s BB EAMUICIX
FMEKGHIBHAOILE 1 BT SR FFERWERRRERSREINTVWS, £/2, PPWC HA
AELE ORAARRRBEEAMUICIE, LOREBE 1EREILTVWS,

AFE L PPWC B LUSPWCIZMEKEBRI TS Z L2 LV 1 RIGHAM B LT 2 RinHH

(~NVULHR) #HEA L%, TOR%E ACL TRRUCHET 28&HETH 5,

PPWC, SPWC TZELI-MEKZ, MEKDOESZFHEST Z2MEAMERICELND, £O
%. MEKIX ACL BL T ACL A RREFIZHE S D, ACL ICHRAT SIEAKKEZ, N
JEAKBEDOHIEHZ BH L L TERGHBH OMEREF L A SAKREFARRICIVABRINT
Wb, ZhHOFIT, FOBM, RAFHZEE L BEROSTEE N 2 BT 2E0BHNT
BHEEA 20~80%IZHIfR X TV 3,

ACL THHENTZMEKIL, ACL &3 RRENTEMEK & A LIz BICMEABRR 7
THEESHh, BUPPWC, SPWC %615,
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IMEABHBARL, EFHEEGEHZ T PPWC 3 L O SPWC IKHIEAZBRSET 1K, 2K&
HMOBHEITY, OB, MEKIZPPWC BLUSPWC (2 2:1 0BG TELNS, —F, B
ISEIERSIE PPWC (SIS 2R OMEA £ EE ST 1 KAHM OBER1T 5.,

MMEKFERA > 7 DR EHLEE % Table 2.2 12, BEHE#% Fig. 2.3 1277,

2.3 MmEKZERmHRE (ACL) OBE

ACL D5t 145 % Table 2.3 |2, #i&EX % Fig. 2.4 12, ACL B DOHER % Fig. 2.5 1277,
F 7z Fig. 2.6 ~ Fig. 2.11 (IZ ACL O EEAT, £ L UEMOBEELFR Y, ACL L. FTFFEE
EZOBLICRBEENTEY ., RIFCTRELEBEZRRUCTHEKTIRETHY, 7 4 fHERE
VA A B R ZE R BT Th D, ACL IZIZTBES|E2-TWD 504 ADT 4
HEEVERARITONTEY, TOTHITIX6EDO T 7 U RRIT LN TWS,

PPWC, SPWC L WX TE@BDOMEKIZ ACL DAANy & CHEREICHEL S,
BEENEZTRNL TV, OB, MEKIEZTZ 7 Aok v ERENEZERICE > THHISh, ACL
MO~y FIZED, —F, ZBRINEKE W BEZTCTRIRIZRY . EHF~ERTTRE~EK
BaEhd, ZSRBEIZOWVTL, 7707 b—FORER2 (LSRR L THBETHZ LN TE
b, 2B, 77T U— FAERABEN Obar DL X277 7 L— FAENREKRE LY. ACL
KXV RADZERAENSRRARE RS —F, lbar DL X X777 b— FAERE/NE 2D
ACLICEVAENDZERARITR/NEARL 22 X IR STV 3,



JAERI—Tech 2005—041

3. ACL O#JREBIRRE

3.1 ;=
AR TIE ACL a1 BBRICAT o 1 BEEMEMOFES & CE K OFHED FHEIZ oL
TRAB 1019, i, BEFHICERSNE ACL ORHFEHILUTO LB TH 5.

SECHEGECRONCONC)

© @

GEEIXT + AHKEU FE LT3,

BEEEIL, MEKS L CEROFHENC X ) RERESNAE LRVEEL T,
MEKRD RV BESREEE T 5,

MEARD X EBBREEL T3,

B2 EORKMHBCRERIS LT 7 VICH R LRVEE L T 5,

REFAEFRIL, BZREBICLE 77 T V— FAEOBGREL T 5,

WMEICK LTEEOHIBREEZHBTT 52 L L L. BREHOSAIZ >V CIIEEICH
LTERDOHDIA o XL EFET 5, 28, BEAFIINAPGCEE LRI S ICEK
BTNITAUEFALATEL, 740 ITBELR,

BARBIC-&, BB EUT 77 L— FAERBRBIIBMER LT 5,
GEEMIT T 7 7R L ED T 10%DRBERFIE S,

3.2 {BBEREEE

Table 3.1 {Z ACL D% HRMEZ 7Y, F7-. ACL D556 c#% Table 3.2 [Z77 7,

ACL O Tt RHHRIC 52 b E2 B BB KRB HATON, HMEAER R
EEhTWD, UTFIREDOFHEICHOVTRRT 2, 2B, I COEMERERELITT 4> Db
B DB EET,

BEREIILUTORTHEM Sz,

y»—c,
— ~

D, : EBENE (m)
D, : BENE (m)

h, : ZEZAB=ESE (W/m?-K)

h, : EAMMEEE (W/m? K)

L BEREEE (m? K/W)

r, o EEHEEMEH (m?-K/W)

U : ZERE (W/m?-K) |

@ GEREOBRAREM (74 BLAL) LENREROL ()

BFRNBLCENOBEERIIUTORTEHENA TS,
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....................................................................................

Nu, =0.023- Re%%-Pr® (Dittus-Boelter () «+ccceerrrereerrenmeniiniiiiiieiniiiiicinien.
h,=C,-C,- (03 ) G)°~5 .......................................................................................
C, % %(=4.882) (-
C, R $(=208) ()
C, £7%42(=0.205) ()
d; ERENE (m)
G &R yiE (kg/m?-K)
h, EREABRER (W/m? - K)
Ny, {=EVE N Nusselt 3t ()
Pr JNEK Prandtl £ ()
Re Reynolds £t (-)
A MEABRER (W/m-K)
INODALVEH LBERREEIC, UTORXEAWTEMHERERSEL Shiz,
A e oo
U-AT,
—w- T-T Sttt i ietete et eeeteteeetanaaraseeaataaanannattttestastanatocooressnansaranens
AL =V )
T, = TACL-OUT _PACLIN ..ottt s
T, = TASLIN _PACLOUT .ottt e
A EHEE (m®)
Q R E (W)
TACL_IN ACL A AAMEAIRE (°C)
Lot ACL i OAnEKIRE (°C)
TACL-IN ACL AOZESIRE (°C)
TACL-OUT ACL tHNZ= &R (°C)
U BEHRE (W/m?.K)
AT, XHECEENREZ (°C)
v 1R.BE 2R IE£2 35(=0.967) ()

8 A IKHBEICAWEEZFRT, 2noDREZAVTEH L-/KR., HEEHIZ 18100m?
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LEM AN, BELRELT20590m2 & 3z,

3.3 ESHHEKE

AFHAf Trd Table 3.1 1278 &7z ACL Dt EHEAk({E IS L Ut Table 3.2 (TR & /- ACL D&
EXEFHVWTENEHREBBEHEIN,

BENEHBRXIUTOX TR E N,

R 3.9
T B (3.10)
N de%(VS)Z .................................................................................... (3.11)
T 3.12)

APE, . FHAVIHERE (Pa)
APS,.. : fEH#E% (Pa)
APE.. : HEki#E% (Pa)
APS.. @ HBHHEK (Pa)
Chet . KRR O

CS, @ MEHRBERGREK O
Cha D HKHAKEEK O

d; “HRAMHYEE (m)
L BREE (m)

vB BERNOFEFE (m/s)
ve Tk O FHE (m/s)
vE PERFIO LR (m/s)
vS BEANOLEFE (m/s)

A FEERREK ()

Y swER (kg/md)

HEFMBIUHAERRE MG A TR, EHRKOFHEEZIT o &R, ¥ 41kPa LFFHHiSh
oo LAUFIZ, FEH - BUGEERR O REEHEK EIMEKRBRE  FOREREHOBRZ R T,
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99kPa (PPWC)
+ 41kPa(ACL)
+585kPa (BE. % Dfth)
=725kPa .
<822kPa(MEKAFBR A 7 I KAERES)
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4 . ACL D=EWERE D FEA

4.1 BT —F OFHH

Table 4.1, Table 4.2 iZ ACL OMREFHEZ 1T I DICAWET — % mE 7T, BT —ZI2o0
Tid HTTR OFE&HT Y REFE VAT LB I CEMRE LSS L VBB L, Sbic,
HERORBEF % Fig. 4.1~Fig. 4.3 7Y, HPOEF i Table 4.1, Table 4.2 iZiE&h i
No I35 LIz b D TH B, |

F7-. ACL OEWEREDFM 21T 5 DICAVW 2 EERT — & % Table 4.3 127”7, AFHEIZ AV
7o EERT — 713 2003 4E 3 H D 2 Y1 7 VEEN D 2004 £ 7 AN EARRG)ETCOHD
THhd, ZOEEHM P D 7:00~8:59 D 2 R DB A L CGFEZ T o7, ThllE, #Hisf
KOWTERRFICERIN T BBHFTRET 2,

!

4.2 ZEXEEOFEm

ACL TRZERICIVMEAZHHALTWVE 1D, ZXIRESBEMREICKEISFLELTLLS,
ZIT, RBICFELAEESARZE—INTF U RIVEHT A L E L,

ACL TZEXRPZ TR oI, ACL TNEANRK-/-HEL LTUTOXNTRB L,

QAL = &‘ih = C:Vater '(G‘r:;vts;(r: + G?&ﬁ?) (TV%StI;IN _ TV%E:;;OUT) ..................................... 4.1

AcL :  ACL CEINRITIMo-#HE (W)
AL . ACL CHIEAM KRR (W)

Cr’“e' . kowEKE (J/kg-K)

Gopwe :  PPWC mEAKSEE (kg/s)

Gowe : SPWC MEKFEE (kg/s)

Taee ¢ ACL—/3A /SRR BEHIINEAKRE (°C)

TACLOUT . ACL—/SA SABFHEMEARE (°C)

AROEELBIIENCIIT E A EEFET, BEICKL T2, DHEEER 92 RITBREKRTF
AR v B E R L=, ‘

CY =2.96632 -10™ - (TAE ) - 2.34836 -10™ - (TAYE. J +7.30960 -10° - (TAE )

-(4.2)
-1.08128 -10° - (Tyz,  +8.73811-10° - (T'E, ) -3.20910 -107 - (TE, ) + 4.21915
ACL_IN ACL_OUT
TAv Twater +2TWﬂter ................................................................................ 4.3)

TACLIN . ACL—/3A /SR SSIERTINEAIREE (°C)
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Tase " 1 ACL—/3A /A G FHAEKRE (°C)
Tave, :  ACLIZBT 2MEAFEHRE (°C)

ACLIZHA LT ZSNZOBEEFLE L TH L, UTORL YV ERARNBEHEINS,

ACL

GﬁgL = C;\ir ,(T:ifl«. &.}:T — T::L_IN) ...... PP (4.4)
AcL : ACL TEIMAXZITIo=#E (W)
GAt :  ACL ZEXREE (kg/s)
c . EROTEL# (J/kg K)
TACN . ACL ARZEGRE (°C)
TaT . ACL i Z=&iEE (°C)

ZEXROEELRCEL TS, KOFE & FERICHIEERS 19% IR ERFE 2 R 8 1o B
%{/F‘ﬁjz Lf:o ‘ .

CA* = 2.61891E x10™ - (TAE ) - 7.47428 x10™ - (TAf

............................. 4.5)
+6.762563 x 107 - (TA ) - 9.89496 x10° - (TA"® ) +1.00500
ACL_IN ACL_OUT
T:i!VE = T i et (4.6)

2

C . EROEEES (J/kg-K).
TN @ ACLARZEZRRE (°C)
TACLOUT . ACL HQZESIRE (°C)

T LT U FAETRIE L EXAROBMRY Fig. 44 ORT, 77 Y7 L— N ETRE AR
Obar ® & X IZ ACLIZED AENAZEXIREABRNHEKRE L 725 —F, lbar D& X2 ACL IZ% Y
AENDEGRRITBMREL 25 L5 ICRIFSATVAHE, ZORETHLED L S RERST
ShTW3, £z, AL7 707 L— FAEREEICH L TERARICIES X8558, —h
RARBEOENC L AMHEOENC L 5HDTHS, Sbic, 777 L— FAEEKEL
(777 v—FAERBESZ/HEL) LT IZ2ONT, ZRRAESEEAICHMTEZ LR
R &N, 0.25bar~0bar OEE CERRARILIZIE—EOMEICEMT S LRI NT,
0.25bar 75 Obar IZBWT, 77 7 L— FAENE(L L TWB—F TERARS—EM LS
Bl L LTI, ACL BMEFFREBICEHE L CRESNTEY (Fig. 26 38). ZR¥HRY AR
BEOmAS MBI TV D Lick ) ZE ARSI T LD LEX NS,

g, AIAGAN CIA SN RAREIT 1856.9t/h (PT5P, 2004/6/20, &4 Obar). 7 7>
7 L— FAEFABE Obar D L X DEHEEIT 1720.8t/h, 7 7 7 L— RAKEFHEIE Obar O &
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X DF/NARIT 1585.9t/h THh-o7-,

4.3 ACL Of{=ZEREDF M HTE
BEICITbAEEY S &2 ACL OEEMRELZFMT A2 & & Lz 1915, —RAIZ, B3
BIZBIT ATHEBOFEMIIIATORXBHV LN B,

Q D THRBE (W)

U C BER®E (W/m?-K)
A : RBER (m®)

AT, : SEFHREZE (°C)

#ﬁ*@(ﬁ%iﬁi@?ﬁ)x({ﬁ?&@ﬁ) (BLF, UA LRETD) iXBARBBOLIMREEZRTLOTH
D, FEHBZBRBCEFOLOTHD, £ T, AP TIL ACL O=RMEEE UA THHET S Z
Ll L, ACLOUAIZEq. @WDEERLIEUTOXREHANTRIH L,

(UAY® : ACL® UA(W/K)
QA . ACLIZBIT 2 HegE (W)
ATA . ACLIZHH 2 HCEiREESE (°C)

ACL iZxt§ 2 BB EZRIUTORTE X b 5,

T, - T,
ATACE = 2 O 4.9
Y In(T,/T) @9
T, = TVI;S;;OUT _ T::L_IN ................................................................................... (4.10)
T, = Tv%fz;m — T:SL-OUT .................................................................................... (4.11)

TACLIN . ACL ARANEAIRE (°C)
TACL-OUT . ACL HOMEARE (°C)
TACL-IN . ACL ARZERIREE (°C)

| TACLOUT . ACL HAZERIREE (°C)

¥7-. ACL TOA#HEEIT ACL @ 1 KAIBE K- TER, ThbbMEKS ACL TRkol-
BE L LT,

ACL _ ()ACL _ (\Water ((xPPWC , (yvSPWC) (MACLIN _ mACLOUT) ... ... .ocvieiuunnenn, eeeeeen
Air — SWater — Cp : (GWater + GWater ) (TWater TWﬂtel' ) ’ (4 12)
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CY =2.96632-10™ - (TAE ) -2.34836 -10™" - (TAYE,  +7.30960 -10° - (TAYZ. '
-1.08128 -10° - (TAE F +8.73811-10° - (TAYE, f - 3.20910 -10° - (TAYE, )+ 4.21915

................................................................................................................... (4.13)
TVAV::“ - w ................................................................................ (4.14)
AcL . ACL TZEENZIT M- -8 (W)
o :  ACL THEKN K- - 2& (W)
Cater . KORERE (J/kg-K)
Gyove : PPWC EAFR (kg/s)
Gowe : SPWC MEAFE (kegls) .
TACLIN . ACL—/3A 7S R FUERTAEABE (°C)
TACLOUT . ACL—/3A /RABFEMEARE (°C)
Tore, : ACLIZRIT 2 MEAFEERE (°C)

4.4 ACL O=#MERE DR

DT ACL IZ81T B MR DOFE 1T > 7=, Fig. 4.5 1213 ACL TOXMBMBZTT, 2
BB OBHEIZIIU FITRTPPWC MEA G E) x PPWC A OMEKEBEDZHWSZ L L L
oo ZOfHIZ PPWC THEARZITRoAR, THbLFLTORBEEZERTBETHY.
ZOfiE ACLIZBITARBARITBENRH L0, ZOEEzHERATHZLE LT,

GEEWC(TPEWC_OUT _ MEPWC_INY Lo.ooiiiiiimtitibisi sttt (4.15)

Water ™ Water Water

Gl :  PPWC MEKSEE (kg/s)
Tamc- " @ PPWC AQMEARE (°C)
Toc-0"" @ PPWC tHaEXKIRE (°C)

L OEERIZIB T BB E L (PPWC HMIEARE) x (PPWC HA DANEKIRE S ORI i3

AR MERH S - LARENE, LoL, BIRES L WHEETIE, [ CPPWC MEAR
8 x (PPWC A DANEKIBE DX 5 SRR R R > TV, Thid, BEERIC IR

DLTO 1 RGHMERBE S £8 PPWC TR 2 0lx L, WHLEERICIIFLTOD 1 Kkin
HHREE Y PPWCIHX=2:1 OFIE THLMEITS 72, PPWC TOMEAZHEICHTS
ACL XBBBOEERRRBT-DTH 5,

wiZ, Bon=KHEESHWT ACL @© UA OFEi#1T - 7-. Fig. 4.6 iZ ACL ® UA & Z&&
ABROBHRE T, 22T, UARZEERECER L, Zhid. ACL CORBRIIZELREL
RS 5L TARINTRY . ZRAENMGEMECRLEET L EILNBNLTHS,
Edicit UA OREHES SR TRY, 28, ZRREICHOVTIE Eq. 44X 9 BH L~,
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EDEERIZOWNWTH UA L ERBBORICIIBENR S B Z EXRENE, T—2IZELDIED
DENRHBN., THIZACL AR FFREBIGEE L TCRBEINTEY (Fig. 2.6 2B), XELRY
OABRIBEOEIZL Db D EHEBEINS,

4.5 {REMEREDREHE L Ok

W, REEHCAE L EBMERE & BRI L 0 B LN GEMERE D % 1T 5 7=, Table 4.4 I
BOEERETT, : '

HEEIC T B REHME L SHEEOES B35 &, SURERFEOMEEL VK Ro TV B, BE
BRI AR S /-t SOMW 2513 B G RE O AETHIZ~13% Th ¥ . ABIZ BV THEM X h
T BRI R R OB NICA 2 TV 5, Lo T, ACL i3 30MW EEMICFTE DBRBET 5
TLIIWEETH Y, R LRIFICEESNEGENICA STV I L RRER SR,
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5. AKIREIZAY % ACL O{=EMRED T HI

5.1 BE
%DET, ACLIZFTFFTRA LK 30MW ORBEITH Z L BFRETH B = LRSI,

FFFCRAE L 8% RS~ BB, ACL © 2 REID M & 72 5 AV TIREE LR FAF ORRE
CRBE RIETEE EEERET Th D, RIOGIMERIIATIRE 33°C & LCHELT-
TWBER, EEOAKIBEIL 35°CHEFETLERLTWS, 2075, AAKEBEICRT 5 ACL ©
BREMERE R I L T, ARIRUARREL < 25 EE0EERMICHT 5 ACL ORFBELHRL
TELMERDH B, 2T, EFONKIRETO 30MW EERIZ 117 5 ACL OREEENICONT
B3,

5.2 FHiifE |
AFE T, SRS L5480 ACL ORBEED, T2 bt 30MW s CREET S
DIZLERMEATRRZEMN TS Z & & Lz, Fig. 5.1 i 30MW JEiE CTHREEZIT 5 DI SLER M
FEAFRA BN 5 FIEER LTS, FIEIUTOLEY Thb,
® ACL A COANEAIRE AN | ACL A QZE&URE TACL-N | 7o @B GAT 2 A /15,
@ PPWC ARMEKRE Tonc-™N | PPWC H O AEAIRE TEWC-0UT - PPWC SNEAHE
B GEYC 2 Af L. ACL THMEAN LK BB BIHT 5

@ HWURMEATKEGLE )\ EANT B,

@ LToRXXY ACL HAMEAKIRE Tho: ' # BT 3,

ACL

TV%S:;;OUT - Tv%(a:tI;;IN _ (Gev(;{‘er ):_N::TC;V“" ................ e (5'1)
Qact :  ACL THEAD K- -#E (W)
cWer . AROEELS (J/kg-K)
Go e  : ACLIVEAWE GHEBEHICLERE) (el
TACLIN . ACL ADMEAKRE (°C)
TACLOUT . ACL 4 nAEAKIRE (°C)

® ACL THEAMNK-T-#E, ACL ARZERIEE, ZKXRAELZHAWTACL HO&E&KIRE

EHEHIMT 5,
ACL_OUT ACL_IN GVCL )
TAir - = TA].r - +—G25L ‘."ggu . .................. mmm———— (5.2)
Noor ACL THIEK A k- 1= (W)
Cr - koREK# (J/ke-K)
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GACL B E % 7= ACL MEAFE (kgls)
TACL-IN ACL ANZERKIRE (°C)
T ACL HAZXIRE (°C)

ggL = UAAT], ceeerrmermersrrmmmme E P

T,-T
AT = 2 L iiiiitetetesiietiieraieatattetnaaetrenetrereenteaattanasetatactnenasarasenasenanons
Y In(T,/T)

_mW A
T, = TACL_OUT - TACL_IN

_mw A
T, = TACL_IN - TACL_OUT

X . ACL TOHBBmE (W)
U : BAEE (W/m?-K)
A : EEEHE (m?)
AT, D A ECEIREZE (°C)
TACLIN . ACL AOZEZIRE (°C)
TACLOUT . ACL HiRZE&iBE (°C)
Taoe™ ' ACL AOMEKIEE (°C)
Taoe'" ¢ ACL HOMEKEE (°C)

TR QAL & T, ACL MEAF ES HHT 5,

ACL ACL
(Gwmr )Ex _ C;V TV%E;;INEi T‘QE;;OUT) ..........................................................
acL :  ACL TOR#BEE (W)
(G4 ) :  ACL Zc##ifk X 0 RDZMEAF R (W/m?-K)
Creter : KoEERE (J/keg-K)
TATN . ACL ACMEARE (°C)
Twer ' @ ACL HHOMNEKIRE (°C)

@ThHx 1 (GA%, ) L O THEM LT (GAS ), 2 18T 5, @TEx7%(G

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

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

Joe 1

ACL THEQAT »BONIMEAKEEZRLTVS, —F, @ THEHLAGY: 3
ACL 7 QA % % » 7= MEAFEE R LTV 5, 2 LIk 2 B /- BBt DBl
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FRED Q. & QA I3 AR ITNIE ARGV, Thbh, ACL Ot — k522

PRI BB AT (GAS, ) & (GASE, )y 1 L < R HIE R B RV,

® (@GN e # (G Jex 28812 630 e = (G4 e + 8GR e £ L@
AT B,

® (G4 e = (O ex DB BTG I £ 5,

@ #®T

5.3 HEFEORIE

AHOIZ, FEBER L EEOLEEZITV., AN FEORIELTo e, AFMHIZELT, UTF

IR & 51 3 R OESARERE Lk, -
O ZHETOEGBRERIVIMEINLT 77 L — FAETEE Obar OISO ERZEE A
& 1720.8t/h '
@ 6/22 7:00~9:00 DZ=K AL 1747.9t/h
® _nifwﬁ%ﬁ%;UJMénL77/7v—bﬁgmgromr@ﬁ@%kwﬁn“
£ 1856.9t/h :
B, BATICHIT BATIREEIZOUVTIE, Fig. 5.2 ISR T 2004 4 6~8 A D KBTS SR (&
B 10m) (2B IT BE AR R L EIC LT 0~40°C ORI >WTEHE L,

Z DM TIAR L7 30MW BBz LB A2 MEATR & ACL AR ZE&KIRE DMI% % Fig. 5.3 i<
Y, GRET, 6/22 (ERHHAIE) OERIVELNRI-MEAKESE ACL ADZEKIREO G
LRI Y, P OITO~QDFLEREARIZXT 5 ACL MEAKEDTMEERTHY .
7uy PRBEEAL VB ONMEAKE THD, ACL MEKFEEITRK 600t/h BREFKA R
TH D5, 500 t/h B 725HE121X ACL TORBICE L TEEZILDRITINIIR O, 20
=%, MEAKSE & OEES o B %Ml & LT ACL MEKFEE 500t/h OE b Ko 8 TRd, &
KTHVWTWS ACL ARZESIREIXACL 7 7 VICHAT ABOESKBETHY . 6T LHAK
BEE LG5 b O TIRARY, Zhud, ACL AREFFRFICHEL TRBIhTWA Y (Fig.
2.6 BM), BT, ACL tHO L v HAEBENZESNE T IAENTAOME ¥ FEATS [HXALE
R) BAELTEY, BXAABRRICEY ACL ADZERBEIARBELVEL LD, ZOBER
ZROBELALBRIIFRHFIIIBESI N TOVARVWERTHD, ZORXIALBENRE LFEE
I AKIREE & ACL AN ZESIREOHBATN T, ARIRE COFMENEE TH S5, ACL
A R ZETIRLE CFHl L 7,

FLEKJREIZRT 5 ACL ﬂurmﬁﬁé%&é & BRREN V2L 251250 T ACL TORRE
READHEA L, ACLIMEKMKENEL 2o T3, KRIZ, ERHERRT 7 uy hEEAD L, 7
2y b ARBEAERRRICHT S B E Y AT LTS Z L AR AR, Zhid. ACL I
MAT B ERARIIB/AEZARUTTHY, ZOMRLY ERICFa v kARSAE LARITHIE
ROIRNEWD Z L LBAPRNTWS, 2B, BERERARICHT5H&L 0 TAKSMmLT
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WA 7ey bALHBEN, BERZBERIC LY BREKI ACL ARBERER LE2bIELE
HDTHB,

IRHDZE LY, 30MW OREEFT D DICHERIMEAT R AFEFEIC X 0 TRRMET
HHZ L EERLE,

5.4 30MW BREARF D ACL ANE KSR DT H

WBEOERIZIIT 2 EZANEA EiC, AKIBEICHT 5 ACL OREWERE (372bb, 30MW B
Bz LB ACL MEASIR) [Z W T2 1T o7, Table 5.1 238 &4 %7~3, PPWC HA
AMEABE, MEAFKEX ACL CORBEZEHTHEICHAVE,

FiEERE — FIRHY % 30MW BB ERIE KSR & ACL ANZKIREDOREE Fig. 5.4
~Fig.5.7 1279, Fig. 5.4 [3EH - BMEE, Fig. 5.5 13EH - WHEER, Fig. 5.6 IXFiR - Bl
H##x, Fig. 5.7 iXAR - WHEERICHH 2FMER‘R LR LTS, £, A& B, Clz. MAEK
BEE, ZEREZELSEKGTCOFMBRETT,

ACLIZBERDZETAR ZHA S I HE I BRI LB RMEAS RS B L% TE % ACL
AOZERIREIL. B - BMEER T 39°C. &R - WHEETIX 40°C U L. &R - BMGER
TiX 34°C. ®iR - WHIEEETIX 33°C Th oo, Fig. 5.2 DARIBEOEBAE(LEL Y. EFEDOK
HTOARIBEITAICE>TiX 35°CREETLER TS, EHLRKIRIX 30°CRETHD,
ZDZE XY BEEOKETOEHMRASIRE TH S ACL ADIREE 30°C 2BV THRARZESA
BE2WHASEZBEAICIE 30MW BRENFIRETHA Z LAVREE, L LR L, il - 5
HERICB W T ACL IS EHERAR THRA L7258 12iE, MEATTED 500t/h 28X TLES Z
EbhRINT,

% Z T, ACL AOZESIRE 30°C TR 5 30MW BBV HELRZEREAER X OMEATRED
FHE 21T o 7o, FEERE— FiZxbd 5 30MW BREMC LB MEKG R E ACL ZXRAROMEE
Fig. 5.8 ~ Fig.5.11 |Z;7 ¢, Fig. 5.8 iX ks - BOMEE:, Fig. 5.9 i1@E# - 5, Fig. 5.10 1%
FhiE - BGEER, Fig. 5.11 iXER - WhEERIC T 2B R 2R L T3,

IO ORPITILEEMEARKEDBRME., ZEAEIVEONZERBENRENTEY,
ACL AOZEKIREE 30°C T? 30MW HENRSIT A &M 25AMD Z ENFARETH B, Thb
H, UTICRTRBE22THR L EICEERAREER D

© ACLMMEAFREIEEMEAKRKRLLT CTH 2,
® ACLMEKFEEMNFE L7 ACL MEXAFRELALTH S,
® ACLZXRAESBERICHE INEERERRAELUTTH S,

INHORMEBRT AERAZRPICAMIT L TR, EiRE— FIZXIOVRREPELRY, ACL
ADZERIRE 30°C DFEICEIREZ R I E 501X, B - BMEER TIX 1560t/h, ER -
I HIEER Tk 1400t/h LA L, BiR - BMGESR T 1720t/h, EF - YFEE T 1760t/h BAED
ZERIABEBULBETHD I EIRENT, EREER L SiERPOEE THUM /I 5 Rr D R & o K/
FERHNZ 2> TV B DX, ACL TORREE L MEABREOBRICEKETIHOTH D,

5.5 FRFFEHACT HMEAKFEED T
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WIZ, BEOEERIZIIT 2 EAME 2 EiC, BRTFH AT 5 ACL OREWERE (T2bb,
JRF4F CRET 2 DI LEXR ACL MEAKR) W OWTEHMixITo/. HERREFFHS 30%
~100%DEEFIZ OV THT o7, Fig. 5.12~Fig. 5.15 ICiLBENEE L 0 B b NI BFIFH A &
PPWC H A DAEKIBEOBR %R~ T, Fig. 5.12 i1EH - BiEiE, Fig. 5.13 1384 - W5HIE
&, Fig. 5.14 i35&IR - BMEE, Fig. 5.15 i@ - WHEROERRERETR L T35, &b
TRINBDT—FIESOTREFFEHD EMEABREOHBRLZER L. FHME21To7,

FEZTT D BN, AFER EOREORE ¥ ORIl 1T - 1=, Fig. 5.16 {2 EHIE & 51MM -
DREZRT, BEIEIELRLCBY ., #liFMmEZRLTVS, ZOBRLY ., &K -
BOMOEER, &R - BOMGEERIC DWW T £ 10% OB TEKFESFEMTE TV B 2 EAVR
Ehic, —7%, B - WIERIZOW TR TR L » K& <A Tz, Zhik, &R - W5E
WML LTBBLET— 4 2RE LKL, BREROEZALOEELZITROTWVREBL ST
BY, TFDELXRBhHoli-dLEZIOND,

UEDOFHBRBE 4B L2 LT, B FEHNDEMEAKEROBFRIC OV TEIHMEL 1T 72, Fig.
5.17~Fig 5.20 I2ZE5AE 1720t/h D & & D FAFH ) & MEAFROBUE 273, Fig. 5.17 13
RS - BMGEER, Fig. 5.18 1X7ER - WHI#EE:, Fig. 5.19 iX&iR - BUMGEES, Fig. 5.20 13&E -
WHEEIC T AR RE TR LTS, £, & DIz, ZRAELEZ L& 8- TOFLM
RRETRT,

EDBET— FIZOVTH, ACL ANZEREMEVRHIZRFFEHAO LR & & bic ACL
IEARBEITEML T3, —F, ACL ADZRBENEL Lo TL B L, ERHNICESHID
TR TNEKRESEBAEZ O, $4hbb, BEFFHAZ EFTn &, RhDR
FHRHENZBNTACL TIHRTFIFCRELEBEZRA LIS WIRIEBL RS Z LR ENT,

5.6 ERHLERMRBMERERRICMIT - ACL OHBROTR
FOHTIL, ACL OFRBEENICOWTIHEEIT o2, BERBEIN T 5 ACL IKEICHKE
EMADHIET, BERDZBRBEHOMENRRAEND, T2 Tk, EEOHEERICL VB LK
REEIC, ERDREREGREITHIT-HD ACL OXBAIZHOWTHIET S, BEEMLEFIILL
To@YTH B,
- BRZER D& X AH
BERBE I TV ACL Tl AMIC X ¥ BB ZER 0% X AL BEHIICAE L TEY
ACLZXADBESATIBE L VB BRIBEREFRL VD, £, BX ALK
ALTWAZ LIZk by, ACL TORBWERIZH N 2B AREHERICAE LT\ 5, BT,
REIN TS ACL IZIEMmBEROEEALZEZ AN E U TERRARITHH TV B,
ERERDEEAHBEFIET 57201213, FlAEFb=—Dk 5 2EiR%%S% ACL kv
BENT- S ~FE T DL RREERITIDEREBRET NS,
- Z2RHAMIBR O ER
BE, ACL ISR OEBOBE CHRTFFRFERE FITREIh TV (Fig. 2.6 B318),
Dz, AAMSO—EAHIRINTEY, BHRERIRH CTRELLE LIV /ISR
S2TWND, TOZLIZLY | EEOEREIRBENRIHAELV/NEL 2oT W5 (Fig. 4.4

17—
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BW), TORD, BOENEETE BRI KX RERT5LERH S, BIED ACL I
AN ERRAREBINTHY . ZOBMOEME—BHRL TS, 22T, BOEK
PR B DOREAL LT, ERME L — 2 f FICEE L, ZERENELND
Eoic, BE. MEBATEXAMELTS. I LRBTFLNB,
INOOHEBHRICKH L TERERUBEITADLIICTEHDIC, 5%, EdT7T—¥0EHE%
FrzEeT5,



JAERI—Tech 2005—041

6. 55

EHBIH S 30MW © HTTR T, FFFE CRAE LEBEINEKAHL, HHBAGHRBICIS
BMA R T, BRICINEKRZGHRIBIC L Y KKISHE LT3, HTTR O ERHRBH
SBTFE TR OB HBHEE 850°C /950°C % L L >R FIE TRAE L1 30MW DRREE{Th
RITNER LT, ERHROBTBRBIIRHIFICED EEBMEREEZ A L T ARTIEWIT2vy,

AR TREAHRCRB SN TV BRTHRBO > LOMEAZLZAHE (ACL) 12O\ T,
HTTR IZBWTINETEMLTE N AR, $tHEROT — 4 » b EEEREOFM 21T
o, IDICREFFCBIT PR L DL ITo T, ZORKEE. ACLIIFREFFICHEES N
BEMRICIZIGEVER R L TR Y, REBICEE SN EBMERESRER STV 2 L 2 HER
L7,

¥7o. AKIBREICRT 5 ACL OBRBEEHICOVWTRA L, ZOFETIE. Z5AR. ME
ABREB I CRFFEHAZNRT A5 L LT 1T o7, TOfRE. ACL ADICKIT 3 ZEKIR
BN 33°CORMFEBNTH 77 7 L— FAERREZBEALT5Z L THA 100%0iEiE%
IO ZLRARETHE LR LR,

2

AR AT D ICHTe Y | AFGFE RETFRABRMAFRRBR,. IKE= RBKEL IV
preAER HTTR BfFARZRICHEY, HESRE X L, i, ERT7—FORBIIH
D hiEME FMKRE. HITR RREBEMLICZBAEZWELEE L L, ZIRERBEHOEER
Li—g—o '

£ 3R
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HTTR) “ (2001)
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Table 1.1 Major specification of the HTTR

Thermal power 30MW

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

Core height : 2.9m

Core diameter 2.3m

Number of main cooling loop 1

Coolant N | 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 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,7208 t/h* -

*  Rated operation,/High temperature test operation

Table 2.2 Major specification of pressurized water circulation pump

Type _ 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 2.3 Major specification of ACL

Type Forced-draft air-cooled type with fin tube

Heat capacity 30MW

Allowable working pressure 4.8MPa

Allowable working temperature 262°C

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

Air flow mass rate (maximum) 2600t/h

Air inlet temperature 40°C

Air inlet temperature 80°C

Heat transfer tube (Outer diameter) 25.4mm
(Thickness) 2.77mm

Material (Heat transfer tube) Carbon steel
(Fin) Aluminum
(Header) Carbon steel

Fan type Axial-flow variable pitch fan

Number of fan

6

Table 3.1 Design specification of the ACL

Exchanged heat 29,988kW
ACL inlet pressurized water temperature 133°C
ACL outlet pressurized water temperature 91°C
Pressurized water flow mass rate 606t/h
ACL inlet air temperature 33°C
ACL outlet air temperature 82.4°C
Flow mass rate 2,178t/h
Table 3.2 Structural specification of the ACL
Heat transfer tube (Material) SA210 Gr.Al

“(equivalent to STB 410)
(Outer diameter) 25.4mm

(Thickness) 2.77mm
(Number) 504

Flow path arrangement (Arrangement) Triangle arrangement
(Pitch) . 66.7mm
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Table 4.1 Measurement item by plant data collecting system

No. PID No. Measurement point name
1 |24C031 Power range neutron flux (BV)
2 | 13A130 Reactor inlet helium temperature (wide-range, D)
3 | 134131 Reactor outlet helium temperature (wide-range, D)
4 | 13A414 Reactor inlet helium temperature (bulk)
5 | 13A440 Reactor inlet helium temperature control system target value
6 | 13A370~372 | PPWC inlet pressurized water temperature 1~3
7 | 13A376~378 | PPWC outlet pressurized water temperature A~C
8 | 13A350~352 | PPWC pressurized water flow mass rate 1~3
9 | 13A400 PPWC pressurized water flow mass rate
“10 { 13A373~375 | SPWC inlet pressurized water temperature 1~3
11 | 13A380~382 | SPWC outlet pressurized water temperature A~C
12 | 13A353~355 | SPWC pressurized water flow mass rate 1~3 -
13 | 13A356 PPWC inlet pressurized water pressure
14 | 13A357 SPWC inlet pressurized water pressure
15 | 13A358 Pressurized water pressurizer pressure
16 | 13A359 Pressurized water pressurizer water level
17 | 13A385 ACL inlet pressurized water temperature
18 | 13A386 ACL outlet pressurized water temperature
19 | 13A415 Pressurized water temperature
20 | 13A442 Pressurized water temperature control system target value
21 | 13A443 Pressurized water temperature control system control value
22 | 359 ACL pressurized water flow mass rate
23 1360 Pressurized water flow mass rate control valve opening
24 | 361 Pressurized water flow mass rate control by-pass valve opening
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Table 4.2 Measurement item by temporary measurement system

No. Measurement point name
25 ACL fan A blade angle adjusting pressure
26 ACL fan B blade angle adjusting pressure
27 ACL fan C blade angle adjusting pressure
28 ACL fan D blade angle adjusting pressure
29 ACL fan E blade angle adjusting pressure
30 ACL fan F blade angle adjusting pressure
31 ACL fan A inlet air temperature

32 ACL fan B inlet air temperature

33 ACL fan C inlet air temperature

34 ACL fan D inlet air temperature

35 ACL fan E inlet air temperature

36 ACL fan F inlet air temperature

37 ACL fan A outlet air temperature

38 | ACL fan B outlet air temperature

39 ACL fan C outlet air temperature

40 ACL fan D outlet air temperature

41 ACL fan E outlet air temperature

42 ACL fan F outlet air temperature

43 ACL fan A air flow rate

44 ACL fan B air flow rate

45 ACL fan C air flow rate

46 ACL fan D air flow rate

47 ACL fan E air flow rate

48 ACL fan F air flow rate
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. Table 4.3 Operation data

Operation name Operation mode Date
In-service operation (1) RP-1 | Rated / Parallel 2003/5/31~6/17
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

Table 4.4 Comparison of designed UA with evaluated UA

Designed Evaluated |

(PT-5P, 2004.6.19)
Exchanged heat (kW) _ 29,988 29,099
ACL inlet pressurized water temperature (°C) 133 137
ACL outlet pressurized water temperature (°C) 91 78
Pressurized water flow mass rate (t/h) 606 417.6
ACL inlet air temperature (°C) 33| . 25
ACL outlet air temperature (°C) : 82 81
Air flow mass rate (t/h) ‘ A 2,178 1,846
UA (kW/K) 553.1 v 530.2
Difference (%) ' 95.8




Table 5.1 Calculation condition for the ACL heat removal performance
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Operation mode ] High temperature
Rated operation ]
test operation
Single Parallel Single Parallel
Operation name RS-5 RP-1 PT-5S PT-5P
Date 2004.2.16 | 2002.6.10 | 2004.4.23 | 2004.6.22
Exchanged heat at ACL 28,070 28,890 28,016 29,269
PPWC pressurized water _
Flow mass rate (t/h) 626 415 618 410
Inlet temperature (°C) 106 118 100 104
Outlet temperature (°C) 145 156 140 143
ACL air inlet temperature (°C) 0~40
ACL air flow mass rate (t/h) 1,585.9
1,720.8

1,856.9
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Fig. 2.1 The HTTR cooling system
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Fig. 2.2 The HTTR pressurized water cooling system
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JAERI—Tech 2005—041

Inlet __|
header

\

)
NS

Inlet
manifold

[

Outlet
header Q

Qutlet
manifold

Heat transfer tube /.

Fig. 2.5 Structﬁral diagram of the ACL manifold, header and heat transfer tube



JAERI-Tech 2005—041

SRR

o
R

mw . “.n.n.n.n.n."..m%m

R0
R

ing

ild

iew of the HTTR reactor bu

6 Overallv

ig. 2.

F

iew of the ACL

7 Overallv

ig. 2

F




JAERI—Tech 2005—041

Fig. 2.9 Upper and lower hot header
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Header and heat transfer fin tube
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Fig. 2.11 ACLfan
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Fig. 4.1 Measurement point-in the primary / secondary helium cooling system
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Fig. 4.2 Measurement point in the pressurized water cooling system
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Table A.1 Design condition for ACL

Air flow mass rate G 3.27 kg/m?-s
Pressurized water thermal conductivity A 069 W/m-K
Pressurized water Reynolds number Re | 83,500
Pressurized water Prandtl number : Pr 1.58

Heat transfer tube inner- / outer- surface area ratio a 21.5

Thermal resistance of heat transfer tube _ T, 0.00017 m-K/W
Tube wall scale factor : T, 0.00006 m-K/W

Table A.2 Estimation result of heat transfer area for ACL

Ex-tube heat transfer coefficient (Air) h, 966 W/m?-K
In-tube heat transfer coefficient (Pressurized water) h; 8,228 W/m?-K
Logarithmic mean temperature difference AT, 1524 K

Heat transmission coefficient , U 31.6 W/m?-K
Heat transfer area A 18,095 m*




Table A.3 Pressure drop design condition for ACL
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Part Condition
Pressurized water tube Temperature 133 °C
Equation (3:11)
Friction factor A 0.014
Tube length 1800 mm
Specific weight Y 933.4 kg/m3
Flow rate v 3.5 m/s
Pressurized water inlet nozzle Temperature 133 °C
Equation (3.9
Enlargement loss coefficient Chaer | 1.0
Specific weight Y 933.4 kg/m3
Flow rate vE 3.54 m/s
Manifold tube (straight) Temperature 133 °C
Equation 3.1»)
Friction factor A 0.013
Tube length L 9200 mm
Specific weight Y 933.4 kg/m3
Flow rate vs 1.2 m/s
Header connection tube inlet Temperature 133 °C
Equation (3.10
Contraction coefficient Couer | 0.5
Specific weight Y 933.4 kg/m3
Flow rate v° 2.0 m/s
| Header connection tube Temperature 133 °C
Equation (3.1
Friction factor A 0.017
Tube length L 4700 mm
Specific weight Y 933.4 kg/m3
Flow rate vS 2.0 m/s
Header connection tube Temperature 133 °C
(bending, 3 part) Equation (3.12
Roughness coefficient K 1.1
Loss factor Chuee | 0.2
Specific weight Y 933.4 kg/m3
Flow rate ve 2.0 m/s
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Part Condition
Header connection tube inlet nozzle | Temperature 133 °C
(inlet side) Equation (3.10
Contraction coefficient CSuer 1 1.0
Specific weight Y 933.4 kg/m3
Flow rate vE 2.0 m/s
Header tube (straight) Temperature 133 °C
Equation (3.11)
Friction factor A 0.016
) Tube length 1500 mm
Specific weight Y 933.4 kg/m3
Flow rate vS 1.8 m/s
Heat transfer tube inlet Temperature 133 °C
Equation (3.10
Contraction coefficient CS.... 10.5
Specific weight Y 933.4 kg/m3
Flow rate ve 1.1 m/s
Heat transfer tube (straight) Temperature 112 °C
Equation (3.11)
Friction factor A 0.026
Tube length L 24100 mm
Specific weight Y 950.8 kg/m3
.Flow rate vS 1.1 m/s
Heat.tran‘sfer tube (Bending) Temperature 112 °C
Equation . (3.12) .
Roughness coefficient K 24
Loss factor Cyuer | 0.007 _
Specific weight Y 950.8 kg/m3
Flow rate vB 1.1 m/s
Heat transfer tube outlet Temperature 91 °C
Equation . (3.9
Enlargement loss coefficient | C%,,., | 1.0,
Specific weight Y 966.0 kg/m3
Flow rate vE 1.1 m/s

8
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Part Condition
Header tube (straight) Temperature 91°C
| Equation (3.11)

Friction factor A 0.016
Tube length L 3,060mm
Specific weight Y 966.0kg/m3
Flow rate | vS 1.8m/s

Header outlet Temperature 91 °C
Equation (3.10)
Contraction coefficient Couer 105
Specific weight Y 966.0kg/m3
Flow rate v° 2.0m/s

Header connection tube Temperature 91°C
Equation (3.11)
Friction factor A 0.0175
Tube length L 1,000mm
Specific weight Y 966.0kg/m3
Flow rate vS 2.0m/s

Manifold inlet Temperature 91 °C
Equation (3.9)
Enlargement loss coefficient Chaer | 1:0
Specific weight Y 966.0kg/m3
Flow rate vE 2.0m/s

Manifold Temperature 91 °C
Equation (3.11)
Friction factor A 0.014
Tube length 9,200mm
Specific weight Y 966.0kg/m3
Flow rate vS 1.2m/s

Manifold outlet Temperature 91°C
Equation (3.10)
Contraction coefficient CS.... 105
Specific weight Y 966.0kg/m3 -
Flow rate ve 3.4m/s
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Part Condition
Pressurized water outlet Temperature 91°C
A | Equation (3.11)
Friction factor A 0.014
Tube length 2,400mm
Specific weight Y . | 966.0kg/m?
Flow rate vS 3.4m/s

Table A.4 Estimation result of pressure drop for ACL

Part Pressure drop (kPa)
Pressurized water tube APS. ... 0.59
Pressurized water inlet nozzle APE.. 5.88
Manifold tube (straight) APg. ... 0.29
Header connection tube inlet APS.. * 0.98
Header connection tube APS. ... 157
Header connection tube (bending) APS.... 1.27
Header connection tube inlet nozzle (inlet side) APg .. 1.96
Header tube (straight) APy .. 0.29
Heat transfer tube inlet APS ... 0.29
Heat transfer tube (straight) AP e 19.21
Heat transfer tube (bending) APS . 0.01
Heat transfer tube outlet AP 0.59
Header tube (straight) AP;.... 0.29
Header outlet APS.... 0.98
Header connection tube APy, 0.29
Manifold inlet APg ... 1.96
Manifold APy, 0.29
Manifold outlet APS . 2.84
Pressurized water outlet APy .. 0.78
Total APy,... 40.36
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biv Bq Ci U Gy rad " C/kg R ) Sv rem
8 id g fit
1 2.70270 x 10~"! ] 1 100 8 1 3876 ] 1 100
113 & fit fit
3.7 x 10% 1 0.01 1 2.58 x 1074 1 0.01 1

(86 5 12 A 26 HERAE)
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