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7 FEH e2lga Adde 2de oguao FEEAAT 2ES B3 &
TAGE Frtste RES HEeg. F 28929 7FE Adete PR &
A A (loss coefficient)el] RAZ1.0 B} 2He )& Fgozx vdey st ¢
owl of Ag HA e EHNAFE Fo]7] 3% multiplier2A el &S Fhcl

4 FHZ(PHT pump)¥ ILFr (‘single phase
head vs. flow’ curve)& 7Fx9, A A ZFE(full power) A
Fdel A 2100kg/s¥ #h& ZHAAl =M, YA K H(rated flow)> head-flow
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25 inchol™ 9% scize] WP e 2253~35 inch olth ol2id - 9% =)
Hee 9 Fugste] 2Rz ¥ ALY (oughness) & A4 AL

gt 7 wl#el Av19l FE(core pass) 28T Ade] YAE nHA H&F
o ey 4 g3 AdaEEe] AV & JUBEE FAEHY A7) WEel
AR7] & Bosted A& vt o A E &0 SAFEAA 6719 2520
A WF Ao e 6719 25904 WE HAYE FAE Jdutd iR HJuae A
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Qg5 et
4. End Fitting 2343t

Ay aAQJdy 2L A3 FE(linear tube)ol A4+ vl1U|Ao] E(magnetite)2] A
(deposition) 2.2 ¢13}e} T end fitting®] 71 2 7] (roughness)7} F7}8kA € o}

5. ¢48€H Hd<E s

CATHENAo| M= o ﬁiﬂ” el e 7t 3—“.0335} A AFHE FU}
T(%)E dEetd 24 AdsAde 1209 E=(node)ll XY e A, €8T
2 2 A (hydraulic diameter) &2 A (loss coeff1c1ent), WztA AA, wpRA S
(skin friction) B4 A=} Fol ALt

Felvbe] AYE&e RC-19809 BRFE AEsiy Agee 159 iﬂé"ﬂi

A WgstA Font F x4 Ad aFdAME Adeid Ay &d Wy

!
ol destE ] 2APHE dEd £ HE % creeps 781 H
4982 EFPD(effective full power day)ol 7§70e] ajdo] ot = H & (creep rate)

W gtttk

orel®  obZ(inlet end SA)IAME  vlZUYlALo) E(magnetite)d] 3
(deposition) 2.2 Az ) FHe AA7(roughness)?} £7}8HA v duk
Moz 1.02x10'm gto] ¥ gt
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6. 571 A 7] (Boiler) Al #(Tube)oll A 2] Hd4Est

Z718487] Al | ZWolA e A&7l (roughness)s magnetite deposition=
#3l7) 938ted NUCIRC aged plant models Weld Z718tA ®oh, &3
magnetite deposits¥® hydraulic diameter ¢FZEol A= #HE& ZAaA Y. o83
E3E cold leg FR2A 7bF A veElyed, oy B 57 ¥E& F
deposition rate’} © Z7}38}7] wi-o] o}

[

dpu ok

Boiler tube® hot leg section®l A4]3= boiler 194 40 i3 A& 2 roughness?
zrel 0.0001¢o] €l Cold leg sectiond A= dE71E Adstnes A<
roughness®] Zto] boiler 1914 4o} tidled Z+ZF 0.00825, 0.013, 0.0102, 28]3
0.01657} ¥ t}. Preheater sectiono] WsiA e FHA< roughnessd kol 0.0081,
0.013242, 0.01015, 0.016657} #oh. 8] Aol A<l roughnessel, CATHENAZ®]



T

inputel ¥+ A A roughness® ZHme$)S A7) $1stel  Zb section®l] holier
#o] inner diameters #&l Fv}.

et 15719 NUCIRC modeloll A= 3709] boiler# 2 74& A&t e
hot legell gk A, tb& dtuh= cold legol Wdh Z (A E7] sectione A 9]), 1¥
Iy 2] shubs o 97 obE 9] sectionol] tidt Aoltt. Zhzbe] 2 AFL 1362 cm,
1.348 cm, 22131 1.328 cm ©lCth(reference 1). o]} TA3 Fro] ZE 479
boilere] AF&¥t}. Magnetite deposition®] © ZA YEeElY= cold legdl A= ¢
2be 2 o] gttt ol A AL boiler tubeE WENE ZF pipe component©l]
et inpute]l ok olo A&dteE 170e] Hol didk flow WHAELS 7z}
1.457x10 '1.385x10 ', 1.496x10 " m® 7} ¥t} Boiler#ol th3dt piping wall & e
Aol R e WA gFedl, ole 23F A dES Fv EE dAY
B34l g7 NUCIRCOI A9 & Y3t reactor inlet headerd] =
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AP 18719 FdEst §A dHAd HutEd F5E 98 Alue AECL(Atomic
Energy of Canadian Limited)ol] A 243}
3t JIRES EUE AT d4dyd 2de

o
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inlet and outlet feeder roughness

[ inlet feeder orifi

inlet feeder orifice loss coefficient

inlet end fitting roughness

fuel channel roughness (independent of pressure tube creep)

fuel channel flow area, hydraulic diameter, loss coefficient, and coolant volume for
crept pressure tube

boiler tube inside diameter and roughness (inside surface)

rated pump head and flow

1. Jd# 5d

gl o] tiajrlE AR E (geometry data)E =72 ZF K ZE(core pass)ol o
s 7he) Ald ageR FAdstn, 4 o Ad 2FS 22 4 3HE JdEHE Jos
At s 2dsl 5o g

2. End Fitting Model

7 77} W Lol Eol&R(end fitting) FEol e FHEH Bd I
g rde 94 1379 47 9 27 Fgolgye dd AR BAs 5
o 9l

w
o
Anj
ol

%

AdAdgad  F(headen)d FF WAL s (header pipe)®] ©HH
(cross—sectional)®] 8¥f) alFgc}t & o A dA 13 AF 7%
1/40] 3 %o, 71t 1/42 dlde] F374A {esdat 7t sA. 5719
FEH YL 3] H(header pipe)e] GAAGEY GHA 1/84 )T 2 3

F743 0 FRaqe WAE f3e g A0E A

_VJ,

=7

2 W& (pump discharge port)e} A A H-(stagnant point) Afele] F7+ X
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el fxo Ha MR SEo woz JLFATE (o= HAA FFe
/8o ai ). whebM Fe FEd A2 e sviua 9 e oF gujol st

= T H(cross-sectional) & 370 2n/4(=0.105 m )01 ™ HE TN Y FF
42 0860 m'o] ®rh dt] FFol el G AL () 406 2r/a(=0.1295 m?) O] Z =
Fw e 1.0357 m'o] ®rh

4. gdsAd 24

FAzADe] oA Ag= o5 2

#1 dAdsqd HAAR

Resi:tl;?]iti‘oriabel Length(m) RaIdI}E:(rm) Ragiuut;(rm) Volume per Bundle(m3)
U0, Pellet 0.4953/bundle 0 0.00612 5
- - 37(0.00654)7(0.4953)=2.4625E-3
Fuel Sheath  [0.4953/bundle| 0.00615 0.00654
End Plate 1.52E-3 0.454 0.5{2(0.0454)°(1.52E-3)]=9.8424E-6
Spacer 156(8.26)(2.29)(0.64)(10”)=1.889E-6
Bearing Pad 54(25.4)(2.03)(1.0)(10™)=2.7843E-6
Total = 2.4770E-3
Pressure Tube 5.9436 0.05198 0.05617
5. AP v
g R A2 010396 m o, dAds QI ofF AAH L 001308 me]th.
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M3% ZAgs 24 Ay ®t

A1d | &

WA 157+ 19839 49 FGEdE AIFE old 20069 @A <oF 23d7 7HE
ol Atk wepA F7zE ThE o R 1t FRE, AlE, 717 FelAM FdEs
(ageing)7} WA= 11 lom, 5 f

FH A 7IAA Wt 2dE A !
FHAEE A Thsde] o] EA

o] A7|E 1 3l

- %1 - &9 Y93 roughness

- 47 AYA 2. H 2 loss coefficient

- 4 A= FH roughness

- AAF A9 roughness (4HF creeptt= F3)

- g Qg F2 hydraulic diameter, loss coefficient, 8zt | 4

- F7EA7] 145 WFE A7 2 roughness

|
il
of

% B3| rated pump head®} rated flow

olr
—

oA HIt A AFRH ZF A4 FELS Ayt AECLAA 43 eES A}
Adom FGeEldn AFMeE Az Hele A7 (roughness), =
£ HZ o] F%(rated pump head)®}
)

ol o] A7 (wall roughness), &5
(rated flow) 5& LHIAHIE 2 F=x). 7]EF F5o gt Adgdst a3+

87 @REE U2 235 H71e o golr,

o H op
2L oM ot



® 2 €49 137 g Adgst nel AR ey AR
l s o] gk Addst
Y. Rated flow [m'"/sec] 2.23 2.441
! BrEEE Rated head [m]) 213.0 208.08
A=58 wall 47 de Ay 4.51E-5 1.20E~6
[‘roughness [m] 23 9o A¢g 4.57E—-5 5.08E~5
L AMA YA wall roughness [m] 4 57E-5 1.5E-6

A2d A deiA "#7t

A Al ?}%fé H7te AR F¥ol 81.59%9 103% Y wel 274x] 7 $-of

el A &) A Tt 8159% Yxtr HHo] AS- 8110:1§_iﬂﬁ Hojl Ao A
zl 7] (roughne%s) oll = 51 Eé Hojl 49 A& 7(wall roughness) BrSdPxo HA
S (rated pump head)®t A ZAF%(rated flow) 5 AdLA3} WL dis) A

a5 ulx= of gk % NS Fds9 01, ol& Ut AECLO)
318 NUCIRC % CATHENA #AAH2zbe} v shsd o},

AxLE F3 81.59%°l A

AN F 37 2o 4
F(rated flow)e] ®sE 2y = 1
A e AaE vlag Ay, T 2
zk= 0.08MPa &7ttt &3 Ad s 4
fr k& 58.85kg/sec F7FstAl =i ol QI3 &4 =

2 EA wWalo] 3 3
5 (rated head)®} A A F
3 A9 n#HEHA %8 o*cr’*oﬂ off 3

LA

s
2

sedlg del H AAV])(wall roughness)oll thdt 2 dE3 dae ¥ A
] ol wE {5 A3 (Flow Resistance)?l #HAZ Adofre] H3o]
105.5kg/sec F7}%Ho wel & C’*Jroﬂf\irl LEE 169°K #45%Y. d=
ol Aef ¥ AH7 x

A grrrh.

N
o

g A A FAEs JAE BF T B9, dFEHANAY dE2 0.12MPa
st o, Ad Wl /FFL 175.4kg/sec T 73+ %? tlr ol A1 &} %E‘; 2.69
O |



T R el dEgle] 0oz AR AMEolA
2=

®3 717 Adgsie ned A% 45954 a2
(AR = &2 81.59%)
RELAP/CANDU HT_W1_1999 NUCIRC
Parameter Ageing Effect Prediction Prediction
no pump ch end fitting]pump+ch+ei] (CATHENA)
IHD2 Pressure [Mpa 11,41 11.49 11.23 11 .41 11.31 11.23 11.19
IHD4 Pressure [Mpa 11.41 11.49 11.23 11.41 11.29 11.15 11,12
IHD6 Pressure [Mpa 11.41 11.49 11.23 11.41 11.30 11.22 11.20
IHD8 Pressure [Mpa 11.41 11.49 11.23 11.41 11.27 1117 11.13
IHD2 Temperature [K] 534.75 534.99 535.12 534.76 535.45 536.99 536.40
IHD4 Temperature K] 534.77 535.01 535.14 534.78 535.42 537.17 536.42
IHD6 Temperature [K] 534.78 535.01 535.14 534.78 535.42 537.00 536.45
IHD8 Temperature [K] 534.76 534.99 535.12 534.76 535.30 536.95 535.60
QOHD3 Pressure [Mpa 10.04 10.04 10.04 10.04 10.04 9.99 9.95
OHD1 Pressure [Mpa 10.04 10.04 10.04 10.04 10.03 10.00 9.95
OHD7 Pressure [Mpa 10.04 10.04 10.04 10.04 10.04 9.99 9.93
OHDS Pressure [Mpa 10.04 10.04 10.04 10.04 10.03 10.00 9.94
OHD3 Temperature [K 576.60 575.65 574.90 576.57 573.86 575.18 576.14
OHD1 Temperature [K 576.51 575.57 574.82 576.48 573.77 575.50 575.61
OHD7 Temperature [K 576.53 575.59 574.84 576.50 573.83 576.09 576.64
OHDS5 Temperature [K 576.61 575.66 574.91 576.57 574.04 576.15 576.45
Core Pass 23 Flow [kg/sec 1980.6 2039.5 2086 1 1982.6 2161.8 2148.0 2116.0
Core Pass 41 Flow kg/sec 1980.8 2039.6 2086.2 1982.7 2159.6 2144.0 2100.0
Core Pass 67 Flow [kg/sec 1980.7 2039.5 2086.2 1982.6 2158.3 2104.0 2079.0
Core Pass 85 Flow {kg/sec 1980.8 2039.6 2086.3 1982.7 2144.7 2091.0 2087.0
Header 23 Pressure Drop [Mpa 1.37 1.45 1.19 1.36 1.26 1.23 1.23
Header 41 Pressure Drop [Mpa 1.37 1.45 1.19 1.36 1.26 1.16 1.16
Header 67 Pressure Drop [Mpa 1.37 1.45 1.19 1.36 1.26 1.22 1.22
Header 85 Pressure Drop [Mpal 1.37 1.45 1.19 1.36 1.24 1.18 1.18
OHD Quality 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AVG Value
{HD Pressure 11.41 11.43 11.23 11.41 11.29 11.19 11.16
IHD Temperature 534.76 535.00 535.13 534.77 535.40 537.03 536.22
OHD Pressure 10.04 10.04 10.04 10.04 10.04 10.00 3,94
OHD Temperature 576.56 575.62 574.87 576.53 573.87 575.73 576.21
Core Flow 1980.7 2039.6 2086.2 1982.7 2156.1 2121.8 2095.5
Head Pressure Drop 1.37 1.45 1.19 1.36 1.26 1.20 1.20
Difference from no ageing effect
IHD Pressure 0.00 0.08 -0.18 0.00 —0.12
IHD Temperature 0.00 Q.24 0.37 0.01 0.64
QHD Pressure 0.00 0.00 0.00 0.00 0.00
QHD Temperature 0.00 —0.94 —~1.69 -0.03 -2.69
Core Flow 0.02 58.85 105.50 1.95 175.40
Head Pressure Drop 0.00 0.08 -0.18 -0.01 -0.11
OHD Quality 0.0000 0.0000 0.0000 0.0000 0.0000
A 103% YRR FHAA HAddsle g Al d4Ed 54 Wl g
A= F 49 2ok 5% B i Adgst 9IS A4 dEsE 19t
2] 2 gl vE], YT BaAAA e F¥o] 0.08MPa zHAEAl Hi ol2 s}

| 0
of FHrizte] H b= 0.07MPa F7hste] HAdg AdolMe]  #¥F2 57.65kg/sec




o}

0.0401 =

a1 A
1
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RELAP/CANDU
Parameter Ageing Effect
no pump ch end fitting Jpump+ch+ef
IHD2 Pressure [Mpa] 11.41 11.49 11.24 11.41 11.31
IHD4 Pressure [Mpa] _ 11.41 11.49 11.24 11.41 11.29
IHD6 Pressure [Mpa] 11.41 11.49 11.24 11.41 11.30
IHD8 Pressure [Mpal 11.41 11.49 11.24 11.41 11.27
iHD2 Temperature [K] 541.29 541.59 541.78 541.30 542.16
IHD4 Temperature [K] 541.31 541.62 541 .81 541.32 542 13
IHD6 Temperature [K] 541.30 541.63 541.81 541.32 542.13
IHDB Temperature [K] 541.29 541.58 541.78 541.30 541.97
OHD3 Pressure [Mpa] 10.03 10.04 10.04 10.03 10.04
OHD1 Pressure [Mpa] 10.04 10.04 10.04 10.04 10.03
OHD7 Pressure [Mpal 10.04 10.04 10.04 10.04 10.04
OHDS5 Pressure |Mgal 10.03 10.04 10.04 10.03 10.03
OHD3 Temperature [K] 583.70 583.76 583.79 583.71 583.83
OHD1 Temperature [K] 583.73 583.76 583.79 583.73 583.75
OHD7 Temperature [K] 583.76 583.76 583.80 583.77 583.82
OHDS5 Temperature [K] 583.71 583.76 583.79 583.71 583.71
Core Pass 23 Flow [kg/sec] 1913.4 1969.0 2022.4 1915.4 2095.9
Core Pass 41 Flow [kg/sec] 1911.0 1969.8 20227 1913.7 2094 .5
Core Pass 67 Flow [kg/sec] 1909.3 1969.6 2022.2 1911.1 2090.8
Core Pass 85 Flow [kg/sec] 1913.9 1969.8 2022.8 1916.8 2077.9
Header 23 Pressure Drop [Mpa] 1.38 1.45 1.20 1.38 1.27
Header 41 Pressure Drop [Mpa] 1.38 1.45 1.20 1.37 1.26
| Header 67 Pressure Drop [Mpal 1.38 1.45 1.20 1.37 1.26
Header 85 Pressure Drop [Mpal 1.38 1.45 1.20 1.38 1.25
OHD Quality 0.0463 0.0401 0.0349 0.0456 0.0291
AVG Value
IHD Pressure 11.41 11.49 11.24 11.41 11.29
IHD Temperature 541.30 541 .60 541.79 541.31 542.10
OHD Pressure 10.03 10.04 10.04 10.04 10.03
QOHD Temperature 583.72 583.76 583.78 583.73 583.78
Core Flow 1911.9 1969.6 2022.5 1914.3 2089.8
Head Pressure Drop 1.38 1.45 1.20 1.37 1.26
Difference from no ageing effect
IHD Pressure 0.00 0.08 ~-0.17 0.00 -0.12
IHD Temperature 0.00 0.30 0.49 0.01 0.80
OHD Pressure 0.00 0.01 0.01 0.01 0.00
OHD Temperature 0.00 0.04 0.07 0.01 0.06
Core Flow 0.00 57.65 110.63 2.35 177.88
Head Pressure Drop 0.00 0.07 -0.18 -0.01 -0.12
OHD Quality 0.0000 -0.0062 -0.0114 -0.0007 -0.0172
ol el Addst Qao gk AP BEAAF o A AdEses At
AgS v XA Sl v EFSHE YA F(rated head) ot B A f H(rated
flow)e] AWd3 odgn adldz Ad ¥ TW A7 (wall roughness)e] #3ts
AE A48 5A WHele d&S F= o2 Uy 53] dAds AdoAg
Addast A A AR F b 2 43S nAs Ao ek
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| inlet and outlet feeder roughness

intet feeder orifice loss coefficient

inlet end fitting roughness

fuel channel roughness (independent of pressure tube creep)

fuel channel flow area, hydraulic diameter, foss coefficient, and coolant
volume for crept pressure tube

boiler tube inside diameter and roughness (inside surface)

rated pump head and flow
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Since necessity of assessing unsettled problem like pressure tube sag, pressure tube creep, aging
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insisted, development of general and independent safety technology system for PHWR should be
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CANDU Reactors' is required to perform this process. In this research, after we grasp the general
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in main 7 factors affecting thermal-hydraulic analysis for PHWR as follows.

inlet and outlet feeder roughness

inlet feeder orifice loss coefficient

inlet end fitting roughness

fuel channel roughness (independent of pressure tube creep)
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